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The quantity "Potential Evapo-transpiration" (1,~) 

is defined as the amount of rater used by vegetation 

under conditions of adequate water supply in, the root 

%one of the soil. Prof. Thornthwaite, who introduced 

the use of potential evaporation into agricultural c l h -  

tology, has evolved a f o m l a  expressing it as a function 

of air temperature, monthly mean temperatures and length 

of day. This f o m l a  is tested for Ireland by comparing 

actual measured nur-off to nm-off computed from an appli- 

cation of Thornthmniteos fomla, and found inadequate. 

The causes of this are aiseussed, and suggestions made to 

render the f o ~ l a  applicable under Irish climatic con- 

ditions. Maps, based on m o ~ t h l y  means of temperature and 

rainfall, ahowing the adequacy or othemise of rainfall to 

meet the demands of evaporation and transpiration, are 

appended. 



Introduction 

The role of mporat ion and tranapimtion iri the hydro- 
logical ayole of the atmosphere i s  e q d  and o i~psed  to  that 
of precipitation. Despite this fact, the study of sap~ration 
has been neglected i n  a-dson t o  that of rainfall; f o r  
arample, no leas than 850 Pain-gauges are operat& by the Iriah 
Yateomlogical Service but t h e n  ?run, i n  1938, only one evapontion 
tank a t  a m & a o r o l o g i ~  stetion in Great BrLtaia or Ireland, 
namely that a t  Valantia ( 3 ) ,  A d l  xnrmber of mpor r t i on  tanb 
are, however, d n t a f n e d  by other +A meteomlogical intelalrta 
but, on the whole, it may be statad that no avera?l picturn of 
evaporation is availnbla; the G r i t i d  @liaistologiil@al Atlaa fo r  
example, gives no infomation on thfs subject. The lack of 
observations of th i s  important parameter arises from the diffi- 
oult ies inherent in measurement. In perticular, obsemtionn from 
evaporation tanks a m  stmngly fiiluezsad by the regime (16- or 
turbulent) eaisting in the air flow over the water surface, that 
i s  t o  my, by w i n d  velocity, height of tank edge a b v e  the gramd, 
depth of m t e r  aurface belor rim of tank, anit sixe of the tank 
i t se l f .  No intenntional  st.ndardiaation or  ooqmriaon of m- 
poration tanks having been undertaken, the awiilable .figures rmy 
be unreliable. 

Other attemps to  measure snaporation, as for  emnple by the 
use of PicheDa waporimater, Livingstone's ~ ~ t e r ,  etc., and by 
~~s imr01vfns the w e  of rrind turmsla, are imlso~nt ainoe 
done under very a r t i f i c i a l  conditions. 

Inoreasing interest fn .recent years i n  lop-level a b a p h a r i o  
turbulence and i n  aoi l  and moisture consemtion has given a new 
impetus t o  the study of m p o r ~ t i o n  and t r s ~ a p i r n t i o a  I n  the 
absence of comprehensive observational material the approach has 
been, perforce, inajimt.  

Three sepamte Unes of attack are disoarniblar- 

1. By stiuwng the disposal of incoming radiation 
a t  the earth's d a c e  t o  deduce the am& of 
energy consumed in evaporating water, h e ~ e  the 
m a t  of water evaporated. 

2. By a atu4y of the kinematics of lor-level turbulenoe. 

3. Bgr ocmideration of trampiration as  a physical p m e m  
uridsr biological control. 

The l a t t e r  ia the approach ini t iated by Prof. Thonnthrrite and 
applied sueuassfully by h i m  i n  North America t o  the solution of 
maqy prablw,  involving moisture consemtien and used in the 
formlation of a new c l h t f c  classification (4, 5, 1 et. al.). 

Evaporation md transpiration (together called wmpg.- 
trmspiration) depend on a d e r  of meteorologioal Pactors; for  
euunple, so i l  temperntun, air temperatures insolation, lnamiditg, 
niod, degree of vert ical  mixing, eta. A t t e m p t s  t o  express evapo- 
transpiration as  a iuMtion of these parameters have failad, be- 
cruse a further factor, the amount of water available in  the soil ,  
iq  more i q o r t a n t  than my of them. I n  fact,  the l a t t e r  imposes 
an upper llmit on trampiration, sinci, the foliage of plants cannot 
t nnap i r s  more water than i s  available t o  the roots. 

