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Summary

This thesis is a collection o f  essays on macroeconom ic theory, broadly consisting o f  two 

topics. The first topic, covering Chapters 1-2, deals with the issues o f  repudiation risk and 

limited liability. The second topic develops a new  theor>' o f  habitual dependence o f  leisure 

demand (Chapter 3), followed by the discussion o f  the theory implications to growth 

(Chapter 4) and the extension o f  the theory to comprehensive habit formation m echanism 

over both consumption and leisure demand (Chapter 5).

C hapter 1. The model presented in Chapter  I proposes an extension o f  the Gertler 

and R ogoff  (1990) model o f  international lending in the presence o f  moral hazard and the 

possibility o f  state-contingent and project-dependent repudiation risk along the lines o f  

Lane (1999). By linking the level o f  repudiation risk to the size o f  the project, we show 

that investment projects arising in the marketplace will be constrained in the size o f  

capital by the repudiation risk, even in case o f  the  repudiation risk applying to the bad 

state o f  nature alone. This amplifies the results shown in Lane (1999) and can be 

interpreted as a debt ceiling within the context o f  international lending. The model 

provides a natural connection between the exogenous m onitoring institutions 

development, the degree o f  corruption and bankruptcy/limited liability laws to the ability 

o f  entrepreneurs to obtain investment funding.

C hapter 2. This Chapter proposes an extension o f  the seminal model by Holmstroin 

and Tirole (1998) o f  the exogenous liquidity supply in the presence o f  moral hazard to the 

case that includes private asset recovery under the limited liability o f  the entrepreneur. In 

our model, partial private recovery applies to the financial assets that are considered to be 

sunk by the investors, in this context, a distressed firm seeking second round financing for 

its investment project is able, within a limited range o f  shocks, to increase its private 

p ayoff  in the case o f  project default. However, unable to use these funds to raise 

additional liquidity, the distressed firms face a reduced range o f  acceptable shock values 

relative to the Holmstrom and Tirole set up. A t the same time, the domestic  securities 

markets, even in absence o f  aggregate uncertaint>', are shown to hold insufficient liquidity.
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As a result, distressed fimis individually are unable to counter the shocks by holding 

claims against o ther firnis.

C h a p te r  3. This Chapter develops a model that extends the traditional habits in 

consumption literature to encompass the time-persistence o f  leisure demand. The model 

establishes a link between the habitual leisure and income effects, which amplifies the 

traditional effects on savings, investment and consumption distribution across periods.

The disutility o f  habits stock varies with the strength o f  habit formation. At the same time, 

the wage elasticity o f  demand for leisure and the income elasticity o f  consumption are 

shown to be functions o f  the strength o f  habit formation. The model concludes that while 

habitual leisure captures the effects o f  persistence in leisure, it fails to reflect the time 

dependency properties o f  consumption. This warrants a new approach to modelling 

consumption and leisure demand that includes the possibility for t ime dependent and 

weakly inseparable consumption and leisure.

C h a p t e r  4. This Chapter presents a model o f  endogenous growth in the presence o f  

habit formation in consumption. We argue that in addition to the traditional disutility 

effects o f  habitual consumption, the past history' o f  consumption represents a past record 

o f  transactions as well. As a result, the knowledge acquired in the process o f  past 

consum ption leads to efficiency gains in allocating time to other activities. In particular, 

the investment technology in broad household capital can be seen as benefiting from the 

habitual consumption knowledge, while being subject to the costly new consumption 

pathways learning. These leam ing-by-consuming effects imply a faster speed o f  

convergence to the steady state growth rate in consumption and a higher steady state ratio 

o f  capital to habits. Alternatively our model allows for the case where new consumption is 

associated with the accumulation o f  broad capital, as is consistent with the case where 

consumption goods can also be used in production, in this case, convergence to steady 

state growth rate is slower.

C h a p t e r  5. Finally Chapter 5 builds on the model presented in Chapter 3 and 

develops a model o f  econom y with weakly non-separable preferences for both work effort 

and consumption. Households who derive utility from consumption o f  a single commodity 

and leisure take into account the habitual dependency o f  their utility on both labour supply 

and consumption in the past. As a result, this model provides an analysis o f  the effects o f  

labour income and consumption taxes increase on asset holdings, consumption and labour
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supply o f  households. The model o f  comprehensive habits is contrasted by the standard 

habits in consumption model that is extended to include endogenous labour supply 

decisions. W e show that one o f  the main results o f  the model includes the possibility for 

using comprehensive habits to capture the simultaneous time persistency in the behaviour 

o f  both consumption and leisure demand. The model also yields interesting results in 

capturing the possibility for either co-m ovem ent or counter-m ovem ent o f  the main choice 

variables in response to the exogenous tax policy change.
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Introduction.

As mentioned in the Summary' above, this thesis consists o f  two broad parts. W e now 

proceed to outline the main aspects o f  each part and the constituent chapters o f  the thesis.

Part 1.

Part 1 introduces and develops two models o f  repudiation risk and limited liability in the 

presence o f  moral hazard. The innovative approach to limited liability and repudiation risk 

undertaken in Chapters I and 2 relates to the direct incorporation o f  the underlying 

investment project fundamentals into the detennination o f  tiie severity o f  the repudiation 

risk.

Chapter 1. Project contingent repudiation risk in the model o f north-south 

lending.

The model extends Gertler and R ogoff  (1990) model o f  North-South capital flows to 

include the possibility o f  project contingent repudiation risk. Building on Lane (1999) 

model, w e  assum e that the lenders in debt markets face risk o f  default due to the limited 

liability or repudiation risk. As in Lane (1999), we distinguish between two types o f  risk -  

risk that applies to the bad state o f  nature alone, and the repudiation risk that applies in 

both states o f  nature. In both cases, we assume that the lenders can collect only a share o f  

output. In innovation on Lane (1999) we assume that this share is dependent on the size o f  

the capital investment undertaken by the entrepreneur.

12



U nder the standard assum ptions o f  the m odel, consisten t with G ertler and R ogoff (1990) 

and Lane (1999), we distinguish five possib le cases o f  solutions.

C ases 1-3 correspond to  the situation w here the lenders are facing repudiation risk in bad 

state o f  nature alone. Case 1 is the case o f  the strong effect o f  capital stock on the level o f  

repudiation  risk. In this case the m odel predicts that the level o f  investm ent achieved in 

the lending m arkets w ill be low er than in case o f  Lane (1999) and G ertler and R o g o ff 

(1990) and G ertler (1992). C ases 2 and 3 correspond to the m edium  and low levels o f  the 

effect o f  capital on repudiation risk. W e show  that only in C ase 3 (w eak effect o f  cap ital) 

does our model attain qualitatively  sim ilar so lutions to the G ertler and R ogoff (1990) 

m odel. In the first tw o cases, we show  that our m odel achieves the results close to  Lane 

(1999) w ithout the need to resort to the assum ption o f  sym m etric risk across both states o f  

nature, used in Lane (1999). Thus these cases strengthen the results o f  Lane (1999) 

critique o f  the G ertler and R ogoff (1990) m odel.

C ases 4 and 5 apply to  the situation w here repudiation risk arises in both states o f  nature. 

C ase 4 describes strong link betw een repudiation risk and the level o f  capital outlay by 

entrepreneur. Case 5 con  esponds to the assum ption o f  weak linkage. We show  that C ase 5 

leads to further reduction in lending m arkets ability to finance productive projects, w hile 

C ase 4 corresponds to the com plete shutting  dow n o f  the lending m arkets '. Both cases are 

unique to the model relative to both Lane (1999) and G ertler and R ogoff (1990) results.

O verall, the m odel endogenises the repudiation risk by linking the level o f  risk to  the 

fundam ental characteristic  o f  the investm ent project, nam ely the size o f  the capital outlay.

' In our model, shutdown of the markets occurs even with partial enforceability of the contracts, 
thereby strengthening the standard results on repudiation risk effects, such as obtained in Cohen 
and Sachs (1986) and Barro et al (1995).



Chapter 2. Exogenous liquidity supply in presence o f repudiation risk and 

private asset recoverj'.

This chapter extends the Holmstrom and Tirole (HT, 1998) model o f  exogenous liquidity 

supply in the presence o f  moral hazard to include the possibility o f  limited liability. 

Traditionally, repudiation risk is modelled as a possibility that a fimi can withhold a share 

o f  the investment project output independent o f  the state o f  nature. We model limited 

liability by m aking repudiation risk state contingent and discuss the effects o f  this state 

contingency on the severity o f  moral hazard observed in the model. Specifically we 

assum e that the limited liability clause applies to the second round financing o f  the firm in 

response to liquidity shock. We show that such limited liability generates an asymmetric  

effect relative to the traditional model.

investment decision taken in period 0 is followed, as in HT (1998), by a liquidity shock in 

period I . In contrast with the HT model, the firm is allowed to privately recover a share o f  

funds put up in period 1 financing prior to entrepreneur selection o f  effort. This creates an 

additional interaction between the size o f  the liquidity shock (and thus the size o f  the date 

0 investment) and the am ount o f  funds the firm can borrow to counter the liquidity shock. 

As the result, the firm has an incentive to invest more in period 0 than in HT model, while 

lenders have an incentive to lend less. Since the firm enjoys a higher internal rate o f  

return, the firni can achieve higher range o f  coverage for the liquidity shocks. The results 

o f  HT are extended with respect to the range o f  shocks sustainable at the firm level, in 

addition, due to the required insurance premium on collateral funds, smaller projects 

require external financing than in HT (1998).
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In contrast to the firm level results, in the aggregate liquidity markets, the interaction 

between the limited liability and the moral hazard implies that in case o f  the moderately 

severe liquidity shocks, the econom y as a whole will not be able to support the second- 

best solution. This result contrasts HT (1998). As privately recoverable share o f  liquidity 

funds rises, the zone o f  shocks over which econom y holds sufficient liquidity reserves 

shrinks.

In addition to linking the results o f  the model to a series o f  stylised facts concerning 

liquidity markets, we show that the model provides an intuitive link to the changing nature 

o f  business investment, associated w'ith the ‘new econom y’ nature o f  m any service 

industries.

Part 2.

Part 2 o f  the thesis develops several related models o f  habit formation. First, in Chapter  3, 

we introduce a new model o f  habit formation in leisure demand that stands contrasted by 

the traditional models o f  habitual consumption. Following that, in Chapter 4 we analyse 

the implications o f  the transactions learning mechanics on the behaviour o f  the standard 

habits-in-consumption growth models. In Chapter  5 we return to the issue o f  which 

variables o f  choice can be modelled as being histoty-dependent. We formulate a model o f  

com prehensive habits that apply to both consumption and leisure demand. W e conclude 

by providing analysis o f  taxation policy in the context o f  various habit formation models.
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Chapter 3. A model o f  habitual dependence in leisure demand.

The chapter compares two models o f  habitual behaviour. First, we extend a standard 

model o f  habit formation in consumption to include the endogenous determination o f  

labor supply in the household optimisation problem. In contrast to the recent literature on 

the subject, our model yields explicit closed end solutions for the variables o f  choice. 

Second, in a departure from the existing literature we consider the model o f  habitual 

dependence in leisure demand. We show that incorporation o f  habit persistent leisure 

demand in the standard consumption model allows us to model persistency in the labor 

supply and the empirically observed low wage elasticity o f  labor supply. We show that 

these results represent an improvement on the standard m odels o f  habits in consumption. 

The results o f  this chapter pave the way for the models presented in Chapter 5.

Chapter 4. Habits in consumption, transactions learning and economic growth.

in the spirit o f  Barro, M ankiw  and Sala-i-Martin (1995) we extend the model o f  Carroll, 

Overland and Weii (2000) to the broader interpretation o f  the capital stock in the 

economy. Specifically, we assume that the capital involved in production includes both 

physical and human capital. We further assume that this broad capital accumulation is in 

part driven by the time allocation away from the time required for consumption. As the 

result, we introduce the possibility that the households, converting  new consumption into 

the stock o f  habits over consumption are involved in learning new, more efficient 

consumption pathways. This leaming-by-doing in consum ption translates into 

accumulation o f  time savings that are used in expanding the household stock o f  broadly 

defined capital.
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The m odel presented in th is chapter incorporates a d irect link betw een the ratio o f  new 

consum ption to habitual consum ption and the broadly defined capital accum ulation. We 

com pare the predictions o f  the m odel against the results o f  the Carroll et al (2000) m odel.

A ccounting for the a lternative use o f  tim e and other costs o f  trading across current 

consum ption, habitual consum ption  and tim e allocations to capital form ation our model 

predicts that:

• Ratio o f  consum ption to  habits, unlike in Carroll et al (2000) has a positive effect on 

the broad capital grow th rate;

•  Capital grovkth rate can exceed the grow th rate in consum ption;

•  The presence o f  learning effects am eliorates the costs o f  new consum ption relative to 

habits, resulting in faster consum ption grow th along the adjustm ent path to the steady 

state, lower ratio o f  consum ption  to habits, h igher grow th rate in capital and output;

• The main results o f  C arroll et al (2000) are am plified in our m odel;

Chapter 5. Com ponent-specific versus comprehensive habits in a model of  

income and consumption taxation.

C hapter 5 introduces a new  m odel o f  habitual dependence by extending habit form ation 

m echanism  to both consum ption and leisure dem and. First the paper develops a m odel o f  

internal habits in consum ption in the p resence o f  endogenous labor supply. The results o f  

the m odel are com parable to  those in C hap ter 3. W e analyse the first m odel responses to 

changes in labour incom e and consum ption  tax rates. W e discuss the m ain benefits and 

shortcom ings o f  the m odel relative to  the standard habits-in-consum ption literature. We 

then develop a model o f  habitual dependence in leisure dem and alone and repeat the 

analysis o f  the m odel responses to changes in the tax rates.
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Following this, we introduce comprehensive habits over all choice variables, consumption 

and leisure. We proceed to analyse the model properties with respect to changes in 

consumption and income tax rates. In this part o f  the chapter, habits are determined jointly  

by consumption and leisure. We show that in presence o f  comprehensive habits, both 

consumption and leisure (labour supply) are history dependent and exhibit variable 

degrees o f  persistency over time. This aspect o f  our model cannot be replicated by the 

traditional models o f  habitual dependence.

The interaction between the two components o f  habits (leisure and consumption) y ields a 

set o f  distinct results depending on the importance o f  leisure relative to consumption in 

habit fonnation mechanism, and the parameters o f  habit formation, such as the speed o f  

habits ad justment to the steady state and the strength o f  habits in the utility.

We conclude by com paring all three models.
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Part 1.



CHAPTER 1.

Project Contingent Repudiation Risk in the Model of 

North-Soutii Lending

Part 1.1. Introduction

In recent years, the role o f  risk and, in particular, repudiation risk as a determinant o f  

investment decisions and capital flows has been highlighted by a plethora o f  models. At 

the same time, traditional models o f  repudiation risk have invariably avoided 

endogenising the potential relation between risk and the investment project environment 

within the framework o f  moral hazard and agency problems. Yet. as both anecdotal and 

empirical evidence suggest, variations in the degree o f  limited liability and repudiation 

risk may be related to the projects’ attributes such as the size o f  the investment outlay or 

the volume o f  debt relative to the collateral held by the entrepreneur.

While moral hazard and agency problems have been subject to extensive theoretical 

research, the latter aspect o f  repudiation risk remains largely unexplored today. At the 

same time, the project contingency o f  repudiation risk offers several potential avenues for 

developing insights into the lending m arket’s operations. Specifically, linking repudiation 

risk directly to the size o f  the investment allows for both the endogenising o f  risk into the 

decision making o f  an entrepreneur and establishing the connection between limited 

liability and the incentives on beha lf  o f  the entrepreneur to pursue re turn-maximising 

behaviour.
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A nother interesting connection can be draw n from the relation betw een repudiation risk 

and the project environm ent. It can be argued that the size o f  investm ent or debt relates to 

the issue o f  m onitoring and enforcem ent costs, and m ore broadly to the role that 

institutions can play in fostering the investm ent environm ent. For exam ple, in societies 

with developed dem ocratic  institutions, such as independent jud iciary , m edia, and w ith 

greater political accountability' o f  the elected and appointed officials, the size o f  the 

project may determ ine the degree o f  its exposure to public and political pressures. Thus 

larger investm ent projects may enjoy low er m onitoring and collection costs faced by the 

lenders. N aturally , such a case w ould im ply that repudiation risk may be decreasing in the 

size o f  the investm ent.

On the o ther hand, a popular saying suggests that a default o f  a small com pany signifies a 

costly failure to the entrepreneur, while a default o f  a larger project is a ‘b ank’s headache’. 

This im plies that repudiation risk may be an increasing function o f  investm ent or debt 

size. I 'he  latter relation m ay be associated w ith the specific environm ent o f  corruption, 

w here large projects m ay be subject to a restriction on the ability o f  foreign investors to 

collect project payoffs in case o f  default, w hile the sm aller projects m ay be free from  such 

a restriction. A lternatively , such a case m ay arise w henever larger debt held by the 

entrepreneur y ields a g reater bargaining pow er for the entrepreneur v is-a-vis her lenders. 

M ore intuition on this is given in the paper below.

A dditionally , it is worth m entioning that in the m odel presented below , in analysing the 

effects o f  the project size on repudiation risk, we can treat interchangeably  either total 

capital outlay to  the project or the level o f  debt held by the entrepreneur. The reason for 

this, as will be clear from  the follow ing discussion, is that the level o f  debt is determ ined 

by the capital needs in a linear fashion. This im plies that holding personal endow m ent o f
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wealth available to the entrepreneur fixed, a higher level o f  debt will be required to attain 

a higher level o f  capital outlay in the project.

In section 1.2.2 below we discuss in more details the empirical evidence on the 

relationship between the repudiation risk and project size. Section 1.2.4 surveys some 

evidence on the link between the levels o f  corruption and repudiation risk.

The majority o f  repudiation risk literature focuses on the open econom y side o f  the 

macroeconomic models, w'hile the larger share o f  moral hazard models is concerned with 

closed economies. For example, a seminal paper by Gertler and R ogoff  (1990) develops a 

model o f  investment under uncertainty in the presence o f  moral hazard that ignores the 

possibility o f  repudiation risk. As highlighted in Lane (1998), this model, according to the 

au thors’ admission, cannot be used to distinguish investment flows between two slates 

within the US and the two sovereign countries. Similarly, Holmstrom and Tirole (1998) 

focus on the closed-economy aspect o f  agency risk without providing an analysis o f  the 

repudiation risk, or the link between the nature o f  the project and the level o f  repudiation 

risk. The extension o f  the fonner  model by Lane (1998, 1999) to include repudiation risk 

m oves the Gertler and R ogoff  (1990) model into the domain o f  open economy 

macroeconomics.

Yet. repudiation risk, specifically state-contingent repudiation risk accruing to the ‘bad’ 

state o f  nature alone, can also be interpreted as a limited liability clause under bankruptcy 

laws. I f  this is the case, it is hard to assign such risk exclusively to the external capital 

flows: limited liability clauses apply to both the projects located in the home country 

financed from abroad, and to those financed with domestic lenders. One way o f  

distinguishing between the tw o  sources o f  financing in the case o f  state-contingent
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asym m etric repudiation risi< is to  suggest that dom estic lenders m ay have an advantage 

relative to foreign lenders w ith respect to  their ability  to collect on the defaulted project.

Finally, the distinction betw een the state-contingent asym m etric repudiation risk 

(interchangeably: the lim ited liability clause) and the sym m etric risk that applies to both 

states o f  nature can serve as a separation point for contrasting  the internal lending m arkets 

conditions against the external lending. C learly, in the presence o f  political corruption, 

paternalistic or nationalistic pressures on lenders, both international and dom estic lenders 

m ay face the sam e constraints. F urthennore, as argued earlier, lim ited liability usually 

applies to both types o f  lending as well. H ow ever, it is p lausible that external lenders may 

be subject to  a broader constraint o f  the repudiation risk on the ir ability to  collect the 

repaym ent on both successful and failed projects. At the sam e tim e, dom estic lenders may 

enjoy a greater pow er over the entrepreneurs, at least in the case o f  a successfully  

com pleted investm ent project. O ur model allow s for such a distinction and for an intuitive 

interpretation o f  its im plications fo r the lending m arkets. As show n below , if  external 

lenders face sym m etric repudiation risk, w hile dom estic lenders only face lim ited liability 

clause, our m odel predicts that the econom y m ay have both functioning dom estic lending 

m arkets and com pletely shut foreign capital inflows. This is the result that does not arise 

in the benchm ark m odels developed by G ertler and R ogoff (1990) and Lane (1999).

To sum m arise, the current study is designed to fill these  gaps by extending the G ertler- 

Rogoff-Lane fram ew ork to include consideration o f  the project contingent repudiation 

risk. In the follow ing, we assum e that the im portance o f  repudiation risk in investm ent 

decisions rests, in part, on the d ifferences am ongst various projects. For sim plicity  we 

assum e that this endogeneity  o f  repudiation risk is linked to a specific characteristic  o f  the
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project, namely its size. However, the model presented below can be easily extended to 

cover many other contingencies within the realm o f the project environment.

With this goal in mind, the paper is organised as follows. Part 2 below introduces and 

discusses the general model o f investment under uncertainty, moral hazard and 

repudiation risk. Part 3 provides analysis o f  the case-specific solutions o f the model in 

case where the repudiation risk in increasing in the total capital outlay for the project. 

Appendix 1.1 supplies the mathematical details o f the model.

Part 1.2 The Model of the Project-Contingent Repudiation  

Risk

In the model presented below we closely follow the structure and methodology developed 

by Gertler and Rogoff (1990) and extended by Lane (1999)".

There are two types o f risk-neutral agents, each living two periods / and !+1: 

entrepreneurs and lenders. There is one risky investment project that involves investment 

at date / with payoffs realised in period /+ / .  Hence, lenders are interested in maximising 

the expected rate o f repayment on the project, while entrepreneurs maxim ise their 

expected utility over a choice o f  the second period consumption. This assumption that 

only period t+1 consumption matters to the entrepreneur is a simplification that does not 

alter the results. In fact, the model can be solved for the case o f optimisation over two

" As the result, we do not consider the issues of intertemporal multi-period extension of the model 
or the issues of domestic lending as contrasted with foreign capital inflows. For the reasons of 
brevity and better comparison of the model with the benchmark cases of Gertler and Rogoff (1990) 
and Lane (1999), these issues are subject to possible future research.

24



periods while retain ing all qualitative results presented below . Thus entrepreneurs 

m axim ise:

£ ,W ( C „ ,)  =  £ ,C „ ,  ( I )

incom e available to  en trepreneurs arises from  tw o sources. The original, period t 

endow m ent o f  w ealth  W , can be invested in a risky project w ith the state contingent 

payoffs described below , and the risk-free asse t y ie ld ing  the certain gross rate o f  return, R. 

The risky investm ent technology is given as follow's. A t date t the entrepreneur uses her 

own funds, W , together w ith the borrow ed am ount o f  h to  finance capital fonnation  in the 

am ount o f  k. This capital is then applied to  the risky investm ent project, follow ing which 

the en trepreneur chooses the level o f  effort to be applied to the project.

The project y ie lds at date t + 1 a return 6^. w ith probability  corresponding to the

‘go o d ’ state o f  nature, o r a return w ith probability  corresponding to the

‘bad’ state o f  nature. We assum e thatO  <  < 0^, .  The level o f  effort (capital outlay to the

project) under the possib ility  o f  investing the borrow ed funds in the risk-free asset is 

private infom iation available to the entrepreneur. A t date /, upon borrow ing funds for 

investm ent, the en trepreneur com m its to repay state-contingent rate o f  return .

H ow ever, the lender faces an additional risk o f  default due to the lim ited liability or 

repudiation risk. W e d istinguish  here betw een the tw o risks only in the context o f  state- 

contingency. R oughly , in our m odel, lim ited liability is synonym ous to the repudiation 

risk applying in the ‘b ad ’ state o f  nature alone. W henever the lenders ability to collect on 

the com pleted project is restricted  in both states o f  nature, we refer to this situation as pure
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repudiation risi\. Thus after the realisation o f the project, lenders may collect only a share

o f final output. This share is project-size-contingent so that

a { k ) 6 ^ > Z ^  i = G , B  (2)

1.2.1. Repudiation Risk and the Size o f Investm ent Project.

In equation (2), or '(A:) > 0 , corresponds to the situation in which repudiation risk is

decreasing in the size o f  capital outlay. Alternatively, «  '(A:) < Owill be associated with

the case o f  repudiation risk increasing in the size o f investment project. Note that, since 

the investment size is linearly related via budget constraint to the entrepreneur's debt 

liability, equation (2) can be interpreted as either a repudiation risk linkage to capital 

outlay or to a debt liability o f  the entrepreneur, or both, as described below, in addition, in 

equation (2) above, if or (A) is independent o f  the state o f  nature, the model corresponds 

to the case o f  repudiation risk analysis presented in Lane (1998). On the other hand, 

whenever cr, (A) varies with the state o f  nature, our model captures the case o f limited 

liability as presented in Gertler and Rogoff (1990).

In the present paper, k may alternatively refer to either the macroeconomic aggregate level 

o f  capital flows or to a fmn level investment. In the first case, the model can be used to 

describe the nature o f capital investment projects financed by the sovereign debt markets. 

Here, repudiation risk and/or limited liability may be related to the issues o f corruption, as 

well as to the issue o f pure sovereign risk. Under the second assumption, firm investment 

projects may be subject to corrupt protection that restricts foreign lenders ability to 

capture project proceeds or firm assets. This point relates to the broader literature on
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political econom y o f  dem ocracy, addressing several points raised in Field and 

K irchgassner (2003), and others.

For reasons o f  brevity, we shall focus hereinafter only on the case w here repudiation risk 

is increasing in the size o f  the investm ent project, so thator ' ( / : ) <  0 . The intuition behind 

this assum ption is as follow s.

In a dem ocratic society w ith developed m edia and socio-political checks and balances on 

bureaucracy, high profile (large k)  investm ent projects are associated w ith higher degree 

o f  v isib ility  and thus public scrutiny. The resulting reduction o f  infom iation  costs m akes 

larger projects easier to m onitor than sm aller ones. In addition, w ith a high degree o f  

public exposure, such projects are less subject to corruption (for exam ple, m edia exposure 

in dem ocratic  setting increases the cost o f  corruption) and therefore are associated  w ith 

low er repudiation risk than sm aller, less visible, ones. In term s o f  our param eter values, 

this relationship  im plies t h a t a  '(A:) >  0  . This is the idea that w ould be applicable in

d iscussing  capital flow s w ithin the O E C D  countries, o r in parlance o f  this paper, the 

N orth-N orth capital flows.

H ow ever, as evidence presented below  suggests’, in the developing  w orld with nascent 

public participation institutions, large-scale investm ent projects may be subject to  higher 

political, nationalistic, paternalistic , and o ther pressures. This situation can w arrant the

 ̂ See, for exam ple, Ashcraft and C am pello (2004), page 8 reference to com plem entarities between  
project size and risk. Byrne and Lee (2001) discussion o f  the role that portfolio size  and nature in 
property markets relates to the overall risk levels o f  portfolia over and above the issue o f  risk 
diversification. Wei and Wu (2001 ) provide analysis o f  interactions between corruption and the 
com position o f  cvapital flow s, establishing that corruption is positively correlated with the 
predominance o f  debt financing over FDI and attributing this link to the potential o f  corrupt 
regim es to act in a manner o f  increasing the risk o f  repudiation (page 5).
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direction o f  the lini< between the size o f  the project and the repudiation risk involved that 

w e  are considering below. Larger debt, or investment level overall, implies greater power 

on behalf  o f  the domestic entrepreneur to bargain with foreign lenders, or in tenns o f  our 

parameters, o r ' ( / : )  <  0 .  As such, a negative relationship between the size o f  capital outlay

required for the project and the ability o f  the lenders to collect on the project (whether 

failed or not) is more salient in the case o f  North-South capital flows that we are 

d iscussing in this model.

Similarly, at the aggregate level, i f  k  denotes the ability o f  econom y to raise external 

capital, higher exposure to foreign capital, as consistent with higher may be associated 

with a greater popular resentment toward foreign investment. This would imply higher 

ability o f  corrupt leadership to protect domestic investment projects vis-a-vis foreign 

investors. As political costs o f  limited repudiation practices to the state fall, or ' ( ^ )  <  0 is a 

reasonable assumption capturing such possibility.

In the section 1.2.2 below we survey some literature on the links between the repudiation 

risk and project size. Before providing this, it is worth briefly to mention some o f  the 

ev idence on such risk links as related to the discussion in the preceding tw'o paragraphs. In 

general, there appears to be no consensus in the literature as to the direction o f  the capital 

s tock effect on the levels o f  project risk.

Holburn (2001) considers evidence on the decisions o f  multinational firms in the electric 

p ow er  generation industry to enter new  markets as a function of, am ong other variables, 

the  degree o f  political risks involved in the projects. He finds that larger, more 

experienced multinational com panies are willing to invest in the projects associated with
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higher political risk. H olbum  concludes that ‘as firms differ in their market-based 

capabilities, they also differ in the abilities to assess political risks, to negotiate with 

governments and to devise lobbying strategies' (H olbum , 2001, page 1). Holburn 

specifically addresses the role o f  the sunk investment costs in generating firm pow er vis-a- 

vis the host governm ent 's  incentives to opportunistically deal with the multinationals. He 

shows that political risk is increasing in the size o f  the sunk investment costs and finds 

that overall size o f  the firni has a significant and sizeable impact on entr>' probability (i.e. 

on firm ability to manage political risk).

Aizenman (1999), Thom as (1996) and Clark (2003) explicitly incorporate the size o f  the 

project into the structure o f  risk. Clark (2003) uses the size o f  the project as one o f  the 

detenninants o f  the price o f  risk (with negative correlation between risk level and the 

project size). Thomas (1996) develops a theoretical model o f  sovereign debt default in 

which the size o f  the borrowings is explicitly positively linked to the default probability (a 

standard assumption in the literature on debt default, comprehensively surveyed in 

Gurdgiev, 2005). Aizenman (1999, page 18) argues that ‘domestic  producers use foreign 

borrowings to maximise non-economic objectives (like size) and thus overextending their 

investment", motivated in part by the desire o f  the domestic com panies to reduce their 

exposure to domestic regulatory risk.

Patibandia ( 2 0 0 1) makes the same conclusions in his analysis o f  the detenninants  o f  FDl 

flows, finding that ‘in the case o f  large infrastructure projects, [multinational firms] have 

to get into contracts with the government, which in turn provides scope for opportunism 

on the part o f  local governm ent when a [multinational] invests huge sunk costs’ 

(Patibandia, 2001, page 14). The study com pares India and China as the destinations for 

FDl in high-technology and infrastructure projects and provides case studies analysis

29



showing that, in both countries, tiie size o f  the project does have positive effect on the 

level o f government protection afforded to the FDI against political risks. At the same 

time, Patibandia (2001) argues that democratic institutions and federalism in India act to 

reduce such protection guarantees effectiveness relative to China. Thus, pluralist 

democracy in India is argued to present more difficult environment for larger projects with 

massive sunk costs in infrastructure than China. India's developed legal institutions, on 

the other hand, offer more protection for smaller scale investment projects in high-tech 

industries than China’s centralised state.

In the case o f China, this relationship between the firm ability to access government 

guarantees and thus reduce political risk involved in the project as a function o f project 

size is identified by the legal requirement that projects over US$30 million must be 

approved by the central government (lalamova, 2004, page 6). Although lalamova claims 

that the central government involvement in the project may act to provide reduction in 

regulatoiy burden, the analysis doe not involve the engagement o f local authorities and 

thus says little concerning the local authorities-related risks.

Two other related strands o f literature confirm the assumptions o f our model relative to 

the link between the size o f  the projects and the level o f  political risk involved. The first 

strand relates to the issue o f international risk reduction measures available to investors. 

Rieffel (2003) states that in the case o f international guarantee providers, such as the 

World Bank, the Asia Development Bank and others, political risk guarantees are only 

available for the larger scale investment projects. Albeit in the case o f  the Asian 

Development Bank such guarantees also bear upper limit on exposure in the amount of 

US$150 million, making it possible that the overall sovereign risk may be increasing in 

the project size (demand-driven reasons for international insurance), decreasing in the
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project size (supply-driven reasons for international insurance) or is quadratic in size o f  

the project (increasing up to  the point o f  m axim um  level o f  insurance and then decreasing 

thereafter, m aking insurance unnecessar> ).

S laughter (2005) provides sim ilar evidence on the projects risk exposure in the US during 

the early years o f  developm ent. He discusses the history  o f  projects developm ent from 

1850 through 2004 in the area o f  Snake River. He concludes that there is a clear pattern 

that ‘risk associated w ith large projects construction , together w ith public nature o f  the 

resource involved, led inexorably to state and federal governm ent involvem ent'

(S laughter, 2005, page 6).

Finally, the project-finance literature provides evidence on the link betw een the size o f  the 

investm ent project and the underlying political risks.

G onzales (2001) analyses the sm all scale investm ents in renew able energy sector in the 

developing countries. He concludes that pro ject-financing  (the fonn  o f  raising capital that 

allow s for greatest degree o f  protection against the political risks) is less available to 

sm aller firm s than to the larger firm s. Table 3.1 (G onzales, 2001, page 28) sum m arises the 

results, show ing that:

•  Sm aller investm ent projects have no project-financing available to the 

entrepreneurs, and lack external guarantees against the political risks;

•  M edium -sized projects have lim ited access to  pro ject-finance and no political 

guarantees;

•  Large-scale projects have access to  both, the pro ject-financing  and external 

guarantees as the m eans for m anaging political risks.



These  findings are supported by other studies o f  project-financing availability, e.g. 

Griffith-Jones and de Lima (2004) and McGill (1983).

1.2.2. Survey o f Literature on the Repudiation Risk and Project-Size Link.

A s m entioned above, the link between the project risk and the project size is relatively 

established in the microeconom ic and closed econom y m acroeconom ic investment 

literature. At the same time, there is little consensus in the literature as to the direction o f  

the effect o f  capital size on the regulatory' and repudiation risks involved. In this section 

w e  survey som e o f  these results. Table 1.1 below summarises all evidence surveyed in the 

C hap ter  1.

Dotan and Ravid (1985) show that the level o f  debt relative to the firm collateral affects 

negatively the investment levels that a firm can attain by raising the probability o f  project 

default (or solvency). In the context o f  our model, this is consistent with assumption that 

the greater is the investment outlay relative to the collateral holdings, the higher is the risk 

o f  the project.

On the other hand, Jensen and M eckling (1976) and Myers (1977) develop models o f  risk 

shifting in which shareholders are more willing to invest in increasingly riskier projects as 

the am ount o f  debt financing increases. These results are driven by the limited liability 

feature o f  equity, as opposed to debt financing. The latter implies that shareholders are 

m ore  concerned with project gains than losses. It also indicates that shareholders perceive 

larger projects to be subject to greater limited liability risk.
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Similarly, with respect to the initial public offers, Peristiani (2003) considers evidence on 

default probabilities for the US IT firnis entering the market during the 1990s boom. 

Perisitiani (2003) shows that probabilit>' o f  default (delisting o f  the firm following the 

IPO) is decreasing in the size o f  the IPO. A similar result is attained empirically by 

Ljungqvist (1997) in his analysis o f  the initial public offerings under-pricing in Germany, 

in a large sample o f  193 f inns from 1970 through 1993, Ljungqvist (1997) finds that the 

size o f  investment projects was negatively correlated w'ith the extent o f  IPO under-pricing, 

which is consistent with the lower overall risk o f  project. The estimation results show that 

the size o f  the project was both statistically significant at 5% level and economically 

significant (being the second largest determinant o f  the extent o f  under-pricing) in 

capturing the degree o f  project risk as related to the IPO.

The earlier studies o f  the relationships between the firms' expected equity returns and the 

level o f  market capitalisation were developed by the seminal papers by Fama and French 

(1993) and Daniel and Titman (1997). in the Fama and French (1993) model, this link is 

associated with risk exposures, while in Daniel and Titman (1997) it reflects mispricing 

that is risk-dependent. Chiao and Hueng (2004) present evidence for Japan showing that 

the size-risk premium tradeoff  does indeed exist along both Fama French (1993) and 

Daniel and Titman (1997) directions.

This micro evidence supports an assertion that the size o f  the investment project is linked 

to endogenous risks present in the model. Surveying data for 859 fimis in 27 countries, 

D um ev and Kim (2003) conclude that larger firms tend to offer lesser protection to 

investors than smaller firms.
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Shm idt-M ohr (1997) considers tiie structure o f  loan contracts as a function loan size and 

collateral requirements in com petitive  and monopolistic credit markets with asymmetric 

infomiation and risk-averse debtors. The model shows that some borrowers will always 

attain smaller investment funding in presence o f  infonnational asymmetries. In the 

competitive case, loan size rationing occurs and the size o f  investment projects and risk 

levels are correlated positively in equilibrium.

Specifically, Schm idt-M ohr (1997) shows that:

1. In the case o f  indivisible technologies tiie collateral requirements and loan size 

( investment project size) act as alternative sorting devices in the screening 

decisions taken by the banks;

2. Loan size fails to act as a screening device only if  ail actors are risk neutral;

3. If  b o n o w ers  are risk averse, then collateral fails to act as a selection device and in 

equilibrium some lenders will not require collateral at all. The loan size remains 

the only screening device in this case in both monopolistic and competitive credit 

markets;

4. Loan size and vo lum e o f  investment are limited in the presence o f  information 

asym m etries in both competitive and monopolistic lending markets;

5. In the competitive markets, loan size and self-selection o f  credit risks always 

coexist in equilibrium.

Thus, in Schm idt-M ohr (1997), once the investment projects are divisible, the amount o f  

lending by the banks becom es an endogenous choice variable. The paper surveys eight 

theoretical and empirical m odels and finds that the endogeneity' result is consistent with 

three papers, namely M ilde and Riley (1988), B es te r(1985)  and Besanko and Thakor 

(1987). The model defines Type-1 borrow ing  as the situation where the debtors are
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granted less funding than they wish to borrow at given interest rate. The papers cited 

above show that Type-1 rationing o f  credit will occur in equilibrium even if loanable funds 

are not scarce. The reason for this is that the size o f  the loan that an entrepreneur is willing 

to accept serves as a signalling device for the risks o f the project., with higher loan 

volumes signalling lower risk.

Schmidt-M ohr (1997) explicitly incorporates the size o f  investment project ( /  ) into the 

stochastic return to the investment (X , ( / )  ) by setting

| o  with probahility  ( ^ \ -  p^) 

where (.) is the project-type i distribution o f  payoffs, that is assumed to be increasing 

in the investment level, so that / ' ( / ) >  0 .

In the model that studies the determinants o f  expropriation risk premia, Clark (2003) 

states that traditional models o f  capital budgeting for FDl either ignore repudiation risk or 

treat it as independent o f project outcomes. Clark (2003) argues that the government cost 

o f  expropriation will depend on the project’s market value (or in tenns o f  our model, on 

investment project size). In Clark (2003) it is assumed that the cost o f expropriation is an 

increasing function o f the value o f  the firm (project size), allowing for a conjecture that 

firm size has a positive effect on reducing the risk o f expropriation. Similarly, in Thomas 

(1996), the cost o f  default on the sovereign debt is set to be an increasing function o f the 

overall level o f debt.
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Unfortunately, no conclusive results are available in the microeconomic literature for the 

case o f  general investment projects with respect to the expected direction o f  the 

relationship between the size o f  the investment projects and the underlying risks.

Some literature, e.g. Banerjee and N ew m an (1993), Galor and Zeira (1993) and Aghion 

and Bolton (1997), Rajan and Zingales (1998) and Beck et al (2004) find that the degree 

o f  financial markets development has a positive impact on the growth o f  smaller firms, 

relative to the large fimis. At the same time, as shown above, there is a positive link 

between the institutional quality and the degree o f  financial sector development. Thus, this 

strand o f  evidence supports the assertion that smaller f inns have more to gain from 

financial markets liberalisation and institutional quality improvements, implying that in 

the case o f  N orth-South capital fiows, smaller project size will be associated with higher 

risk than in the case o f  North-North fiows.

On the other side o f  the argument. Greenwood and Jovanovic (1990) present evidence that 

the link between the direction o f  fiows and the firm size can go the opposite way, with 

smaller firms being at advantage relative to the larger firms in the financial markets 

constrained by the degree o f  institutional underdevelopment.

Table 1.1 sum m arises the findings o f  the studies surveyed in sections 1.2.1 and 1.2.2 

above.
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Table 1.1. Summary o f Evidence on the Link between Project Size and the 

Sovereign Risk.

Study Correlation between Project Size and Risk

Aghion and Bolton (1997) (+)

Aizenman (1999) (-)

Banerjee and Newman (1993) (+)

Beck et al (2004) (+)

Besanko and Thakor (1987) (+)

B ester(1985) (+)

Breton (2004) (+)

Chiao and Heiing (2004) (-)

Clark (2003) (-)

Cooley et all (2004) (+)

Daniel and Titman (1997) (-)

Dotan and Ravid (1985) (+)

Durnev and Kim (2003) (+)

Esho et al (2000) (+)

Fama and French (1993) (-)

Galor and Zeira (1993) (+)

Greenwood and Jovanovicli (1990) (-)

Gonzales (2001) (-)

Griffitli-Jones and de Lima (2004) (-)

Holburn (2001) (-)

lalamova (2004) (-)/(+)
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Table 1.1. (continued)

Jensen and Meckling (1976) (-)

Ljungqvist (1997) ( - )

McGill (1983) (-)

Milde and Riley (1988) (+)

Myers (1977) (+)

Patibandla (2001) (+)

Peristiani (2003) (- )

Pissarides (1999) (- )

Rajan and Zingales (1998) (+)

Riefel (2003) (-) /(+ )

Schm idt-M ohr (1997) (+)

S lau g h te r (2005) (+)

Thom as (1996) (-) /(+)

Vittas and Cho (1995) ( - )

In Chapter 2 below we briefly address the possible extensions o f  the models o f  project- 

size contingent risks with respect to possible empirical analysis. We also discuss the 

empirical estimability o f  the model o f  project-size contingent repudiation risk in section 

1.2.4.
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1.2.3. Repudiation Risk and Corruption.

On the macroeconom ic side, Pissarides (1999) examines the evidence o f  lending by the 

European Bank for Reconstruction and Development over the years o f  1991-1997. As 

shown in the paper, the bank-lending share o f  small and medium size projects increased 

over time, indicating that the EBRD has developed positive experience in pricing risks o f  

smaller projects at a slower rate than the risks o f  the larger projects. The paper recognises 

the information asymmetries and explicit state-support for larger enterprises, as the 

sources for the early periods bias in EBRD lending in favour o f  larger enterprises. This 

indirectly points to the possibility that in the democratic states the link between the size o f  

investment projects and the risk o f  repudiation works in the direction o f  higher volume o f  

investment supporting lower risk environment. Similar evidence can be found in the Vittas 

and Cho (1995) analysis o f  the Asian markets. Vittas and Cho (1995) show that in the case 

o f  China, Japan, South Korea and India, government support for larger investment 

projects acted to reduce the overall risk o f  the projects.

These results are contrasted by the findings in Cooley et all (2004) who argue that for the 

defaulting entrepreneurs, who are not excluded from future market participation, the value 

o f  the option to default increases with investment project size. Thus the value o f  the 

contract must increase in order to induce the entrepreneur not to default. The firm obtains 

more financing as the enforcement constraint is relaxed. Cooley et ail (2004 relate this 

result to the case o f  the borrowing countries. These results are fully consistent with the 

model presented in Chapter 2, where the overall willingness o f  investors to supply funds is 

negatively related to the value o f  the option to  default available to the entrepreneur.
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Earlier we have argued that the link between the capital flows and corruption, or more 

generally, the institutional quality o f  the investment environment can serve as a 

motivation for introducing the project size -  risk contingency. A wealth o f  empirical and 

theoretical literature addresses the link between the capital flows and corruption. Breton 

(2004) explicitly states that governm ents m ay make ‘investment and employm ent 

decisions based on favouritism rather than public welfare criteria” (p. 48). Fredriksson et 

all (2003) show that corruption acts as an important determinant o f  FDI flows in the 

developed markets, specifically USA.

Asiedu (2004) documents evidence on the changes in the levels o f  corruption and the 

associated changes in the FDI flows to Africa. Alfaro et all (2004) provide exhaustive 

evidence o f  this link for the case o f  the world capital flows for the period o f  1970-2000. 

Papaioannou (2004) establishes the sam e result for the case o f  bank-tlnance flows, while 

Cheptea (2003) documents the effect o f  institutional quality and corruption specifically on 

the trade-finance flows. In addition, Cheptea (2003) shows that institutional quality is 

more important a determinant o f  capital flows than the openness to trade, in the case o f  the 

Central and East European countries. All o f  these findings are consistent with our 

motivation for including the size o f  the project as a determinant o f  the risk o f  sovereign 

actions against the project risk.

Bae and Goyal (2004) show empirical evidence for 36 countries in support o f  the 

assertions that:

1. Loan spreads on bank loans increase with corruption and risk o f  repudiation;

2. Risk o f  repudiation is positively correlated with corruption;

3. Risk o f  expropriation is positively correlated with corruption.
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LeBel (2001) reports that the correlation between repudiation (company) risk and the risk 

o f  expropriation (sovereign risk) is 0.8373 in the global sample o f over 140 countries.

Esho et all (2000) present evidence from Asian economies over the period o f 1989-1998 

that supports the assertion that both the size o f the fm n (project) and the country 

perfonnance in corruption indicators are directly related to the firm ability to raise capital 

through international bond issues. Furthermore, Esho et al (2000) shows that the measures 

o f  political risk can be instrumented successfully through the use o f the measures of 

repudiation risk. The authors report that overall, ‘there are significant positive correlations 

between the dependent variables and proxies for ... issue size and firm size, borrower 

reputation, and legal/political risk” . They further conclude that ‘... the positive coefficient 

on the firm size variable implies that an increase in firm size unambiguously increases the 

probability o f  choosing foreign bonds and reduces the probability o f choosing syndicated 

term loans” .

In all o f  the above studies, the link between the institutional quality and the capital flows 

supports our assertion that the sovereign risk can be modelled as increasing in the size o f 

investment projects, using corruption measures as an instrument for this link.

1.2.4. A Note on Estim ability o f the Repudiation Risk — Project Size Link.

Traditional fonns o f  repudiation risk involve risk o f property expropriation, restrictions on 

capital withdrawal and dilution o f  ov^'nership shares in the venture.

Assume that we have data on the investment projects that includes date 0 investment, k, 

the project-specific rates o f  return, the information concerning the events o f attempted
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capital expatriation by the owners, restrictions on and dilutions o f  share holdings by the 

investors in the project, the investment project value at the completion date, and other data 

concerning the ability o f  the investors expatriate proceeds o f  investment, collect 

investment payoffs and exercise their ownership rights. Then we can estimate the 

functional relationship between the extent o f  the repudiation risk and the size o f  the 

investment project outlay.

These can be assessed relative to the overall value o f  the investment project at a date o f  

the project inception by regressing the level o f  capital losses due to the repudiation on the 

investment size across the various investment projects and controlling for other project 

and risk-specific characteristics, such as the initial conditions for investment (e.g. limited 

voting rights clause, minority or majority nature o f  foreign shareholding, etc.). This will 

a llow us to determine the sign o f  the repudiation risk -  size o f  project link.

O f  additional interest will be the empirical investigation o f  the link between the 

repudiation risk and the size o f  investment projects in the context o f  the state-contingent 

realisation o f  payoffs. For this we will need to separately exam ine the data for projects 

conducted under the climate o f  general macroeconom ic crises as distinguished from those 

operating in the environm ent o f  grow ing  economies. A dum m y variable can be introduced 

to code for such m acroeconom ic  environm ent differences. W e can intuitively expect the 

link to be stronger in time o f  duress than in the environment o f  robust growth. The reason 

for this is that in cases o f  adverse econom ic shocks, the political environm ent is more 

supportive o f  repudiation and expropriation than in the cases o f  s trong econom ic growth. 

Thus, governing elites may have an added ability to repudiate foreign investment projects 

at the times o f  slow growth or econom ic  downturns.
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Based on the survey o f  em pirical evidence on repudiation risk and project size presented 

earlier in section 1.2.2, it is d ifficu lt to conclude ex ante w hat sign can be anticipated with 

respect to the link betw een the project size and the level o f  repudiation risk.

We can anticipate that in the case o f  N orth-N orth  capital flow s, repudiation risk may be 

less pronounced for the projects o f  larger size, as these projects are m ore visible and are 

subject to greater scrutiny. Thus, fo r N orth-N orth  flows, the correlation betw een the 

repudiation risk and project size should be sm all and negative in sign. Som e evidence 

supporting th is assertion can be found in the studies presented in the section 1.2.2.

The case o f  N orth-South  flow s is less straightforw ard. In som e cases, large investm ent 

projects involve bilateral governm ent agreem ents that offer som e degree o f  protection for 

investors against the risk o f  repudiation. N ote that such protection may act to reduce the 

repudiation risk in the early  stages o f  investm ent, w henever the governm ent attem pts to 

support the project for som e political reasons. H ow ever, over the life o f  the project, initial 

governm ent support m ay be w ithdraw n and replaced by the higher risk o f  expropriation. 

The possibility  o f  such sw itch is determ ined by the relationsip betw een the costs o f  

expropriation and its benefits.

On the o ther hand, the large projects are often highly political in nature and the foreign 

investor rights may be severely  restricted by the political clim ate surrounding them . In this 

case, larger projects can be associated  w ith h igher degree o f  the host-state interference and 

are therefore subject to po ten tia lly  higher risk o f  repudiation. Sm aller investm ent projects 

are m ore likely to  involve g reater interference from  the local authorities than from the 

central governm ents o f  the host countries. A s such these projects can be expected to bear
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higher risi< o f repudiation in the environments o f  localised corruption and weak federal 

government structures.

Overall, as shown earlier, presently there is little conclusive evidence that would allow' us 

to determine the size and the sign o f the relationship between the repudiation risk and the 

size o f investment projects. This leaves significant room for future empirical analysis of 

the matter that lies outside the scope o f the present theoretical work.

1.2.5. General Solutions.

Denote by subscripts G and B the realisations o f  Good and Bad states o f nature 

respectively. Then, let

be the differences in the project’s net repayments and returns across the levels o f  effort 

(i.e. across the possible states o f  nature).

To control for the presence o f moral hazard problem in terms o f the investment project 

choice, we impose the standard incentives com patibility constraint according to which the 

risky projects must yield at least the same rate o f return as a risk-free bond;

We further assume that neither future income nor the e.xpected repudiation funds can be 

leveraged in the debt markets, so that

(3 )

n \ k ) { e - Z ) > R (4 )

W + b - k > Q (5 )

44



Finally, investors must be guaranteed an expected repayment level o f  at least the amount 

o f the opportunity cost o f the risky investment, i.e. R:

7r[k)Z + Zi^> Rb (6)

We are now ready to postulate the optimisation problem faced by an entrepreneur.

Without loss o f  generality, assume that the entrepreneurs are interested in maximising the 

expected utility in period l+l,  given by;

=;r{k ) [0 , ^ -Z^]  + ( \ - 7 r { k ) ) [ O , - Z , ]  + R[W + h - k ]  (7a)

subject to constraints (2), (4)-(6).

Denote by the multipliers on constraints (2), (4)-(6) respectively. Then the first

order conditions for the general problem are given by:

7t '[0  -  Z )  -  R + ”{6 - Z )  + 7r'Zy/  = 7

y = [ y / ~ \ ) R  (7c)

; r [ y / - l ]  =  ; r >  + <z)c (7d)

{ \ - n ) [ y / - \ \  + n '  (7e)

Note, in the above, as well as throughout the te x t for the reasons o f brevity, n '  = 

and a '  = a  ' [ k ) .

As in Lane (1999) there are two main cases to consider:

C ases 1-3: Repayment constraint (2) does not bind in the good state, while

Incentive constraint (4) binds. As shown below' this case implies two 

possibilities for the solution. Under the assumption o f a strong or
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medium repudiation risk (cases 1 and 2) the G eit ler-R ogoff  solution 

fails. Under the assumption o f  a weak repudiation risk (case 3) the 

G ertler-Rogoff  solution applies. All three sub-cases correspond to the 

situation where repudiation risk applies to the ‘b ad ’ state o f  nature alone, 

which we call the  a s y m m e tr ic  case.

C ases  4-5: The repayment constraint binds in both states. In this case the Gertler-

R ogoff  solution fails. This is the case o f  repudiation risk being 

symmetric across the two states o f  nature, and this case is referred to, 

hereinafter, as the s y m m e tr ic  case. Here we will again distinguish the 

two possibilities. Independently o f  whether the repudiation risk is strong 

or medium relative to the marginal cost o f  capital, as in the case 4, o r  the 

repudiation risk is low, as in case 5, the Gertler-Rogoff-Lane solutions do 

not hold. Furthennore, in case 4, no interior solution exists.

The details o f  solutions for all cases are provided in A ppendix 1.1.

Part 1.3. Case-Specific Solutions.

We now  proceed to derive the specific solutions to the model corresponding to cases 1-5

outlined above.
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1.3.1. Cases 1-3: State-Contingent Repudiation Risk.

Consider case 1. S ince;k > 0 , as shown in Appendix 1.1 below, the optimal solution to the 

problem is given by the following equations:

R{k-W)-a{k)6i ,
MR curve Z  = — ------------------------------------------------------------------------------------- (8a)

n { k )

b = k - W

IC curve Z  = 0 -------;—-  (8b)
^■{k)

ZZ curve a [ k ^ 6  = Z  (8c)

First note that by (8c), the ZZ curve vertical intercept coincides with that in Lane (1999): 

Z , = a { O ) 0 .

Under the assumption o f increasing repudiation risk the slope o f the ZZ curve is negative. 

The ZZ curve captures the repayment to lenders constraint as a function o f repudiation 

risk, as given by equation (2) above. The IC curve that represents the incentives 

compatibility constraint, given by equation (4), is fully coincident with the standard IC 

curve in Lane (1999).

The MR  curve is upward sloping by equation (7b). However, relative to Lane (1999), the 

model predicts that the MR curve that represents the Retum-to-Lenders function is steeper 

in our case than in the benchmark case. This is due to the effect o f  rising repudiation risk 

in response to an increase in capital, in Lane (1999), as in the Gertler and Rogoff (1990) 

paper, the return required by lenders is a rising function o f capital however, as the
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repudiation risk increases with capital allocation, the lenders require higher repayment Z 

at any given level o f capital raised, k.

Considering the slopes o f ZZ and IC  provides a comparison between the marginal costs o f 

the investment level in ternis o f increase in repudiation risk and the marginal benefits o f 

investment level on probability o f success (moral hazard amelioration). This yields two 

possibilities shown below.

. . R ^ " { k )
Case \ \ a \ k ) < ------------ j  so that the marginal cost o f repudiation risk elfect due to

^  7t ' [ k )

capital increase exceeds the marginal benefits o f lower moral hazard due to capital 

increase. This is the case o f a strong effect of A on repudiation risk. The slope o f ZZ 

curve is steeper than the slope o f 1C curve and the level o f capital that can be raised for the 

project (denoted b y ^ ,) is below that shown qualitatively in Lane (1999) (denoted byA^ ,̂). 

