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EVAPORATION AND TRANSPIRATION IN THE IRISH CLIMATE

By V. H, Guerrini M,.3e,

The quantity "Potential Evapo-transpiration" (1,2)

" is defined as the amount of weter used by vegetation
under conditions of adequate water supply in the root
zone of the soil. Prof, Thornthwalte, who introduced
the use of potential evaporation into agricultuﬁl clima-
telogy, has eveolved a formuila expressing it as a function
of air temperature, monthly mean temperatures and length
of day. This formula is tested for Ireland by com
sctual measured run-off to run-of'f computed from an appli-
cation of Thornthwaite's formala, and found inadequate.
The causes of this are discussed, and suggestions made to
render the fermula applicable under Irish climatic con-
ditions. Maps, based on monthly means of temperature and
rainfall, showing the adequacy or otherwise of rainfall to
meet the demands of evaporation and transpirstion, are

appended.



Intreduction

The role of evaporation and transpiretion in ths hydro-
loglical cycle of the atmosphere is equsl and opposed to that
of precipitation. Despite this fact, the study of evaporation
has been neglected in comparison to that of rainfall; for
example, no lsss than 850 rein-gauges are cperated by the Irish
Meteorclogical Service but there waz, in 1938, only one evaporation
tenk at a metsorologicsl stetion in Greet Britein or Ireland,
namely that at Valentia (3). A small mmber of evaporation tanks
are, however, mainiained by other than meteorological intereats
but, on the whole, it msy be stated that no overall picture of
evaporation iz available; +the British Climaiclogieal Atlas for
example, gives no information on this subject. The lack of
observations of this important parameter arises from the diffi-
culties inherent in measurement. In particular, observetions from
evaporation tanks are strongly influerced by the regime (laminar or
turbulent) existing in the air flow over the water surface, that
is to say, by wind velocity, height of tani edge above the ground,
depth of water surface below rim of tank, and sige of the tank
itself. No internetional standardisation or compsrison of eva-
poration tanks having been undertaken, the availabie figures may
be unreliable.

Other attemps to measure evaporation, as for example by the
use of Piche's ovaporimeter, Iivingstone's stmometer, etc., and by
experiments involwving the use of wind tunnels, are irrelevant sinoe
done under very artificial conditions.

Increasing interest in recent years in low-level atmospheric
turbulence and in soil and moisture conservation has given a new
impetus to the study of evaporation and transpiratioca. In the
absence of comprehengive observational material the approach has
been, perforce, indirect.

Three separate lines of attack are discernible:;-

1. By studying the disposal of incoming radiation
at the earth's surface to deduce the amount of
snergy consumed in evaporating water, hence the
amount of water evaporated.

2. By a study of the kinematics of low-level turbulence.

3o By conslideration of transpiration as a physical proceas
under biological centrol.

The latter is the approach initiated by Prof. Thornthwaite and
applied succassfully by him in North America to the solution of
mary problems involving moisture conservation, and used in the
formilation of & new climetic classificatiocn 24, 5, 1 et. al.).

Evaporation and transpiration (together called evapo-
transpiration) depend on a rmmber of meteorclogiocsl factors; for
example, soil temperature, air temperature, insolation, humidity,
wind, degree of vertical mixing, etc. Attempts to expreas svapo-
transpiration as a function of these parameters have failed, be-
cause a further factor;, the amount of water availeble in the soil,
is more important than eny of them. In fact, the latter imposes
an upper limit on transpiration, sincc the foliage of plants cannot
transpire more water than is available to the roots.

In order to avoid the difficulties imposed by variability of
soll moisture on the measurement and calculation of evapo-trans-
piration, Thornthwaite (loc. cit. and 6) propossd the use of
"Potential Evapo-transpiration® which is defined ez "the amount of
water which will be lost from a surface campletely ocovered with
vegetation under conditions of adequate scil moisture.® Soil
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molsture may be regerdsd as adequets 1 mpintained at or close to
field capacity. Thornthwaite has experimented with different
empirical formilas to expresa potential svapo-transpiration as a
function of meteorologlical parameters, and has finally arrived at a
formila which uses temperature data and length of dszy alone as varl-
ables, Satisfectory results have been obtained from this formala
despite the fact that no direct account is taken of other factors,
as, for instance, wind, humidity, etc.: +this is attributed to the
fact that the variation of these fectors is relested to that of
tempersture.