In  order t o  avoid the diff icult ies imposed by vuiabil iZy of 
uoil m i s t w e  on the meaaursmsnt and c a l ~ d a t i o n  of mpo-tm- 
piration, Thomthrrite (loc. c i t ,  and 6) proposed ths use of 
"Potential EPIpo-t-piration* which is defined na "the .pp(wt of 
water rfiiah w i l l  be lost  f r m  a surface completely oovered r i t h  
vegetation under conditions of adequate so i l  moisture." Soil 



moisture m y  be -.;pr5& an adeip+tc i f  rmint&~xI a: nr close t o  
field capacity. Thornthpsrulte has experimented rith different 
empirical fornniLae t o  express potential mpo-transpiration a s  a 
function of msteorologiaal parameters, and has final% arrived a t  a 
f o m l n  rhich uses temperature data and length of dEty alone as  vu i -  
ables. Satisfaotory results have been obtrdned from thia  fornula 
despite the fact  that no direct account is  taken of other faetora, 
as, f o r  instance, wind, humidity, etc.: t h i n  is attributed t o  the 
fact  that the variation of these factors is related t o  that of 
tempemture. 

However, an independent argumeat derived fram biology leads 
also to  the conclusion that t m s p i ~ a t i o n  is  l e r g e b  determined by 
temperature. 1% bas been &mm by Labe&,larar: 17) aid others that 
the rate of pwth of plants is a Puncriusr of temperature. The 
curve of sate of growth against temperatui-e hlways shows a maxim, 
i.e., an optkaun temperature for  growth always exists. A t  tempera- 
tures above the optiinum the rate of growth declines, eventually 
beaomlng zero; the pop la r  assumption t r i . ~  grawth i s  encouraged by 
inareaaing temperature arises fram the coiruifience that the tempera- 
ture range experienced by plants i n  natural con&itions l i e s  below 
the optinum. In the case of maize, a plant his? .h~s been studied 
intensively, $he o p t h  terqerature is a t  30%, and ale growth rate 
is  zem a t  40 C. The rate of growth can be expressed i n  the form 

bceCt 
v(rate of = a 

(act + b12 

a, b, c being constants, selected t o  give maximum gmm% a t  JOOC, 
where -rator and denaninator are equal. The squared tern i n  the 
denominator e x p r e p s  the grorrth-inhibitire factor which becomes 
predmbant a t  30 C. The physical-biological explanation of this 
reduction in growth-rate abwe the o p t i n a ~  temperature is thought t o  
be hi -eas ing difficulty f o r  the plant structure irr wpplyLng tha 
rapidly-inoreasing amcunts of water needed f o r  transpi-ration. The 
biological function of transpiration i s  the prevention of overheating 
and consequent damage by necrosis t o  the plant stmcture; increasing 
insolation dunands the transpiration of increasing amounts of water. 
Eventually the demand for water w i l l  exceed the root systemQa abi l i tg  
t o  extract it from the so i l  and Further increases of tempn%ure lead 
t o  wilting. Thus, up to  wilting temperature we can xeadily under- 
stand that transpiration w i l l  depend on temperature; the l ine  of 
argument is supported by the experimental proof that photosynthesis 
and carbon dioxide assimilation end, therefore, growth and development 
respond to  c h t i c  changes in the aame way as  transpiration (8). 
A Rothamstead report (9) states "assFmilation and transpiration can 
be treated as formelly identical apart from a change i n  s i@ of the 
concentration gradient. " 

The %nrmla devised by Thornthwaite is  an empirical one based 
on the data fo r  water consumption in  irrigated plantations, run-off 
from catchments, and finally water ccnsumption in  evapo-transpiro- 
meters, The l a t t e r  are tanks suak i n  the ground, f i l l e d  with so i l  
in which vegetation is  allowed to  grow; arrangements are made t o  
maintain a n  adequate water supply i n  the s o i l  and to  ineasure the 
quantities of water disposed of by the evaporation and t~wmpfration 
processes. A simplified type of evapo-tmpimmeter is i l lustrated 
i n  Fig.1: an instal lat ion consisting of four such tmks has been in 

- use i n  Valentia Observatory s h o e  mid-July, 1952. 