Constraining the repudiation risk to be compatible with non-zero lending, so that 

a(k)6i^
k > IV H-------------- , Figure 1.1 below provides a graphical solution. Note that, regardless

R

o f the magnitude o f the repudiation risk effect, due to the presence of the repudiation risk 

link with the capital levels, we have in our model an added distortion to capital markets.

This distortion, as discussed earlier, increases the rate o f return required by lenders for any 

non-zero level o f capital. This, in turn, implies that our MR curve is pivoted upwards 

relative to the case described in Lane (1999). As the result o f this, in the interior solution 

equilibrium our credit markets can supply only a lower level o f capital funds, so 

that^""'^ < where k",“' denotes the interior solution level o f in\estment in our
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model, while denotes the interior solution in Gertler and Rogoff (1990) and Lane 

(1999).

Figure 1.1. Strong repudiation risk effect.

Z M R

MR'

1C

OR!.

I R n " i k )
Cases 2&3: a ' \ k ) > -------------^ corresponds to the cases of medium (case 2) o r weak

 ̂  ̂ e n'{k)"

(case 3) effect of k  on repudiation risk. The slope of the ZZ curve is now flatter than 

slope of the IC curve and the position o f intersection of the ZZ curve and the MR curve 

relative to the intersection o f the 1C and the MR  curves determine the solution. Figure 1.2 

below provides graphical analysis of the solutions.

We now can compare cases 1 and 2.
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Figure 1.2. Medium and weak repudiation risk effects.

MR
Z  = 0

ZZ

h  h '» " -  _  u  U O Iii
^ ' 2  ^  ̂  /V  j ' kK

In case I . the repudiation risk increases witii capital faster tiian the associated increase 

in the probability o f  the project success, ;r ( ) .  Hence, the marginal benefit o f  investing in

a larger project is completely outweighed by the marginal cost from the higher repudiation 

risks. The incentive constraint for the entrepreneur to adopt a high level o f  effort binds, 

and its shadow  value is lower than that o f  the repayment constraint. The entrepreneur then 

has an added incentive to default on the project since, in case o f  default, she will collect 

the repudiation proceeds. The result is that lenders will require higher collateral and w ill 

produce lending caps whereby no lending will occur in excess o f  A, Gurdgiev (2003,

Chapter 2) provides a more extensive discussion o f  these effects o f  the repudiation risk on 

capital markets in the closed econom y setting.

'' O vera ll, th ese  results are sim ilar  in nature to  the labour m arket results derived  by F anner (1 9 8 5 ).  
Farm er (1 9 8 5 )  sh o w s that in fon n ation  asym m etry  in presen ce  o f  repudiation risk (or lim ited  
liab ility ) m a y  result in optim al len d ing  contracts b eco m in g  partially  non-state contingent. T h ese  
results are a lso  con sisten t w ith  em pirical ev id en ce  supp lied  in C o o le y  et al (2 0 0 4 ).
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In case 2, the moderate impact o f  a capital increase on repudiation risk insures that the 

marginal benefit o f  a higher probability o f  success dominates the marginal cost o f a rising 

risk o f repudiation. However, the incentive to the entrepreneur to default on the project 

remains relatively high, while the investors' requirements for guarantees on repayment 

remain fixed. This implies that a decrease in repayment pledged by the entrepreneur due 

to a fall in a  continues to amplify the investment distortion due to the repudiation risk 

and thus constrain the capital funding available to k-, such that < k-, < ky = k , .

Only when the marginal effect o f rising repudiation risk is extremely low will the 

unconstrained interior solution take place. This is described the case 3 above.

Note that an increase in the entrepreneur’s collateral results, as in Gertler and Rogoff 

(1990) and Lane (1999), in an increase in the overall capital funds available to the 

entrepreneur.

Consider a rise in the initial wealth endowment, JV. A  resulting shift in the MR  curve 

rightward implies that in all three sub-cases above, the capital availability increases.

However, even in case 3, this increase will not be identical in size to that o f  Gertler and 

Rogoff (1990). Since our MR  curve is steeper than in the case o f Lane (1999), the 

marginal benefits o f higher investment to the lender in terms o f  required rate o f  return are 

lower for each level o f capital. Hence, the effect o f  the wealth increase will be lower as 

well. The reason for this is similar to the logic outlined in Gurdgiev (2003, Chapter 2). 

With a higher degree o f repudiation risk for all levels o f  investment, lenders require higher 

collateral on all projects. This is the direct effect o f  repudiation risk in Gurdgiev (2003, 

Chapter 2). At the same time, lenders are also aware o f the adverse effects o f the
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repudiation risk on moral imzard. Thus, they are willing to forego some o f  the returns in 

order to ensure that the entrepreneur adopts a high level o f  effort.

In cases 1 and 2, the rise in capital availability will be dam pened by the negative effect o f  

rising repudiation risk, as long as Z Z cu rv e  continues to restrict the solution space for 

capital. This effect is present in our model, but absent in both the Gertler-Rogoff (1990) 

model and its extension by Lane (1999).

Overall, the presence o f  the project-contingent repudiation risk acts to highlight the 

importance o f  exogenous controls on entrepreneurial activity and the ability o f  the 

entrepreneurs to raise financing. Lane (1999) established that in the presence o f  moral 

hazard, repudiation risk matters even for an econom y not facing a binding borrowing 

constraint. In our model, the repudiation risk effects reach deeper. As shown in the 

discussion o f  cases 1 and 2 above, lax borrowing constraints continue to reduce 

eco n o m y 's  capital capacity, as in Lane (1999). However, repayment constraints are now 

associated w ith the binding effects o f  the repudiation risk as well. This happens w henever 

the marginal costs o f  capital on repudiation risk are relatively strong.

O ur model goes further in terms o f  both intuition and applicability to the problem o f  

resolving the d ilemma o f  the shortage o f  capital flows between the O E C D  and the 

developing countries.

As shown in Lane (1999), whenever repudiation risk applies in both states o f  nature, 

lending flows from North to South will be constrained by the symmetric nature o f  

repudiation risk that amplifies moral hazard independently o f  the entrepreneur effort. 

However, in the ‘go o d ’ state o f  nature, asym m etric  repudiation risk or limited liability has
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no effect on the moral hazard. This implies that in the case corresponding to the 

asymmetric repudiation risk, neither corruption nor advancement o f  control institutions 

over the entrepreneurial activity', matter. The capital flows between North and South and 

within the North are thus indistinguishable in their response to the rate o f  return.

Yet, as the recent evidence (outlined in section 1.2.2 above) suggests, as the global 

economic environment moves in favour o f ‘good ' state realisation, so that.;r(A^) 1,

capital does not move as freely between the North and the South as within the North 

alone. This implies that capital flows in the case o f  asymmetric repudiation risk remain 

dependent on the level o f  limited liability protection or the general ability o f  entrepreneur 

to prevent the appropriation o f  returns by the lenders. This is also consistent within the 

O E C D  economies with varying degrees o f  limited liability protection. Thus, during the 

IT-sector boom, when the standard anticipation o f  the repudiation risk liability accrued 

com m only to bankruptcy liquidations alone, lenders in some economies were reluctant to 

lend outside the personal guarantees that have effectively bypassed the limited liability 

clause o f  bankruptcy laws (see for example Patibandia, 2001 analysis o f  the determinant 

o f  FDl flows to India and China, specifically pages 14 and 28, and M cKensey Quarterly 

2005 Special Edition, pages 3 and 5).

In contrast to the benchmark models, the above shows that when the repudiation 

constraint binds in the case o f  asymmetric repudiation risk (limited liability), our model 

captures these important empirical facts.
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1.3.2. Cases 4-5: Repudiation Risk Applying in Both States.

Next we consider case 4 (and in case 5 along tiie same lines) w'iiere^^ ;̂ > 0 ,  sucii that the

repayment constraint binds in both states. This is the case o f  pure repudiation risk. Unlii<e 

in cases 1-3, where repudiation risk can be interpreted as the limited liability clause, here 

the risk accrues to both the case o f  a successful completion o f  the project and in the case 

o f  default due to the bad’ state realisation.

In general, this case implies that/^ =  0 , so that (4) holds at inequality and thus the private 

returns to the entrepreneur exceed the cost o f  borrowing and the incentive constraint does 

not bind. In this case, we can summarise the main equations o f  the model as follows:

MR curve equation (8a^

IC curve equation (8b)

since c i r  ( =  0 .  Thus, solving for intersection o f  the MR and ZZ curves we have, as in

Figure 1.3 below, that the level o f  capita! investment available to the entrepreneur is just 

equal to her effective collateral.

ZZ curve a  = Z (9c)

The solution to the problem is given by:

( 10)

N ote that since V = W + — , the intercept for the MR curve is given by W,
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Once again two sub-cases are possible depending on the relative magnitude o f  the 

marginal cost o f capital in terms o f repudiation risk.

Case 4. Strong repudiation risk implies that the entrepreneur will not be able to raise 

more than k^—W .  For lenders, this implies that incentives to the entrepreneur to adopt

high level o f  effort and to pay out the required return, in the case o f a successful 

realisation, are too high relative to the risk-free rate. Thus lenders will opt to lend only to 

the amount o f the effective collateral that is a decreasing function o f the capital levels. In 

the limit, as the negative effect o f  capital levels on repudiation risk rises, the entrepreneur 

will have to self-finance the project.

The same logic applies in the case o f  medium repudiation risk. Since the rate at which 

capital available to the entrepreneur declines with risk depends on the marginal effect o f  

capital levels on repudiation risk. Only the wedge between the good and the bad case 

payoffs 6  = Ô . prevents the complete collapse o f the lending markets. In this

oc{kA / ,  „
scenario the level o f capital is given by =  F  -̂---------- ny k^j o  , so that

R

when 0  -> 0 ,k  ̂ - ^ V  .

This implies that only domestic lending markets operate, with foreign lending being 

completely shut down. The driving force behind this result is that here the foreign lenders 

face the possibility o f  symmetric repudiation risk (applicable in both states o f  nature), 

while domestic lenders may face only the limited liability risk (applicable in the bad state 

o f  nature alone). With repudiation risk being a strong determinant o f the overall risk o f 

investment, as in case 4, the firms are forced to either finance investment projects on their
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own (whenever F is  the capital available to a firm internally), or via domestic markets 

(whenever Fean  be interpreted as the domestic value o f the firm). This result is new to 

our model relative to both Gertler and Rogoff (1990) and Lane (1999) models.

Figure 1.3. Symmetric repudiation risk effect.

MR

z  = e

1C

Z2. (case 2)

ZZ. ZZ.

Case 5. W eak repudiation risk effect on capital results in some borrowing in excess o f 

the effective collateral, = V < . Here, the incentives to adopt a high level o f effort by

an entrepreneur are increasing in capital outlay faster than the incentives to default due to 

higher repudiation risk. However, since the repudiation risk applies to both states o f 

nature, the lenders will impose higher collateral demands on borrowers than in the case o f 

asymmetric repudiation risk. As a result: k ^ < k ^ < k ^ <  k̂  . The graphical solutions for 

cases 4-5 are shown in Figure 1.3 above.
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Hence, overall in case 4, an external lending solution cannot be attained. Instead, in case 4 

we have a corner solution, k̂  = V consistent with no lending in the international markets.

This is consistent with Lane (1999) result for the symmetric repudiation risk case. 

However, in contrast with Lane ( 1999), even if the vertical intercepts o f ZZ curves in our

case and in the benchmark model coincide, so thatZ™'^ -Z^ = , the level o f  capital

lending attainable in our economic environment will be below that attained in Lane 

(1999).

Part 1.4. Conclusions.

This paper develops a comprehensive model o f  investment in the presence o f the project- 

contingent repudiation risk and moral hazard. In a departure from the traditional literature 

on repudiation risk, the model proposes a link between the size o f the project and the level 

o f  repudiation risk. We consider the case o f economies that are characterised by an 

increasing risk o f repudiation as a function o f  the capital outlay for the project. This 

allows us to focus on the case o f economic environm ents that can be distinguished by the 

political protection favouring larger investment projects, so that the risk o f repudiation 

increases with the project size. As argued in the introduction, in the presence o f corruption 

and lax monitoring o f the projects, large scale investments may be politicised to such a 

degree that investors may be precluded from collecting the payoffs to the projects. This 

possibility may arise either in the case o f a symmetric risk or in case o f state-contingent 

(asymmetric) risk.
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Alternatively, as discussed briefly, the present framework allows for the consideration o f 

scenarios where repudiation risk may be a decreasing function o f capital outlay. In tem is 

o f economic environment, such a situation may arise whenever developed monitoring 

structures are in place to control entrepreneur payoffs for larger projects, but not for the 

smaller ones. It is important to reiterate here that our analysis directly extends to the 

possibility o f  considering the repudiation risk link to either capital outlay or to the degree 

o f  indebtedness o f the entrepreneur. This property o f the model is due to the linear 

relationship between the size o f  the debt that an entrepreneur undertakes and the size o f 

the capital required for the project.

Likewise, we can view the project size- contingent nature o f the repudiation risk as being 

synonymous with the monitoring cost. If  the monitoring costs are increasing in the project 

size or the debt leverage assumed by an entrepreneur, such costs are fully correspondent to 

the case o f  a symmetric repudiation risk discussed here.

Using as a foundation Lane's (1999) analysis o f the repudiation risk in the Gertler and 

Rogoff (1990) model, we consider two main groups o f cases;

Cases 1-3: asymmetric state-contingent repudiation risk applying in ‘bad' state o f

nature alone;

Cases 4-5: symmetric repudiation risk applicable in both states o f nature.

Comparing these cases with the benchmark model, we show that in case o f repudiation 

risk being restricted to the ‘bad’ state o f nature alone:

• When marginal cost o f  higher capital outlay, in terms o f an increase in repudiation 

risk, is below the marginal benefits o f the associated higher probability o f  success,
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entrepreneurs are able to raise the level o f  capital that is qualitatively  com parable to, 

yet quantitatively low er than in. Lane (1999).

•  However, as the repudiation risk effect o f  capital outlay rises, the level o f  capital 

available to entrepreneur falls.

• The lim iting case in the scenario  o f  asym m etric repudiation risk is potential shutdow n 

o f  lending m arkets for the strong effects case.

•  In the m edium  risk case, the lim iting effects o f  p roject-contingency o f  repudiation risk 

is to reduce capital availability' relative to Lane (1999).

In the case o f  sym m etric repudiation  risk:

•  Only a w eak repudiation risk linkage to the size o f  the investm ent results in the 

operation o f  the credit m arkets.

• Strong and medium effects both yield shut dow n o f  the credit m arkets as both cases 

allow  entrepreneurs to raise only internal funding for the projects.

•  The reason for these effects is that in the case w here repudiation risk is linked in both 

states to the level o f  capital, any appreciable degree o f  risk will trigger non-paym ent 

by the entrepreneur in both states. Thus, the m oral hazard reducing effect o f  raising 

the probability o f  success, due to a higher level o f  investm ent, does not enter the 

lenders’ consideration.

T hus overall, the model supplies intuitively plausib le predictions that a stronger linkage 

betw een repudiation risk and investm ent levels w ill have a stronger effect on the required 

rate o f  return in order to provide incentives for lending. The repudiation risk effect thus 

m agnifies the negative effects o f  m oral hazard risk, w hile the project-contingent nature o f  

repudiation risk strengthens the overall risk since both lenders and entrepreneurs are 

aw are o f  the positive effects o f  the project size on the project risk.
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At the same time, the above link places a greater emphasis on the lender role as the 

supplier o f  funding that raises the probability o f  the project success. Thus we have, in 

contrast with existing literature, the following results:

• State-contingent risk, applying in the bad state o f  nature alone, provides a binding 

constraint on borrowing, unlike in Lane (1999);

• Symmetric risk will lead to a shut-down o f  the credit markets w henever the marginal 

effects o f  the rising repudiation risk are stronger than the marginal effects o f  the 

increasing probability o f  success;

• Markets may fail (albeit in an extreme case) even in the case o f  asymmetric risk.

In so far as the present study endogenises the repudiation risk by linking the level o f  risk 

with the characteristics o f  the project itself, the model presented above offers an 

interesting case for the future analysis.

First, the study develops an explicit relationship between the testable hypothesis 

concerning the observable  environment and the ex ante analysis o f  potential investment 

projects. It will  be o f  interest and value to consider the validity o f  our theoretical 

predictions on the basis o f  empirical analysis. With this in mind, we can construct a proxy 

measure o f  the degree o f  repudiation risk linkage to the environment o f  the projects. We 

can then determ ine w hether or not the size o f  investment projects arising in each 

environment is linked to the degree o f  repudiation risk exposure warranted by each 

environment.

Second, we can extend the model to consider the issue o f  bankruptcy liquidation and 

limited liability as a separate, asymmetric  repudiation risk that can be compared against
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the general symmetric  repudiation risk. Such risk can be measured, for example, by the 

rate o f  dividend and principal non-payment under general conditions (as opposed to the 

aggregate or individual 'b ad '  state realisations). The two types o f  repudiation risk, 

according to the predictions o f  our theoretical model, should imply varying degrees o f  

exposure o f  each credit market to the possibilit)' o f  failure. Thus countries with 

predominantly asym m etric  repudiation risk will exhibit more developed and deeper 

lending markets relative to the economies with more dominant, symmetric  risk 

considerations.
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Appendix 1.1. Mathematical Solutions.

H ere w e p ro ceed  to  p ro v id e  d e ta ils  o f  tlie  m a th em atica l so lu tio n s  fo r  th e  resu lts  show n 

above.^

A s d isc u sse d  in th e  tex t, en tre p re n eu rs  m a x im ise  th e  ex p ec ted  co n su m p tio n  in the  p eriod  

fo llo w in g  the  in itia l in v es tm en t in a p ro jec t. T h e  m a x im isa tio n  p ro g ram  is g iven  by:

,z„] ^<C,^ ,=n{k)[0^^-Z, . \  + ( \ - n [ k ) ) [ e , - Z , ] +  R[W + h - k ]  (7 a )

su b jec t to

[<t>a] (2a)

[^«] (2b)

[//] n ' { k ) [ e - Z ] > R  (4 )

[ / ]  W + b - k > Q  (5 )

[y/] n[ k ) Z^ , +[ \ - n [ k ) ) Z i ^  = Rb (6)

F o r th e  rea so n s  o f  b rev ity , let 7c' = n  '(A:) and  cir' =  o r ' ( / : )  , th en  th e  firs t o rd e r  co n d itio n s  

fo r o p tim isa tio n  are:

n ' [ 0  -  Z ) -  R-\- / j . n" { 6 - Z)  + n '  Zy/ ~ Y  (^b)

y = { y / - \ ) R  (7 c )

 ̂ Here, as well as in the text we drop the time subscript on the variables, since in the two period 
setting with consumption and investment taking place in the different periods, tim ing o f  decisions 
and choice variables is well defined by the model set up. Instead, subscript on the variables o f 

choice, such as for example k̂  will correspond to the specific cases analysed in the model 

solutions.
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(7d)

(7e)

Cases 1-3. =  Oand / /  > 0 which implies that the repayment constraint is satisfied

at equality in the case o f  the "good’ state realisation, while the incentive constraint binds. 

As in Lane (1999) this implies that condition (6) holds at equality, while by equation (7e) 

we have that the repayment constraint is also binding in the ‘bad’ state. Then as in Lane 

( 1999) the solution {k, Z )  is given by the system o f  equations:

R { k - W ) - a { k ) e .
MR curve Z  =  ----------—————— -  (8a)

n { k )

h = k - W

IC curve Z  = 0 ------- ;—-  (8b)n\k)

ZZ curve a{^k^O = Z  (8c)

Note that MR, IC and ZZ curves are defined in the main text o f the chapter.

By the assumption that repudiation risk is increasing in capital outlay, the ZZ curve is 

down-sloping. Since at k=0, all pledged returns are collected, the intersection for the ZZ

curve is at the same point as in Lane (1999), i.e.Zg = « r(O )0 g  > .

However, unlike in Lane (1999), the actual level o f  investment continues to depend in our 

case on the repayment constraint given by the ZZ curve. The reason for this is that in our 

model, while repayment is fully pledgeable (as in Lane, 1999), the repudiation risk link
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with the capital level creates a constraint on incentives for the entrepreneur to adopt a high 

level o f  effort.

It is straight forward to show that by equations (8b) and (8c), the slope o f ZZ curve is 

steeper than the slope o f the 1C curve if and only if

m od [o r '( / : ) ]  <  mod[;7r "(A:)] < 1 (A l)

where the last inequality arises from the concavity assumption on the probability function 

for the realisation o f a ‘good’ state o f  nature. As the result o f  (A l), the graphic solutions 

for cases 1-3 follow.

To show' t h a t > L ,  set MR=IC to get Lane (1999) solution:

9 n ' [ k i ; ) - R

n { k i ^  71 \ k , : )

and set ZZ=MR in equations (8a) and (8c) in order to get case 1 solution: 

R { k , - W ) - a { k , ) e ,

Comparing the right hand sides o f the preceding two equations evaluated at k, we have:

^ > , < [ a ( i ) - l ] e < 0

Hence, the separation point for cases 2 and 3 is: 

a ( k )  > ,<  1-------------- .
 ̂ ’ d 7 T ' { k )

The first inequality refers to the case when the repudiation risk has a weak effect on the 

investment level. Rearranging the first inequality:
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 ̂ ’ 07r '{k)

which implies that in the case o f weak repudiation risk effect, the share collectable 

privately by the entrepreneur, i.e. the private benefits to entrepreneur from defaulting, falls 

below the level o f  benefits from the lower moral hazard that is associated with rising 

capital investment levels. The second inequality refers to the case o f a moderate 

repudiation risk effect, as discussed in the text, and can be interpreted as the opposite of 

the first case discussed above.

C ases 4-5 solutions trivially follow along the same lines, yielding equation (10) as in Lane 

(1999). The only caveat is that, setting Z=0  in ZZ equation implies that «  ( =  0 so that

all investment projects will be self-financed at the level o f  capital outlay o f V.
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CHAPTER 2

Exogenous Liquidity Supply in Presence of Repudiation 

Risk and Private Asset Recovery.

Part 2.1. Introduction.

This study considers a basic question o f  whether private financial markets are sufficient in 

their role o f  creating liquidity for financially constrained investment projects.

The recent m icroeconomic literature offers an extensive discussion o f  the various models 

o f  liquidity' supply under the case o f  moral hazard, asymmetric infonnation and adverse 

selection. At the same time, Bernanke and Gertler (1989), Kiyotaki and Moore (1997), 

Holmstrom and Tirole (1997,1998), and others have extended the microeconomic 

foundations for the investor/firm interaction under liquidity constraints to the 

macroeconom ic setting.

Following the seminal work on exogenous liquidity supply by Holmstrom and Tirole 

(1998) (hereinafter referred to as HT), this model extends their baseline model o f  

investment under moral hazard to include the possibility o f  state-contingent partial 

recovery o f  liquidity funds by a firm.
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2.1.1. Moral Hazard and Repudiation Risk.

The majority o f  the liquidity' crises models have emphasised the importance o f  the trade

o f f  between the collateral holdings o f  the f inn  and its ability to raise the required liquidity 

in the face o f  adverse shocks. Thus, the level o f  liquidity reserves (net o f  the original 

investment) de tennines the survivability o f  the firm. In the traditional models o f  liquidity 

supply in the presence o f  moral hazard, distressed firms face incomplete markets for 

liquidity and are unable, without some form o f  intermediation, to complete productive 

investment projects. HT show that private securities markets, in the case o f  no aggregate 

uncertainty, while holding sufficient liquidity funds are unable to successfully distribute 

liquidity. As a result, in the simplest case o f  no aggregate uncertainty, their model restricts 

the econom y-wide attainability o f  the second best solution to the presence o f  

intermediaries in the financial markets. These intermediaries act to aggregate and 

redistribute liquidity reserves from the less impacted ftmis, to those projects that are 

subject to strong liquidity shocks.

Recent research in open econom y macroeconom ics has developed an extensive literature 

on the role o f  the limited liability in detem iining the direction and magnitude o f  

international capital flows which is reviewed in Chapter 1 above (see parts 1.2.1-1.2.3) 

and in section 2.1.2 and parts 2.4 and 2.5 below. In m ost o f  the cases, few o f  these works 

discuss the possibility for the presence o f  both moral hazard and limited liability in an 

economy. Even lesser attention is given in the traditional literature to the possibility o f  an 

interaction between limited liability and the moral hazard.

Treating limited liability as a fom i o f  repudiation risk, one o f  the exceptions can be found 

in the extension by Lane (1997, 1999) o f  the G ertle r-R ogoff  (1990) model o f  North-South
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lending to include such risk. Assum ing  risk neutral borrowers and lenders. Lane (1997) 

shows that, absent repudiation risk, the effects o f  moral hazard are the same in 

international markets as in a closed econom y setting. However, in the presence o f  

repudiation risk, the transfer from borrow er to lender is limited, since the borrow er always 

has an option o f  default. The resulting upper bound on repaym ent exacerbates the moral 

hazard problem in the G ertle r-R ogoff  framework. In models o f  this type, repudiation risk 

reduces the effective net worth o f  firnis and thus has a negative effect on the equilibrium 

volume o f  debt that an entrepreneur can raise. Hereinafter, this is what we tenn  the 

traditional effect o f  repudiation risk.

Another exception is provided by Farm er (1985). Farmer develops a model o f  asymmetric 

information interactions with limited liability in the context o f  labour markets. Farmer 

endows firms with superior information set relative to both workers and creditors. A s the 

result, optimal contracts entered into by the firm with the factor providers support lower 

em ploym ent equilibrium than in the case o f  perfect capital and labour markets with 

sym m etric  information. In this context, the interaction between two risks ensures that 

markets are imperfect, in so far as presence o f  information asym m etries restricts the 

optimal contracts  to be partially non-state contingent, while the limited liability risk is 

state contingent. A similar rationale applies to our model except for the focus on capital 

markets instead o f  the labour market. Thereby we can term this effect as the interaction 

risk.

Extending the H T  framework to include the traditional consideration o f  the repudiation 

risk alone does not qualitatively alter the conclusions o f  the benchm ark model. The  reason 

for this failure o f  the traditional repudiation risk model lies in the linear nature o f  the 

repudiation risk effects on the collateral funds available to a distressed finn. An increase
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in tiie overall level o f  repudiation risk in the HT setting  will result in a proportional 

decrease in the investm ent levels at tim e 0 and also at tim e 1. The first effect arises 

because investors at tim e 0 lend ex ante liquidit\' shocks and the overall risk o f  repudiation  

is treated by them  as effecting the expected return alone. Period 1 investors, in the H T 

setting, w ill also treat repudiation risk as a linear com ponent o f  the risk prem ium  on the 

project return and w ill respond to  the  decisions taken by date 0 investors in a sim ilar way 

by proportionately  reducing liquidity  supplied.

H ow ever, w henever such risk is linked directly into the m oral hazard effects, as show n in 

our m odel below , the solutions space for the m odel changes significantly. In this case, the 

presence o f  the interaction effect ensures that the aggregate m arkets are characterised  by 

non-positive capitalisation net o f  the funds required for continuation o f  the productive 

projects beyond the shock period. In the fo llow ing section we provide a b rie f discussion o f  

the evidence on these interaction effects presence in the investm ent decisions.

In general, absent interaction effects betw een the risks and the project environm ent, the 

investors’ behaviour w ith respect to  risk o f  lim ited liability in the HT m odel is the sam e as 

in C ooley et a! (2004) case. L im ited liability increases the value o f  the project default 

option available to the entrepreneur in the presence o f  moral hazard. Thus investors 

proportionately  increase the risk prem ium  required or decrease the am ount o f  financing 

supplied. This, in absence o f  in teractions betw een the m oral hazard and the private partial 

recoverability  o f  investm ent provisions w ill occur in both periods o f  investm ent decisions. 

The reason for th is is sim ple -  in absence o f  partial recoverability , the decisions m ade by 

investors at date 0 do not have negative spillover effec ts in term s o f  increased risk o f  

default, for the investors in period 1.
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However, if  the size o f  investment undertaken at date 0 has an effect on the project risk o f  

default in period 2, as is the case in the model presented below, then date 0 investors’ 

decisions will have an effect on the risk environment faced by the investors supplying 

liquidity funds in period 1. From the point o f  view o f  investors supplying financing at date 

0, date default risk, over and above the risk assessed at date 0 (i.e. the risk that excludes 

realisation o f  a liquidity shock) is irrelevant, as all the equity acquired by investors at date 

0 can be diluted in order to cover the liquidity shock in period I . From the point o f  view 

o f  investors supplying funds in period I, decisions o f  date 0 investors are relevant in so far 

as there is a link between the date 0 level o f  capital and the return to entrepreneur in the 

case o f  default.

2.1.2. Interaction Between Various Risk Components and the Environment.

Overall, a growing literature in finance, starting with Borch (1962), recognises today that 

risks as commodities cannot be priced separately from each other. For example, Flam 

(2002) shows that in presence o f  a simultaneous menu o f  risks, the competitive 

equilibrium in credit markets can be achieved through a co-operative transferable utility 

gam e that resembles a fonn  o f  a mutual assurance company. At the same time, 

com petitive  risk pricing behaviour is shown to result in the disequilibrium in credit 

markets. Hence, the interaction effects between the different risks involved in investment 

m ust be reckoned directly with both o f  these factors. Furthermore, such a linkage must be 

achieved at the second best solution level and in tenns o f  equilibrium implications.

Danielson and Shin (2002) offer a revealing analysis o f  the interactions between the 

endogenous risks inherent in the models o f  aggregate financial markets behaviour. 

Specifically they show that financial markets are subjects to both exogenous and
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endogenous risks and that these risks jo in tly  codeterm ine m arket crashes. The paper 

argues that o f  the tw o types, endogenous risk was the m ost im portant one in the 1987,

1998 stock m arket crashes and in the collapse o f  dollar against the yen in O ctober 1998. 

O ur m odel, by establishing a link betw een the lim ited liability risk and the size o f  the 

project endogenises the lim ited liability risk. Furtherm ore, our model treats the risk o f  

partial recoverability  as endogenous to the en trepreneur decision-m aking. In this context, 

ou r theoretical model is well aligned with the argum ents by D anielson and Shin (2002).

N one o f  the m odels discussed in section 2.1.1 above offer insights into the interaction 

betw een m oral hazard and lim ited liability in the environm ent o f  liquidity crises that 

w ould  include a link betw een the degree o f  the severity  o f  lim ited liability and the nature 

o f  the project/econom ic environm ent.

In recent decades, as developm ents in the IT and Bio-tech sectors indicate, the new 

econom y is characterised less by the sunken investm ent costs, nom ially  associated w ith 

physical capital expenditures, and m ore by the possibility o f  project-contingent partial 

recovery  o f  investm ent funds.^ Such recovery, involving m oving key talent and know -how  

from  the failed project to the new  one, in m ost cases, is available to entrepreneurs, w ho 

form  close w orking links with their em ployees, but not the lenders, w ho at large rem ain 

anonym ous to  the em ployees.’

O ften  the practice o f  com pany liquidation involves transfers o f  the m anagem ent, R& D 

and technical team s to  the com petitors and developm ent o f  jo in t projects that can be

* For example, see the Zucker et al (1998) analysis o f the determinants for the location decisions of 
the biotechnology firms in the US.
’ See for example ‘European Success Stories” (2002).
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seam lessly  integrated into a larger com pany structure in case o f  a sm aller finn failure.* 

S im ilarly , the dow nw ard ‘feed ing ’ practices, w hereby larger firm s purchase the key talent 

o f  the sm aller firm s in case o f  the latter default, are well established in the traditional 

advertising , creative and R& D intensive sectors, in this contex t, state-contingent recovery 

acts to  increase the degree o f  the  risk preference for entrepreneurs in a w ay parallel to the 

lim ited liability clause in so far as it m akes previously non-liquid assets, such as hum an 

capital, m ore liquid. It further raises the expected rate o f  return to the en trepreneur in the 

case o f  m oral hazard, since the hum an capital share o f  the total capital is subject to a 

lesser p robability  o f  seizure by the creditors.

H ow ever, state contingent recoverab ility  o f  assets, as argued below , can act to increase the 

collateral availab le to a fm n w henever such a recoveiy is possible across all states o f  

nature during the life o f  the project. A lternatively , state contingent recovery w ill not 

increase collateral funds w henever it is lim ited to the ‘b ad ’ state o f  nature alone. In the 

case w here partial recovery applies to  both states o f  nature, the en trepreneur can 

collateralise her share o f  recoverable funds accruing to the good state, thereby reducing 

the negative effects o f  moral hazard and increasing her collateral. H ow ever, w henever the 

partial recovery  applies to  the ‘b ad ’ state o f  nature alone, it becom es fully linked w ith the 

negative effects o f  the m oral hazard. L im ited liability then acts to ensure  that 

en trepreneurs cannot collateralise these proceeds. The resu lting  decrease in the level o f  a 

firm ’s ability  to raise liquidity funding in such a case can then generate the aggregate 

shortage o f  liquidity  in the private securities m arkets. This is sim ilar to the argum ents 

m ade in G ropp et al (1996). A s w e show  in the follow ing m odel, such a shortage will

* The European Success Stories (2002) provides examples of such use of investment funding in the 
case of IDM (pages 17-18) and several other European high-tech and bio-tech companies.
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result in the negative valuation o f  the overall markets, net o f  liquidity funds, thus causing 

the collapse o f  the aggregate investments pool.

Strong evidence in favour o f  this developm ent can be found in the recent behaviour o f  the 

capital markets. O ver the last expansion o f  the 1990s, lenders, as well as the equity 

markets, have shown increasing w'illingness to supply liquidity to the distressed firms 

outside the range o f  the shocks covered by the markets in cases o f  the traditional 

(industrial) companies. The resulting liquidity supply increase undoubtedly can be traced 

to the origins and the size o f  the liquidity bubble in the technology sector, as well as to the 

high rates o f  m oney creation by the central banks around the year 2000. For example, 

according to Sheehy (2004), during the investment spending spree o f  the late 1990s, more 

than ha lf  o f  all technology related investments failed to deliver promised value, cam e in 

late, or went over budget.

Looking further into the history o f  equity markets, the grow ing  independence o f  stock 

valuations from the traditional m easures o f  performance, such as P/E ratios, over time can 

also signify the changes in the way markets perceive the broader capital structure o f  the 

firm. O ver the last 30 years, earnings, operating capacity and other factors determining the 

bottom line have becom e less important in evaluating the net worth o f  companies and 

subsequently net collateral funds, in many cases, these measures o f  econom ic feasibility 

o f  the f inn  have given way to the m easurements o f  R & D  productivity, managerial know 

how and other ‘in tangible’ inputs. Acquisition o f  such inputs and efforts to secure their 

retention today can be com m only  regarded as a source o f  increase in the f in n ’s credit 

capacity. Subsequently, stock markets started to regard, at least in part, the acquisition o f  

key scientific and managerial talent as a capital investment. For example, a US Postal 

Service Study ‘M eeting the C hallenge’ USPS (2002) (pages 134-135) explicitly refers to
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the com pany-wide reliance on sign-up bonuses and other incentives for the purposes o f  

attracting key personnel during the constrained labour markets o f  the 1990s. The extent to 

which ‘key-ta lenf  and other non-physical capital investment costs may affect the decision 

making o f  the firms is well illustrated by the case o f  Dell Computers; in the 1990s Dell 

relocated to Austin Texas because the com pany believed that A ustin’s music scene will 

‘resonate well with its young digital w orkforce’ (Ryan, 2004).

A ccording to Fleck (2002), modern ‘firms increasingly t i^  to value and account 

systematically for all their “knowledge assets” using a range o f  tools ... Firms now 

actively look after their portfolio o f  patents and other forms o f  intellectual property, and 

positively seek to secure the loyalty o f  their key “talent” through sensitive human resource 

philosophies and polic ies’ (page 7).

Yet another example o f  a link between investment and acquisition o f  key talent is 

provided by the case study o f  Actelion Pharmaceuticals, Ltd. A ccording to the “ European 

Technologies Success Stories” (2002, pages 7-8), a syndicate o f  venture capital investors 

‘helped [Actelion to raise funds] to attract key talent into the company and to generate 

collaborations on a corporate level” . S imilar evidence is discussed in the case study o f  

Genm ab A/S (pages 13-14), LaserBit C om m unications Corp (pages 19-20) and so on.

At the same time, the markets failed to account for the nature o f  these assets with respect 

to the potential role o f  the entrepreneur. In many instances the entrepreneur can be viewed 

as a force aggregating f in n ’s assets under her own control, outside the ability o f  the 

exogenous liquidity suppliers to monitor and collect the proceeds from such assets 

liquidation. As a result, as shown below, the traditional securities markets perception o f  

the moral hazard severity fell short o f  the true levels o f  the agency problems arising from
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the interaction o f  the partial private recovery o f  the human capital assets and the 

traditional moral hazard. N one  o f  these aspects are captured in the mainstream models o f  

investment.

Merz and Yashiv (2003) empirically investigate the link between the finn employment 

investment and the physical capital in the determination o f  the capital m arkets’ valuation 

o f  the firm. Specifically, they show that hiring flows and their volatility are essential to 

account for the market value and the market value volatility. Thus, it is natural, both in 

their and our views, to extend the model o f  firm investment to include the firm 

expenditure on hiring.

Anderson and Prezas (1998) exam ine how debt-indiced risk-shifting arising in the firm 

employment decisions contributes to the interactions between investment and financing 

decisions. They show that due to the limited liability risk, associated with equity 

financing, increased use o f  debt as a source o f  financing leads to over-employment o f  

labour relative to equity financing. This over-utilisation occurs because shareholders tend 

to increase labour-intensity o f  the finn. This is consistent with our model, where limited 

liability allows entrepreneur to capture a share o f  second period financing. At the same 

time, investors at date 0 are willing to dilute their claims under the liquidity shock, making 

it possible for entrepreneurs to over-invest in period 0.

Michelacci (2004) comes even closer to our intuition on the source o f  the link between 

partial recoverability and hiring decisions during the liquidity crisis. The author claims 

that the f inn  faced with liquidity shortages can borrow from workers over and above the 

funds supplied by the external investors due to the implicit ‘collateral’ that is available 

only to workers but not to the investors. He argues that in the event o f  repudiation.
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external investors can collect only physical assets, while workers can do so by 

w ithdrawing their labour.

Similarly our assertion that the limited recoverability may hinge on the entrepreneurs’ 

ability to re-enter the market after selecting to default in period 2 is supported by the 

arguments presented in Cooley et all (2004). They argue that repudiation option for 

entrepreneur can be made more attractive when the new technology arrives precisely 

because the entrepreneurs can carry their know-how' out o f  defaulting project into a new 

venture. Cooley et all (2004) show that this scenario relaxes enforceability constraints in 

the model o f  external financing and leads to an increase in capital financing given to the 

firm. These results are replicated in our model with respect to investment in period 0.

interestingly, there appears also to be a link between the nature o f  the high-tech industries 

and the political risk associated with investment projects. For example, Patibandia (2001) 

argues that w ithin the high tech industry contracts may be more incomplete than in 

traditional sectors. He attributes this to the complexity o f  the technological change that 

lead to the natural m onopoly properties o f  the industry. As the result, FDI in these 

industries may face higher political (repudiation or limited liability) risk in some 

investment environments.

Finally, the link between the size o f  the project and endogenous risk o f  partial 

recoverability, discussed in Section 2.4 below can be motivated by the evidence presented 

in Chapter  I . In addition, Beck et all (2004) show that smaller firms face tighter credit 

constraints than large firms due to greater information barriers (entrepreneur-investor 

distance, that can reflect in part the ability o f  entrepreneur to partially liquefy sunk
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investment costs, as in our model), or high fixed costs to investors (once again consistent 

with our intuition).

Likewise, D um ev and Kim (2003) argue that size o f  the firm (investment project) is 

positively related to the quality o f  governance and disclosure practices, offering lower risk 

for investors. In our context this is consistent with the assumption made in section 2.4.

The same result is confirmed by Sho et all (2000). In fact, Sho et all (2000) m ake an 

explicit claim that their results support assertion that size o f  the fimi provides a substitute 

for bank monitoring in overcom ing moral hazard problem.

2.1.3. Structure of the Paper.

This paper fills the aforementioned gaps by considering both the moral hazard and limited 

liability interactions with the overall liquidity uncertainty, and the possibility for capital 

formation out o f  the liquidity funds. As a benchm ark and the basis for this paper w e use 

the model o f  Holmstrom and Tirole (1998). The reason for this is twofold. Firstly, since 

its publication, the HT paper has generated a series o f  related and closely linked models o f  

liquidity crises. In this c o n te x t  our reliance on the H T  model yields straightforward 

comparisons across this literature. Secondly, the H T model remains one o f  the most 

attractive models o f  liquidity crises since its simplicity at the microfoundations level 

translates into high flexibility and analytical precision at the macroeconom ic level as well.

In Part 2.2 below, following in the steps o f  HT, we proceed to outline a model o f  

exogenous liquidity supply in which moral hazard is coupled with limited liability and 

partial assets recovery. Limited liability enters the model by allowing a state-contingent 

partial recover)' o f  the liquidity shock funding in the case o f  a default o f  the project only.
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This imphes that in the ‘go o d ’ state o f  nature, when the project is seen to a successful 

conclusion, all liquidity funding is fully used in achieving the productive m axim um . 

However, in case o f  the en trepreneur 's  default through moral hazard, some o f  the assets 

acquired in the process o f  countering the liquidity shock can be captured by the 

entrepreneur and not by the investors.

Part 2.3 o f  the model considers the ability o f  private securities markets to attain the second 

best solution in the econom y facing no aggregate uncertainty. Here we show that within a 

certain range o f  shocks that are covered in the HT benchm ark model, private credit 

markets hold insufficient liquidity to allow for the implementation o f  the second best 

econom y wide optimum. This implies that in our model, interaction between the moral 

hazard, limited liability and the private recoverability o f  liquidity funds not only magnifies 

the traditional effects o f  private information, but also generates a second order effect that 

reinforces the overall costs o f  the liquidity risk to the domestic credit markets.

Part 2.4 o f  the model briefly adds a discussion o f  the differences between the state- 

contingent nature o f  the partial recovery, limited liability and its traditional specification, 

as well as the effects o f  the project size on the availability o f  liquidity funds. The latter 

link between the severity o f  the partial recovery effect and the nature o f  the econom ic 

environm ent offers a glimpse at the role that public infonnation markets can play in 

constraining the entrepreneurial incentives to default in period 2. However we treat this 

part o f  the topic only tangentially, leaving it open for future research.

Part 2.5 briefly addresses the possible links between the models presented in Chapters 1 

and 2. W e discuss the main differences and similarities between the assum ptions o f  both 

models with respect to the links between the repudiation risk (model o f  Chapter  1) and the
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partial recoverability and limited liability risks (model o f  Chapter 2). We also address the 

issue o f  estimability o f  the model developed below.

Part 2.2. A Micro-founded Model of Liquidity Supply with 

State-Contingent Private Asset Recovery.

Following the Holmstrom and Tirole (1998) (HT) model, we assume that both investors 

and entrepreneurs are risk neutral. In period 0, entrepreneurs are endowed with financial 

assets in the amount o f ^  and undertake an investment project o f  size /. Hence, firms must 

raise I-A in the first round funding. In period 7, a liquidity shock hits, requiring an 

additional injection of liquidity in the amount of p i  in order to continue the project to

period 2. In period 2, the entrepreneur chooses an effort level or . Conditional on

the effort choice o f  the entrepreneur, the payoffs to the project are realised. Figure 2.1, 

supplied in the end of the chapter, illustrates the time line o f  the model.

As in the HT model, the investors observe the final output, but are not privy to the 

infonnation about the choice o f  effort, in a departure from HT, entrepreneurs can privately 

appropriate a share of liquidity funding contingent on the moral hazard choice o f  low 

effort. Thus, the entrepreneurs can withhold 0 < 1 -  or < 1 share o f  liquidity funds in the 

case when the entrepreneur chooses P, , at date 2. The latter part o f  the assumption 

presumes that only a part o f  the second round funding is a sunk cost, making p a  (a share 

o f  the liquidity funds put up in period I ) a part o f the non-recoverable cost o f  production. 

Thus, 0 < 1 — or < 1 denotes the severity o f  the limited liability effect.
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When a  = 1, a fmn cannot privately recover any o f the second round funding in the case 

o f a default in period 2 (i.e. whenever/*^ is chosen). The HT model results apply fully in 

this case. On the other hand, in the case o f extreme repudiation risk, <2 =  0 , the 

entrepreneur can withhold all liquidity funds from the project (whenever is chosen in

period 2). The incentives to the entrepreneur to default in period 2 in this case outweigh 

the incentives to complete the project. Thus, for any value o f  shocks, the project will not 

obtain any financing in the second round and thus no productive optimum can be achieved 

by a firm facing a liquidity shock in period 1.

In period 1, after the realisation o f the liquidity shocks, the firm has an option to continue 

with the project or to default. In the case o f  default, neither entrepreneurs nor investors 

can recover the original investments made at date 0. Proceeding to period 2, the project’s 

realised returns are P^R, i = H , L  . As  in fIT we restrict P, R = 0 .

Depending on the choice o f effort in period 2, the entrepreneur will expect a return on 

investment given by;

Pf^R,,{p) i f  P^ is chosen

B + p { \ - a )  i f  Pj is chosen

In equations (I )  we define R i ( j ^  as the shock-contingent payoff to the firm on the 

successfully completed project. In contrast, B is the private payoff to the firm in case o f 

the project failing in period 2, after the liquidity shock is covered, due to the low effort 

choice by the entrepreneur. Note that throughout the following, the con'esponding 

equations for the HT model framework will be referenced by either a superscript or a 

subscript HT.
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Conditional on the ciioice o f the effort by the entrepreneur, investors expected returns are:

y P y j R - p \ - P f ^ R i [ p )  i f  P,  ̂ is chosen  

0 i f  Pj is chosen

Figure 2.1 shows the time line for the life o f  the investment project in this model.

Since the private recovery benefits accrue solely to the entrepreneur, equation 2 is exactly 

the same as the corresponding return to the investor in HT model.

Controlling for the moral hazard effects and the range o f shocks, partial private recovery 

increases the returns to the entrepreneur at the expense o f date 0 investors. The reason for 

this effect is that in case o f moral hazard, entrepreneurs will command a higher premiuin 

on their returns in order to induce them to adopt a high level o f effort. Subsequently, 

ceteris paribus, investors at date 0 will be required to accept a lower rate o f return in order 

to ensure that entrepreneurs do not default in period 2 by selecting a low level o f effort. 

This is consistent with the HT framework where the possibility for diluting the date 0 

investments drives the firni ability to raise liquidity funding.

The partial recoverability o f liquidity funding assets in its current definition supplied in 

equation ( I ) above, corresponds to several definitions o f limited liability (see Farmer, 

1985, for example). However, it accrues in our case to a specific set o f funds held by the 

firm, namely to the liquidity shock funding. Furthermore, it is private in nature to the 

entrepreneur vis-a-vis the date 0 investors. An uncertain nature o f the future liquidity 

shocks in period 1 precludes the first round investors from the possibility o f contractual 

pricing o f the limited liability risk. Thus, we will interchangeably refer to this liability risk 

under both names.
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The rationale for the assumption on the repudiation risk is given by the following. In the 

process o f  undertaking the project, all investment (/) and liquidity shock funds { p i  ) are 

used in the production process. However, a share o f  the liquidity' funds can be recovered at 

the completion o f  the project by the entrepreneur, whenever such funds are not used to 

their full capacity, i.e. in the case o f  second period default. If  the entrepreneur chooses a 

lovt' level o f  effort ( Pj ), she can collect the usual private rate of  return {B) and the

remaining share o f  the liquidity funding. Hence, limited liability is not symmetric across 

the two states, but is state contingent. The components o f  state contingent returns add up 

to the total expected rate of  return to the firm Rj  ( /?) .

In addition, we can view this ability o f  the entrepreneur to asymmetrically capture a share 

o f  liquidity funding in the following context. Suppose following the default o f  the project 

in period 2, the entrepreneur does not lose the possibility o f  moving on to a new 

investment project. The know-how acquired by the entrepreneur in the process o f  the 

previously defaulted investment project serves her as knowledge capital, enhancing her 

ability to develop a new project. At the same time, the employees involved in the original 

project may sustain depreciation o f  their labour market value due to the negative signals in 

the previous work experience. In this case, the entrepreneur will be able to carry over with 

her the key team o f  employees and entrepreneurial know-how to a new project. The 

lenders at the same time may have only limited information available to them as to the 

true merits o f  a particular employee, so that the lenders may be unable to price the key 

employees without direct participation o f  the entrepreneur.

It is worth stressing again that this effect is similar to the case o f  limited liability. In 

particular, Gropp et all (1996) describe the following situation in the US liquidity markets:
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‘When debtors file under Chapter 7 o f the US Bankruptcy Code, they receive a 

discharge from unsecured debt in return for giving up assets in excess o f the 

relevant state 's bankruptcy exemption. Several provisions o f the Bankruptcy 

Code prevent debtors from ... using private contracts as a means o f voiding 

statutory bankruptcy exemptions. This provision prevents creditors from taking a 

blanket security interest in all debtors’ possessions’. (Gropp el al, 1996. page 5).

This illustrates precisely what we refer to here as the similarity between the limited 

liability clause and our interpretation o f the link between the asymmetric ownership 

(recoverability) o f  firm assets. In this context, our results theoretically support empirical 

results attained by Gropp, et all (1996), Clark (2003), Ainzenman (1999) and others in so 

far as they confirm that the firms with larger project size may benefit from greater access 

to the credit markets.

As in HT, entrepreneur chooses a financial contract C that specifies date 0 investment 

level (/), a state-contingent continuation policy (A (/7 ) ) and the internal rate o f return to

firm ( Ri, ( p )  ) such that C solves the following problem:

C  = d L X g m 2 i K l ^ P „ R i . \ p ) ? . { p ) f { p ) d p - A (3 )

subject to: the Incentive Compatibility Constraint (ICC)

(4.1)

and the Investors Break Even Constraint (IBEC)

(4.2)
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The details o f  the mathematical solution are mechanical and thus relegated to the 

Appendix 2.2 below.

in contrast with HT model, equation (4.1) takes into account the presence o f  partial 

recovery in the model as well as its link with moral hazard. At the same time, in contrast 

with the standard model o f  repudiation risk, part o f  the liquidity funding enters as an 

added return to investment in the optimisation problem o f  the firm in a state-contingent 

fashion only. Hence, equation (4.1) above involves the direct link between the revenue 

accruing to the firm, and the liquidity shock via partial recovery parameter. As in HT, the 

first best cut-off value o f  the shock, p ,  = P ^ R ,  is independent o f  the partial recovery

effect, 1 - a  . The reason for this independence is that in the first best solution, 

constraints (4.1) and (4.2) ensure that the optimal contract fully prices out the limited 

liability' clause by delivering the high level o f  effort choice by entrepreneur.

Formally, the above allows us to rewrite the entrepreneur's problem for the range of 

shocks allowing for continuation o f  the project as:

C  =  arg m ax  m [ p )  I

(5. 1)

X ( p ) = \

As in HT, the first best value o f  the shock satisfies the condition for the selection o f  high 

level o f  effort and continuation o f  the project. Hence, for the state-contingent continuation 

policy rule, the project will proceed to period 2 ( A ( p )  = 1) whenever

P = P\ = Ph ^  (5)
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This result holds for the case o f the benchmark HT model as well as in the case o f 

standard repudiation risk.

From the ICC equation (4.1):

AP AP  AP

As in HT we assume that A P  > 0 . Equation (6) gives the return to the entrepreneur 

sufficient enough to ensure the adoption o f a high level o f  effort. Compared with HT, the 

presence o f partial recoverability has a singular effect on the required return to the fmn. In 

particular, regardless o f the size o f the shocks faced by the firm, or the magnitude o f 

potential private recovery,

r ,{p )>r ;<’(p ) (7)

so that in presence o f repudiation risk, the high realisation o f liquidity shocks results in the 

greater incentive for the entrepreneur to default and select a low level o f effort. The 

expected return to firm that would guarantee that entrepreneur sets a high level o f effort 

must be greater here than in case o f HT.

From equation (6) the expected return enjoyed by the firm is increasing in the severity o f 

the liquidity shocks, since the default proceeds rise relative to the proceeds from the 

successful completion o f the project. In the case o f zero liquidity shock, our firm enjoys

B
the same private rate o f  return as the firm in HT model, namely . The same result

\ — c c
arises whenever the partial recovery effect is absent. Hence, can be regarded as the

finn premium enjoyed by the entrepreneur in order to secure adoption o f a high level o f
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effort and to avoid the project default in period 2 in the presence o f  the first order effect o f 

the hmited liabihty on moral hazard. Finally, from equation (6), the firm enjoys expected 

returns in excess o f those in HT model for all values o f p  . Furthemiore, these returns are 

an increasing function o f the shocks magnitude, unlike in the case o f HT.

By conditions (2), (5) and (6), at date 1, the entrepreneur can pledge to an investor the 

expected return on investment at the rate o f , given by:

Clearly, under the above assumption on the effort probabilities,

piAp)^pT{p) (9)

due to the overall higher level o f moral hazard in our model. The increase in the moral 

hazard problem is directly linked to the recoverable assets accruing to the case o f a higher 

payoff in default by the entrepreneur in period 2.

Observe that here, like in HT. the pledgeable funds are a decreasing function o f the 

severity o f  the exogenous liquidity shocks. A rise in the liquidity shocks magnitude will, 

however, have a stronger effect on decreasing the pledgeable rate o f return in our model 

due to the interaction between the shock magnitude and the incentives for the finn to 

adopt a low level o f  effort. Similarly, an increase in the level o f  limited liability or partial 

recovery, holding constant liquidity demand, implies a fall in the pledgeable rate o f 

return^.

’ Both, investors at date 0 and date 1 know that a firm can choose some non-zero level of limited 
recovery parameter. Investors at date 0 react to this by incorporating this choice as a given in their 
valuation of the expected returns, while investors at date 1 lend liquidity funds under a similar 
provision. Thus moral hazard is amplified, in the view of both periods’ investors by the presence of
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D ue to  the  t im in g  o f  the  pro jec t  dec is ions ,  the  e n tre p re n eu r  can defau lt  on the bas is  o f  

a s se s s m e n t  o f  the  size o f  p ro ce ed s  from  partial recovery  rela tive to  the re turns  ava ilab le  in 

the  case  o f  successfu l  co m p le t io n  o f  the projec t.  A t the  sam e tim e,  investors  perce ive  the  

pro jec t  to  be at a h ig h e r  m ora l  hazard  risk than  in the  H T  m odel for  any  g iven  level o f  

liquidity  risk, due to  the  poss ib il i ty  o f  a partial p r ivate  recovery .  H ow ever ,  per iod  0 

inves to rs  d o  not k n o w  ex  an te  the  m a g n itu d e  o f  the  shocks  in per iod  1, th u s  no t  k n o w in g  

the  ex ten t  o f  the  partial recovery ' e ffec t on m ora l  hazard .  U n d er  the  perfec t  fo re s igh t  and 

ICC, g iven  by the  ICC equa t ion  (4 .1)  date  0, investors  will the re fo re  supp ly  inves tm en t 

funds on  the  basis  o f  the  ex p e c ted  shocks ,  p  =  £ [ / ? ] .