However, an independent argument derived from biology leads
also to the conclusion that trangpiration iz lergely determined by
temperasture. It has been shown by Lehenbauves {7) and others that
the rate of growth of plants is a function of temperature. The
curve of rate of growth against tempersture always shows a maximum,
i.e., an optimum temperature for growth aliways exists. At tempera-
tures above the optimum the rate of growth declines, eventually
becoming zero: the popular assumption theai growth is encouraged by
increasing temperature arises from the coincidence that the tempera-
ture range experienced by plants in natural conditions lies below
the optimam, 1In the case of maize, a plant which has been studied
intensively, the optimum temperature is at 30°C, and the growth rate
is zero at 40C. The rate of growth can be expressed in the form

bce°t

(ect + b)2

a, b, c being constants, selected to give meximum growth at }000,
where mumerator and denaminator are equal. The squared term in the
dencminator expregses the growth-inhibiting factor which becomes
predominant at 30°C., The physical-biclegical explanation of this
reduction in growth-rate above the optimum temperature iz thought to
be increazsing difficulty for the plant structure in supplying the
rapidly-increasing amounts of water needed for transpiration. The
biological function of transpiration is the prevention of overheating
and consequent damage by necrosis to the plant structure; increasing
insolation demands the transpiration of increasing amounts of water.
Eventually the demand for water will exceed the root system's ability
‘to extract it from the socil and further increases of temperature lead
to wilting, Thus, up to wilting temperature we can resdily under-
stand that trznspiration will depend on temperature; the line of
argument iz supported by the experimental proof that photosynthesis
and carbon dioxide assimilation and, therefore, growth and development
respond to climatic changes in the same way as transpiration (8).

A Rothamstead report (9) states "assimilation and transpiration can
be treated as formally identical apart from a change in sign of the
concentration gradient.*

v(rate of growth) = a

The formula devised by Thornthwaite is an empirical one based
on the data for water consumption in irrigsted plantations, run~off
from catchments, and finally water consumption in evapo-transpiro-
meters. The latter are tanks sunk in the ground, filled with soil
in which vegetation is allowed to grow; arrengements are made to
maintain an adequate water supply in the soil and tc measure the
quantities of water disposed of by the evaporation and transpiration
processes. A simplified type of evapo-transpirometer is illustrated
in Fig.l: an installation consisting of four such tanks has been in
-use in Valentia Observatory since mid-July, 1952.

Use of Formila Thornthwaite's formula (1) is -

’

e = 1.6 \-:-Lf‘&)a

where

¢
[[]

Potential evapo-transpiration.

Temperature in °C. 514

1 = sum of twelve monthly values of (Twm/5)

Im being the monthly mean tempersture,

t
H

a = fuaction of I.
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The values computed from this equation are appropriate to standard
months of 30 days of 12 hours of daylight each. Reduction to actual
months is effected hy multipliocation by a series of factors, which in
Ireland are as follows:

Table I

Month | Jan.|Peb] Mard Apr] May] June| July| AuglSept.| oct.| Nov.| Dec.

Pactor]| o7h | «78|1.02 [1.15 |1e33] 1436| 1437 (1e25 1,06 | .92 | .76 | 470

In practice it is necessary to do the computations by means of a nomo-
gram, an example of which for Valentia is shown in Mig.2. As stated
above, the readings obteined from the nomogram refer to standard months:
-readings appropriate to other periods are readily obtained by propertion.

It will be observed that different values of I, the so-called heat

index, are represented by lines of different slope on fhe nomogram, all

of which comverge to a point corresponding tot = 26,5 C and & = 13,5
oms, The nomogrem (Pig.2) shows lines corresponding to the heat index
for Valentia Observatory in Kerry, and to a composite heat index for
the Shazmmon Catohment; corresponding to the comperative homogeneity of
climate throughout Ireland, the separation of the linea is but slight,

. cation of Formila in Ireland

The most convenient method of testing the applicability of the
formnla is to use it to compute run-off from a watershed from which
observations of actual run-off are available. This can be done for
the Shamnon Catchment above Killaloe where the flow has been recorded
for many years; it is fortunate that rainfall readings are available
for a large mmber of atations within the Catchment. The same is not
true for temperature readings; Castleforbes, on the shores of Lough
Ree, is' the only atation within the Catchment for which a long series
of temperature observations exists, However, Markree Castle to the
north and Birr Castle, juat south-east of the Catchment, together with
Castleforbes are adequate to supply an accurate picture of the tempera-
ture regime within this climatically very homogeneous area.

The ocomputation of run-off from Potential Evapo-transpiration and
rainfall proceeds on the assumption that transpiration is independent
of soll meisture up to a limit; i.e., that vegetation will contimue to
grow and transpire despite falling soil moisture content while there is
any moisture readily available to the roots. Until the soil in the
root zone is dried out to this extent;, the transpiration is equal to
Potential Evapo-transpiration; thereafter, transpiration is limdted
to the amounts reaching the roct zone as preoipitation, as only insigni-
flioant emounts of moisture can reach the root zone by capillary action
from below (10). According to Thormthwaite (1) the mean storage of
molsture available to the roots of meture plants with fully developed
root aystems is about 10 ems, Working in Rothamstead and Cambridge,
Schofield and Pemman (11), (12) (13) have reached similar conclusions,
namely, that transpiration proceeds uninhibited as the moisture
defioit increases up to a limiting wvalue of moiature deficit, which
they find to be about 3 inches. Pemman (12) suggests a dependence of
soil molature capacity on April and May rainfall, setting C (soil
storage) = 5.0 - 0.6 ZR inches, where ZR = sum of April and May
rainfall,