Use of Formla Thor&hwaite's f o m l a  ( l j  is - 

where e = Potential evapc~transpiration. 

t = Temperature in OC. 
1.514 

I - sum o f  twelve monthly values of ( T d 5 )  , 
Tm being the monthly- mean temperature. 

a = f ~ l c ~ ~ o l i  of" I. 



Table I 

Io prrctioe it ia rmmaaaqr t o  do the -+ations by mans of a n m ~ -  
pmm, an example of rhich f o r  Valeatla is aham i n  Flg.2. h stated 
&bow, the madhga obiahad irOl the nanogram refer to staudard month.: 
rad.bga .ppropriate t o  other periods are madily obtained by proportion. 

It rill be obaened that bfffemnt valuea of I, the so-called haat 
ind.1, m rapfesented by Unen of different slope on pie ~ m ~ g m m ,  all 
of -ah oomerge t o  a point c o ~ ~  t o  t = 26.5 C and e = 13.5 

Thr U U I W ~  (Mg.2) ahas lines wx~~sponding t o  the heat Index 
for 18lentla 0 8 s m t o r y  in Gny, and t o  a aanpoaite heat W f o r  
the sbmlan C.tohwnt; wrrsapanding t o  tbe corparrtiva homogsneitp of 
a U u t e  Ireland, the separation of the lines is but slight. 

The noat cauvanlemt method of testing the appllaability of the 
foxnth  is t o  use it t o  aa~qxlte -off frcrm a watershed from which 
obaemticaa of aotual run-off are available. This canbe done fo r  
fh. &aamx~ C a s t  above Killaloe where the flow has beon rworded 
f o r  l~upr para; it i m  fortunate that rainfall readings are available 
for a kw mmber of statio11. dthin the CatchPrsnt. The mame is not 
true for tglpclrature raadhga; Cnatleforbes, on the ahores of Lmgh 
E la' the odly atation dthin the Catchmnt fo r  rhich a long aeries 
of t v m t u r e  obsemtions mists. Emever, Yvkree Castle t o  the 
north and Birr Cacrtle, h a t  math-mat of the C.tahmt, together with 
O u t l d o r b w  .rr a-te t o  mpply en aarmate pioture of the tsmpsn- 
tum ragha within this o l ~ t i c a *  wry h-gencous am& 

Tho -tation of -off ?COP Potential hpo-transpirat ion and 
rriniJ1 proaeed. on the aaaumption that  tramplration is Independent 
of sail moiatme up t o  a limitj  i.e., that vegetation wi l l  c o n t h e  t o  
grim and tmnaplre despite fllllag s o i l  maistura wnteat  a l e  there is 
.qg Poisture rcudily available t o  the roots. Until the so i l  in the 
root sono is M e d  out t o  this extent, the tranaplmtian is equal t o  
Potential Evrpo-transpintion; thereafter, trnxupiration is limited 
t o  the amounts ratohing the root mm as  preoipitation, as only l ~ i g n i -  
floant aPoaats of po is tun  aan reach the root mne by capil lmy action 
frcm below (10). Aocording t o  Thorntmaite (1) the mean storage of 
wiatura available t o  the roots of llrture plants with filly developed 
coot 8ymbns l a  abmt 10 am. Worklng i n  Rothmmtead and Cambridge, 
Ebhofield ud Pennun (ll), (12) (13) have reaahed shllar comlusima, 
ausly, that tmuaphation praaeabs uninhibited as the  mimture 
defloit  l n a ~ ~ e s  up t o  a limiting value of moistum deficit ,  -oh 
they find t o  be about 3 Inches. Pslrmsn (12) suggests a dependence of 
a d 1  mlstura apao i ty  on April a d  May rainfall, sett ing C ( so i l  
atomgo) = 5.0 - 0 . 6 a  iaehee, whom S R  = sumof April d H e y  
rrkrhU 

