
TECHNICAL NOTE Ho. 31 

GLOBAL SOLAR RADIATION, POTENTIAL EVAPOTRANSPIRATION 
AND POTENTIAL WATER DEFICIT IN  IRELAND 

DUBL IN 
APRIL 1967 

PHICE 35p. 



PWP 

..................................... ~ummary 1 

........... . Section 1 Olobal Solar Rablation 2 

..... Bection 2 . Potential EVapOtrOnspiMtiOn 13 

.......... section 3 . Potential Water Deficit 22 

Rerersncea ................................... 25 



- 1 -  

Global So la r  Radi4tlon. Po ten t ia l  E v a ~ o t r a n s ~ i r a t ~ o n  

and Po ten t i a l  Water Def ic i t  i n  I re land  

&wsx 
Section 1, From records of global so l a r  radiation and 

of sunshine durat ion a t  Valentia Observatory f o r  the pclricd 

August 1954 t o  July 1965, 6 regression equation i a  obtainsd 

between the two elements. T h i s  regraasion equatioo i s  p#d 

t o  derive monthly mean d a i l y  values of global ~ o l a r  rodtatton 

a t  twenty three  I r i s h  s t a t i o n s  st. w h i ~ h  sumhine duration i a  

recorded; maps of mean dai ly  global  so l a r  rad ia t ion  f o r  each 

month are presented. 

Section Mowthly values of po t en t i a l  evapo- 

t ransp i ra t ion  ( P . E . )  are computed f o r  Valentia  Observatory 

f c r  the  years  1953 t o  19b5, using the regresslor, equation, 

es tab l i shed  in  Section 1 between global s o l a r  leadlation and 

ew.ahine durat ion,  t o  ca l cu l a t e  the short-wave rad ia t ion  

f a c t o r  i n  the Penman fcrmula. These computed valuee of P.E. 

are compared wi th  ineasurecl values cf P.E ant it La fouPd that 

there  are s ign i f i can t  d i f f e x n c e s  between the  two s e t s  of values 

i n  almost a l l  months of t h ~  year .  However, s i gn i f i can t  

cor re la t ions  are  obtained between computed and measured values 

of P.E. i n  the  months Mhy t o  October and regression equations 

a r e  es tabl ished betveen cmputed and measuFtd valuee of P.E. 

during these  months. These regression equation8 a r e  wed t o  

compute sixteen-year mean monthly values o f  P.E. ?or twelve 

I r i s h  s t a t i o n s ;  the data are presented in map form. 

Section 3, Using monthiy values of r a i n f a l l  and P.E., 

the  accumulated po t en t i a l  water d e f i c i t  over the month  Hay tQ 

October was ca lcula ted  f o r  t h i r t e e n  s t a t i o n s  and mapa of ita 

mean d i s t r i bu t ion  over the months May to  A u y a t  and a leo  of ita 

d i s t r i b u t i o n  in  the unusually dry Summer of 1959 are prseented. 
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Section 1. Global Solar  Radlat  on 

Jntroduction: - Total s o l a r  radi a t l on  has been measured at 

Valent ia  Observatory since 1954, using a Y o L l - Q o m z ~ i  

solar imetar ;  d e t a l l s  of the exposure and u i U b r a t i ~  of 

the instrument a r e  glven la referencs  (1). The radiat~m 

data have been combined with records of the duration oi 

br igh t  sunahine a t  the  s t a t i o n ,  a s  meaeured wlth a 

Campbell-Btokes sunshme recorder ,  t o  e s t ab l i sh  an 

&&getrb-type r e l ~ t i o n s h l p  of the  form 

where Q = 

- 
QA - 

Q, ( a  + b "/N) . . . ....... B a a t i o n  1 

global  s o l a r  radiation 

global s o l a r  rad~atlon recelved through 
a t ransparent  atmosphere 

durat ion of b r igh t  $sunshine 

length oP day 

constants .  

T h i s  type of relationship between Q and n ha8 been wldely 

used t o  estimate global  so la r  rad ia t ion  from records of 

eunehine duration and is a madlfiod form of the equation 

glvan by L g s  t r h  ( 2  j . 