In making this test, the value used by Thornthwaite, 10 cms.,

has been used as an average moisture-holding capacity of the seil.
In adducing this figure Thornthwaite presents tables (1) showing the
percentage and amount.of water obtained fram miccessive layeras of the .
soil for different plants and soils, The amounts of water removed
from various depths depend on the root distrittion which is dependent
on the type of scil rather than the vegetation. In all hut vicy heavy

soils the roots ramify completely throughout the first foot of soil, so
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that all the available moisture can be obtained. At lower depths a
varying quantity of the water available will be used because of less
complete ramification of the roots. Thus, the greater root spread
in a light soil uses more of the available water from the lower layers,
compensating for the fact that less water is available in the upper
layers: in heavy soils the water content of the upper layers ix
greater than in light soils and all this water will be used, btut less
water will be got fram lower layers because of the less complete roct
spread,

Shannon Catchmemnt

The "heat indicesy I for Birr, Markree and Castleforbes are
34,2, 31.2 and 31.2, respectively. Using these values of I together
with the monthly temperature means 1920-50, the values of Potential
Evapo-transpiration relevant to these localities were computed from
the ncmogram; they are shown in ¥able II below, where it will be
observed there is but little wvariation in this quantity from one poimi
to another: in fact, it could be said without seriocus error thatg
potential evapo-transpiration shows nc locel varistion ascross an area
as homogeneous in temperature characteristics as the weast of Ireland.

The rainfall over the basin is, however, far from homogeneous,
To arrive at a relisble estimate of the monthly rainfsll, iachyetal
maps were prepared for each month using the means from 32 reporting
points. The integration was done by planimeter, The water balance
for the area thus derived is reproduced in Table II, which illustrates
the method of drawing up a water balance used by ‘I‘homthn.ite in his
climetic classification (1). This classification depends on the
concept of a moisture index which expreases the inadequacy of precipi-
tation tc meet water need, The water balance compares precipitation
to water need (or potential evapo-transpiration) menth by month,
showing which seasons are deficient in moisture and which have a
surplus, both being expressed qualitatively.
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TABIE II

. Jan, | Ped, Nar. Moy June July ing. Sept. Oct. | Nov, | Dec. Year
l, Birr I-p. c- 506 3.; ‘. , EOE 10.§ ﬁ.g B.i m B.O 10.0 . _-5;# )
2, Birr P,B, unadj. (-.) 2,3 | 2.5 3.0 | 3.8 5.2 6.7 7.5 7ok 6.3 48 | 3.1 | 2.5
3. Castleforbes T-p. og, k-oiln LB 6.1 7.8 m05 1\3.2 :uh‘ 1’!-3 12.2 903 . 5-.8
A-. Castlefardos Po!. M (m.) 2.2 24 3.0 5‘9 5.2 607 70# 705 6.3 ‘}.7 3.0 2.4
5. Markres Temp. 4e7 5.0 601 . 10. 23,0 bl lhe 2 2.4 9.0 6.3 5.0
6. Marintes P.!o M (mo) 203 2-5 3o° 3.8 5.3 60& 701 7.0 6.1 II-.L 3-1 2.5
T m P.E, unadj. (dnl.) 2.3 2.5 3.0 3.8 5.3 606 * 703 Te2 6.2 15..5 3.1 2.5
8; P.B. M ﬂ!. 1.7 2.0 3.1 :ﬁ.llr 7-0 9.0 10.0 9.0 6.‘ koz 20&- 1’8 61.2
Q, Mﬁhﬂ.m s, 9-01 7.7 6.9 601 60"- 608 Bo# 10.5 8.6 8.9 9.3 10.8 ”.5
10, Storage change (cms,) 0 0 o o 0.6 | -2,2 -1.6 1,3 2.0 L1 0 o
11, Storage (oms.) 10,0 /10,0 110.0 |10,0 Yels 7.2 5.6 6.9 8.9 | 10.0 |10.0 |10.0
12. Actual hpp-tm-pinﬂcn = Potential Enpo—tnnspintion since moisture reserve not axhausted
13. Surplus ic_. Tede | 5.7 3.8 1.7 0 0 0 o] o 3.6 | 6.9 | 9.0 |38.1 .
14, Surplus (in cusecs). 303 | 233 155 70 0 ] 0 0 ) 1,7 | 282 | 368 (132 avg.
15. Surplus distributed (cusecs). 288 | 260 208 | 139 70 35 18 9 5 75 | 178 | 273 |132 avg,
16. Bun-off cbserved Killaloe - 362 | 261 192 128 69 60 63 76 116 176 260 | 305 |171 avg.
1930-194). avg. in ocusecs. :




Mjusted Potential Bvapo~transpiration (line 8) is dlr.l.J.d
Crem the umdjusted P.B. of line 7 by the applicatiocn of the
fasters in Table I. In.uthowhuprooipitnﬁumuﬁum
meed (P.E.) the differwnce appears as surplus (1ime 13) availebls
for building up soil storuge to i%s asmumed meximm valus of 10 oms.
or, if this is not required, for run-off., The amount available
for run~off anmally in the Shamnon Catciment is thus computed te
be 38.1 oms. per yoar, out of a fotal precipitation of 995.3 oms.3
since soll storage is not exhansted during the Summer mcuths actual
- evapo~transpiration proceeds at maximum rates throughout, i.e.,
oqual to potential.

