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ABSTRACT 

Climatological 8.\ld radiation data from Guyana observèd at Botanic 
« . , 

Gardens, Ebini, and St. Ignatius., are used to eetimate potential evapo-

1 trii-nspii'ation by vadoue methode. 

The climate of Guyana is a1so analysed {o"r the purpose of deter­

" mining representative sites for 'evapobanapiration.experimente, and 

for anaiysing the climatic influences on potential evapotranspiration. 

( The penman energy budge~ approa~h ~e adopted as control. The 

results of the study show that the pan coefficie~t8 (EP/Epa~) increaee 

from the coast towards the savannah region, or from humid to dry 

condition"s. The equilibrium':model cannot be used in the savannah 
) 

, , 

region during the dry season; while. evapotranspirometers ~re unre-
. -

liable over.- 5 -day periode, during the wet eeasons because of peavy 

" 
~ainfall and during the dry s.easons because of the oa'sis effeét. 

The semi-empirical energy budget form~la gives fairly reasonabli' 

5 -day estimates of potential evapotranspil"atiori. However, whe \, 

shortwave radiatiqn data "are available, the penman energy budge 

m~thod should be used since a high correlation is fOQnd between 

net radiation and incoming shortwave radiation. 

PERSAUD' Chander 
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RESUME 

1 1 
\ 

\ 

Des données cl~matologiques et radiatives de Guyanne, obs.erv~es 

auXl Jardins Botaniq~es .. Ebini et St. Ignatius, sont utihs~es pour estimer . ' 
l' évapotranspiratio"1 potentielle par différentes m~thodes. 

, 0 1 1 • 
Le climat de Guyanne est aussi analyse dans le but de determmer 

" 1 • , 1 . 
des sites representatifs pour des expenepces d evapotranspiration et 

pour analyser les influences climati,ques sur l' évapotranspiration poten-

tielle. 

Le bilan énerg~tique de penman est, rPlOY~ comme contrÔle. Les 

résult~ts de l',étude montrent que le "Pan t ' coefficient (EPIE ) augmente, - pan 

altant de la cate vers la savane, ou 'changeant d' un climat humide à un 
q 

climat sec. Le- mod~le 1. l' ~quilibre ne peut pas ~~ utilisJ dans la 
. ,- , , 

savane pendant la saison seche; tandi, que les evapo~ranspirometres 

ne sont pas fiables pour une pJriode de cinq jours, pendan~ les saisons 
~ . 

humides ~ cause des fortes pluies et pendant les saisons sèches à 
'" 

cause de l·effet oasis. 

Le bilan ~nerg~tique semi-empirique donne des estim~s de cinq 

jours. d' :vapotranspiration potentielle, passablement bons. Cependant, 

- 1 1 • 
quand les donnees de r~yonnement de courtes longueurs d onde sont 

disponibles. la m~th?de du bilan "Jnergétique de Penman devrait ~tre 

utilisée car il 'y \. une bonne corrélation ,...e,ntre le' rayonnement net 
- l' 1 

rayonnement descendan~ de courtes longueurs d onde. 

PERSAU)) , Cbander' 
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CHAPTER ONE· 

INTRODUCTION 

Most \ of the population of Guyana lives on the fertile eoaetal plains 
" 

along the Atlantic Ocean and flooding of towns, villages, and fields is 
, 

a regular oee'urren.ee in the rainy seasons; on the other hand, severe 

droughts occur in some years when the wet seasons begin one or two 

months later than expeeted. or terminat-e earlier. T!l prevent the 

. resultant ,agricultural fa.i~ures and other tragedies, and also to improve 

water resourees planning.',t,he Oovernment of Guyana is improving 

the drainage and irrigation network of the coastlands. The suceess 

of this scheme depends 'on proper estimates of rainfall. evapotrans-' 

piration. soil water storage, subsurface and river runoff. and th~ 

water r.equirements for domestic and agricultural use. During the 
\ 

-dry season there is insufficient' rainf~ll. and the fields must be irri-_ ,_.-' 
1 _ ,-' 

gated such that the amount of stored water Îs equal to the e'{&pbi;~ns--' -' -' 

pi ration and subsurfaee runoff. Howeve,r. during t}?-.e-'Ï"âiny season~, 
-' , _ ..... 

the fields must be. ~rained. where the dr_~_i~agé is sueh that there 
. , 

are no floods in the rainy sea.sons.,a.nd'·~o water shortage in the dry 
.' .' . _ .. - ~ 

seasons. The excess wa..t.eof' in wetJ seasons and the water shortage 
.' .' .' 

~ , -in dry seasons é!Fe"1)oth dependent on sob. moisture content before 
.' 

.' .' 

rainfa.l:l.,,-w'h'ich ~o a large extent depends on moisture loss 'by evapo-... .... , 
.' . , 

, ... ,'ti:anspiratio~..- - ~ 
... -" _r'" 

.' ~ 

.' -- ver. the coastland ie a few feet below sea leveli therefore 

its water budget is influenced by surface and subeu~face runoff from 

the interior regions and 'thua indirectly by evapo~ran.piration iri the 
,. 

interior regions. Consequently. an evapotranapiratioD study o~ the 

• 

-' 
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1 

Guyana coaetland muet include aU parla of the country. On the other 

hand. a method de\'eloped for eetimating e\'apot'ranepiration in one 
( 

cUmatic region may not necee.arily be vaUd in another region. 

The importance of actual evapotranlpiration in water balance 

analysis muet be Itree.ed. Thil quantity la extremely dilficult ahd 

cOIUy to measure directiy. However. it can be ,ohtained from potential 
- ' 

evapotranlpiration. Tbornthwaite. Bud)'ko; 'and Penman ,,11 showed -' -. 
that the actual evapotranspir~.ÜOÎl·i;· equal or proportional to potential -. -. 
evapotranspiration. cJ~pe-nding on the availability of soil moisture. The 

... ~~ ... ~.. . , 
problem in_ Çiuyua May there(ore in the Cirst instance be reduced to 

tb~~ -dl 'estimàting potential ev~potranspiration (EP): 
, ' 

Besides its practical âpplications. EP is a useful climatologieal 

index and its determination would provide additional information about 

the climatic regions of Guyana. 1~ ia, a combined ef{ect oC Many 

meteorologieal parameter.: wind, atmospheric dryness, net radiation, 

etc. It is also the opposite pl'oce,s to l'ainfall. sinee it, involves re-

turning water vapour to the atmosphere. Climatologieally it ia just 
.... 

as important aa l'ainfall. However, energy il required for evapo-

transpiration and the cUmate of a region is somewhat an effect of 

the energy that remains to heat the surface and the atmolpbere aCter 
~ 

-~ranspil'ation has taken place. Thus, .latent evaporation il one 

term in the energy budlet equation., For these reasonl,. Thornthwaite 

(1948) used potential evapotranspil'ation in ~s elimatic Cl~\8ÜiCatiOn 
\ 

or climatic -Iubdh,isions of the wol'ld. 

The Chief Hydrometeoroloaical Officel' of Guyana. in a per80nal 

letter (1972). eaid: "Laet year we etarted computing penman evap-

oration at Georletown. Botanie ,Gardene. We found that the Penman 

~ •• -'.1t~_'·.:?>.-~ .. ____ " ______________________ ~ __ ~',~~, , , 
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estima:tes 

...... ~ ~ . 
.'.. ,~, 

ol.opèn water evapbration were 
li:", . 1 • 
\,\~ 'V 

8ubstantialLy higher than 

measured p~h:'e·vapo~ation. These preliminary investigations seem to 
t! 

indicate that the Pe.nman {or,mula used was not appropriate and May 

weil reOquire modification for Guyana c.onditions'." However, there le (} 
• p." " 

no possibility in Uie near fu~ure of setting up any large scale evapora-
... , "....:;. 

tion experiments such as was done in the U. S. A."<> in Lake Heffner and . 
• Lake Mead." ·(l?otte·r. 1971). A reliab.le means of e"stimating EP in 

this tropical 'regio.n would be' a bi.g step forwar~ in l~'cal climatology c, ~ 
, 

and related 'disciplines. 

of thi's 

1.1 Qf work 

To find and test such a means is the objective 
1 

In Guy na, potentia.1 evaporation has usuaUy been estimated from 
o 

pan measu ements which. unfortunately, do not yield reliable results 

in the trQPics because the pan coefficients -1ieveloped in mid-latitudes 
~I ~' 

, 

d~ not' hold. in the humid tropical climate. However. 'pan evaporation 

may not be totaLly useles.s~ provided a suitable correcÜon is worked 
" 

out for tropical conditions. This is attained if a reliable method of 

"" calcula~ing EP is used to obtain suitable pan c~efficients. Such a 
• Il 

method, howeve~, must be both reliable and practical ul1der Guyana 

conditions, ~aking int~ consideration limited finances, a. general lack 

of instruments, recorders. electrical facilities, and the ~bsence of . " 

a climatological laboratory. 

~n order "to c~mpute potential evaporation more accurately, the 

penman energy budget form,ula (Penman,o 1948) is used in this thesis 

as the neces~ary basic",measurements simply inc1ude: net radiation, 

wind run and vapour ;pre~sure delicit. 

/ 

.. 



1. n 

1-' 
" ~' , 
\.7t :' 

4 

.. 

~ " . Wind run an..d vapour pressure deficit .. are already measured 

---by the Guyana Hydrometeorological Service, wpile soil beat storage , 
is (Oupd to be negligil?le and not necessary for EP. A net radiometer, 

two solarimeters, two act~ographs __ and two psychrometers were l-oaned 

br Prof. :E\. J. Garnier. Geography Department. McGill University. Ac-

cordingly. an actinograph was installed in each clima~ic region of Guyana ... 
1 

during the period Ju1y'197 Z - February 1973. to provide daily incoming 
~ 

shortWlve radiation. The actifitrgraphs were calibrated using the solari­
! 

meters, and 'the net radiat~on ia obtained from incoming· sbortwave 

radiation (actinographs) after a re1ationship is established be('ween net 

radiation and incoming shortwave radiation. Each climatic region re-

quires its own linear 'regression. as the soil, vegetation, and cloud ,. 
ch,aracteristics are slightly different. The Penman method •. based on 

the actual physica1 process of EP. is here used to ob t,a in con~l data 

for testing other methods. ~ 

The Penman ~thod (19_48) uses radiation which, unfortunate1y, is 

measured only at one first ordèr climatologlcal station since January 

1972. For practical applications in remote areas, another method 

must be found that usés ord,inary climatological data in place of radia­
I 

tion. , According1y. the semi-empirica1 Penman formula-, -using bright 

sunshine, temperature and vapour pressure data to estimate net -ra­
~ 

diation was tested, and' the constants suitably lPodified. 