T h e  la tter a spec t  o f  lend ing  will p lay  an im portan t  ro le  in the  ag g rega te  liquidity  supp ly  in 

pr ivate  m arke ts .  T o  illustrate  this , cons ider  the  return to  inves to r  and the re turns to 

en t re p re n eu r  as a function  o f  the  liquidity  sh o c k s  m agn itude .  T h ese  are g iven  by eq ua t ions  

(6)  and (8 )  and are  g raph ica l ly  il lustrated in F igure  2.2  below.

In te rm s  o f  F igu re  2.2 , a d ec rease  in the m oral  hazard  effec t  o f  partial recovery ,  im plied  

by an inc rease  in a  , w ill result  in the d o w n w a rd  p ivo t  o f  the  firm  re turns  line Rj,- ( in

the  d irec tion  to w a rd  the  horizon ta l  line o f  R'i ' '  ( / 9 )  . A t  the  sa m e tim e, the  inves to r  rate o f  

return  line will p ivo t  u pw ard  from  p ^ { p )  to w ard  i ^ p ) .  F inally , for any  level o f  

l iquidity  shocks ,  the  f i rm ’s re turns on  the p ro jec t  inc rease  in the  m ag n itu d e  o f  the  shock ,

private partial recoverability. Thus equation (8) accounts for a  as a choice variable in the 
determination of  the pledgeable rate o f  return.
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while the investor returns fall. The latter decline in the investor returns is faster in our case 

than in case o f HT model.

The magnitude o f  shocks beyond which the project yields negative returns to investors is 

given, in our case by

Hence, the overall range o f the shocks that w ill be covered by the exogenous liquid ity 

suppliers in period I shrinks from the right relative to the HT case. However, from the 

perspective o f  date 0 investors, the presence o f partial recoverability effects does not enter 

the determination o f the cu t-o ff point outside the ICC. Hence, the level o f investment at 

date 0 is dependent only on the ICC, and not on the (/7 ) .

Proceeding fo llow ing  the HT lines: by IBEC equation (4.2), and equations (5) and (6) we 

can express date 0 investment as:

/  = — , where

( 10)

and for comparison, the standard HT model w ill have:

(12.a)
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O  (/3) is the amount o f  internal funds a finn must put up per unit invested in order to 

make up for the shortfall in second round financing, i.e. for the gap p -  Note that in 

equation (12) relative to the HT model equation (12.a),

AP^ ^
E p [/7  e  [0,y3]J > 0, V /7 g [0 , /3 ]  and \ / a < \ .

is the reserve premium that a firm in our model is required to hold in liquidity collateral 

over and above the HT case in order to secure second round financing. This premium, in 

our case, is increasing with the size o f  the shocks at the rate greater than in HT due to the 

dual effects o f  moral hazard and partial recoverability. At the same time, the premium is 

decreasing in a  .

Overall, equation (12) illustrates the point that investors at date 0 are only concerned with 

the ex ante expected level o f  shocks since the actual shocks realisation lies outside their 

information set. Tiius, in any case where the firm experiences the shock

p  > E p \ p ^  (0 , /3 ) J  the firm will not be able to cover the liquidity demand with the 

internal funds from 0 ( / 3 )  . Furthermore, although the reserve requirements are higher in 

our case than in the case o f  HT, for any shocks p >  £  j /̂:>|/:7 e  (0,/3)j , the actual

liquidity reserves net o f  excess demand for liquidity will be lower in our case than in the 

case o f  HT.

From equations (12) and (12.a), by definition (11) we have Proposition 1.

89



Proposition 1. In the presence o f  project-contingent repudiation risi\, a firm with the 

initial date 0 endowment o f A. will be able to raise a lower level o f  date 0 

investment funds than a similar finn in the HT setting:

The rationale for this result is that in the presence o f  shocks, liquidity funds that must be 

held in reserve are subject to a more stringent collateral constraint on period 1 borrowing 

in the case o f  partial recovery. This, in turn, is due to the possibility o f  the entrepreneur 

raiding the liquidity funds in period 2 (adoption o f  P/ ), which increases the internal rate

o f  return enjoyed by the entrepreneur. As a result, the moral hazard problem is amplified 

in our case.

Following in the steps o f  the HI model, it is straight forward to show that the second best 

solution for the firm requires that in order to continue with the project past period I 

shocks, the cut-off point for the project liquidity requirements must be:

We omit the actual derivations since the solution arises from the consideration of 

equations (3)-(5) and ( I I )  following the algorithm employed by HT and reproduce here 

only the main steps o f  this algorithm (the details are supplied in the Appendix 2.2). 

Defining the internal value o f  the investment project to the firm as:

(13)

U , { p )  = m { p ) k { p ) A

from ( I I )  and (6) we can rewrite the problem faced by the firm as:

C  = a r g m a x  ^ [ p , - p \ f { p ) d p - \ (14)
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As in HT, tiie solution to this problem  is given by the second best cu t-o ff point for the 

shocks, nam ely:

Hence, Proposition 2 follow s.

Proposition  2. In presence o f  project-contingent repudiation risk, for all levels o f  shocks 

below  the cu t-o ff point and above zero, and for all levels o f  partial recovery 

effect, the firm s w ill be able to achieve the second best cu t-o ff point for liquidity 

shocks that is in excess o f  the HT m odel case.

E p \ p & { 0 , p )  
P ,  ----------

F{P)p*  = arg max (15)

F ( p )  F ( p )

P
w here a. = \ - \ — — ( l  -  o r) > 1 =  a!^ .

The first order necessary condition for the optim um  is:

JV(p)dp = i (16)

(17)

N ote that the program  above can be rew ritten in the fo llow ing term s:

p*  = arg min < -  A
P ^ F { p ) - E \ ^ p \ p ^ { 0 , p ) ^ - \

( ' H

w here
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In the above, C  combines the first order effects o f  the moral hazard on the second best 

level o f  liquidity shock with the first order effect o f  partial recovery on increasing the 

moral hazard. H at the same tim e denotes the second order effects o f  the moral hazard in 

HT alone. The first and the second order effects predictably act in the opposing directions 

to each other, this is a result consistent with the HT case. Within the first order effects, 

partial recovery acts in the same direction as the traditional HT effect o f moral hazard, 

reinforcing the negative impact o f  the moral hazard on the second best solution for the 

shock values. The reason for this is that as was mentioned above, the partial recovery 

effect amplifies the moral hazard.

In addition, observe that by equations (15), (16) and above, the second best cut-off value 

o f the shocks is not independent from the size o f the recoverable share o f the liquidity 

funding, in particular, an increase in a  will result in a decrease in the p*  towards the

HT case o f . The reason for this is that an increase in a  (decrease in private

recoverability) will act to reduce the collateral premium requirement on the finn via 

reducing the negative effect o f  partial recoverability on moral hazard. The investment 

volumes will therefore increase, while the social worth o f  the recoverable capital allocated 

in period 2 will decline. This implies that as recoverability falls, the required return to the 

firm that is needed to ensure a high level o f  effort will fall.

Con-espondingly, the returns to the project that can be pledged to the period 1 investors 

rise, securing an increase in the tolerable liquidity shock levels. However, the social 

benefits o f recoverable investment fall and thus the range o f  optimal shocks falls as well.



This channel o f  interaction between the moral hazard and the private recoverability is 

completely absent in the HT model, where the second best solution for the firm coincides 

with the second best solution for the investor.

These results confinn the findings o f  Eisfeldt (2003). Eisfeldt (2003) documents that the 

higher the productivity o f  the investment project to a firni (higher rate o f return to 

entrepreneur in our case) may result in investors initiating larger scale risky projects 

(undertake higher date 0 investment in our case). Such initiation in return acts to increase 

riskiness o f the project returns (as consistent with our model, where 1 -  a  may be 

increasing in the size o f investment made at date 0, or in general, whenever apl^  is the

measure o f the overall riskiness). However, despite the greater overall risk, in Eisfeldt 

(2003), as in our model, the overall liquidity supply increases (in our case in terms of 

period 0 investment funds).

By definition above, for the second-best cut-off value o f the shocks, the firm ’s net value 

o f the project with investment at date 0 is given by U [ p * ) , where

Hence, Proposition 3 follows from equations (18) and (18a).

Proposition 3. In the presence o f project-contingent repudiation risk, the fimi will be 

able to achieve higher net value o f  the project:

(18)

(18.a)
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(19)

Alternatively, Proposition 3 implies that

P ht ~  P  "I" ^

for some ^  < 0 .

Once again, these results are consistent with our intuition, since the amplification o f  the 

negative effects o f the moral hazard tightens the ICC constraint, and thus increases the 

internal net worth o f the project to the firm. The continuation o f the project to period 2 

makes possible both the higher rate o f  return in the case o f  the high level o f effort and the 

possibility o f a positive, strictly increasing in the magnitude o f shocks, yield from partial 

recovery. This fact is further highlighted by observing that for any shocks within the range 

o f the continued project, JJj,- (/^  *) »  0 .

Overall, the private returns in our model are in excess o f the private returns in the HT 

model for all possible values o f  the shocks, and in particular private returns are strictly 

increasing in the magnitude o f the shocks. Then equation (19) implies that the tlnn will 

have a greater intrinsic value in the project that proceeds to period 2, i.e. generates some 

liquidity funding.

The actual solution for p  * requires a minimisation o f the expected unit cost o f

second best cut-off is not independent o f the partial recovery effects. In fact, in our mode! 

the range o f shocks, over which the second best solution can be achieved, is wider than in

p

investment. As in HT, the expected unit cost o f  investment is . However, the
0
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HT model, in addition as the shocks increase, the effect o f  the partial recoverability o f  the 

second round financing rises as well, relative to the first order effects o f  moral hazard.

This implies that there exists an optimal level o f  allowed recovery rate for each firm, that 

is a function o f the liquidity shocks environment. To solve for this level, consider the 

problem o f the firm maximising the investor rate o f  return (to ensure that investors will 

supply liquidity funds), subject to IBEC, that will ensure that a firni will adopt a high level 

o f effort. The following proposition I establishes the result for this individually optimal 

value o f the recovery parameter, a * .

Proposition 4. In our model, the optimal value o f recovery parameter, a * that 

maximises the expected return to firm subject to the Investors Break Even 

Constraint (IBEC) is 0 < cr* < 1 .

Proof: see Appendix 2.1.

The overall feasibility o f  the investment project in relation to the size o f the liquidity 

shocks is shown in Figure 2.3.

Nam and Radulescu (2004) develop a model o f  investment where debt maturity explicitly 

enters the investment decisions made by the firms. They find that in the presence o f 

general uncertainty about the project payoffs, there exists an optimum maturit}' term that 

maximises the firm ’s net present value. In the context o f our model, a* also provides a 

determinant o f the expected net present value o f  the project (and therefore o f  the firm 

itself). If  the probability' o f liquidity shock triggering repudiation default by the
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e n t re p re n e u r  is inc reas ing  w ith  the  length o f  t im e the  pro jec t  s tays  w ith in  per iod  1, o u r  

m o d e l  can ca p tu re  the  N a m  and  R adu le scu  (2 0 0 4 )  e ffec t  as well.

C orollary’ 1. T h e  op tim al r ec o v e ry  rate, a  , is nega t ive ly  co rre la ted  w ith  the  

inves to r -requ ired  ra te  o f  return.

Proof; see A p p e n d ix  2.1.

C o ro l la ry  1 c o n f i rm s  an o th e r  resu lt  show n in N a m  and  R adu le scu  (2004 ).  S p ecif ica l ly ,  in 

equa t ion  (1II-8) on  page  8 o f  th e i r  paper ,  the  au tho rs  es tab l ish  tha t the  c h a n g e  in the 

op tim al deb t  m a tu r i ty  te n d s  to  be  nega tive ly  co rre la ted  w ith  the e c o n o m y - w id e  interest 

rate. In the ir  m ode l ,  th is  resu lt  a r ises  due  to  the  fac t tha t  deb t m a tu r i ty  ac ts  to increase  

overa ll  r isk  o f  th e  project.  A s  th e  result o f  this , i f  the  op t im al  deb t m a tu r i ty  rises ,  this 

im plies  tha t  the  inves to r  to le ra n c e  o f  risk rises as w ell ,  so tha t  overa ll  requ ired  risk 

p rem iu m  falls. H ence ,  in N a m  and  R adu le scu  (2 004 ) ,  the  in v e s tm e n t  p ro jec t  op tim al 

leverage  d e p e n d s  on the  in te rac t ion  be tw een  the  d eb t  m a tu r i ty  and  the  overa ll  r isk o f  the 

project.

In o u r  m ode l ,  in v e s tm e n t  p ro jec t  op tim al leverage  is d e te rm in e d  by  th e  recover) '  

p a ra m e te r  a  . A n  increase  in th e  recover) '  p a ra m e te r  im p lies  tha t inves to rs  face  low er  risk

v is -a-v is  p r iva te  incen tives  to  en t re p re n eu r  to  defau lt .  T h en  the  op t im al  rec o v e ry  rate, a  , 

ac ts  on  the  leverage  o f  the in v e s tm e n t  p ro jec t  in a  fash ion  s im ila r  to  the  op t im al  deb t 

m a tu r i ty  in N a m  and  R d u lesc u  (2004).  In so  far  as in o u r  m ode l the  op t im al  recovery  rate 

is d e te rm in e d  by  the  t r a d e -o f f  on  b e h a l f  o f  the  e n t re p re n e u r  be tw een  a c c e p t in g  a h igher  

in v e s tm e n t  at date  0 (asso c ia ted  w ith  h ig h e r  level o f  a  ) and  s im u lta n eo u s ly  fo rego ing
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higher private returns in case o f  default, our Corollary 1 provides an alternative link to the 

intuition behind the Nam and Rdulescu (2004) results. This trade-off is clearly postulated 

in the two components o f  the right hand side o f  the first equation the Appendix 2.1.

Part 2.3. Aggregate Liquidity Markets.

The Case of No Aggregate Uncertainty.

We now turn to the issue o f  aggregate liquidity supply to determine if, in absence of 

aggregate uncertainty, the securities markets hold sufficient liquidity to allow for the 

implementation o f  productive projects under an idiosyncratic shocks assumption. We 

assume that only claims issued by the firms can be used to transfer liquidity across 

periods. Confomiing to the HT set up, consumers cannot borrow against future income. 

Under the assumption o f  risk-neutral ity for consumers and entrepreneurs, the rates of  

return in the equilibrium are determined solely by the production technology described in 

Part 2.1.

In the absence o f  partial assets recovery, HT shows that the private securities markets fail 

to distribute efficiently the liquidity reserves. At the same time, in HT the overall supply 

o f  liquidity by private asset markets is sufficient to achieve an economy-wide second best 

solution. Hence, the main aggregation result in the HT model is that in the presence o f  

intermediaries that hold market portfolios, the private securities markets can achieve the 

second best solution.

Let F{^p ) denote the ex-ante probability o f  a liquidity' shock realisation below the value 

p  . In this case, also denotes the proportion of firnis in the economy with liquidity
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needs o f  at most p i  . From Part 2.1, as in HT, we can define the date 1 amount o f  funds 

needed to implement the productive optimum as

By the dependence o f  * on the values of the partial recover)' proceeds (and thus on 

both the share o f  recoverable funds and the severity o f  the shocks, as outlined in Part 2.1

Inequality (21) implies that the required funds for countering the liquidity shocks that 

ensure the productive optimum in the case o f  a partial recovery o f  the second period 

funding by the firm are higher than in case o f  HT. Overall, since the pledgeable return to 

investors in period 1 is lower in our case, the firm wishing to achieve the same level o f  

investment as in the HT model will hold lower reserves o f  liquidity on hand. Thus the firm 

will need exogenous liquidity financing for smaller shocks than in the HT model. This

H Iwas illustrated in the Figure 2.3 by the gap between and / J , , .

The reduction in the reserve holdings o f  the finn in our model relative to HT arises due to 

three factors at play. First, the higher moral hazard problem will increase the required rate 

o f  return to the finn and thus the incentives for the entrepreneur to invest a greater share 

o f  her period 0 funds into the project. Second, recall that in our model the investors at date 

1 will enjoy lower pledgeable returns in order to ensure the adoption o f  the high effort 

level by the entrepreneur. As a result, the firm w ill have to obtain greater internal funding

(20)

p j \ p ) d p < a (20.a)

above), as well as by the requirement that p *  e  [ 0 ,p , ]  for the second-best solution

optimum, we have:

( 2 1 )
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to counter  the shocks. Third, when the added risk o f  default in period 2 is priced into the 

decision making o f  investors in period 1, the firni will be able to obtain funding for the 

initial investment if  and only if the expected liquidity shocks are milder in our case than in 

the HT case. However, at date 0 there is no pricing o f  the added risk o f  partial recovery. 

However, as shown below, this also implies that the aggregate risk in the econom y rises, 

as the probability o f  survival o f  the firms falls in our model.

With this, it is straightforward to show that domestic private liquidity' markets will be 

insufficient in ensuring that the econom y achieves a productive optimum for the problem. 

To see this, consider the following financial markets solution.

Suppose a firm can continue with amounts raised to counter a given shock. Then in period 

1 its m arket value is given by:

P q{ p ) 1  i f / ’̂ i s s e t  (22)

Investors collect nothing in the case whenever the firm defaults in period 1. However, if 

the firm can partially recover liquidity funds from second round o f  fmancing, in the case 

o f  a default in period 2 (choice o f  P, ), the firm can increase its rate o f  return.

I f  the firm can collateralise these funds in period 0 borrowing to finance extra liquidity 

funds held after the date 0 investment, the risk o f  the moral hazard increase due to the 

recoverability o f  liquidity assets will be fully priced into the firms valuation. In this case, 

the HT solution will apply.

However, if the recovery is private to the firm and the limited liability clause is operative, 

the f inn  cannot collateralise the default proceeds. As a result, an added risk o f  moral
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hazard is not fully priced in the investors’ contracts. In this case, the investors are willing 

to fully dilute their claims up to the full amount o f  the market value o f  the finn that they 

hold, i.e. /7q ( p ) /  . Now, recall from Part 2.1 that dilution amounts are given by;

Po{p)^ (23)

so that a firm can raise less liquidity funding than in the case o f  HT.

Next, consider F ( p * )  a fraction o f  firms who will continue on to period 2 and recall the 

range restrictions on /? * given in Part 2.1. By (17):

F { p * ) >  F ( p „.,) (24)

due to the extension o f  the second best optimal liquidity shocks. Hence, in the absence of 

pricing of the partial recovery risk in date 0 investment decisions, a greater share o f  firnis 

must be able to continue to period 2 in our model than in HT model to ensure the 

implementation o f  the second-best solution.

Hence, the value o f  external claims in the economy productive sector is given by;

V = F ( p » ) p „ ( p ) l ,  (25)

y m = F ( p „ , ] p ’" ( p ) C  > V  (25,a)

Consider the following scenario. Suppose due to an external liquidity supply expansion in

period 0, /q =  . Then, the value of liquidity in the markets in our case will be below

the value o f  the market in the HT case due to lower reserves held by the firms. The 

resulting shortage o f  funds implies that in the case o f  the liquidity shocks in period 1, the
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aggregate markets will be less likely to hold sufficient liquidity funds to continue with the 

productive projects into period 2.

At date 1, the value o f firm 's external claims must be diluted by G so that the total value 

o f the market portfolio is:

S = V - G ^

fp-  ̂ , (26)
p^~ p i \ - a ) ~ - 2 p — -  

' ^  ’ hP AP

Now recalling that a  «  1 :

i f  a  <\ + 2 B - ^ —  ^  5 < 0  (27)
P

Which implies that in our model, net o f  dilution funds, aggregate private securities 

markets hold insufficient liquidity to ensure the second best solution. However, (27) holds

p.
under the sufficient, but not the necessary, condition that p >  —  .

Overall we have three zones o f  shocks to consider:

Zone A: Strong Shocks Environment: p >  —  %o that 5'<0. The effect o f partial

recovery on increasing the moral hazard is strong enough to create excess liquidity 

demand in the aggregate markets. The second best solution is not attainable economy- 

wide for any values o f  the recovery parameter, a  «  \ .
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p.
Zone B: Moderate Shocks and Moderate Recoverv' Environment: n < —  , but

2

recovery parameter is relatively weak: a  < 1 +  2B  -  — => S  <0 . This requires
P

that p  > ----------    . in this case, the markets again fail in aggregate.
(1 + 2 5 - a )

Zone C: Weak Shocks Environment: 0 < p  < —-------- — and Weak recovery
2 2AP

environment: a  >\  + —  => S  > 0,  so that the HT result applies and the
P

aggregate markets hold sufficient liquidity reserves to ensure the second-best solution.

Note that comparing with the individually optimal level o f  recovery parameter, as shown 

in Appendix 2.1, the aggregate optimality requires that oĉ ,̂ rci>(ne ~  ̂ — —------- , while
P

individual optimum is given by:

Clearly, the absence o f  the ex ante expectations in the aggregate optimum reflects the 

efficiency o f  the markets, whereby the equity markets operate under complete insurance in 

absence o f  the aggregate uncertainty. Regardless o f  the differences, the aggregate markets 

optimal level o f  recoverability parameter is non-zero for all shocks above 

BAP — P p
p  > ----- -̂------—- AP ,  while the individual firm optimal level o f  recoverability is non-

zero for all levels o f  liquidity shocks.
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Overall, condition (27) implies and Figure 2.4 illustrates, that in the presence o f  limited 

liability with recoverable share o f  liquiditj' funding, an economy cannot attain the second 

best optimum by relying solely on the private securities markets to aggregate its liquidity 

in the case o f  the medium-strong shocks environment (zones A and B above). ‘L u ck y ’ 

firms with a low realisation o f  liquidity shocks will hold insufficient amount o f  external 

claims to cover their demand for second round funding but will be able to obtain second 

round financing due to a lower moral hazard problem effect o f  the recoverability 

parameter. The ‘unlucky’ firms on one hand will also hold insufficient liquidity reserves 

at date 0, but will be unable to secure second round financing due to the strong effect o f  

recoverability on moral hazard risk.

These results stand in contrast to the HT aggregation case. In the presence o f  partial 

recovery, over the plausible range o f  shocks, the econom y fails to supply exogenous 

liquidity sufficient to achieve the second best solution. This implies that at best the 

econom y must rely on lenders o f  the last resort to allow for a productive optimum to be 

achieved. However, such lenders are lacking in relation to general private project 

financing.

In addition, the above result may provide justification for the em ergence o f  the supply 

credit arrangements observed in the transition economies under the liquidity crises. For 

example Hege and Ambrus-Lakatos (2000) attribute the em ergence o f  inter-firm supply 

relationships to the failure o f  endogenous markets  for provision o f  liquidity. They 

conclude that the more significant the systematic risk is in the f m n ’s liquidity shocks 

exposure, the larger will be the value the entrepreneurs will attach to the non-traditional 

credit channels, such as trade credit arrangements. This is consistent with our aggregation 

results above and with the endogeneity o f  risk results established in Danielson and Shin
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(2004), as well as with the debt-induced risk shitting analysis in Anderson and Prezes 

(1998).

Part 2.4. Effects of State and Project Contingency on Partial 

Recovery and Moral Hazard.

An interesting consideration in the model can be given to the state and project size 

contingency o f the partial recover^' coefficient. In particular, suppose that the private 

recoverabilit>' o f the liquidity funding is size-of-project-contingent in so far as < ^ (/)  ,

such that o r ' ( / )  > 0 so that recoverability is decreasing in the level investment made at

date 0. Note that the opposite case o f increasing recoverability results in the degenerate 

solution under which a tlrm has no incentives to adopt a high level o f  effort in period 2.'°

However, the a  ' ( / )  > 0 assumption is consistent with the > \ 12 assumption that is 

required for A P > 0 .

Overall, if partial recoverability o f  liquidity funding is falling in the level o f investment, 

from part 2.2, the private returns enjoyed by the firm are falling as well, while the 

pledgeable rate o f  return guaranteed to the investor in period 1 is rising relative to date 0 

investor return. The reason for this is that with the decline in recoverability, the moral 

hazard rate is falling with the level o f  investment. By equation (12) in part 2.2, the 

collateral reserve requirements are falling as well and the original period 0 investment is 

rising.

This case is consistent with the literature on the pohtical economy of democratic voting, as 
discussed in several papers (see Field and Kirchgassner, 2003 for details).
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Sim ultaneous ly ,  h o w ev e r ,  the  dec line  in th e  m ora l  hazard  effects o f  recoverab i l i ty  y ie ld s  a 

h igher  ra te  o f  e x o g e n o u s  liquidity  supply  to  the  f in n  fac ing  the  shocks. A sy m p to t ica l ly ,  

the p ro b lem  co n v e rg es  to  the  case  o f  H T  as  a  —> 1. This  im plies  tha t w ith  the  pos i t ive  

effect o f  I q on the  m o ra l  hazard ,  the date  0 inves to rs  will favou r  h ighe r  cap ita l isa tion

pro jec ts  o v e r  the  low  cap ita l isa t ion .  This  is m a tc h e d  by the w ill ingness  o f  a firm to  ad o p t  a 

h igher  effort  in per iod  2. F rom  equation  (18),  the  net va lue  o f  the  projec t to  the firm  is 

inc reas ing  in w 'henever  the  recoverab il i ty  falls  w ith  date 0 inves tm en t  level.  A s

expec ted ,  the  d ilu ted  m a rk e t  portfo lio  fo l lo w in g  the  shocks  rises in va lue  as  well 

a l lev ia t ing  the risk o f  the  liquidity  funds shor tage .

T he  link be tw een  the  partia l recovery  coe f f ic ien t  and  the  size o f  inves tm en t  p ro jec t  in turn 

cap tures ,  in part, the  poss ib il i ty  for the va r ia t ion  in public  aw a re n ess  abou t the  inves tm en t  

projec t and  its size. D ec re as in g  private recoverab i l i ty  o f  second  round f inanc ing  by the 

firm, a t tr ibu tab le  to  the  p ro jec t  size, m ay  s ign ify  in this  con tex t  the  fact tha t in m o d e m  

d em o cra t ic  soc ie t ies ,  la rger  p ro jec ts  invo lve  g rea te r  public  scru tiny  than the  sm a l le r  ones.

in th is  con tex t ,  the  link w o u ld  explain  w h y  p r iva te  securities  m arke ts  favou red ,  d u r in g  the 

IT se c to r  exp a n s io n ,  the  p ro jec ts  with a h ig h e r  level o f  the date  0 cap ita l isa t ion  o v e r  the 

sm a lle r  p ro jec ts ,  in add i t ion ,  th is  link m a k e s  it p laus ib le  to  illustrate the  b ias  o f  

in te rnational lenders  in fav o u r  o f  the  la rger  cap ita l  p ro jec ts  in d e v e lo p in g  coun tr ies .  In the  

la tter con tex t,  the  p re se n ce  o f  private  recoverab i l i ty  as a  d ec reas ing  function  o f  th e  level 

o f  initial in v e s tm e n t  y ie ld s  h ig h e r  re turns  to  m o n i to r in g  o f  the  larger p ro jec ts  by 

e x o g e n o u s  lenders.
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In add i t ion ,  this  e ffec t co n f irm s  em pir ica l  s tud ies  (see , fo r  ex a m p le ,  G ro p p  et al, 1996 and 

B e rk o w itz  and  W hite ,  2 0 0 2 )  tha t  agen ts  w ith  la rger  asse ts  (da te  0 inves tm en ts  in the  

p ro jec t)  w ill be favou red  by cred i t  m arke ts .

In te rp re ting  \ —a  as  a m e a su re  o f  the  d eg re e  o f  l im ited liabili ty  p ro tec tion  in the  

e c o n o m y ,  w e  also  can  confirm  the  em pir ica l  c o n c lu s io n s  tha t  h igh-asse t  h o u se h o ld s  

(en trep ren e u rs )  w ill h av e  a h ig h e r  d e m a n d  for  c red it  in the  p re se n ce  o f  h ig h e r  l im ited  

liabili ty p ro tec tion .  T h e  reve rse  resu lt  ap p l ies  to  sm a lle r  p ro jec t  en t rep reneu rs  and  less 

w ea l th y  househo lds .  F u r th e m io re ,  w e  can  co n f irm  the  resu lt  tha t  the supp ly  o f  c red i t  (in 

so far  as  the  lend ing  at per iod  0 is co n c e rn ed )  r ises  in the  p resence  o f  h ig h e r  b an k ru p tc y  

p ro tec tion  (B e rk o w itz  and  W hite ,  2002).

Earlie r  w e  d iscussed  so m e  e v id en c e  on the  possib il i ty  for  a n ega t ive  co rre la t ion  be tw e en  

the  size o f  inves tm en t  and  the  level o f  u n d e r ly in g  risk. P a t iband ia  (2 001 )  sh o w s  th a t  in the 

case  o f  C h in e se  g o v e rn m e n t ,  s ta te  p rio ri t ies  in d e v e lo p m e n t  co m m o n ly  fav o u r  la rger  

in v e s tm e n t  projects .  For e x a m p le  in the c a se  o f  in fras truc tu re  dev e lo p m e n t ,  C h in e se  

o ff ic ia ls  h av e  exerc ised  the ir  d isc re t io n a ry  p o w ers  to  fas t- track  p o w er  g en e ra t io n  p ro jec t  

Labin  B in G u an g x i  p ro v in ce  in 1997. L a rg e  s ize  o f  the  p ro jec t  w as  v ie w e d  by  the  

g o v e rn m e n t  as  the  p ro p er  signal to  the  in v e s tm e n t  c o m m u n i ty  tha t  C h ina  is look ing  

fav o u rab ly  on  the  inves tm en ts  in in fras truc tu re .  A cc o rd in g ly ,  the  pro jec t  w a s  g iv en  h igh  

d eg re e  o f  sta te  guaran tees .  In con tra s t  w'ith C h ina .  P a t ib a n d ia  (2001 )  a rgues  th a t  in the  

case  o f  d em o cra t ic  India, such  gu a ra n tee s  and  p referen tia l  t rea tm en t  are  no t  poss ib le .  

H ence ,  in a u th o r ’s v iew , d em o cra t ic  inst i tu tions  m ay  be less co n d u c iv e  to  po li t ica l  r isk 

gu a ra n tee s  be in g  ex tended  to  the  larger  in v e s tm e n t  p ro jec ts .
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With this in mind, we can address a set o f  stylised facts concerning the entrepreneurial 

activity that follows the lines o f  de Meza and Southey (1996).

Fact 1. High drop out rates o f  new entrepreneurs.

Traditionally two approaches account for this fact. On one hand, it is com m only argued 

that credit m arket imperfections create liquidity supply shortages to entrepreneurs facing 

cyclical productivity  or liquiditj ' shocks. On the other hand, de Meza dn Southey (1996) 

argue that an excessively high degree o f  optimism on behalf  o f  the borrowers leads to 

‘b l ind’ entr>' by low quality entrepreneurs. O ur results can act as a reconciliation o f  both 

views.

Entrepreneurs enter credit markets with asymmetric infomiation concerning their ability 

to capture a share o f  liquidity funding in a bad state o f  default. By lowering the cost 

barriers to entry, this acts to increase incentives for entrepreneurs to enter the credit 

market. In turn, such entry incentives can be interpreted as an excess optimism over and 

above the standard model capacity to earn entrepreneurial rents.

At the same time, the  creditors at time 0 do possess insufficient information concerning 

the private returns to entrepreneurs, so that their lending decisions are subject to 

asymmetric information. As such information concerning both the future liquidity shock 

and its effect on the severity' o f  the moral hazard risk via partial recoverability are absent 

in period 0 lending decisions. Collateral holdings o f  entrepreneurs following the first 

round o f  funding are optimistic in the direction o f  increasing the capital outlay and 

subsequent liquidity shock exposure.
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Once again, excess optimism on behalf  o f  entrepreneurs is impMcit in our model. The 

willingness o f  lenders at date 0 to supply start-up capital is also ‘optimistic ' in its failure 

to  fully price the dual links between the various risks involved in the project. This was 

discussed earlier.

Fact 2. Credit loans, as opposed to equity finance, predominate as an

instrument o f  entrepreneurial activity financing.

Here again the same two opposing schools o f  thought can be reconciled under our model. 

The presence o f  moral hazard leads to the development o f  contingent contracts in our 

model (see Farmer, 1985), while information asymmetry results in only partial 

contingency coverage under equity financing.

In terms o f  classical econom ics literature, this is consistent with the limitations o f  equity 

finance, vis-a-vis credit contracts. Equity financing is restricted by the state-contingency 

requirements o f  the contracts. From the de Meza and Southey (1996) perspective, 

optimising entrepreneurs in our model select maxim um  self-finance by over-investing 

their  collateral in period 0 funds. Since a default in period 2 is uncertain, the presence o f  

liquidation costs, as argued by de Meza and Southey (1996), m akes entrepreneurs favour 

the credit channel o f  fmancing over equity financing.

In our model, this effect is further amplified by the lowering o f  the cost o f  default to the 

entrepreneur and the increase in default risk to the lender. Equity, being a non-state 

contingent priced asset, is thereby disfavoured even more in our model than in de Meza 

and Southey (1996).
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Fact 3. Collateral provisions supplied fo r  entrepreneurial activity' financing are

a decreasing function o f  the investment 0 funds.

This aspect o f  the empirical world cannot be directly accounted for by traditional models 

o f  liquidity crises under moral hazard and infomiation asymmetries. De M ezza and 

Southey (1996) propose that excess optimism o f  entrepreneurs is the potential explanation 

o f  this phenomenon, in our model, this stylised fact is supported by the conclusions on the 

credit supply asymmetries to small and large investment projects as argued above. In 

addition the structure o f  our model, by allowing for complete dilution o f  the period 0 

equity, reinforces the adverse effects o f  the partial repudiation on the entrepreneur 

‘op tim ism ’.

Fact 4. Entrepreneurs may he denied access to credit markets even when they

are willing to pay a premium over and above the market rate o f  return.

In our model, an entrepreneur may be denied funding in period 1 when either shocks are 

strong relative to the size o f  the date 0 investment, so that the incentive to default and raid 

funds in period 2 is high, or where the moral hazard is strong, or both. If we follow the 

convention o f  traditional investment literature, such as for example HT, a risk premium, 

sufficient to cover moral hazard, plus repudiation risk should secure full project funding.

However, in our model such a risk premium will fail to price the interaction effect 

between the moral hazard, repudiation risk and the liquidity shock, since the three shocks 

are shown above to reinforce each other. The fact that, as argued above, contractual 

arrangements allow for only partial pricing o f  the repudiation risk and its links to moral
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hazard and liquidity shocks risk, makes lenders more wean>' in supplying credit or equity 

financing at traditional rates o f  return.

F act 5. Businesses fin an ced  by highly secured loans are less likely to withstand

liquidity shocks.

This sty lised fact is supported in our model by two effects. First, the ability o f the 

entrepreneur facing a liquidity shock in period I to dilute the claims held by investors in 

date 0 funding imply that self-financed projects will have a lesser leverage in raising 

liquidity for the shock countenance. Secondly, self-financed projects in the case o f a 

default after the liquidity funding is raised are more attractive to entrepreneurs with low 

investment outlay than to those with larger date 0 investments. In so far as self financed 

entrepreneurial activity tends to be smaller in scale, this implies that self-financed projects 

are harder to defend in the presence o f liquidity shocks and more attractive as the default 

options for entrepreneurs.

Part 2.5. Is there a link between Chapters 1 and 2?

As in Chapter 1 above, we consider the link between the overall risk o f  the project and the 

project size. In Chapter 1 the size o f  the project codetemiines the level o f  repudiation risk 

in a macroeconomic setting o f aggregate capital fiows. In the present model, the level of 

the original investment determines the degree o f limited liability at a micro-level o f  firm- 

investor interactions.
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Thus Chapters 1 and 2 are hnked by the similarities o f  the risk o f  repudiation and the risk 

o f  limited liability. The differences between the two chapters are reflected in the fact that 

in Chapter 1 the investors face project-related risk o f repudiation and state contingent 

nature o f this risk, while in Chapter 2 model investors are facing moral hazard, limited 

liability and private partial recoverability risks.

In the model presented in Chapter 1, the model solutions consider only the case o f the 

repudiation risk increasing in the size o f investment project. The model predicts that 

whenever the repudiation risk applies to the bad state o f nature alone, the levels o f 

investment achieved in the market will be reduced by the presence o f the link. In these 

cases, the assumed positive correlation between the project size and repudiation risk 

reinforces the negative effects o f  repudiation risk. W henever the repudiation risk applies 

in both states o f nature, the capital markets may fail to supply the levels o f  investment 

needed whenever the link between the repudiation risk and the project size is sufficiently 

strong.

In contrast with the model presented in Chapter 1, Chapter 2 develops a model o f lending 

in which in addition to the repudiation risk, the lenders face the link between the size o f 

the project and the ability o f  entrepreneur to capture a share o f  the second round funding. 

In addition, the model explicitly considers the effects o f  liquidity shocks on the lending. In 

the present section we briefly outline a potential link between Chapters 1 and 2 by 

considering a possibility for making the private recoverability o f  funds by entrepreneur 

dependent on the level o f original date 0 investment.

The effects o f the size o f the project on partial recoverability' in the model presented in 

Chapter 2 are in general different from the effects on repudiation risk, presented in



Chapter 1. Partial recoverability in Chapter 2 directly interacts with the moral hazard in 

the en trepreneur’s decisions. This link is unavailable in C hapter  I. In addition, in Chapter 

1 the repudiation risk is assumed to be increasing in size o f  investment, while in Chapter 2 

the limited recoverability o f  liquidity funding is assumed to be decreasing in the size o f  

date 0 (pre-liquidity shock) investment. In Chapter 1 there is no leveraging o f  the original 

investment required in order to complete the project as liquidity shocks are absent in the 

model. In Chapter 2 such leveraging is complete as all o f  date 0 investment is diluted in 

order to cover the liquidity shock. Thus in Chapter 1 the repudiation risk acts to decrease 

incentives for investment by date 0 lenders, while in C hapter  2 date 0 lenders are not 

affected by the private recoverability o f  liquidity funding interaction with moral hazard. 

Instead in Chapter 2 entrepreneurs have an added incentive to over-invest in the original 

project at date 0 due to anticipated higher return in the case o f  default following the 

realisation o f  liquidity shocks. This added incentive comes from the private recoverability 

effect and its link with the date 0 level o f  investment.

Several other differences between the two models make com parisons o f  the effects o f  the 

investment size -  risk link presented in Chapters 1 and 2 complicated.

However, there are several similarities in the approaches taken in both models. The 

overall riskiness o f  the projects presented in Chapters 1 and 2 (more specifically in section 

2.4 o f  Chapter 2) depend on the level o f  funding obtained by the entrepreneurs in the 

initial round o f  investing. In model o f  Chapter 1 the assum ption is that there exists a 

positive correlation between the repudiation risk and investment levels. Absent moral 

hazard consideration, the model o f  Chapter 1 supports non-degenerate  solutions for such 

an assumption. In Chapter 2 we are forced, by the presence o f  moral hazard and by a 

positive link between the moral hazard and the risks o f  limited liability and private
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recoverability o f  funding, to consider only tiie case wiiere the overall private 

recoverability risk is decreasing in the size o f  investment project. Thus the similarities 

between the two m odels do not extend beyond the use o f  the same parameter, namely date 

0 investment level, as a de tenn inan t o f  the specific risks.

Part 2.6. Conclusions.

Our research extends the seminal work o f  Holmstrom and Tirole (1998) to incorporate the 

limited liability clause into a model o f  exogenous liquidity supply in the presence o f  moral 

hazard. Most com m only , limited liability is used in the contexts o f  bankruptcy liquidation 

or open econom y settings. Traditional models o f  repudiation risk and limited liability 

usually rely on a linear incorporation o f  symmetric  risks for both states, assum ing that 

only a share o f  fmal output can be withheld by the t'irm. As such, the effects o f  traditional 

repudiation risk are captured in this model via a reduction in the range o f  optimal liquidity 

shocks. The direct effect o f  such a risk on the econom y is to reduce the number and size o f  

projects that pass through the shocks to completion. However, traditional repudiation risk 

will simply scale down the results established by HT without qualitatively altering them.

We model limited liability as a possibility that a firm can withhold a share o f  the 

investment project output contingent on the state o f  the econom y and not independent o f  

the moral hazard. As such, the form er com ponent o f  the repudiation risk represents a 

traditional specification o f  the repudiation risk models. The latter component, however, 

generates an asym m etric  effect relative to the traditional model. Once a fm n, as in our 

model, is enabled to recover a share o f  financial funds put up by itself and investors in 

period 1 to counter  liquidity shocks, we de facto allow for a default o f  the project in
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period 2. T h is  is equ iv a le n t  to  the  en tre p re n eu r  se t t ing  a low  level o f  e ffort ,  and  crea te s  an 

addi t iona l  in te raction  be tw een  the  size  o f  the inves tm en t  tha t can  be app l ied  in per iod  0 

and  the  a m o u n t  o f  funds th a t  a f im i  can ra ise  in per iod  1.

O v e r  a cer ta in  range  o f  shocks ,  p ro ce ed s  tha t accrue  to  the  firm  in the  ca se  o f  a per iod  2 

default ,  cond i t iona l  on the level o f  repud ia tion  risk, are b e lo w  the  benef its  from  successfu l  

c o m p le t io n  o f  th e  project.  T h u s  a f in n  w ill be  able to  ra ise  the  required  l iquidity  

ex terna lly .  A t  the  s a m e  t im e,  investors  in o rd e r  to  f inance  such  a firm will requ ire  it to 

keep  a g rea te r  v o lu m e  o f  fu n d s  in per iod  0 in the  fo n n  o f  co lla tera l aga in s t  the  poss ib le  

l iquidity  shock. T h u s  the  firm  level o f  inves tm en t  at da te  0 will a lso  be  lo w er  o v e r  this  

range .  F inally ,  a firm will be  ab le  to  d ilu te  its ou ts tan d in g  va lue  to  the u p p e r  limit that 

co m b in e s  the  va lu e  o f  its projec t,  less the  va lue  o f  the  second  round  cap ita l tha t  it can  

cap tu re  in the  ca se  o f  a de fau l t  in per iod  2.

T hese  resu lts  im ply  that a firm will be ab le  to  co n t in u e  to  per iod  2 fo l lo w in g  the  shocks  

rea lisa tion  fo r  th e  range  o f  shocks  up to  the  second  bes t so lu tion .  In th is  con tex t ,  the 

m ode l is s im ila r  to  H T  w ith  the  exc ep t io n  tha t  in o u r  case , w e  have  a h ig h e r  level o f  the 

second  bes t  sh o c k  d ue  to the  h ighe r  internal return  to  the  p ro jec t  en joyed  by  the  firm.

H ence ,  the  f in n s  will raise  the  in v e s tm e n t  at date  0 and will be  ab le  to c o v e r  a lim ited 

range  o f  sh o c k s  bou n d ed  from  the  r igh t  by  the  se cond -bes t  so lu tion .  H o w ev er ,  overa ll ,  the 

ec o n o m y  will n o t  be able to  attain  the  se co n d -b es t  so lu tion  in the  case  o f  sh o c k s  in excess

P\o f  —  fo r  m o d e ra te ly  low levels  o f  a rec o v e ry  p a ra m e te r  (zo n e  A). A s the  rec o v e rab le

share  o f  l iqu id ity  fun d in g  rises, the  zone  o f  sh ocks  o v e r  w h ich  the  e c o n o m y  holds  

su ff ic ien t  l iqu id ity  shrinks.  F o r  a s t rong  recoverab il i ty  case ,  th is  zo n e  fa lls  to  all shocks

114



p \  B p fJ
below — ------- —  (zone B). Overall, therefore, in zones A  and B, the economy w ill be

2 2AP

characterised by a shortage o f  aggregate liquidity' reserves.

As mentioned above, our results depend crucially on the particular structure o f  repudiation 

risk assumed. The lim ited liab ility  mechanism that allows for the partial recovery o f 

second round financing is a particular theoretic construction that is designed to capture the 

differences between the traditional and the new economy. In the traditional economy that 

rests on physical capital intensive technologies, repudiation risk applies symmetrically to 

both rounds o f financing, since liquidity shocks can be viewed as a demand shock to 

capital stock. Embarking on a investment project, the entrepreneur sinks date 0 investment 

into non-recoverable assets. A  subsequent liquid ity shock requires that the entrepreneur 

leverages the expected value o f future output in order to raise the funds that w ill be re

invested into a sim ilar sunk-type capital.

A t the same time, in the new-economy sectors, the investment processes become 

gradually more human-capital dependent. Human capital can be either non-specific or 

industiy specific and its outputs can be viewed as intemiediate inputs into investment 

technology. In a broader application, we can extend the definition o f human capital to 

include proprietary know-how. In this sense, liqu id ity shocks can be viewed as an 

unanticipated rise in the cost o f these intermediate inputs into production, or demand for 

them. Alternatively it can be viewed as an unexpected rise in demand for human capital 

faced by entrepreneur."

"  These sunken costs, in case of human capital investments, may include sign up bonuses, 
spending by the firm on the work environment and location in order to attract talent o f required 
quality. In some cases, finns also undertake significant costs in cases o f non-specific training.
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As recent experience in the IT and biotechnology sectors suggests, human capital, 

proprietary know-how and other intellectual and human fonns  o f  capital can be 

successfully transferred by the entrepreneur to a new firm or an investment project in the 

case o f  a default o f  the original one in period 2. Thus, a share o f  funds raised in period 1 

in order  to counter the unexpected capital demand can be recovered by the entrepreneur. 

Clearly, investors in general, lacking connection with human capital and skills to utilise 

such capital will not be able to do so themselves.

Business literature, e.g. M cK insey  Quarterly (January 2002), recognises the value o f  the 

recovery o f  financial assets in the presence o f  repudiation risk, as well as the ability o f  the 

firm to internally repudiate parts o f  its operating capital that cannot be captured by 

investors themselves. It points out that in recent years a new industry has emerged that 

m anages a similar recovery for lenders. Anotlier source o f  evidence can be found in the 

analysis o f  the career paths o f  entrepreneurs themselves. Following the collapse o f  capital 

markets for IT sector, m any o f  the IT sector entrepreneurs have been able to m ove their 

key-staff  and know-how' to new enterprises.

In light o f  the nature o f  repudiation risk models, the current paper acts as an introduction 

to the issue o f  partial state-contingent recoverability o f  liquidity financing. In the future it 

can and shall be e.xtended to the case o f  open capital markets. The dual effects o f  

repudiation risk and recoverabilitj ' o f  investment can be examined in context o f  the recent 

em phasis  on FDI flows in the em erging markets. One interesting implication that arises in 

this context is that, contrary to the HT set up, our model yields insufficient liquidity 

supply in internal securities markets. Hence, it makes it likely that in opening to the world 

capital markets, our econom y with the limited liability and partial recovery' type o f  

repudiation risk may attract substantial capital flows that would act to supplem ent the
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domestic supply o f  liquidity. The main channel for investment in this economy in such 

case should be the direct acquisition and other fonns o f  FDI, in so far as the equity market 

portfolio will be subject to the non-zero probability o f  the negative valuation. The reason 

for this assertion is that the FDI characterised by the singularity o f  the entrepreneur- 

investor agent may act to internally collateralise the proceeds from a partial recover}' in a 

way that the traditional debt financing cannot.

Subsequently, future research along the lines o f  our model shall focus on analysing its 

effects in the context o f  small open economy and work out the model implication on the 

direction and composition o f  international capital flows.

Another interesting e.xtension o f  the model can be incorporation o f  dynamic multi-period 

structure into the investment decisions. For example, learning by investors can be 

introduced in a setting where the investment project lasts over T  periods, with several 

repeated liquidity shocks. Such learning can follow the lines o f  adaptive learning 

processes developed in Evans and Honkapohja (2001) and Evans (2002a and 2002b).



Appendix 2.1. Proofs of Proposition 4 and Corollary 1.

For Proposition 4, consider the following:

The firm chooses the level o f  recoverability to maximise the expected return to the 

entrepreneur subject to exogenous financing availability, i.e. subject to the IBEC. The 

problem is given by:

or* = a rg m a x  B ) { \ -P„ )

suhjed to

A + P , F { p ) - e [̂ p \p &{Q,p ) \ - \
Ph =

where h, = F { p )  —  + - ^ E [ p \ p & { Q , p ) \  

First order condition is:

a * b , E[ p \ p& {0 ,p ) \  = b ,^̂ >̂  ̂  + ^ ^ { h , A P - \ ) E [ p \ p e { 0 , p ) ]
 ̂ H V P

By IBEC, probability o f  high effort adoption is increasing in a  . Taking the limits o f  the 

first order condition as or |0 ,  l |  shows that the equality sign is violated in the first 

order condition. Hence, unambiguously, 0 «  or «  1. {OED).

For Corollary I , using the first equation above, and recalling that by definition o f  the 

investor-required rate of  return,

‘ V - P { a ) - V ,  {a)
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where both p  and R̂ , are increasing functions o f the re c o v e r  rate, a  . Hence, for the 

optimal level o f  recovery parameter, or*;  ̂ is a decreasing function, which

establishes the result in Corollary' 1. {QED).
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Appendix 2.2. Mathematical Derivations.

A.2.2.1. Firm level solutions.

Program 1: equations (3) and (4.1)-(4.2). Substitute IBEC (4.2) into equation (3) and use

definition o f  the first best to get equation (5). Now, define

n^{p)= ^ ^ { p ^ - p ) f { p ) d p - \  (A.2.1)

so that

The contract program can be re-written as

C ( /7 )  =  a r g m a x [ « 7 ( /3 ) /o ]  (A.2.2)

From ICC it directly follows that equation (6) holds.

Clearly,

i-g,,)
dp t^p dp

and

dR. ip)  - a ' { l ) p  dR'." {p\ . ,

d l  Ap dp

By equations (2), (5) and (6) it follows that conditions (8) and (9) hold. The dynamics 

shown in Figure 2.2 follow directly from equation (8) and from setting a  =  1 for HT case. 

Points A, B are given by

A: P a =

B: =
2P

(1+ />„)(!- a ) +  2 P „-1  

p , ( 2 / > „ - l ) - i ! ( P „ + l )
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Equations (12)-(!3) trivially follow the derivations described in the text.

Deriving equation (14) we use results (A.2.1) in equation (11). Next from equation (14); 

C = argmax[OT(/3)/] = (11)

[p):0 (/3 )

= argmaxl ^  { p , -  p )  f { p ) d p - \

( ^ . 2 . 1) , ( 6 ) , (8)

f  A E il
AP ■ P 1 +

AP
f { p ) d p

arg min
p ,f {p )-e [p \p &[o,p]]^^-a

A - AP
f  ( / I )  - (  1 +  ) £ ( / ’ k  e  [ 0 , , S ] ) - 1

From which the solution to equation (14) is;

e [ p \p &[q, p ])
P\ ~

- A ---------------p  = arg mm
F { p )  F { p )

Pi

Pi

AP

e \_p \p &{Q,p )\

1 p  /7€[0,/3])

n p ) r  AP j

1
+ -----

p p ^

for

F { p )  F { p )

P , A \ ~ a )a = \ +  ^ > 1  =  ,
' AP

.HT

H p )

Note; the last inequality follows from the assumption (standard under HT model) that 

AP  > 0 , as well as from the observation that A, p^ , p , B , P^  are all fixed relative to the 

second-best cut-off point.
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This imphes that p  solves, as in equation (16) 

f  F { p ) d p  = \ for ^ * e [ p o ( p ) , p , ] .
CP

a

Inequalit>’ on the constant multiplier in equation (16) relative to HT case implies equation 

(17).

In equation (18) the second equality sign directly follows from definitions o f  mi^p ) and 

) as:

U , [ p ' )  = A  ^ ■■■=Am( p ) k [ p ' ) =  (14)
P -pQ

p ,f [p ) - e \ p \p ^ ( q, p *)\
= A ---------------------^ ^ ^ ------------------ - > 0

^ - p ^ f ' { p ' ) - ^ ^ { p )  + a , E ^ p \ p ^ ( 0 , p )  

where the sign in the last inequality follow's from o, > 1 .

To prove the relationship between the net worth o f  firm in HT model relative to our 

model, observe that by equation (1 7) we can rewrite

p ’„.,.= £ + p ’ (A2.3)

for some ^  < 0 . Then

^ i ( p )  _  P ^ - P  P + ^ - p Z . ^ ^ n.... w
^HT^P  ) P ht ^\P Po

SO
if  and only if a, > ,< 1  H— ~{—T ^

m
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Since by the definition o f  the first best and by equation (17); = p  +  ^  < p , ,

inequality'(19) follows for any choice of 0 < a  < 1 and any choice of p  < /? , .

Finally, it also is straightforward to show that

A - P  ^ , ^ , 0  
rf/ ' [a,p-p"~^

as long as or ' > ,<  0 .

A.2.2.2. Aggregate markets solutions.

Consider a firm that proceeds to period 2 following the liquidity shock. The value o f  this 

finn in the financial markets is:

P„( R- R, \ p ) ) l ^ = p^{p)l^.

Complete dilution by date 0 investors implies that

p A p )  =  p T  ■

Hence, controlling for date 0 investment outlay,

P o ^ P ^ ^ o  ^  P o  ^ o -  

However, since , then

p , { p ) h < p f c ,

which establishes result (23).



As in HT, p{^p  ) is a fraction o f  the finns in the economy that will proceed to period 2.

Then by equation (1 7) we have: F{^p which implies a lower rate o f  survival

for our entrepreneurs than for HT case.

Finally to solve for the three zones in Figure 2.4, consider equations (25) and (25a):

P o - P ' ( p ) -  f  p f ( p ) ^ p j ^0 =

=  {pof f ( pyP- [  pf{p)<^p\h^
BP P

Pi - 2 / 9 — p [ \ - a )  —  
A P  ^  ’ AP

f { p ) d p

In the last equation, the term in square brackets
RP P

P\ — - - p { \ - a )  —
' AP ^  ’ AP

> , < 0  if

and only if  condition (27) holds. This yields the results presented in the paper.
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CHAPTERS.

A Model of Habitual Dependence in Leisure Demand.

Part 3.1. Introduction.

The genera! idea o f  time-persistence in decision making o f  economic agents can be traced 

back to the founding fathers o f  social sciences. As early as 1776, Adam Smith spoke o f  

the importance o f ‘custom ary ' consumption levels. A lmost a century later, Alfred 

Marshall argued that habits play an important role in driving consumption behaviour. 

After the introduction o f  the first formal treatments o f  the subject by Pigou (1903) and 

Duesenberr>' (1949), there followed a long period o f  relative neglect o f  habit fonnation. 

This was partially driven by the limitations o f  econometric testability and the absence o f  

the appropriate data.