The amount available for mm-off, if distributed evenly
throughout the year, would give an average flow of 132 oubie
_metres per second (cusecs); this is 23X less than the average

observed flow at Killaloe, 171 cusecs, over the period 1930-194k.
(This figure is accepted by E.S.B, Hydrological Engineering Staff
a8 the leng-term mean. The average 1893-1941 of 191 cusecs. is
considered, on technicsl grounds, to be Mhigh) Thus, the
streight-forward application of Thornthwaite's formula to the mesn
temperatures of the West of Ireland yields values for evapo~
transpiration toe high by no less than 30K.

In order to determine to what extent the difference actualws
ocomputed run—~off depends on weather conditions and to discern
if ciroumstances ocour in which the formula mey be applied
direotly, it was decided to make a detailed comparison year by
year. A series of fifteen years was selected starting in 1933.
It was assumed that the monthly rainfall could be adequately
represented by the means of the readings fram Killaloe, Portumna,
Victoria Locks, Athlone and Lough Allen: the legitimacy of this
assunption has been proven to very narrow limits. The water
. surplus was oomputed month by month as in the example shown above
in Table II: the azmmal totals compared to the measured run-~of'f
are shown in Table III, which also indicate roughly the nature of
the weather each year. ~ )

. TABLE III
Average Anmial Values of Run-off, Shannon Catchment Basin,
- 1933-1947
L8k tod . 7
avarage average nire, Dife. Weather compared to
Your flow in. flow in in in Normals*
. Cusecs. Cuseos. Casecs, | %
1933 1m 67 =y ~40% | Dry, warm.
1934 B 128 -20 UK | Avg., Avg.
1935 167 125 =41 ~25%| * .
1936 178 138 =40 -22%( " "
1937 172 119 =53 -31% | Slightly dry; slightly
: warm,
1938 216 192 -2 -11% | Wet; ocoel. _
1939 168 131 - =37 -22% | Average; slighily warm.
1940 163 U2 . -21 =13% | Average; warm,
1941 137 100 =37 =278 | Dry; averege
1942 . 169 127 . 42 | -258| Average; average
1943 173 1z ~56 ~328 | Slightly wes; slightly
: warm.
194 77 158 -19 -11% | Wet; slightly warm.
1945 159 104 =55 :é;f‘ Average; warm
1946 208 195 ~13 o Wet; slightly cool.
1947 239 158 -4l -17% | Wet; warm,
Means 1r2 136 -36 -23%

2 Cool or warm refer to April-September averages as the P.E, in these
months vastly exceeistnat in the remaining months.



-0 =~

The percentage differences of computed from astual surplus vary
widely,. but in no case is the computed surplus greater than the
actual, Possibly significent is the fact that ths absolute amount
of the differences shows a mmaller co-efficiant of veariation, namely
=375, than the percentage differences themselves, 432, This may
indicate the quick or flash run-off in each year of s certain nearly
constant amount of precipltation which escapes absorption into the
soll, but this seems uniikely in view of the general sbrence of heavy
precipitation in Ireland.

Thus, it is clear that the genersl end particular spplisation
of the method is not posaible without modificationas

Shannon Alrport Drainage Basin

A further test of a similar nature but on & smeiier scale may be
applied, namely, on the figures of olimatic data and drainsge from
the confined drainage area of Shammon Airport. & map of the Airport
arvea is shown in Fig. 3: an outer drainage charnel runs slong ths
northern and eastern boundaries of the Airport, carrying sway all
drainage fram the higher grourd around and discharging it into the
river, The whole landing ares is drained by 4" dreins st a depth of
two feet, spaced 50 f'4. from one another, connected into 9% drains
spaced at 550 feet, which themselves dischargs inte 24" drains 400
feet apart. The latter run WSW to ENE acroass the field and
discharge into the inner Catohment drain, an eopen ditch, whose
oontents are pumped out at the pump house., Oomplets records of
amounts pumped off and temperaturs and rainfgll records at the Airport
are aveilable since 1939. There are nc water sources (wells) inside
the drainage area and no water infiltrates from the river, so that the
water pumped off represents accurately the difference between rainfall
and quantity used in evaporation and transpiration. The opportunity
thus provided of testing the Thornthwaite method is better then the
test over the Shannon Catchment itself as tho ares involved is
homogeneous in plant cover and soil ftexture, and the ares is so =small
and the drainage mo efficient that the run-off iz very quick.
Therefore, the problem of estiamating when the run-off from any
particular rainfall will be detected at the outflow measuring poing,
almost intractable in the came of the very large (10,600 sq. km.) and
very flat Shannon River Catchmeni, is here avoided, except in the case
of rainfall on the last day of the month, when aome of the run-off
will be grouped into the next month’s figures,

The figures for monthly run-off for the years 1939 end 1940,
derived from water belances similar to that of Table II, are shown
below in Table IV, compared to actual date of amounts pumped off.