In order to verify the estimation of EP by the Penman formula (1948)' 

two drainage 1ysimeters or evapotranspirometers lere installed at 

Botanic Gardens a10n,g tht: Atlantic Coast, at Ebini ~n thè inland forests, 

and at St. Ignatius in the Rupl\nuni Savannahs. With the measurement 

'" of soil moisture content at two places. actual evapotranspiration can 

eventually be estirnated. 
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1. 2 Outline 'of the the sis 

The thesÏ8 is presented in fjix chapters. The present introductory 

chapter is followed byone in whictarious methods 'of measuring ,and 

evaluating potenti'a:l evapotranspirahon are reviewed, including evaporation 
t . 

instrutpents, aerodynamic formulae, energy budget approach, and em-

pirical form~lae. Emphasis is given to those methods that are suitable 

'and practical for Guyana conditions. The controlling factors that in­

fluence 'the methods selected, ~re (a) the tropical nature of Guyana's 

climate, (b) the lùnited facilities of climatological stations and (c) 

the practical u,sage of the methods which shou1d be valid over area~ 
, 

of land and not only for •. s'pecific ~ites. 

nChapter Three is presented as a review of the' Guyana climate, 

illustrating the main characteristics of each region and the climatic 

influences on evapotransp~ration in each region, and to show that the 

climatic regions are sufficiently different so that each region requires 
.,.,. 

special modification of the evapotranspiration methods selected. The 
. 1 

most accessible and deve10ped climatological' ~tation in each region is 

select:ed for experiments during the period Ju1y 197Z-.February 1973, 

which is found to be slightly driér than the mean climate of the Ju1y-

February p.,eriod. 

Chapter four: After positively deciding on the methods to be used 

and the location of sites, the author spent t\le summer of 197 Z doing 

field work in Guyana. Two evapotranspirometers, constructed from 

pipes and standard oil drtims, were installed at each station together 

with an actinograph. The latter was caiibrated using two solarimeters, 
1 } 

while a linear regression between net radiation and incoming short-

wave radiation was established, using measurements from th .. ,net 

Q 

p' 
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radiometer and so1arimeters taken over a period of 15 ciays at each 
. 

site. This thes'is is based primarily on climatological. evapotrans-
, . 

piromet~r and radiation measurements taken by observers of the Guy~a 
1 _ t 

Hydrometeorological Service during the period July 1971-February 1973. 

Other dàta, but less signüicant for the thesis. include ~O years of 

climatological data. 

In chapter five, EP is determined by various methods which are 

test",treating the energy budget method as a control. Suitable monthly 

pan coefficients are evaluated and the relative contribution of net ra-

diation to EP detertnined .. The EP resu1ts are used in a water balance 

scheme. yieldi'ng the daily actua1 evapotranspiration and other cornponents 

of the wate r balanc e. 

In this research considerable attention is given to prevîous cHmato-
1 

logical work done in tropical regions. In Guyana. the Mc Gill Savannah 

Research Group ha.s been investigating the savannah-forest delimitation 

and work done on the "savannah .climate, in the form of graduate theses. 

include: the influence of c1imate" on the Rupununi vegetation (Frost~ 

1966), and the weather conditions ~d the climate of the Rupununi 
, 

(Atwoki, l~(8). For the water balance, bath authors used Thornthwaite's 

formula for EP but emphasised that it was chosen as being the best 

method possible at the time, rather than because of it's intrÏDsic ac-

curacy. . 
In Barbados, the earlier evapotranspiration results of' Rouse (1966) 

o 
and Watts (1966) are still relevant to Guyana. The more advanced 

research employs the equilibrium model where EP depends on temper-
. 

ature and net radiation' (Garnier, 197 la). The latter c~ be reasonably 

estimated from incoming solar radiation. Given inco~ing solar radiation. 



" ' 

7 
, ç 

it is possible to map the topographie variation of incoming 101all' ra-
, 

diation (Basnayake. 1971) by conll~dedng the change,s of the sun' s zenith 

angle and the slope with topography (Garnier and Ohmura. 1968). 

Garnier (197 Zb) believes that Ittopographie:: variations in net radiation 
il , 

can be rationally evaluated ,by means of observations taken at a !:Iingle 

l'epresentative site. It, In spite of the difficulty of mapping topographie 

variations of temperature in Barbados, it is possible to map the",vari­

atiQns of EP as it takes quite large tempe rature variations to cause 
• ' 0 

t -

large changes in EP. The equilibrium model is therefore attractive 

for estimating EP in Guyana for amall sc~le agricultural and large 

scale hydr-ological usee. ~ 

Evapotranspiration research in Nigeria was inaugurated by Garnier 

(1956. 1960) using evapotranspirometers and Thornthwaite's formula. 

Davies (1965) fo'und that the Penman formula, "using empirieal riet 

radiation and aerodynamic terms," was too high in Nigeria but recom- '~ 

mended a new approach by'meaauring the nét radiative flux over 

vegetated surface. His new approach (1966) "proved valuable in esti-

mating EP and in delineating moisture av aj.lab ilit y on a broad scale- It 

~n Nigeria. This approach ia eseentially used in this thesis, princi­

pally becauae instruments for other Methode are unavailable in Guyana. 
, -

f 

li 

"', .... 1 
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Cl{APTER TWO 

THEORY OF POTENTIAL EVAPOTRANSPIRATION 

Evaporation, the change of state from liquid to vapour. occurs if 
1 

there is an input of energy at the moist surface and a negative verti-

cal gradient of vapour pressure above the surface. The amount of 

evaporation depends ~on the available moisture within the' soil a;nd. on 

the rate of diffusion of water vapour away from the sutface. It is, 

therefore, a complex physical process. 1 
Although evapotranspir~tion. the total water loss by evaporation . . . 

from the ground and transpiration from plants, can be measured by the 
'" 

use of lysimeters. there i~ no simple formula, usJng easily'available 

data, to compute the evapotranspiration rate. Wîth this difficulty in 

mind scientists, notably Thornthwaite (1948) and Penman (1948), devel-

oped formulae to compute evapotra.IlJlpiration under certain ideal con­
J 

ditions: (a) an unlimited water supply, which eliminates soil mois-

tu,re influences .011 evapotranspiration.! (b) the crop being short and 

of even height. to reduce atmospheric turI:11Jlence" (c) the crop 

c~vering an extended area, so there is no "oasis effect", and (d) 

the crop covering the ground completely, to reduce ground evapora­

tion. Potential evapotranspiration takes place' under such ,conditions 

and is often realised in nature. 

Methods used for determining evaporation'and evapotranspiration 

include variou8 i~8trument8, the water budget approach. empirical 

fQrmulae, aerodynarriic formulae, and the energy budget, method. In 

" 
spite of aU these methods for evaluating evapotranspiration, there is 

G • ' 

no exact solution to the complex processes involved. M~ch work }las 

, ' , ' " , . ~ , 

" 

, " 
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.~, been done on the theory of evapotranspiration by scientist8 whose worka 

have been reviewed by severa1 authors inc&~ding Munn (1961), King (1961). 

Kon8t~tïD:'ov (1963), Rose (1966). Sellers (1967), Chang (1968) and Gray 

èt al (197l)~' Some of these methods are reviewed here, but em-

phasis has been given to those that are suitable, reasonab1y accurate, 

and practical under Guyana conditions. 

, 
Z.1 Measuring Instruments 

(a) . Class "A" Pan: The mOJJt widely used instrument for mea-

suring evaporation is the pan. of which the U. S. W. B. Class "A" P~n 

has been adopted by W. M. O. as standard; It is cylindrical in shape 

with dimensions 47. 5 x 10 inches. being exposed just above the ground 
, 

on a wooden frame support. Koh1er (1955) suggests 'a formula to obtain 

shallow lake evaporation by correcting for advected energy through the 

sides of the pan. His equation is: 

EL' = 0.70 [ Epan + 0.00051 P al (0.37+ O. 0041U)(T' -T ')0.88] (Z-l) 
P, . a 0 

where EL is lake evaporati~n. Epan is pan evaporation. p is atmospheric 

pressure in inches of rnercury. d is advected energy use,d for evap-
p 

oration, U is pan wind run.in miles/day, T o is surface water tem- ' 
1 

perature. and' T is air temperature in oF. Kohler provides a nomo­a 

gram for the adyected energy but over the range of water temperatures 
Ir 

and pan wind run found in Guyana it can be approximated by: 

cl. =0.24 +0.0047 T + (10g10 U - 1.1)/~'l0.0" , (Z-2) 
. P . 0 " 

Although eyaJoration'! pans are inexpensive and simplè instruments 
, 

to operate. their measurements depend on size, exposure, colour, 

splash-out of raiDfall. turbulence. and Many other proceases 'for which 

~. ' 
1 ' .. ~ .... 

,1 , 

'. 
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there are uncertain corJ(ections. Mukamnial(1961) and Chang (1968) 

.. \,~~n~lu~~d tha~ evaporatioo pans are by no means ideal evaporation in­

stru~ents. 

, . 
(b) Atmometer: This consists of a porous proeelain dise. "which . 
-

,is t~e evaporating ~urface. drawing water from a reservoir by capillary 

tension. However. the :instrument measures the "drying power" of the 

air ~nd the rfsults ar~ dU{icult to interpret sinee the latent evapora­
~ . 

tiqn is very r.espoDsive to wind and less so, to net radiation. which is 

tbe dominant factor infiuencing evaporation over naturai surfaces. 
1 { 

1 

Watts (1966), from readings taken in Barbados. states that atmometers 

"are unadjusted to the tropical trade wind environment." 

(c) Lysimeter: The lysimeter util1ses a weighing mechanism 

fdr accurate deter.mination of surface water lOf s from a -large bloek 

of undisturbed,.~oil ~ontained within t~e instrument. Peiton (196l) found , ~ . 
1 

that "the most car'èfully inàtaUéd lysimeter J'Ilay still not provide data 

which accurately represents the average evapotr~spiration of the sur­

rounding area." For representative data the accuracy,should be to a 

water equivalent of 0.01 inch, necessitat~g ~ wei~hing device: A 

e 

hydrauli,? weighing mechanism wiU reduce the cost conaiderably. Per­

colation, soil moisture retention, and l'Oot distribution should be in-

distinguishable from the aurrounding soU, thus l'equiring an undisturbed 

soil block with a tensioning device at the bottom. 

Because of its immobility. higb. cost of installation, and ma.intenance 

the lysimeter remains a rosearch tool for checking the accuracyof 

other methods, and for comparing variations of ovapotranspiration due 

.' l, 

,', 
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to differences in crop morphology. soil. and meteorological conditions 

over short periods of tire. 
,) 

(d) Evapotranspirometer: The evapotranspirometer (will be des­

. cribed later in more detail but basically consists of a drum of soil 

maintained at field capacity by the application of a known volume of 
,-

watei". By monitoring the moisture input and drainage of the soil 

within' the drum. the EP can be. measured over ,long periods, more 

than 5 days (Garnier, 1956). The instrument is rather attractive for 

use -'-in Guyana as j it is simple to instai and require19 1ittle maintenance. 