Recent developments in economics have necessitated the revival o f  the subject. This 

resurgence o f  interest in habit formation has been provoked by the empirical failures o f  

the representative agent time-separable-utility' models. In this context, habits have been 

proposed in three distinct domains o f  m acroeconom ic theory. Abel (1990), Constantinides 

(1990) and others have argued that habits in consumption may explain some empirical 

regularities in finance literature, such as the equity premium puzzle. Carroll (2000b), 

Carroll and Weil (1994), and Carroll, Overland and Weil (2000) suggested that habits may 

be able to explain why high growth apparently causes savings to rise, as well as the 

puzzling excess sensitivity o f  consumption to the exogenous shocks to income. In a
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related, yet more specialised, development. Fulirer (1999) and others argue that habits 

m ay be necessary to explain the excess smoothness o f  aggregate consumption at high 

frequencies. Muellbauer (1988) explicitly states that “Evidence from estimation o f  

complete systems o f  demand equations suggests that habits or persistence play an 

important role in consumer b eh av io r’. All o f  these papers focused on introducing habit 

formation into a consumption component o f  choice.

While insightful in providing a theoretical basis for explaining the phenomena mentioned 

above, none o f  these models have developed the analysis o f  the persistence in iabour- 

leisure trade-off, apparent in the inertia in hours o f  labour supplied. N or do they offer any 

economic reasoning as to why habituality o f  consumption shall, in general, be more 

evident in and salient to the economic agen t 's  behaviour than habituality in leisure. In 

echoing the earlier quote from M uellbauer ( 1988), Bover (1991) concludes that her 

estimation o f  life cycle model “ strongly supports the importance o f  past hours in 

determining current hours decisions” .

As exemplified by some studies (see Dynan (1999), for an example) microeconomic data 

often fails to provide support for the existence o f  habits in consumption. These results are 

contrasted by studies that show strong time-inseparability in aggregate macroeconomic 

data. Given the differences in measuring saving and consumption in different series, 

macro data might not be capturing the actual savings behaviour o f  the agent. Estimations 

based on the models accounting for consumption variation alone may be undermined by 

the linkages between the consumption o f  goods and the demand for leisure, i f  variation in 

aggregate consumption is affected by such links, while the labour supply exhibits strong 

persistence over time, the persistence in consumption may be driven by the 

interdependency o f  consumption and leisure demand. Similarly, measured savings might
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be affected by the presence o f  large ticket expenditures financed out o f  periodic savings 

that are linked directly to leisure demand. This direction o f  research was recently 

undertaken in G onzales-Chapela (2003), but was pioneered earlier by Becker (1965, 1992) 

and others.

In micro-econometrics literature, the possibility o f  the link between the past labour hours 

supplied and the present decisions concerning the leisure demand and labour supply is 

developed in the works o f  Altonji (1986), Blundel and W alker (1986), Blundel (1987), 

Blundel et al (1993), Bover (1991), Browning et al (1985), Ghez  and Becker (1975), 

Heckman (1974, 1979, 1981), Heckman and M aCurdy ( 1980, 1982), Hotz et all (1988), 

M aCurdy (1981, 1983, 1985), and Moffit (1984 and 1986), to name ju s t  a few. In all cases 

there is an explicit acknow ledgem ent that labour hours are correlated over time and that 

this correlation is (a) statistically important, (b) plays significant role in determination o f  

other variables, such as the marginal tax rates and wage rates.

Kniesner and Li (2001) explicitly allow for smooth adjustment to be a function o f  lagged 

labour supply in their semiparametric model o f  labour hours supplied. They find that an 

average male w orker takes approximately 10 months to adjust his hours o f  work to a new 

equilibrium based on the high frequency data. According to their own admission, this 

estimate represents the lower end value for the length o f  adjustment process established in 

the literature. They also find that the adjustment o f  labour hours supplied follows a 

nonlinear dynamic process and that the wage elasticity o f  labour supply appears to depend 

on the lagged labour hours supplied by the agents.

Empirically documented persistence in European unem ploym ent following the oil supply 

shocks, as well as long tenn  inertia in hours o f  labour supplied that appears, in some
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countries, to be independent o f  both wage growth and productivity enhancem ent are 

problematic in respect to traditional models o f  hours o f  work supplied. O ver the years, the 

European labour force has not been able to accelerate both participation rates and hours 

supplied increases that would be consistent with the rising real wages under the standard 

models predictions. Most available data shows that the hours o f  work supplied by the 

agents have been falling over the period o f  the last two centuries, with the slower rates o f  

decline in the later part o f  the 20"' century. H enneberger and Sousa-Poza (2001b) provide 

evidence to this effect for the O EC D  countries. Merz (2004) provides similar evidence for 

working hours amongst wom en in Germany. Controlling for productivity growth, the 

response o f  hours worked to wage changes and income shocks is milder than predicted by 

traditional theories. For example. Ham and Reilly (2002) point to this shortcoming o f  the 

theoretical literature.

As an illustration, consider the data for annual hours worked per worker given in Table 

3.1, which provide the m easurement o f  hours supplied to labour by an average worker 

(Column HW ) and the annual hours worked and employment/population ratios (Column 

LS). The figures given in Column LS are com puted by setting annual hours worked as a 

percentage o f  2080 hours per year and multiplying the result by the em ployment/ 

population ratio. The resulting figure can be considered as a measure o f  the proportion o f  

the total potential hours o f  labour supplied in a given economy.

Excluding part-time workers, many countries in continental Europe have low annual hours 

worked because o f  their low weekly hours restrictions and long annual holidays, 

compared to those in the US and Japan, in fact, according to the European Economy 

(1995) across the EU, more people would like to w'ork fewer paid hours than would like to 

work more hours at a given wage rate. This relationship breaks down in the US and Japan.



These trends are studied in detail in Henneberger and Sousa-Poza (2001a and b) and 

Sousa-Poza and Sousa-Poza (2003). O ver the years, the differences between the European 

O E C D  countries and the US and Japan remain stable.

At the same time, within the European sub-sample, differences in the rates o f  decline o f  

hours o f  supplied have also remained relatively stable, pointing to the fact that the 

persistence in hours o f  labour supplied (leisure demanded) is country-specific to a large 

degree. Bell et al (1999) provide a comprehensive study o f  the differences in overtime 

labour hours supply between G erm any and the UK based on a panel data. W einberg et al

(2004) show that differences in labour supply, including those at intensive margin, are 

present at the levels o f  neighbourhoods in the US cities. M erz (2004) shows that 

persistency in hour supplied applies to the sub-sample o f  female workers in G emiany. 

Figures 3.1 and 3.2 report her findings.

Tables 3.2 and 3.3 below show the hours constraints by country and changes in the hours 

constraints as reported by Henneberger and Sousa-Poza (2001a). The authors conclude 

that for the O E C D  economies, the male workers experience stronger positive correlation 

between hours worked and the extent o f  the perceived constraints on hours that they are 

willing to supply than the female workers'" .

In both groups o f  workers, the am ount o f  actual hours supplied was positively correlated 

with the hours that the workers are willing to supply at the same level o f  pay. As shown 

below, this evidence is consistent w'ith habitual nature o f  labour supply. I f  the marginal 

utility o f  labour is dependent on past history o f  labour supply decisions, then the workers

Note that these results are also consistent with our empirical findings reported in Gurdgiev
(2005) and briefly surveyed in section 3.4.2 below.
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who supplied greater hours in the past will require greater increase in current hours supply 

in order to achieve the same marginal utilit>' gain as the workers with lower historical 

supply o f  labour. Henneberger and Sousa-Poza (2001a) present evidence that is consistent 

with this analysis. In fact, Henneberger and Sousa-Poza (2001a) report that in 14 countries 

out o f  20 surveyed, higher current supply o f  labour hours was a positive determinant o f  

the willingness to supply more hours at given wage rate in the future.

At the same time, the evidence on history-dependent choices o f  labour supply presented in 

Henneberger and Sousa-Poza (2001a and b) and Sousa-Poza and Sousa-Poza (2003) tends 

to indicate that significant heterogeneity across countries continues to exist even in the 

light o f  the preferences changes over time. This is highlighted in the Table 3.3 below.

McGrattan and Rogerson (1998) provide a survey o f  empirical data on the persistence o f  

hours o f  work supplied. Their main conclusions confirm the above facts. The lifetime 

hours o f  labour supplied are nearly constant over time. The aggregate average o f  the 

weekly hours o f  work per person decreased slightly from 1950 through 1960s and then 

increased slightly from 1970 to 1990. The average weekly hours supplied in the 1990s 

were insignificantly higher than in the 1950s. Overall, during the post w ar period, hours o f  

work per em ployee declined by about 10 percent. At the same time, during the post w ar 

period hourly wages exhibited a persistent rise in real terms.

In this context, it is important to consider the evidence on habits-like behaviour o f  labour 

supply that arises in the studies o f  self-reported willingness to supply labour. Sousa-Poza 

and Sousa-Poza (2003) show that survey data refutes the claim that gender-labour supply 

satisfaction is driven by self-selection. Specifically they present empirical evidence that 

shows that higher work satisfaction amongst w om en than amongst men is driven by tenure
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and educational attainment, all o f  which are long-term (history ) dependent. A t the same 

time, Sousa-Poza and Sousa-Poza (2003) show that w omen and men have different 

marginal utility' o f  work.

This evidence can be interpreted as supportive o f  the possible history-dependent utility o f  

labour supply. If  past history o f  labour decisions on hours supplied is different for men 

and wom en, then marginal utility o f  working more hours will be different for man and 

w om en as well, as long as the habits in labour supply are present. Specifically, suppose 

that, as show n in data, stock o f  past labour supplied is greater for men than for women. 

Then, under habits model, marginal utility' o f  supplying an extra hour will be lower for 

men than for w omen. This is supported by the evidence presented in Sousa-Poza and 

Sousa-Poza (2003) and by the preliminary empirical results shown in section 3.4.2 below.

At a more fundamental level, traditional models often fail to account for the recent policy 

and environmental changes. The argum ents that the labour market regulation and welfare 

systems in Europe have contributed to low hours supplied appear to be insufficient. The 

reason for this is that they cannot capture the persistence in leisure demand following the 

recent shifts in policy in favour o f  the lower regulatory burden, lower union pow ers and 

tightening o f  social welfare assistance. In short, policies do change while, contrary to 

theoretical predictions labour supply decisions appear to remain stable. A m plify ing this 

effect is the evidence o f  the cross-country differences in leisure demanded.

In short, traditional m odels o f  consum ption with endogenous leisure demand as well as 

institutional frictions m odels overestimate the leisure demand response to w age changes
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and to institutional liberalisation o f  the labour markets''^. For example, Monastriotis 

(2004) shows that between 1979 and 1998 UK labour markets experienced significant 

liberalisation across the regions. Figure 3.4 below replicates this evidence. Yet. the change 

in the hours supplied in the UK over time trails both the changes in flexibility in labour 

markets and the self-reported willingness to work more hours (see Table 3.3 below). This 

phenom enon cannot be explained by the traditional models o f  labour supply.

Traditional m odels also fail to account for the persistence in the differences found across 

the countries in leisure demand and hours o f  labour supplied. A s Ljungqvist and Sargent 

(1995) point out. social insurance programs and other welfare state institutions can have 

divergent effects on employm ent and cannot be a priori qualified as either em ploym ent 

enhancing or reducing. This apparent weakness o f  the mainstream models offers an 

opportunity for investigating the mechanisms o f  time persistence in leisure dem and, and in 

particular the possibility for habit fomiation in preferences for leisure.

A deeper problem o f  the institutional approach to explaining the regularities in hours o f  

labour supplied, as exemplified by Ljungqvist and Sargent (1995, 1997), Siebert (1997), 

Nickell (1997) and others, lies with the lack o f  micro foundations nesting the existence o f  

the various institutional arrangements from the agen ts’ utilit>'-maximisation perspective. 

A rguments that rely on assuming that labour markets are constrained by the exogenously 

set wage contracts are acceptable, as long as we are either dealing with the com m and 

econom y or abstract away from the consideration o f  the individual incentives to supply 

labour (demand leisure) in the model. Clearly, in the presence o f  a strong and established 

market forces, exogenous restrictions on wages and labour supply must be taken with a

'■’ See for example Krugman (1993) and Hansen et al (1992).
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grain o f  salt. As long as we allow agents to trade across leisure, we can endogenise at least 

some o f  the incentives for the observed labour market contractual arrangements.

This view is also warranted by the empirical regularities. With the advancement o f  the 

ser\’ice economies, the fact that the limits on hours o f  work increasingly fail to apply to 

the firms in which individuals can opt for flex-time arrangements implies that over time, 

we can expect an increase in the flexibility o f  individual labour supply. Similarly, the 

expansion o f  self-employment opportunities in m odem  society further strengthens the 

potential links between the lES in leisure and the households’ consumption decisions.

Note that the flex time arrangements and other m eans for increasing flexibility o f  labour 

hours can be seen as arising from the dem and for labour side as well. Van Rens (2004) 

develops a model o f  labour supply in which the extensive margin (hours supplied) 

adjustments serve as a tool by which a fm n  can ‘s tore’ labour in the times o f  downturn. 

This ‘s tored’ labour can be readily released through increase in hours dem anded in the 

periods o f  output expansion. This storage technology allows firms to avoid, in the short 

run, the costs o f  hiring and firing workers (the costs o f  extensive margin adjustment).

Similarly, M eyer (2002) confirms that in the case o f  the single mothers responses to 

changes in the welfare system and the Earned Income Tax Credits, nearly all o f  the labour 

supply adjustments happens at the extensive margin and not at intensive margin. This 

evidence further supports the assertion that persistency in hours supplied is o f  greater 

magnitude than in the em ploym ent decisions.

Notably, as shown by H am em iesh (1995) and others, work in the o f f  hours is frequently 

performed by the individuals with both high and low human capital. This implies that the



aforementioned options o f  varying iiours o f  wortc and duration o f  wori< apply equally 

across the wage distribution. In fact we can surmise that in modern economies, workers 

move between (change places o f  employment) and within the jo b s  (change time structure 

between the temporary, part-time, full-time and flex time) to better match their skills, 

wage expectations, and their preferences for leisure, with the attributes o f  position.

Souza-Posa and Ziegler (2003) develop an empirical analysis o f  the existence o f  

inefficient long working hours, whereby workers with higher productivity will tend to 

supply hours in excess o f  efficiently required. In other words, workers with higher 

productivity are more likely to experience hours constraints in the form o f  over

employment than the low-productivity workers.

According to the authors, the model implies that productive workers may supply more 

labour in order to distinguish themselves from the less productive ones. Theoretical 

analysis suggests that the higher an individual productivity, the more likely the person will 

be over-employed and to a greater extent. Authors postulate that w orker 's  productivity 

consists o f  two components: expected productivity, based on observable characteristics 

such as tenure, education etc., and the productivity com ponent based on unobservable 

characteristics. They fmd that there exists a positive correlation between the desire to 

work less and unobservable productivity-enhancing traits.

Souza-Posa and Ziegler (2003) use jo b  experience, tenure and education in both the wage 

detemiination equation and in labour supply equation. All o f  these variables can be 

thought o f  a history-dependent variables, in so far as past decisions to supply labour are 

positively correlated with jo b  history and education. All o f  these variables are positively 

and significantly correlated with the willingness to supply more hours o f  labour in the

139



future. Souza-Posa and Z iegler (2003) state that to their i^nowledge there are no 

theoretical models that can account for this effect. In fact, the authors conclude that their 

own theoretical model is contradicted by this evidence.

Intuitively, presence o f  habits in labour supply decisions can capture these empirical 

findings. Habits in labour supply will tend to increase the correlation between hours 

supplied in the past and the hours that an agent is willing to supply in the future, due to the 

fall in marginal utility that is associated with habitual dependence. These are the results 

derived in the present model.

Echoing the above, it has long been clear that habits, traditions, and the culture o f  choices 

in general, serve as the substitutes (Becker, 1992) for long-term contracts and social, legal 

and economic institutions. Many political institutions and decisions are often perceived to 

be the direct consequences o f  habits. To quote James M adison’s Federalist Papers, the 

constitution o f  a democratic  society itself falls subject to

‘ ...thal veneration, which lime bestows on eveiything, and without which perhaps the 

wisest and freest o f  governments would not possess the requisite stability. ’ (J.Madison, 

1787) .

The presence o f  habits in preferences captures individual motivation for smoothing 

demand for leisure. Thus, implicitly, this paper argues that economic institutions in labour 

markets within democratic  society may evolve to accom m odate  this inertia, such as a 

higher degree o f  restrictions on labour mobility and stronger vacation and t im e-o ff  

allowances.

Hence, it appears justified to concentrate on the m icroeconomic determinants o f  the 

differences in labour supply within the context o f  introducing time inseparability into the

140



agents" utility function. In light o f  this, current research extends the habit formation 

mechanism to labour supply (leisure dem and) behaviour o f  the agents. To my knowledge, 

as o f  today, there exists no work that proposes such a microeconomic specification.

The goals inherent in this research are manifold.

First, the objective is to establish how the introduction o f  habits in leisure affects the 

dynamic behaviour o f  the traditional habits-in-consumption models with respect to 

unexpected labour income shocks.

Second, to generate a model-based approximation o f  the sluggish response to 

w ages/income shocks observed in data and so far not replicated by the traditional life

cycle and real business cycle models.

Third, we want to establish a dynamic connection between labour supply and consumption 

that would allow us to more clearly distinguish between the income effects o f  labour 

supply on consumption choices, the traditional substitution effect across the two choices 

and the inertia in labour supply effects on consum ption responses to income changes..

Along these lines, the proposed model will be able to establish a firm set o f  micro

foundations for explaining the observed persistence in the labour supply (leisure demand) 

decisions without resorting to the exogenous set o f  institutional assumptions.

The validity o f  this approach is directly confinned  by the literature surveyed earlier and in 

the part 3.4 below. Chang and Kwark (1999) show that persistence in hours o f  work 

supplied is (a) statistically significant and economically  important in determination o f  the
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em ploym ent responses to exogenous temporaiy shocks; (b) is not likely to be a 

consequence o f  labour market frictions. This leaves significant room for exploring 

theoretical justifications for t im e-dependency in labour supply outside the traditional 

m odels o f  labour supply. Habits fonnation approach, discussed below, may well be one o f  

such justifications.

With these goals in mind, the paper proceeds as follows. Part 3.2 below  introduces the 

basic model with habit fonnation in leisure and obtains a general form o f  the Euler 

equations linking demand for leisure and consumption over time in the environm ent o f  

general uncertainty. Part 3.3 proceeds to derive closed-end solutions to the deterministic 

steady state demand for leisure and consumption. Following the steady state analysis we 

derive the dynam ics o f  the model along the adjustment path to the steady state and 

conclude with a brief  discussion o f  the model under a set o f  specific assumptions 

concerning the form o f  the utility function. Part 3.4 returns to the issues o f  empirical 

evidence and provides a further survey o f  literature on labour supply persistency, together 

with the analysis o f  the habituality o f  leisure hypothesis. Appendix  3.1 provides 

mathematical details. Appendix  3.2 provides discussion o f  econom etric  model estimation.

Part 3.2. A Model of Leisure Demand with Dynamic Habits.

Building on the works by M uellbauer (1988), Constantinides (1990), Carroll (2000, 

2000a), and others who pioneered the applications o f  time persistence in consumption, the 

following work introduces two main innovations. F i r s t  we augm ent the model to include 

the endogenous labour supply decisions. Second, we introduce time-inseparability into the 

labour supply (leisure demand) in the style o f  inward-looking habits. As shown below, the
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resulting model yields interesting results vis-a-vis the time persistence o f  leisure demand. 

We begin by postulating and solving a baseline model in the presence o f  habit formation 

in leisure.

3.2.1. The Baseline Model.

Finitely lived agents maxim ise an expected life-time utility o f  consum ption Q  , leisure

and the stock o f  habits, ;

max E,

subject to the standard cash on hand constraint

the evolution o f  habit stock constraint (law o f  motion for habits); 

/7,,| =h,  + Z ( L , - h , )

and the labour force participation constraint:

(I)

(2)

(3)

0 < L  < 1 (4)

Equation (4) restricts the model to those agents who are currently in the labour force and 

supply non-zero hours o f  labour. As usual, it is straightforward to extend this model to 

include household production. Another necessary constraint is the restriction on 

consumption to be strictly positive in any period o f  life, so that 

C, > 0 V / > 0 .
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Equation (2) is a standard cash-on-hands constraint where wage is assumed to be constant 

and exogenously given, while R = l+ r  is a constant gross interest rate. The assum ptions o f  

a constant rate o f  return on the risk-free deposits and constant wage rate are imposed for 

the sake o f  simplicity. Carroll (2000, 2000a) shows that the general method o f  solving the 

present class o f  problems will hold in case whenever the households have access to both a 

risk-free storage technology and risky assets with time-variant stochastic rate o f  return. At 

the same time, the model can be extended to include a productive sector o f  the econom y 

with subsequent endogenising o f  the wage rate into the decisions o f  the firnis. However, 

since the present study focuses on the demand side for leisure and the tradeoffs between 

leisure and consumption, endogenous wage determination and/or time-var>ing rate o f  

return to the risk free asset are not expected to yield any significant modifications o f  the 

analysis presented below. In addition, both assumptions are com m on to the literature 

concerning habits.

Equation (3), a law o f  motion for the iiabit stock, specifies the process o f  evolution o f  the 

history o f  the past labour supply decisions. Earlier versions o f  the habit-formation-in- 

consum ption models relied on setting the stock o f  habits to be equal to the level o f  

consumption in previous period. In such a case, the law o f  motion for habits is:

=c(h,.

As shown in Carroll (2000a) this specification under the plausible parameterisation o f  the 

utility function can lead to an infinitely negative utility. Specifically, this applies to the 

cases o f  low consumption levels. Equation (3) above avoids this pitfall. This is important 

in the context o f  the current model, since we restrict the endow m ent o f  time to be 1,
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making both labour supply and leisure demand decisions to be contained within the (0,1) 

interval.

Finally, in the above specification, X indexes the speed at which habits catch up with 

leisure demand. If  = 0 , habits enter the utility o f  leisure as a constant multiplicative 

factor. When/?, =  1, habits in the current period become fully detennined by the past 

period’s choice o f  leisure, corresponding to the case where habit stock fully catches up 

with leisure demand within one period following an exogenous shock. For X = 0.3 the 

half-life o f  habits adjusting to the new steady state level o f  leisure demand will be 

approximately 2 periods. At the same time this implies that the history o f  leisure demand 

over the last 10 periods will account for over 95% o f  the current period reference stock of 

habits. As X falls to 0.1, the half-life increases to 7 periods and more remote history o f  

past leisure decisions becomes more prominent in the determination o f  the current period 

habits, in fact, the past 10 periods history o f  labour supply will now account for only 63% 

o f  the current habits stock.

Note that in the utility function specification (1) we assume that leisure influences utility 

via the dis-utility of labour, so thatJ7, < 0 ,  U  n > Q  In this case, habituality o f  leisure

implies that > 0 ,  U < 0 . These assumptions allow us to derive a closed-end solution

for leisure demand in the steady state. It is straightforward to derive implicit (but not 

closed end) solutions in the case where leisure directly enters the utility function.

The Bellman equation for the problem is:

V, {x„h, )  = maXj ,̂  ̂ U { C , , L „ h , )  + p E ,  [V,^,(x,^, , ) ]  (5)
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Taking the first order conditions w ith respect to consumption and leisure, and applying the 

envelope theorem for as shown in the Appendix 3.1:

u:
u:- = E, = -M-u:

Equation (6a) is> the standard Euler equation for consumption that arises in the case o f 

time-separable utilit>'. Under the assumption o f separability in leisure demand and 

consumption in the instantaneous u tility  function, this implies that consumption fu lly  

adjusts to the new steady state at the impact fo llow ing an exogenous shock. The Euler 

equation for labour supply (6b) implies that the marginal d isutility  o f  labour in period / is 

an increasing function o f the value o f  the marginal u tility  o f consumption in the fo llow ing 

period. The latter is measured in terms o f  d isu tility  from leisure foregone today, less the 

marginal value o f the habit stock changes resulting from the period t labour supply 

decisions.

In a benchmark case o f  no habits:

j j ‘;  =  -M 'U ]  =  RPE,U';^, (6b.NH)

Equation (6b .NH) states that in the absence o f habit formation in leisure, labour supply 

fu lly  adjusts to the new steady state at the impact o f  an exogenous shock. Since in any 

period margi nal u tility  o f leisure is a scalar multiple o f  the marginal u tility  o f 

consumption,, agents treat leisure as a substitute to consumption in the sense discussed in 

Heckman (1974) and Heckman and MaCurdy (1980). Hence the consumer w ill have an 

incentive to select lower leisure and higher consumption in response to an increase in the 

price o f  leisuire, w.
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In our model, however, this standard effect is contrasted by the intertemporal substitution 

trade-offs across the two choice variables, discussed below. Yet. an initial glimpse o f the 

habitual effect o f leisure can be gained from looking at equation (6.b). The second 

component of equation (6.b), on the right hand side, is the effect that habits in leisure exert 

onto the households' willingness to trade between consumption and leisure over time. 

Clearly, since > ,< 0  <=> - t / / '  >,< wU  ̂ , the habits in leisure effect on

consumption and leisure substitutability across time may either augment or counter the 

standard effect mentioned above.''*

Again applying the envelope theorem for , as shown in the Appendix 3.1, and 

substituting into the first order condition (6b):

U'; = «/?£, [ /?(XU'U -  (I -  ^ ) + t/,t, ]  -  P E , [ X U l  -  (1 -  ^ )t//„ ]  (7)

Equations (7) and (6a) are the two Euler equations for leisure and consumption 

respectively. As desired, in the case o f no habits in leisure, equation (7) above fully 

reduces to a standard solution, given by equation (6b.NH).

In equation (7), the tenn

captures the effect o f changing leisure today on the future income, first via changes in 

labour income in the next period due to changes in future leisure demand, and second, via 

the effect o f the habit stock on cash-on-hand in the following period. At the same time, the 

tenn

See C. Mulligan (1998) for a detailed discussion of the importance of the intertemporal 
substitution in labour supply to the problems of macroeconomics.
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captures the effects o f  changes in today’s labour supply on the next period choice o f 

leisure, firstly via changes in habit stock o f leisure and secondly via an income effect.

Consider the following two cases:

Case 1: Habits are a multiplicative constant o f  past leisure demand, so that A =  0 ,  in 

which case,

K  = RfiE, -  /?{/,'.;] + fiE, ].

This implies that marginal dis-utility o f labour today is equal to a discounted sum 

o f the expected marginal value o f future consumption, plus the expected marginal 

disutility o f leisure tomorrow. In addition we subtract the trade-off between 

leisure and consumption tomorrow arising due to the leisure effect on cash-on- 

hand in the following period. This implies that leisure demand shall be 

consumption and leisure driven, with the habits effect being fully detennined by 

consumption changes alone.

Case 2: Habits are fully catching up with labour supply, so that A =  1, in which 

case u: = R/3E, [ / ) ( / , '; ,  + U ,'., ]-/!£, [ t / ; ,  ],

which implies that the marginal utility o f leisure today must be equal to the

discounted expected marginal utility o f consumption tomorrow (income effect)

less the effect o f  habit stock changes on leisure demand tomorrow. Hence, any I
II

change in leisure from period to period is influenced by the changes in habit I

stock.
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The above discussion can be made more transparent by observing that the substitution o f 

equation (6.a) into equation (6.b), after applying the Envelope theorem result for/?,^,:

From equation (8), the marginal disutility o f labour supply can be broken down into two 

major components. The marginal utility o f consumption due to foregone leisure that 

depends on both the opportunity cost o f consumption today, r, and the habits cost o f 

adjusting labour supply, A . The second component is the marginal effect o f present labour 

supply decisions on the future marginal utility o f leisure through the direct effect on 

leisure demand tomorrow plus the effect on habits stock o f leisure.

3.2.2. Specific Form.

Next we specify the within period utility function:

Equation (9) represents a version o f the more general Box-Cox specification in the 

absence o f person-specific and age-specific taste shifters, as is standard in the literature. In 

this specification, leisure is a habitual good in the sense that holding the marginal utility o f

dL, r.wealth constant, -----^  0 (as in Becker, 1992). Furthermore, leisure will be addictivedh,

whenever — < —  around the steady state values o f leisure and habit stock (following 
dhi /?,

Becker and Murphy, 1988).

U!' = ~ { r  + A)U:' (8)

(9)
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In equation (9), fJ indexes the importance o f  habits in the utility. Ifcr = 0 ,  then habits do 

not enter the determination o f  labour supply and agents care only about the level o f leisure 

demanded (labour supplied) in any given period. For any 0 < cr < 1, consumers care about 

both leisure demand today and how it compares with the habit stock. Finally, in the case 

o f  cr =  1, consumers care only about the extent to which leisure consumption compares 

with a stock o f  habits. For illustration purposes, consider the case ofcr =  0.5 . A person 

supplying 0.2 units o f  labour today, having a habit stock o f  0.1 unit will then have the 

same utility as a person with both supply level and a stock o f  habits equal to 0.4. 

Increasing a  to 2/3 implies that the first agent will have the same utility as a person with 

either 0.4 units o f  labour supply and higher habit stock, or with the habit stock o f  0.4 units 

and labour supply in excess o f  0.8 units.

Our choice of specification (9) is supported by the following reasons;

• Whenever labour supply is positive, habits will always be positive, so that the 

CRRA utility function does not allow for a negative infinite utility'.

• Equation (9) generates non-decreasing absolute risk aversion and permits for a 

precautionary motive for saving (see Note 1 for details).

• Specification (9) avoids the existence o f  a ‘bliss point’ beyond which additional 

consumption and/or leisure demand reduce utility.

Define z, =  —  . From definition (9), using equation (8), the Euler equations for leisure
h

and consumption (6.a) and (7) are given by:

(10a)
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Similarly, for equation (8):

hr wir  + A)
 ’- € 7 ° +  J3E,

L   ̂  ̂^ 1+]

J f  \  'v+i y
(lOc)

Note that in the case o f  no habits, 1  =  \, a  =  Q , { 1 )  and (I Oa)-(lOc) yield Euler equations 

for the standard PIH model. Specifically:

t ; ; - =  (7.N H )

Z ./ =  /3E,L~,1  ̂ +  M’C~" ( I Oc.NH)

This implies that the marginal disutility o f  labour today is equal to the present discounted 

value o f  the marginal disutility o f  labour tomorrow. At the same time, by equation 

(I Oc.NH) the real value o f  the marginal disutility o f  labour today in terms o f  consumption 

brought forward one period to tomorrow is equal to the sum o f  two components. The first 

com ponent captures the real present discounted value o f  foregone future leisure that arises 

from the income effect o f  the current labour income being carried over to tomorrow. The 

second component is the marginal utility o f  consumption tomorrow arising from the 

addition o f  the carried over labour income.

Com bining equations (7.NH ) and (1 Oc.NH) and assum ing that R /i  =  1 we have:



A s with  the  general case , no exp l ic i t  c losed  en d  solution  ex is t  to  the  p rob lem  in the 

p rese n ce  o f  uncerta in ty .  H ow ever ,  E u le r  eq u a t io n s  (10a ,b )  can be n um erica l ly  so lved  for

op tim al values  o f  C, at so m e  set o f  grid  po in ts  in ( x , / ? )  space. Instead w e  w ill  focus  

on ana ly tica l  so lu t ions  in the  case  o f  perfec t  foresight.

Part 3.3. Perfect Foresight Solutions.

M a n y  m a c ro e c o n o m ic  p rob lem s can y ie ld  usefu l in s igh ts  w h e n e v e r  it is p o ss ib le  to  so lve  

fo r  the  d e ten n in is t ic  s teady  sta te  va lues  o f  the  pa ra m e te rs  o f  interest. A s  the  fo l lo w in g  

show s,  it is poss ib le  to  so lve  ana ly tica lly  for  the  s teady  sta te  v a lu es  o f  the  pe r fec t  fo res igh t  

vers ion  o f  o u r  m ode l.  It is a lso  poss ib le  to  so lve  for the  d y n a m ic s  o f  the  m ode l a lo n g  the  

a d ju s tm e n t  path to  the  s teady  state.

3.3.1. Solutions for the Steady State.

D efm e  z, =  L, /  to  be the  ratio  o f  labour  supp ly  to  hab its  stock. A ssu m e ,  as  s tandard

(see  C arro ll ,  2 0 0 0 )  that in the  perfec t  fo re s igh t  so lu tion  case , con su m p tio n ,  labour  supp ly  

and  habits  g row  at cons tan t  g ro ss  rates:

^ i + i  b e  1 (12a)

(1 2 b )

h  -  / (12c)

N ote :  eq u a t io n s  ( 1 2 a ) - ( l2 c )  ho ld  in the  case  o f  no hab i ts  as  well.
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Defining A, = ft - 1  -  CT/lr,) , as shown in the Appendix 3.1, we can solve for the gross 

growth rate in labour supply in the steady state;

(13)

This implies that steady state ratio o f labour supply to habits stock is

“S’ i (14)

Hence, under the assumption that RP — \ we have:

“  br.xs' ~  ^ss ~  ^

Equating the present discounted value o f the household's resources to the present 

discounted value o f the household’s consumption, as shown in the Appendix 3.1, we 

obtain:

= ( '6 )

Using equation (8), together with the Euler equation (6a) and the fact that, as shown in the 

Appendix 3.1,

- { \ - X ) U ' ;  = V I  { X - \ - a X z ) ,

we obtain:

, vt ’ {r  +  A}

(1 +  /..xv)

By equations (9) and (15) we can solve for the steady state level o f  labour supply:

Lss =

 i_

[r + A-aA)
(18)
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Setting A = a  = 0 in equation (18) attains the solution for the case o f  no habits:

(18.NH)

As desired, equation (18.NH) confirms the result given in equation (11) under the steady 

state condition relating consumption and labour income, i.e. equation (16).

From equations (18.NH) and (18):

Likewise, in equation (18), setting Jl = 0 alone, so that habits stock is a multiplicative 

constant o f  past labour supply decisions implies that agents will choose to supply more 

labour iiours in the steady state than in tlie case o f  no habitual dependence in leisure.

In this specification, A measures the speed at which the habits stock catches up with the 

past period demand for leisure. Different studies o f  habits in consumption assume varying 

values of A for parameterisation. Models that use habit formation in consumption to 

explain the equity premium puzzle assume higher values o f  A than those where habit 

formation explains aggregate savings behaviour and growth.

In general, a higher speed o f  catching up implies a shorter period o f  transitional dynamics, 

in our case, from equation (14), VO < A < \ ,  z  > land  in particular, as A  1,

then z  . This implies that as the habit stock catches up with leisure demand, the

agents value more leisure in the recent past, relative to the leisure demanded in a more

distant past. As/^. ^  0 ,  then z ^  oo, ->  0 . Clearly, < 0 as desired in order to
dA
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prevent habitual stock o f  leisure from generating addictive properties, defined by Becker 

and M urphy (1988).

For the steady state values o f  leisure demand and habits stock, =  1, so that in the

steady state neither habits nor leisure demand exhibit any growth. Then the ratio o f  leisure 

demand to habits i s z  =  1. Thus in the steady state, the habitual stock o f  leisure fully 

catches up with leisure demand within each period.

Equation (18) provides a closed end solution for the steady state demand for leisure as a 

function o f  the speed at which habits catch up with the demand, the strength o f  habits and 

the wage rate. As in the standard habits-in-consumption models, the level o f  habits stock 

does not determine the steady state value o f  leisure. In fact, as in the standard habit 

fomiation models, the introduction o f  habits in leisure does not change the risk-aversion 

properties o f  the utility function at any point in time since the stock o f  habits is effectively 

fixed in any given mom ent. Thus by equation (9), a  and b continue to act as the 

coefficients o f  the relative risk aversion for consumption and leisure respectively.

However, the habits stock does evolve over time so that the intertemporal elasticity o f  

substitution for leisure is no longer given by the inverse o f  the C R R A  coefficient. As 

habits m ake it more possible for consumers to postpone leisure demand in response to 

income shock (or equivalently  to a wage shock), the infinite horizon intertemporal 

elasticity o f  substitution ( lE S) increases with habits. The reason for this is that marginal 

disutility o f  habits implies that in every period, households are interested in postponing 

the adjustments to the dem and for leisure. The incentives to do so are directly proportional 

to the strength o f  the habits effect in the utility function. Hence, in our case, the infinite
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horizon lES for leisure is given b y (^  — —l ))  . In the short run, as standard with the

habitual specifications in equations (9) and (3), the IBS with respect to teniporarj' changes 

in the interest rate, as the period o f  the temporary change approaches zero, the lES falls to 

the inverse o f  h.

Proposition 1. In case o ir  = S , faster convergence o f  habits ) will result in lower 

(higher) labour supply whenever a  <,> h -  a  {̂ b -  \ ) . k  stronger effect o f  habits

on the marginal utility o f  leisure ( T ) will be associated with a lower steady- 

state value o f  labour supply w henever^  <h — cr[h — V). However, in the case o f

a> b - a { ^ h - \ ^  stronger habits will result in higher labour supply whenever

r + A — a  > 0 . Furthermore, whenever a <,> h + a  [ \ — h) habitual leisure

demand is lower than leisure demand in case o f  no habits, i.e. <, > •

Proof: directly from equations (18) and (I 8.NH).

Note that since the speed at which the habits stock catches up with leisure demand does 

not enter determination o f  the infinite horizon lES, the first effects outlined in Proposition 

I are driven solely by the relative strength o f  the lES in consumption. The overall level o f  

labour supply in the steady state relative to the case o f  no habits, however, depends on the 

speed o f  adjustment in the stock o f  habits. The reason for this is simple. When speed of 

adjustment is high, or the strength o f  habits is low, so that r + A - a > 0 ,  agents face a 

higher opportunity cost o f  leisure along the adjustment path. This implies that they are 

willing to postpone leisure demand. However, at the same time, lower lES in consumption 

( a >  h - a { b - \ ) ) implies that they are simultaneously unwilling to scale down their
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demand for goods. This means that along the transition path they do not accumulate 

sufficient level o f savings to finance the higher demand for leisure in the future.

Controlling for leisure demand, along the approach path to the steady state, agents with 

higher habits will have higher consumption and savings (.v,) than agents with no habit

fonnation in leisure whenevero > b + (7{\ — h^ . This result follows from the following;

~  ^ 'n H i 11  ~  ~  ^ H l  ) ~  ^ N H i  ) 11 ~  ~  ^  Hi ) | T

Proposition 2. Whenever a <,> b + a  — b) , the steady-state wage elasticity of

substitution o f  labour supply will be positive (negative). Furthemiore, the absolute 

value o f  the wage elasticity o f  leisure demand will be decreasing in the strength of 

habits in the utility, cr , and independent o f  the speed with which the habits adjust 

toward the steady state, A..

Proof: from equation (18)

d lo g L , ,  _  \ - a  [ > 0  i f  a < b - ( r { b - \ )

d \ o g w  a - c r ( l - ^ ) ) - / ) [ < 0  otherM’ise

For any o > 1 the result follows. {QED)

The intuition behind the above results is straightforward. Habits reduce the household 

willingness to adjust labour supply in response to exogenous shocks both across time and 

vis-a-vis consumption within each period. A higher lES in consumption relative to labour 

supply implies that the above habits effect is amplified. Hence exogenous change in 

wages has a dual effect on household choices. The first effect is due to a smoothing
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motive: as the households smooth their  leisure demand, they adjust their labour supply so 

as to account for the negative effect o f  future habits on the marginal utiiitj' o f  leisure. As s 

result, the wage elasticity' o f  labour supply falls. On the other hand, households are slowly 

adjusting leisure demand against consumption. Changes in consumption allow for the 

sm oothing o f  leisure dem and are limited by the intertemporal w'iilingness o f  consum ers  to 

adjust both their labour supply and their consumption. Thus higher intertemporal elasticity 

o f  substitution in consumption acts to decrease responsiveness o f  leisure demand to wage 

changes reinforcing the direct effect o f  habits.

This result is important in the context o f  the traditional models. M any empirical estimates 

o f  the w age elasticity o f  labour supply show that the m ajor puzzle in modern econom ic 

theory is the prediction o f  the high wage elasticity o f  labour supply in comparison to the 

empirical evidence. M cGrattan and Rogerson (1998) provide an extensive survey o f  

empirical literature concerning this theoretical puzzle. They argue that theoretical 

predictions o f  the macroeconom ic models imply that the elasticity o f  substitution between 

consum ption and leisure should be around 1. The reason for this is that leisure per capita 

shows no apparent trend over time even in the presence o f  rising wages. As show n in the 

present model, habitual dependence o f  leisure demand may provide at least partial 

resolution o f  the puzzle.

In addition, McGrattan and Rogerson (1998) state that although the aggregate hours o f  

w'ork remained relatively constant over time, the data show s large and persistent 

reallocations o f  leisure dem and across various segments o f  population. This generates yet 

another difficulty for the traditional macro m odels o f  labour supply. A ccording to the 

authors, ‘whether theory can account simultaneously for the relative constancy o f  

aggregate hours o f  w orked . . .and  the pattern o f  reallocations o f  hours worked across [the
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groups]  is an open question" (M cG ra t tan  and  R o g e rso n  (1998 ),  p age  3). O u r  m odel a l low s  

for  the  in te r-g roup  varia tion  in the  hou rs  o f  le isure d e m a n d e d  bo th  a lo n g  the  transition  

path  (by  in troducing  h e te rogene i ty  in A ) and in the  s te ad y  sta te  (by  a s su m in g  in te r-g roup  

v ar ia t ion  inc r  ). It fu r the rm ore  a l low s fo r  the  ag g re g a te  hours  o f  w o rk  per  househo ld  to 

rem a in  pers is ten t  o v e r  tim e. S o m e  o f  these  issues, as re la ted  to  the  possib il i ty  o f  

separa te ly  es t im a ting  w ith in  and ac ross  g roup  effec ts  o f  la b o u r  supp ly  d ec is io n s  are 

d isc u sse d  in the  A p p e n d ix  A .3 .2  b e lo w  and  in o u r  b r i e f  an a ly s is  o f  m ode l es t im ab il i ty  in 

the  section  3.4.2.

3.3.2. Dynamics around the Steady State.

F inally  as in Carroll  (2 0 0 0 a)  w e  can so lve  for  the  d y n a m ic s  o f  the  perfec t  fo res igh t m ode l.  

By eq u a t io n s  (1 2 .a ) - ( l2 .c )  and the  defin ition  o f  z, w e  have:

z  = C ,  ------- — -------  (20)
I — A  +

U sin g  equa tions  (9), (20 )  in (7)  u nder  the  a s sum ption  t b a t R / ^  =  1, as show n  in the 

A p p e n d ix  3 . 1, w e  have:

( I - A+ {(1 -  A+ Az, [I - 1„ ,  ]!
- h

L j + ^  1 ^ —h
^1+2‘̂ L .i+ i

w h e re  +  \ -  X) as de f ined  earlier.

A lte rn a t iv e ly  the  above  equa tion  can be re-w rit ten  as:
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I I ^ I r  —  I I

From equation (21), the growth rate in labour supply along the adjustment path w ill 

depend on the size o f the habits stock relative to labour supply at any given point in time. 

Note, we assume thatl + - 1) > 0 . However, along the adjustment path,

1 < > ,<  1 / cr may hold. Early along the adjustment path, z may be sufficiently large to

keep z,^. > 1 / cr . As z evolves over time, it moves closer to I . Thus, there exists a period

o f switch in the growth rate direction, t+i, where z,^, < 1 / cr .

This implies that stronger habits in the utility (highercr ), or a faster convergence in habits 

to the steady state level (higher value of  A )  w ill have different effects on the growth rate 

in labour supply depending on how far away from the steady state we are. In general, the 

sign o f the growth rate w ill be invariant along the ad justment path. However, the speed o f 

the adjustment w ill depend negatively on the strength o f habits in the utility.

Proposition 3. Along the adjustment path, the speed o f ad justment in labour supply

toward the new steady state w ill depend negatively on the strength o f habits in the 

utility,cr .

Proof: directly from equation (21).

160



3.3.3. Log-Utility in Leisure and Linear Habits: A special case.

In line with the established literature it is worth to consider briefly a specific fonn o f  the 

utilit}' function given in equation (9) that corresponds to the choice o f h = l . In this case the 

instantaneous utility function takes a logarithmic form in labour effort, which implies that 

labour supply and habits stock are separable within each period. The linear nature o f the 

relationship between the habits stock and leisure demand implies that intertemporal 

elasticity o f  substitution in consumption is dominated by the motive for smoothing o f 

leisure demand. Thus, assumption that a > 1 results in a more clear-cut analysis o f  the 

habits effect on leisure decisions o f the households.

Equations (18) and (18.NH) in this case yield;

1 (  +  ^  ]
l/(u-I)

-  I ( r  +  X ^

w

%1-1- ~  ^NH,SS 1-t-

This implies that Propositions 1-2 hold axa>  b = \ . Thus the wage elasticity o f labour 

supply is -1 ,  independently o f the strength o f habits and/or the speed o f habits 

convergence to the steady state. At the same time, the strength o f habits in the utility, cr , 

and the speed o f  habits convergence, X , both have a positive effect on the labour supply 

in the steady state. Since the habits stock is completely separable from the labour supply 

effect on the utility, the log utility specification o f preferences implies that response o f the 

labour supply to changes in the wage rate is driven by two forces. The first force is the 

need to smooth leisure demand overtim e that arises from the habits effect. The second 

force is the direct substitution between leisure demand and consumption. No interaction
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between substitution across the two goods and habits stock arises in the case o f the log 

utility specification.

Proposition 4. In the case o f  a logarithmic utility in leisure, along the

adjustment path to the steady state, the growth rate o f  leisure dem and depends 

negatively on the strength o f  habits in the utility function  ( c  ), and the speed at 

which habits catch up with the labour supply (X) .

Proof; by equation (21) and (20) above, setting b - 1  the result follows.

Proposition 4 implies that along the adjustment path, the labour supply response to income 

changes may depend on the direct effect o f  habits in leisure, through the strength o f habits 

in the disutility o f  work effort, cr , and indirectly through the speed at which habits adjust 

to the steady s ta te ,/I . A higher direct effect o f  habits decreases household propensity to 

adjust their labour supply in response to exogenous wage shocks. As a result, households 

are more willing to trade their current leisure in favour o f future time o f f  The speed at 

which habits move to the steady state will result in a higher rate o f growth in the leisure 

demand whenever the effects o f  the habits law o f motion will dominate the direct effect of 

the strength o f habits on disutility o f labour. The latter is guaranteed under the logarithmic 

utility assumption, a > h = l .
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Part 3.4. Empirical Evidence on Habit-Dependency in Labour  

Supply.

In the Introduction to Ciiapter 3 we provide extensive survey o f  tiie literature on time- 

dependence in the labour supply / leisure demand. A ppendix 3.2 below develops an 

estimable model o f  habits in leisure and discusses theoretical aspects o f  econometric 

estimation. In this section we first provide a further survey o f  literature on the topic o f  

labour supply dependency on past choices that compliments the extensive discussion 

supplied in the introduction section o f  this chapter. In the second part o f  the section we 

report some o f  the estimation results for the model supplied in the Appendix 3.2.

3.4.1. Survey of Literature on Persistency o f Labour Supply.

Millard et al (1999) examine the ability o f  six models o f  labour markets to account for 

business cycle behaviour o f  the UK labour markets. They com pare the standard 

neoclassical labour market model, the indivisible labour model, a model o f  labour 

hoarding, search model, G a i i ’s imperfect competition model and a model with 

distortionary taxation against each other with respect to the m odels’ ability to account for 

empirical regularities in labour supply.

Millard et al (1999) conclude that all o f  the models share in their main failures to: (a) 

produce sufficiently volatile employm ent and unemployment; (b) explain low correlation 

between employm ent and wages and (c) generate significant persistency in labour supply, 

present in the data at the intensive margin. As argued above, presence o f  habits in labour 

supply /  leisure demand can help us account for (a)-(c).
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Blanchard and Summers (1986) famously argued that the European unem ploym ent 

dilemma can be explained via the hypothesis o f  hysteresis. Under classic hysterisis 

hypothesis, negative econom ic shocks tend to produce in the European case pem ianent 

changes in unemployment. Millard et al (1999) use Cochrane (1988) unit root m ethod to 

measure persistence in the UK labour market variables. They show that as in Blanchard 

and Summers (1986), average hours o f  labour supplied show close to random-walk 

behaviour, consistent with strong persistence. In Chart 8a (Millard et al, 1999 page 30) 

they provide both the actual data and the dynam ic responses o f  six models on the 

persistence o f  unemployment. The figure shows that overall all six models fail to capture 

strong persistency in unemployment, and specifically that the intensive margin m odels fail 

to match persistency in hours supplied.

The evidence supplied by Millard et al (1999) shows that a large share o f  persistency in 

the hours supplied cannot be accounted for by the standard models o f  labour supply. This 

leaves signiilcant room for improvement. In the light o f  the model presented above, it may 

be o f  interest to consider simulating the six models in the presence o f  habit fonn ing  

mechanism in labour supply in order to com pare impulse responses o f  the m odels to the 

actual data on hours persistency.

Van Rens (2004) surveys some literature and evidence that show that contrary to the 

extensive margin (em ploym ent level) adjustments, the intensive margin (hours supplied) 

adjustments do not lag, but rather lead the fluctuations in the output. He concludes that 

this effect is due to the ‘s torage’ technology that allows f inns to adjust intensive margin at 

the beginning o f  the expansionary cycles. However, a simpler explanation can be provided 

by the model o f  habitual dependence in labour supply, i f  labour supply at intensive margin 

is ‘sticky’ over time, then at the time o f  expansion, hours supplied will indeed lead the
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output. The downward stickiness in hours supplied implied by the habits mechanism 

described above will mean that firms have more leeway in switching workers into lower 

pay in the periods o f  downturn, while being able to release more supply o f  labour in times 

o f  expansion.

Van Rens (2004) concludes that in the short run, intensive margin can absorb large share 

o f  the positive shock to output, while in the long run, the fimis must rely on extensive 

margin adjustments. This is broadly consistent with predictions o f  the model above. In the 

short run, persistent labour supply implies that workers are rigid in downward adjustment 

o f  their hours o f  work and the firm experiencing positive shock to output can exploit their 

lower responsiveness to wages to ‘store’ their labour in times o f  lower output and release 

this labour at lower cost in case o f  upturn. This implies that under our assumptions on 

labour force participation, the habit formation model helps to improve labour supply 

modelling along the intensive margin o f  adjustment. As the econom ic expansion 

continues, the finns fmd themselves unable to stimulate greater supply o f  labour w hen the 

agents are habits-constrained. The firms, therefore, must switch into hiring new workers -  

an extensive margin adjustment.

In a study o f  hours supplied in Britain between 1975 and 2001, Kalwij and Gregory 

(2004) confimi the results o f  Millard et a! (1994) and van Rens (2004) with respect to the 

observation that extensive margin adjustments have recently becom e more important in 

the firm level response to changes in output and labour market flexibilities than 

adjustments at the intensive margin.

Figura (2004) studies empirical evidence on the links between the changes in the 

w orkw eek flexibility and the hours o f  labour supplied and demanded. The paper first
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develops a structural model o f  hours dem anded and supplied and then applies the model to 

the data  for two periods: 1972-1987 and 1988-1996 using data from the Current 

Em ploym ent Statistics survey in the US. The study fmds that overall increases in 

w orkw eek  flexibility have resulted in firms relying more on the extensive margin 

ad justm ent to increase labour supply than the intensive margin. The results are consistent 

with the variation in mean w orkw eeks across industries being due to employment 

flexibility (extensive margin) rather than w orkw eek  flexibility (intensive margin).

These results reflect reluctance on beha lf  o f  the workers to supply greater hours during the 

growth periods and to reduce hours supplied in periods o f  lower growth. Figura (2004) 

docum ents the evidence that over the past 20 years, the average workweek trended 

upwards, but that the increases in the w orkw eek  flexibility were not likely to be the cause 

o f  this trend in hours supplied. The above conclusion also fits our analysis o f  the effects o f  

habits in labour supply that include lower responsiveness o f  hours supplied.

Since the first wave o f  changes in 1990 in the Earned Income Tax Credit (EITC), a 

grow ing  literature in the US is being devoted to the responses in labour supply to changes 

in welfare benefits. M eyer (2002) provides a b r ie f  survey o f  the evidence concerning the 

effects o f  welfare reforms on single mothers and w om en with no children for the period o f  

1986-2000. Overall, the study concludes that theoretical models o f  labour supply have 

failed to capture the real world data behaviour. In theory, the EITC was expected to 

decrease hours worked am ong those already in em ploym ent. However, M eyer (2002) 

argues that hours worked by mothers with high school education were constant over the 

EITC expansion during the 1990s, while hours supplied by mothers with more than high 

school education have risen slightly. The effects were robust when the intensive margin 

was measured in weeks per annum  terms and when it was measured as hours per week.
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In the context o f  our model presented above, this evidence can be viewed as consistent 

with the sluggish response to wage/income incentives in the labour supply induced by the 

presence o f  habits in labour.

Finally, an interesting evidence on persistency o f  hours supplied comes from the studies 

o f  the second jo b  holdings. Boheim and Taylor (2004) survey this literature and consider 

the data on second jo b  holdings in Britain and the US. They conclude that the second jo b  

holding both at the extensive margin and intensive margin is ‘surprisingly persistent over 

t im e’. Yet, ‘second jobs are not a measure to smooth labour supply over t im e’. These two 

conclusions can be interpreted in the context o f  supporting the habituality o f  labour 

assumption made in the present paper. If labour is habitually detennined, then second jo b  

holdings at intensive margin will be subject to the same persistency as the main job- 

related supply o f  hours. At the same time, agents will be reluctant to trade hours in the 

second jo b  for hours in the first jo b  in the process o f  smoothing labour supply.

Boheim and Taylor (2004) show that for all workers in employment, about 60% who had 

a second jo b  in a period preceding the interview, also had a second jo b  in the following 

year. O ver the course o f  two years following the original interview approximately 50% 

will continue to hold a second job. Equally persistent were the hours supplied at both the 

first and the second jobs. In addition, agents w ho  stopped working in their second jo b s  

compensated their lost second-job hours by increasing their first-job hours by exactly the 

same num ber o f  hours lost. Thus the authors conclude that the second jo b  holding cannot 

be viewed as a temporary measure to adjust for fluctuations in labour supply.

All o f  the reviewed evidence points to the fo llowing possible conclusions:
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• There exists significant t im e-dependency in labour supply decisions at the 

intensive margins;

• Persistency in labour supply responses to exogenous shocks cannot be explained 

by the existent models o f  labour supply;

• Fluctuations in labour supply are not driven by changes in wages and workplace 

flexibility', leaving room for existence o f  alternative explanations for changes in 

labour supply over time;

•  Differences in labour supply are present across the countries, regions and even 

neighbourhoods;

• Agent characteristics, such as gender, children status, education, etc. are 

significant in determining the level o f  hours supply, but not the degree o f  hours 

supply persistency.

These and other conclusions that can be drawn from the literature surveyed above and in 

the introductory section o f  the paper w arrant exploration o f  the alternative m odels o f  

hours supply, such as the one presented in the present paper.