TABLE IV,

l(onthly Run-off from Shannon Airport Drainage
Area, compared to obseived quantities, in cms,,
over the whole area.

Yeoar 1939. Jan| Peb | Mar | 4pr | May | Jan| Jul| Aug | Sep | Oct! Nov | Dec| Yeur,

cmtd Bun- 709 ‘&o". 5&2 . 0 0 Y} Q 0 0 0 |10, 2 5.5 3100 Ooms

Ohscrvodlun- 10.5]| 4.8 5.5( 0.7 0.4} © 0 1 Ge& i O | 0.3113:4 |8.9(45.1 oms

Year 1940 .lm:
Oc.puted Rnn—

%'m Hlln- 507 908 303

\A

e
O

o

[

Lo

3.3& 302 295 6::2 o 2 o G 4] ) 501 908 35.00“

0.3 0 o 0.5 7.8 }B.2]39.9 cms
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Thas, over the small area 780 acres of the Airport drainage, as
over the large area of the Sharmmon River Catchment, the straight-
forward application of the form:la yields run-off figures too low;
the discrepancy over the two years quoted amounts to 22%,

The similarity of the discrepancies in thase two tests under
such dissimilar conditions of area, soil, etc., ssems, at first
sight, to indicate bresk-down of .the formule in Irish climstio cen-
ditions. Closer examination of the figures, however, shows that the
greater part of the difference between computed and actual run-off
figures arises in the winter mantha -~ Novembsr, Deocember, Jamary
and Pebruary, In these months Thorntlwaite's formula ylelds appre-
clable amounts of evapo-transpiration, of the order 2 oms, per month
at mean temperatures near 5°C. These quantities seem unduly large
in any olimate and especially in the Irish winter climate, for two
reasons. Firstly, the msasured evaporation from an open sheet of
wmtar (5, e 124) for the four months in question in an inlsnd
situation (London) sverages over 35 years only .69 inches or 1.7 cms.,
in a coastal exposure (Southport) enly .56 inches or l.4 cms., and i
is accepted that evapo-transpiration losses from vegetation never
exceed evaporation from an cpen water surface {11, page 107, 9 page
29, otc.). In fact, Permen estimates that the ratio of trans-
piration from turf to evaporation from open water aimilarly exposed
is for November-February, inclusive, only 0.6 {12, page 75).
Secondly, it must be rememhered that it is an essential feature of
the theory that transpiration proceeds with growth (1, 8, 9 et. dil.),
and is thought of as a measure of growth activity. But air tempera-
ture, soll temperature and duration of sunshine are low in the wintexr
montha and growth is at a standstill, or very slow, so that trans-
piration mist also be very low.

Por both ressons, therefore, the amocunts of water evaporated
socording to Thornthwaite's formula, appear mich too dbig for con-
ditions in Ireland or Grest Britain. It was, therefore, decided
~ to re-calculate the run-offs shown in Tables II and IV using the

amount .3 ams. for eveporation and tranapirstion in each of the
months November to Pebruary. The regults are givem in Tabes V and
VI attached.



TABIE ¥

Observed Bainfall (A) and Run-off (B) in Shamnon River Caschment, compared to Bun-off computed under assumption of .3 cus.

Bainfall (A) in cms., Run-off (B and C) in cuseos.

evapo-transpiraticn per month November-Pebruary ()

YEAR Jan, A ‘m. Mar, MO w June Jﬂh’ ‘uso &P*. Oot. Now, Deo, IEAR
1933 A 9,5 7.5 8.9 3.5 6.k 7.1 | 7.6 5.6 3,0 6.6 3.8 5.1
B 360 27 33 76 7 3, 27 1o 9 29 50 60 m
c 350 325 271 135 67 3, 17 9 b 2 1 1 101
1934 A 12,3 0.6 8.2 5oy 5.6 4.9 b7 11.6 U2 10,7 43 Loy
B 359 88 154, 87 67 % 3 51 157 266 198 329 18
¢ 247 124 152 111 56 28 % 7 20 143 154 360 118
1935 A h»oo V 902 501 702 5;3 13.7 205 : 808 1602 . lcull- 1105 5.9
B 259 245 213 132 19 G4 25 21 170 237 320 284 167
c 256 310 190 152 76 54 27 7N 32 147 298 263 151
19346 A 12.1 5.8 6.9 5.6 3.2 9.6 17.0 4o3 16.1 ok S.6 10,4
B 383 255 163 111 53 38 375 106 158 24 292 307 178
v 372 298 222 150 75 38 115 58 29 1% 187 305 156
1937 A U5 12,1 5.7 75 N 4e2 1.7 6.8 1.1 45 el 5.9
B 113 354 278 184, 9l 42 132 57 124 118 96 179 172
[+ W42 462 315 202 101 50 25 13 7 4 61 U5 152




TABLE V (Contd.)

Observed Rainfall (A) and Run-off {B) in Shannon River Catchment, compared to Run-off computed under assumption of .3 cms.
evapo-transpiration per month November-February (C)

Rainfall (A) in cms., Run-off (B and C) in cusecs.