In mrting this teat,  the value used by Thomthwnite, 10 an., 
hu been wed  80 an average wisture-holding cap.citp of the soil. 
In adducing thin f lgum Thomfhmite presents tables (a) ahoring the 
pm.pt.ge uid .pcunt.of m t e r  obtained ? r a n  sisccesdve layers of t h e ,  
moil for different p l m t s  ud soils. The amounts of water mlPOVOd 

rrrlw &ptha &pond oa the root dlutribation whlah is dependent 
on the' tgpe of m i l  rother thnn the vegetation. In  a l l  hut. v:3q heavy 
aoila the roots d f y  completely thrmghmt the f i r s t  foot of soil,  m 



that a l l  the available moisture can be obtained A t  loser depths a 
vrrging quantity of the water available w i l l  be used because of less  
complete ramlfiaation of the mots. Thus, the greater root spread 
in a l ight  so i l  uses more of the available water from the lower isyers, 
oanpansating for  the fact  that less  water is available in the upper 
layers: in heavy soi ls  the water content of the upper layers is 
granter than in l ight  so i l s  and all this water wi l l  be wed, but less  
water wi l l  be got frau lower layers because of the less cunplete root 
sprsad. 

Shannon Catchmsnt 

The "heat indices; 1,for B i r r ,  Markree and Castleforhes are 
36.2, 31.2 and 31.2, respectively. Using these values of I together 
with the monthly temperature means 1920-50, the values of Potential 
Evapo-tnurapiration relevant t o  these locali t ies were computed from 
the ncmogram; they are shawn i n  'Psble LI below, where it w i l l  be 
observed there is but l i t t l e  variation in this quantity from one p o h s  
t o  another: in fact, i t  could be said without serious error that 
potential svapo-transpiration shows no looa?, variation across ELU are% 
as  hanogeneoua in temperature characteristics as  the west of Ireland. 

The ra infal l  over the basin is, however, f a r  from hamogeneous. 
To arrive a t  a reliable estimate of the monthly rainfall,  isohyetal 
maps were prepand for  each month using the means from 32 report- 
points. The integration was done by planimeter. The water balance 
fo r  the area thus derived is reproduced in Table 11, which i l lustrate8 
the method of drawing up a water balance used by Thornthraite i n  his 
climatic classification (1). T h i s  classification depends on the 
concept of a moisture M e x  which expressers the inadequacy of precipi- 
tat ion t o  meet water need. The water balance compares precipitation 
t o  water need (or potential evapo-transpiration) month by month, 
showing which seasons are deficient in  moisture and which have a 
aurplus, both being axpressed qualitatively. 
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The peraentage differences of camputed from actual surplus varg 
rldely,.but in no case is the computed surplus greater than the 
rcturl. Posdbly aignificmnt i s  the fact  that %!be absolute maUrt 
of the differences show a amaller co-efficimt of  ati ion, ~ m e l y  
-375, then the percentage d3.ffe.vnces themsel~we, .432. Thia m y  
indicate the quiak or f lash run-off in each year 07 s o e r t a i n  nearly 
eoaaknt amamt of precipitation which escapes absorption into the 
soi l ,  but t h i s  s e e  ud ike ly  in vier of the general. absanee of heavy 
p m i p i t a t i o n  in Ireland, 

Thus, it is clear that  the general and p & i U  appUoation 
of th. method is not posdble nithcxlt m c i d f i l c r t 8 ~ 1 ~ c ? ,  