3.4.2. Estimation of the Labour Supply Model with Habits.

In Gurdgiev (2000a) we attempt preliminary investigation o f  this issue. We use data for 

1987-1990 SHIW  (Surx'ey o f  Household Income and W ealth) collected by the Bank o f  

Italy in order to estimate the model presented in the Appendix  3.2 below. The overall 

sample included 328 households and the detailed discussion o f  data is provided in 

Gurdgiev (2000a). W e use Full Infomiation M axim um  Likelihood (FIM L) to estimate a 

system o f  equations presented in the A ppendix  3.2.
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T ab le  3.5 be low  sh o w s the  es t im a tes  o f  eq ua t ions  (A .2 .10 )  and (A .2 .1 1 )  for  the  base line  

case  o f  no  habits ,  i.e. c r .  =  cr =  0 . F o l low ing  this, w e  c o n d u c te d  a search  for  the  values
^  I  H I

o f  hab i ts  pa ram ete rs  cr^ and  on the  grid  o f  po in ts  [0 ,0 .025 , 0 .0 5 , . . . ,0 .4 7 5 ,0 .5 ]  for  the 

total o f  441 grid points .  T he  se lec tion  cr iter ia  fo r  the  op tim al va lues  o f  hab i ts  param ete rs  

( T ! and w as  m a x im isa t ion  o f  (A .2 .10)  and (A .2 .11). T h e  result  o f  the  grid search w as

th a t  the  op tim al hab its  pa ra m e te rs  w ere  cr^ =  0 .0 5  and  =  0 .0 2 5  . T h u s  w e f ind  that

u n d e r  the  restric ted  grid  search,  m a x im is in g  the  firs t  o rd e r  co n d i t io n s  on leisure dem an d  

w as  cons is ten t  w ith  the  m a le  hab i t fo rm a tion  effec ts  o f  the  pas t  le isure ch o ice s  be ing  

sm a lle r  than  tha t for  the  fem a le  subsam ple .  W e con jec tu re  tha t  this  d i f fe rence  m a y  be due  

to  the  trad i t ional  o rien ta tion  o f  the  Italian fam ily  s truc tu res  in a s s ig n in g  g rea te r  househo ld  

w o rk  ac tiv i ties  to w om en .

in T ab le  3.5 w e  report the  es t im a tes  for  the  case  o f  no  habits ,  in the  case  o f  es t im ation  

based  on the  reduced  fo rm  equa tions ,  m ult ip le  co rre la t ion  coeff ic ien ts  m e a su re  the 

p ropo rt ion  o f  o r ig ina l v a r iance  in the d ep e n d en t  va r iab le  tha t can  be exp la ined  by  the 

m o d e l  w ith  habitual le isure d em an d .  S ince  the  m arg ina l  ra te  o f  subs t i tu tion  equa tions  

inc lude  en d o g e n o u s  variab les ,  the  m e a n in g  o f  R -squa red  is u n c lea r  in the  m odel.  T he  total 

su m  o f  squares  ca n n o t  be parti t ioned  into  exp la ined  and  unex p la in e d  su m s  o f  squares  for  

the  s im u lta n eo u s  equa tions ,  s ince  the  res idua ls  are  n o t  o r thogona l  to  the  exp lana to ry  

var iab les .  T h u s  in som e cases ,  the  n eg a t iv e  m ult ip le  co rre la t ion  coeff ic ien ts  are  possib le.

T h e  es t im a ted  s lope  coeff ic ien ts  at  large are  found  to  be  insign ifican t.  T h e  in te rcept 

coe f f ic ien ts  are s ign if ican t  in both equa tions .
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Based on the grid search results, we report the final estimation o f  the model (equations 

(A.2.10)-(A.2.12)) in the table 3.6 below for the choice o f  habits parameters <Ĵ  =  0 .05

and CT  ̂ — 0 .0 2 5  . The estimated intercept coefficients are not significant. Estimated

coefficient on age variable is different between males and females, with both coefficients 

determined imprecisely. Hence, the model predicts that in the presence o f  gender- 

dependeiit habits in leisure, female preferences for leisure decline with age faster than 

those for the males. Since both coefficients are negative, the marginal rate o f  substitution 

between m ale (female) leisure and the composite  consumption increases, and therefore 

male (female) intensive margin labour supply will increase as well.

The sign coefficient on children implies that female intensive margin labour supply is 

decreasing in the num ber o f  children via a higher marginal rate o f  substitution between 

female leisure and the composite  good. The estimate o f  taste shifter parameter on children 

obtained in Gurdgiev (2000a) is relatively close to the one obtained by Heckman and 

M aCurdy (1980).

Estimates o f  the parameters defining the intertemporal elasticity o f  substitution in leisure 

dem and, y  and 6  are not significant, as consistent with Heckman and M aCurdy (1982). 

In sign, both estimates support concavity o f  preferences. Since y  > 0  conclude that 

male labour supply is more responsive to changes in w'ages than female labour supply. 

This result is in contradiction to many empirical studies, which usually yield more elastic 

female labour supply. The reasons for this can be manifold.

First we use data that aggregates part-time hours and full-time hours, so that (a) time 

constraints and (b) extensive margin decisions are o f  importance in the model.
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Second, we use imputed pre-tax income where tax bractcets are imposed uniformly on 

both male and female wages w'ithout differentiation in tax rates that apply in the real 

world.

Third, the estimated parameter values are sensitive to our choice o f  the strength-of-habits 

parameters that were selected on a basis o f rather restricted choice. If the real difference in 

the habits strength between men and women is smaller, so that a ^  and cr„, are closer to 

each other, the estimates o f elasticities will also likely to converge.

Fourth, we lack sufficiently long panel required for precise estimation o f the parameters 

on time dependence. Fifth, exacerbating the form er problem, we also lack sufficiently 

large cross-section required to capture the true differences in parameter values.

Finally, in accordance with our assumption on strict concavity, the estimate o f (p is 

positive and significant. The estimated coefficients for the Euler equation (A .2 .12) shows 

that we have risk averse households (ft; < 1) and both p  and 0) are statistically 

significant.

The results o f  Gurdgiev (2000a) can be treated as only preliminary indicators o f the 

importance o f habitual dependence in labour supply / leisure demand. Future 

developments in the study will have to include expansion o f the grid search and more 

detailed partitioning o f the grid space. Alternatively, the new studies can attempt direct 

estimation o f habits parameters via instrumental variables approach.
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Part 3.5. Conclusions.

Use doth breed habit...

W. Shakespeare, The Two Gentlemen o f  Verona.

Building on the traditional habits in consumption literature, our model presents two major 

innovations. First we augm ent the standard model by including endogenous labour supply. 

Unlike a small num ber o f  recent papers (for example, see Graham, 2003), our model 

derives explicit closed end solutions for the variables o f  choice under both general and 

specific functional form assumptions. Second, we introduce time inseparability in the 

househo ld ’s preferences over leisure dem and/labour supply.

As established above, the presence o f  habits in individual preferences for leisure acts to 

account, at least in part, for some o f  the empirical regularities found in macro data. 

Incorporating time dependency in leisure demand allows for modelling persistence in 

hours o f  labour supplied in response to exogenous shock to wages. Thus, in contrast with 

both habits-in-consumption and standard m acroeconom ic  models o f  consumption, our 

model better captures the empirically observed low w age elasticity o f  demand for leisure.

In contrast to the present model and the stylised m acroeconom ic  facts, habit formation in 

consumption models that com m only  assum e exogenous labour supply, achieve time 

persistence in consumption at the expense o f  inertia in leisure demand. The inclusion o f  

endogenous labour supply in the habits-in-consumption models, as shown in Graham 

(2003), does not alter this shortcoming.

The model proposed in the present paper generates, in a case o f  no aggregate uncertainty, 

a stable and well-defined steady state for leisure that is independent o f  the actual stock o f
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habits. However, as habits stock evolves over time, consumers have an incentive to 

postpone any adjustment in leisure demand so that the infinite-horizon intertemporal 

elasticity o f  substitution in leisure does increase w'ith the habits stock. This results in the 

added incentives for households to postpone adjustment in the leisure demand over and 

above the traditional substitution and income effects.

As shown in the Proposition I, time inseparability in leisure demand enters the 

detennination o f  the steady state hours o f  labour supply via the relative effects o f  habits 

on utility ( a  ) and the rate at which the habits stock catches up with leisure ( A) .  

W henever households are more willing to trade across time in consumption than in 

leisure, the smoothing effects o f  habits in leisure dominate household decision making. 

The households with a higher importance o f  habits in the utility, or households with a 

h igher speed at which habits adjust to the steady state, will demand more leisure and 

supply less labour in response to the positive wage shock. In this case, leisure and 

consumption will act as gross complements. For the households, which are more willing 

to trade in the leisure com ponent o f  the utility than in consumption across time, a stronger 

habits effect will imply that leisure and consumption will act as gross substitutes. Overall, 

households with a weaker intertemporal elasticity o f  substitution in consumption than in 

leisure will have a lower labour supply in case o f  habits than in case o f  no habits in 

leisure.

Due to the presence o f  habits, these effects translate into the lower, in the absolute value, 

w age elasticity o f  substitution in leisure than in the case o f  intertemporally separable 

preferences for leisure. Proposition 2 establishes this fundamental effect o f  introducing 

time-inseparability in leisure into the within-period utility function.
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Finally, the model allows for de tennin ing  the speed o f  adjustment in labour supply along 

the path to the steady state in response to an exogenous shock to wages. From Proposition 

3, the growth rate in leisure dem and will depend negatively on the strength o f  habits in the 

utility function and the speed at which habits catch up w'ith the demand for leisure.

As expected these results replicate some o f  the main implications o f  the habit formation in 

consumption models without resorting to an assumption that agents are unwilling to adjust 

their immediate consumption in response to changes in income, and by simultaneously 

addressing the issue o f  time persistence in hours o f  labour supplied. Given the empirically 

documented strong time-persistence in leisure dem and, both at macro and m icro data 

levels, the proposed model appears to provide a more intuitive and a potentially better 

fitting approach to modelling household behaviour, than habit formation in consumption 

mechanism. Specifically, as argued above, the model allows us to capture time persistency 

o f  labour supply and to reduce the labour supply sensitivity to exogenous shocks. These 

results present a problem for the traditional models o f  consumption and endogenous 

labour supply.

In A ppendix  3.2 below we discuss in details the direction for possible research in 

empirical estimation o f  the m odels o f  labour supply in presence o f  habit formation in 

labour.

How ever these positive results com e at the expense o f  sacrificing the main advantages o f  

the standard habits-in-consumption models. N am ely , in our model since consum ption is 

assumed to be non-habitual, gradual adjustment o f  leisure demand implies that 

consumption acts as a shock-absorbing variable. This yields jum p-discontinuous 

instantaneous adjustment dynam ics  in consumption.
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The latter shortcoming o f  the model presented above warrants examination o f  the 

alternative specifications with an aim o f  developing a plausible macroeconom ic model 

that would account simultaneously for the delayed response in consumption and leisure 

demand. Such a model may incorporate the possibility' for jo in t  determination effect o f  

consum ption and leisure demand on the reference stock o f  habits.

However, despite the shortcomings o f  the model, mentioned above, the empirical 

investigation o f  the effects o f  habits in leisure dem and / labour supply can be warranted 

within the context o f  standard labour supply literature, as discussed in the introduction, 

part 3.4 above and the Appendix 3.2 below.
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Appendix 3.1. Mathematical Derivations.

In this appendix w e provide details o f  the derivations for the main equations stated in the 

text.

M axim ising (1) subject to constraints (2) and (3) yields equations (6a) and (6b) at the first 

equality sign.

Applying the Envelope theorem for x , on the standard value function :

(3L, dX.,..

Substitution o f  this standard Envelope theorem result into condition (6b) at the first 

equality sign yields the second equality. Likewise, substitution o f  equation (A. I) into 

equation (6a) and then using the result in equation (6b) yields

= R/^E,U^,, (A .2)

U I ^ = - m'U ‘;-J3A E ,V ;:, (A .3)

N ext we apply Envelope theorem for h ,:

' J? , o t ,  ai, dL, di, ' V ' '+1

Roll equation (A .4) forward one period and substitute into equation (A .3) to get:

=  - ^ , v ;  -  p lE ,U l ,  -  (1 - ( A. 5)

Roll equation (A .4) forward one period and solve for

pxEy!:,=-wE,v,i,-E,v::,

Substitute the above into equation (A .5) and use equation (A. I )  to obtain:
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u ;  = - j { r  + X ) V :  -  p [ X E , U l ^ ( \ - A ) E , U ^  (A.6)

Roll equation (A.6) one period forward and solve for

Combine equations (A .l)  and (A.6) and use equation (A.7) to obtain equation (7) in the 

text. Equation (7.NH) follows directly from this. Likewise, under assumption (9) 

equations (10.a) through (lO.c.NH) in the text follow trivially.

For perfect foresight solutions, consider preferences defined in equation (9):

I j ' ^ - (A.8)

U ‘;  = -aU ' -z ,  =

This implies that

;i t / ; : , -  (1 -  = -{aAz,  + \ - A  (A. 10)

Rolling (A. 10) to periods t+1 and t+2 and substituting into (7) results in 

V'; = R p k U l , - { k -  R p ) u l ,  (A . l l )

By (A.8), (12) in the text, (A. 11) can be expressed as:

+ { R p -  (A. 12)

Condition (A. 12) is a quadratic equation that has one root satisfying the stable steady state 

(see Carroll, 2000 for details), given by equation (13) in the text. Assuming R ^ =  1 yields 

equations (14) and (15) in the text.

To find the present discounted values o f  the choice variables in the infinite horizon 

problem:
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+ H"
R R-

C R

R -  CT(

Setting R P  =  1 implies that cr^ =  1, so that

/> D P ; ( c , ) = ^ (A.13)

Similarly,

P D V , { w L , ) =  wL„ + "TT + "T tr + ••• R R^
w L R  m' L R
R -  a .

(A.14)

and

(A.15)

RC^  =

Now, observe that by equation (2) in the steady state;

(A. 16)

while by adding equations (A. 14) and (A. 15) and setting the result equal to the present 

discounted value o f  consumption given by equation (A.13) we obtain:

+  (A. 17)

So that conditions (A. 17) and (A. 16) together imply:

(A.18)

This attains equation (16) in the text. Using equations (16) and (A .10) we have equation 

(17). Applying assumed specific form (9) we obtain equation (18) and trivially equation 

(18.NH).

To prove Proposition 1, take logs o f  both sides o f  equation (18) in the text and 

differentiate the result with respect to cr and X . By the restriction 0 < Z,, < 1 the results 

follow.
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Proof o f  Proposition 2 is provided in the text.

Next we want to derive the equations governing the dynamics o f  the model along the 

adjustment path to the steady state. First note that we can rewrite

„ _ h l  _  t: ^> -1  ^1-] -  S  -  •^ '-1  _________________

which yields equation (20) in the text.

Using equations (A.8) -(A. 10), setting R(i - 1 in equation (7) we obtain:

u; = -/» [l + A(az„, -  0 ] y ;.;  + I/,'., f  -  I))] (A. 19)

By assumed specific form in equation (9):

uL ‘ -l::,icV' (A.20)

By equation (3):

^  = 1 + 4 - , . , - 1 - 0  (A.2I)

SO th a t

f r = -  or ' "" (A-22)

= (A.23)u.

Substitute equations (A.23) and (A.22) into equation (A. 19) and solve for to obtain 

equation (21) in the text. Proposition 3 follows directly from equation (21) as follows: 

rewrite equation (21) as:

(A.24)

where
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/ l ,( ; l .a)= /)- '[ l+A (<T Z „,-l)] '

J , y ,< r ) = l + / ; [ l  + l ( o r „ , - l ) ]

As standard, assuine that along the adjustment path, z, > 1, and that h > \ .  is 

increasing in A whenever z, ^ 2  < 1 /cr , while otherw'ise it will be decreasing. is always 

strictly decreasing in a . The converse hold for A-̂ . A-̂  and Â  are strictly increasing in 

both arguments. Taking logs o f  both sides o f  (A.24) we obtain:

A U ,o')
, ^ 2  = in Ai(A,o') + ln ^ 2 ( / l ,c r ) -  lnA^(Jl,a)+  In

By the above:

A , ( A ,  a )

A^(A,a) + 1 (A.24)

In

and

A 4 (A, a ) b  L . I +1
. _  jr-

> — ^ since along the adjustment path, z, 4̂  1 over time. Hence, b/.,M / 'S
d a  (9a

decreasing in the strength o f habits parameter, a .

Setting h=l  in the above and assuming a> h = l  attains the results in part 2.3. o f  the paper.
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Appendix 3.2. On Estimation of Labour-Leisure Habits Model.

Assum e that monotonic transformation G  is given by:

. K - i ]
G

0)
(A.2.1)

where / denotes household, and k denotes periods / , t+ l , . . .  T. Further assume that within 

period preferences are Box-Cox type:

+ r„
<p

+ o„

L nuk,

nuk - 1 /

~e
(A.2.2)

In equation (A.2.2) we define: as a composite consumption good which, as in

Gurdgiev (2000a and 2000b), can account for the presence o f  durable goods and standard 

goods. We also define leisure demand in period k as being separately determined for the 

h o u s e h o ld /, by female leisure demand and male leisure demand, . a  f and 

are parameters measuring the strength o f  habits in utility. These are assum ed to be gender 

specific. Finally, r,^, and are person-specific and age-specific taste shifters.

Define the composite good.

L ,  =  ^  for j= F , M.
/  ^  n k - \

(A.2.3)

Using definition (A.2.3) we can re-write equation (A.2.2) as

+ 0 ,
<p e (A.2.4)
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In tenns o f estimation, (0,(p,y and 6  denote unknown parameters o f the model. Note that

substitution, defining the percentage change in demand for leisure between two periods 

due to a percentage change in relative wage (Heckman and MaCurdy, 1980). Also, in 

order to satisfy concavity condition on the w ithin-period utilities, 0),(p,y  and 0  must be 

less than one.

We also assume that the person-specific and age-specific taste shifters, and are 

determined by a vector o f  exogenous and observable consumer characteristics 8, ,̂ and 

and the un-measurable characteristics and via the following:

Considering our definition o f the composite goods, the first order conditions for

i f  we set <y = ] ,  then — and l / ( ^ - l )  are the intertemporal elasticities o f

r,, + (A.2.5)

=  exp  { E, (A.2.6)

optimisation are’ ’ :

(A .2.7)

(A.2.8)

(A.2.9)

where:

P i denotes price level o f consumption good;

A, denotes the marginal u tility  o f wealth;

The detailed derivations o f these equations is given in Gurdgiev (2000a).
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labour market hours constraint multiplier.

Assuming that we use the data on the subsample of population with non binding 

constraints, the marginal rate o f  substitution equation can be re-written as:

In =  In L ,̂, -  CTj In = a,B„ + a . In ” \fn

V P i y
+ a, in Z„ + (A.2.10)

V.,d)f. 1 <P ‘
where a, = -— ^ , a, =  ------, a, = --------- , and z;,, =

’  ■ y .  ^ \ - y

Similarly, for male composite leisure demand;

L„„ =  In L„,„ -f7„, In = /),E„ + b, in
V p, y

+ b,\nZ„+l, (A.2.11)

where A, = 7 7 - ^ ,  b, = 7 , , and
1 —

Finally, the Euler equation for consumption is:

In [1 + ] + In [/?, /  ] + ( ^  - 1 )  in [Z„^, / Z„ ] =  -  In /? + In (A .2.12)

where =  ln [ l  + e,,^,] and is one period ahead forecast error.

Estimation o f  sub-utilities in the equations (A.2.10)-(A.2.12) can be done using the 

standard two-stage procedure. In the first stage we estimate sub-utilities in equations 

(A.2.10) and (A.2.11). The second stage will require estimation o f  transformation G and 

time preference parameter, /? using equation (A .2.12).
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To estimate tiie model we need to impose assumptions on taste shifters fo r leisure. 

Assume that preferences for female leisure depend on age and number o f children under 

the age o f  18. These variables form vector B , , . For male agents we assume that taste

shifting variable E,, is determined by age alone.

Next consider the issue o f  endogeneity o f the right hand side variables. By defin ition o f

= In + \nco, (A.2.13)

where ) is a continuous twice differentiable function for income taxes on

wage income (o>,/ / ,  )and interest incom e(r,/i, ,)  . Heckman (1974) shows that even in

the absence o f time-dependency in wages and hours supplied, the after-tax wage rate may 

be endogenous. Suppose unobservable variables, fo r example motivation to work, 

influence agent’ s preferences for leisure. Furthermore, suppose these variables are 

correlated w ith the wage rate. In the case o f motivation to work, a motivated person may 

be expected to collect higher wages and have stronger preferences to supply labour hours 

than an unmotivated one.

The most popular method for correcting such endogeneity is to include a separate wage 

determining equation with the right hand side variables such as education, work 

experience and other. For example, Macurdy (1983) addresses simultaneously this 

problem and the problem o f fixed effects in the case o f  estimation based on cross sectional 

data, by speciiying a quadratic wage function in age-invariant characteristics o f
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consumers. However, in absence o f extensive panel data suitable for estimating wage 

equations with agent-specific fixed effects, we cannot adopt this method.

Following Heckman (1974) assume that the wage rate is log-linear in work experience, 

experience squared and education, so that

(A.2.14)

where N is a set o f exogenous agent-specific characteristics. Education is measured in

years o f schooling and work experience is measures as age less 17, since we assume 

compulsory high-school equivalence.

The marginal tax rate is endogenous in the equation (A.2.13) above, since it depends on 

wages and interest income which in turn depend on agent's characteristics responsible for 

determination o f leisure demand. 7'hus we need to specify an instrumental equation for the 

tax rate. Assuming that variables determining the wage rate, plus the number o f 

minors/dependents in household are sufficient to detem iine the tax rate, the marginal tax 

rate can be instrumented by the following:

dS{<o,H,)
In = (A.2.15)

where j - f jn ,  and includes experience, experience squared, education and number o f 

dependents, all o f which are exogenous in estimation.

The equations to be estimated (A.2.10)-(A2.12) may include lagged values o f durable 

consumption goods on the right hand side. Gurdgiev (2000a and b) shows how the 

problem can be addressed.
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The complete model consists o f  the structural equations (A.2.10)-(A.2.I2), two 

instrumental equations for durables (if such are present), and instrumental equations 

(A.2.13)-(A.2.15). We assume that the error processes in the model follow multivariate 

normal distribution with mean zero and variance/covariance matrix H . We further assume 

that vectors of  errors are serially correlated, but are uncorrelated acorss the households.

Overall due to non-linearity in (p̂ , and endogeneity in equations (A.2.10)-(A.2.12), the 

model estimation requires use o f  non-linear simultaneous equations procedure. 

Furthermore, having four equations for coefficients and ft , , and three unknown

parameters y,(p and 0  requires parameter restrictions on two equations. Consistent with 

this, we can use Full Infomiation Maximum Likelihood procedure for estimation.
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Table 3.1. Measures of Labour Supply.

HW  denotes Hours Worked on average, per worker per annum

LS denotes a proportion o f  potential hours o f labour supplied

by the average worker, %.

HW(1979) LS(1979) HW(1988) LS(1988) HW(1994) LS(1994) HW(1998) LS(1998)

France 1667 38.69 1690 39.59 1674 34.86 1634 34.9

Germany 1699 37.74 1623 39.88 1527 35.28 1508 34.52

Italy 1748 34.3 1764 38.56 1682 30.58 na na

Norway 1514 41.8 1429 40.17 1431 36.9 1401 39.13

Spain 1936 34.23 1934 40.48 1746 29 1754 32.07

Sweden 1451 41.56 1485 43.97 1537 39.25 1551 39.61

US 1905 49.26 1785 49.02 1945 50.01 1957 51.58

Japan 2114 53.61 2078 54.4 1904 47.12 1879 46.64

Source; O ECD(I980), OECD(1997), OECD(1998), O ECD(l999).
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T ab le  3 .2 . H ours C o n stra in ts by Countrv'.

W ork Less and Earn Less 
(% o f population)

W ork More and Earn More 
(% o f population)

Germany 9.0 21.9

Great Britain 6.3 22.8

USA 10.1 32.5

Hungary 5.1 38.1

Italy 6.9 33.3

Netherlands 11.5 19.2

Norway 14.9 11.6

Denmark 13.7 10.8

Sweden 16.5 17.2

Czech 5.5 37.6

Slovenia 3.2 36.1

Bulgaria 1.1 67.7

Russia 0.8 76.5

New Zealand 6.8 29.6

Israel 6.0 43.5

Japan 16.1 23.6

Spain 6.7 29.9

France 14.9 20

Portugal 4.2 45.1

Cyprus 12.3 26.3

Switzerland 16.8 13.4

(Source: Henneberger and Sousa-Poza (2001a)).
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Table 3.3. Changes in the Hours Constraints: 1989 v. 1997
(differences in percentages)

W ork Less and 
Earn Less

No Change W ork M ore and 
Earn  More

W est Germ any -1.05 -7.33 8.39

G reat Britain -1.9 2.86 -0.96

United States 4.61 -4.4 -0.21

H ungary 0.16 -3.8 3.64

Italy 0.39 -2.69 2.30

N etherlands -0.78 -0.83 1.62

Nor\\'ay 7.97 4.77 -12.74

Israel -1.33 -6.04 7.38
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Table 3.4. Flexibilit>' in the Regional Labour Markets, 
UK, 1979-1998.

1979 1983 1987 1991 1995 1998

South 0.55 0.72 0.77 0.79 0.76 0.775

Northern Ireland 0.46 0.63 0.65 0.665 0.71 0.77

The Rest of the UK 0.52 0.62 0.74 0.75 0.745 0.755

Source: M onastiriotis (2004).
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Table 3.5. FIMLE of Marginal Rate of Substitution Functions. 

Case of no habits in leisure.

Parameters (standard errors). Case o f no habits: <7 f  = <J„, = 0

Female Labour Supply

Equation A.2.10

Constant Age Children a , <Ps

8.671 -0.0175 0.0202 -0.3198 0.0147 0.0333

(1.091) (0.0102) (0.0121) (0.2988) (0.0163) (0.0661)

Male Labour Supply

Equation A .2 .1 1

Constant Age

11.745 -0.0079 -0.6253

(1.909) (0.0082) (0.4592)
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Table 3.6. FIMLE of Marginal Rate o f Substitution Functions. 

Case of habits in leisure.

Parameters (standard errors). 

Case of habits: cr̂  = 0.05, cr„, =  0.025

Female Labour Supply
Equation A .2 .! 0

h

Constant Age Children 7 (P 9s

nAi% -0.0555 0.064 -2.1269 0.954 0.0333

(14.626) (0.0517) (0.0419) (2.909) (0.0461) (0.0661)

Male Labour Supply
Equation A .2 .11

<t>u

Constant Age 0

18.783 -0.0126 -0.5992

(9.977) (0.0075) (1.002)

Euler Equation
Equation A.2.12

P CO

0.0903 0.8599

(0.0038) (0.0668)
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Figure 3.1. Weekly Market Hours Worked per Person.

90

80

60

40

30

?0

#  ^  ^  4’ 4  ̂ 4- 4  ̂ 4' ^  •#•
Year

193



Figure 3.2. W eekly Hours Worked per Employee,
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Chapter 4.

Habits in Consumption, Transactions Learning and 

Economic Growth.

Part 4.1. Introduction.

Decades ago, macroeconomists such as Abramovitz (1956) and Solow (1956) found that 

m ost o f  the observed economic growth cannot be explained by conventional labour and 

capital measures. In trying to tackle the issue o f  growth, both authors pointed to the 

possibility that the changing quality o f  labour may be an important explanation for the 

inability o f  traditional economic models to account for the historical growth in the 

developed world. However, their consideration o f  labour force quality did not go far in 

capturing the major causes o f  the enhancement in labour efficiency.

4.1.1. The state o f  traditional thinking.

O ne way to think about efficiency o f  labour improvements is to introduce the concept o f  

learning by doing. Arrow (1962) cites the empirical regularity that after a new  aircraft 

design is introduced, the time required to build the frame o f  the marginal aircraft is 

inversely proportional to the num ber o f  the same model o f  the aircraft produced. Thus, the 

accumulation o f  knowledge occurs not as a result o f  deliberate efforts but as a side effect 

o f  conventional economic activity. The efficiency improvements in such a case depend on 

how  much new knowledge is generated by spillovers, given conventional economic
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activiU'. Non-dim inishing returns becom e possible due to externalities. Therefore,

A rrow 's  model both explains the source efficiency improvements, and introduces the 

possibility' o f  endogenous long run growth.

The explicit notion o f  investment in human capital, p ioneered by T. Schultz (1973), is 

another factor behind improvements in efficiency. He points out the importance o f  direct 

investment into acquiring skills and know ledge in the production process o f  the economy. 

Denison (1967,1985) emphasises that skills and knowledge can be acquired by education 

and on-the-job training. Additionally, he argues that human capital has to be regarded as 

an important input factor in the production function, and that the growth in years  o f  

schooling between 1929 and 1982 can explain about 25%  o f  the growth in per capita 

income during this period in the United States.

Later theoretical models o f  economic growth, such as Lucas (1988), Romer (1986) and 

Mankiw, Romer, Weil (1992) place even m ore emphasis on the investment in human 

capital as an important factor contributing to growth. M ankiw , R om er and Weil (1992) 

examine the implications o f  an augmented Solow model, which includes the accumulation 

o f  human capital. It becom es possible for them to explain w hy  the rate at which countries 

converge to their steady state is slower than predicted by the Solow model with a capital 

share o f  one-third. However, the forces o f  growth are still determined by factors which are 

exogenous to the model.

Hamilton and M onteagudo (1997) take M ankiw , R om er and W eil’s analysis a step further 

and try to explain changes in the growth rate over time and especially the slowdown in 

growth after 1973. They find that investment in physical capital, population growth and 

the initial level o f  output seem to matter to a great extent. T heir  striking point is that an
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investm ent into hum an capital cannot account for changes in grow th rates over time. 

How ever, B enhabib and Spiegel (2002) find that post-educational skills attainm ent effects 

on current grow th rates becom e significant if  one follow s N elson and Phelps (1966). 

These authors suggest that education facilitates the adoption and im plem entation o f  new  

technologies, w hich are continuously  invented at an exogenous rate. Therefore, 

productivity  grow th and the rate o f  innovation should increase w ith the level o f  

educational a tta in m en t in particu lar with the enrolm ent in secondary and higher 

education. H ow ever, in this context education is treated as an activity  exogenous to either 

production or consum ption decisions m ade by households.

A som ew hat different p icture is provided by L ucas’ and R om er’s theoretical approach, 

w hich claim s that persistent grow th is generated endogenously from the actions o f  

individuals in the econom y. The im plication o f  this reasoning is that the countries w hich 

save m ore, grow  indefinitely  faster and that countries do not need to converge in incom e 

per capita, even if  they have the sam e preferences and technology. N evertheless, there are 

tw o d istinctive points to em phasise. L ucas’ m odel supports the relationship  between 

productiv ity  grow th and the rate o f  hum an capital accum ulation, w hereas R om er argues 

tiiat the level-effect o f  education  is im portant.

4.1.2. An alternative view.

D espite the significant successes in the developm ent o f  the econom ic m odels that 

endogenise the prim ary sources for grow th, several problem s rem ain unresolved. First, all 

the m odels m entioned above im ply the one-directional causality  from  higher savings to 

h igher grow th. As argued by C arroll, O verland and W eil (1997, 2000), hereinafter 

referred to  as C O W , there ex ists grow ing em pirical evidence to suspect that this
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theoretically predicted causality is reversed in the real world at least for the OECD 

countries, while it may still continue to hold for the developing nations. Indeed, Carroll 

and Wei! (1997, 2000) propose a model o f  habits in consumption to reverse the traditional 

causality direction.

Second, implicit in the model of  human capital accumulation, the trade-off between time 

investment in learning and consumption occurs solely along the lines o f  foregoing labour 

input in favour o f  a greater investment into learning. While this channel o f  investment 

may well be the most prominent, investments o f  time into learning can impose other costs 

and tradeoffs. One o f  these costs can be associated with transactions time that is required 

for shopping and searching necessary to support consumption. Becker (1965) recognises 

this by saying that:

There is no exception in the traditional approach to the rule that a pure rise in 

earnings would not induce a decrease in hours worked  (or in the context o f  this 

paper in resources allocated to broad capital accumulation). An exception does 

occur in (our model) /?>/' i f  the time and earnings... were negatively correlated a 

pure rise in earnings M'ould induce substitution tow ard time-intensive 

commodities, and thus cn\’ay fro m  M or/r (capital accumulation).

In this context, in the presence o f  a habitual consumption component in the utility 

function, it is natural to differentiate between past or historical consumption and new 

consumption not only in terms o f  marginal utility, but also in terms o f  time costs 

associated with each type individually and jointly.

Suppose that the habitual consumption is linked to the established search and transactions 

pathways via the outw'ard-looking mechanism o f  references based on the representative
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agen ts’ past histor}'. In contrast, the new consumption requires developm ent o f  such 

pathways, which implies the presence o f  time costs o f  new transactions that act to reduce 

resources available for hum an capital investments at a higher rate than the habitual 

com ponent o f  consumption. Put in simple ternis, time spent shopping in a familiar grocery 

store for the habitual consum ption basket o f  goods is less costly in tem is o f  foregone time 

spent in learning, than tim e spent shopping for a new' car or any new item.

In addition, considering the linkage between productive technologies, such as computers 

and the internet and the new  transactions pathways, some o f  the habitual consumption 

may actually imply a positive relationship between productivity o f  the households’ capital 

and the amount o f  habitual consumption accumulated by the households. None o f  these 

linkages between the nature o f  household consumption and the ability o f  a household to 

invest into human capital are captured by the traditional literature on growth. Yet, Lucas 

h im se lf  acknowledged that learning the new spending pathways in response to a windfall 

increase in income (in his case, the proceeds o f  the Nobel Prize) can be a costly enterprise 

vis-a-vis alternative uses o f  time.

Alternatively, we can consider the possibility that som e consumption goods generate both 

utility from consumption and the skills augmentation that enhances human capital o f  the 

households. Such goods are manifold in today’s economy: computers, personal organisers, 

electronic games, mobile phone services, and even some entertainment goods, such as 

interactive program m ing and multimedia news delivery services. In this scenario, the 

habitual com ponent o f  household consumption does not provide enhancements o f  capital 

stock, while the addition o f  a new consumption good may produce strong learning 

possibilities. The previously described chain o f  causaiit>' is then reversed in this case with
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broad household capital being now augmented by the new consumption relative to the 

habitual one.

Interestingly, starting with Becker’s work on the theory o f  the allocation o f  time by 

households, economists have recognised the importance o f  the consumption link to the 

issue o f  alternative uses o f  time. Becker (1965) pioneered a model of labour/leisure trade

off that involves direct reference to time intensity o f  consumption. His model o f  labour 

supply implies that households w'ill have preferences over the consumption o f  goods that 

are linked to the time costs o f  such consumption, not just to the price o f  these goods. As a 

result of this, the households’ responses to changes in income and wages are magnified by 

the possibility o f  switching into and out o f  consuming time-intensive goods. Recently, this 

aspect o f  human behaviour received significant attention in business literature (see for 

example Me Kinsey Journal, August 2003). To the best o f  my knowledge, no 

macroeconomic model o f  growth has so far examined a possibility for the existence of 

these Beckerian costs and benefits o f  consumption and their implications for the broad 

acquisition o f  capital.

Third, recall the Hamilton and Monteagudo (1998) result that the initial level o f  output 

acts as an important determinant o f  growth. Following 1973, OECD economies saw a 

dramatic expansion o f  new consumption that can be traced to the computer, IT and 

electronics industi^ revolution and to the propulsion o f  services into a prominent position 

in consumption. Becker (1965), for example, argues that some o f  the expansion of 

services components o f  household consumption can be attributed to the desire by agents to 

switch away from time extensive consumption in favour o f  time-intensive goods and 

services.
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Yet. the models on which the traditional analysis o f  growth was based never accounted for 

the link between consumption and time-intensity o f  the commodities, nor for the relation 

between time spent on consumption and time expended in the investment in human 

capital. Hence, not surprisingly, some authors (Hamilton and M onteagudo (1998) being 

just  one example) find it difficult to link empirically hum an capital and growth. However, 

if  one is to consider the aforementioned relationship between consumption and the 

household investment in human capital, the results o f  Hamilton and M onteagudo (1998) 

can be explained in part by their failure to properly m easure both the costs and the 

benefits o f  the agents’ choices in the goods market and their effects on capital markets. As 

a result, h igher income growth may be tied to higher consumption growth and savings, 

which in turn implies a delayed growth in habits stock. The latter in turn will imply, as 

shown below, a higher rate o f  steady state capital growth in broad capital.

Finally, consider the nature o f  habitual consumption relative to new consumption. The 

new consumption implies the higher cost o f  investment in human capital via time 

constraints. At the same time the habitual consum ption ameliorates effects on these costs. 

Thus, a model that incoiporates the distinction between new  and habitual consumption on 

the utility side and also on the investment side satisfies the Arrow (1962) conditions for 

generating the endogenous growth. Nam ely , in such a model, the accumulation o f  

knowledge occurs as a side effect o f  conventional econom ic  activity that is itself 

endogenous. Furthermore, the efficiency improvem ents in such case depend on how much 

new  knowledge is generated by spillovers, given consum ption activity.

All o f  the above arguments support the possibility for extending traditional growth models 

to the case o f  distinguishing the effects o f  habitual consum ption vis-a-vis new 

consum ption on household investments into human capital.
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4.1.3. Internal v. External Habits and Learning.

In a m odel presented below  we develop  the idea o f  referenced in consum ption in the 

presence o f  learning effects, w here the learning arises in the  p rocess o f  converting  the new  

post-shock household consum ption into the stock o f  know ledge about consum ption 

pathw ays. In the contex t o f  the preceding  discussion, we assum e tha t the grow th rate in 

the broadly defined stock o f  capital can be either a decreasing  function o f  the consum ption 

to  habits ratio (the case o f  costly learning o f  new  pathw ays) or an increasing function o f  

new  consum ption relative to the reference stock (in such a case, new  post-shock 

consum ption yields im m ediate benefits in know ledge that augm ents broadly defined stock 

o f  capital).

In the fornier case, the reference stock o f  consum ption acts as a source o f  consum ption 

technology know ledge, so that any increase in new  consum ption  w ill have the effect o f  

depreciating  the habits-related stock o f  know ledge, thus reducing  the rate o f  capital 

accum ulation. In the latter case, the  reference stock o f  consum ption  can be seen as being 

irrelevant by itse lf in form ation o f  new know ledge, w hile any new  consum ption  is 

assum ed to generate concurren t increases in the stock o f  know ledge.

W e discuss these issues fu rther in section 4.2.1 below.

From the point o f  v iew  o f  the actual m odelling o f  the cap ita l stock evolution  it is 

im portant, in addition to  the choice o f  specific functional relation  fo r the grow th o f  capital 

process (d iscussed in section 4.2 .1) to  develop som e in tuition as to the  choice o f  the 

specific  model o f  habits.
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In what follows we assum e that agents are outward-looking. This implies that in their 

decision-making they use past stock o f  consumption as their reference level against which 

they compare their current level o f  consumption, but they do not choose the actual level o f  

habits stock. We impose this assumption for the following reasons:

1. As shown in C O W , in the presence o f  representative agent assumption, 

incorporation o f  internal habits does not fundamentally alter the model behaviour. 

The second order effects o f  internal habits do generate a second unstable 

equilibrium, but they do not alter the steady state level o f  consumption in the 

model.

2. As argued in C O W , addition o f  internal habits to the model complicates 

significantly the dynam ics o f  the model, making it more sensitive to 

parameterisation.

3. The learning effects o f  new consum ption apply more naturally to the e.xtemal 

reference stock o f  habits than to internal habits (we elaborate on this below).

4. Empirically, evidence on external habits is stronger than that on the internal, 

especially at the aggregate  level (see section 5.5.3).

With respect to the argum ent m ade in (3), w e can view the effect o f  habits on learning-by- 

doing in the broad capital fom iation as being driven by two possible forces. The first force 

is the learning effects o f  individual household engaging in the process o f  new 

consumption relative to habitual consumption. As households increase their consumption, 

the new consumption over and above the habitual one may require acquisition o f  new 

skills and searching for new  technologies. In this context, learning from new consumption 

is imbedded into the individual consum ption pattern. When a person purchases a com puter 

game, w hatever skills he or  she acquires will be driven by individual learning alone.
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Alternatively, new consumption may require learning o f  the new' skills that are available 

in the broader environment outside the household. The argum ent here would go along the 

lines of: learning new skills required to play a new game is equivalent to acquiring 

knowledge from someone else whop possesses such knowledge. In this case, a person 

buying a new electronic gam e or a new  software program m e will learn not by discovery o f  

the entirely new information, but by acquiring infonnation from someone, who already 

possesses the skills necessary to use the new game or programme. This implies that the 

reference level o f  knowledge for the new-consumption household is the habitual stock o f  

consumption possessed by another household.

We assum e that in our context, implicitly, the new creation o f  knowledge plays only 

insignificant part in overall household learning. Instead, the lion share o f  new broadly 

defined household capital com es from learning the new skills that are already available in 

the economy. Thus, households learn not from internal stock o f  habits (their own past 

choices o f  consumption) but from the external reference stock o f  habits (the past choices 

o f  average consumption o f  the representative agent). Hence, our households do not 

optimise by directly choosing their reference level o f  consumption.

With this in mind, the following paper proceeds to develop a simple extension o f  the 

C O W  framework to incorporate such a possibility o f  a link. Part 4.2.1 presents the 

proposed modification o f  the capital accumulation process in the context o f  a simple AK 

Rebelo model. Part 4.2.2 stipulates preferences and derives the first order conditions for 

optimisation. Part 4.2.3 derives steady state relationships betw'een consum ption growth, 

consum ption and habits and capital and habits, as well as the capital growth. Following 

discussion o f  the steady state solutions and the effects o f  habits, part 4.3 concludes the
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paper by revisiting the issue o f  the linkage between new and habitual consumption and the 

law o f  motion for the broader capital stock.

4.2. Theoretical Model.

In the spirit o f  the ideas outlined in the later part o f  the Introduction, we now  proceed to 

develop a model o f  a representative household economy with habit formation in 

consumption.

The main criteria for this model requires that the model accounts for the following. The 

model must generate endogenous economic growth in excess o f  that predicted by the 

traditional habit fonnation models. At the same time, the delayed response o f  

consumption to income growth shocks that forms the core o f  the habit formation models 

m ust be preserved in order to allow for the reversal o f  the causality between the savings 

and growth along the lines o f  CaiTol! and Weil (1997) and Carroll, Overland and Weil 

(CO W , 2000). Furthermore, to capture the idea o f  transactions costs and habitual 

pathways benefits, the model must address the possible links between habitual and new 

consumption and the rate o f  capital accumulation in the economy. Finally, the model shall 

allow for the possibility o f  accounting for the divergent growth rates across economies 

with similar technologies w ithout relying on the differences in the endowm ents o f  capital 

goods. The latter feature o f  the model will be appealing in the context o f  explaining why 

simple capital transfers to developing countries have not been successful in achieving 

convergence.
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4.2.1. Production and Capital.

This paper presents a model o f  endogenous growth that incorporates a direct link between 

consumption ( c , ), the stock o f  habits ), and broad capital ( x , ). We treat capital as a

composite input that combines complementar>' human and physical types o f  capital goods 

into a single broad defmition o f  the capital. For simplicity, we omit full consideration o f  

the issues o f  substitutability o f  the two forms o f  capital. Under our specification, 

composite capital ( x , ) enters the Rebelo-AK type production function:

O -  Ax,

Composite capital evolves according to the following law o f  motion; 

x , = { A - S ) x , - ^ c ,  (A .l)

so that interpreting x, as a function o f  physical capital and human capital, inclusive of 

labour, the growth rate in capital in our case is;

- = A - S - ^ = ^ [ A - S ] - f { c , h ) ^  {A.l)

where > , < 0  and < ,>  0 . Note that in equation (A .l)  above, there are two 

possibilities;

c
• 0 < a  < 1 and relative consumption — >1 outside the steady state, while in the

h 

c
steady state, — =1 so that habits stock is restricted to catch up fully with 

h

consumption in the steady state;

• a  < 0 .
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The first case corresponds to the situation where the growth rate in broad capital is a 

decreasing function o f  consum ption to habits ratio. This case is the sub ject o f  our main 

discussion. A ssum e that habitual consumption implies existence o f  the associated 

consumption pathways, establishing which allows for new knowledge. Then habitual level 

o f  consumption in the society can act to increase the knowledge available to the society, 

thus increasing the speed at which the broadly defined capital is acquired. On the other 

hand, new  consumption, before being accumulated into the habits stock, may require 

learning o f  the new  pathways. Such learning may imply associated time and effort costs.

Thus the new consum ption in excess o f  habitual level will tend to reduce temporarily the 

growth rate in the capital stock by transferring time away from accumulating capital stock 

to consumption in the process o f  catching up o f  the habits stock. The second case is 

separately discussed in Part 4.3 o f  the model, below.

7'he term given in square brackets in equation (A.2) above represents the standard growth 

rate in capital in the case o f  both the baseline model o f  habits in consumption and the 

more general class o f  growth models in the absence o f  habits.

In the first instance above, as discussed below, our model provides for richer interactions 

between habitual consum ption, new consumption and capital. In traditional habit 

fomiation growth models, such as C O W , stronger habits imply a higher growth rate in 

capital through a h igher steady state in consumption. As consumers are more willing to 

postpone consumption over tim e due to higher disutility effects o f  habitual consumption, 

the econom y is accum ulating  capital out o f  savings. In this sense, savings are Granger- 

caused by growth. A dding  to this traditional effect o f  habits on capital stock, our direct 

effect as shown in equation (A. I ) above amplifies these effects.
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Overall, from equation (A .l),  the habitual reference stock of consumption acts to increase 

the rate o f  capital stock accumulation, while the innovations in consumption act to lower 

the rate o f  growth whenever 0 < a  < 1 .

The intuition behind this specification is that incorporation of the new consumption into 

the behavioural response by the representative agent, concerned with new consumption 

relative to history rather than with absolute levels o f  consumption alone, requires time and 

effort expenditure by the agent. In other words, new consumption is costly to individual in 

terms o f  time and effort relative to the old consumption (habitual or reference stock). This 

can be interpreted as the requirement for representative agent to develop new consumption 

pathways in response to an increase in new consumption relative to the habitual stock. 

Alternatively, this can be viewed as the adjustments in purchasing o f  the intennediate 

inputs by household production units.

In addition to the consumption innovation cost to capital formation, we can consider the 

effect o f  the habitual stock directly. Clearly, as the stock o f  habits rises (or alternatively, 

as a  increases), agents appear to accumulate composite capital faster. In this sense we 

can interpret the stock of habits as a reference point for both consumption o f  traditional 

commodities and consumption o f  the learning commodities. Thus the model is consistent 

with the model o f  human capital accumulation that incorporates the possibility o f  utility- 

generating learning.

Furthermore, our investment cost mechanism is timed consistently with the lagged nature 

o f  human capital development. Unlike the utility-generating models o f  learning, our 

model has payoffs to investment in new' consumption pathw'ays realised in the periods 

following the period of consumption. 7’he delay between new consumption and its
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translation into habitual stock generates the lag between the allocation o f  time to acquire 

new consumption pathways (today) and the capital growth (following periods).

O f value is also the nature o f  the timing o f the payoff itself being spread over a long 

period o f  time, endogenously detennined by the rate o f convergence o f  habits stock to 

consumption, as given below by the parameter in the law o f motion for habits. Via the 

speed o f  habits stock adjustment, as discussed below, we in part can endogenise the 

capital formation mechanism into the structure o f the representative agent’s preferences.

Furthermore, our model allows for the possibility o f  relating the costs o f  new consumption 

in terms o f capital accumulation, a  , with the strength o f habits ( y  ) and the speed o f 

habits stock adjustm ent to the steady state defined below. The opposite effect applies 

for non-positive values o f a  , under the second possibility outlined following equation 

(A.2). In this case, new consumption acts as a source o f learning o f new skills and 

technologies and, as such, augments the rate o f households’ accum ulation o f capital.

Finally, from equation (A .l)  and production function specification preceding it, in the 

absence o f technological progress,

Q = A x

so that the increase in reference stock o f past consumption acts to increase the rate o f 

growth in the economy, while an increase in the new consumption acts to lower such 

growlh. A higher stock o f reference consumption in relation to new consumption implies 

that social norms o f  competition in consumption (such as keeping-up with the Joneses’) 

are geared toward a faster incorporation o f  new consumption into the reference norm.
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4.2.2. Preferences and Optimisation.

Representative agents with outward-looking habits maximise the life-time utility stream 

by choosing consumption so as to:

maXj^, j J" ( c , ,/? ,)e ^'dt subject to:

U { c „ h , )  = K i \ - ( J

and the laws o f  motions for capital:

x , = { A - S ) x , - - j — = { A - S ) x , - f { c , / h ^ ) c ,  
n,

( 1 )

Note that with respect to the law o f  motion for habits, as standard we assume that

(2 )

However, for simplicity, we also assume that habits are external to the decision making of 

the agents. In this case, as is standard with external habits, consumers care only about the 

referential nature o f  habits stock without directly incorporating the determination o f  habits 

into their decisions.

In the specification o f  preferences provided above, as in traditional habits in consumption 

models, the parameter 0 < ;>' < 1 detemiines the importance o f  relative utility. For y = 0 

the standard case o f  no habits applies. For any choice o f  0 < ;k < 1, the higher the value of 

the parameter, the more important is relative, as opposed to absolute, consuinption in 

utility determination. This implies that the strength o f  habits in the utility function rises 

with 7 .
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In the specification for the habits law o f motion (2), parameter X captures the speed at 

which the habits stock converges towards consumption. As customary, we restrict 

0 < /I < 1.

By equation (2) the past history o f consumption is a weighted average o f the within-period 

consumption choices made in the preceding periods. In our model below, we shall focus 

our attention on the case o f the outward-looking agent who optimises only with respect to 

the choice o f the contemporaneous level o f  consumption. This implies that the reference 

stock in our model is the economy average, not an individual history as would be the case 

with the inward-looking agent. COW provide a comprehensive discussion o f both models.

Regardless o f  whether or not actual habits enter the choice set o f  the representative agent, 

A >  0 determines the relative importance o f consumption across different periods. The 

larger/I is, the more important consumption in the recent past will be, relative to the 

distant history o f choices. Given the results in COW, the possibility for endogenous habits 

effects on capital accumulation thus remains a technically interesting aspect for future 

investigation. However, endogenising habits does not appear to yield qualitatively 

different results with respect to the growth link between new consumption and broad 

capital.

Setting a current value Hamiltonian

H,. , .=U{C,h)  + 7T, [{A-S)x  + f{C,h) ' ]  + i / / ,A(C-H)

and imposing the standard transversality conditions: 

y/,H, = lim,̂ „ n,x, = 0
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We assume, as consistent with external habits models that i// = 0 . Deriving the first order 

equations with respect to c, and x, we have:

+ (3)

c
where is a multiplier on the capital law o f  motion and y , = — denotes the relative

h
consumption to habits ratio, and

7T, = ni\0  + S -  A\ = - A tt̂ (4)

c
Solving equations (3) and (4), first denote consumption growth rate as z, =  — , so that

^  _ A + Hy,-\)[r{cr-\)  + a]
' a  + a

Appendix 4.1 below supplies details on the derivation o f  equation (5) and the following 

steady state equations. As in the set-up above, hereinafter we closely follow the COW 

m ethods in order to focus on the effects o f  the innovation in capital accumulation process 

proposed above. It is worth mentioning that hereinafter, setting a  = 0 attains the 

benchmark model results shown in COW , while setting /  = 0 = a  attains the results for 

the standard model o f  growth w ithout habits.

In w hat follows, we first solve in details the case o f 0 < a  < 1, leaving the case o f the 

positive effects o f  new consumption relative to habits on the human capital growth for the 

latter brief discussion. The detailed discussion o f  the effects o f the habits parameters, a , y  

and A is postponed until after the discussion o f  the steady state below.
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From equation (5):

c r w  ^ 1----------
cr + a  c r + a

a  a

In addition, z, > ,<  if and only if >,< 1 +
A

= • Hence, for
A ( a - x ( l - a ) )

an economy starting at a low value o f new consumption relative to habits stock (i.e. below' 

the steady state level o f  the ratio), consumption growth in our model exceeds the COW 

benchmark.

In particular, for the environm ent o f moderate economic growth, as parameterised in

COW, A = A — S - 6  = 0 .0 3 , corresponding to the COW  steady state growth rate o f 2%, 

this requires the ratio o f  consumption to habits to be closer to I . This is the limiting case 

under the assumption o f  non-addictive habits. At the same time, a higher ratio o f new 

consumption to habits yields the opposite effect. This effect can be attributed to the direct 

effect o f new consumption relative to habits on capital accumulation. For low values o f 

, the habits stock is relatively large so that the cost o f new consumption in terms o f

foregone capital is relatively small. As consumption is adjusted upward, the habits stock 

also rises, causing a positive effect on capital accumulation. Thus agents are w illing to 

adjust their consumption at a faster pace than in the COW  model along the transition path 

to the steady state.

By (5), the rate o f growth in consumption along the balanced growth path depends, as in 

traditional models, on technological innovation, depreciation and time preferences, as well 

as in the general habit formation models on the strength o f  habits in the utilitj' {y  ) and the 

speed at which habits stock catches up with consumption ( / I ). The overall effect o f  A. in
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o u r  m ode l is am plif ied ,  re la tive  to  C O W ,  by  the  p resence  o f  the  t ran sa c t io n s  cos t  effect.

A s  X. r ises ,  habits  m o v e  faste r  to w a rd s  the  s teady  state , so tha t capita l a c c u m u la t io n  is 

less im pac ted  by n e w  co n su m p tio n  and  is m o re  im pacted  by habi tual pa th w a y s .  The 

learn ing  p rocess  b e in g  faster, the  e c o n o m y  will m o v e  faste r  to w a rd s  the  s te ad y  state and  

thus  co n su m p tio n  g ro w th  a lo n g  th e  c o n v e rg e n c e  path  will be h ig h e r  for  an y  g iven  level o f  

c o n s u m p tio n  re la t ive  to  habits .

T o  es tab l ish  this  resu lt  fo rm ally ,  f rom  equa tion  (5):

W ith  respec t  to the  s trength  o f  h ab i ts  in the  utility function ,  p a ra m e te r  (;k ), as  in the  case  

o f  X  , the  g rea te r  is the  role o f  h ab i ts  in the  utility function ,  the  fas te r  the  e c o n o m y  will 

m o v e  to  the  s teady  state. T he  h ig h e r  \?,y , the  m o re  rep resen ta t ive  ag e n t  will ca re  ab o u t  the 

ratio  o f  co n su m p t io n  to  hab its  and  the  less she will ca re  ab o u t  the  ac tua l n e w  

co n su m p t io n .  A s a result ,  the  h o u se h o ld s  w ill tend  to  fav o u r  a fas te r  trans i t ion  o f  new  

co n s u m p tio n  to  habits .  A s  d isc u sse d  in C O W ,  one  can in te rp re t  an inc rease  in as a rise 

in the  long-run  in te r tem pora l  e las t ic i ty  o f  subst i tu t ion  in co n su m p t io n .  W ith  transac t ions  

cos ts  and  learn ing  in troduced  in th is  m ode l,  th is  e ffec t re m a in s  intact.