The values of the  constants a and b having bean 

determined f o r  Valentia  Observatory, Equation 1 w a e  used 

t o  e s t i n ~ a t e  global s o l a r  radiation at twenty-three Iriah 

e t a t i ons ,  f o r  which sunahine records a re  avai lable.  Yepe 

o f  the d i s t r i bu t ion  of mean daily gluba2 6olar radia t ion 

f o r  each month, based on these eetimates, &re presented 

end d i smssed .  



Ol.obs! Solar  Radiation and Sunshine Duration a t  Valentia 

Observatory:- I n  the inves t igat ion of a re la t ionsh ip  of 

tne f o m  of Equation 1 f o r  Valentis  Observatory, Q w a e  taka 

as the monthly mean da i ly  value of global  eolar  radieticm as 

measured a t  the s t a t i o n  w i t h  a Moll-Gorczynaki solarimetor,  

QA as  the monthly mean dai ly  value of the hypothetical 

global  so la r  rad ia t ion  which would be received, through a 

transparent  atmosphere, on a hor izonta l  surface a t  the  

s t a t i on ,  n a s  the monthly mean dai ly  duration of br ight  

sunshine a s  measured a t  the s t a t i o n  with a Campbell-Stakee 

sur-shine recorder ,  and N as  the monthly mean length of 'bay 

a t  the s t a t i o n .  The values of QA used were those der i r sd  

by Angot and quoted by Brunt ( 3 ) .  

Over the eleven-year period (September 1954 - 
August i965), i t  was found tha t  the value of n/% ranged 

from 0.12 t o  0.61 and tha t  of Q/QA from 0.28 t o  0.63, 

the mean values being 0.29 and 0.42 respect ively .  The 

cursa ia t ion  coef f ic ien t  between n/N and Q/QA was 0.90 and 

whm equation 1 was solved f o r  a and b ,  using 132 monthly 

lralues of I& and Q/QA, a was found t o  be 0.25 and b. 0 . 9 .  

Thue the regression equation 

Q = QA (0.25 + 0.58 n/N) ... .. . .. Equation 2 

was obtained. The regression l i n e  and values of n/f? and 

Q/QA a re  shown in  Fig. 1. 

An Eatimate o f  the Dis t r ibut ion of Monthi:? Yean Daily - 
Global Solar ~ a a i a t i o n  over Ireland:- Since global so l a r  

raayatlon is of i n t e r e s t  r o  rorkers  i n  many f i e l d s  

e,g.  b io log i s t s ,  a g r i c u i t u r i s t s ,  hydrologists and. hearing 

engineers, i t  was considered desirable,  in the absence of 



regular standardized measurements of thls element on a 

country-wide scale, to estimate its seasonal and areal 

distribution. To this end, regression equation 2 ha8 

been used to calculate global solar radiation at Irish 

etations for which reliable records of sunshlne duration 

me available. 

Mean daily values of sunshine from each of 

twenty-three stations were used to estimate the mean dally 

values of global solar radiation for each month of the 

eight years 1958 to 1965. Although sunshine duration was 

recorded at some stations for many years berore 1958, it was 

found that by considering a period commencing in that year, 

continuous records from a representative network of 

stations were available. The estimates of global solar 

radiation are presented, in the form of monthly maps, in 

Figs. 2 to 13. 

piscuss1on:- As global solar rodlation is not measured on 

a regular bas18 at any place in Ireland other than at 

Valentia Observatory, it is not possible to conf~rm the 

accuracy of the maps in Figs, 2 to 13 but it is encouraging 

to note that there is substantral agreeinent between them and 

those glven by Day (4). When measurements of global solar 

radiation become available from other Irish stations. it may 

become necessary to modify equation 2 to allow for 

(a )  latltudLna1 vamation and (b) variation in turbidity. 

Black et al. (5), in their etudy of data from thirty-two 

widely-spaced stations, found that, although the constants 

of equation 1 could be grouped accordme to latltude ranges, 

there was no regular latitudinal varietlon. Olcver and 

McCulloch,(6) suggest that the value of the constant a la 



proportional to Coe I d ,  where a is the lhtitude of the 
station. With regard to turbidity, it is felt that, 

apart from small limited areas near cities, atmospheric 

pollution does not cauee any significant variation of solar 

radiation intensity in Ireland. It is possible, however, 

that lower atmospheric humidities in the Midlands and in 

the East might involve some modification of squation 2 in 

them areas. 