\- \, 

2. 2 Water Budget 

The water budget approach can also be used in the determination 

of actual evapotranspiration (EA). based on the following equation ' 

(Rou se and Wilson, 1972): 

EA = R - ÔS - V - V - S m z x r (2-3) 

'. 

'where R i6 rainfall. Sr is surface r~off, and V~,-iS h-cirizonta1 sub-

surface runoff. ÔS is the volumetric change in soil moisture, 
m 

as determined by the gravitational change in weight 01 da~y Boil samples' 
"'-

or by a neutron scattering, deyice. 

given by 

Vz = K d~ 
\ z ëIZ 

= K d'f + K 
z az- z , 

v , the subsurface drainage. is 
z 

l ' 

(2-4) 

where Kz 'is the capillary conductivity, t/> ia the hydraulic head given 

, '. 

• 
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by the sum of the matric Buction, 0/ , and the gravitational potential, 

z. The conductivity, K , can be determined in the laboratory. white z 
~llJ 

T is measured b.f soil moisture tensiometers . 
• il t . 

Rouee and Wilson (1972), ueing a neutt:on Bcattering deV'ice. have 

shown t~at this method ~s unreliable over daily periods because of 
F' 

unavoidably large errors in measuring soil moisture profile. capillary 
\ 

conductivity, and matric sl,1ction due to considerable Boil variability 

over short distances. Consequently, the determination of drainage 

and change of soil moisture was not realistic. especially du ring periods 

of rainfaH. 

The water balance method can a\so be applied over a river basin 

where 'aU the quantities in equation 2-3 are constanUy monitored. How­
,ç' 

ever. none of Guyana"s river 'basins are sufficiently instrumented ta 

allow such a hlethbd to be executed (Potter, 197 l, personal cOlllmuni-
( " 

cation) . 
\ 

2. 3 Empirical Formulae 
1 

NumerouB empirical formulae have been devised for estimâting 

potential evaporation, but only a few of the most popular wUI be 

mentioned here. 

L' 

(a) Blaney and Criddle I.t.. developed a simple formula for 

.estimating monthly consumptive use in inches: 

U=KT P m (l-5) 

where K is the crop coefficient that depends on length of growing .. 
season, height and completeness of vegetation, is the mean T . m 

monthly air temperature in oF, and p ie the number of daylight hours 



'17~ , .' 
( 

,~ 
(, 

, " 

,1 . " , . 
. \ 
" 'JO 

'. 

" 

e 

• 

-

13 

in the year. The formula doee not work outside semi-arid regions 

(Chang, 196~) a~d' ther.efore may not work in Guyana.' " 

(b) Thornthwaite 'a forml,11a i8 based on easily obtainable climatic 

data and reads: 

EP= C (10 Tm )a 
1 .~ .. 

.. (t,("?~~ 

(2-6) 

v 
where ~P is in centimeters, C is a coefficient depending on loc8:t~on; 

Tm is me-a.n monthly temperature in 0.e, 

1 = . ~ [Tm] 1. 514 
m=l -;--

, cJ 

1 is annual ~ea~~lndex or 
, .' 

(2-7) 

o 

and a = 0.000000675 13 - 0.0000771 12 + 0.01792 1 + 0.49239 

The monthly EP i8 next corrected by the actual duration of daylight in 

the month to giv.e the adjusted EP. 

Pelton et al (1960) report that ''the Thornthwaite method was found 

unreliable for daily, 3-day, and 6-day period estimates, because Mean 

temperature is not a suitable physical measure of energy available 

tor evapotranspiration." 

1 

(c) Makkink's forrmula, considering solar radiation as the prime 

cause of evaporation. is based on the fact that with high temperatures 

more solar radiation is used for evapotranspiraiion. The formula 

reade! 

s 
E = O. 61 (Q+q).I, s+,. - 0.12 (2-8) 

where (Otq).1. is the incoming short wave radiation expressed in mm/ 

day by dividing by 59.0 (the energy in calories used to evaporate 0.1 c. c . 
, 

8 is the slope of the saturation vapour pressure CUrve at 

, 1 

--

:;a 

.. 
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• Mean air temperat\Jte in mm Hg/oc. and 't ta the paychrometric 

rd ' O' 
conatant 0.49 mm Hgl c. 

1 

(d) Turc gave a -complex formula to eatimate evapotranapiration 

over 10 day perioda, by taking into c0!1aideration the effecta of aoil 

molature. If reada: 

(2-9) 

wbere 

E= evapotranapiration over a 10 day period (mm) 

.R= precipitation over a 10 day period (mm) 

EIO:' estimated evaporation from bare soil, aasuming no precipitation, 

and ia not greater tban 10 mm. 

K= additional soil moisture available for evaporation (tbrough 

vegetation) from cultivated soU 

= 25 J ~C where M = total dry matter yield in 100 kg/hectare 
10z = length of growing sea.on in days 
C = c rop factor given by Turc 

1 = "evaporation capacity" of air 

__ (Ttl) J (Qtq).J, 16 wbere T is nlean temperature over 10 days. 

However, Turc'a metbod ia 80 complicated that it is rarely ua.ed . 

Z. 4 Aerodynamic Method 

(a) Dalton: This approach to evapotranapiration meaaure. the 

rate of wate.r vapour düfuaion by turbulent motion in tbe lower bound-

a.ry layer. Dalton firat uaed a aimple aerodynamic Cormula to 

eatimate Cree water evaporation: 

Eo = k feu) (e. - e a ) ( 2-10) 

f 

.-<!I 
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where ~a ia ,the vapour prel8ure of the air, e. i8 the vapour pre.sure 
~, 

at the evaporating surface, K is a constant, and f(u) is the wind epeed 

profile. However, the surface vapour pressure, estimated from surface 

temperature, is difficult to estimate, 

l 
:. 

'\ 

,," --~ (b) Thornthwaite and Holtzman (1942) regarded evaporation as the 

, , . 

,. 
, , 

l' 

, . 

~ diffusion 0' water vapour, i. e. 

E - - pk ft (2-11) 

where p is the air density. z is the height. q the specifie humidity. 

and, k is von Karman's constant. For adiab,atic conditions only, they 

assumed a logarithmic wind profile and that the eddy diffusivity. k. 

is the same for momentum and water vapour.. COnsequèntly 

E = u, du 
- p --z-,":'- z az 

log ~' ~ 
( 2-12) 

wher,e ul is tbe wind vetocity at beight zl' Integrating between two 

h,eigbts zl and z2 

2 
E = pk (u, - u, ) (q, - q. 

(log ~ ) 2 z, (2-13) 

Holtzman modified eql1ation (2-13) for any condition of stability while 

Pasquill (1949) expressed it in a more convenient form for a11 heigbts 

of vegetation. 

However, the aerodynamic method cannot be veryaccurate under . 
unstable' condition. and cannot;...be adopted as a field method in Ciuyana, 

beeause instantaneou. and accurate measuremente of wind .peed and . , 

specUie humidity are required. ln Palquill'. equation, the zero plane 

di.placement varie. in a compUcated manner with different wind .peed •• 

1 ri 

- ) 

,b 
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/ 
(c) Eddy Fluctuation: ... 

/' 
The eddyeorrelation/.rrl'ethod firlt de~iled 

-
by Swlnbank (1951) la mueh more eomp~ althoulb the idea' il {un-

damental: .,.. 

E = P, w''l' 
. , 

/ ' 

( 2-14) 

wbicb means that evaporation il proportional to the, instantaneou8 (lue-

tuat-ions of vertical velocity, 'II', and water- vapour, 'l'. The in.tru­
--/ 

mentation makes this method pro~ibitive {or ule in Guyana. 

2. 5 cEnerlY Budset 

. (a) BOw~ Ratio: From tbe principle 

the differenle between ineoming, and outgoinl radiat' 

energy, 

, Rn, ia equa(' ~ 

to the aum of the flux of heat into the ground. G. tbe sensible heat 

tranafer to the atmoephere •. H. and tbe latent heat uled in evaporat~on, 

LE: i. e. 

Rn =Ci + LE t H 

Bowen (1926) introduced the ratio 

, 
.'. 

llT 0 ~ 

p = ~ = -pcft ~ Qi = l" ~! 
.&..1:. -pL Je. ~ • .. ~ Oz 

Rn.-G = ~. LE + LE = ,LEJ~+1) 

E = Rn-Ci 
L(i\ + 1) 

( 2-15) 

OT --.. o.e 
(2-16) 

\ .,. 

(2-11) 

The above equation meane tbat evaporation eao be eltwated provided 

net radiation. Iround heat flux. and the Bowen ratio are known~ The 

latter. obtained (rom meaaurementa of vapour prellure and temperature 

, 
,,' 
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at two heigh~s abo'Ïre the ground. when, u"ed in equation 2-17 gives vaUd 

re suIte for periode as short as 30 minutes. However. it ia essentially 

an experimental method sinee fast response instruments are required. 
~ 

(b) Periman approaeh:' To overeome the diffieulty of surface 

measurements, penman (1948) éorribined the aerodynamie equation and 

the energy'. budget equation. He assumed that evaporation is propor­
'l_. 

Jional): .. o ~.apour differenee between surface and air, white sensible heat 
',< 

transfer ie proportional to tempe rature difference between surface and 

rr. That ie 

E = f(u) (eo (2 ... 18) 

! (2-19) 

where f(u) ie the wind pr9file ,equation whieh' penman aS8umed' to be ., 
the eame for heat and ,water vapour, 't = psyehrometric constant = 

) O. 66 rob/oC, 'T 0 is the, ternperature of surface, e o is thè saturation 
o 

vapour prefJsure of water at temperature T 0' Ta is the air ter,nperature,' 

" 
~nd e a , is the vapour pressure of air. Substituting equation 2-18 and 

, equation 2-19 into equatipn 2-15 giv~s 

Rn - G - E = , (2-~> 
"r A 

• The slope of 

" 

(2- 21) 

where es ie the saturation vapour pressure o!= water at temperature Ta' 

Equation 2-21 ciao he subStituted ioto equation ~-20 to give 

,1 
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Rn·G·E = ï f(u) (e - e ) sos 

(Rn-G) ~ - E ~ = f(u) (e - e - e + e ) 
•• 0 a 8 a 

D • 

= f(u) (e - e ) - f(u) (e - e ) 
o a ,s a 

= E - (tu) (es 

) 

- e ) a 

(Z- ZZ) 

So potential evaporation can be estimated. provided the above quantities 

can be determined. 
J 

ln the derivation of the energy budge~ formula. there is made only 
, , 

one a808umption. namely that H and LE are proportional to f(u). What-

ever errorëhis assumption may introduce, the errors in EP would be 

small in the humid tropics as the second term in the equation only con-

tributes 10 - ZO percent to EP. , 

, The penman equation, based on sound physical principles, has 4 been 

tested and used with success in many parts of the world. It works 
&.. 

best when the aerodynamic term is small, as in Guyana. With the 
. 

availability of a net radiometer. this method is used to obtain control 

data against which other EP methods are c:;oxnpa.red in the present study. 