YEAR Jan. Feb. Mar, AApr . May June _' July Aug. Sept. Oct. Nov. Dec. YEAR
1938 A 1.0 h.3 .7 o.b 8.9 9.8 15.1 10.% 6.9 19.5 1h.2 9.3
B 508 230 167 51 ko 95 174 205 19 520 387 423 216
- C 353 258 133 67 34 17 134 95 52 333 50 | ko9 195
1939 A 12,1 8.2 7.0 3.8 3.1 5.8 10.1 5.2 4.6 5.7 22.3 7.3
B bk - 2he 282 81 51 9 36 L3 2k k1 373 387 168
c bis 38l 272 136 68 b 17 8 L 2 292 289 163
1940 A 7.4 10.1 9.2 8.9 k.9 3.3 9.3 1.8 7.1 13.5 10.2 10.8
B 176 397 277 183 92 22 3l 5 26 126 299 343 163
c 290 3h6 29k 222 111 56 28 14 7 6 205 37 154
1951 A 6.5 9.5 7.0 4.2 5.7 2.1 5.7 2.6 2.9 8.5 15.0 6.7
B 203 355 194 ikg 51 15 15 36 16 97 287 2he 137
c 286 311 2he 131 66 53 17 8 ' b 2 173 218 124
1942 A 12.8 3.4 6.8 6.0 10.5 0.6 10.1 1h. b 11.5 7.9 2.6 10.7
B 323 220 221 197 80 37 31 126 189 213 116 2717 169
c 365 246 192 133 136 68 bl 17 Sk 105 100 262 43




'irm ¥V (Contd.) _

Observed Rainfsll (A) end Bun-off (B) in Shennon River Catchment, compared to Run-off computed under assumption of .3 cms.
evapo-transpiration per month November-Pebruary (C)

Rainfall (&) in oms., Run-off (B and C) in cusecs.

YEAR Jan. Peb. Mar, Apr, May June July Aag. Sept. Oct. | Nov. Dec,] YEAR
1943 A L6 S.1 2.8 L0 8.9 9.0 6.2 13.7 7.0 10.4 9,2 7ol
B Lh31 . 355 85 63 100 107 25 87 163 197 213 270 | 173
c W2l 210 155 78 39 18 9 1, 19 130 247 269 143
19 A | 12,2 b -] 141 5,2 | 5.8 6ol | 10,9 9.1 12,1 13.2 | 15.8 12,5
B 305 225 L7 60 26 35 54 42 196 267 391 478 177
c 387 273 | 137 68 | 17 9 " 17 ] 199 417 458 | 168
B 233 415 132 108 69 93 150 48 100 - Lb 139 293 | 19
c 375 388 200 - 100 52 | B5 - 28 L, 7 . 102 106 290 U3 ~
1946 A 12.2 | 1l.6 3.3 Bl 5.6 8.9 il.1 13.8 15.7 5.7 12,0 13.9 i
B 393 497 | 131 5k 27 53 9 125 1 36 20 236 440 | 208
o] 389 426 215 108 54 27 i 215 244 Lo 309 433 206
1947 A 10,5 Sed 12,9 9.9 11.1 10.7 8.9 3.7 10,1 10.8 15.5 9
B 435 151 457 300 | 177 151 152 83 72 160 42 282 239
c 4ol 323 385 303 232 ., W8 T4 37 19 28 325 348 221
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TABLE VI

Rainfall and Run-off fram Shannon Airport
Drainage Ares, assuming Evapo-transpiration
0.3 cms. per month November to February,
in cms,

Jan,

Febd .

Apr,

June

July

Aug,

Sept.

Year

13333
cms,

Run-off
observed

Ruan=of'f
computed
ams,

ol

10.5

9.1

7.l

4.8

6.8

3.2

o7

3.2} ©

365

oly

5.1

905

6.6

3.1

40

23.7

o3

13.4

13.2

6.5

8.9

6,2

45.1

385

1 H
Cins,
Bun-of'f

observed

Run-off
coamputed

4op

3.7

4ed

10,6

10.3

9.8

6.0|11.5

3.31 5.8

2.3| 6.2

2.5

el

2,9

9a3

03

0.4

606

11,9

od

10,3

7.8

75

1l.4

8.2

11.1

33.9
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The average deficiency under the assumption stated is 9% over
the Shannon River Catchment, and €% over the Airport Catchment, an
agreement which may be considered close enough to be of practical
value, Thus, the application of the Thornthwaite formila and pro-
cedure, modified by the assumption of enly .3 cms., evaperstion and
transpiration losses per winter month, will yield welues for run=off
which agree closely with the observed values: it must, howevser, be
noted that the greatest dissgreement beiween computed and observed
values invariably occurs at the end of the summer dry apell, when
observed run-off increases more quickly than the computed values.
Though this effect has been a small influence on the anmial averages,
it ie of importance for reliable estimation of time of onaest of winter
flow conditions for those interested in hydrolegy or drainagz.
Doubtless, the discrepancy could be eliminated by making suitable as-
sumptions concerning the soil moisture storage cepacity; btut this must
await the further study of the soil in Ireland.