H o w ev er ,  un like  the  trad i t ional hab i ts  in co n su m p tio n  m o de ls ,  th e  g ro w th  ra te  in 

c o n s u m p t io n  a lso  d ep e n d s  d irec t ly  on  the  im por tance  o f  the  re fe ren c e  s tock  in the 

ac cu m u la t io n  o f  the  co m p o s i te  cap ita l  a  is inde p en d e n t  o f  the  ac tua l s tock  o f  habits  and  

co n su m p t io n ,  but d o es  depend  on the  ra tio  o f  co n s u m p t io n  to  hab i ts ,  j u s t  as  in the  C O W  

m odel.  In particu lar,  as  the  im p o r ta n ce  o f  hab i ts  in d e te rm in in g  cap ita l  s tock  a d ju s tm e n t
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costs rises, tiie growth rate o f  consumption along the steady state path rises as well. From 

equation (5) again,

dz _  / l ( > ^ , - l ) [ ( T - ^ ( c T - l ) ] - i  

doc [a  + a y

dz A
T h u s  > , < 0  V, > ,<  1 H p-------------------=r which implies that the effect o f  the

da  ' / l [ c T - 7 ( ( T - l ) ]

‘learning' parameter a  on the grovtlh rate of consumption along the balanced growth 

path will depend on the ratio o f  consumption to habits. A high ratio o f  consumption to 

habits implies that there is a significant innovation consumption component relative to 

habits stock. The first effect is that o f  significant new consumption on the law of motion 

for capital, resulting in slower growth in capital stock. This effect is coincident with the 

negative effect of a  on the growth o f  capital. Thus, with high new consumption 

component, savings will rise and growth rate in consumption will rise as well.

4.2.3. Analysis o f the Steady State.

To find the steady state growth rate o f  consumption, differentiate the relative consumption 

ratio with respect to time and use equation ( I ) to derive:

- - X

vA y

then, by using equation (5), the steady state rate o f  growth in consumption is implicitly 

given by:

(7
(6 )

and
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B o th  co n su m p tio n  g row th  and the  ratio  o f  con su m p tio n  to  hab its  are  cons tan t  in the  s teady  

s ta te  as des ired .  G raph ica lly ,  equa t ion  (5) and  the  c o r re sp o n d in g  re la tion  in C O W  are 

sh o w n  in F ig u re  4.1 below .

O f  interest h ere  is that,  as  in the  C O W  m ode l ,  o u r  s teady  s tate so lu t ions  are inde p en d e n t  

o f  the  learn ing  param ete r ,  a  . A s  in s tandard  le a rn ing -by -do ing  m ode ls ,  the learn ing  

e f fec ts  o f  th e  hab i ts  s tock  re la tive  to  co n s u m p tio n  in o u r  m ode l ac c ru e  on ly  to  the  g row th  

ra te s  a long  the  ba lanced  path, and  no t to  the  s teady  sta te  so lu tions.

O f f  the  locus o f  s ta tionari ty  b e h a v io u r  o f  en d o g e n o u s  v ar iab les  is descr ibed  by the  a r row s .  

I f  the  g row th  rate  o f  co n su m p t io n  g row th  e x c ee d s  tha t  o f  the  s teady  state, so  tha t  z  >  0 ,

•  •  •  

then  ( c / / ? )  >  0 .  T h u s  ab o v e  ( to  the  left o f )  the  ( c / / ? )  =  z  =  0 locus, both c o n s u m p tio n  to 

hab i ts  ratio and  the speed  o f  co n su m p t io n  g ro w th  are  increasing.  T h e  o p pos i te  occu rs  to

•  •

the  right o f  (b e lo w )  the  ( c / / ? )  =  z  =  0  locus. M a them atica l ly ,  th is  re la t ionsh ip  is c lea r

from  equa tion  (5)  above .  In tu itively ,  as co n s u m p tio n  g ro w th  increases ,  at first 

co n su m p t io n  g ro w s  faste r  than  hab i ts  s tock , so  that the  ratio  o f  co n su m p tio n  to  habits  is 

inc reas ing  as well .  A s  w e  get  c lo se r  to  the  s tab le  arm , the  d if fe rence  be tw een  c o n s u m p t io n  

g ro w th  rate and  the  grow th rate in the  ra t io  o f  co n s u m p tio n  to  hab its  is d im in ished .  T h is  

can  be seen f rom  equa t ion  im m ed ia te ly  p re c e d in g  eq u a t io n  (6)  above .  This  resu lt  is 

s tandard  fo r  the  hab i t  fo rm a tion  m o d e ls  in co n su m p tio n :  the  fu rthe r  aw ay  f rom  the  s te ad y  

co n s u m p tio n  to  hab i ts  ra tio  w e  are, the  m o re  w il l ing  are  agen ts  to  ad jus t  the ir  

c o n su m p tio n .



Figure 4.1. Stable Arm Phase Diagram for Consumption Growth.

[ c l h)  = Q

Stable arm Z,

Stable arm

N ote that in the analysis above we consider only the positive  roots o f  equations (6) and 

(7). This is sufficient to rule out com plex roots in the steady state equations. In return, this

satisfies the requirem ent that e  , as desired.

W e relegate discussion o f  the stability o f  the steady state to A ppendix 4.1 w here we 

establish the set o f  conditions sufficient for y ield ing  stability  in a general setting  that 

incorporates the current specifications o f  preferences and laws o f  m otion for capital and 

habits, as w ell as both the inward and outw ard looking agen t problem s.
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N e x t we want to detemiine the level o f the capital stock relative to the habits stock 

attainable in the steady state. D ifferentiating x//? w ith respect to time, using equations (1)

•  •

and (2) above, and setting (fo r the steady state) ( x  / /?) =  7  -  0 we have:

As in the COW case, our steady state stock o f capital relative to habits depends on the 

d isu tility  o f  habits via the steady state ratio o f consumption to habits. However, in 

addition to this indirect effect, relative (new) consumption also has a predicted direct 

effect through its link to the capital accumulation process. Comparing the stock o f capital 

relative to habits in our model to that o f the benchmark COW model, we can see that 

under condition (8) our model yields a higher ratio o f  capital to habits than COW.

Figure 4.2. Phase Diagram in
V h j

space.

X I  h - r j

Saddle Path

y
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Furthermore, our steady state ratio o f capital to habits is increasing in the strength o f 

habits in the determination o f the capital fomiation (oc ).

Figure 4.2 above shows the relationship between the ratio o f steady stock level o f 

composite capital and the ratio o f consumption to habits stock in our model. The vertical 

line represents the locus o f  stationarit)' for the ratio o f consumption to habits. This locus is 

determined by the realisation o f the steady state growth rate in consumption. Thus, if in 

the steady state the system is characterised by higher growth rate in consumption than the 

one depicted above, the locus o f stationarity o f v will be to the right o f  the depicted one. 

The saddle path depicted in Figure 4.2 above is flatter than the saddle path that will 

correspond to COW as consistent with the policy simulation results in COW.

Note that the COW parameterisation selects values o f  A such that the steady state growth 

rate is set at 2 percentage points. This implies that under standard parameterisation

A «  ] must hold. Intuitively, the traditional habit formation effect in the utility function 

is to increase the CRRA in so far as the estimates o f  a  in the literature are based on the 

growth rate in consumption alone. In the habit formation case, such estimates would 

understate the true value o f  the CRRA parameter. COW  discusses this in some detail. As a 

result o f  this, in our model as shown in equation (6) both the strength o f habits in the 

utility ( y  ) and the strength o f  habits in the learning mechanism { a  ) both have an effect 

on increasing the CRRA parameter in the same direction. Hence, the learning effect and 

direct habit effect reinforce each other, and our model attains a higher ratio o f  capital to 

habits and moves faster to the new steady state.
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S im ila r  m agn if ica t ion  results ,  v is -a-v is  the  C O W  m odel,  ar ise  from  co n s id e r in g  the  effect 

tha t  the  s trength  o f  hab its  in util ity  p a ra m e te r  { / )  has  on c o n s u m p tio n  g row th  in the 

s teady  s tate , the  ratio  o f  co n su m p tio n  to  hab its  in the  s teady  s ta te  and  cap ita l ac cum ula t ion  

in the  s teady  state. In trad i t ional  habit  fo rm a tion  m ode ls ,  the  s treng th  o f  hab i ts  in the 

util i ty  p a ra m e te r  has  a pos it ive  e ffec t  on the  s teady  state g ro w th  rate  in c o n su m p tio n ,  as 

sh o w n  in C O W . O u ts id e  the  s teady  state, h ighe r  y  has  a n eg a t iv e  e f fec t  on  the  speed  o f  

m o d e l  c o n v e rg e n c e  to  the  s teady , as in C O W ,  a l though  th is  e f fec t  is lo w er  in o u r  model 

than  in C O W  due  to  the  ‘ le a rn in g ’ e f fec t  o f  hab its  s tock acqu is i t ion .  In o u r  m ode l,  the 

s a m e  resu lts  are  attained.

O v era l l ,  in the  p resence  o f  hab i t  fo rm a tion ,  the  response  o f  sa v in g s  to  ch a n g es  in the 

g ro w th  rate o f  incom e is h ighe r  than  in trad itional m ode ls .  T h is  e ffec t is p rese rved  in our  

m ode l .  In fact, the  link be tw een  the  hab itual stock o f  c o n s u m p t io n  and  the  cos t  o f  

t r an sa c t io n s  th rough  the  learn ing  m e ch a n ism  p ro posed  a b o v e  a l lo w s  fo r  the  am plif ica tion  

o f  th is  result . S av ings  b e c o m e  m ore  re spons ive  to ch a n g es  in in c o m e as the  learn ing  effec t 

re in fo rces  the  trad itional habits  e ffec t a lo n g  the  ba lanced  g ro w th  path. T h e  d irec t e f fec t o f  

h ab i ts  is to  increase  the  infinite  horizon  in te r tem pora l  e las t ic i ty  o f  substitu tion .  This  

m a k e s  c o n s u m e rs  m o re  w il l ing  to  po s tp o n e  c o n su m p tio n  to d a y  in re sp o n se  to incom e 

inc rease  or  h ighe r  in terest rates. T h e  learn ing  effec t  im p l ies  th a t  fac ing  h ig h e r  incom e, 

c o n s u m e rs  also  face h ig h e r  cos ts  o f  inc reas ing  co n s u m p t io n  im m e d ia te ly  so tha t 

h o u se h o ld s  are  in terested  in a less g radua l  a d ju s tm e n t  o f  co n su m p t io n .  H o w ev er ,  a t  the 

s a m e  t im e,  a fas te r  ad ju s tm e n t  o f  co n su m p t io n  y ie ld s  fas te r  g ro w th  rate  in habits ,  so that 

the  cap ita l  ac cu m u la t io n  b e c o m e s  less cos tly  in the  fu ture . T h is ,  in tu rn ,  t rans la tes  into a 

h ig h e r  s teady  sta te  ratio  o f  capita l s tock  to  habits  th a n  in the  C O W  b e n c h m a rk  m ode l and 

fas te r  ad ju s tm e n t  to  the  new' s teady  state.
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Considering the effect that habits play in the utility function, an increase in the importance 

of habits in the within-period utility function (7 ) is linked in our model to a higher 

savings rate relative to COW (which in turn is also higher than in the traditional real 

business cycle models). Outside the steady, a lower consumption to capital ratio than in 

COW (which itself is below the traditional models), as well as a higher growth rate in 

consumption imply that the model moves to the steady state at the rate faster than in both 

COW and standard real business cycle and life cycle models.

With respect to the steady state growtli rates, holding technological progress parameter^ 

constant, by equation (6) above.

{ *  ^ (  •  ^ f
c h X

c h X
\ ss V / ■S’ S’ \  y*

O
V  y.svs-

Thus growth rates in the steady state consumption, habits, broader capital and output are:

• Consumption and habits growth rates are independent o f the speed at which habits

stock catches up with consumption, , as in COW.

• Increasing with the strength o f habits in the utility, y , as in COW;

• Independent o f the strength of habits in the cost o f consumption determination,

a  , as in traditional LBD models.

221



Part 4.3. Case of Learning from New Consumption: Of < 0 .

An interesting variation to tiie model above can be considered in the context o f  reversing 

the effect o f new consumption relative to habits in the learning mechanism.

Assume that «  < 0 , so that the addition o f new' consumption acts to enhance capital 

accumulation. As mentioned in the Introduction, this scenario corresponds to the case 

w'here new consumption involves goods that can generate complementary learning o f 

skills that augments human capital o f the household. Such goods can be viewed as a broad 

category including computers, software, electronic games, learning-linked entertainment 

consumption, etc.

Using the solutions presented in (3) we must restrict 0 > «  > - 1 .  In this case, the 

balanced growth path for consumption given in (5) can be described under the following 

two cases:

C ase 1. For -a  , the direct habits effect on growth rate o f  consumption is less

than the learning effect o f new consumption (or alternatively the depreciation o f  broad 

capital effect o f habits stock).

C ase 2. For -\)> -a > 0 , the direct habits effect exceeds the learning effect o f new 

consumption on the growth rate along the balanced path.
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Since it is possible to assume that /  (cr - 1) < 1 (as is parameterised in COW at 0.5) we 

shall consider both cases.

In Case 1. a stronger effect o f learning implies that the z, = f  (>’,)  locus is negatively

sloped. As the consumption to habits ratio increases, growth in capital rises as well. 

Hence, households will maintain slower adjustment in consumption, and the growth rate 

in consumption will fall. The reason for this is that, in the new scenario, the cost o f 

households from converting new consumption into habitual stock will be twofold. From

•  •  

equation (5), in this case, z, =  0 locus is either coincident with y, =0  locus as before, or 

whenever 7 (or -  ]) = - a  , the locus is horizontal. In either case, in the Case I the

behaviour o f choice variables outside the locus o f stationarity is changed relative to the 

model with a  > 0 .

Since with or < 0 , in addition to the traditional disutility o f  habits, the rising habits also 

exert a cost on capital formation. This implies that households will be more willing to 

postpone consumption. Thus, starting with a low consumption to habits ratio, households 

move to the new steady state by lowering the growth rate o f consumption (i.e. by 

increasing the actual consumption out o f  savings generated from higher capital 

accumulation). In this case, growth causes savings. Consumption out o f savings implies 

that the traditional causality Iin1\ between savings and growth is reversed and our model 

replicates the results o f  Carroll, Overland and Weil (1997, 2000). Furthermore, our link 

between consumption to habits ratio and the growth rate in capital reinforces the COW 

results.
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These changes are reflected in the Figure 4.3 analysis. The new  locus o f  stationarity  is 

dow n-slop ing  in the case 1.

Figure 4.3. Phase Diagram for Consumption Growth. Case 1, a  < 0 .

Z = 0 case  1

S table  arm

y,

In C ase 2, a w eaker effect o f  learning relative to  the traditional habits effect im plies the 

sam e dynam ics as discussed above. Thus the transition  dynam ics are slow er in this case 

than in C O W . The reason for this result is that new' consum ption generates learning effects 

on increasing broad household capital. Thus, households are m ore responsive to  the 

negative effects o f  habits on the utility than in the  traditional m odel, as the dual costs o f  

habits on utility and capital accum ulation apply. O nce again, the causality  link betw een 

savings and grow th is replicated in the d irection  o f  CO W  results, but. unlike in the case 1 

above, here the results o f  CO W  are am eliorated . This im plies that given level o f  grow th
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results in lower savings in Case 2 than in CO W , while it will result in higher savings in 

Case 1 than in COW .

The two cases are shown graphically in Figure 4.3 above.

4.4. Conclusions.

In their model, Barro, et al (1995) postulated that the ability o f  the standard theories in 

explaining empirical f indings concerning convergence and growth in general must rest on 

the broader interpretation o f  the capital to include both physical and human capital in 

order to justify  a high empirical share o f  capital in production required to derive the 

desired results. At the same time, a wealth o f  literature starting with Solow (1956) have 

addressed the issues o f  capital formation in context o f  learning by doing.

This paper proposes to extend the learning-by-doing mechanism to the costs o f  

incorporating new consum ption into the habitual stock o f  past consumption experiences. 

In the process o f  time and resource allocation to learning new consumption pathways, 

households trade over tim e and across both the habitual consumption stock and the new 

consumption, while being fully aware about the relatively costly nature o f  new 

consumption in terms o f  foregone human capital investments.

As a result o f  this, the model presented above incorporates a direct link between the ratio 

o f  new consumption to habitual consumption and the capital accumulation process for a 

broadly interpreted capital stock. We compare the predictions o f  the model against the 

benchmark habits in consum ption model o f  econom ic growth presented in Carroll,
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O verland and W eil (2000), denoted th roughout as C O W . The model finds that accounting 

for the alternative use o f  tim e and o ther costs in trad ing  across current consum ption, 

habitual consum ption and tim e allocations to  capital fonnation  im ply that:

• Unlike in the C O W  m odel, b roader capital grow th along the balanced path is 

dependent positively on the learning effects o f  new  consum ption relative to 

habits;

• C apital grow th can exceed the grow th rate in consum ption along the path to the 

steady state;

• The presence o f  costs o f  new  consum ption relative to habits results in a faster 

grow th in consum ption along the balanced grow th path, low er ratio o f  

consum ption to  habits, h igher steady grow th rate in capital, and h igher output 

grow th;

• The steady state consum ption grow th and consum ption to  habits ratio are 

increasing w'ith the strength o f  habits in the utility, as in the C O W  m odel;

• The steady state grow th in capital exhibits a stronger response to changes in the

strength o f  habit form ation param eters in our case than in C O W ;

• O verall, the steady state consum ption is low er w hen habits are high, the result that 

carries over from  the standard habits m odel;

• Finally, in our m odel, theoretical grow th rates are am plified by the higher rate o f  

capital grow th.

(

I

H ence, the overall m odel predictions retain the attractive properties o f  general habit :

fonnation  m odels w ith respect to delayed responses in consum ption and capital to j

' i
exogenous incoine shocks, as show n in C O W . Furtherm ore, our m odel confirm s the 

causality  link betw een grow th and savings established in the C O W  benchm ark m odel. A t
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the sam e tim e, the transition  processes to the steady state are prolonged in our m odel 

relative to C O W . In addition  to these dynam ic d ifferences, our m odel can be used to 

address the issues o f  the d ifferences in econom ic grow th and convergence rates across 

countries. By considering  the link betw een the initial ratio o f  new  consum ption to habits 

and the capital accum ulation  process, it is straight forw ard to extend this m odel to capture 

the cross-country  varia tions in grow th rates. This can be accounted for on the basis o f  

either d ifferences in the transactions costs o f  new  consum ption relative to historical habits, 

or on the basis o f  d ifferences in the habits structures (param etric or at the initial levels), or 

both.
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Appendix 4.1. Mathematical Derivations of the Steady State

Equations.

Here we proceed to show the algebra involved in deriving the steady state equations (6)- 

(8) presented in the paper.

Recall that the first order conditions for optimisation in the case o f  the outward looking 

representative agent are given by equations (3) and (4) in the text. Differentiate equation 

(3) with respect to time and divide through by equation (3) using the laws o f  motion (1) 

and (2) to get:

Combining results (A 15) and (A 16) and solving for z, =  — , we get equation (5) in the 

text.

Setting a = 0 attains the COW benchmark result, while setting additionally /  = 0 yields 

the result for the case o f  no habits.

To obtain the stable arm equation, observe that in the steady state

(A 15)

From the utility function specillcation:

(A16)

c

(A 17)

To derive the steady state solutions for the ratio o f  consumption to habits and the 

consumption growth rate, set (A 17) equal to (5) and solve for consumption to habits ratio, 

shown in (7). Then substitute the resulting (7) into (A17) to obtain the steady state



solution for consumption grow'th rate, shown in (6). Properties o f (6) shown in the phase 

diagram in Figure 4.1 tr iv ia lly  fo llow  from the assumption:

>>>1 (A18)

Next, we want to derive equation (8), the steady state ratio o f broad capital to habits. To 

do so, firs t differentiate the ratio o f capital to habits w ith respect to time, then use ( I )  

divided through by a- and (2) divided through by h to substitute fo r the growth rates o f 

capital and habits respectively.

X

X
=  0 (A 19)

in steady state, ratio o f capital to habits does not grow, so that \ ^ j  = 0 .  Using this in 

(A  19) and solving fo r x/h  ratio, we obtain equation (8) in the text.
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Appendix 4.2. Global Stability

In this Appendix we proceed to derive conditions for the global stability of the steady state 

in the case o f referential habits for both the outward-looking and inward-looking 

households. Instead o f focusing on the functional fonns proposed in the paper, we specify 

the general within-period utility function and the law o f motion for capital. These general 

forms are endowed with comparative static assumptions that incorporate our specific 

functional forms as special cases.

Consider a household maximising a life-time stream o f utility 

m ax U(C,,H^^^c l l

subject to the law' o f motion for habits ( I )  and the capital evolution equation; 

x , = ( A - S ) x ,  + f {C „ H ,)

Consistent with the specific fomi presented in equation (I), we have;

fc  < 0’ fee ^  0, / „  > 0, < 0, / . ^  > 0 .  (A I-A 5)

The current value Hamiltonian for the problem is;

H , ,  = U{C„H,)+ ^,[(A -  S)x, + f{C„H,)]+ i/yAc, ~ H )

Note, we depart here from the convention used in the paper to denote the levels o f  the 

variables with lower case letters. Instead, in this Appendix we use capital letters to denote 

levels o f  the variables, while the lower case letters will be reserved to denote the 

deviations from the steady state.

The first order conditions for optimisation are:

0 (A6)

230



n  = n X A  -  S -  6 )

so that for A  = S  + 9 \ n, - n  .

(A7)

(A8)

Linearising equation ( Al )  around the steady state (denoted by bar), applying equations 

(A6) and (A2):

(c-c)=
Ucc fc ^ c c

(f/,. + y/,p) { H -
Ucc

(A9)

Expressing equation (A9) in ten n s  o f  the multiplier on the law o f  motion for capital and 

using the assumption on stationarity:

(c-c)= U  f^ C H  , J C H  —

u,, u„. (h  -  H ) -  ( ( / / ,  -  I / / )-A  P
u , .

(A 10)

N ow  we can linearise the first order condition on habits (A8), applying equation (A 10):

(// =
(PcH

Ucc
-  U H H { H - H ) + P

U ,c (UcH P ^  ^

Finally, for the law o f  motion in habits stock;

( ( / / , - V/) ( A l l )

Applying (A 10) again we have: 

H = - p
U,c  t / c r

N ow , two equations ( A l l )  and (A 12) yield the matrix form

(A 12)

(A13)
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such that by assumptions (A1-A5) and the standard assumptions on the concavity of 

preferences:

del A =  \U,.„ U,.̂ . + + (A 14)
^cc

Hence by equation (A 14) we are guaranteed stability for ail f  In particular this 

applies to our specification for the law o f motion o f capital, given in the paper by equation 

( 1 ).

Note that condition (A 14) is satisfied also for some cases where is negative, as long 

as ^  0 .
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CH APTERS

Component-Specific versus Comprehensive Habits in a 

Model of Income and Consumption Taxation.

Part 5.1. Introduction.

In recent years, we have seen a resurgence o f  interest in the issue o f  time-inseparability o f  

consumption. Following empirical research, many macroeconomists have used habit 

formation as a tool for developing models o f  consumption and savings behaviour that 

provided a ‘better f it’ for the data. In particular, habits were shown to be useful in 

resolving several m ajor puzzles in macroeconomics.

A longside the work o f  Abel (1990), Constantinides (1990) uses habitual inseparability in 

consumption to resolve the equity premium puzzle in asset price models. Similarly, Gali 

(1994) resorts to habits in consumption to explain several puzzles with portfolio choice 

and asset pricing models. Carroll et al (2000) developed a habit formation model to 

explain the empirically documented reversal o f  causality between savings and growth 

relative to the traditional models o f  econom ic growth. Earlier, M uellbauer (1988) and 

Dynan (1999) have shown that habits in consumption are successful in explaining the 

hump-shaped delayed response o f  consum ption to changes in income. Fuhrer (1999) 

addresses the role o f  habits in explaining the excess smoothness puzzles in consumption, 

inflation and spending. Carroll (2000a) shows that contrary to the traditional pennanent
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income iiypothesis, the empirically-low marginal propensity to consume out o f  income 

shocks can be captured by the habits in consumption.

Across the habits literature, the main idea o f  habit fonnation remains the same. The 

habitual consumption stock accumulated over the past history o f  consumption by a 

representative agent has a direct effect on consum ers’ current utilitj. This may involve 

either the inward- or the outward-looking habits, as discussed in depth in Carroll et al 

(2000). The agents may care about the aggregate econom y-w ide stock o f  habits (as in the 

case o f  outward-looking agents) or only concern them selves with the ratio o f  their own 

consum ption to their own habits (as in the case o f  inward-looking habits mechanism). 

Depending on their tj  pe, consumers wish to smooth ether both the level and the growth 

rate o f  consum ption over time or only the level o f  their consumption. Hence, in response 

to an exogenous income shock, consumption will adjust gradually to a new steady state.

The robustness o f  the theoretical predictions o f  the habit fonnation models in 

consumption to the utility function and the choice o f  laws o f  motion specifications is a 

feature well established in the literature. Mansoorian (1996) shows that under a set o f  

general assum ptions on the utility function given by Ryder and Heal (1973), a general 

model o f  habit formation in consumption will exhibit saddle path stability in steady state 

solutions. Similar results are shown in Gurdgiev (2004) that introduces inward-looking 

habits in leisure.

The central feature o f  the majority o f  habit formation models in consumption is the ad-hoc 

nature o f  labour supply. Following the tradition established by Boyer (1978), the majority 

o f  papers on habits in consumption are based on the assumption o f  inelastic labour supply.
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As a result, changes in economic policy or other exogenous shocks cannot be discussed in 

the context o f  the labour/leisure and the leisure/consumption trade-offs.

On the other hand, a few papers such as Faria (2001) and Graham (2003) discuss the 

implications o f  including elastic labour supply considerations into the model with habitual 

consumption. Faria (2001) looks at the inward-looking habits mechanism in consumption 

and its effects on leisure in the standard neoclassical growth model. Graham (2003) shows 

that in dynamic simulations the traditional habit formation models extended to include the 

endogenous labour supply perfomi equally poorly with respect to both capturing the 

persistence o f  leisure and consumption as the standard RBC models. This result, albeit not 

discussed analytically, indicates that a new approach to the way we interpret habits is 

w'arranted in order to capture the dynamics o f  endogenous leisure choices'*.

To the best o f  our knowledge, no literature currently comprehensively discusses the role 

o f  leisure in determining the macroeconomic behaviour o f  the agents in the presence o f  

habits in consumption and leisure taken either separately or jointly. As argued in Gurdgiev 

(2004), labour supply exhibits a strong degree o f  persistence in response to economic 

shocks. It is a com m only known fact (see for exam ple the discussion in Ehrenberg and 

Smith (1994), and McConnell and Brue (1995)) that empirical adjustments in labour 

supply to exogenous income and w'age shocks do not follow ju m p  discontinuity dynamics. 

Instead, leisure demand and labour supply both adjust gradually in response to exogenous 

shocks. This warrants the approach o f  the present paper to incorporate directly the 

habituality o f  leisure into the household optimisation problem, in broader ternis, as

Mansoorian and Michelis (2004) consider the model of habits in consumption with real liquidity 

effects and endogenous labour supply. Their results with respect to hours supplied dynamics 

correspond a single specific case discussed in our model.
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pointed out by Beci<er (1965) and others, leisure m ay be at least partially inseparable from 

consumption. Hence, if  past consumption patterns are important to the determination o f  

future consumption plans, past leisure choices may also have a direct impact on the 

responses in leisure to changes in the economic environment.

The following paper a im s to close several important gaps in the habit formation literature. 

To begin with, we propose a straightforward extension o f  the habitual consumption model 

to include explicit consideration o f  the elastic labour supply decisions by the consumers. 

Assum ing at first that leisure enters the utility function independent o f  habits, we develop 

our first model. As expected, time separability' o f  leisure implies that while consumption 

exhibits a gradual adjustment to income tax change, leisure demand and thus labour 

supply exhibit jum p  discontinuity in their adjustment paths. This part o f  the study, 

therefore supplies a closed end solution result that supports the results o f  Graham (2003) 

simulated solutions. We treat this model as a benchmark. In addition to incorporating 

explicitly labour supply decisions into the standard model o f  habit formation in 

consumption, the first model presented below' contributes to  the literature by providing 

explicit solutions for the real variables responses to changes in labour income and 

consumption tax policies. To the best o f  our knowledge, this discussion is new to the 

literature on habits in general.

The benchmark model, as shown hereinafter, fails to account for the gradual adjustment in 

leisure histories o f  households. We show that, in this m odel, dynam ic responses in both 

leisure and consumption are linked to each other and to the exogenous econom ic stock 

dynamics. The main results o f  the model with com prehensive habits are further enhanced 

labour supply. Hence we develop a model with habits arising from both consumption and 

environment described by the parameters o f  the model. Implications o f  these links are
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discussed in the context o f  the households’ asset holdings, consumption, leisure and habits 

by the discussion o f  the effects o f  tax policy changes on the real variables. Once again, 

both the model o f  comprehensive itself and the subsequent discussion o f  the tax effects in 

the model are entirely new to the literature.

In addition, to motivate our emphasis on the combined (comprehensive) habits in leisure 

and consumption we consider two major reasons that, in general, m ake time-inseparability 

o f  consumption and leisure relevant to the issue o f  taxation. First, time additivity o f  either 

one o f  the components o f  household choice implies a constant rate o f  time preferences. As 

shown in Sen and Turnovsky (1989) this makes the steady state analysis o f  tax policies 

extremely sensitive to the initial conditions. One way o f  solving it is through the 

introduction o f  endogenous time preferences, as done, for example, in Shi (1994). Another 

approach is to introduce habit dependency. Carroll (2000, 2000a,b) shows the benefits o f  

the latter approach, which implies that along the adjustment path to the new steady state, 

households’ time preferences are not constant but are dependent on the habit fonnation 

parameters. Second, in time-separable models, wealth and the substitution effects o f  the 

income tax changes cannot be separated. This point is raised in Barro and King (1984). As 

a result o f  this, the relative changes in consumption and leisure due to changes in after-tax 

wage must be equal to the relative response caused by the wealth change.

In recent work. Becker, M urphy and W erning (2002) discuss the importance o f  status, as a 

separate variable in household optimisation. Our model o f ‘com prehensive’ habitual good 

closely follows their reasoning with respect to the preferences specification. In the Becker 

et al (2002) model, status is separate from a consumption good. As such there is a trade

o ff  across consumption and status in household decisions. This implies that status raises 

the marginal utility o f  consumption and o f  income. In our model, marginal utility o f
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consumption is increasing in habits. Traditional habits in consumption literature explains 

this by observing that for two agents with identical preferences who differ in their habits 

stock levels, the agent with the highest habitual reference stock w'ill enjoy greater 

marginal utility o f  consumption. In addition to this traditional effect, our model suggests 

another link between habits and the marginal utility o f  consumption. By m aking habits 

stock dependable on leisure, we establish a complimentarit>' link between leisure and the 

marginal utility o f  consumption that acts in a similar fashion to the idea o f  status goods.

A nother aspect o f  Becker et al (2002) is that the status good is characterised by a 

relatively fixed-supply nature. Traditional habit in consumption models do not have a 

similar feature with regards to habits stock. In our model, habits stock is determined at any 

period o f  time by both consumption and leisure. As consumption and leisure m ay vary in 

the opposite directions, the comprehensive habits stock may not be as flexible as 

consumption i tse lf  Thus our model o f  com prehensive habits allows for a closer 

relationship between habits’ role as either a reference good or a status good. This is 

inherent in the distinction between internal and external habits, yet is not directly 

addressed by consumption habits alone.

This paper is organised as follow's. Part 5.2 develops a model o f  habits in consumption in 

the presence o f  elastic labour supply. This provides a basis for future analysis o f  the 

implications o f  incorporating leisure into the mainstream habit formation models. Part 5.3 

builds on the preceding model to develop a comprehensive model o f  adjacent 

com plementarity  in consumption and habits combined with the weak separability o f  

consumption and leisure in preferences. Part 5.4 provide the discussion o f  the two models 

by com paring various tax effects on the steady state levels o f  real variables, and by
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examining tiie effects o f  tiie habit formation parameters on the models predictions. Part 

5.5 concludes by addressing the issues o f  policy implications and model analysis.

Part 5.2. A Model of Leisure Demand in the Presence of  

Habits in Consumption.

Following the intuition presented in the Introduction, we develop a representative agent 

model of  habits in consumption in the presence o f  elastic labour supply. This provides a 

basis for future analysis o f  the implications o f  incorporating leisure into the mainstream 

habit formation models. As mentioned above, traditional habits in consumption literature 

assumes inelastic labour supply. As a result o f  this assumption, along the adjustment path, 

changes in consumption are associated with no labour-leisure trade-off. Model I below 

introduces explicit analysis o f  the effects o f  habits in consumption on dynamics o f  labour 

supply and discusses the interactions between labour supply, consumption and foreign 

asset holdings o f  the households in response to the exogenous shocks to income (e.g. tax 

policy changes).

5.2.1. General Solution.

Consider a small open economy with a single consumption good, C , . In labour markets, 

infinitely lived households face a fixed real wage rate w and supply 1 — /, units o f  labour. 

Labour income is taxed at the rate r, > 0 while consumption is taxed at rater^, > 0 . Tax 

proceeds are rebated in a lump-sum fashion, with tax rebate denoted by 7^. Let
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(]  -  r^) M'(l - / , )  be a given level o f  labour income after the income tax. We can express

the tax revenue rebated by the government as:

( 1 )

As usual, households take 7̂  as exogenously given in the optimisation problem.

Agents m axim ise their lifetime utility from leisure and consumption accounting for 

consumption habits stock:

sub ject to the budget constraint relating agents ' holdings o f  foreign bonds, 5 , ,  tax 

payments and transfer receipts (7^):

In equation (2), we separate consumption and habits stock terms (C,,,/?,,) from the

demand for leisure term in order to capture the idea that in Model I, consumption and 

leisure are weakly separable in the utility and that habits effects apply to the consumption 

com ponent o f  the utility function alone. As mentioned in the introduction above, this 

model will serve as a benchmark model for future analysis.

Follow'ing Ryder and Heal (1973), we assum e that:

(2 )

(3 )
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U(. >0 and <  0 

U, > 0, and Un < 0 

U < 0 and Uf̂ ,, < 0

U,„=Uc, = 0 (4)

^hh^cc -  ^a ,  ^  0 {concavity)
V,. + U,>Q 
Uc>, >  0

The assumptions presented in equation (4) are important in the context o f  comparing the 

benchmark model against the following extension. First, these assumptions support the 

analysis presented in Ryder and Heal (1973) with respect to the existence o f  a stable 

steady state. Second, these assumptions with respect to the separability o f  leisure and 

consumption parallel Hansen and Wright (1992) and Faria (2001). Finally, the last 

assuinption reflects the arguments presented in both Mansoorian (1993) with respect to 

the traditional role o f  habits and in Becker, Murphy and Werning (2002) with respect to 

the status-like nature o f  a habitual standard o f  living. The latter aspect o f  these 

assumptions is important to the understanding o f  the follow'ing extension o f  the 

benchmark model to Model 2 below, the intuition for which is discussed in the 

Introduction.

Since labour tax payments are rebated in a lump-sum fashion, agents take 7̂  as given.

This, in conjunction with the fact that marginal rate o f  substitution in consumption and

leisure in period t are independent o f  their levels at time j  , implies that U is

homothetic. Furthenriore, the assumption that the utility function is weakly separable in 

habits and leisure implies that in our model habits only serve as a reference point for the 

utility o f  consumption and do not distort the utility o f  leisure. This is standard for models 

with habit fomiation in consumption. It also implies that preferences specified under
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equation (4) exhibit the adjacent com plementarity  property so that a change in the current 

consumption has the same direction effect on the future marginal utility discounted 

forward from today.

The assumed additivity o f  leisure and consumption in preferences can be justified on the 

following grounds;

First, using past choices o f  consumption as a reference point a lone without distorting the 

marginal utility o f  leisure implies that the strength o f  habits will affect leisure demand 

only in so far as labour supply can be used by households to maintain a habitual standard 

o f  living in consumption. Thus stronger habits are now needed in order to generate the 

desired sensitivity o f  consumption than in the model with exogenous labour supply. This 

is the point made in the numerical results obtained by Graham  (2003).

Second, in so far as there are no empirical tests o f  the persistence in leisure at the 

aggregate and individual levels, separation o f  consumption habits and demand for leisure 

eliminates the need for resorting to the arbitrary parameterisation o f  the model in its 

leisure component. The problem here is that while there exists an extensive literature on 

acceptable parameterisation o f  the habits-in-consumption models, little or no empirical 

guidance currently can be found on parameterisation o f  the endogenous leisure 

components. This problem is especially pronounced in the context o f  the comprehensive 

habits model, i.e. Model 2 below. In this model, neither the strength o f  habits-in-leisure in 

utility parameter, nor parameters on the speed o f  habits in leisure convergence and the 

relative weight o f  leisure in the law o f  motion for com prehensive habits can be justified 

empirically.
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T hird, th e  current sp e c if ic a t io n , o n ce  ex ten d ed  to  c o v e r  le isu re  in add ition  to  co n su m p tio n , 

a s sh o w n  in M o d el 2 , a l lo w s  us to  reco n c ile  hab itual le isu re  w ith  h a b its-lik e  b eh a v io u r  o f  

a g g reg a te  co n su m p tio n  and the p o ss ib ility ’ for  lo w er  p ers isten ce  in in d iv id u a l co n su m p tio n  

v is -a -v is  le isu re .

Prior to  c o n s id e r in g  the d y n a m ic  program  b ased  on  eq u ation  (3 ) , w e  m u st im p o se  the  

fo l lo w in g  tran sversa lity  c o n d it io n s . T he first c o n d it io n  ru les out the p o ss ib il ity  o f  

u n b ou n d ed  b orrow in g  by  the ec o n o m y  at large. A s  standard,

+  (5 )
r

S in c e  th e  r ig h t-h a n d -s id e  (herein after , R H S ) o f  eq u a lity  in co n d itio n  (5 )  in v o lv e s  both  

b on d s and labour su p p ly , is fu lly  e n d o g e n o u s  to  th e  d ec is io n  m ak in g  by h o u seh o ld s .

H en ce , in th e  fo l lo w in g  o p tim isa tio n  program  w e  can a ltern a tiv e ly  co n sid er  the bu d get 

con stra in t to  be a fu n ctio n  o f  the a g grega te  re so u rces  a v a ila b le  to  the h o u seh o ld , 

n a m ely  . M an soorian  (1 9 9 3 )  tak es th is ap p roach . H o w ev er , w e  restrict our attention  to

h o u se h o ld s  cu rrently  p artic ip atin g  in the labour fo rce , so  th at! > / ,  >  0 .  U n d er th is  

restr iction , o p tim isa tio n  w ith  resp ect to  is eq u iv a len t to  o p tim is in g  w ith  resp ect to  5 ,  

a n d / , . S u b seq u en tly  w e  d e fin e  the current v a lu e  H am ilton ian  in term s o f  th e se  tw o  

va r iab les .

F urtherm ore, w e  shall im p o se  term inal co n d it io n s  that rule ou t c o m e r  so lu tio n s  for  

co n su m p tio n  and leisure:

H n \  . ^ 0  (  C , , /? , ; / , )  =  (  C , , /? , ; / , )  =  co
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In equation (3), the utility function depends on both leisure expenditure and stock of 

habits in consumption (/?, ). We assume that agents are endowed with some initial stock of

habits (/?(,) and that habits stock evolves according to

h , = A { C , - h , )  (6)

In so far as X captures the speed o f  adjustment o f  habits stock to consumption, setting 

A = 0 implies that in our model, habits do not matter (their stock remains static relative to 

consumption demand). As A —>■ 0 ,  consumption demand decisions o f  agents are less and 

less influenced by their initial endowment o f  habits ( h^ ). In this case, households will be

able to maintain different levels o f  habits stock and consumption even in the steady state. 

On the other hand, ifA ^  1, agents reach their steady state level o f  consumption demand 

nearly instantaneously and their stock o f  habits has the weakest effect on their 

consumption demand. Once again, as standard, the ratio o f  consumption to habits along

the steady state path will evolve so thatc, / /7, > 1 . Thus in the steady state, (c’/ = 1 .

The cunent value Hamiltonian specification for agents is given by:

W,,- =  t / ( C „ A , +  ) ( ! - / , ) - ( l  + r , )C ,  + 7;] + f , ; i ( C , - A , )  (7)

Note that equation (7) implies that habits are internal to the household decision-making.

An alternative to this assumption is to represent habits by an exogenous reference variable 

outside the choice variables o f  the agents. The two alternative specifications are discussed 

in depth in Carroll, Overland, Weil (1997), as well as in Gurdgiev (2004). However, from 

equation (7), it is clear that, in the absence o f  habits in the optimisation set. the model will 

be reduced to a single differential equation for asset holdings and the exogenously
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determined law o f motion for the aggregate habits stock. In this case, the dynamic 

multiplier on habits component o f the current value Hamiltonian will be always zero. This 

in turn will mean that the model solutions below will correspond to the case o f a stable 

equilibrium that is qualitatively similar to the results o f the model provided hereinafter.

Furthennore, to keep both Models 1 and 2 tractable, we omit consideration o f the tax on 

income from the foreign assets held by the households. In part, analysis o f  this additional 

source o f tax policy can be viewed in the context o f  interpreting the real interest rate, r, as 

the net-of-tax rate o f return. While being interesting in general, tax on income arising 

from assets is most pertinent in the context o f  the wealthier households, w'hile 

consumption and labour income taxes are by far more general in the breadth o f their 

incidence.

Solutions to this model will follow closely along the lines o f the methods presented in 

M ansoorian (1993), with two major exceptions. M ansoorian’s (1993) and later models do 

not include consideration o f  either income or consumption taxes presented below, nor do 

they include an endogenous determination o f  labour supply. In addition, in contrast with 

M ansoorian (1993 a, b and 1996), we solve the model in terms o f direct utility function 

optimisation instead o f the two-stage optimisation o f  an indirect utility function. The 

technical details o f the derivations o f the results presented below are relegated to the 

Appendix 5.1 for model 1, and to the Appendix 5.2 for model 2.

From equation (7), the first order conditions for the optimum are:

U , . = p , { \  + r ^ ) - l A  ( 8)

- U „ + l { A  + S )  = l  (9)
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( 10)

( I I )

Clearly, in the steady state, / i  =  0 ,  as long as we assume:

S = r ( 12)

in addition to the tenninal conditions (5) we impose the following transversaltiy 

conditions expressed as a function o f  the model multipliers. To ensure that the econom y is 

on the steady state path, as consistent with conditions in (5), let

By equation (13), as predicted by the standard consumption habits model, a gradual 

adjustment in consumption implies that leisure and thus labour supply act as a jum p- 

discontinuous variable that fully adjusts to the exogenous shocks at the impact. This is the 

effect that gives the same results as in Graham (2003). Follow ing a negative real after-tax 

income shock, according to Graham (2003), we can anticipate an increase in labour supply 

that fully offsets the impact o f  the changes in income. In the absence  o f  financial assets, 

households will fully adjust their leisure to smooth consumption. Thus future changes in 

consumption should be financed by changes in the asset positions o f  the households.

Linearising first order condition (10) around the steady state and using equation (12) and

the assum ptions (4), we have;

(13)
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As shown in Appendix 5.1 below, first order conditions (8)-(12) imply that

11

II

/ ? ,  - h

c c
( 14)

where

U cr

r
a,., = ----------> 0

U

U,c > 0 a -,2 = r -  > 0 (15)

Hence, saddle-path stability, which requires that detA<0, is assured.

To derive solutions to the system given in equation (14), let ^  < 0 be a negative 

eigenvalue o f  A, so that;

r - \ j r ^  - 4 d e t A2l (16)

By definitions (14) and (15), and assumptions (4) we can conclude that ^  < 0  exists. 

Furthermore, by the assumptions (4) and as shown in the Appendix 5.1:

(17)
U,,, + 2U,

We express condition (17) in terms of the absolute magnitude o f  the negative eigenvalue, 

(j) , relative to the positive value o f  the speed o f  habits stock adjustment to the steady state 

Such exposition is consistent with Mansoorian (1993 a.b). Note that here we allow for 

U > -Q .5U  > 0 as one of the possible outcomes in condition (17). This possibility is
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o f  import here only in so far that in Model 2 we will impose a corresponding restriction on 

the a llowable size o f  J J relative to?7y,^,. However, in Model 1 there are no intuitive 

reasons for such restriction. More on this issue follows in part 5.2 below.

Technically, inequalities in condition (17) imply that there exist two different regimes 

with respect to the response o f  the variables o f  choice to changes in the rates o f  taxation. 

W henever the marginal disutility o f  habits is strongly responsive to changes in the 

habitual stock relative to the speed at which the habits stock adjusts towards the steady 

state level, the negative eigenvalue o f  the process in system (14) dominates the speed o f  

growth in the habits stock. The converse applies when the marginal disutility o f  habits is 

weakly responsive to changes in habits stock along the steady state path.

Note  that by equations (1 5) and (16), since there are no cross effects o f  habits on leisure,

</) <Q  can be interpreted as a rate o f  growth in the marginal utility o f  income due to the

speed o f  ad justment in habits. When is relatively high, so that habits have a strong 

effect on the marginal utility o f  consumption, the marginal utility o f  income is strongly 

influenced by habits as well. In this case, -(j) < X , s o  that the speed at which consumption 

catches up with habits is above the speed at which marginal utility o f  income falls with the 

increase in the habits stock.

Standard forni solutions for the system o f  tw o equations, (14), are given by the stable arm 

equations:

( a ,

(18), (19)
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Using equations (18) and (19), we can solve for the asset holdings o f  households. 

Linearise equation (3) around the steady state, using equation (13):

B , = r [ B , - ^  + ^[h, -h]e^'
, ; (20]

Q  =  -  > , < 0  <=>
X

In the above, inequality on Q  arises from the assumptions (4) and by the inequalities 

(17).

Equation (20) provides a solution for the steady state deviation in asset holdings by 

households and the steady state differences in the habits stock:

D -  Q -<f)>,<X (21)

( - ) / ( + )

Note that by equations (20) and (21), households’ asset positions depend on the level o f  

income taxation. This provides the analysis shown below. In addition, part 5.3 o f this 

paper, and the Appendix 5.3 below, discuss the effects o f the models parameters in the

context o f  consumption, leisure and foreign asset holdings adjustments.

In so far as our benchmark model predicts, we retain herein the main features of 

traditional habit formation in consumption models. When consumption in the recent past 

becomes more important in reference to future consumption, X rises and the optimal 

consumption for the future periods decreases. At the same time, as the importance o f 

habits in the utility function increases (so that{7(-.y, is positive as assumed in (4) above), the 

optimal consumption increases as well in order to maintain a habitual standard o f living.
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Also, by inequalities (21), the household bond holdings do respond to changes in wages 

and consumption habits parameters. Outside the steady state, an increase in the habits

endowment or a decrease in the habits stock steady state value (so that|̂ /̂zQ -  /? j T ) will

•

lead to a faster growth rate in assets, as 5 , falls. This occurs whenever the speed o f habits

convergence is low compared to the effect o f  habits on the marginal disutility o f  habits 

relative to their effect on the marginal utility o f  consumption. Hence, agents with a 

greater initial habits stock in consumption will tend to have slower growing asset 

positions, and subsequently a higher volume o f bond holdings whenever the adjustment o f  

habits stock to the steady state is slower. Since the steady state level o f habits converges to 

that o f consumption by equation (6), we have the link between the initial level o f 

consumption and the asset accumulation behaviour o f  the houseliolds.

This link arises due to the negative effect o f  the habits stock on the intertemporal utility o f 

consumption. Agents care about their income in two ways. First, income yields utility via 

consumption, second via demand for leisure. The second component is linked to the 

source o f  income, income arising from savings (bonds) is not ‘taxed’ in terms o f habits 

disutility and neither in this model is the labour supply subject to habitual inertia. Hence, 

agents with stronger habits in consumption will fully substitute away from leisure in 

favour o f  savings (substitution effect). Secondly, ceteris paribus, agents with higher initial 

stock o f habits will tend to allow lower variation in bond holdings away from the steady 

state (depth effect).

The impact o f  the speed at which the habits stock catches up w'ith consumption ( A )  and 

the strength o f habit formation effect preferences on asset holdings by households 

and leisure will be further discussed in the following sub-section and in Part 5.3 below.
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5.2.2. Effects of Tax Changes: General Solutions.

To consider tiie effects o f  ciianges in income and consumption taxes, we differentiate 

equations (21), (6), (3), (I) , (8), (9) and (10) around the steady state which, with minor 

manipulations, yield:

dB = - ^ d h  (22)
(j)-r

dB = + dh^  ̂ (23)

d h =  d ^  (24)
■

,-r Ti M’
dl = -  —  dr, (25)

U11

dh = ^  (26)

First note that by equations (21), (3) and (1), we cannot havet/^f dr^ i = l ,C

Q
Observe that in equation (22): -------- > , < 0  <=5> -(/)<,> 1  <=> Q < , > 0 .

<t>-r

This system o f  equations can be solved for the effects o f changes in the steady state level 

o f habits stock in consum ption, as shown in Appendix 5.1, to yield:

dh V-dXc

Finally from the first order condition (10) we have:

(27)
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^  =  - 7 7 ^  (28 )

E q u a t io n s  (2 2 )- (2 8 )  a l lo w  us to  so lve  for  the  e f fec ts  o f  ch a n g in g  the  rate  o f  taxa tion  on  the  

v a r ia b le s  o f  choice .

5.2.3. Effects of a Consumption Tax Change.

S ta r t in g  as  s tandard  from  the  initial se t t ing  w h e re  bo th  tax  rates are or ig ina lly  at zero ,  

su p p o se  a g o v e rn m e n t  im poses  a p e rm a n e n t  c h a n g e  in the  co n su m p tio n  tax .  so 

t h a t t / f c  >  0  =  cI t i  . U s in g  eq ua t ions  (2 2 )- (2 8 )  w e  can  now' so lve  for  the  resu lt ing  effec ts  

o f  c o n s u m p t io n  tax  increase  on the  var iab les  o f  cho ice .  A s  show n in the  A p p e n d ix  5.1: 

dh dC U,
dr .̂ dr̂ .

M' hh

<0 (29 )

dl _ ^{r  + A) dh 
dr .̂ [ ^ - r ) Ad r ^

>0 (30 )

dB Q. dh
dZf (f) - r  dr .̂

dB _ Q. dh 
dr .̂ ( j )-r  dtf.

>  0  «  ~ ^ >  X

< 0 ĉ > -<j) < 1

(31)

In the  ca se  o f  hab itual c o n su m p tio n  a lone ,  by  u s in g  equa tion  (31), w e  can d is t in g u ish  tw o  

po ss ib le  en v iro n m en ts .  In the  first case , w h e n e v e r  hab i ts  m o v e  to  the  s teady  s tate level at 

a  su f f ic ien t ly  high speed , an inc rease  in c o n s u m p t io n  tax  im plies  d isp o s in g  o f  the 

h o u se h o ld  f inancia l w ea lth  a lo n g  the  t rans i t ion  path .  H ow ever ,  w h en  habits  a re  s lo w  to 

ad jus t ,  h o u se h o ld s  ac c u m u la te  financial w ea l th  a lo n g  the  trans i t ion  path. In tu itively ,  the 

c o s ts  o f  h ig h e r  taxa tion  ne t  o f  leisure a d ju s tm e n ts  can b e  bo rne  by  e i the r  low er
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consumption today or lower consumption in the future. Since consumption is sluggish due 

to habits, while leisure adjusts instantaneously, the adjustments in consumption needed to 

compensate the household for the higher taxation burden will be borne by the financial 

assets. When habits are fast to adjust to the new steady state, as is standard in 

consumption habits literature, consumption adjustments are insufficiently strong in the 

short run as consumers are less willing to postpone current consumption in favour o f  

future consumption. As a result over time, consumers continue to lower their consumption 

and thus generate the need for extra smoothing through lowering o f  their asset holdings 

along the way. The converse applies to the case o f  slowly adjusting habits.

We thus distinguish two cases:

Case k ' . — ( f ) >  A ,

Case B: — < A

Figure 5.1 below illustrates the adjustment processes for leisure, consumption and asset 

holdings o f  the households facing an increase in consumption tax in Case A. The details 

o f  solutions for dynamics are given in the Appendix  5.1.

Figure 5.1. ABOUT HERE.

Leisure and labour supply act as jum p-discontinuous variables in response to changes in 

income tax. Under the assumptions above, an increase in consumption tax rate will have 

the effect o f  raising leisure at the impact level to the higher steady state level. The 

resulting decrease in labour supply by the households allows for downward overshooting 

at the impact in consumption. As labour income o f  the households falls due to the dual
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effects o f  real after-tax wage decline and the contraction in labour supply, household asset 

holdings remain intact at impact. Consumption o f  the households initially falls below the 

new lower steady state level and then proceeds to gradually adjust upward toward the 

steady state. Savings from overshooting the new steady state level o f  consumption 

com plem ent asset holdings o f  the households.

Hence, a lower consumption demand fully absorbs the shock to income resulting from a 

higher consum ption tax. As consumption approaches the new  steady state gradually while 

labour supply instantaneously falls to the new steady state level, the surplus savings 

generated by the wedge between the post-impact consum ption levels and the new steady 

state are absorbed by tiie households into higher holdings o f  assets. The economy 

continues to accumulate assets as it moves towards the new steady state.

Figure 5.2 below illustrates the case B. W hen habits adjust to a new steady state level at a 

relatively high speed, the negative impact o f  the more distant consumption decisions on 

the marginal utility' o f  consumption is diminished. Agents, therefore, are less willing to 

adjust their  consumption at impact. The reason for this is that at impact, the households 

are more inclined to maintain their habitual standard o f  living determined before the 

changes in consumption tax rate.

This implies that households are willing to draw down their savings in order to finance an 

incomplete adjustm ent o f  consumption toward the lower steady state. A partial reduction 

o f  consum ption at impact finances, in part, the immediate upward jum p  adjustm ent in 

leisure. O ver  time, consum ption continues to decline toward the new steady state. The 

reduction in the asset position o f  households augm ents this decline to fully finance a 

greater dem and for leisure in the new steady state.
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Figure 5.2. ABOUT HERE.

With the exception o f  explicitly incorporating labour supply decisions into the household 

optimisation problem, the results presented above are consistent with the general literature 

on habit formation in consumption (see, for example Mansoorian, (1993)). In simple 

terms, as with any exogenous shock to real income, an increase in the consumption tax 

acts to amplify the importance o f  habits in consumption in the overall decision o f  the 

agents. This results in a slower adjustment in consumption to the new steady state. The 

substitution effect in leisure continues to operate in the model, but is now magnified by 

the habits effects o f  rising consumption along the adjustment path to a new lower steady 

state.

Hence, changes in labour supply and leisure are more pronounced in the model with habits 

in consumption than in the model w'here consumption is allowed to adjust instantaneously. 