Shamon AirporC Drainage Basin 

A further t e s t  of a Jimilm nature but on a d l c r  scale m y  be 
applied, namely, on the figurea of climatic data BuLa drainage fhm 
the confined drainage area of Shamon AirposS;. A rap sf the Airport 
area is shown in Fig, 3: au outer drainage e l  mus a l m g  the 
northern and eastern boundaries of the Airporb, camfixig away a l l  
drainage from the higher ground around and disclmrging 16, into the 
river. The whole landing area is  drained by k4" &ain.s s.t a depth of 
two feet ,  spaced 50 f t ,  fram one another, conneetea into 9" &aim 
spaced a t  550 feet,  which themselves discharge in tc  24" drain,$ 6600 
feat  apart. The l a t t e r  nur WSW t o  EX5 acrosn the f i e ld  and 
disoharge into the inner Catohment drain, an open ditch, whose 
oontents are pumped out a t  the 'pump house, CwjLete rreoords of 
un~~llts pumped off and temperature arad rsillPalP .~eecor& a t  the Airport 
.re available since 1939. Them are no water amarcas (wells) iadde 
the drainage area and no water infi l txutes from the slver, so that  the 
water pumped off n p r e s e n t ~  a a m r a t d y  the dtffei-snce between ra infal l  
a d  quautity used i n  evaporation and transpimtion. The opportunity 
thus provided of testing the Thornthmite method is  bet ter  than the  
test w e r  the Shannon Catahment i t s e l f  a s  the area involve& is 
h ~ g e n e o u s  Fn plant cover and so i l  texture, and the area i s  so a n d l  
rod the drainage so efficient that  the run-off is very quick, 
Thelafore, the problem of estimating when the run-off from e q  
prrtiouLar rainfall will be detected a t  the outflm measuring point, 
almost infractable i n  the cam of the very large ( ~ ~ 6 0 0  sq. ha.) and 
very f l a t  Shunaon River Catchmwm, is here avoided, except i n  the case 
of rriniaJ.1 on the l a s t  day of the month, when acme af the run-off 
rill be p a p a d  in to  tha next month0 s figures. 

The figprem fo r  monthly run-off fo r  the years 1939 snd 1960, 
derived from water balances similar t o  that  of Table 11, a n  shown 
below in Table IV, compared t o  actual date of amounts pumped off. 

TAB= IK, 
Monthly Run-off from Shanaen Airpork- E)rainage 
Area, canpared t o  obsci~ed quantities, in cum., 
ever the whola area, 



, wer tho ammll ama 780 soma of the Airport &%bagel u 
OTm? the Irrp area of the Sharmon River Catchmeat, the Btraigfit- 
fomard application of the formrl. fields mti flgursa too 1- 
We dimrepamy over the two ysrrs quoted uasrunts t o  2% 

The d m i l u l t y  of the discrsprarries in k h a e  two t e s t s  under 
aaoh disaimlhr aonditians of area, a d l ,  eta., so~ns, a t  first 
might, t o  indioate brerlr-dom of.  the f o e  3.a IrIserB c l h t i o  con- 
bitlons. Closer axidnation of the figures, hmovar, ahom that the 
greater part of the biiiarenoe batween c a p ~ t e d  and a o b d  -off 
figurea irieem 18 the rirrter m ~ ~ l t h m  - tiovember, Deoambsr, Juuy 
and bob-. In thdse months Thomthrrite'a f o e  yield.  a m  
o h b l e  .nraurta of mp0-t-imtion, of the order 2 wm. d 
at maaa tqra tures  near PC. These quantities m un&ly hxga 
in .qp o w t e  and eispoially in the Idah rintsr climate, for  two 
-OM. Firstly the manured evaporation irar m open a b e t  of 
water (3, e 1 2 4  f o r  the f a t r  m t h s  in question in an inland 
d t u a t i a ~ ~  r= had-) averagea over 35 ysua anly .69 inahes or  1.7 m., 
in a coastal exposure (~~1thpoz-t) .56 inrhea or  1.4 oms., and It 
im aoocrptad that mpc-trraspiration losses fsam vegetation never 
axaeed a p o r a t i o n  fmxn an open water (11, prge 107, 9 prgs 
29, do.). In faat, P w  e s t h t e s  that the ra t io  of bans- 
pirrt ion frrm turf t o  evaporation ircm open a t o r  
is fo r  Xuvamba-bebmuy, h l u s i v e ,  only 0.6 (12, 
SeoondJy, it nust  be remmberad that it is m easantial femtura of 
tho thwlg that trurspiratim proaeed. w i t h  grmth (1, 8, 9 st. a), 
ud is thought of is a measure of grorth aativity. kt air t-rr- 
kua, soil temps~rture and duration of aunahins are leu in ths dater 
IPomths and grouth is a t  a st.blstil1, or  rarg slow, so that t r ~ 1 8 -  
piration nust also be velg lor. 