Experimental Installation of Evapo-transpirometers in Valentis
Observatory:

An insteliation designed tc¢ measure evapo-transpiration, con-
sisting of four aylindrical tanks similar to the one shown in Fig.l
has been in operation at Valentia since July, 1352, The mode of
operation is to sprinkle on the surface of each tank an amount of water
sufficient to ensure some run-off each day; thus, sdequate soil
moisture throughout the scil in each drum is ensured, so that the
figures deduced for water use correspond to the definition of potential
evapo-transpiration, Obvicusly, the potential evapo~transpiration is
the difference rainfall plus applied water mims measured run-off.
The rainfall is measured in a rain-gauge close at hend, and the whole
observational area is well-exposed to prevailing weather conditionha,
Since the percolation of watet through the soil is inevitably subject
to some delay, it may occur that a rainfall cccurring Lowards the end of
a day and, therefore, recorded with the applied water for that day, will
not appear as run~off until the next day, or even later. Thus, the
dally figures for water use may be subject tc great fluctuations amd
it will be necessary to sum them over pericds of at least a week to
ten days. The longer the pericd over which the figures are totalled,
the less important the influence of accidental fluctuations, For
this reason, the figures for measured evepo-transpiration over calendar
months are compared btelow in Table VII with those expected from
Thornthwaite's formaila.

TABLE VIL
Aug.°52 Bept.'52 Oct,'52 Nov.'52 Dec,'52
P.E. msurd.
(cms,) 9,1 5.8 3.5 .8 3
P,E, @mted 901 50? 5@1@ 203 qu.i.
(mﬂo)
Jan,'53 Feb,'53 Mar,°53 Apr.'53 May 53
P.E. measured 1.1 0.6 3.7 5o3 3.9

P.E. computed 2.4 2.5 3.5 462 1.0
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While the figures thus far available are too scanty to form the
basis of & new formula, they do verify tc a remarkable degree the
applicability of the modified Thornthwaite procedure already deduced
frem examinstion of the rmum-off figures for the Shannon River snd
Shamon Airport Catchment Basins. It will be noted that the F.E,
measured in November 1952 was .8 cms.; this may appear high in com-
parison with the .3 cms. assumed in the calculatien of run-off: but
1t magt be borne in mind that Valentia is in the warmest region of
Ireland, whereas the figure .3 cms. is to be applied as an average
figure over the inland areas of the catchments described where winter
temperatures are considerably lower than at Valentis.

. Aocepting the agreement betwsen measured and computed P.E. at
Yalentia August to October, 1952 and March, 1953 omwards as proof of
the applicability of Thornthwaite's formmia during the growing season,
and thus avoiding the difficulties raised by the lack of agreement
during the winter, we can proceed to draw monthly maps showing the
adequacy or inadequagy of rainfall to meet the demands made by evapo-
ration and transpiration. The accompanying two series of maps
(Pigures 4-11 and 12~16), show (1) the difference rainfzll mimus evapo-
transpiration for each of the months March to October, and {2) the
accumilated soil moisture deficits at the end of the montha June to
October. The material on which the maps are based comprises the
British Rainfall atlss monthly means 1531-1915 and thée menthly mean
temperatures for the same period. The computation of monthly
Potential Evapotranspiration follows the method indicated ahove,

Since the gradient of temperature over Irelend is but slight, the
computed Potential Evapotranspiraticn varies but alightly from point
to point, so that the maps reflect largely the variations of rainfall,

It is essential to bear in mind that the maps present an average
picture. lLarge divergences from this average may occur in individual
years,

The first series, {Figures L to 11) shows how and where the
measured rainfall exceeds the losses by evaporation and transpiration.
Where positive values are mapped there is water available in excess
of the needs of the plant cover: negative values indicate that rain-
fall falls short of the amount of water required by the plant cover
which mast then draw on the ressrve of meisture in the root zone of
.the soil,

Throughout the country rainfall is more than adequate in the
months of March and April, great excesses occuring, as is to be
expected, in all the mountainous areas of Donegal, Connemara, Kerry
and Wicklow, In May, however, as temperature rises and increaaing
growth occasions increasing transpiration, a aslight deficiency occurs
all over the country except in the mountainous aress, The deficiency
again oceurs in June, when only small areas in Donegal, Connemare,
Kerry and Wicklow experience an excess, July presents a similar
Picture but the increase of rainfall in August conmbined with slight
fall in temperature and shortening days causes a surplus of water
everywhere except in Louth and Dublin and South Tipperary and Limerick,
In September a slight deficiency ocours over most of the Central Ph.i.n,
but in October large surpluqes occur averywhers,

The second series of maps (Pigurea 12 to 16) shows the net soil
molsture withdrawals accumilated at t:e end of June, July, August,
September and October, It will be scen that the withdrawals from
soll moisture amount to 8 =« 9 cms. by the end of September in Co.Louth,
Dublin and part of Tipperary., The rmurpluses of QOotober reduce thia
deficit of soll moisture very considerably and from November to April
a surplus of water is available everyshere,

The withdrawals of moisture to meet the demands of evaporation
and transpiration will be detrimentel to the development of planta in
areas where the root zons of moil is incapable of holding sufficient
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moisture to meet these withdrawala, Thornthwaite believes the
average soil moisture reserve in the United States is about 10 cms.
Other workers in England have postulated a figure of about 8 cms.

