
eDeposit Ireland

Potential evapotranspiration as measured at
Valentia Observatory over the period August

1952 to February 1962 and a comparison with
values as computed by the Penman formula

Item Type report

Authors Morgan, W.A.

Citation W.A. Morgan, 'Potential evapotranspiration as measured at
Valentia Observatory over the period August 1952 to February
1962 and a comparison with values as computed by the Penman
formula', [report], Irish Meteorological Service, 29, Technical
Note, 1962, 1962-10

Publisher Irish Meteorological Service

Rights Y

Download date 2026-04-20 22:30:44

Link to Item https://hdl.handle.net/20.500.14765/70515

https://hdl.handle.net/20.500.14765/70515


DEPARTMENT OF TRANSPORT AND POWER 

METEOROLOGICAL SERVICE 

TECHNICAL NOTE No. 29  

POTENTIAL EVAPOTRANSPIRATION AS MEASURED AT VALENTIA 
OBSERVATORY OVER THE PERIOD AUGUST 1952 TO FEBRUARY 

L 1962 AND A COMPARISON WITH VALUES AS COMPUTED BY 

THE PENMAN FORMULA 

BY 

W. A. MORGAN M. Sc. 

U.D.C. 
551..573 

DUBLIN 

OCTOBER 1962 

Rice: Is. Od. 



A:. i,risi,ai:i.i.t,:i.on cc:nsistln.g c:? f o u s  stmkeri te;nlk.s for rntmswing potential 
c?vqntrrurspij:~1,ion has beer. i n  -sf:: *;?. Vx1enti.a Dbservatoyy slr.se m i d - J ~ j : ~  
I:),iZ, The ta.nks, as desar l,C;.cl Is;? @GLICI?'T?.~?, [I] a n  ue.t; wilt iil t he  f o r =  cf 
p. s q u e , ~ e ~  t!ra disgonrd. d.i:;t?!ii::e bi?i:.wec;n the cen$rse of pa i r s  of .taScs being 
76 f t u  a:c1(2 the  :r+m. df PTO:E C:U& k l ? K  is culli:a.ted i n  a mnteines  . L a  8. 
s.,... ..d,r'.a.:i piid,, "Lie s;xfa$e :xf t'& wj.1 i n  tha .%arks i a  cowred rith greiss 
siiliilrr t o  +,nxi ni' %he i r ~ ! w ~ d . . i n g  g.r?:md and .La s;t L:tx s u m  lwirei as ,KCLG 

. , 
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, . iev!?l. to PreY.wiil ~ r i p t ? S S  ?.jr 3iil"f:li.te WS:LSI from .the -iwrolmdiag amit, A 
minga;1ge 8i.: .~aki neosbg i s  '?iseu. 7x3 iL'.'.as;ire the r a i n  f'e.ILing on t h e  tsriks 
:ma vnisn thre :is irr~;uLYl.cien.t t o  k.(?ep t5.c ?oil i n  t h e  tanits mxL=,t, fl, 

mxeured  qaailt,it>~ c? u/nhxi::r i s  ~prPr&l..ed. 013 "i.1~- ei*i~f:~ce ?:f the soil. i n  the  
,v taw&. ~ l ~ e  i'si.n?'&1 r r~d ,  .t%.e :*iiLI,u;~t; of w a t w  r,el:;?:>!.ai..ing +;\!~>~:igi-: efi.23 tarus 

?J.- ...* & *n <.:. .:z..,~.t. Cia7 ;rk :1ROC' :i C;i'.l?' wid .the rc-,icfa,ii. p l w  %&(.ir3ed wz'te:rr, tf' myr 
mi.::i.:~.s ~unoPF i.:: t a h n  2.s t,he p~!mi?.t,i~.2. e i : t i . ~ ~ , t r ~ i i s p 1 ~ ~ ~ e ~ i ~ . i ~ c .  





ed = mean vapow pressure of the air .  

u2 = average wind speed i n  miles$day a t  2m above @w.nd.. 

Converting equation I) t o  be appropriate for  use wiLh vepow pr ~ S A U . : T ~  

measured i n  mill ibars ~ n d  mean da i ly  wind speed f n  knots, a s  w a i l s b l e  fo r  
s ta t ions  i n  Ireland, and taking mean wind speed a t  a height of 2 IU as 0-73 cf 
t h a t  a t  10m, we have 

For the determination of R, values of t o t a l  da i ly  .solar ?adfation st the 
top of the apmosphere a s  given f o r  par t icular  dates end la t i tudes  i n  Tw.bk 132 
of the Smithsonfan Tables 163 were plotted and mont,nly mean -aalues for  diffe:ei:-. 
l a t i tudes  determined graphfcally. A diagram was then drawn t o  give rnnnthly mar; 
values f o r  any l a t i t ude  i n  the range 40' t o  65'. As t h i s  d iagsm m y  be GI 
general i n t e re s t  it is shown i n  Figure 1. Values of 0 . 3 6 / ~  were a l s o  c ~ ~ c E ~ ~ L ' L . ,  
from values of saturat ion vapour pressure over water a t  different  temperat;ures 
i n  t61, for  the  range of temperature from 3 2 9  t o  80•‹p a d  a r e  given :n Table 3. 