For both -OM, therefore, the m a  of water mpomted  
aooodlng t o  Thornthrrite'a fonmlr, 8gpear nuah too big for  oon- 
ditiom in Irelaud or  Croa t  B r l t r i p .  It ma, therefore, dedibd 
t o  i.bailailrte the nur-offa sham in Tables 11 and IV using tho 
mount .3 am. for  amporation md trurapirr.tiopr in each of the 
months Nwcmber t o  Fabruazy. The reqults are givrrn i n  Tabam V ud 
VI a t tmhed  





TABLE V (contd. ) 

Observed Rainfall ( A )  and Run-off (B) in  Shannon River C a t c b n t ,  capared t o  2un-off computed under resumption ab .3 CBB. 
errpo-transpiration per month November-February (C) 

YEAR Jan. Peb . 

R.infal l  (A) in  cm., Run-off (B  and C )  in cusecs . 

A W .  ~ e p t  . Oct . Uov . 



~ - -  

- a ~  (A) in -., &off (B and C) in cusecs. 



Bun-off 
observed 
cum. 

nd Ran-off f ~ m  Shannon Afpport 
Drainage Area, assuming Evapa-transpiration 
0.3 cms. per month Novembm t o  Feb-, 

in ems. 



The avelxge deficiency under the rssumption stated is  9% over 
the Shannon R i v e  Catchment, and 696 over the Airpa& C a t h e & ,  m 
agreement wh ich  msy be cansidered close e m &  t o  be of prrcti-1 
value, Thus, the mppl ic~t i  on of Thomthwaite foxmula and pro- 
cctrlure, modified by the msaumption of d y  .3 ms. wray,om hion & 
tnmapiprtioa losses per e t e r  month, w i l l  yield w l ~ e s  for m - o f f  
which agree closely with the observed values: i t  w e t ,  ?&me WP, be 
noted that the greate& dfsrgpewnent betmien eemputed mnd ohnersed 
values invariably occurs a t  the end of the  sumner &y spell, *en 
observed xun-off i m a s e s  mru quickly than the computed values. 
Though this effect has bean a d l  influence on the suarual nwemgea, 
it i e  of iqor4ance f o r  reliable estimation of time of oilset of winter 
f low oondLtions for  those fnterr;s%sd in &ydroio,g o r  d r n f m g c ,  
h b t l e a s ,  the discrepancy could be eUrmXnnted by sn&i.?ng su r~ab le  as- 
srnnptioaa concerning the s o i l  mistcm stomge capacity; but, this nust 
arrlit the further study of the s o i l  m Irelmd. 

Experimental Installation of Evapo-trmwirvmeters i n  Val:+% 
Observatozgr 

An instal lat ion designed t o  m e a s u r n  mpc-fmns$mtion, con- 
sisting of few qylindrfeal tanks similar t o  the one shown i n  Fig.1 
has been in operation a t  Vdentie since July, 1952. The mode of 
opemation is t o  spPinkls on the surface of each tank oa amount of W a t ~  

sufficient t o  ensure sane run-off em& dpy; thus, a d e p t c  soil. 
moisture thPmghout the s a i l  i n  eaeh drum is  e m r e d ,  so  that the 
figures deduced for. water use oamespond to  the defrinitrion af potenti i l  
Wapo-t-piration, Obviously, the potential mps~ t r ansp i r a t i on  is 
the difference rainfal l  plus applied w a t e ~  minus measured. lun-offf". 
The rainfall is  measured i n  a rain-gauge close a t  hend, sxk3 tine Whole 
observational area is  well.-exposed t o  p r m d l i n g  weather @odt iona .  
Since the pereolati.on of wrtet i:hrough the so i l  is inevitably mb5eot 
t o  some delay, it m y  occur that  a -all occurring twmffds the end of 
r day md, therefore, recorded with the applied water for  that dry, w i l l  
not appear as --off un t i l  the next w, or  wen later.  Thus, the 
da i l y  figures fo r  water hse may be subject t o  great Phctuations a d  
it W i l l  be neeessaq t o  sum them w e r  periodB of a t  least a week t o  
ten bys. The longer the per4.d over w-hi.ch the P i g u m s  are total lea,  
the less  important the influence of accidental fluctu9.ti.ons. For 
this reason, the figures for  measured evapo-t-piration over calendar 
~011th~ are compared below Sn Table V I I  with those expected from 
Thornthwaite s f onmala. 