If it be asmuned that the roos zone of the soil in Ireland can
hold on the aversge 10 cms, of wzter avallable to plants for their
transpiration needs, then it is apparent from the second series of
maps that, in a "normal® year, nec place in Ireland suffers from
water shortage sufficiently intense to affect growth adversely. In
years drier than normal, however, water shortage may reduce crop
yields over the whole area of the Central Plain.

A posaible application of ths maps weuld be the determination
of areas climatically suitable for different types of crops. For
instance, it might seem urwise to attempt the cultivation of cereals
in areas where rainfall exceeds evapo-transpiration in July and
Aungust, as the ripening and drying might be severely handicapped in
such areas. COrops needing sbundant =moil moisture might best be
concentrated in areas where the soil meisture deficit is low,

' Conclusions;

Experience to date, namely, the computation of run-off over a
very large basin, the Shannon River above Killeloe, and a amall one,
the Shamnon Airport Drainage Area, and the direci msasurement of
potential evapo-transpiration at Valentias, suggests that the
Thornthwaite formila for potential evepo-transpiration as a function
of temperature works well in the Irigh climate except in the winter
months, when it yields figurea of water use through evaporation and
transpiration which are much too high. Consideration of the magni-
tude of evaporation alone, knéwn from observations at Valentis and -
locations in Great Britain, together with estimates of growth rates
during the winter season, confirm this conclusion.

Calculation of run~off under the arbitrary assumption that
evaporation and transpiration together amount to, say, .3 cms, per
month November to February has glven results geood enocugh to encourage
the use of the procedure for estimating soill moisture deficits,
volume of drainage water and time of rumning of drainage works as
wall as predicting river rm—off,

Experimental work now in pregress will, it is hoped, provide
a s0lid basis for a modification of the Thorntisraite formula which
will it it more closely to the climatic conditions existing here,
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RAINFALL ~ EVAPOTRANSPIRATION (CMS)
(MEANS 1881 — 9(5)

MARCH

+ = fycess water to' be drained off
= == Withdrowals from so/l moisture reserves

FIG 4.



RAINFALL = EVAPOTRANSPIRATION (CMS)
(MEANS (881 ~ [9]5)

APRIL

+ = Excess woter to be droined off -
.= = Withdrowo/s from soil moisture reserves

FIG. 5



RAINFALL ~ EVAPOTRANSPIRATION (CMS)
(MEANS 1881 — (915)

MAY

+ = Excess woter {o be droined off
= == Withdrowols from sofl mofsture reserves

FIG. &



-a-

RAINFALL — EVAPOTRANSPIRATION (CMS)
(MEANS 188! - (915)

JUNE

t‘ ) 7

+ = Lycess woter to be dromed off
~ == WARAdrowols from soi/l mofsture reserves

FIG. 7.
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RAINFALL — EVAPOTRANSPIRATION (CMS)
(MEANS 1881 — 1915)

JULY

+ = fxcess woter (o be droined off
~ w= Withdrowols from 50/l mossture reserves

FIG. 8
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RAINFALL — EVAPOTRANSPIRATION (CMS)
(MEANS 1881 — I1915)

AUGUST

+ = Excess woter (o De droined off
- == Withdrowols from 30/l moisture reserves

FIG. 9.
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RAINFALL — EVAPOTRANSPIRATION (CMS)
(MEANS 1881 — |915)

SEPTEMBER

+ = fxcess woter to be draomed off
=~ e Withdrowols from s0l/ morsture reserves

FIG. 1O.



RAINFALL ~ EVAPomANspmA'nON (CMS)
(MEANS (881 — 191S)

OCTOBER

4. = Excess woter to be drained off
~ w= Withdrowols from $0il mofsture reserves

FIG. 1L
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ACCUMULATED WITHDRAWALS OF MOISTURE FROM SOI RESERVES
AT END OF

JUNE

(MEANS 881 — 1915)

FIG. 12.
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ACCUMULATED WITHDRAWALS OF MOISTURE FROM SOIL RESERVES
AT END OF

JULY
(MEANS 1881 — IDIS)

FIG. 13.
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ACCUMULATED WITHDRAWALS OF MOISTURE FROM SOIL RESERVES
AT END OF

AUGUST

(MEANS 188] —~ tals)

FIG. 4
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ACCUMULATED WITHDRAWALS OF MOISTURE FROM SOIL RESERVES
AT END OF

SEPTEMBER

(MEANS 1881 — 1315 )

b
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ACCUMULATED WITHDRAWALS OF MOISTURE FROM SOIL RESERVES
- AT END OF

OCTOBER

(MEANS 1881 — 1915)

FIG. 16
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