Fig, 2 l roplr ths of Mson Doily Olobal Solor ~odiot ion 
(co l r lcm2)  for January. 

Fi.3 I w p l e t h r  of Mean Doby Olobal &lor  Radiation 
( c d s / c m 2 )  for February. 



Fig. 4 i ~ ~ ~ l * t h s  o f  Mean Daily Global Solar Rodidion 
( c a l s l c m 2 )  for March.  

Fig. 5 lsopleths of  Mean Doi ly  Global Solar Radiation 
(calsl c m2) for April. 
, "  -..-.,-- - ,-~,. A .... .., 



Fig. 6 lsopleths of Mean Daily Global Solar Radiation 
(eo la lcrn2)  for  May. 

Fig. 7 Isopleths o f  Mton Daily Global S olor Radiation 
(cals l  c r n 2 )  fo r  June.  



Fig. 8 lsopleths of Mean Daily Global Solar Rod.iat;on 

( c a k l c m  2, for  July. 

Fig.9 lsopleths o f  Mean Daily Global Solar  Radiation 
(calsl crn2) far  August. 



~ i g .  10 lsapleths of Mean Doily Glabal Solar Radiation 

(calslcm 2 )  for September. 

Fig. 11 lsopleths o f  Mean m oily Blobal Solar Radiotien 
2 (calslcrn ) for  Octobcc 



Fig. 12 lsopleths of Mean ~ a i l y  Global Solar Radiotion 
(calsl cm 2 ,  for Nwember. 

fig.13 lsopleths of Mean  oily Global Solar Rodiotion 

(sols1 em2) for December! 



Section 2. Potential Eva~otrans~iration 

Jntroducti0n:- Penman's formula ( 7 )  has been widely u m d  to 

compute potential evapotranspiration (P.E.). In Irelmd, 

Guerrini (8) and Morgan (9) have applied it to compute P.S. 

at Valentia Observatory and have compared the cmputed 

values with values of P.E. as measured at that station, 

while Bwke ,(lo) has used it to estimate 8011 moisture 

deficits at Collinetown, Co. Dublin. In the present paper, 

the relationship, established in Section 1, between global 

solar radiation and sunshine duration at Valentia 

Observatory, has been incorporated into the Penman Sonula 

and the formula then used to compute P.E. for Valentia 

Observatory. These computed values are campared with 

measured values of P.E. and on the basis of these 

comparisons, maps of the mean monthly blstribution of P.E. 

over Ireland durlng the months May to October have been 

constmcted and are presented in Figs. 14 to 19. 

potential Eva~otrans~iration at Valentia 0bservatorg:- 

Daily measurements of potential evapotraneplration (P.X.) 

have been made at Valentia Observatory since July 1952 fioa 

four sunken tanks,of the Thornthwaite type, described by 

Guerrlni (11). In his comparison between these measured 

values and values of P.E. computed using the Penman Somula, 

Morgan (9) found that, for most months, there was no 

significant difference between the two sets of nean monthly 

values. In new of the fact that the relationship, given 

by Equation 2. Secticn 1, between global solar radiation and 

sunshine duration differs from that used in the short-ware 

radiation term of the Penman formula, it waa decided that 



E ~ u a t i o n  2 should be incorporated ~ n t o  the i o m u l s  when 

ueed to  compute P.E. f o r  Valentia Observatory. 

Smith (12 )  makes a similar adjustment t o  the formula t o  

allow f o r  global s o l a r  radia t ion records rrom Br i t i ah  

a ta t iona .  I n  addi t ion ,  i n  consultat ion w i t h  Penman, 

make8 the  following f u r t h e r  modit1catima:- 

(1) the  f ac to r  ( l-r) o r ig ina l l y  0.95 (cormapcmding 

t o  a water surface)  i s  replaced by 0.75 

(corresponding t o  a grass surface)  

( i i )  the h u m i d i t y  f a c to r  i n  the long-rave radia t ion 

temn, w i g i n a l l y  (0.56 - 0.09 Fd) is  replaced 

DY (0.47 - 0.075y@d) 

( i i i )  the sunshine f a c t o r  in the long-wave rad ia t ion  

temn, o r l e lna l l y  (0.10 + 0 '90  f&) is replaced 

by (0.17 + 0.83 n/R) 

( i v )  the conversion f ac to r s  from open water t o  

grass  a re  no longer used. 