(e) Semi-Empirical P_en~àn Formula: Sind~ radiation is not 
0, ? 

measured routi~ely in many places. pa~~icularly in tropical are.as •.. 
.. ..-/ ... 

penman 's energy -budget method is in some respects' réserved for field 

~. experiments. To remedy this deficiency. Pe~man incorporated ordinary 
o 

climatol.ogical data to e,timate Rn for use.., in his equation. -as "follows: 

Assuming that aU net radiation at the surface is used to obtain maxi­

mum, evapotra~8pir~tion. th~n G can be n~glected: and t~~refore: 

o . 

, 
/ 
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- s " E = '8+)' Rn + 'ëty feu) (es - ea ) (2-23) 

1 1 

is composed of net shortwàve radiation and The net radiation, Rn, 

net long wave radiation, Rn1, where the latter is generally negative. 
" 

Therefore 1 

Rn = (Q-fq).}. (1 - Q) - Rn1 (2-24) 

Incoming shortwave radiation is a function of the shortwave radiation 

..... 
reaching the top of the atmospher~, Qo' and the cloud coyer, n, above 

the station: 

(Q+q)J, = 00 (a + b -Fr) (2-25) 

and the constants are obt~ined by regression analysis between (Qiq).1. 

n/N .The net longwave radiation under clear sky con-
'-

ditions, Rnt', is the dtiference between the upward and 1 downward com-
~ ~ CI' 

ponentsi that lis 

(2-26) 

, 
According to Brunt (1932, 1944) and Gray. et al (~971) 

, ." ~~~_ ,= ,~ ~e~~~~,~i,v.~trL_~,.!:o_ ~ _~o J ~a_.- __ 

where e a is the mean vapour pressU6e of the air at 2~, and a o and ~ 

ho are regression constants. Therefore 

, 
Rnl' = Rlu (e -1) 

= o. 96 a Ta 4 (f -1) 
1 • 

, . 
(l-27) 

Il 
, ,- ~ 

,,,.' 



\" .. 
" , , , 

"'e ',' , .. 

, , 
J 

20 f, 

4' 
.ince Rl u = Ot, 96 C1'T a ia the black body radiation from the .udace. 

The daily mean audace tempe rature i. ~pproxirn'ated by the daUy 

~ean air temperature at 2 m, a~d tbe infrared emi'8ivity of araaa 

is appr'oxil'l1ated ~by O. r::~ ,\~e empir~cal con.tanla 0.56 and 0 • .09 are 

taken from penm~n (195~ 1949)î.~J.ou&h they muat be dlfferent ln, 

Guyana, no modlhcaHo~ ~1Sf4 Clownward and upward 

components of longwave radiation are not MOwn with .ufficient accuracy. 
, ... 

Penman ahowed that . " 

(2-28) Rnl = rnr 

1 

Rnl = 0.96 (STa'" (0.56 :. O.09Jë) (at + b, W) (2-29) 

For the wind Cunction man,y wind profile', equations have 'been propo8ed 
1 

but Davies and McCaught;y (1968l auggeated 

C(u) = 1.2 u[ln z ~ Zo 
Zo r ( 2-3.0) 

which they Cound to be accurate for hourly periode if needed. Sub-:" 
< • 

stituting equation (2-29) int~ équation 2-24, and the result together. with 

----.. ---.. -- . --equati~~Z_'"_10~ into' eC{uation 2 - 23 give 8 

• 

. 
(2-31) 

, ' 
, , 

.. , 

• 1 

~~.... 1 
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This equation is not as precise as the" unmodüied equation, but it is 

ce1"tainly better than any evaporatio~ pan or empirical formula. It J 

could" weU be adopted. for routine use in Guyana as only climatologie al 

data are required. , 

" 2.6 Potential Evapotranspiration of Forests 

Potential evapotraJ)spiration takes place over· short, unüorm and 

ext,ended vegètation )aving an unlimited water supply. - For 'water bal­

ance and agricultural needs in Guyana. the EP of Crops, taU rainforests, 

and savannah grasses will be required. , 

An extended and uniform forest should transpire at the same rate 

as the above vegetation for EP conditions. since both receive equal 

ra<liation. In spite of the large 

upper leaves, averaging 8-10oC 

volume of f02P~r unit area the 

above air te rature, transpire at 

o a higher rate than the unexposed lower leaves that average 2. Q4"l C 

below air temperature (Munn; 1966). Work done in Equatorial Africa 

indicates that "Direct measurements of water use from 10.feet depth 

of soil showed equal consumption by 120 ft high. twenty -six year old . 

Radiata· P!ne; 50 feet high. sixteen ye1ar old tAont~rey cypr~ss; 30 

feet high. ten year ttrKi 'shamba 1 planted Patual. pine. and from undis-

t'urbed indigenous thicket" (Pereira quoted in Penman. 1963). The 
• 

height and age of forestk are unimportant ~ the EP rate. 

There is some scattered experimental evidence to support nearly 

equal daily EP, rate from different plant species. Thornthwaite (1951) 

state$ that "the type of vegetation growing on the surface is !lf sec-
o 

ondary importance in determining the combined evaporation and trans-

piration from a moist soU." Other published results, contrary to t,his. 

\ 
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may be due t,o unequal spacing between different crope, unequal length 

of growing sea,sons, etc. 
. - " 

Leaves of different species have different chemica1 compositions 
• 0 

and tlierefore . absorb diff~renl wavelengths" of solar radiation~ Never-
1 • 

o 
theless. less than 5 percent of net ra~iation (or an average close to 

. "-
'\ l percent of (Q+q),J ) is used fbr photosynthesis and respiratiqn (Lemon 

quoted in HiÎle1. 1971). Differences in plant growth make no difference 

to the EP rate as the required energy is very small. 
<, 

"0 The meas,ured albedo ~n Guyana is: 0.28 over shert gr~s8 at 

Botanié Gardens. 0.26 evér short grass at Ebini. and 0.26 over dry 

bunch grass in the savannahs during the dry season. However, the 

wsually darker forests may have lower effective albedo since multiple 
, 

'scattering be10w the forest canopy may resu1t in greater absorption of . " 
li f ':). \ 

incoming radiation .. Sellers (19(>7) gives albede of 10 -20 percent for 
, ' 

deciduous forest in mid-latitudes. 

The evapotranspiration/transpiration ratio. depends on the leaf area 
~ 

index. Hewever. the tropical forests are usually very dense. A change 
o 

"ID this above ratio may, take place dur~ng fleods er in areas of swamp 
\ - . 

vegetatien. _ With a streng competitien between species to occupy as 
" " ~ 

much space as pessible. tr.anspiration would be the predeminant pro-
~ .~ 

cess in EP, as onlt a small fraction of solar radiation (0.1 percent) 

~ '" 
reaches the ground surface under a tropical rainforest (Glesinger 

quoted in Munn. 1966). 

The EP rate dees not depend en soil type. Thornthwaite (1955) 

notes that fer any soil "when the soil moisture content i6 near field , 

capacity the ratè of evapotranspiration will approximate the potential 

rate. " Under the lame conditions" the r~t depths' of plaûts 'will not 

, l, 

J,J' l ", ' 



. ,' 

J' 
l,' . '. 

., 
" 
.t 

. 
I, 

; , 
, . 

23 

affect the EP rate (Kramer. 1949). The effect of soil, types,: root 

depths. and plant-soil-water relations 011 actual evapotranspiration will 

be discussed later • 

The wind function feu) over crops or forests is an uncertain term 

in Perunan's equation. Although, Davies ~nd McCaughie"(1968) found 
, 1 

equation Z-30 to be satisfactory over short grass. it cannot be used 
, , 

, over forests ,as Zo = ~t~!og (-1. 385 + 1. 417 log h) beco~es extremely 

large whèn h is over 50 feet. To date' no satisfactory wind profile ,-
equat~on has been found. , 

ln °summary. the following characteristics of forests should be 

taken into account: albedo and wind function. It will be shown later 

than Rn is a function of (Qfq) l with the albedo having little .effect on 
, 

the regression constlnts (Davies, 1967). To eliminate the uncertainty 
q, 

of the (aerodynamic term in EP, the equilibrium model ie proposed. 

Z.7 Equilibrium Model 
,.... 1 r' 

ln tbe naturàl evaporation process illustrated in F~g. l, consider 
1 

the heat exchange when unsaturated air at CT l' . el) is raieed to a 

" . dilferent state (T Z' ez) by the addition,of radiative energy. Slatyer 
~ "" ,'t,'.... .... .. , 

and MClllroy. and Montieth (quoted by Wilson, 1971) have shown that 
> > 

1 

the change of state- can be approxirnated by" three dilferent processee: 
, c - .. 

(1) the air first reaches saturation by the addition of ~at~r vapour . , 

from the surface where the latent heat fiow from the air to surface 

is ,LEl = PCpD/ra where 'p is the air .... density. cp is the specific·.heat 

of air at constant pressure. D is the wet bulb depression of initial 

air. and ra is th~ tJe requi~eci for one ~nit volume of air to ex-, 

• Y;'i' 

" , . 
c" 

J' ' " { 
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Fig. 2-1 Natural Evaporation Process (WUson. 1~71) 

I~l 

changè heat 'with unit are a of surface but fS refe.rred to as the Idynamic 
1 

resistance to the dü{usion of water vapour from sQrface to air; (2) 

th~'-additi'On of radia,tion to the saturated parcel and is given by LE Z = 
~f '1 

~ (Rn - G); and (3) the extraction 'of latent energy from the 
~ 0 

saturated air untU (T Z. e 2) lS reached and lS given by - LE3 = pCpDo' 

• 
, 

Therc;fore. the total heat flux is 

pc (D - D ) 
LE :: ~ (Rn - G) + P ° 

- s+y ra (2-32) 
\1 

• 
When the wèt bulb depressions of the ·overlying air and the surface 

are equal. equation "'2-32 reduces "to the equUibrium model ~r eq\lilib: 

rium evapotra~8piration. EQ. Hence 

" ,\ . 
_ s ' 

EQ - sty (Rn - G) o (Z-'33) 

Rouée and Wilson (1972) have drawn attention to the {act that ,the 
e 

!!quilibrium model can be applied when the soü is Dot very.et or very' 

- ~ , ' , o' 
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dry and "appears to be more reliable for a vt':getated surface." It 

ehould work well over a fore st where most transpiration takes place 
L '. 

at the upper branches that are not very wet or very dry, but works 

. 'best in an advection free environment as in the hurnid tropics. 