Penmen [ 3 ]  suggests t ha t  values of potent ia l  evapotmnspiration ET may be 
taken as 0.6 E fo r  the  months November t o  February, 0 ,7  Eo fop March, Rprii,? 
September and h t o b e r ,  0.8 E,, for  May t o  October and 0.75 & fo r  the year as a 
whole. Monthly, seasonal and annual value0 af ET on thfs 'bas i s  a re  gtven in 
Table 4. Values i n  t h i s  tab le  a re  not i n  exact sgreerrent. with those given 
previously by Cuerrini [2 ] .  A l l  values used i n  this paper were obtained m L  
cheeked by desk calculation machines. It is understofl that the values im i2.i 
were obtained by means of a s l i de  ru le .  

I 
From Table 4 we see that i n  each year the sun? of the twelve monChly valci.es 

1 of ET was greater than the calculated annual value. The r a t i o  of the s i w  o!: 
the  twelve monthly values t o  the annual value ranged from 1.00 t o  1.15 2mp?~~~..' 
with r a t i o s  of 1,09 t o  1.21 found by Penman [3 ]  using long l;erm mean vs.i-j::: ri 
meteorological elements. The mean of the ra t ios ,  :!..10, is in good. ag-cev;'ea9. 
with the  value 1.14 found by Penman Loe. e i t .  

COMPARISON OF MEASURED AND COMPUTED MONTHLY POTENTIAL E:'APOT17kNSPS%lrL'?n:~ 

Tables 1 and 4 show tha t  over the period of years considered the 1rrra:l 

monthly p o t e h i a l  evapotranspiration a s  measured was leas  than t h a t  by ths ? . l ! n :%: .  

formula i n  e ight  months of the yeas and greater i n  the four remining  :rron3!s: 
The mean differences a re  bignifioant a t  the 5% l e v e l ,  i n  April, May, June all(? 

September. 

Using measured values corrected by the addftior, of 55 of the raimhl:L I.,? 

comparing values as given b Tables 2 and 4, the mean ewrezte5 nonthlj. aacu:-!* .& 

are l e s s  than the Penman val.ues for  only f ive  months of the year. Yhr m3s.n 
difzerences a r e  s ignif icant  a t  the 5$ level,  i n  January, h y p  bii:nep Sepz-erh? 
and November. 

A feature  of the s e t s  of values f o r  most months is the greater wwiaSll.:t~ 
of the  measured amounts, compared with t h t  Penman valuea. Tne star,darr'- 
deviations fo r  the d i f fe ren t  months are a s  follows: 

JieWuEd FzXWU-4 & a s u e d  Pennan 
values values l&Lu!% v , a  

Jan. 5.9 1.6 July 16.7 1.1 .2 
Feb . 8.1 2.2 Aug . 17.1 4 -7 
Mar. 11.5 3.4 Sept . l".i 3 -8 
Apr . 10.5 2.3 Oct . 12.5 I;..? 
May U 2 7.8 NOV. 10 o 1 1.8 
June 12 -7 10.0 Dee. 7 a? I. . ic 

The differences between measured and Penman values w e  s ignif%at .~f ly  large is! 
a l l  months except May, June and July. 



When the correction for  r a i t f a l l  i s  applied t o  the measwed values ('2able ;:.:I 
the va r i ab i l i t y  is reduced i n  6 months but increased in  the remaining eases: 
the ac tua l  standard deviations found are  a s  follows: 

Measured Measured -- 
Jan. 7-2 
Feb . 8.9 
Mar. 10-7 
Apr . 10.6 
%Y 13 .T 
June 11.8 

Y U ~  Y 16-3 
Aug . 16.3 
Sept , 12 "0 
Oct. 13 *6 
Rov " 12.2 
Dee. 9.1 

Again the differences between these and the Penman values a re  significantly 
large i n  a l l  months except May t o  July. 