With t he  above changes ane the intro6uction of 

vapour pressure and wind f ac to r s  I'or use when these elemante 

are expreesed in  mi l l iba rs  and knots,  respect ively,  the 

tenna of the  Penman formula 

P.E. = 
E, +*/r . . . . .... Bqllatian 3 

a r e  Ea = 0.26 ( e a  - ed) (1 + 0.212 ) 10 

A = slope of the vapour pressure curve f o r  

water a t  mean a i r  temperature, T. 

y t conatant of the wet and cF'y bulb 

hygrometer equation. 

ea = eatura t ion vapour pressure a t  mean 

tempepature T . 



ea = a c t u a l  vapour p re s su re  of the  a i r .  

H = 0 .75Ra(0 .25  + 0 . 5 8 n / N )  

4 -6 (0.47 - 0.065Je'~) (0 .17 + 0.83 ll&) 

'=lo :: average wind s p e d  i n  k n o t s  a t  

10 met res  above the  ground. 

n/N = ac tua l /poss ib l e  hour8 of b r i g h t  sunshine 

r r ~ 4  = t h e o r e t i c a l  black-body r a d i a t i o n  a t  

mean a i r  temperature  T . 
RA = Angot va lues  of g l o b a l  s o l a r  r a d i a t i o n  

f o r  a t r a n s p a r e n t  atmosphere. 

Monthly va lues  of  P.E. were computed, u s ing  the  above 

formula,  f o r  V a l e n t i a  Observatory f o r  t h e  y e a r s  1953 t o  

1965, i n c l u e l v e .  Computed and observed va lues  are given 

i n  Tab le s  1 and 2 .  I t  i s  seen tha t  t h e  c o m p t e d  mean 

monthly v a l u e s  of P.E. exceed t h e  measured mean monthly 

values  i n  a l l  months of t h e  year .  The mean d i f f e r e n c e s  

are s i g n i f i c a n t  a t  the  l e v e l  i n  a l l  months, except  

November. 

The c o r r e l a t i o n  c o ~ f f i c l e n t e  between the  computed 

norlthly va lues  and t h e  corresponding measured va lues  a r e  

shown below. values  i n d i c a t e d  by S be ing  s i g n i f i c m t  a t  

t he  5 l e v e l .  

J a n .  0.13 J u l y  0.75 S 

Feb. 0.00 Aug . 0.60 S 

Mar. -0.21 Sept . 3.75 3 

A p r .  0.36 o c t .  0.70 S 

M a Y  0.74 S Nov. 0.28 

June 3.81 S Dec. 0.35 



I t  i s  apparent from the discrepancy between 

co~lputed and observed values of P.E., tha t  the Pennren 

S o ~ l a , w i t h  the modified f ac to r s ,  i s  not su i t ab le  f o r  

the d l r ec t  ca lcula t ion of P.E. a t  Valentia  Observatory. 

norever, the s ign i f i can t ly  high cor re la t ion  coe i f i c ien ta  

between computed and obaerved values in  the months Yay t o  

October auggeet t ha t  regression equationa might be derived 

and used as eetirnating equations f o r  theae months. Three 

epuatione would take the form: T = cP + d, where T equals  

the estimated P.E., P equals the Penma value of P.E. pad 

c ,  d a r e  constants.  Using the data  of Tablee 1 and 2 ,  

valpea of c an& & were determined f o r  each of the s i x  monthr 

and the  following eetimating equations obtained:- 

July : T = 1 . O P  - 31.25 I ..... .. ... Equation8 4 
Aug. : T = 2.14P -107.48 

Betimation of P.E. ir, Ireland:- Although the network of 

evaporimetera and evapotranspirometera i n  I re land  ha8 beon 

expanded i n  recent  years,  s u f f i c i e n t  da ta  a r e  not  yet a n i l -  

able t o  give a country-wide p ic tu re  of the d i a t r i bu t i an  or  

evaporation o r  evapotranapiration. I t  was, themlore ,  

considered t ha t  an estimate of the mean var ia t ion  of P.E. 

over the country during the month8 May t o  October would be 

or  i n t e r e s t .  