This is counterintuitive, given that in general labour supply adjustments are slower in 

response to changes in income than the adjustments in consumption. Gurdgiev (2004) 

presents a summary o f  some evidence in favour o f  an argument that leisure adjusts slower 

than consumption. In this case, in the context o f  our model, the asset holdings o f  

households act as the main shock absorber.

As shown in Appendix 5.1, the effects o f  an income tax change on the variables o f  choice 

in this model are identical in direction to the effects o f  consumption tax changes discussed 

above. This result confirms theoretical predictions o f  the RBC models that show the 

equivalence o f  consumption and labour income taxes in the standard models with no habit 

formation (e.g. see Judd (1985), Chainley (1986), and Milesi-Ferretti and Roubini (1998)). 

In general, consumption tax introduces a singularly important effect in household
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decision-making: the trade-off  between labour supply and leisure is tilted by a rise in the 

consum ption  tax rate in the direction o f  the greater demand for leisure.

Yet. the endogenous growth literature (see Jones, Manuelli and Rossi (1993) for an 

excellent discussion) disputes this qualitative equivalence principle. So do the majority o f  

the empirical studies regarding asset positions and investment decisions o f  households. 

These  show that investment (in our model -  asset positions) is com m only  found to be 

negatively correlated with labour income tax and positively correlated with consumption 

tax. For exam ple, M endoza, Milesi-Freretti and A sea (1997) show  the regularity for a 

panel o f  nineteen O E C D  economies.

Hence, due to  the counterintuitive results o f  the benchmark model mentioned above, it is 

warranted to explore other possible applications o f  the habit formation m echanism. The 

objective o f  such an exploration is to account for both persistence o f  consum ption and 

even stronger persistence o f  labour supply in the household responses to the exogenous 

income shocks given by the changes in tax rates.

Part 5.3. A Model of Weakly Inseparable Consumption and 

Leisure in Comprehensive Habits.

To address the criticism supplied in the conclusions drawn from the solutions to Model 1 

above, we examine a model o f  preferences that are h istory-dependent in all com ponents  o f  

choice. The reason for this is that we want a model that can account for the sluggish 

dynam ic  adjustments in both consumption and leisure.
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By analogy with Model 1 above, restricting leisure to be a habitual good, while a llowing 

consum ption to change without any reference to past choices in Model 2 will simply yield 

a model in which consumption is jum p-discontinuous. In this regard, whenever habits 

stock arises from a single choice variable (either consumption or leisure, but not both 

simultaneously), the habitual variable will exhibit gradual adjustment. The variable that is 

independent o f  habits will act as a jum p-discontinuous shock-absorbing variable with 

com plete  adjustment to the new steady state at impact. This can be seen from the first 

order conditions (10) and (11) in the case when habits are fornied in consumption alone.

Clearly, in order to achieve the desired dual persistence in both choice variables 

(consuinption and leisure), it is important to introduce history-dependence in both o f  these 

variables simultaneously. With this in mind, we shall extend the earlier model o f  

preferences to include the adjacent complementarity  in both consumption and leisure. This 

link between consumption and leisure in habits stock determination generates the main 

differences between M odels 1 and 2.

5.3.1. General Solution.

For simplicity, we assume that both consumption and leisure contribute to the stock o f  

com prehensive  habits. We assume that the law o f  motion for comprehensive habits stock 

follows the same process as in the earlier model, so that

By equation (32), the habits stock is a weighted average o f  the complete history o f  choice 

variables. Note that the model predictions do not change qualitatively if  we replace the

(32)

257



real expenditure on leisure with the level o f  leisure in equation (32). A t the same time, 

given our assumption that the price o f  consumption goods is set at 1 we can interpret the 

stock o f  habits described by the law o f  motion (32) as being referenced to both t \  pes o f  

expenditure instead o f  the levels o f  consumption and leisure. Thus overall, relative scaling 

o f  variables employed in equation (32) is o f  little analytical importance in the model. We 

can, therefore, interpret equation (32) as a law o f  motion for habitual stock detenn ined  by 

the total expenditure by the households. In this context. /?, is the household income, net o f  

foreign asset holdings.

'lYeating habits as a function o f  real expenditure, rather than as measured in the levels o f  

consumption and leisure allow's us to resolve the issue o f  different scaling o f  the two 

com ponents o f  the utility function. Since we restrict time endow m ent at unity, while the 

price o f  consumption is assumed to be 1, specifying habits in terms o f  real expenditure on 

both consumption and leisure, measured in terms o f  consumption goods, allows us to 

capture the possibility' o f  a partial complementarity  o f  leisure and c o n s u m p t i o n . W e  w'ill 

further elaborate on this in parts 5.3.3, 5.3.4 and 5.4.2 below.

At the same time, this presents an interesting case for future analysis vis-a-vis the effects 

o f  the after-tax price and wage changes on leisure and consumption. For example, suppose 

that consumption and leisure expenditures form a signal o f  status o f  the agent. Then both 

the habitual standard o f  living and status standing o f  individuals will be altered in 

response to changes in prices and wages. As a result o f  this, in the m odels with explicit

”  When households trade away from consumption in favour of  leisure they may choose to do so 
either by demanding more leisure hours or by switching away from pure consumption goods in 
favour of the leisure-complementary goods. In the latter case, total leisure expenditure of the 
household will rise even when the leisure hours demanded may stay fixed. The complementarity of 
consumption and leisure can, in our model, be captured without explicit separation of  consumption 
goods and leisure-complementing goods by considering the habits in the real expenditure on 
consumption and leisure, rather than in the levels of consumption and leisure.
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analysis o f  changing prices, a higher price o f  consumption implies that, the households are 

interested in sm oothing both the habit-forming consumption and leisure. Thus a lower 

weight w'ill be placed by the households on keeping the leisure com ponent o f  habit stock 

smoothed. This in tum  means that agents will be more willing to adjust their leisure 

spending in response to  the exogenous income shocks.

On the other hand, higher wage rates will be associated with a greater weight o f  leisure in 

determination o f  the comprehensive habits stock, so that leisure adjustments will be more 

sluggish.

These effects will remain unexplored in the present paper, offering an interesting avenue 

for future inquiry. However, the link between the leisure expenditure and the consumption 

expenditure in our model can be partially investigated by the consideration o f  the effect o f  

param eter/;  . As mentioned above, ; ;o n  consumption, leisure and foreign assets position, 

as discussed in Part 5.3 below and in the Appendices 3 and 4.

In general, the adjacent complementarity  o f  leisure and consumption in the law o f  motion 

for habits, as well as the comprehensive habits specification, are similar to the Ryder and 

Heal (1973). In the Ryder and Heal (1973) model, the habitual standard o f  living is a 

weighted average o f  past choices o f  consumption, while the utility function is weakly 

inseparable across real balances and consumption. In our model, the spirit o f  their 

specification is preserved with respect to leisure and consumption acting as jo in t 

de tenninants o f  the habitual reference stock.
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To specify preferences a llowing for the combined effects o f  consumption and leisure on 

habits stock, assume that as in Model 1, the utilitv' function is separable across 

consumption and leisure:

following section 3 o f  this paper we will explore the model under the added simplifying 

assumption that habits are completely separable from both consumption and leisure, i.e.

Finally the budget constraint (3) and the rebate identity (1) continue to hold as before. 

Once again, our assumptions allow for a broad range o f  utility functions, including those 

covered in Faria (2001). The strong assumption that preferences are separable in terms o f  

habit com ponent in leisure, so that(7„^ =  0 , is maintained here for the reasons o f

analytical simplicity. Since the cross effect o f  habits on leisure should be positive, as 

argued for the same effect in consumption, it would simply reinforce the effect o f  the 

consumption-habits link in the results below.

The current value Hamiltonian for the household optimisation problem is now given by:

U{C,J, ;h, )  = u'{C, .h, )  + i,= (l,) + u’ {h,)

where captures the direct effects o f  habits on the utility o f  leisure. In the

u '  ( C , ) .  The corresponding Ryder-Heal assum ptions in addition to those listed in (4) are:

(33)

(34)
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The first order conditions for optimisation are: 

V,.={\  + r,.)/ ,̂-4,X^ri

-U,+l{X^ + 8) = l

(35)

(36)

(37)

(38)

As in Model 1, assumption (12) must be satisfied. In addition we impose the following 

transversality conditions;

-  0

a~ ' ' =  0 

where is defined in equation (5).

Solving the model as shown in the Appendix 5.2 we get:

h h - h/

p
_ b  _

where

(39)

> 0

^ 2 2 = ^ - ^ n  >0 (40)

Note that by equations (40), the square o f  trace o f Â . is greater than 4 det A .̂, satisfying 

saddle path stability conditions as stated in Chiang (1984). Furthermore,
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m o d ( d e t  A ^ . ) > \  un d er  as su m p t io n s  (4) and (33)  so tha t  fo r  be ing  the n ega t ive  

e igenva lue  o f  , mod(^z>^,) ^  1 . This  im plies  tha t  the  bas in  o f  a t traction  for the  sadd le  

po in t is large, as s t ipu la ted  in K oz low sk i ,  et al (2001).  H ence ,  w i th d e t  4̂̂ . <  0  , th e  saddle-

point s tab ili ty  is au to m a t ica l ly  assured ,  w h ile  the  so lu t ions  to  the  system  are  g iven  as 

fo llow s. C o n s id e r  the  sys tem  o f  tw o  dif fe ren tia l  eq u a t io n s  g iven  by (39) and (40). T he  

nega tive  e ig en v a lu e  o f  th is  sys tem  is g iven  by:

Inequa li ty  (42 )  im plies  tha t p re fe rences  u n d e r  c o n d i t io n s  (33) exh ib it  the  ad jacen t  

co m p le m e n ta r i ty  proper ty  def ined  by R yder  and  Heal (1 973 )  in te rm s  o f  the  c o m p o s i te  

cho ice  o f  le isure and  co n su m p tio n  expend itu res .

Im portan tly ,  as  the  hab i ts  pa ram ete r ,  has  a d irec t  e f fec t on the  overa ll  speed  o f  the 

cho ice  v a r iab les  a d ju s tm e n t  to the  s teady  sta te  a lo n g  the  s table  path. A s  d iscussed  in 

g rea te r  detail  in Part 5.3 o f  th is  paper ,  (f)̂ , d e te m i in e s  the  speed  w ith  w h ich  h ab i ts  s tock

ad jus ts  to  the  s teady  state. A t  the  sa m e t im e,  c a p tu re s  the  speed  o f  g row th  in hab its .  A s  

in the  trad i t iona l  hab i ts  in c o n su m p tio n  m ode ls ,  h ig h e r  im plies  tha t recen t pas t

co n su m p tio n  and  leisure ex p e n d itu re s  play  a g rea te r  ro le  in d e te m i in in g  the  overa ll  s tock  

o f  habits.  H o w ev er ,  in add it ion  to  the  trad i t ional  m o d e ls  o f  hab i t  fo n n a t io n ,  the  

co m p re h en s iv e  hab i ts  m ode l  a l low s  us to  d if fe ren tia te  be tw e en  the  tw o  c o m p o n e n ts  o f

y j r '  - 4 d e t (41)

T hen

(42 )
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habits directly. Thus, by (32), captures the importance of the recent consumption 

choices, while (l - captures the importance of the recent leisure expenditure 

choices.

Linearising the budget constraint:

B , = r ( B , - B )  + Q ^ ( h , - h ) e ^ '  (43)

where:

(44)

As shown in the Appendix 5.2, we have three main cases to consider: 

Case A \ —(j)^< => < 0

Cas e B : X^>

Q . < 0

Case C : A,. <■

r,^u„+{t -  n f  »■’[ /„  J  -  v^[nU„ +  (1 -  ,7 ) ».=I7„]

u.^

n.. > 0

(45)

In (45), case A is the case o f high speed of habits stock growth, /Irrelative to the speed of 

the choice variables convergence to the steady state,— cases B and C condition (45) 

can be re-written as:

> 0
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In th e  above ,  the  n u m e ra to r  rep resen ts  the  w e igh ted  second  o rder  e f fec ts  o f  hab its  on the 

m a rg in a l  util ity c o n su m p tio n ,  w ith  the  w e ig h ts  be in g  the  shares  o f  co n su m p t io n  and 

le isure  in the  overa ll  hab its  s tock  d e te rm ina t ion ,  respec tive ly .  T h e  d e n o m in a to r  rep resen ts  

the  overa ll  second  o rd e r  effec ts  o f  co n su m p tio n  on  the  m arg ina l  util i ty  o f  co n sum ption ,  

a c c o u n t in g  fo r  both:

•  T h e  d irec t  effec ts  o f  co n su m p t io n  on the  m arg ina l  util ity  o f  con su m p tio n .

•  T h e  effec t  o f  co n s u m p tio n  on the  m arg ina l  d isu t ili ty  o f  habits.

O v era l l ,  re la tive  speed  o f  sy s tem  c o n v e rg e n c e  net o f  hab its  speed  o f  co n v e rg e n c e  to  the  

n ew  s teady  state , i.e. the  le ft-hand  s ide  o f  the  a b o v e  inequali ty ,  is inc reas ing  in the 

fo l lo w in g  com ponen ts :

•  the  im p o r tan ce  o f  hab its  in the  m arg ina l  utility o f  c o n su m p tio n ,  i.e. the  d irec t e f fec t  o f  

hab its ,  as  m e asu red  by(/^,y,;

•  the  second  o rd e r  e f fec t  o f  le isure and  co n su m p t io n  on the  m arg ina l  d isutil i ty  o f  the 

c o m p re h e n s iv e  hab i ts  stock, + ( l  - 7 ) ^  c c  " id irec t  e f fec t o f  habits;

•  the  second  o rd e r  e ffec t  o f  co n su m p tio n  on the  m arg ina l  util ity  o f  c o n su m p tio n ,  i.e. the  

d irec t  e ffec t  o f  c o n s u m p tio n ;

•  an d  f inally , w ith  th e  im p o r tan ce  o f  the  hab its  s tock  in the  m a rg in a l  d isu t il i ty  o f  

h a b i t s ,r]U, i  +  ( l  - .

H ence ,  in ca se  B, the  speed  o f  hab i ts  s tock  g row th  a lo n g  the  s teady  state path , is large

re la t ive  to  the  second  o rd e r  e ffec t  o f  the  w e ig h ted  hab i ts - re la ted  expend itu re .

A lte rna t ive ly ,  case  B can be in terpre ted  as  a ca se  w h e re  hab i ts  are as soc ia ted  with
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relatively high speed o f adjustment and relatively high effect on the marginal utility o f 

consumption, so that both and U are high. In case C, the marginal utility o f

consumption is less impacted by the overall stock o f habits, so that is relatively low.

This is similar to the discussion following equation (17) in Model I . However, in the 

context o f  our model with comprehensive habits, we no longer can assume, as was done in 

Model 1 under the condition (17), that^f/^,;, + > 0 . As was mentioned earlier, as well

as discussed in the Appendix 5.2, we must restrict, hereinafter^ .

Setting rj = 1 gives leisure expenditure a zero weight in habits stock, in this case, we 

attain the same results as shown in Model 1. Alternatively, setting rj = 0 yields results for 

a model where leisure is the only habitual good. In the latter case, > 0 unambiguously.

As a result, by equation (35), consumption acts as a Jump variable. Under the assumption 

o f zero first order effects o f  habits on the marginal utility o f  leisure, only consumption and 

habits are linked through a second order effect. Thus asset holdings o f the households will 

always countermove with the leisure habits stock whenever no habitual consumption is 

built into the model. This is captured below by equation (46). The short run effects o f  tax 

policy changes will be absorbed by consumption, while the long run effects will be at least 

partially checked by changes in the household’s financial assets.
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5 .3 .2 . Effects of Tax Changes: General Solutions.

As in tiie earlier model, the following equations detemiine the effects o f  income tax

change on the variables o f  choice:

dB = dh (46 )

( + ) i f  A or B
( - ) ' /  C

-  A/, , M,
dh =  — ^  dTf, H ^  dr.

M , '  M ,  '

(-) (+)

(47 )

where

{K + r)U, ,  + +

(1 - 7 7) +
< 0 (48 )

-r. ^r K n v ,

<0 (50)

Finally,

dl  =
r/w{Â . + r )^

+

-dr I +

■dh

(51)
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Using equations (46)-(51), as siiown in the Appendix 5.2, we can solve the model for the 

responses o f the choice variables to the changes in labour income and consumption tax 

rates.

5.3.3. Effects of Labour Income Tax Change.

We now consider the effects o f  a permanent increase in the labour income tax.

Assume > 0 =  d t^ . . As shown in the Appendix 5.2, the following equations detemiine 

the response o f the choice variables.

(52,
dr, M,

dB dh ^  ̂ ^ ^
 = —  ------ — > ; < 0  <=> cases A, B', case C  (53)
dr, dr.

W hile for leisure:

d J  _  ( 1 - / 7 ) [ 7 7/7 , , +  t/( .,]  dh
< 0 (54)

Specifically for the assumptions o f the model, condition (54) requires that

U ,C h < j ] <\  (55)

which confirms the intuitive argument concerning the second order effects o f  habits on 

consumption alone made in the preceding subsection. This assumption is retained 

throughout the remainder o f Part 5.2. The intuition behind it is that rj captures the 

importance o f  consumption in determining overall stock o f habits. When rj is extremely 

low, as would be the case when condition (55) is violated, our model behaviour becomes
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dependent almost exclusively on the habituality o f  leisure expenditure alone. In this case, 

the households’ motive for smoothing applies only to leisure demand. This in turn 

generates the situation where consumption absorbs all effects o f  tax policy shocks. In this 

case taxation is distortionary in so far as an increase in the labour tax rate will result in an 

unambiguous increase in leisure demand and a corresponding fall in consumption.

Finally for consumption:

dc \ dh {\-n) dl
dvi ij dr,  11 dr,  

From (52)-(55):

> 0 (56)

dC  ^ d l
if  77 > 1 / 2  => —  < v t 'm o d -----

dT. dr,
-  -  (57)

i f  rj < \  12 => m od
dVi dzj

To interj^ret inequalities in (57), consider again the role ofr] . As t] rises, the weight of  

consumption component o f  the habits stock law o f  motion rises as w'ell. This implies, 

ceteris paribus, that the households’ propensity to adjust their consumption falls relative 

to their propensity to adjust their leisure demand. In other words, the higher i s / / , the 

greater is the role of  leisure in absorbing tax policy changes relative to consumption.

Next we proceed to discuss the three possible cases A through C.

5.3.3.1. Case A:

The adjustment dynamics in case A are shown in Figure 5.3.
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Figure 5.3. ABOUT HERE

In the case o f  high speed o f  adjustment in habits stock, as can be seen from Figure 5.3 and 

A ppendix 5.2, at the m om ent o f  impact, stock o f  habits jum ps up. but remains below the 

new steady state level. This implies that consumption adjusts incompletely to the new 

lower steady state. At the impact leisure falls, undershooting the new steady state. The 

reason for this is that at im p a c t  an incomplete adjustment in consumption prevents partial 

adjustment o f  leisure in the absence o f  changes in asset holdings.

The reason for this is that in the environm ent o f  the high speed o f  habits adjustment to the 

steady state (case A), households attempt to maintain a habitual level o f  consumption and 

leisure simultaneously. Overall, in case A, relatively small in comparison with

(o'" relatively large) as required to make relatively small in absolute value.

Thus the costs o f  habits in terms o f  substitution o f  present consumption for future 

consumption will be dominated by the benefits o f  adjusting leisure today relative to the 

future. Agents will substitute in favour o f  future consumption and present leisure in 

relative term s (so that consumption adjustm ent at impact is incomplete and less deep than 

a corresponding adjustment in leisure).

Over time, as consumption rises further tow ard the new steady state level, leisure rises as 

well and labour supply falls. However, on the net, habits are rising, since adjustments in 

consumption are complimented by the adjustment in leisure. Part o f  the original leisure 

fall at the impact will be absorbed into higher asset holdings. Agents therefore will
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substitute away from leisure and in favour o f  consumption, allowing for savings from 

increased labour supply to partially compensate for a smaller consumption increase.

Note that in contrast to case B in Model 1, in Model 2, case A, there is overshooting result 

with respect to leisure. In Model 1, leisure is a non-habitual good, so that an instantaneous 

adjustment o f  leisure absorbs the shock allowing for the impact change in consumption. 

Financial assets provide added smoothing to consumption.

In Model 2, although leisure is smoothed alongside o f  consumption, habits move fast 

relative to the low weight o f  leisure in the overall habits stock. This implies that leisure 

will act as the main variable bearing the cost o f  adjustment at the impact. The result is 

logical, since if  habits are fast moving, households will have lower incentives to delay 

adjustinents to the new steady state. At the same time, since leisure is relatively less 

important as a determinant o f  overall habits stock at any point in time, households will be 

more inclined to vat^ leisure along the adjustment path, a llowing for a smaller change in 

consumption.

Hence, the difference across the models arises due to the stronger effect o f  habits speed o f  

adjustment and due to the fact that this effect dominates the overall importance o f  leisure 

in the comprehensive habits stock. Unlike in Model 1 (case B), in case A o f  Model 2, 

overall, leisure demand falls in response to changes in the labour income tax rate. This is 

simply due to the fact that in Model 2 households are interested in smoothing both 

consumption and leisure expenditures. This prevents them from absorbing all the shocks 

into a single variable o f  choice along the adjustm ent path.
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S.3.3.2. Case B: 0 <
I - -  ' 7̂ ,̂  ]  -  [nv„ +(1 -  7 ) t / J

<  X < - d

Case B corresponds to the environment o f moderately fast moving habits. As shown in 

Appendix 5.2, habits overshoot the new (higher) steady state level at the impact. Once 

again, fast adjustment o f  habits stock implies that costs o f accumulating habitual standard 

o f liv ing accrue over a shorter period o f time. However, at impact, consumption rises 

above the new steady stale level whenever the share o f consumption in overall habits law 

o f motion is low' enough ( / ;  < 1 /  2 ).

The overshooting in consumption, in the case o f/ /  <  1 /  2 , arises due to the fact that in case 

B, disutility o f  habits in second order effects dominates the effect o f habits on the 

marginal u tility  o f consumption. However, with low relative weight o f  consumption in the 

overall habits stock, leisure becomes the dominant smoothing variable. Thus, along the 

adjustment path, consumption component o f  the habits stock can be sacrificed by the 

household to a greater degree than the leisure component. Follow ing impact, leisure falls 

below' the new lower steady state and then proceeds to rise over the adjustment period.

The converse applies in the case where;; > 1 / 2 .

Overtime, as the asset position improves, leisure rises (whenever^ < 1 /2  ), financed by 

the fa lling  consumption. These dynamics are shown in Figure 5.4 below.

Figure 5.4. ABOUT HERE
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An interesting aspect o f  tiiis scenario is tiiat, in case A, taxes on labour income generate a 

counter-m ovem ent between labour supply and consumption along the adjustment path and 

co-m ovem ent at the impact. In case B this relationship is preserved. Thus case A 

confinns, w hile  case B contradicts Barro and King (1984) model predictions. In this 

context, in the case B, due to habits in leisure and separability o f  leisure from habits stock 

in preferences, leisure acts as the main utility stabilising com ponent w henever its share o f  

habits stock law o f  motion is relatively h igh ,/;  <  1 /  2 . This requires a strong reduction in 

consum ption expenditure. In case A, with the speed o f  habits adjustment being relatively 

high, leisure is relatively less important as a utility stabilising component, so that both 

leisure and consumption are smoothed simultaneously, while leisure continues to 

dominate consumption as the main utility-stabilising com ponent o f  the model.

Finally in case C, the habits stock slow ly m oves to the new lower steady state. As a result 

o f  this at impact, habits overshoot the new (higher) steady state level, as in case B above. 

Similarly, as in case B, leisure falls down part o f  the way towards the new lower steady 

state if  its share o f  habits stock is relatively high ( / ;  < 1 /  2 ), or overshoots the lower

that these effects are driven by the relative importance o f  habits in terms o f  the marginal 

utility o f  consumption effect. Since, following the impact, habits are slow to move, while 

the marginal utility o f  consumption is relatively weakly responsive to habits change (as 

required by the inequality above), agents have a greater incentive to use leisure as a 

smoothing variable. As a result, consumption overshoots the long run target

S.3.3.3. Case C: 0 < i

steady state target if  it share o f  habits stock is relatively low ( / ;  >  1 /  2 ) .  Once again, recall
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w henever;; < 1 / 2 . The converse dynamics occur in case o f;/ > 1 / 2 . As such, case C 

represents a reversal o f the results presented in case B above.

Over time, as asset positions are altered, consumption slowly falls toward a new steady 

state from its overshooting position, while leisure continues to fail as well. The assets are 

absorbed into the rising overall expenditure. Figure 5.5 below provides the dynamics for 

consumption, leisure and asset holdings o f  the households.

Figure 5.5. ABOUT HERE

5.3.4. Effects of Consumption Tax Change.

Finally we consider the effects o f a one-time permanent increase in consumption tax, so 

th a tJ r , .  > 0 =  dr I . From equations (46)-(51) we can see that

dh M-y
dr^  A/|

<0

dB Q,. dh
> ;< 0  case C ; cases A,B

dtf, ^^.-r dr^

dJ ^ + dh
d r ,  { X - j j ) \ ? x ^ u , , - r j { X ^  + r)U„dT^

> 0 ci> 7  >
Uhh

dC dh 1 ( 1- 7 ) dl
dr,~ dr  ̂ 7 dr  ̂

and

<0

mod >  M ' -

dr^

(59)

(60)

(61)

(62)

(63)

273



N ote that in contrast with labour income tax case, in the case o f  consumption tax. 

adjustment in consumption is always deeper than adjustment in the leisure expenditure. 

This is so since changes in consumption tax have only price effects, while changes in the 

labour income tax have both price and income effects. A rise in consumption tax increases 

the price o f  consumption goods, leaving the price o f  leisure and income unchanged.

Subsequently, households that are trading consumption in exchange for leisure respond to 

the substitution effect o f  price changes. In the case o f  labour income tax increase, the price 

o f  leisure rises, while labour income falls. Consequently , households face both the 

substitution effect o f  price change, and the reinforcing income effect. These effects relate 

to each other through the relative importance o f  leisure expenditure in the habits law o f  

motion, (1 - / / )  .

5.3.4.1 Case A:

At the m om ent o f  the consumption tax policy change, the habits stock adjusts 

incompletely to a new higher steady state. At the same time, consumption falls part o f  the 

way toward the new steady state, while leisure rises towards the higher long-run level. 

Since the relative price o f  consumption rises, the opportunity cost o f  leisure falls m aking 

leisure more attractive. At the same time, habits adjust rapidly to the new steady state so 

that households place greater emphasis on maintaining their habitual standard o f  living 

and are unwilling to change either consumption or leisure dramatically. There are no 

overshooting results, as predicted by the traditional habit formation literature (see 

discussion o f  Model 1, case B).
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Since consumption dominates the smoothing motive for the households (consumption 

weight in habits stock formation is high relative to the effect o f  habits on marginal utility

terms o f  overall expenditure than consumption following the impact. Overtime, this 

requires a reduction in the net savings. Asset holdings fall to the new steady state level. 

The adjustment dynamics in case A are shown in Figure 5.6.

Figure 5.6. ABOUT HERE

Relative to the comparable case A in the exercise involving changes in the labour income 

tax, the model predicts the reversal o f  the policy effects vis-a-vis direction o f  changes in 

asset holdings, consumption and leisure. Unlike in part 5 .2 .3 .1 above, households respond 

to a rise in consumption tax by reducing financial wealth along the adjustment path that 

involves reduction in habits stock as well. This implies that households will tend to 

exhibit deeper adjustments in leisure relative to a decrease in consumption in the case o f  

consumption tax along the long run adjustment path, than in the case o f  labour income tax. 

Most o f  the changes in consumption, on the other hand, occur at the impact as the 

households' efforts to maintain a given standard o f  living prevent them from changing 

consumption too aggressively in the future.

Case B corresponds to the case o f  moderately fast m oving  habits. As in case A above, at 

impact, household habits overshoot downward the new  (lower) steady state. However in

o f  consumption, w'hich is necessary in order to m ak e ; /  > ), leisure adjusts more in

S.3.4.2. Case B: 0 <
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contrast with the case A, consumption falls below the new steady state whenever leisure is 

the dominant habits component, x.e.rj < 1 / 2 . The impact adjustment in consumption is 

incomplete whenever;/ > 1 / 2 , since a moderately high speed of adjustment in habits 

stock implies a strong smoothing incentive for household optimisation. At the same time, 

relative importance o f  consumption in the detennination o f  the overall stock of 

comprehensive habits strengthens the propensit)' o f  households to use consumption as the 

main smoothing instrument. Thus, with rj < M  2 consumption will move to absorb most 

o f  the adjustment, while with rj > \ !  2 consumption will play such a role.

Case B, therefore, is associated with the change in the main variable o f  smoothing from 

leisure to consumption whenever the share o f  leisure expenditure in habits law o f  motion 

is high (; /  < 1 /2  ). The opposite holds when the share o f  consumption in habits is high 

( 7/ > 1 / 2).  This fully contrasts the case o f  an increase in labour income tax, where leisure 

falls at the impact relative to the initial steady state level.

Over time, consumption and labour supply rise to the new steady state levels whenever 

leisure dominates habits, 7  < 1 / 2 . However, the stock o f  habits rises along the adjustment 

path to compensate for the downward overshooting at the impact. In this case in order to 

maintain a habitual standard o f  living, households increase consumption and leisure over 

time, which requires drawing down their financial assets. Figure 5.7 below provides the 

details.

F igure 5.7. A B O U T H E R E
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As can be seen from Figures 5.4 and 5.7, as well as Figures 5.3 and 5.6, consumption tax 

and labour income tax differ, in cases A and B, in their effects on consumption and asset 

position o f the households. Strong preferences for consumption smoothing induced by fast 

moving habits and a relatively strong importance o f habits in consumption vis-a-vis 

leisure implies that agents smooth consumption more in response to consumption tax 

change. This effect is amplified by the assumption on the separability o f  leisure and 

comprehensive habits stock in the instantaneous utility function. The latter reason implies 

that in case B leisure can act as a stronger shock absorber than consumption. Hence, the 

households decrease their labour supply in response to a change in the relative pricc o f 

consumption, while they will increase their labour supply in response to the change in the 

real after-tax wage.

5.3.4.3. Case C: 0 < /i <
-  nY [rju„ + ( i -  /?)

Case C corresponds to the environment o f  slow moving habits. This implies that habits 

stock falls at the impact below the new steady state level and then proceeds to rise over 

time. Slow moving habits and corresponding relatively low value o f  rj imply, in the case 

C that consumption becomes the predominant channel for intertemporal smoothing 

allowing leisure to strongly respond to the shocks whenever consumption dominates the 

habits,;; > 1 / 2 . As a result o f this, consumption falls below the new steady state at the 

impact, while leisure overshoots the new higher steady state.

The initial jum p in consumption is relatively strong vis-a-vis the complete adjustment to 

the new steady state, since habits tend to adjust strongly at the impact. This implies that
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habits will rise over time, driven by the consumption increases. At the same time leisure 

falls toward the steady state, which implies that over time households, will adjust their 

labour supply upward. The dual effect o f  rising consumption and falling leisure is 

absorbed into rising financial wealth o f  the households.

Figure 5.8. ABOUT HERE

Figure 5.8 above illustrates the dynam ics o f  these adjustments. In contrast to the response 

to a rise in income tax, consumption tax yields the opposite direction effects for all 

variables involved with exception o f  habits. The reason for this is once again the reversal 

o f  the smoothing instrument from consum ption (in part 5.2.3.3 above) in favour o f  leisure. 

Overall, case C is com parable  to case A in Model 1 w henever consumption dominates 

habits law o f  motion, i.e. 7  >  1 /  2  .

Part 5.4. Comparative Analysis of the Effects of Habits

Parameters on Models 1 and 2.

In general, the habits in consumption literature recognises the fact that most o f  the habits 

in consumption models are sensitive to both the choice o f  the utility function assumptions 

and the choice o f  the param eter values. In this part o f  the paper we want to address these 

issues. Subsequently we will make two distinctions. In the first part, paragraph 3.1 will 

consider an assumed form o f  preferences that is closely coincident with the Ryder and 

Heal (1973) assumptions listed in conditions (4) and (33) above. As shown in the 

Appendix  5.3, these assumptions impose a set o f  constraints on the choice o f  the utility
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function tiiat prevent us from determining tlie direct effects o f the habits parameters in the 

context o f  Model 2.

Comparing the results o f the two specification assumptions highlights the general 

difficultv' o f parameterisation o f the habit formation models. Under complete separability 

o f habits assumption employed below, the results, which are discussed in parts 5.2 and 5.3 

o f this paper are show'n to be significantly altered. Once again, these differences arise 

from the violation o f  some o f the assumptions (4) and (33) made below.

In the following, we assume that the utility function is logarithmic in both consumption 

and leisure net o f a proportional share o f the habits stock, so that ) , as given

below by

U{C „ I , - ,h , ) ^ \ogC ,  + k \ o g { l , ) - y h ,  (64)

Specification (64) allows for habits to be completely separable in utility from the variables 

o f choice, so that neither marginal utility o f consumption, nor marginal utility o f leisure 

are directly effected by the habits. This assumption does not v iolate the assumptions made 

in (4). As shown in the Appendix 5.3 below, this assumption supports the existence o f  a 

steady state solution and the method o f solution presented in Parts 5.2 and 5.3. However, 

an important limitation arises under equation (64): in the absence o f cross effects o f  the 

habits on marginal utilities, as well as in absence o f the second order effects o f  habits, 

habits stock behaves as a jump-discontinuous variable along the adjustment path. At the 

same time the asset holdings o f  households continue to act as the shock absorber at the 

impact, adjusting to the new steady state to compensate fully for the changes in habits 

stock.
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These results arise due to the nearly exogenous nature o f  habits under the specification 

(64). I f  habits are completely separable in the within-period utility function, the 

households no longer smooth the actual habits stock, as habits do not have any second 

order effects. A t the same time, in the first order effect, habits induce smoothing 

behaviour in terms o f  their components. This distinction is important and completely new 

to the model o f  comprehensive habits. If  habits are determined solely by consumption 

alone, smoothing o f  consumption implies smoothing o f  habits, as the stock o f  habits 

evolves in a 1:1 relationship with the consumption. However, in the case o f  

comprehensive habits, households can keep habits stock fixed along the adjustm ent path 

by proportionately var>'ing consumption and leisure expenditure. As long as two 

components o f  habits stock countermove, the stock o f  habits will not change.

At the impact, as shown below and in Appendix 5.3, households will be free to fully 

adjust their habits to the steady state. The cost o f  doing so in temis o f  the disutility 

generated by raising habits stock at the impact do not subtract from the marginal utility 

benefits o f  smoothing adjustments in leisure and consumption (since there are no cross 

effects), in addition, the costs o f  adjusting habits are not effecting directly the marginal 

disutility' o f  habits. Again, as in the case o f  the model specification presented in the 

paragraph 3.1 above, the details o f  solutions are shown in the A ppendix  5.3. Figure 5.9 

below illustrates the dynam ics o f  model adjustments.

Figure 5.9. ABOUT HERE

As can be seen from Figure 5.9, habits ju m p  at the point o f  impact to a higher steady state 

level. With incomplete adjustment to the new  steady state in leisure expenditure and 

consumption, a discrete ju m p  in habits implies that leisure dem and adjusts more in terms

280



o f  the underlying expenditure than by consumption. Labour income therefore falls at the 

impact more than consumption expenditure. This implies that household asset position 

adjusts fully to the new lower steady state at the impact.

This result is o f  dual importance in the context o f  this model. First, theoretically it shows 

that in presence o f  comprehensive habits, households are not only free to smooth both 

consumption and leisure. In the traditional models o f  habit formation the households must 

smooth habits stock along the lines o f  sm oothing their consumption. Instead, in our model 

under the added assumptions o f  the present part, the comprehensive habits stock can be 

used by the agents to absorb all exogenous shocks. Thus our model separates smoothing 

variables from the necessity to smooth habits.

Second, our model o f  com prehensive habits, by separating smoothing instruments aw'ay 

from the habits stock, can be used to model the empirically documented possibility that 

households may be sm oothing actual consumption while allowing the overall expenditure 

fluctuate freely. Becker (1965) argued that individuals may substitute away from 

expenditure in favour o f  allocating more time to household production, as the relative 

price o f  time falls. This possibility, as was argued in Part 5.3 above, is clearly evident in 

our model if  we are to assum e that household production involves a proportional share o f  

leisure. However, under the added assum ption o f  separable habits, the possibility that 

habits stock may exhibit complete adjustm ent at the impact, while the components o f  the 

habits stock may exhibit persistent deviations from the steady state, in our model is 

consistent with the A guiar and Hurst (2004) empirical findings.

Aguiar and Hurst (2004) found that, faced with anticipated changes in income, such as 

retirement, individuals exhibit evidence that marginal utility o f  consumption may be
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smoothed over time. These findings are related to the well-established literature on the so- 

called 'the  retirement consumption puzzle '.  The puzzle is usually defined as follows: For 

most agents, retirement represents an anticipated event, so that under the permanent 

income hypothesis, forward-looking agents will smooth their marginal utility o f  

consumption. However, empirically, w'e know' that upon the retirement, household 

consumption declines sharply. In the context o f  our model, the puzzle can be theoretically 

explained as follows. As the cost o f  time spent in household production, rather than in 

costly leisure falls (as in the case o f  a rise in the labour income tax), households will 

smoothly m ove out o f  consumption and into household production, so that their 

consumption expenditure falls, while their consumption remains relatively stable 

(undershoots the long run target). A t the same time, facing tim e-endowm ent constraint, 

the households will also move out o f  labour into leisure. As the result, households will 

smooth their consumption and leisure, while discretely adjusting their habits stock at the 

impact. The comprehensive habits stock is defined over the total household expenditure. 

At the same time, actual consumption and leisure are smoothed. Thus in our model, 

households may vaiy' expenditure dramatically, w hile  smoothing both consumption and 

leisure.

This point reinforces the nature o f  the model 2 first order conditions. Recall that by 

equations (35), (37) and (38) our households keep constant their marginal utility o f  

income, while smoothing their consumption and leisure. In addition smoothing o f  

consumption is not in one-to-one relation to the sm oothing o f  leisure. Thus, in our model, 

the standard result o f  the intertemporal models o f  consumption no longer holds. 

Specifically, we no longer observe that there is a one-to-one mapping from the entire 

vector o f  expenditures to the marginal utility o f  wealth. Aguiar and Hurst (2004) argue 

that data supports our type o f  the argument over the traditional models o f  consumption.
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To analyse the role played by the habit formation parameters in the model, consider the 

following implicit solution for the steady state level o f  consumption:

C ( l - r , ) ( « - C  + ri!) ' (X, + r ) { \ - r , )

Table 5.1 below summarises the results derived in the Appendix  5.3.

As shown in Table 5.1, responses o f  both consumption and leisure to changes in the habits 

parameters are driven by the relative weight o f  each com ponent in the overall 

comprehensive habits s tock.//  . For the case when consumption dominates the habits law 

o f  motion, rj > M  2 ,  habits stock falls with the strength o f  habits parameters y  and X  

whenever consumption is relatively moderately weighted in the law o f  motion 

14- r
i n  < 1 /  2  < ----------  —  ). in the case when consum ption is relatively highly weighted in

the law o f  motion for habits, 1 /  2 < ;7 < - — , habits rise with an increase in either
2 - r /  + r̂ ,

one o f  the parameters o f  habits strength in the utility.

Note that the results shown in Table 5.1 can also be used to determine the relative depths 

o f  adjustment o f  consumption and leisure vis-a-vis each other under the two different 

policy changes. For example, consider the case o f  an increase in habits in the utility 

parameter >  0 . When habits stock law o f  motion is strongly dominated by

1 -I- r
consumption, \ l 1 < r )  < ---------- -— , habits will rise in response to an increase in the

2-^, + r,

strength o f  habits parameter. At the same time consumption will rise and leisure will fall.
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T he only way in which habits may increase in this case is when a fail in leisure 

expenditure  is more than offset by a rise in consumption, i.e. w henever asset holdings o f  

the households fall.

Table 5.1. Effects of  Habits Parameters on Model 2 Responses.

Consumption Leisure Habits Stock

d C JC/A , d l <////h ^ dh dh/
A .

d y  > 0

T]< ----------£---
(+) (+) (-) (-) (-) (-)

1 + r̂ .
rj > ---------

2 - t , + t .̂ (-) NA (+) NA (-) NA

d X > 0

\ + T̂ .

2 - r ,  + r̂ . (+) (-) (-) (+) (-) (-)

1 + r̂ ,
n >  

2̂ - r ,+ r ^ , (-) (+) (+) (-) (-)

(+) if /7 > 1/2 

(-) if /? < 1/2

di] > 0 (-) NA (+) NA

i + rB 
(+) it > wl 

2

^ \ + rB
(-) i f ------- < m7

2

NA
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The results in Table 5.1 are driven by the combined assumptions o f  zero cross effects 

( =  0 ), and zero second order effects ( =  0 )  o f  habits. U nder these

assumptions, only direct effects o f  habits (disutility') matter. This allows us to flesh out the 

importance o f  the relative weight o f  each com ponent o f  the habits stock in detemiining 

which variable in the model will act as the main shock absorber. Hence, for sufficiently 

l o w / / , consumption acts as the main variable absorbing changes in the habits parameters.

As shown in the A ppendix 5.3, it is impossible to supply relative comparisons for the 

magnitude o f  the responses o f  model dynamics to changes in the habits parameters across 

the various tax policies.

Part 5.5. Policy and Model Analysis.

In the above we developed a model o f  income and consumption taxation in the presence 

o f  comprehensive habits. Following the analysis o f  the model implications in the context 

o f  theoretical effects o f  comprehensive habits on the effects o f  two form o f  taxation, we 

now briefly address the following questions. Section 5.5.1 below discusses the effects o f  

comprehensive habits in the setting o f  specific, empirically motivated assumptions on 

parameter values. The section also briefly addresses the main empirical aspects o f  the 

model. Section 5.5.2 addresses some o f  the issues involved with estimation o f  the model. 

Section 5.5.3 briefly discusses the assumption o f  internal v. external habits mechanics 

used in Part 2 (chapters 3-5 o f  the thesis).
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5.5.1. Comprehensive Habits Model: Empirical Implications.

As defined in the equation (45), in the case o f  income and consumption taxation we 

distinguish three general cases.

Case A is defined by the condition whereby the overall speed o f  expenditure adjustment to 

the habits stock, . exceeds the eigenvalue o f  the system o f  equations (39), in

absolute value. We identified this case as the situation where the speed o f  the choice 

variables convergence to the steady state is relatively high. Even in the simplest case o f  

restrictions on model parameters, due to the nature o f  the eigenvalue (j)̂  which is 

dependent on the effects o f  consumption, habits stock and leisure on the marginal utilities 

o f  these variables, parameterisation to specific value o f  is impossible. Therefore, in

our analysis below we cannot omit case A from our consideration without specific 

references to empirical findings in a narrower strand o f  literature on the habits effects in 

consumption alone. For the same reason we cannot exclude cases B and C from 

consideration.

Absent any specific empirical data on the comprehensive habits, we can only rely on the 

existent empirical studies o f  habits in consumption models to parameterise our model.

A lvarez et al (2003) use the value o f  A = 0 .2  for their model o f  internal habits in 

consumption. Under this assumption, habits stock will adjust ha lf  way to the perm anent 

level o f  consumption in 3.5 years. On the other hand, as argued earlier in Chapter 3, 

labour supply com ponent may exhibit s tronger persistency than consumption over the 

adjustm ent path, so that for comprehensive habits case, < A = 0 .2  may be warranted.
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Other studies, e.g. Constantinides (1990) and Carroll et al (1997) use parameter values 

ranging between ?>. =  0.05 to 1  = 0 .7 . Thus, lacking any evidence on the actual speed o f 

adjustment in the comprehensive habits stock, we shall consider = 0 .2  as a benchmark 

choice.

Now, as standard we can assume that r < 0.05 . In this case, condition on relative to 

in (45) reduces to < ,>  iff det^^ . > ,<  —0.05 . Once again, absent actual

empirical estimates, no conclusion can be drawn as to the relationship between (j),. and 

A,.

Another important cut-off value for parameter choice is that o f the relative importance o f 

consumption in determination o f comprehensive habits, namely i ] . From the analysis

presented in Figures 5.3-5.9, we are interested in whether 7  > ,<  1 / 2 . Along the 

adjustment path, consumption expenditure may exceed the level o f  labour income 

whenever the foreign assets are accumulated in the process o f  adjustment. The opposite 

may occur along the adjustment path associated with reduction in the foreign asset 

holdings. Thus, selection o f  parameter value for the relative importance o f consumption in 

overall habits stock determination is further complicated by the specifics o f adjustment 

vis-a-vis the foreign assets holdings. Once again, no empirical evidence is available to 

conclude what approximate value the parameter 77 can take. However, since the 

comprehensive model o f habits emphasises the role o f habits in labour supply, we assume 

that 7  < 1 /  2 . In order to avoid distorting the model entirely in favour o f labour-supply 

persistency model, we should assume that rj is close to, but smaller than, Yi,.
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Com bining our assumption on tiie real interest rate witii our discussion o f assumption o f 

the share o f consumption in overall habits, from (42) we can assume that the more likely 

scenario for the developed economies with low interest rates and strong component o f 

leisure in overall habits stock will coincide with assumption that A,. < m od^,. . This 

allows us to restrict our attention to cases B and C, sub-cases o f 7  < 1 / 2 as the more 

plausible descriptors o f the macroeconomic environment found amongst the developed 

economies. The adjustment paths for choice variables corresponding to these assumptions 

are given in Figures 5.4 and 5.7 in the case B, and 5.5 and 5.8 in the case C respectively. 

Briefly surveying the literature on the dynamic macroeconomic effects o f  fiscal policy, we 

want to compare the impulse response functions in our model (Figures 5.4, 5.5, 5.7 and 

5.8) with those reported in the literature. As shown in the Table 5.4 below, the parameter 

constellation that is most likely to occur in the empirical setting is that o f  the Case B.

On the other hand, for the developing economies with low levels o f  consumption as a 

starting point o f  analysis, we should consider the scenario w'here // > 1 / 2 and X < 0 .2 so 

that habits are both primarily driven by the consumption component and are less persistent 

over time. Then the high interest rates imply that the most plausible parameter 

constellations are consistent with cases A and B.

These parameter constellations are also supported by some o f the empirical studies on 

habit formation in consumption.

Castro (2003) extends methodology o f Blanchard and Perotti (2002) and considers the 

effects o f  fiscal policy changes (including that o f the variable called ‘net taxes’) on such 

variables as employment, output, consumption, real interest rate, investment and other in
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Spain. The paper objective is to examine the so-called ‘counter-intuitive’ responses o f the 

model relative to Keynesian paradigm. Castro notes that Alesina and Ardagna (1998) as 

well as Alesina et a! (1999) show that labour markets may act as one o f  the main channels 

o f these effects. One o f specific responses that Castro (2003) addresses is the short-term 

positive response to output from net tax shocks.

Considering the responses o f the model to an increase in net tax rates, Castro (2003) finds 

that 85% o f the initial shock disappears within the four periods, although the effect remain 

significant until the end o f  the eighth period. The negative tax response does not kick in 

until 20 periods after the shock.

Castro examines the effects o f  indirect taxes relative to direct taxes. With respect to 

indirect taxes, he finds that data sliows some persistence and tiie shock o f reducing 

indirect taxation reduces GDP, private investment and consumption, with reduction 

remaining significant for 12 periods. The shock to direct taxes disappears more slowly, 

with positive responses for GDP and private consumption over the first 20 periods 

replaced by the negative responses thereafter. The impulse response functions o f private 

consumption and private investment response in Castro (2003), reported in Figures 10 and 

11 are broadly consistent with our model (Graphs 5.3, 5.4 and 5.6 and 5.7). Thus C astro’s 

finding will tend to support our model along the assumptions on Cases A and B.

Hoppner (2001) uses similar to Castro (2003) approach to identify effects o f fiscal policy 

in Germany. The impulse response functions reported for the case o f  an increase in taxes 

(as measured relative to GDP) are broadly consistent with those reported in figure 5.6, 5.7 

(case o f  7  > 0.5 ), 5.8 (case of rj < 0.5 ). The model o f Hoppner (2001) suffers from the 

lack o f analysis o f  impulse responses in foreign asset holdings and labour supply.
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With respect to tax policy impact on labour supply, Murchu (2002) considers a shock to 

the tax mix variable that captures an increase in direct taxes while holding indirect taxes 

fixed. The reported impulse response functions show that Murchu (2002) analysis is 

consistent with Figure 5.4 (case o f  // < 0.5 ), 5.5 (case o f 7  > 0.5 ) for Austria. Canada, 

France, Germany, Italy, Netherlands, Norway and Portugal.

Andres and Dominech (2004) consider income and consumption tax financed increase in 

the government expenditure to show the impulse response functions for private 

consumption, output, investment and the public debt. In tenns o f our model, matching 

private consumption, foreign asset holdings responses, their results correspond to figure 

5.4 (case o f 77 < 0.5 ) only.

Dotsey and Mao (1997) consider impulse responses o f tax shocks in low and high 

spending environments. They report impulse response functions for changes in labour tax 

(decrease in labour income tax). The reported impulse response functions are consistent 

with the case B (labour income tax. rj < 0.5 ) for labour hours supplied, consumption, 

investment and real interest rate. Exactly the same result is attained in com paring Fatas 

and Mihov (2004) and in Canzoneri et al (2004) with respect to consumption tax (labour 

income tax in the case o f  Canzoneri et al does not match our model dynamics).

On the side o f  the macroeconomic stabilisation policy proposals. Blinder (2004) suggests 

that within the context o f intertemporal substitution considerations, ‘unlike income taxes, 

variations in sales taxes are likely to be made more powerful by enacting them on an 

explicitly temporary basis’ (Blinder, 2004, pages 35-36). B linder evokes Feldstein (2001)
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proposal with respect to Japanese fiscal policy that in order to stimulate consum er 

spending, the sales taxes must be reduced. Blinder (2004) also refers to a similar policy 

proposal for the US arguing that the federal governm ent should act to incentivise states to 

reduce their sales taxes replacing the lost revenues with federal transfers (presumably 

financed from the income tax increases). These short run policies are consistent with our 

model results. Reducing consumption tax while simultaneously increasing (in a balanced 

budget way) the labour tax will have reinforcing effects in all three cases, leading to 

higher consumption, lower leisure demand (higher labour supply) and in cases A and B to 

h igher bond holdings (investment). In the case C bond holdings will decline.
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Table  5.4. S um m ary  of Em pirical L ite ra tu re  on D ynamic Fiscal Policy Analysis.

Cases consistent 
with impulse 

response 
results.

C om m ents

Our assumptions Cases B and C

Andres and Domenecli 
(2004)

Case B Absent labour supply.

Blinder (2004) Case B Policy proposal

Canzoneri et al (2004) Cases B and C For consumption tax only.

Castro (2003) Case B Absent foreign asset holdings, labour supply 
and interest effects, Castro (2003) results do 
not fully confirm our model.

Dotsey And Mao 
(1997)

Case B Consider labour supply (hours), 
consumption, investment and real return on 
bonds.

Fatas and  M ihov 
(2004)

Case B Consider labour supply (hours), 
consumption, investment and real return on 
bonds.

Guo (2003) Case B Find that positive shock to labour income tax 
dominates the positive shock to other taxes 
in welfare implications.

H oppner(2001) Cases B and C As in Castro (2003) above

Lettau and Ulilig 
(2000)

Case B Differences in Consumption-Leisure 
dynamics

Ljungqvist and Uhlig 
( i996)

Case B Income tax dynamics consistent

Mountford and Uhlig 
(2004)

Case B Only in the case o f  Consumption tax.

Murchu (2002) Cases B and C
Analysis in Murchu (2002) is incomplete 
with respect to foreign asset holdings and 
consumption. Cases B and C do not confirm 
with the case o f  US.
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5.5.2. Empirical Estimability of the Model of Comprehensive Habits.

Empirical estimability o f  the model o f  comprehensive habits suffers from the same 

problems as the model o f  habits in labour supply outlined in the section 3.4.2 and the 

appendix 3.2 above. In addition to these problems, endogeneity o f  consumption 

expenditure and labour supply will play a significant role in estimating the present model.

In recent years several studies attempted to provide theoretical and empirical 

microeconomic foundations for habit formation in consumption decisions o f  the 

households. Predominantly, the empirical literature has focused on estimation o f  models 

with external habits ( ‘catching up with the Joneses’).

Chetty and SzeidI (2004) show that in the econom y with consumption commitments and 

non-com m itm ent consumption, the fonner can act as a smoothing mechanism for 

consumption. Higher degree o f  risk-aversion in their model can be accounted for by the 

fact that consumption commitments imply presence o f  the adjustment costs in 

consumption decisions. The paper shows that aggregation across households generates 

dynam ics that match those o f  the representative agent econom y with outward-looking 

habits.

In contrast. Xu (2004) shows that economy with committed and non-committed 

consumption is consistent with internal, rather than external habits. This implies that there 

is no agreement in the literature as to the exact nature o f  habits mechanics at consumption 

habits level. In temis o f  our model o f  comprehensive habits, these problems are magnified 

by the lack o f  empirical research on habits in leisure demand or labour supply.
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To develop estimable model o f  comprehensive habits, I propose to adopt the general 

approach similar to that o f Abel (1990). In Abe! (1990), ‘com posite’ habits are formed by 

incorporating a weighted average o f internal and external habits. This is similar, in 

intuition to our model presented above. In the context o f  aggregation o f results, we make 

the following assumptions.

Assumption 1. Households only consider the finite stream o f past consumption decisions. 

This assumption is motivated by the fact that in forming reference level o f  consumption 

(habits stock) agents are likely to look only at the finite past regress, and will not account 

for the consumption decisions o f infinite regress. As long as agents do not keep any 

formal records o f past consumption, this conjecture is reasonable.

Assumption 2. We assume that as in Abel (1990) habits stock is separable within the 

instantaneous utility from other choice variables. This assumption is non-controversial in 

the context o f  comprehensive habits, since, as in Abel (1990) the habits stock includes two 

distinct variables.

Assumption 3. We restrict our model to one period lag in choice variables in 

detenuination o f the habits stock. Several empirical studies, e.g. Heaton (1995) and 

Person and Constantinides (1991), argue that habit formation effects are not revealed in 

agent's decisions for at least several periods. However, extending the model above to 

include multiple lags specification o f habits is (a) reduces analytic traceability o f  the 

model, (b) w'ill require imposition o f ad hoc assumptions on the structure o f lags in
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consumption vis-a-vis the relevant lag structure o f  labour supply decisions. In the future, 

the model can be extended to include such considerations.'*

A ssum ption 4. W e assume that short lag horizon is sufficient for identification o f  the 

relative importance o f  consumption and labour supply components o f  habits formation, 

parameter r j . This assumption is relatively reasonable given assumption 3. However, in 

real data it is unlikely to hold due to the following reasons:

•  Aggregate time series o f  consumption and labour supply decisions over longer 

period o f  time yields series that are less noisy and thus allow for a better 

detennination o f  the marginal rates o f  substitution.

•  The aggregation results will be different for consumption and labour supply. 