While the figures thus f a r  a d l a b l a  a m  too w J r  t o  f o m  the 
basis of a new fornuk,  they do verify t o  a renrrkrble degrae the 
applicability of the imdif ied  Thnrnthwmite pracedms already deduced 
~IWI exmdnation of the sun-off figures f o r  the Shannon Biver and 
Shaanm dipport Catchment Bash. It w i l l  be noted that the P.E. 
nw~mu-ed in November 1952 w m  -8 ans. j this may appwr hi& in can- 
parison w i t h  the .j cms. assum& b the caleul&tion of m - o f f i  but 
it *st be borne i n  mind that 7hlentia is i n  the warmest region of 
ImLnd, whereas the figure . j  ans. f s  t o  be applied a s  an average 
f i p e  over the inland areas of the catchments described where ninter 
tsmpsratures u?e considerably lower Wun a t  Valentfw. 

, Accepting the  agreement between measumd d computed P.E. a t  
Valentia August t o  October, 1952 and IInreh, 1953 OW as p m f  of 
the applicability of ThomthrraitePs fornniLs during the gsPlng seascnr, 
.nd thus avoiding the difficulties raised by We lack of agreement 
mulng the winter, as can ppcceed t c  hran m o n t h l y  mapa showing the 
adequacy or  i n n d e w  of ra infa l l  t o  meet the dtrmands ma& by mpo- 
rat ion azd trampiration. The aae.mpax@ng two aexiea of maps 
(Figures 4-11 and 12-16), ahow (1) the difference rainfall minus a p e  
transpiration fo r  each of the months March t o  October, and. (2) the 
accrPniLated s o i l  moisture def ic i ts  a t  the end of the mrrntha June to 
October. The ma te~ ia l  on nhfch the mnps are based comprises the 
Brit ish Rainfall a t l as  m o n t h l y  means 1881-1915 and the ~yznthly mean 
temperatures for  the same period. The coqmtation of monthly 
Potential Evapotmnspiwtion fdlms the method indisatec? above. 
Since the w e n t  of temperature over Ireland is but slight,  the 
oomputed Potential hpo t r aesp i r a t i on  varies but sl ightly from point 
t o  point, so that the mps ref leet  largely the variations of rainfall. 

It is  essential t o  bear in d n d  that  the maps present an average 
picture. b s g e  divergorases fYaa this avemge may occur i n  individual 
J"-0 

The f i r a t  series, ( ~ i ~ u r e a  4 t o  11) ahms how and where the 
rainfall exceeds the losses by evaporation and t-piration. 

Where positive values are mapped there is water available i n  a c e s 8  
of the needs of the plant cover: negative values indicate that  rdP 
f a l l  falls ahorb of the amaunt of water required by the plant cover 
M c h  nuat then draw on the reserve of acisture in the root zone of 
the soil. 

ThKIughout the count~y  rafnPaLl is more than adequate in the 
months of March and Apdl, great excesses oecuring, as  is  t o  be 
expected, i n  a l l  the mountainous areas of Donegal, Coananara, K s n p  
and W i c k l o w .  I n  bfay, however, as tanperature r i ses  and increasing 
gruwth occasions increasing t-pixation, a slight deficiencg ocaura 
d l  over the oouatrp except in the moharrtaims anas. The d e f i c i v  
again occurs i n  June, when only m a 3 . l  areas in Donegal, Colmsnrpra, 
Keny and Wieklaa experience an excesj. July presents a similar 
picture but the increase of M a l l  i n  August combined with s l ight  
fall  i n  tanperature and shor%ening days muses a surplus of r a t e r  
sveq&ere except i n  Louth and k b l i n  ar4. South Tipperarg and L i ~ ~ d o k .  
In Serptmaber a s l ight  dsfioiency ocaaw wer most of the Central PZdn, 
but in  October large surpluses ~ceue ,nretgnrfiere. 