Monthly values of P.E. were computed, according t o  

the modified Penman formula (Equation 3 ) ,  f o r  t ~ e l ~ d  



synoptic: s t a t i o r ~ s  and s lx teen-year  (1950-1965) mear~s of 

P.E. were der ived  f o r  each of t he  months May t o  October. 

Where a s t a t i o n ' s  records  were a v a i l a b l e  f o r  only a 

p o r t i o n  of t he  pe r iod ,  i t s  short- term va lues  were weighted 

t o  the f u l i  pe r iod  by r e f e rence  t o  nearby s ix teen-year  

s t a t i o n s .  The r e g r e s s i o n  equa t ions  der ived  from t h e  data 

from Va len t i a  Observatory (Equat ions  4 )  were then ueed t o  

ob ta in  e s t i m a t e s  of mean P.E. f o r  each of t he  s i x  months 

f o r  each s t a t i o n .  These e s t i m a t e s  were used t o  c o n s t r u c t  

the  maps shown i n  F i g s .  11; t o  19.  

p iecuss ion : -  I t  i s  apparent  from t h e  above comparison 

between computed and measured P.E. a t  V a l e n t i a  Observatory 

t h a t  t h e  modified Penman formula,  a s  given i n  Equation 3, 

is n o t  s a t i s f a c t o r y  ?or t he  computation of P.E. a t  that 

s t a t i o n ,  From examination of t h e  l i m i t e d  ~ e c o r d s  a v a i l -  

a b l e  from evapotranspirometers  a t  Johnstown C a s t l e ,  

Co. Wexford, Ball inamore,  Co. Le i t r im  and Glenamoy, 

Ca. Mayo, i t  is seen t h a t  at  t hese  s t a t i o n s .  too ,  t h e  

modified Penman formula g ives  va lues  of P.E. which are 

g e n e r a l l y  i n  excess  of measured values .  I t  i s  concluded, 

t h e r e f o r e ,  t h a t  t he  modified formula i s  no t  s u i t a b l e  f o r  

t h e  computation of P.E. i n  I r i s h  c l i m a t i c  cond i t i ons  

a l though  i t  may provlde  a b a s i s  f o r  t he  estimation of P.E. 

Wing the  months May t o  October.  
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Fig. 14. lsopleths of Mean Monthly Potential Evapotranspiration 

(rniUirnetres) for Muy. 

Fig. 15, lsopleths of Meon Monthly Potent101 Evapotranspiwtion 

(rnillirnetres) fnr . l l , n o  



Fig. 16. lsopleths of Mean Monthly Potential Evapotranspiration 

(rnillirnetres) for July. 

Fig. 1 1  lsopleths of Mean Monthly Potential Evapotronspimtion 

(rnillirnetres) for August. 



Sect ion  3. P o t e n t i a l  Water D e f i c i t  

Jn t roduc t ion : -  A g r i c u l t u r i s t s ,  h y d r o l o g i s t s  and engineers  

a r e  i n t e r e s t e d  i n  the  mois ture  content  of the  s o i l .  Vihiie 

t h e  i n s t an t aneous  va lue .  a t  a  given s i t e ,  can be measured 

wi th  a reasonable  degree or' accuracy by va r ious  methods, a s  

o u t l i n e d ,  f o r  example, by Cope and T r i c k e t t  (13) ,  i t  i s  

o f t e n  d e s i r a b l e  t o  have a  mean vsiue  and an e s t i m a t e  of i t s  

f luc tua t ion t i  i n  t i n e  ariq spece .  The diPi'erence between 

p o t e n t i a l  e v a p o t r a n s p i r a t i o n  ( P . E . )  and r a i n f a l l  ( R )  i s  ueed 

to  provide suck an e s t i m a t e .  T h i s  d i f f e r e n c e ,  (P.E, -R) , 
termed " p o t e n t i a l  water  d e f i c i t "  by G,reene ( 1 4 ) ,  has  been 

ueed t o  c a l c u l a t e  i r r i g s t i m  need i n  E ~ g l a n d  and Walee (15) 

and is a b a s i c  f a c t o r  i n  the  inethod of f o r e c a s t i n g  l i v e r  

f l u k e  d i s e a s e ,  descr ibed  by Ollerenshaw and Rowlands ( 16) .  