Prieatleyand Taylor (1972) showed that EP is proportional.to EQ 

given by , 

EP = Q EQ = 1. 26 EQ . (2-34) 

where Q. has an overall mean of 1. 26. Recently Davies and Allen (1973) 

treated Q' as à variable, depending on soil moi sture content wher~ 
u 

where ssm/sarnf is the soil moisture Q' = Q [l-exp( -b· sam/ asmf)] 

content over moisture of field capacity. Although this relatio~8hip 

needs further testing, it destroys ~e simplicityof equation 2-34. 

Penman's energy buèiget method (equation 2-22) iS t in fact, composed 

of a radiatioI). term, Erad, and an aero~ynamic terrn, Eady, expressed 
, , r , 

as 

EP =i Erad + Eady (2-35) 

while the equilibrium mode1 only consists 'of a radiation term. Erad. 

Therefore 

Q 
EP = "En" (2-36) 

= Erad + Eady 
Erad 

= EP 
Ep-Eady 

1 (2-37 ) = Eady 
1 - EP 

consequently depends on the contribution of the aerodynamic term 

... , .. " ; \r, .. , 
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l "fto the ;otal EP, for when Eady = 0 th en "Cl = 1. 0 a.nd when Eady ~ 0.5 EP 

then '0 = 2. O. e use of Cl = 1. 26 ls onl~ justifi,d when Eady' = 
O. 21 EP, as in mid~lat tudes area8, producing 10 percent elt'l'or when 

Eady = 0.13 EP to O. 28 E . The use of Cl = 1. 26 could very well 
" \, 

overestimate EP in a humid "çlimate and undereatimate EP in a dry 

" climate. 
\, 

- , 

.. , 
For time periods auch as one' day, whe.n G .... 0, equation 2-34 is 

attractive as it only requires temperature and net radiation. It aJ.ljlo 
.,.,.~ ....... ~ .. 
t,t' 

eliminates any reason to calculate the aerQdynamic term and can, 

therefore, be used over any surfa-ce of anyaerodynamic roughness. 

2. 8 Methode ueed in Guyana 

Many factors influence the choice of EP methods used in Guyana. 

The count~y lies in the humid tropics white Most evapotranspiration 

research has be~n done in mid-IatitudeSi there 0 àre lirriited climatological 
, 1 

research facilities in Guyana, ,Gaking it impossible to implement a 

ve~y reliable method; the present requirement is for 5 -day- totals of 

EP over large areas for agricultural and hydrological uses, while sorne 

methods are only applicable _at a single site. \ 

'r e'. 

Of primary importance is the selection of a control mèthod from 

the following techniques: lysimeter, water balance, eddy correlation, 

and energy balahce. White the lysimeter and eddy correlation methods 

are out of question, the water balance is difficult over long periode, 
. 

and'''the necessary instruments are unavailable. However, the loan 

of 2 solarimeters, 1 net radiometer, and 3 actinographs from MèGill 

University enabled the implementation of the energy balance scheme 

at 3 stations' over a six montb p-:riod. l 



• 
1.7 

. or 

The disadvantages of atmorneterB, ernpirical formulae. and aero­

dynamic formul~e are already deB~ribedJ and theee Methode are ig-

nored in the present study. Since pan evaporation ia measured on a 

routine basis at Many places by the Guyana Hydrometeorological 

~ervice it is usefu1, to include these rneaaurementB. Evapotranspiro-

m,eters, being inexpensive, were constructed at each station and are 
'- . 

expected to give meaaurements of EP. Semi-empirical expressions 

for incoming sho~ve radiation and ne~ longwave radiation can DOW 

be derived in Guyana from the measurement of these quantities over 

15 day periods; therefore, the semi-empirical Penman equatioD can 

be developed in Guyana. Considerable attention ia also given to the 

equilibrium model. 

1 • 

/ 

• 
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CHAPTER THREE 

THE CLIMATE OF GUYANA 

The vast proportion of Guyanese live on the coastland. along the 

Atlantic Coast. for which a water balance study would be of much 

economic and agricultural importance. Such a study must inc1ude the 

whole land mass of Guyana as the low coast1and is exposed to river, 

surface. and underground water flow from the interior. Therefore. 

evàpotranspiration should be dete rmined from the low coastland and 

the interior hills and mountains. i. e •• for each climatic region. 

The preceeding chapter concluded with a description of a few evapo-

"transpiration methods that can presently be used in Guyana. However. 
\ 
before these methods are applied. or the data analysed. a general 

review of Guyana's clim~te is presented in this chapter, for the -fol­

lowing reasons: (a) Potential evapotranspiration occurs wben soil and 

plant influences are treated as constants and therefore reflects mete­
j 

~­

orological factors. An analysis of climatological controls on EP is un-

avoidable in this study. Cb) It was mentioned- that some evapotrans-
1 

piration methods work best in specific c:limatic regions (for example 

the evapotranspirometer is unreliable in a dry, climate). A climato-

logical analysis will expose limitations of the ..... cbosen metbods. Garnier 

(1968) mentions tbat shortwave radiation income, and therefore EP. is 

influenced by topographYi there are many topographical variations in 

Guyana. (c) From each climatological region a suitable site must be 

selected for field work on evapotran.piration. 

,­, 
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Til. 3-1 Po.ition of Guyana, and the phytical. natural, and 
veletation landlcape. of Guyana (Cumming., 1965) 

• °w . ·.1 

----~ ____ --~ ____ --~~~'IOI 

----~~ __ ---+ __ ~~_+-----aoOI 

-----+~--+_~------~-----.s·. 

(a) Position of Guyana, showing 
Guiana Highlands (shaded area) 

(c) Natural re.ion • 

(b) Physical landscapes 

(d) Va .et'!-tlon 



.,';4el,r 0: -, ~-r. ,1 .. 

Wh 
f.J. 

~ - ... 4}f",1 "j ... -. ld , . / .. 1" .. " ~ • ,,' 1 JO ~, ,. 
1 ~.. . 

,,,,,,..t 

Fl.. 3-2 CUmatic cla •• Ulcatlon of Guyana 

BA'r 

(a) Koppen (Trewartha. 1943) (b) Thornthwaite (Trewartha. 1943) 
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• (c) Modified 
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. 3.1 Geography of Guyana 

Guyana lies in the northern part of South America. b~tween latitudes 

ION - 9 0 N and between 56. 50
W - 61. SOW as shown in figure 3-la. The 

total area is 89. 000 square miles. 

Figure s 3 -lb. 3 -lè. and 3 -ld show the three main geographical 

" regions: (a) the coasta1 plain characterised by silty clay soil arid high 

population d~ity; the land is a few feet below high tide and is, pr~- "­

~ected by "an ~arth d'am. With high annual ra~all of 80 -LOO inches. 

drai~age 18 quite a problem. The vegetation o:riginaUy comprised 

mangrove ~mps and !>ushe~ but the iegion DOW forIns the principal 

agricultural regioh 'of Guyana with suga:r plant~tions. rice fields, etc. 

(b) The hilly and mountainou8 region chatacterised by tropical ra~n 

and eve.rgreen forests. sandy or 'rocky soils which are agriculturally 

poor. mountain ranges varying .~ween 600~ -7000'. and a low popula- .J 
, . 

tion density consisting of a few small river settlements and Z mining 

towns. (c) The . Rupununi Savannahs with taU grasses and scattered 

trees. gravel and sandy soil. and a few small Amerindian s~ttlements . 

.P 

3.2 Climatic Classification 

Koppen' s and Thornthwait~'s systems df climatic c1assifiéat~n are 

use.d here as they'are based on quantitative analysis. K~pen's s.ystem, 
• Il 

based on annl.lal and omonthly means of ternperature ~~nd raLnfall, "recog­
't 

nise's tw~ cl'imatic regions in Guyana - figure 3-2a - which are ~ym-. . 
bolically designated as: (1) Ami-tropical r'ainy climate, and (2) Awi-

tropical ,savannah climate. , 

. 
Sorne geographers have criticised Koppen's 

1 

class.ification which often "1eads oto pronounced discrepancies between 
/' . 

climatic subdivisions and the features of. the cbll;,ural and n~tural land-
J 

• 1.. 
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scapes'.' (Trewartha, 1943). This criticism lS true for the coasta1 and .. 
forèst 1andscapes. 

Th.o rnthwaite, s classification identifies three climatic regions 

designated as: (l) AA' r - wet tropical, (2) BA'r - humid tropical, 

and (3) CA'w - subhumid tropical savannah (Figure 3-Zb). This 

classification quite rightly recogn~ses wet tropical climate over ~arge 

tropical estuaries, tropical peninsulae, and tropic,al isthrnuses. But 
'1 

this system includes mountainous rainforests in the ~upununi savannahs. 

Both systems have their merits in wo'rld climatic classification 

but should be modified for climatic subdivisions, ,using human judgement 

when data are lacking. Accordingly, the coasti1,climate as emphasised 

by Thornthwaite il;; maintained here while the mountainous rainforests 

are (xcluded from ,thè savannah region using the savannah - forest 

boundary to guide the exact delimitation. The .resulting climatic regions 

are shoWn in figure 3-2c and for con~enience designated as: (a) coastal 
t 

climate, (b) forest c1imate, and (c)' savannah climate. , / 

a 

Sukanto (quoted by Arakawa, 1969), however. believes that in equa-

torial rainfall areas "the climate type will de pend on the number of 

wet' and dry months. " 
j " 

3.3 " The Coastal Climate 0 

Botanil-Garde;s: The climatological station in the Botanic Gardens 

ls s~tuated in Georgetown, the capita~ of Guyana. Being the best in­

strumented station with the longest record, and lying only 2 miles from 
• 1 

the Atlantic, it ·is certainly an ideal station for ana-lysing the coasta1 

climate and for eyapotranspiration experiments . 
. il 

Rainfall: Rainfall is the, m,ost important climatological parameter 

1.- .';0. 
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Annual raineaU, a level preaaure, 
annual total bright a , and annual mean 
tempe.rature at the ..o~.n.CI,nic .Gal"dena (1951-1972). 

~ 

(a) Annual total rainCall (1951-1912) 

"' .. ' 
55 • 51 59 61 63 65 61 69 

(b) Annual mean sea level pressure (1954-1969) 

/ . 

55 51 : 59 61 

(c) Annual total bright sunshine (1951-1912) 

55 51 59' 61 63 65 61 69 

(d)· A,nnual rnean ternperature (195~-191Z) ". 
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in tropical climates
/
, 'and it influences the actual rate of evapotran8-

pi ration. Along the coast1and average annual rainfa~l varies from 80 

inches a10ng the Berbice Coast to 100 inches on the Essequibo Coast. 
o 

At BQtariic Gardena. the -average long term rainfall is 100 inches but 

varies between 147 -57 inche s. 