Holding a period o f  aggregation fixed, labour supply decisions may be less noisy 

than consumption, so that the loss o f  variation in consumption will be greater due 

to aggregation than the loss o f  variation in labour supply. This problem can be 

addressed only by obtaining micro-level data on both consumption and labour 

supply.

•  In general, aggregation results do not carry over to the models with internal 

habits, as highlighted by Deaton (1992), Attanasio and W eber (1995) and 

Attanasio (1999). Thus, Mauer and M eier (2003) state that internal habits models 

must be estimated on the basis o f  micro-data, and not using the aggregate data. In 

the context o f  micro-data, sufficient controls for endogenous variables will require 

longer lag structure on habits determinants than a single period lag.

in addition, depending on the data available we can adjust the lag structure to account for the 
possibility that the lag effects do not kick in until later in the future. This can be accomplished by 
setting lagged variables to start in a period other than the immediately precedent to current 
decision. This lag structure can be furthermore complicated by the potential differences in the lag 
effects for consumption and labour supply.
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T w o main approaches to estimating the model can be considered: micro-data approach 

and macro (time series or panel) estimation. The micro-data approach is similar to the one

A ppendix  3.2 to include habits in consumption, we must add a structural equation 

identifying the law o f  motion in comprehensive habits. In addition we must specify the 

com posite  consumption com ponent o f  the utility function in (A.2.2) to include habits-in- 

consum ption term. This can be done similarly to the specification o f  habits in labour 

supply. Then in addition to (A .2.10) and (A .2 .1 1) we will have one additional equation for 

consum ption o f  the household /, and an equation identify ing the habits stock along the 

lines o f  equation (32). The rest o f  estimation algorithm identified in the Appendix 3.2 will 

follow.

in order to use aggregate data analysis o f  the tax policies effectiveness in the presence o f  

comprehensive habits, especially in the case o f  identifying the cross-country differences in 

the degree o f  habit dependence and variation in the habits parameters, we can employ 

V A R  approach on aggregate data. This approach can be outlined as follows.

Denote; real expenditure by the government ( G , ), net income taxes ( ) ,  net 

consumption taxes ( ) ,  real G D P { G D P i ), G D P  deflator ( ), within-period real

interest rate ( i? ,), level o f  hours supplied, and consumption C’ .Let the baseline V A R  

specification in its reduced form be:

where is a vector o f  endogenous variables that includes G , , , G D P i ,  P , ,  N ^ ,

C, and R i , while is a matrix o f  coefficients for the /-lag and is a vector o f  residuals

outlined in the Appendix 3.2 and section 3.4.2 above. To extend the model in the

h

(67)
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in reduced form. We estimate equation (67) using OLS and including the number o f lags 

chosen on the basis o f the likelihood ratio tests and the Akaike infonnation criterion.

In the presence o f structural shocks to tax policy, the identification o f structural 

components o f the model must be made. To model disturbances, we fo llow  the general 

set-up in Castro (2003). Let

such that D is diagonal. Then (68) can be written as a system o f 8 equations, that is 

identifiable by Choleski decomposition w ith  the order G ,, 7̂  ̂ , GDP ,̂ N^, C,

Specifically we assume that the variable o f government expenditure is predetermined within the 
period o f estimation with respect to all variables. This implies that government spending is 
assumed to depend only on the structural shock. This assumption is standard in the literature.

rv=u. (68)

where U, is a vector o f  structural orthogonal shocks and

E{U,U,') = D (69)

and . Using some assumptions”  the system can be rewritten as:

i f  = +r42^!'+r4^vl ,  +
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The model is exactly identified with this set o f  restrictions and is similar to Blanchard and 

Perotti (2002), and Fatas and Mihov (2000).

5.5.3. Internal v. External Habits M odels and the Model o f Comprehensive 

Habits.

In Chapter 4 above we present a model o f  habits in consumption under the assumption 

that habits are external to the decision-making o f  consumers. On the other hand, the 

models presented in Chapters 3 and 5 are utilising the assumption o f  endogenous habits. 

This discussion compliments the brief  analysis o f  the implications o f  the assum ption o f  

external habits presented in section 4.1.3 above. Here we briefly revisit the issue o f  

differences in habits mechanics and the implications o f  our assumptions for the models 

mentioned above.

The idea o f  inward-looking agents (i.e. agents who use their own history o f  consumption 

decisions as a reference point for accessing current consumption utility) and o f  outward- 

looking agents (i.e. agents who use some exogenous reference point outside the set o f  the 

variables o f  their own choice) draws on the long-temi realisation by the econom ists  that 

relative consumption, o f  either one form or another, is o f  importance in the context o f  

economic analysis.

In 1 776 Adam Smith related the issue o f  taxation to the goods defined as ‘necessities’ that 

included in his view reference goods (see M odern Library Edition, pages 821-22). 

Similarly, Veblen (1899) supported the idea o f  the outward-looking reference utility. 

Dusenberr}' formalised the notion o f  outw ard-looking referential utility. In addition 

Dusenberry also considers the idea o f  inward-looking utility. Overall, there is little
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agreem ent in tiie literature as to which effect dom inates in the household decision m aking. 

C onsequently , Abel (1990) resolves the problem  by building a m odel that incorporates 

both form s o f  referencing into the definition o f  habits. To date there is no conclusive 

evidence as to  w hether internal habits or external habits drive household decision m aking 

in the settings sim ilar to  Abel (1990).

In general, inw ard-looking agents (traditionally  known as habit-form ing agents) use the 

exponential m oving average o f  their own past consum ption to determ ine the reference 

point for the current period decisions. Thus, in m aking their present day decisions, 

households consider the effect o f  such decision on future reference stock. In the case o f  

the ou tw ard-looking households, agents’ reference stock is detem iined by the past 

consum ption o f  others. U nder the representative agent assum ption this is equivalent to 

om itting the habits stock as a choice variable in the optim isation problem  o f  the 

households, using past h isto iy  o f  consum ption decisions only as a pure reference point.

In the context o f  the grow th model presented in C hapter 4 above, the d ifference between 

the inw ard-looking and outw ard-looking m odels o f  referential preferences is relatively 

insignificant (see Carroll et al, 1997) and the ir results reported in Figure 3 (page 19) 

should carry over to our m odel results in Figure 4.1"°. Thus, extending our model in 

C hapter 4 to  include inw ard-looking specification o f  preferences w ill yield slow er steady- 

state approach dynam ics relative to  the case o f  outw ard-looking agents. The stable an n  in

As shown in Grischenko (2004), the tw o approaches yield significantly different results only 
when the lag structure o f  reference stock fom iation equation is sufficiently long. In addition, 
LJungqvist and U hlig (1999) show that, for exam ple, the effects o f  consum ption bunching do not 
arise under both the external habits specification and the internal habits m odel, as long as the 
habits-driven preferences are expressed in a standard way (as adopted in Chapters 3-5), avoiding 
Campbell-Cochrane specification.
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Figure 4.1 reported for outward-looking agents will be flatter than the stable arm for the 

inward-looking agents.

Comparison to the results o f  Carroll et al (1997) will be complicated by the second order 

effects o f  learning and will be sensitive to parameterisation. Nonetheless, the possibility' o f  

variation in dynamics between the two models, highlighted in Carroll et al (1997) implies 

that in the future research the model in Chapter 4 can be explicitly extended to include 

inward-looking agents. Such an extension should be carried out using infinitely lagged 

law' o f  motion on habits (as in Grischenko, 2004)*'.

With respect to the models in Chapters 3 and 5, the habit fonnation model we utilise 

assumes internal reference stock o f  habits and is consistent with the inward-looking 

agents’ behaviour.

Ljugqvist and Uhlig (2000) show that if the utility function is consistent with external 

habits, the optimal tax policy is pro-cyclical. The econom ic expansion caused by a 

positive productivity shock will be associated with higher consum ption (overheating 

econom y) as consumers do not take into account the negative externality' o f  their own 

consumption to other consumers. Thus it is optimal to raise taxes to dampen the economy. 

As mentioned earlier, our model achieves relatively similar results. An increase in 

consumption tax will be pro-cyclical in the sense o f  Ljugqvist and Uhlig (2000), with a 

strong added effect o f  increasing leisure dem and and dam pening labour supply. H ow ever 

an increase in labour income tax is counter-cyclical. Ljugqvist and Uhlig  (2000) do not 

consider composition o f  taxes and the effects o f  labour/leisure tradeo ff  in the presence o f

T his extension is also  m otivated  by the find ings o f  M aurer and M eier (2003), G rischenko  (2004), 
A lonso-C arrera  et al (2005).
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habits in leisure. This undennines com parison o f  our model w ith the m odel o f  L jugqvist 

and U hlig (2000).

H ow ever, L jugqvist and U hlig (2000) m odel itse lf is a subject o f  certain degree o f 

controversy. For exam ple A lonso-C arrera et al (2005) argue that in the presence o f  capital 

accum ulation , L jugqvist and Lfhlig (2000) results no longer hold and the optim al tax 

policy should be counter-cyclical in the context o f  labour incom e tax. This result is m ore 

consisten t with our findings.

In the above we do not conduct explicit analysis o f  the w elfare im plications o f  the m odel. 

Due to  constrain ts o f  space such analysis should be conducted in the context o f  a m ore 

general specification presented in G urdgiev (2004b).

Part 5.6. Conclusions.

As m entioned in the introduction, the central feature o f  the traditional habits form ation 

m odels is the exogeneity  o f  labour supply decisions by the households. Follow ing B oyer 

(1978), the vast m ajority  o f  habit form ation studies assum e an inelastic supply o f  labour. 

As a result o f  this, the traditional literature com pletely  ignores both the d irect effects o f  

m acroeconom ic shocks on labour-leisure trad e -o ff and the link betw een the effects o f  tax 

policy shocks on consum ption and the presence o f  leisure in the optim isation set o f  the 

households.

Several recent papers touch upon the issue o f  endogenous labour supply in the presence o f  

habits in consum ption. Faria (2001) derives steady state solutions for leisure and
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consum ption in a standard external habits model. However, his work does not provide an 

in depth discussion o f  the effects o f  the leisure-consumption trade-off  on consumption 

adjustments. Furthermore, his work does not discuss the m odel’s dynamics. Nor does 

Faria (2001) discuss the implications o f  endogenous labour supply in case o f  internal 

habits. Graham (2003) similarly extends the traditional habit formation model to include 

labour supply decisions. Using dynamic simulations he shows that under certain specific 

functional form assumptions, internal habit formation models perform less convincingly in 

the presence o f  endogenous labour supply than the standard habits models. Once again, 

the study lacks an anaij 'tical discussion o f  the m o d e l 's  dynamics.

To the best o f  our knowledge at present, no literature addresses the fundamental features 

o f  labour-consumption trade-off  in household optimisation in the presence o f  an internal 

habit fomiation mechanism either in consumption alone, or in other coinponents o f  the 

utility function.

Overall, our paper a ttempts to close several gaps. First we develop a model o f  internal 

habits in consumption in the presence o f  endogenous labour supply. Second, we provide a 

com prehensive analysis o f  the m odel’s behaviour in response to changes in labour income 

and consumption tax policies. Third, we develop an entirely novel model o f  internal habits 

over the comprehensive set o f  choice variables in the model. In this case, habits are 

form ed from both consumption and leisure. Fourth, we provide the same analysis o f  tax 

policy effects in the context o f  the com prehensive habits model, as in the case o f  the 

standard model o f  habits in consumption. Fifth, we provide a theoretical analysis o f  this 

model specification in the context o f  the robustness o f  our model o f  comprehensive habits. 

Sixth, we conclude by analysing the effect o f  habit formation parameters on the m ode ls’
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behaviour for both the standard model o f  habit formation in the presence o f  endogenous 

labour supply and for the comprehensive habits model.

Following the rationale presented above, we first develop a model o f  habitual 

consumption decisions in the presence o f  endogenous labour supply. As expected, we 

analytically obtain the results similar to those in Graham (2003) numerical 

approximations. Furthermore, with respect to the effects o f  taxation changes, our 

benchmark model captures the results that mirror those established in the mainstream 

habit fonnation  literature (e.g. Mansoorian, 1993). in the presence o f  habits in 

consum ption alone, leisure acts as the main shock-absorbing variable, with discontinuous 

adjustments to the new steady state at the impact. Furthermore, in this setting, 

consumption tax is qualitatively equivalent to labour income tax. An increase in either one 

o f  the tax rates will result in the case o f  slow moving habits in downward overshooting in 

consumption, discrete increase in leisure and strengthening o f  the asset position by the 

households. In the case o f  fast moving habits, consumption incompletely adjusts 

dow nw ard at the impact, and continues to decline over time toward the new steady state, 

while leisure discretely rises. This implies that over time households reduce their financial 

wealth.

Following the results from the benchmark model, we proceed to develop a model in which 

habits are determined jo in tly  by consumption and leisure. The main motivation for this 

exercise lies in the failure o f  the consumption-habit model to generate any persistence in 

labour supply. In addition, a simple extension o f  the traditional model to include 

endogenous labour supply, provided in Part 5.2, fails to generate any changes in the 

dynam ics  o f  the household consumption decisions relative to the benchmark models. For 

exam ple, independent o f  the speed o f  habits stock adjustment to the new steady state, the
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model shows co-m ovem ent between consum ption and labour supply. The reason for this 

is that habits in consumption imply that leisure and fmancial assets act as the main buffers 

in the households’ response to exogenous shocks. Thus Model 1 fails to account for the 

possibility that consumption and leisure may co-m ove along the business cycle or in 

response to tax policy changes.

Model 2 introduces a new  idea o f  com prehensive habits. Instead o f  basing a habitual 

standard o f  living on consumption histor>' alone, we propose to model habits as evolving 

according to the law o f  motion specification that accounts for both real consumption and 

real leisure expenditure over time. This is precisely w hat we term comprehensive habits.

Intuitively, when consumers smooth both consum ption and leisure, several forces 

determine their response to the exogenous shocks. First, they will substitute between 

consumption and labour supply as the main instruments for sm oothing their intertemporal 

utility. Second, changes in the real after-tax w age  will have different effects in such 

environments from changes in the real price o f  consumption. 7'he latter has a stronger 

habit smoothing effect on consumption. In contrast, the former involves both substitution 

effects in leisure and the effect in terms o f  habit sm oothing through the leisure com ponent 

o f  habits. As agents substitute away from leisure, they also reduce the pressure o f  the 

negative effects o f  habits by lowering the impact o f  leisure in the habits stock. At the same 

time, since the speed o f  habits adjustment to the steady state is linked to the effects o f  

habits on the marginal utility o f  consumption, the  marginal utility' o f  consumption will be 

lower when the leisure com ponent o f  com prehensive habits falls. This implies that agents 

may find it less costly to vary either leisure or consum ption depending on the speed o f  

habits adjustment relative to the responsiveness o f  the marginal utility o f  consumption to 

changes in habits stock.
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As shown in Model 2, based on the speed o f  adjustment in habits relative to the 

importance o f  habits in the marginal utility' o f  consumption, we can distinguish three 

environments.

In case A, households operate in the environment o f  fast moving habits. The habits stock 

adjusts to the new steady state at a rate that is above the rate o f  change in the marginal 

utility o f  income. Additionally, the high speed o f  adjustment in habits stock implies that 

the marginal utility o f  consumption is strongly influenced by changes in the habits stock.

As labour income tax increases, households, interested in maintaining a habitual standard 

o f  living, are more willing to use leisure as the main shock absorbing instrument over 

consumption. The result is to reduce leisure at the impact below the future lower steady 

state level. However, with the smoothing motive being strong, households will not adjust 

consumption to the sufficiently low' levels required to offset a rise in leisure. Thus 

households will accumulate financial wealth along the adjustment path o f  rising leisure 

and falling consumption, as the habits stock co-moves with consumption. Note  that 

alternatively case A can be interpreted as the case where consumption is relatively more 

important in determining the overall habits stock law o f  motion than the leisure 

expenditure.

A different situation arises in the case o f  an increase in the rate o f  consumption tax. Both 

consumption and leisure counter move. In this case, while smoothing motivation remains 

strong, consumers respond to a rise o f  the relative price o f  consumption induced by tax 

increase by lowering consumption short o f  the adjustment required to compensate 

households for an incomplete rise in leisure. This arises due to leisure becoming a stronger 

smoothing variable (relative to consum ption) in response to consumption tax changes than
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in the case o f  labour income tax change. As the result, the households will draw down 

their stock o f  assets along the transition path.

In the case o f  s lower adjusting habits (case B), the marginal utility o f  income grows faster 

than habits stock, while the overall effect o f  habits on the marginal utility o f  consumption 

remains relatively high. Then, in response to an increase in the labour income tax, 

consumption becomes the main instrument o f  sm oothing w henever consumption 

dominates comprehensive habits relative to leisure ( ; ;  > 1 /  2 ). The opposite occurs when 

leisure expenditure acts as the dom inant determ inant o f  habits stock {rj < \ 1 2 ) .  Both 

leisure and consumption exhibit an incomplete adjustment to the new lower steady state in 

case o f / /  >  1 / 2  . However, when leisure is dom inant in comprehensive stock, both 

variables will overshoot the new steady states. O ver time, consumption m oves towards tlie 

new higher steady state, while labour supply moves to the new lower long run equilibrium 

level. This requires an increase in the households’ financial wealth in the long run, and an 

overshooting o f  the higher steady state level at the impact by the comprehensive stock o f  

habits.

In response to a change in consumption tax, the effects o f  tax policy shock differ from the 

case o f  changes in the labour income tax policy. Strong preferences for consumption 

smoothing (in the case o f / /  >  1 /  2 )  induced by the fast moving habits and relatively strong 

importance o f  consumption vis-a-vis leisure in the detennination o f  the comprehensive 

habits stock imply that agents smooth consum ption more in response to consumption tax 

change. Thus leisure now acts as a s tronger shock absorber than consumption when the 

income effects o f  labour tax are replaced by the substitution effects o f  consumption tax. 

Hence, households decrease their labour supply (in contrast with the case o f  the response
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to the income tax increase discussed above), while simultaneously decreasing their 

consumption at the same time. The decrease in labour supply not is sufficiently strong to 

compensate for the lower consumption expenditure, so that along the adjustment path, 

savings rise and thus households accumulate financial assets.

Finally we consider the case o f  slowly adjusting habits combined with a relatively low 

effect o f  habits on the marginal utility o f  consumption (case C). By the assumption o f  

separability, habits have no direct effect on the marginal utility o f  leisure. As a result, in 

response to changes in labour income tax, households continue to view leisure as the main 

smoothing com ponent in the utility' function, if  leisure dominates consumption in the 

habits law o f  motion (?; <  1 /  2 ) .  Then, consumption overshoots its higher steady state 

level at impact, while leisure falls down part o f  the way toward the new steady state level. 

Overtime, as consumption and leisure both fall, assets are drawn down to finance 

declining habits stock that overshoots its long run equilibrium level at the impact. The 

opposite effects occur if consumption dominates the habits stock detennination equation 

( / 7 > 1 / 2 ).

in the case o f  consumption tax changes, as before, households view consumption as the 

main sm oothing component, if;;  <  1 /  2 ,  a llowing for only an incomplete downward 

adjustment in consumption. Leisure absorbs the shock at the impact and rises above the 

steady state level o f  demand. Overtime, a dow nw ard adjustment o f  leisure and 

consumption requires accumulation o f  the households’ wealth along the adjustment path.

Hence, overall, in the case o f  both consumption and leisure contributing to the habit stock, 

consumption and labour income taxes are no longer qualitatively equivalent in their
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effects on the household decisions. As shown in this paper, differences in households’ 

responses to different ta.\ policies depend on the environment described by the speed o f  

habits adjustment to the steady state relative to the effect o f  habits on both the marginal 

utility o f  income and the marginal utility o f  consumption. In some cases, labour supply 

changes procyclically with changes in consumption, while in other cases, leisure changes 

reinforce adjustments in consumption. This implies that labour supply and consumption 

countem iove and that the degree o f  this counter movem ent may depend on the habit 

formation parameters o f  the model.

Similarly, the asset positions o f  the households can either be procyclical with consum ption 

changes or counter-cyclical in the presence o f  comprehensive habits. This result does not 

hold in the traditional model o f  habit formation in consumption.

Furthermore, in all cases in the presence o f  comprehensive habits, leisure follows a 

gradual adjustment path. The speed o f  adjustment, as well as the depth o f  changes in each 

variable o f  interest, varies across various environm ents and tax policies. The singular 

prediction o f  the traditional model o f  habits in consumption in the presence o f  endogenous 

labour supply is that consumption w'ill exhibit excess smoothening, thus failing to capture 

an empirically plausible degree o f  variation along the adjustment path. This prediction 

breaks down in the case o f  com prehensive habits.

As shown in our model, com prehensive habits introduce time dependency into both 

consumption and leisure decisions o f  the households. This implies that depending on the 

model parameters both consumption and leisure may overshoot their targets. The implied 

volatility o f  consumption around the steady state in our model is thus subject to more 

variation than in the traditional models o f  habit formation. Such simultaneous sm oothing
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o f  leisure and consumption is robust to relaxing several major assumptions concerning the 

household preferences. Specifically, as shown in part 5.3 o f  this study, both main 

variables o f  choice will exhibit a persistent tendency to deviate from their long-run 

equilibrium levels even in the absence o f  habits effects on the marginal utilities o f  

consumption and leisure. In addition, relaxing the assumption o f  the negative second order 

effect o f  habits on the marginal disutility o f  habits retains this important result.

309



Appendix 5.1. Mathematical Solutions for Model 1.

Here we want to derive tiie solutions used in the discussion o f  Model 1 that extends the 

standard analysis o f  habits in consumption to explicitly incorporating endogenous leisure 

demand and consumption/leisure trade-offs by the households.

We begin with the first order conditions for the household optimisation program defined 

in equation (7). The first order conditions with respect to consumption, habits, leisure and 

asset position o f  the household are given in the text under equations (8)-(l2). Equation 

(13) follows from applying conditions (12) to (11) and substituting into the log-linearised 

version of the first-order condition (10).

To derive equations (14)-(15), linearise equations (6), (9) and (8) around the steady state. 

Making use of result (12):

Solve (A. 1.3) for the deviation in consumption, then substitute into the linearised laws of 

motion (A. 1.1) and (A. 1.2) to obtain equations (14) and (15) in the text.

Looking at the determinant o f  matrix .4,

U c c  [ c  -  c ]  + (/,„ [a -  a ]  = -  f  ]

det A = - X < 0  (A .I.4.)
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Under the standard Ryder-Heal assumptions (4), we are guaranteed the existence o f the 

negative eigen-value o f matrix yi, given by equation (16). From the determinant o f ^  in 

equation (A.1.4) and by equation (16):

This yields inequalities ( I 7) in the text. Since we assume, as standard that habits are non- 

addictive, < 0 .

Note that this condition is satisfied for the traditional group o f CRRA utility  specifications 

commonly employed in the models o f habit formation in consumption as long as the 

intertemporal elasticity o f substitution parameter is no lower than 3 (see, fo r example 

Carroll, Overland and Weil, 1997, 2000). It also satisfies extension o f the model by Faria 

(2001) which includes the endogenous supply o f labour. Furthermore, these inequalities 

apply to our specific solutions presented in the Appendix 5.3 below.

From the standard solutions to the system o f equations given in equations (14) and (15), 

we have equations (18) and (19) in the text. Then linearising equation (3) around the 

steady state and using equation (1) to substitute for tax rebate, we have, after applying 

condition ( 13):

<j)>\< X i f  and only i f  — > ; < ----------
Ur. XCh

Substitute equations (18) and (19) into equation (A. 1.3) to get:

(A.1.5)
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Substitute equation (A.l .5) into the preceding equation to get equation (20) in the text. 

Standard solution to equation (20) is given by:

=  + ?

^  ^ (A .I.6)
Q

P =

To obtain the steady state we set P = 0 which implies equation (21) and from which 

equation (22) follows trivially.

To solve the system o f  equations given by (22)-(26): first observe that by the first order 

condition (10):

=  (28) 
v i ' ( l - r )

w'hile by differentiating the budget constraint at the steady state we get equation (23) in 

the text.

Differentiating equations (9) and (12) we have:

dC = ----- ' ^ d h + - -----d£  (A. 1.7)

dC = dh (A. 1.8)

which, combined, yield equation (24) in the text. Differentiating equation (9) and using 

result (A. 1.8) yields equation (26). Equation (25) follows from differentiating the first- 

order condition (10). By combining equations (24) and (26) and re-arranging we obtain 

equation (27).
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Consumption Tax Change.

To derive the response o f  choice variables to a one time permanent increase in 

consumption tax, first substitute equation (28) into (27) and solve for the effect o f  the 

consumption tax on the steady state value o f  habits stock, using condition (A.) .8) above:

Setting equation (23) equal to equation (22), we get an expression for a change in the 

steady state value o f  leisure dem and due to change in consumption tax as a function o f  

changes in the habits stock:

dJ ( rQ dh
 = ---------- 1 -------  (A. 1.9)
dr .̂ j^'^c

Using result (29) in equation (A .l .9) we get equation (30) in the text. Finally equation 

(31) follows from equations (22) and (29).

To analyse the case o f  choice variables changes along the adjustment path and at impact, 

we consider two cases defined in (31). This follows directly from the Mansoorian (1993) 

approach. First note that by equations (6) and (18) at the steady state:

dh dC
^ < 0

dr.. dr..
(29)

( A . I . 10)



H en ce  in ca se  I : >  1 whicii  im plies  tha t <  h so th a t  at the  im pact ,
h -  /?Q A

con su m p tio n  d o w n w a rd  ov e rsh o o ts  the  n e w  low er  s teady  sta te  level o f  habits.  A t  the  sa m e  

t im e,  the reverse  app l ies  in case  2 so the  are  no o v e rsh o o t in g  results .  This  e s tab l ish es  the  

d y n a m ic s  o f  co n su m p t io n  at the  im pact .  T h e  d y n a m ic s  o f  le isure a re  g iven by  c o n d i t io n s  

(13) and (30).

Labour Income Tax Change.

Finally , the eq u iv a le n t  result  be tw een  c o n s u m p t io n  and  labou r  in c o m e  tax ch a n g e s  

fo llow s from  the fo llow ing .  By equa t ion  (25),  u s in g  result  (28):

dT U.
 = ------------- - > 0  ( A . I . 11)
dr,

B y equa tions  (23 )  and (22):

dh U- r ) A dT dC ^
 =   = --------< 0  ( A . 1.12)
dr, <j){r + P^)dT, dr,

T h e  d y n am ics  o f  the  h o u s e h o ld 's  a s se t  pos it ion  fo l lo w  from  equa t ion  (22). H ence ,  the 

effec ts  o f  a o n e  t im e p e m ia n e n t  inc rease  in the  ra te  o f  labou r  in c o m e  taxa tion  are  identical 

to  the  effec ts  o f  an inc rease  in the  co n s u m p t io n  tax ,  a t least qua l i ta t ive ly .  T h is  im plies  th a t  

all var iab les  o f  cho ice  will respond  in the  sa m e  d irec tion  u n d e r  bo th  tax  po licy  changes .
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Appendix 5.2. Mathematical Solutions for Model 2.

Here we derive the solutions used in discussion o f the model w ith comprehensive habits, 

Model 2, that extends the possibility o f past histor>' dependence to both consumption and 

leisure demand by the households.

We begin w ith the firs t order conditions for the household’ s optimisation, given in the text 

under equations (35)-(38). From (38) it fo llows that (12) holds.

S -  r  <=> / / ,  =  0 (A.2.1)

To derive equations (39) and (40), as in Model 1 above, we firs t linearise equations (35)- 

(37), and (32) around the steady state:

U,,(c -  c )  =  (A  -  A ) -  4 ,;(< r  -  f ) (A.2.2)

(A.2.3)-(A.2.5)

Solve (A .2.5) for deviation in leisure demand, then substitute into (A.2.3) and (A.2.4) to 

obtain

1II

•

( h - h ] - X ;c

^ c c
V /  ‘

^h-h^ +
u.. a-?)

(A.2.6)

(A.2.7)

Equations (39) and (40) in the text fo llow , as does equation (41).
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L oo k in g  at the  d e te n n in a n t  o f  A,  u n d e r  the  a s su m p t io n s  on p re fe rences  g iven in (4)  and  

(33 ),  w e  are guaran teed  the  ex is tence  o f  the  neg a t iv e  e igenva lue .  H o w ev er ,  c o n d i t io n  (17) 

no longer app lies  in M ode l  2. Instead,  from the  n ega t ive  o f  the  d e te rm in a n t  g iven  by

■ d e t  A 2 =

■
n1 (A .2 .8 )

it is a s tra igh tfo rw ard  exerc ise  to  show' tha t (42 )  m u s t  hold. U n like  in M ode l  1, co nd i t ion  

(42 )  defines the re la t ionsh ip  be tw een  and  th e  m arg ina l  util ity  o f  c o n s u m p tio n  ef fec t  o f

hab i ts ,  <j)̂. on ly  in implici t  ten n s .

T h e  reason for this  is tha t the  right hand  s ide  o f  (42 )  can be e i ther  p os i t ive  o r  nega t ive ,  

d e p e n d in g  on w h e th e r  vi'" ( l  — \j-^ch  ~  ^ r r ^ w , ]

T h is  depends  on w h e th e r  the  real e f fec t  o f  hab i ts  on the  m arg ina l  util i ty  o f  C, (n e t  o f  the  

o w n  m arginal utility second  o rd e r  e f fec ts  o f C , ) is w eak  o r  s t rong  re la tive  to  th e  second

o rd e r  effects  o f  hab i ts  on the  m arg ina l  d isu t i l i ty  o f  hab i ts  and  the  m a rg in a l  u til i ty  o f  

leisure. In add i t ion ,  it a lso  d ep e n d s  on  w h e th e r  the  second  o rd e r  e f fec ts  o f  h ab i ts  on  the ir  

d isutil i ty  is w eak  o r  s trong  re la tive  to  the  s a m e  se cond  o rd e r  effec ts  o f  habits. 

A lte rna tive ly ,  (42 )  d ep e n d s  on the re la t ive  w e ig h t  o f  co n su m p t io n  in habits ,  p a r a m e te r ; ;  .

T h e  under ly ing  as su m p tio n  in this  co n te x t  is tha t  +7^7/,^, <  0  . T h is  as su m p t io n ,  by

the ana logy  w ith  M a n soorian  (1 993 )  co r re sp o n d s  to  the  req u irem en t  th a t  taxes  a re  non-  

distortionar}'.

T h e  s tandard so lu tion  to  the  sys tem  (3 9 )- (4 0 )  fo r  hab i ts  s tock is:
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(A.2.9)

Then, from (39).

(A.2.10)

Linearising budget constraint (3) using transfer identity (1), after substituting (A.2.9) and 

(A .2.10) above we have, as in Model 1, equation (43). Condition (44) and equation (45) 

trivially follow from this and (42) as derived in the Appendix 5.1.

Tax Policy Change: General Solution.

We already outlined how equation (45) is determined. To obtain equation (46), observe 

that

<t>c -

(A.2.11)

where

P, = (A.2.12)

Hence, the steady state requires tha tP  =  0 .  Equation (46) then follows directly from these. 

Equations (47)-(49) are derived as follows: first we differentiate equations (35)-(37) and 

(3) and (32) using (1). This yields

Q = T]dC+ M’{ \ -7 ' i )d l  - d h

dT  = M’ l̂ -  / )  dr, -  MT,dl + Cdr^. + r^dC 

0 = rdB -M ’dJ - d C  

U(, .̂dC +  Uf̂ î dh = Jldr,. -  \j]d^
U„dl = -pM ’dZ/ - f])wd,^

-U ,,dh  - U,;,dC + {Â . + r ) d J  = 0

(A.2.13)-(A.2.18)
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Evaluate (35) and (37) at the steady state and solve for jj. to obtain

P  ( 7 ,  _ v ,  K A \ - ’i ) u „

l + r^ (l  + r , . )(/ ! .+r)  l - r ,  ( l - r j ( / i . + r )

Next use (A.2.13) in (A.2.16) and (A.2.18). and note that by the law o f  motion for habits,

dC = —idh -  { \ - r j ) w d l )
TJ  ̂ '

This yields a system o f  three equations;

U  _  U .  -
- ^ d h  ^  dl = JidT̂ . -  ;i 7]d^

77

Vndl = -JlM'dZi -  (] -  7 ) M’dC

d h + ^  ' - ^ d l  +{A. + r)dC
1}

(A.2.20)

(A.2.21)

Using (A .2 .17) the above system can be rcduced to;

U  — u n  JJ M'~ + t f U ,, -
^ d h =  judr + dr.  + ^ d l

77 ( 1 - 7 7) 7 7 (1 - 7 7) 11^
(A.2.22)

Equation ( 5 1) follows from the system (A.2.22) by solving the last equation for change in 

the steady state value o f  leisure and substituting the result into the first equation. To obtain 

equation (47) and definitions (48)-(50), substitute (51) into the first equation in system 

(A.2.22) to obtain

dh = Jidr + dr, +
77 ( 1 - 7 7)

T]-U„ + { \ - v ) '  [(/7w(/l, + r ) p)  dr, + ( l  -  7 7 )  w { r ] V + V  ̂ , ) )  J r  J

7 ( 1 -  77) ii'l (1 -  77) '  -rt{X^. + r) U,i
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(A.2.23)

Equation (A.2.23) reduces to (47)-(50). Equation (51) was derived earlier.

Specific Tax Policy Changes.

To solve for the effects o f  labour income tax change, set dr .̂ = 0 < t /r ,  in the above

equations. Equation (52) in the text follows directly from equation (47) in the text. 

Equation (53) was discussed above in details. By equation (51) in the text, equation (54) 

follows trivially. Finally, condition (55) is derived from the definition o f  habits stock in 

the steady state and equation (A.2.20) above. The latter is related to condition (56). 

Inequalities (57) are direct solutions for the sign o f  (56).

Dynamics of the system follow from the standard approach introduced in Model 1. First 

observe that:

A, h - h ,  h - h .

In case A:

nci +( i - /7) m'/; <5
T  T ^

+( i - 7 ) m'/; > / z o  

rjC + (] - 7 ) vi7 > \

This implies that no overshooting will result in either leisure demand or consumption, but 

not in habits stock. From the law of motion for the asset stock:
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= = r ( B ; - B ) + w [ l  -C )  > 0

B , - B , =  - , - (b ;  - b , ) +  «■(/, -/„*)-(c; - c,) < 0

The only adjustment path for leisure, consistent with the above conditions involves 

downward overshooting at the impact follow ed by a rise in leisure demand to the new  

lower steady state level.

In case B;

71 C l + ( i - 7 )m '/; > h
T T t

r]C +  > /2y .

TiC; + ( l - / ; ) i <  > \

At the same time, agents will save over the adjustment path. From the budget constraint 

(law o f  motion for the asset stock):

- 9

rj
> r ( B ; ~ B )

The only way this can occur is if  consumption overshoots its long run steady state level 

w henever77 > 1 /  2 , in which case leisure adjusts incompletely to the steady state at the 

impact. Alternatively, if  rj < \ / 2  consumption adjusts incom pletely at the impact, while 

leisure overshoots its long run equilibrium level downward (from below).

In case C:

r ] C ;  >~h
^  T  t

/jc; > / z q

and from the law o f  motion for assets:
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w (BI -  B)> w{ \ - 2 tj) [ I  -/;)

This implies that since over the long run, agents accumulate savings. Consumption must 

in itia lly  overshoot the long run steady state level whenever^ < 1 /  2 . The rest o f dynamics 

follows as earlier.

Sim ilar exercise provides results in the case o f changes in the consumption tax rate.
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Appendix 5.3. Solutions for Specific Choice of the Utility 

Function with Separable Habits and in the 

Absence of Second Order Effects (Part 5.4).

Here we derive the solutions for Model 2 in the context o f specific assumptions on the 

form o f the utility function discussed in section 5.4 in the text.

Assume that instantaneous utility function is separable across habits:

The specification (A.3.1) is consistent with assumptions in (4) and (33) with exception 

oft7(.^, = U = U = 0 . Tliis implies that due to separability assumption on habits, habits

stock does not have a direct effect on the marginal utilit>' o f  consumption and the marginal 

utility o f leisure. The violation o f  these assum ptions represents a major departure in this

The cross effects o f habits on the marginal utility o f consumption in the mainstream 

models imply that the marginal utility o f  consumption is increasing in the habits stock. 

This, in turn moderates the second order effects o f consumption and leisure as can be seen 

from equations (15) and subsequent analysis o f  both models. The result is that under the 

assumption o f fully separable habits in the utility function, the model results reflect solely

(A.3.1)

where

(A.3.2)

and in the steady state:

(A.3.3)

model from the general models discussed in parts 5.1 and 5.2 o f the paper.
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the seco n d  o rd er e ffec ts  o f  co n su m p tio n  and le isu re  ch o ice s  an d  on ly  th e  firs t o rd e r  e ffec ts  

o f  h ab its . T he la tte r  re in fo rce  th e  fo n n e r  w ith o u t the p a rtia lly  o ffse ttin g  m o d era tio n  o f  the 

c ro ss effec ts .

F rom  th e  firs t o rd e r  co n d itio n s, 

C ,-C  = A,C=(^ ', -f)

and  th u s

1 , - 1  C , - C
krjC;  ̂ ' ’

(A .3 .4 )

(A .3 .5 )

(A .3 .5 )

F rom  th e  d e fin itio n  o f  m a tr ix ^

" 2 : =0

(A .3 .6 )

so  tha t

=  Q ^  =  0 (A .3 .7 )

C o n d itio n  (A .3 .7 )  im p lies th a t a lo n g  the  ad ju s tm e n t path  a d ju s tm e n t sp eed  o f  all v a ria b le s  

is id en tica l to  th e  a d ju s tm e n t speed  o f  hab its  stock . T h is  is the  resu lt o f  th e  ab sen ce  o f  

second  o rd e r  e ffec ts  o f  hab its  in th e  u tility  fu n c tio n  th a t rep lica te s  the  ex o g e n o u s  n a tu re  o f  

h ab its  u n d e r the  a s su m p tio n s  in th is  p resen t m ode l. In re tu rn  th is  im p lies th a t a lo n g  th e  

ad ju s tm e n t path

(A .3 .8 )

and fo r  th e  s tead y  sta te  dev ia tio n s:



£/5 =  0

Also along the adjustment path 

so that

d h = { 2 ? j - \ ) d C

By equations (A .2 .19), under our assumptions:

■ +
y X j ) 1 k ?i .̂{\-ri)yw 

r  (A, + r)

From within the law o f  motion for assets stock, in the steady state:

vt’( 1 -  /  )  +  r B  =  C  =  v t'( 1 -  /  ) +  r B g

Hence,

dl  =  dC = dTj
M’ U„

C onsum ption Tax Policy.

Sett/r ,̂ > 0 = dr  I.

dl  _  C( M' - C + rB^){\-7-i)7][X^ + r + 

dr^
>0

i f k C'  + (1 - / ; )
M’

By (A.3.9):

dC dl ^
 =  -v i^  <  0
dr,. dr,.

(A.3.9)

(A.3.10)

(A.3.11)

(A.3.12)

(A.3.13)

(A.3.14)

(A.3.15)

(A.3.16)
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dh , dC   ̂ _
—  =  - ( 2 / 7 - 1 ) — > ; < 0  7 7 > ;< 1 /2
dr^ dz^

Finally,

0 . _^_K-K

Hence, by (A.3.1 8):

hi = h > hf̂  c^> 7  > 1 / 2

-  h <h^ <=> T] < \  12

Hence, if;; > 1 / 2 ,  habits stock increases at the impact to its new steady state level, while 

consumption falls part o f  the way to the new steady state level. At the same time, leisure 

increases to an impact level that is below the long run equilibrium. Habits stock jumps, at 

the impact, to the new and higher steady state level, so that at the impact, change in 

consumption is smaller in the absolute value than in the leisure expenditure. The only way 

this can happen is when asset holdings fall at the impact. Along the adjustment path, 

leisure rises, consumption falls, and asset stock rises, while habits remain at their new 

steady state level.

W hen;/ < 1 / 2 ,  habits stock falls at the impact to the lower steady state level.

Consumption falls, while leisure rises. At the impact, consumption fall is greater in the 

absolute value than the rise in the leisure expenditure, so that asset position jumps up to 

reflect the achieved savings. Overtime, as positive increase in financial wealth is drawn 

down, leisure continues to rise, while consumption continues to fall.

Note that in both cases, adjustments require no overshooting, while both consumption and 

leisure are being smoothed. The degree of smoothing is driven solely by the importance o f

(A.3.17)

(A.3.18)

(A.3.19)
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ea ch  c o m p o n e n t  in the  de te rm ina t ion  o f  c o m p re h e n s iv e  habits .  W hen  co n s u m p t io n  

d o m in a te s  hab its  law  o f  m otion ,  77 > 1 / 2  , a t  the  im pac t a d ju s tm e n t  in c o n s u m p tio n  are 

sm a l le r  than  ad ju s tm e n t  in le isure. In te rn is  o f  o u r  d iscuss ion  o f  m ode l 2, th is  o cc u rs  

b e c a u s e  co n su m p tio n  ac ts  as the  m ain  sm o o th in g  variab le .

F igu re  5.9 illustrates m ode l a d ju s tm e n ts  in case  o f  c o n s u m p t io n  and  labou r  in c o m e  tax  

c h a n g es .  T h e  d isc o n t in u o u s  and c o m p le te  n a tu re  o f  the h ab i ts  s tock  a d ju s tm e n t  at the  

im pac t  is o f  interest in the c o n tex t  o f  the  recen t ev idence ,  p rov ided  by A g u ia r  and  H urs t  

(2 0 0 4 ) ,  as d iscussed  in part 5.3.2.

Effects o f Habits Parameters on Choice Variables.

T o  d e t e n n in e  the  e f fec ts  o f  hab i ts  p a ra m e te rs  on the  m ode l dy n am ics ,  c o n s id e r  the  ilrs t  

o rd e r  co n d i t io n s  for  M ode l 2, un d er  the  a s su m p tio n  (A .3.1);

i  =  +  (A.3.20)

k  _  -
- =  +  ( l  - r , )  v)’/7  =  (1 - 7 ) (A.3 .2 1)

(A.3.22) ^
+ r

S o lv in g  these  th ree  equa tions ,  w e  obta in : 

k

U sin g  b u d g e t  cons tra in t  identity  ev a lua ted  at the  s teady  s tate w'e can c o m b in e  eq u a t io n s  

( A .3 .2 3 )  and  (A .3 .24 )  to  d er ive  equa tion  (6 5 )  in the  text.
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T aking tiie total derivative o f  (65), and recalling that =  0 , we have:

N^dC =  N-,dy +  +  N^dr/ (A.3.25)

w here

( \ - T , ) ( M ’ + r B - c f  +( ]  + t ) C -  
N , = - - -------^ ------------------!■----- i ^ ------ < 0  (A.3.26)

/I r 7 ( l - r / ) - ( l - ? 7)(l + r )1 1 + r

. x [ „ ( l - r , ) - ( l - , ) ( U Q ]  ^  U r ,

2 + r , - r ,

A. ( 2  + t . - t , )
Â 4 =  . { > 0  (A.3.29)

+ r 1 -r ,

N ote that from (A .3 .27) and (A.3.28):

// i  0 Â2 , < 0

r j ^ \  o  N , , N ^ > 0  (A.3.30)

The results show n in tab le  5.1 in the part 5.4 o f  the paper fo llow  directly  from  (A .3.25)- 

(A .3 .29) for consum ption, from the budget constrain t identity evaluated at the steady state 

for leisure, and from  the habits stock identity evaluated at the steady for habits.
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Effects of Habits Parameters on the Choice Variables Responses to Changes in the 

Tax Policy.

By (A .3 .25 )- (A .3 .29 ) :

dc _ N ,  _ +

{ \ - \ - r )  (l-r/)(^M’- C  + 7'5) +( l  + r^)C" 

E qua t ion  (A .3 .31)  im plies  tha t

a
d ^ C

= Q ^ - Q . ^ > o

w h e re

a  =
A C'^wl

. .2 t 2 7-̂ 2
>0

7-̂ 2 >0

C > 3 = 2

Set Ti = 0  for  s im plic i ty  and  evalua te :

(A .3 .31 )

(A .3 .32 )

(A .3 .33 )

(A .3 .34 )

(A .3 .3 5 )
; < o
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1 -  
d ^ C

i C^M'I d r  d y  
c

wl
dC

d r
(A.3.36)

3 t 3  2 t 2  / ,  , ^ ^ 2  , 2 j 2 pM' I - w  I -  1 + r  C  +M’ I C

M’ /  +

The difficulty o f  signing (A.3.36) arises since

+  w ^ l ^ C  + i ]  +  T ] c ^

For the households with sufficiently high consumption and relatively low leisure 

expenditure, the right-hand side term in (A.3.36) dominates the left-hand side.

Since i /C  /  cIt^. is negative, this implies that w henever the temi[^7 - ( l  -  /7 ) ( l  - I -  < 0 ,

the overall effect o f  the strength o f  habits parameter on consumption response to changes

in the consum ption tax will be positive. In case, when [ 7 7 - ( l  -  ; ; ) ( l - I -  r ,̂)J > 0 the effect

is not determined ex ante. N ote  that in table 5.3 in part 5.4 we present this boundary in 

1 +  r ,
terms o f / 7  > -----------—•. Alternatively, when households engage in low consumption and

2 - t , + t .̂

high leisure expenditure, the left-hand side o f  the above inequality dominates the right- 

hand side, so that the above conditions are reversed. Table 5.1 and discussion below 

assumes the form er case over the latter. This assumption is warranted by the empirical 

observations that within overall household budgets, consumption clearly dominates leisure 

expenditure. However, the converse assumption can also be used in the context o f  this 

model.
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We now proceed to illustrate these results by taking three extreme choice of values f o x T ] . 

V o x T ]  i  0 :

+ rc M’

A m'2/ 2c2 
c

dr  dy  c '

And the overall result is uncertain.

For^ t 1;

(x̂  + r) M. 2 / 2 + ( l  + rJ C 2

3 ^ 2  2 t 2  A C M’ I 
c

= C ' 2 > 0
dr  d r  c

For/; = 1 /2;

A + r 
c

^ + | l  + r d^C

X C ^ w l  
c

d r  d y

=  —  m7 
1

2 t 2 ^ ^ 2  w ! +C

-  T

dC  

c d r

{(m7 - 1 ) }  m-“ / ^ + ( l + r ^ ) c + wl  {C 1 + r

W

> 0

Next we analyse the effects o f the speed of habits stock ad justment to the steady state,

By (A.3.25HA.3.29):

dC C ^ ( w + r B - C ) '  r y [ r i { \ - T i ) - { \ - q ) { \  + T^)\

dX^ [X^+i'Y ( l - r / ) ( v t ^ + r 5 - C )  + ( l  + r^.)C'
(A.3.37)

so that
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) - ]
1 —  

d ^ C

r y 7 ( 1 vt7 d X  d r
c  c

2 t 2 IC dC
- 1

A s  a b o v e ,  let =  0  f o r  s im p l ic i ty  a n d  e v a lu a te :

( V ' f d ^ C

r y 77-{l-j;)(l  + r^) , , , ;  d X  d r  
c  c

( + ) #  i f f  n<~.2 -r ,+ r ,. 2 - T i + t ,.

( +  )

c\T{x-ny ------------------------1— —

(-)

^ +(l +  r ] c ^ d r
c

L \  c l  ]

H e n c e ,  b y  d e f in i t io n  o f
d C

d r

d ^ C

d X  d r  
c  c

1 +  r
> Q  i f f  7 J <  ^

2 - r ,  + r  / c

In th e  c a s e  o f ^  0 :

+ r
c d^C C^wl

d Z  d r  
c  c

> 0

(A.3.38)

(A.3.39)

(A.3.40)
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For rj T 1

(P-C
d X  cI t  

c c
=  0

Finally, fo r;; = 1 / 2 , since

dC
dr..

Cl X +  7' +

= r n < 0 .

then

4 U ^  + 7-
) d'^C 2Cm'

rvM’I T Cl dX dr  
‘ c c

(+)

2 1 1 +  -  M’/ C  1 +  f  1 +  ) C '^ [ 2 \ .  + 2r + yA^C)

m-272 4 ,̂ , 1 c 2
2 ’

>;< 0

For the effect o f rj :

dC N , \ . { 2  + T ^ - T , ) C - ( w + r B - C ) '

(^,  + 7-) ( l - r , ) { w + 7 - 5 - C ) ' + ( l  + r J C ^

dC
Hence, by definition o f   in (A .3.16) and (A.3.17):

dr,.

(A.3.41)

(A.3.42)
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( - i  + r ) r « V  = + ( l  + r ) C ' T  d'C   r -  -  n

X,Cwl rfr,rf,

- ( 2 + r j 2 ^ [ " ’''’ - ( I  + r ) C ’] > ; < 0

For the case o f  labour income tax, setting =  0 ,  by (A .3.3!):

r(l-r,)M'-7'- + C-T(^ .̂ + /') d ' C  . -0 -
  --------   -  ^  ̂  ^ - ^ ^  =  ( 7 7 C - + ( l - / 7 ) w - / - ) C w /  -

Â .Cm’1 dy d r ,   ̂  ̂ ’ ’

3T3 F ^ , \ d C

( + / - (-)
d z i

(A.3.44)

d - C
Hence, i f ; 7 < l / ( 2  — r ^ ) ,  th e n  >  0 .

d y d r ,

The rest o f  Table 5.1 results follow along the same lines.

Finally, for the relative effects o f  y  and other habits parameters:

C
2—2 —2 

/ ^ + C

2 - t 2 w I +
( - J

2 —  2 —
d ^ C  d ^ C

d y d r  d r  dy  
I c

—1
r]C~ + { \ - i ] ) m ^ I ^ ^ C w I  - 2  7^1 -  r j - ( l  - / / )  \ ^ \ - t  I ^

( + / - ) (-)

m7 +  2
dC

3y3 2y2 I, \
V I  - w  I - | ^ l + r j —2 2—9 —

C I ~C

■j dr

(+ / - )
2 j 2w I +

(A.3.46)
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For the sake o f  comparison, set r̂ . = Tj so that consumption tax is numerically equivalent 

to the leisure tax. Then the above conditions in equation (A.3.46) imply:

> ;<  0 <=> t] >\<\ I [ 2 - r )

; ; - ( l - ; 7) ( l  + r )  > ;<  0  7  > ;<  ( l  + r ) / ( 2 + r )
(A.3.47)

Further, suppose the vt’/ = aC  , while B = 0 so that equation (A.3.46) itself becomes

[ ( l - r ) f l -  +  l ] '  ci-C ,

[ a "  +  l + r j  dydr ,  dr^dy

aC[ri + { \ - r i ) a ' ^ ) - 2 \ r i { 2 - T ) - \ \ [ { \ - T ) a ^ - \

(-)
dvi

f l C ' [ ( l - 7 ) o - + 7 7 ]  +  2 [ ; 7 - ( l - / 7 ) ( l  +  r ) ]
dC a'C -  a ' -[]  + t )  + a'C

 ̂dr,. 2a + I + r

This remains no more tractable than equation (A.3.46). Hence, we return to the original 

equation: set // = 0  :

dydr ,  dr^dy  _  j-) ^,2/ 2  ^
< 1

smce

w' / ' + ( l  + r J C - < [ ( l - r , ) M - / '  + C ']' 

The same applies to the case o f /7 = 1.
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F o r ^  =  1 / 2 :

C

^ + ( l  + r ) C ^

1—  1 —  

d ‘-C d - C

d y d r  d r  dy  
I c

( - )
>;<

vt7 2t 2 
vf /  +  C - 2 r

jT -  3 y 3  2"7"2 / ,  \  ^^2 1 ~ r1 'p ^dL Vi' I -  w I -  ( 1 + r ) C + M' / C

By (A.3.14) fo r/;  =  1 / 2 ;

i/C  m7 ^ 2 ( / l ^ ,  +  / ' ) -  /  

2( 1 . + /-)

Then by the above and (A.3.41) 

(>0
c

w^/ “  + ( l  + r ) C ^

2 —  ^  —
d ‘-C

d y d r  d r  dy 
I c

k { \ - r )

(- )

k2^A + r^ -  I A yw

r

Cl

M’l 2 -r2  ^ 2w I + C + 2r

M c
A + r  +  — —  

c 9
V "  y

3 y 3  2 j 2  \ t ; 2 ^  2j 2 ^w I  -  w I - ( l  + r j C  + M' I C
1 —2 2—"> 

w ^'kC  + w  I ^ 2~r2 / ,  \P ^2w I + ( l  + r ) C

Assume r .̂ =  r, «  0
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d / d T f  d r  dy

Hence, no cross comparisons outside the limit points for the value o f 77 is possible. 

Furthemiore, from equation (A.3.45) and conditions (A.3.46) it is clear that overall 

relative effect o f y  on the responses o f  consumption to changes in tax rates will depend 

on the importance o f  consumption in habits stock law o f motion, r j , and on the size o f 

consumption expenditure relative to the size o f leisure expenditure by the households.
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r  i j iu rcS .  1. UMianiic A d ju s tm e n t s  in Model  I. C ase A: ~(i>> a
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B
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F i g u r e  5.2.  D y n a m i c  A d j u s t m e n t s  in .Model 1. C ;ise B; d> < x
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n

H

t
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r i l j u r c  5.3.  1) \ i t a i i ik '  A i l j i i s t in o n t s  in M m l f l  2. C a s e  A:  < a .̂

C h a i i ” f  ill t h e  L a b o u r  lni (»ine  I a \ .

h

h

( '

(

0

<

I

I.l>

/

; + 
' d

/

11

I
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I'ijiu t'c  5.4. I) \n iit i i ic  Adju*>tnicnts in Model 2. ( :)se 15: • 0^.

( ’h;ui»e in the l.;ii>oui' Incim ie I :i\.

K

I n In

Cl 5 )

I i i
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I'ijiu re  5.5. I> \tutm ic A d ju '.liiu 'iits  in Model 2. (  it'.c ( : < 0^.

( h:ni»e in the l.abuui Income T a \.

M

0 !

0  5 )

•.I

/  (f

I 0
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5.(). Dvtutmic AdjiistnientN in Model 2. < a'>c A; 0 . 
( li!in«c in the ( ()nsiinij>ti<jri l ax.

h

/  I t

I

(

0

t

I-!

S h  /
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I ' i ^ i i i e  5 .7. l>M]i»niic A(lju*«IiiicinN in M o d e l  2. (  a s e  B: < 4 ^. .

( ' i i a n « c  in t h e  ( ' unsi i iE) | ) t iun I a \ .

h

‘m

) !

I +

0

0 5

( /

/

I t

I 0  I
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I i” i irc  5.8. I ) \ i i i im ic  A d iiis tn u iits  ill Model 2. ( use C : x.

C haiisic in the ( onM im ption Tax.

/  0 r

a'0

/ 0 f

f 0

' r

i)

0 5

•;i

i i f
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I' i j j inc 5.9.  l ) v n ; i i n i c  A ( l j u v l i n c ‘iit*< in  Mcnl ol  3 :  S p e c i f i c  I t i l i t \  r i i i H ' t i o n .  

{ h a n » c  in t h e  (  o n s u m p t i o n  l ax.

ii

( ; /  > 0 .:
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