The s e c d  series of maps (~igures 12 t o  16) shows the net soil 
m o i 6 b . m  withdrawals accunuldsd at t-3e end of Juns, Jully, August, 
Ssptcanbs3: and October, It w % l l  be &..en that the dthdrarals frolll 

s o i l  misture amount t o  8 - 9 cans, b~ -ha and 631 Ssptambsr i n  Co.Lauth, 
Dublin and part of Tipperary. The w-pluses of Ootobcr reduce th i s  
deficit of soil moisturn very conside-ably and irm IPwaher t o  Apdl  
a surplus of water is available ewq&era,  

The with&awals of mi s tu re  t o  meet the danands cf wrapoxation 
.ad transpiration wi l l  be itct,rimsntaJ t o  the  d e v e l ~ n t  of planta in 
~ . d  where the root 8oat, ,-Q" s o i l  is incapable of holdfry sufficiszlt 



wiaturs t o  meet these dtMramh. TboIPtmaite b e l i m e  th. 
average m i l  nmisture reservo in  the United States is about 10 0.. 
Other workers in  E n g b x l  have postulated a f i g u ~ e  of about 8 cl.. 

If 14 be . s d  that the roak  one of the soi l  i n  Ira- our 
hold on the arsrage 10 oma. of water available to plants for t h d r  
haampiration weds, then it is  apparsat froln the secand marlea of 
rrpm that, in a 'mzrdLm year, no place i n  Irelaad d e r s  ircrm 
water .shortage arifioisntly intame to aiiect growth adversely. In 
yeam M e r  aban wrmal, henrevers water ahortage rrmy reduce orep 
yields over the whole area of the C e n t r a l  Plaia 

A possible application of the maps would be the detembation 
of a r a ~  ollPPatiaally suitable for diiferent types of orops. For 
lnnbmo, it d g h t  seanr uJaisa t o  a t t q t  the oultivation of cemaln 
in  amaa whem rainfall meeds  anrpo-transpimtion in July and 
Au@ast, a8 the ripening and drying might be severely hdoapped  ia 
maah area. Crops aceding abundant soi l  mistun might best be 
aomcartrated i n  areadl where the s o i l  moisture deficit is lor. 

Expu~Lenee to date, namely, the o~mputation of nut-off over a 
rsrg Largs baain, the Shannour Riar above Killaloe, aad a BMU OW, 

the Shannon dirpcrt Drainage Area, and the aireat wasurcnrent of 
potential mpo-transpiration at  Valentia, suggests that the 
Thorpthwaite formib for potential map-transpiration as a funotion 
of t q r a t u r e  works nsll in the Irish climate except i n  the *Fate 
rmnths, when it yields figures of water uae 13mcq3h bpb.ponrfion and 
trrnapiration rhioh are moh too hi&. Considemtion of the ntagni- 
t u b  of mporation alone, kwbm from observations a t  Valentia curd 
loeations in G r e a t  B r i t a i n ,  together w i t h  es+,i.watos of gnn&h rat- 
&ring the r lnter  season, confirm this aonclusioao 

Calculation of -off under the arbitrcuy asamption thaC 
waporatlos~ and trsnaplration together amount to, say, .J -s. per 
month November t o  Febnuuy h a s  given results good enough to enoaaxm@ 
the use of the procedure for estimating soi l  moisturs deficits, 
roluw of drainage water and time of Nunring of aZainage works M 
+ell a6 @ding river IUU-off. 

Experimsntil rork aar in pms-aa rill, it is hoped, p H &  
a solid h i s  for a modifitation of the Thorntfaaite fonmln *oh 
w i l l  fit it more closely t o  the eliPatic conditiolls existing a 
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