Based· on 100 years of rainfall data. Potter (1970) noticed complete 

45 year cycles of annua1 rainfa11. Figure 3-3a, cO~f.ing a hal! cycle 

1951-1971, definite1y indicates short cycles ef 4 years superimposed on 

the longer cycle. These ye~r-to-year variations of precipitation cause 

droughts in sorne years and floods in others. By coincidence, 197 Z with 

~,107 inches of rainfall should portray the average rainfall conditions al- .' 

though there were sorne floods. It is 'important that an evapotr-ans-

piràtion formula should be developed undeJ:: average conditions. 
, 

The coastland exp~rience8 two wet seasons and two dry seasons, 

figure 3 .. 4a, which are associat"ed with the north-south movements of 
Q 

the Intertropical Convergence Zone (ITCZ). October. the driest month. 

has an average of 3.5 inches of rainfall so that balf, the plant .water 

requirements should be, satisfied but, unfortunately. monthly r"ainfall is 

quite variable. 

ln 197 Z the first wet season began abruptly on Ap;ril la. .. and ended 
• 

early but slowly as shown in figure 3 -4a. The second dry season was 

extremely dry. The second wet season began abrapUy on October 27. 

-.. 

one month ahead of average 'time; it's short duration produced extrell1ely , 

low rainfall from December 1971. to April 1973. resulting in a serious 
J'I 

drought. The evapotranspiration .experiment, July 1972 to February 1913. 
1 

was therefore conducted under conditions drier than average. , , . 
Daily wet season rainfa.ll indicates hèavy rainfall every 5-6 daya 

• 

',', ~'h~' 
.,' ' 

• 
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Monthly mean ralnfall, pre •• ure, and bright 
Bun.tiine at the Botanie Garden •. 

Ca) Monthly mean rainfal~ (---.;). f· ... ··:, 1972) . 
........ ......... . ..... 

,,' ' . .. . ,- ",-"";:-o-_~ ,,- ..... 
t' •••••• .... . ....... -.,. 1. 

.... ........ . -' . . " .. 
M A M J J A s 

Cb),,1 Monthly mean.presBure for two 
wet years and two dry years. 

.' . 
~... ...• ". ,...... -'. ." .... ~ ...... 

o N D 
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Cc) Monthly total bright sunshine for 
two wet yéars and two dry years. 
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pallsage of tropical disturbances along the ITCZ . 

" Similarly, aU othe'r climatological 
'\(il 

parameters, even EP, show 5 to 6 day periodicitiee. 
b 

Bright Sunshine: Bright sunshine is a rough indicator of cloud 

cover."and solar radiation; it is an important quantity in th~ semi-
, 

empirical evapotrans~iration for~ula. 
,> 

1972, with !'375 hours of' bright 

sunsh~ne. had Blightly below average annual incoming radiation as seen 

lb figure 3-3c. In ,figure 3-4c. the tot~l monthly bright Bunshine ie 

p1ptted for two wet and two dry year s. 1912 ~>was ratlfer peculiar. as 

bright 6unshine in the "earlier baU was similar to that in wet yeare • .... 
\\ ' ~ . 

but similar to dry years in the late'Î' part when the evapotranspiration 

experiment was carried out. Dan) bright sunshine ~aries from 0 -l~ 
'~ . 

hours per day in the wet season resulting in large variations of EP, 

.. h~)to less variations of sunshJne (o'r EP) take place ~n the dry m~nths. , 

Atmospheric Pressure: Atmospheric pressure has little' effects 

on EP although it ts highly related to the weather. Kohler (19557 u'sed 
• 0 

pressure as a measure of height for correcting pan evaporation. 
(. C J ~ 

P 0 

The mean annual sea-level pressure is 1013.2 rob. wlth a tendency 

for low annual pressure in wet years and high annual pressure in dry ... 
years - figure 3-4b. There ia one cycle of annual pressure with high, 

t1 ;' Q 1 

rponthly m+n values in the January-March period. w~~n the Azore high 
~ fJ 

moves near to ,the equator from it8 mean position, and lowest· pressure , ~ 

in November when the ITCZ is just north of Guyana. Low monthly 
~ 

pressure ra~her occu!'s just b-rfore the onset of t'he wet seasons. On 
:) 

the other hand, 10'" daily pressure occure on wet days. 

<> 

, a , 1 

" , . , ' 
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Monthly mean ~~d l'un, relaUve hurrddity, temperatur., 
and vapour p,res.ure at the Botanie Gardena. The 1972 
data are denoted by, dotted llne •• , 

(a) Monthly mean wind run 

• t ~ 
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(b) 1 Monthly rnean relative humidity' 
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Wind Run: Wind run to a large ~tent determines the contribution 
~ 

o Q 1 ' 

of the ~erodynamic te,rm in penma,n's equation. But due to scattered 

trees at the Botanic Gardens. the measured '*ind run May not be 
'\ ~ l'J ,\ 

( , cl ' 

representative. Monthly mean ,wind rune in figure..,3-5à. ha. one cycle 
, < 

, . 
per annum like the monthly pressure; and it varies between UO miles 

per day in March to 55 miles in Juiy .• The rate 'of removal of water 
c 
" 

vapour from the surface can ~e extremely large in the first dry seaSOD. 
<) / 

The land ,and sea J:l.reeze phenomena along the coastland are 
Q 0 

markedly noticeable. Daily wind orun fluctuates considerably in the wet 

seaso~ reaching 1~0 miles per day on dry "da ys and decreasing to 20 

miles per day on wet days. Daytime wind direction varies frœn 'S-lOoE 

of N th,roughQ,ut the year; or daytime wind always blow from the sea. 
~ 

lt is therefore a humid sea breeze and 'the aerodynamic term pr,oduces 
- , 

only a small contrIbution to EP. 

Temperature: The daily Mean dry bulb temperature at Z Metres 

is used to find the slope pC the saturation vapour pressure cu~ve in 

P~nman's equation. Figure 3-5c shows the smaU seasonal variation 

in tempex:ature which is typ~cal of a tropical climate reinforced by 
\, 

maritime influences. Wi~ the exception of Qctober, the température 
" 

of 1912 was average. The- diurnal range of tempe rature w&s 10-12 ~F. 

much greater thaJ) the seaso~l rahge. 8a. me, dry bulb temperature 

approximately equals ~e Mean daily temperature, on a monthly _basis, 
[, 

but daily values depend on the 8 a. m,' cloud conditions. 

Relative Humidity: The 8 a. m. relative humidity is oCten treated 

as ,the daily me-an value and can he used to e.stimate the daily mean 

vapour pressure at coaetat stations. UDlike pressure and wind, two 

W'4" _ ' 1 • ~ 

l' 
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cy~le. of relative humidity ar~ obaerved in figure 3-5b, indicating 
, 

that it ls influenced by rainfall. In the wet .eaaon., 8 a. m. relative 
1 
< 

humidity above 97 percent are rare indicating the absence of fogs. 