These comparisons a re  of course affected by the tim! lag i n  percola.tion cr 
water through the s o i l  i n  the tanks. To reduce t h i s  e f fec t  consider only those 
months i n  which the r a i d a l l  on t,he l a s t  day of the month and tha t  on tlze lax?. 
day of the previous month was i n  each case not more than 5.0 mm. The m a ~ w s d  
values fo r  these months a r e  given i n  Table 5 and measured. .values emrected by 
the addition of 5% r a i n f a l l  i n  Table 6. For these months the mean d.if-'ecencer. 
between measured and Penman vohes  a re  now signif icant ,  a t  the 5:b level* Pa iv!a>- 
and June only,. and the mean differences between measured amounts plus 5% raini.ir:.l 
and Penman values, s ignif icant  a t  the 5% l eve l ,  i n  January, February, June, h i g -  
and September. At.' the  5$ leve l  the standard dieviatiom fo r  the Petunan valrrrs 
were s igni f icant ly  smaller than fo r  the measwed values i n  April, I*y, Augustp 
September and November and compared with measured values plus 5% ra in fa l l ,  the  
standard deviations of the Fenman values were ~ i g n i f i e a n t l y  smaller i n  Februaryv 
April, May, August, September and November. 

If now we calculate the product moment correlat ion between the Penman valuer 
and corresponding measured amounts a s  given in  Table 1, 2, 5 ~ n d  6 we okl.i:"..- i , 

following ser ies  of values 

Jan. 
Feb . 
Mar. 
Apr . 
May 
June 
July 
Aug . 
Sept . 
Oet . 
Nov . 
Dee. 

FOP 
Table 1 

-0.34 
SO. ll 
-0.51 
+0.44 
+0.73 s 
+0.84 s 
+0.77 s 
S O  .42 
to-"75 s 
+0.69 s 
4-0.50 
+o. 05 

POP 
Table 2 

-0.12 
+O. 13 
-0.42 
+O .42 
+0.71 s 
+O.& s 
00.69 s 
+o, 36 
+0.70 s 
+0.70 s 
+0.59 s 
+o.u 

Far 
Table 5 

-0.70 
+0.87 s 
-0.64 
4-0.44 
+S.67 s 
+0.84 s 
+0.76 s 
C0.45 
s0.78 s 
TO . 74 s 
i-0.91 s 
a0.52 

Values indicated by s are  s ignif icant  a t  the r$ l eve l  which in thj.6 G:..~W :: 

a l so  the 5% point a s  we assume t h a t  any negative value a r i s e s  anly by c.hnr~.:.;.. 
We see t h a t  the Penman values are correlated with the measured values and +7ir : 

measured values plus 5$ r a i n f a l l  i n  the months May t o  JuJYuly, Septenber and 
October. 

The s ignif icant  value of +0.87 f o r  February under Table 5 i s  i n  contrast. 
with the negative values found for  January and March and can be expected t.a t~ 
a chance value. The value of +0.72 f o r  April under Table 6, although nrunerlcsl:::~ 
s ignif icant ,  is a l s o  considered t o  be of" doubtful r e a l  signifiee.nce. The vai!.w 
of 0.50 f o r  November under Table 1 is  very close t o  the 546 signiffcanee level  
and it is considered t h a t  significance can be assumed fo r  t h i s  m.onth. Aeeordi?:-,:..?.-. 
it is considered tha t  the Penmn values a re  correlated with the maswed  ':i3.:!.,:~%: 

and with measured values plus 5% rainf"a1l i n  the  months May t o  July and Bf:pcemt.?r 
t o  November. 



Ti le  c : u r y e i , i ~  ..- ."cn c c  ... d~l.~d%l?.is  s.' ".' - ' br;?xqe*n Senjs,~. va!.~,es ( 5 )  fie,t.s!~~++~ .... v a . l ~ ~ s  ae given i n  T%b:l.e ,I ?;ii.(i i .7) :ne,~silyed v f i , j . f i 6 3 ~ ,  c~~)~j:et?,t*fid ~ ' . & 3 f ~ : ~  fii:'it:i .. 
i;? Tebl::; : ATF: 9 j  Z..: c! 1191.~3 ; 



Only the  values f o r  Autumn a re  s t a t i s t i c a l l y  s ignif icant  a t  t he  5% level ,  

Comparative values as measured and as  computed by t'he Penman fopmula are 
shown i n  Figure 3, 

Values of the coefficient of correlation between r a i n f a l l  and the 
difference between Penman and measured values of potent ia l  evapotranspiratioc are  
as follows: - 

Spring +0,44 
Summer +O ,17 
Autumn +0,10 
Winter +O, 42 

None of these values i s  s t a t i s t i c s l l y  s ign i f ican t  i . e ,  the  differences betwe6n 
pctentfal  evapotranspiration as gLven by the  Penman method and t h a t  measured 
w e  not correlated with the r a i n f a l l  i n  any season of the year, 

GON?ARISON OF ANNUAL VALE: 

The mean annual evapotranspiration as measwed [47l..lmm$ i s  8,2% lower 
than the  Penman valueof 5l?,2 mm; the difference i s  s t a t i s t i c a l l y  s ignif icant ,  
I f  5% of r a i n f a l l  i s  added t o  the  measured pti tential  evapotranspiration then 
th9 mean annual value becomes 541,7 mm which is 5.6% higher than the Penman 
1 Again the  d i f f  erence i s  s t . a t i s t i  s a l l y  s ignif icant ,  

The standard deviation of the  annual values of potent ia l  evapotranspiration 
as measured, i s  greater than f o r  t he  Penman values but the  di.fference is not 
s t a t i s t i c a l l y  s ignif icant .  If measured va.lues ape increased by 5% of r a f n f a l l  
the  standard deviation of annual values is decreased a l i t t l e  and again the 
difference between it and the  standard deviattion of the  Penman values is not 
s t e t i s t i c a l l y  ~ i g n i f l c a n ~ .  