p e t i n a t i o n  af  Po:entiai  W a i ~ : ~  Def ' ic l t  i n  I r e l a n d : -  Es t imate8  

of P.E. were ob ta ined  f ? r  twelve I r i s h  synop t i c  s t a t i o n s  for 

t h e  months blay t o  October i n  The y e a r s  1958-1965 on t h e  baele 

of Equationo 4 cf sect lo^ 2 3f tills paFer.  Theee e s t ima te s .  

t o g e t h e r  w i th  monthly r a i n f a l l  va lues ,  were then used t o  

c a l c u l a t e  the p o t e n t i a l  water  d e f i c i t  ( o r ,  s imply,  the  

d e f i c i t )  f o r  each of t he  s ~ x  months a t  each sf t h e  twelve 

s t a t l o n e ;  sirnllar c s i c u i a ~ i m s  . f o r  i r a l e n t i a  Observatory 

were based on a c t ~ a i  P.E. va lues  f o r  t h a t  s t a t i o n .  

It w a s  found t h a t  (P,E.-R) was r ~ e g a t i v e  f o r  a l l  

s t a t i o n s  i n  September and October i n  a l l  e i g h t  y e a r s ,  except 

i n  t h e  y e a r  1959 when some s t s t i o n s  had d e f i c i t s  i n  

Seplember. I n  t ha t  d ry  yens., t he  September d e f i c i t s  ranged 

in  va lue  from 6 m i l l i m e t ~ ~ e s  a t  Shannon Ai rpo r t  t o  

55 m i l l i m e t r e ~  a t  noches Poi7.t. I n  t he  o the r  months, 



ns. 10, laopleths of Mean Monthly Fbtent~al Evapotranrptration 
(millirnetres) for Octobcr 

Fig, d. Iropl.tha of Mean Monthly Potantial Evapotmnrplw&ion 
(millim.tnr for Septcm ber. 



(P.E.-R) var ied  from -116 mil l imetres t o  +91 mil l imetres,  the 

higher pos i t i ve  values being found, predic tably ,  a t  s t a t i o n s  

i n  the eas te rn  half  of the  country. 

The accumulated d e f i c i t s  over the months May t o  

August were then ca lcula ted  f o r  each s t a t i o n  f o r  each of the 

e igh t  years. I n  these ca lcu la t ions ,  when the  cumulative sum 

of monthly d e f i c i t s ,  &P.E.-R), was negative, the  value was 

replaced by zero on the assumption t h a t  surplus water above 

t h a t  required t o  bring the s o i l  t o  sa tu ra t ion  l e v e l  was l o s t  

through surface run-off and drainage. The mean values of 

accumulated d e f i c i t s  a re  presented i n  map form i n  Fig.  20. 

The grea tes t  va r ia t ions  from the mean occurred i n  1958 

(abnormally ra iny)  when the accumulated d e f i c i t  was zero a t  

a l l  s t a t i o n s  and i n  1959 (very dry)  when i t  exceeded 

200 mil l imetres i n  the Souti--Yast. The d i s t r i b u t i o n  of 

.&(P.E.-R) i n  1959 is shown i n  Fig. 21. 

Discussion:- I t  may be seen from F ig .  20 that, i n  an average 

year,  p lan t  growth i s  unl ikely  t o  be se r ious ly  r e s t r i c t e d  by 

lack of s o i l  moisture, except, perhaps, i n  the case of 

shallow-rooted grasses  and garden crops i n  the East and 

South-East. Fig. 21 suggests t h a t ,  i n  a dry Summer l i k e  

t h a t  of 1959, even deep-rooted crops may su f f e r  from 

appreciable a o i l  moisture d e f i c i t s  over a large  p a r t  of 

country. These d e f i c i t s ,  however, a re  not l i k e l y  t o  be 

qu i te  a s  g r ea t  as those shown i n  Fig.  21 s ince ,  during 

lengthy dry s p e l l s ,  such a s  were experienced i n  1959, 

ac tua l  evapotranspirat ion Is considerably l e s s  than P.E. 

because of the  reduced a v a i l a b i l i t y  of water t o  p lan t  roots .  
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Data from meteoro log ica l  s t a t i o n s  i n  some ncr thern  

count iee  were k i n d l y  supp l i ed  by the  B r i t i s h  

Meteorological  Off ice .  
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