The coasUand with daytime sea breeze experiencea the highest 

daytime 1 relative humidity (2 p. m.) in Guyana. being only 10-14 percent 

l0'Yer than 8 a. m. values. The drier a~mo.pheric condition. during , ' 
1 • 

the June -August period of 1972 was very noticeable. 

~~~----n-:~~~~~~-----' 
.- --'--Vapo-u-r-Pressure: Relative humidity does not gi!e the drying 

power of the air, but the vapour pressure deficit does. The saturation 

vapour pressure (e.), entirelya function of temperature, is about 32-
~ 

40 mb. at 8 a. m. and approximately 4-5 mb. higher at Z p. m; see 

fig une 3 -5d. 

The awctual vapour pres~ure (ea ). unlike rel~ive humidity, exhibits 

one annual cycle with lowest "values in January to~April .. It is surprising 

that the moisture content in the lower atrposphere is the' same in June , 
1 

and October. There is' also little" diurnal variations of vapour pressur-e" 
c 

as the moisture c0I?-ten~ does not vary with temperature. 
Q 

Never.theless, 

by 2 p. m. m~nthly Mean vapour pressure ~creases by 0.3 ml:). in the 

first dry sea~on, due to high actual evapotranspirati<Ra, ~d decreases 

by 0.5 mb. in the second dry season due to low actual evapotranspiration. 
, 

The vapour pressure deficit is the dilference of es and ea as 

shown in figure 3-5d which is self-explanatory. 

3.4 The Forest Climate , 

The fo~est climate, shown in figure 3-2~. stretchea over the greater 

part of Guyana; numerous rivera that originate in the Mountains tra-

verse the {orest regj~n . 

• " .~" ..... i 
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Monthly mean rainfall, bright sunahine, w,ind run. 
temperature, and relative bumidity a~ Ebini. 

, (a) Montbly Mean ra,inlall 
.. , .,~ .. :,:.:..,..--------.. - . .... ........ ", ........ . .............. .. 
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(b) Monthl y mean bright sunshine 
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Ebini: Ebini, 60 miles from the Atlantic Ocean, was chQsen for 
, . 

evapotranspiration experiments in the foreet climate. The station. 

also a dairy and agricultural research station, is spacious and well 

equipped. There is a pit gauge and in July 1912 two evapotranspiro-

meters and an actinograph were installed. The grass at the site is, 

however, affected by disease -causing partial drying of the leaves and 

this May affect evapotranspiration. 

Rainfall: The annual Mean rainfall is 86 in~hes, fourteen inches 

less than Botanic Gardens, and shows the same 45 -year and 4-year 

periodicities. With less rainfaU, floods pose less problems at Ebini. 

There are two wet seasons and two dry seasons, but the second 

wet season receiv8e less rainfaU than the Botanic Gardens. The close 

similarity in monthly and daily rainfall sugg_ts' that rainfall is due to 

synoptic scale ~isturbances. Each disturbance deposits heavy rainfall 

( > 1. 0 inch) for one or two days and_ 10w rainfall (1-0. Z Ïl\ch) for 

seve ral days at Botanic Gardens; but Ebini rec~ives moderate rainfall # 

for severa1 days while heavy rainfal1 is rare. While Ebini has about 

4 days per annum with rainfaU above Z.O inches, Botanic Gardens has 

about 9 days and this accounts for its higher annual rainfall of 14.0 

inches. In sorne dry years, when heavy rainfall above 2.0 inches are 

absent, Ebini May receive more annual rainfall as in 1957 to 1963 (see 

figure 3-3a).. Figure 3-6a shows that the latter part of 1912 was 

drier than average. 

Bright Sunebine: There are leee houre of bright sun.hine at 

Ebini than at the Botanic Ciardene, eepecially in the early part of .the 

year ae ehown in figure 3-6b. Why more cloud coyer but le •• raiD­, 
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faU at Ebini? Daytime heating over ~e forest reg,ion cau!!es the de­

velopment of a local thermal low pressure area, favouring low cumulus 

clouds. Perhaps less radiation reaches the surface at Ebini 80 causing, 

perhaps, a lower EP. 

Wind Run: Wind run is 7 miles per day less at Ebini than at the 

Botanic Gardens and is partially due to the absence of winds 'at nig~t, 

which is a necessary condition for fog formation. 

Temperature: Annual Mean minitnum temperature is 71.0 oF or 

5.0 oF lower than at Botanic Gardens. ln spite of the smaU monthly 

changes. large day-to-day variations take place depending on the night-

time cloud cover. However, the minimum temperature and the night-

time climate seem to have little relationsh,ip with the daytime climate. 

February has the lowest monthly mean minimum temperature, sorne­

time,. dropping to 66 OF on cloudless nights. The low nighety temper-

atures, with the resulting fogs, signify a net longwave radiation balance 

and this has been confirmed by measurements. 

An annual mean maximum temperature of 89 OF gives rise to the 

already mentioned daytime thermal low, causing increased convection 

and much low clouds. January has lowest mean maximum temperature 

of 85 oF, while October records 93.5 oF. Air temperature at 2 

metres rarely rises above 100.0 OF. The diurnal range of temperature 
-

ia 16-20 oF, compared to 10-12 OF at Botanic Gardena, and indicatea 

. "'" 2 OF little maritime influence. ln 1972, maxunum temperature w&8. 

above average in the 8econd dry aea~on. Figure 3 -6d' ahow8 that the 
, 

8 a. m. temperature, being near to the minimum temperature, cannot 

be uaed aa the daily mean temperature . 

.. 
1 -

, , 

" .,. 
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Relative Humidity: Mean 8 a. m. relative humidity ie ueually abov~ 

90 percent, as shown in ~ig~ure 3-6e; morning fogs are regular phe-

nomena in bo~ wet and dry seasons. Night-time cooling produces low 

temperature, a high pressure cell, litUe wind, no maritime heating, 

and a peculiar night-time clirnate over the forest region. Consequently, 

the aerodynamic sink strength for water vapour must be negligible at 

nights. 

From a near saturation point at 8 a. m., relative humidity drops 

to 65 pèrcent by 2 p. m., a direct result of high daytime temperature 

and a reduced maritime effect. The diurnal range of more than 27 

percent far exceeds the seasonal range. ln 1972, extremely dry air 

prevailed from September to October. 
50 
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Fig. 3-7 Monthly Mean Vapour Pressure at Ebini in 1972. 

D 

Vapour Pressure: Figure 3 -7 shows the saturation vapour pres­

sure at 8 a. m. and Z p. m., es8 and esZ, and the actual 'vapbur pres­

sure, ea8 and eaZ, in 1972. 
~ 

The vapour pre.sure deficit at 8 a. m. varies from 2 to 7 millibars. 
c 

The very hiah saturation vapour preesure at 2 p. m. is naturally a re­

su1t of hiah temperature; however, the actual v,pour preesure only 

1 
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drpp. slighl1y from its 8 'à. m. values. Consequently, the vapour pree-, 

ifure deficit ie 8-25 millibars 'at ,2 p. m. With an averaae dàytime ,'­

v~Lu~ of about 5 -15 \~b~ the aerodynaqi.(c term should . be the Bame ae 
, . 

at "Botanie Gardens', 
" 

l ' 

Kamarans: 

'" 
The forest climat~ stretches over a v.,ide range of 

. "top~graphy. Therefore the clima"te' O{d Kamarang will be exa'minetl to 
l ,1 " 

show the similarity in climare at two vastly dÙ'ferent places. both 

" . ~. Ylit~n the torest region. .' 

. . 
'r<amarang E;:bini 

1. 190 miles from Atlantic 60 miles {...l'om Atlantic 
JF. 

2. Forests Forests and savannahs 

3. Mountainous landscape HiUy 1andscape 

4. Rocky soif Spdy soil ._ 

5. 1t·200 feet Aboye sea level 100 feet Aboye sea level 

The cLimatoLogical.station at ~marang lies on theljupper Mazaruni 
'If 

River valley within the Pakaraima MouJ\tain.. Forest" coveied ~ountains 
, .' 

rise" on both sides. 'Of Kamarana whil~ Mt. ~Roraima. 9094 feet t lies 50 
\ _ 0 

, , 

miles to the South. Only tyvO years o! climatologica1 data are .,.available. 

The northern slope of the Pakaraima mountains' record the highe,st 

rainfall in; Guyana'·(potter. '1970) of 14Q inc'hea. But in 1969; Kamararlg , 

received 83.36 inches. Figute 3-8a di~playa the' large month1, vari-

". 1 

abitity of raïnfall at Botanic Gardens in contraa~t to the smooth weasonal 
\ 

, , 
change at Kamarang and Ebini. The table below aho~s that Kamarang'a 

u ' • 

:'rainfaU. lik~ Ebini 'a, occurS' primarily on moderate ràiny daya (0.2-1. 0 

RainfaU Aboye 2; 0 inehea 
" 

inch) in contraat to that at 'Botanic Gardens. 

" 
, > 

is ·unknown at Kamarang. 

'Ii 

.. 
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. Range (ins) .01 .01-.09 --.10-.19 . ZO-. 49 .50-.99 1.00-1.99 

Botanic Gardens 184 
• 

! ,Kamarang 126 

56 34 

72 38 

51 14 ZZ 

67 42 16 .", ..... 
{ 

Bright Sunshine: In figure 3 -6b it is shown that Ebini reca.rds 1ess 

bright sunshine than Botanic Cardens while figure ·3-8b als~ verifies that 
ô' 

lower sunshine js common to .a11 station,s throughout the forest region. 

The very close similarity between Ebini and Karriarang is striking. 

Temperature: Figure 3-8c shows that Kamarang has 10wer maxi-

mum and minimum temperatures than Ebini. bu~ this is a direct resu1t 
'!" 

o.f Kama rang 's higher e1evation. 
" 

However, the seasona1 variation and 
J 

diurnal variation (16 oF) are very mucb greater than at Botanic Cardens. 

, 1 

,In copclus;ion, ,rainfall, sunshine or cloud cover. and temperél;tu~e 

characteristics'-bear much similarity throughout the fo~est region. in 

s'pite of' topographica1 variatiôns. lt' can be assumed that evapotrans::-

piration results base~ on field wo!k at Ebini sho.uld be representative 

of the who1e fore'st region. 

/ 
3. 5 Sa vannah Climate 

.0 The Rupununi Savannah-· has received considerable attention by 

the ~c(iill ~avannah Research Group -and sorne notable research. in 
.' 

• the form of graduate ~heses. have been produced: Waddel (1963). 1$' 
o 

Eden (1964). Frost (1966) and :Atwoki (1968). Frost and Atwoki have 

thorough1y investigated the savannah climate. Although much use is . , . 
made of their researCi:h 'in the pr~s'ent study. attention is particu1arly 

g~ven to the ,cPimatic differences between the savannah and ,other cli-

.. 
, 1 

~,~ ) 

, , 

-Z.OO 

6 

0 

J 
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matie regions of Gùyana as ·far as the effects on evapotranllpiration 
, " 

are concerned. 

....... 
Geography: The Rupununi Savannahs, lying in the south-east of the 

• country, adjoins the ~io -Branco savannahs of Brad!. The' pakaraima 

Mountains lie to the north while th~ forest covered Kanuku mountain8 

'> 
r,u~ea8t-we8t acr088 the Rupununi savannahos. Although 500 feet above 

" mean sea level, naturaL drainage i,s inadequate because of the very 

fine sandy soil that hardens'tp an impermeable layer' after long ex-
~ , 

poaure both to sun and rain. Numerous wet season swamps apfear- in 
, 

the Low valleys. Vegetation consists of ta11 tough grasses with scat-
, 

tered trees in sorne places and riverine bushes along the creeks and 
~ 

rivers. The c1ulturallandscape is dot~ with a few AmeriÏldian settle-

menta of LOO-ZOO people. St. Ignatius, 8 miles north of the ~nuku 

Mountains, is very representative of the savannah climate (Atwoki, 1968). 
" , 

Two evapotz:anspirQmeters and an a,étinograph were mstalled in July 197Z. , 

'. 

Rainfall: The Rupununi Savannah&' comprise the driest region of 

Guy?-na. and St. Ignatius has a long term average" of 6Z.7 inches per 

~year. Unlike other regions. thêre is onlyone wet season, April.-
, 

J 

August, that record, nearly 75 percent of the almual precipitation., EP 
" . 

conditions are only satisfied for 5 months in the year. 

l'he rest of the year is one long dz:y season,· or drought, lasting 

7 -8 months as 'the second 'wet, season, that occurs in,other paJ:t8 of 

"Î\ 0 'f' 3 9 .Guyana, is totally absent as 'seen m 19ure - a. Fro~ Nqvember-
, 

M~y, th~ average monthly precip~tation ~s 1.0 inches. It is obvious , 

that forests cannot surviv~ the long dry seaSOD as the miniInum plant-
'0 . 

water requirements -caM;0t be satislied. 
'-, 
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Although MOSt precipitation i8 received 'from large! cumulonùhbus 

clouds that seem to originate from tbe Kanuku Mountains (Ai~oki. 196'). 

the development oC the8e cloude are associated with synoptic scaie 

disturbances of the ITCZ' as it usually rains at St. Ignatius about 12 

bours alter raining at Ebini. We~ season rainfall occurs at pre-morning 
1 