I 

The coefficient o f e m e l c t i o n  ccmputed from t'he annual values by the 
T"znuan method and those ac tua l ly  measured is +0,85, Using the  Penman values 
and measured amounts increased by 5% of' r a i n f a l l  the  correlation coefficient 
3 s  +0,87. Both values are s ta t f s t f r ia l ly  s ign i f ican t ,  - 

Compa.rative values as measwed and ss computed by the Penman method axe 
shc5rfl i n  Figure 3. 

The ccoeff i c ien t  o:? c.or.rdsti.on between r a i n f a l l  and ,the df f ferenee 
hetween the  potent ia l  evapotranspi-c+ **,ion by tk~e Penwn method and as actual ly  
measured is +0,42 which i s  not sf <a t i s t i ca l ly  sign1.f icsrit. 

[ 11 Guerrini, V,H,  : 

[2] G u e r ~ i n i ~  V,H, : 

[q Penman, H O L D  

Evaporation and transpii?ati,on i n  the  I r i s h  Climate, 
Technical ?late No, 1L+: Xeteor.olegica1 Semrice, Dubiin. 
l?53* 

An ana.lysis of evapotranspiration observed a t  
Valentis  Observatory, August 1952-July 1956,, 
T'e&hnical Wote Ibo25: Meifeorologi c d  Sewice ,  
Dublin 1957" 

Evaporation over t he  Br i t i sh  I s l e s ,  Q,J, lioy, 
ivle~, See, Tol, '76, 1950, ap, 372-%3* 

[ L j  Symonns 3 r i t i s h  KainfaX., 1868, 

[ 51 S tenhi l l ,  G,, : Rainfal l  measurements a t  ground level,: 
Weather, Vol, X I I I ,  19511, p,3?, 

[ 61 Smithsonian Heteorolo&cal Tables, 6th lievised Edition, 1951, 

[ 7 ]  Greene, F.H.W. Rainfal l  a t  ground level .  Weather, Vol. XIII 1958, ~ ~ 2 7 5 ~  



Jan. 
. Feb, 

Mar, 

June 
Juls 
Aug. 
Sept . 
Oct, 
Nov. 
Dec , 

Total 

Summer 
. (June-Aug) 

I 
Autumn 

(Sept ,-Nova 

Winter 
( ~ e c  .-Feb, ) 

84 65 1 73 
74 a 73 
69 100 72 

100 93 64 
W '73 32 
13 32 & 
4 56 19 

-7 9 10 



Table 2 Values of potent ia l  evawtranspiration + 5% of monthly rainfall (mm$ 

measured at Valentia Observatom 

Mean 
1509 

21,5 
1 

33.0 

4&2 

7304 

7307 

7603 

75.9 

57-1 

3 1 J  

20,7 

16,2 

i4L? 

Jan, 

Feb, 

Mar, 

Apr . 
May 

June 

July 

A u g o  

Sept , 

Oct, 

Nov, 

Dee. 

T o t a l  





Table 3 Contd, 





Table 5 Values of w ten t f a l  evawtrans~Sratfon (mmd as mmsured a t  Va@&& 
Observatory for months with 5,O mm or lees of ra'hn on the la&& 
of the month and on the l a s t  dag of&e_?revfous DKIP,~~, 

Table 6 

of: rain on the l a s t  day of the month and on t h e l a s t  dqy of the 
previons month, 

- 
Jell, 
Feb. 
mr a 
A p ,  
Mw 
.June 
JU 
h g  0 

%pt, 
Oct, 
Nov, 
Ilzc , 

- 



Fig. 1 Mean Daily Solar Radiation fo r  different months 

between latitudes 40' and 60: 
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6. 2a Evapotranspiration as measured (*) and as computed by the 
Penman formula (x),  January to  June. 



1955 1960 1955 1960 1955 1960 
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i OCTOBER NOVEMBER .DECEMBER. 

Fig. 2 b  E ~ a ~ o t r a n s p i r o t i o n  as measured (*) and as computed by t h e  

Penman formula ( X I ,  July t o  December: 
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Fig. 3 Seasonal and annual evapotranspirat ion as measured (0) and 

as computed by t h e  Penman formula  ( X I ,  