bours" but dry season rainfall at late afternoon hours. In 1972, twelve 

major storms accounted for about 50 percent of annual rainfall. Figure 
" 

3-980 shows., the very low rainfall througqout 1972. especially in iune 
• 1 

when a couple of intense dis,turbances missed the station. 

There is much controversy about the absence of the second wet 

8eason, whicb prevent8 the survival of forests. Frost (1966) attribut~s 
, r 

this to the rainshadow effects of the Pakaraima Mountains while Atwoki 

(1968) believes 'that the Venezuela High pre.ssu're system produces stable 

and subsi'dent atmosphere in December. However, an inspection of 

photographs {rom ESSA 1970 reveallarge cloud clJ entering, the 

Rupununi Savannabs eve'ry 4-5 days during the tirst wet 'season, pro-

ducing heaV'y rainfall over the Savannah • and every 8-10 clays during - " 

the second wet' season producing DG rainfall over the S!lvannah. The 
-

absence of rain du~ing the latter period cannot be explained, and fur-

ther research is recommendéd at allieveis of tbe atmosphere. The 

possibili~y of successful cloud seeding experiments in December. just 

. in the ~iddle of the long dry 8ea80n. is high . 

. " 
Bright Sunshine: Bright Sunshine i8 150 hours in July and 270 

1 

'Î 

,. 

. " 

hours in October, i. e .• 20 hou.rs less and 30 hours more than"Botanic 

Gardens. respectiveLy. from this it can be deduced+ that ~ere are 

larger cloud formations oyel: 'the savannahs than over the coastland 

durmg the wet season and less cloud formations during the dry 8eason. 

.. 
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The decrease in ,J:)rigllt sunshine hours during D~cember. coincides with 

the passage of the above mentioned disturbances that produce no rain"" 

ffll. The large seasonal variation of Bunehine hours ehould cause a 

large seasotlal variation of EP; but radiation is not the predominant 

contributor, to EP over the savannahs. Bright sunshine in 1912. was 

far above average. 

Wind Run: St. Ignatius records nearly t'wice as much daily wind 
o 

run as Botanic Gardens or Ebini, but this is attributed to the absence 

of obstructions far around the site and the wind acceleration between 

the Pakaraima and Kanuku mountains. The daily mean vaLu~ ia 140 

miles per day but' r~aches Z10 miles per day at. the. end of the dry 

season. Wind' direction is east-north,,:"east, somewhat parallel to the 

alignment of the Kanuku Mountains. The stl'ong dry winds over the 

savannahs have tremendous effects on EP 'during the dry season. 

Tempe ra.turé: 
• 0 / 

A mean minimum temperature of 73. a F at St. 

Ignatius is 1. ZOF lower than BQtanic Gardens but Z.3 0 F higher than 

Ebini. The forest region is definitely the coldest·-p.art of Guyana at . " 

nights, and the night;time high pressure is centered ove'r the forefi\t 

region but does not extend over the savannahs .. 

. 0 ' 
With an av~rage maximum temperature of 90.0 F, the Rupununi 

"'~, 1 '\? is the hotte st region of Guyana. The dry seasQn is espec~ally hot; 

partièularly October when ~eihperature "very often reachee 97°F but 
/. 

never exceéded LOOoF. Absence of forest vegetation, distance from 

the sea, and Low dry season rainfall account for s'uch nigh temperatures. 

Seaeonal va~iation ie aOF, but the diurnal va-riaUon of 14-la
o

F i; larger. . , 

Temperature al a ·a. m. does not represent the daJly rnean value. 1 

\ ' 

() • 
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Relative Humidity,: The aavannaha naturaUy form tbe drieat area 

in Guyana. with mean annual a a. m. relative bumldlty oC 79 percent .. 

. fiaure 3 -9d. Foga oeeur' only in aome morninga durlng the wet lealon. 

From 8 a. m. to Z p. m .• relative .humldlty decrea .. e. by 17 -Z6 percent. 
l ' , 

or nearly twice the diurnal range at Botanie Oarden.. An {nereale in 

humidity i. obee rved in Decembe r. ln .pite oC the ab.enee oC rainfaU. 

Vapour Preesure: Saturation vapour prea.ure at 8 a. m. variee 

betweên 31 to 37 millibare while the actual vapour pree.ure 18 ZS -Z7 

mb. Vapour pre.eure deficit lB 6-10 mb. at 8 a. m. Because of 

h,igh dayti6e tempe rature at Z p. m. aatur~tio~ vapour prea~ure _ ie then 

40-50 mb but ac:tual vapour pre.sure re Z5 -24 mb •• Ughtly les. than 
. 

8 a. m. va1u,es; a large vapour pre. sure deficit oC 15-ZS mb is pro-

dueed. Daily Mean ~eficit. being about 11-18 mb, is somewhat greater 
) 

than in other parts of the country. -

3. 6 Conclu siona 

Maritime cUmatie influences are stroni at the Botanie Gardens. 

with sea breeze by day and calm land breeze at night. Diurnal tem-
, çP 

perature variationa aire not large; humid conditions pr~vail throuih-
1 

out the year. b~t fogs are rare. 
~ ---. - ! 

The aerOdynamic contribution to EP 

muat--remain smaU. . Heavy d~ily rainfaUa (> Z. 0 inchea) a~re frequent. 
~~-

,.~ ~ 

r~8u1ting in dis~at,roua flooda. 
-{ 

With rainCall occuring in the" pre-a a. m. 

hoU,ra. clear aky eo~ditiona d~velop and much ineoming radiation reaches 

the aurface. EP ahould be high regardlea. of the humid condition •. 

A maritimè influence il not 'noticed at Ebini 

a peculiar nighkif!1e clirnate of low temperature • 
. 

~ 

whieh experiencel 
l 

with regular pre-

morning loga. a. a reault of a thermal high pre •• ure ce11. By noon. 
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high, t~pel'atul'e and low relative humidity increae~ the ferodynamic 

termi but the ~verale daUy contribution if juet the aame aa at Bot.anic 

Gard~n.. A daytime land low. with the reeulting convective cloude, 

reduces 'incoming 'radiation and thus encrgy for evapotranapiration. 

In spite of geographical d~ferences, the climate at Kamaranl shows 

marked 8imilarity to that at Ebini. a~d an evapotranspiration experi­
~ ",.. 

ment at Ebini should be repre8entative of the whole foreat region. 

Evapotranspiration ineasurements. inaugurated following the termig­

ation of the wet season at St. 19natiu,.. encoùntered very dry conditions. 

Winds of lOO-ZOO miles pel' day. in conjunction witli large vapoùr pres-
, . 

sure deficit, should cause extremely higb a~rodynamic contribution to EP. 

The period July 197Z-February 197~, when the evapotranspiration 

~easurement8 were, taken. is found to bave been drier than average. . , 

but it ls sufficiently long for a repl:'esentative evapotranspiration study. 

• , , 
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CHAPTER, FOUR 

Il 

METliODS OF MEASURlNG AND EVALUATING POTENTlAL 

EVAPOTRANSPIRATION IN GUYANA 

Having decided on the methods of measuring and evaluating 

and on the Most suitable site for each region. as deecribed in 

previous chapters, the necessary ÏDstrumenls were 

1972) Two evapotranspirometers were instaUed a.t 
o 

vide measurements of EP. and an actinograpb was used to 
o 

several months of continuous record of incoming shortwav radiation. 
'-' 

Net radiation. incoming shortwave radiation. and
r 

reflect shortwave 

radiation were also measured. using a portable net radi 

two solarimeters. The '15 day data from the _latter wer used' to cali-

brate the actinographs. to measure surface albedo. and to establiah a 

linear regression between in-coming shortwave radiation and net radiation. 

4. 1 Instrumentation and -Data 

Climatological: For the analysis of the c1imate of Guyana a11 
1 ~} 

a\railable data I{rom each site were uaed, but the data of 1972 were 

found Most useful as readinga were then taken twice per day, at 8 a. m. 
',1 

and 2 p. m. Climatological instruments. installed and operated by 

the Hydrometeorological Service, included: lO-incb raingauge at stan-

... dard heigbt, Mercury barometer~ U. S. W. B. class A pan, ,pan anemo­

meter, maximum and JIlinimum thermometers, dry and wet ')\~lb ther-

. mometers, tbermohydrograph, grass minimum thermometer, soil ther-

mometers at 4 inches' and 12 inches, sunshine recor~er, anemometer 

at 2 Metree, and an anemogJ:aph at 70 feet. Readings from most of 

the above instrumente are indiapeneable for eatimating EP. 

" 
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Evapotranspirometer: The evapotranspirometer or drainage lysi­

meter (standard Thornthwaite type) was made from two steel drums 

(standard oil drums) and other easily available materials. A strip of 

about 10 inches of drum A was removed and welded thoroughly to the 

other ~rum, B. A 3/4-inch diameter hole was made at the bottom 

of drum A and the two drums connected by a 15 feet long galvanised 

pipe, as illustrated in figure 4-1. Both drums were then placed in the 

ground, leaving the rims 2 inches above the surface in order to pre-

vent water from the surroundings from draining into the evapotrans-

pirometer during heavy rainfalls. At the bottom of drum A was placed 

an aluminum filter directly over the hole, and a layer of graded stones 

4 inches deep. Brown sand filled the rest of the tank to the levelof 

the ground, and grass was planted at the surface. 

Every afternoon at 5 p. m. an amount of water cor,responding to 

0.5 inch of rainfall was poured over the grass to maintain the soil at 

field capacity. Twenty four hours later, the drainage into a collecting 

cari inside ta~k B was measured and later reused for watering the 

evapotranspirometer to maintain the fertility of. the soil. It was not 

practical to measure runoff ~t 8 a. m., as suggested by Garnier (1952), 
, 

b.eca~se rainfall generally occurred during prè-morning hours. Only 

two evapotranspirometerlVJWere installed at each site, \although Garnier 

recommended three, because of simple problems that arose in welding 

and constructing the instruments at thre& different a,ites ov&r a limited 

Ume. However, the two sets of EP mea8urements were quite compar-

able, as special care was taken to use similar soil and gra •• concentration. 

The evapotran8~rometers basically require little maintenance but, 

unless special ~are is taken. the measur~ents like many other evapo-
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ration meaaurements May become unrepresentative. Periodic clipping 

of the grass was necessary to maintain a height even with the sur-

roundings. To reduce the "oasis effect",. Thornthwaite (1955) recom-

mended watering the surrounding grasa to a radius of 40 metres, but 

only five feet was practical in Guyana. This was unnecessary at the 

Botanic Gardens since watering ia done throughout the year, making 

it an ideal evapotranspiration site. One month was allowed for the soil ... 
to settle in the tank. 

Radiation Instruments: A portable Thornthwaite hand-held net 

radiometer was used for net radiation. The instrument, consisting of 

an upper and 10wer thermopile, generates a smalt voltage that deflects 

a millivoltmeter calibrated directly"into cal/cm2 • min and having maxi­

mum deflection of ± 2 cal/crn2• min. No calibration was done except 

a periodic adjustment to zero by placing the sensor in a dark room 

with radiative equilibrium. 

Two Lintronic Dome Solarimete~8. one upward and one downward. 

were used to measure inqoming shortwave and reflected shortwave 

radiation. Calibration was doqe' in May 1972 at Shefferville, Quebec, 

when the instruments were usèd simultaneously with 2 Epp1ey Black 

• 
and White Pyranometers. Witb no electrical recorder available in 

'. Guyana, readings were taken manuaUy over a period of 15 days using 

a millivoltmeter (Comark~ type lZ11, Ser. No. 14104). Readings were 

taken every 5 minutes by day and every 15 minutes by night since 

there were rapid fluctuatione of radiation cause~ by the convective 

nature of tropical cloude. Good compariaon w&a noticed between man­

ual readinge and actinograph charte ae the cumulus cloude u8ually 

(.' 

" 
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take more than 5 minutes to pass across the sun,. As this ob.erva-

tional pr:ogramme was an extremely monotonous and continuous 15 day 

undertaking. the Hydrometeorologic:al Service provided three alisistante. 

The radiation stand for the three instruments. shown in figure 4-2. 
l> 

consisted of an aluminum pipe rigidly sunk in the ground and a hori-

zontal pipe attached to it. The net radiometer and s01arimeters were 

screwed on to wooden supports of the horizontal pipe and periodically 

levelled in the horizontal plane. A dark string tied to ~he horizontal 

pipe prevented swinging of the stand. Before sunrise. it was neces-

sary to remove moths' eggs from the lower surface and ~ondensation 

from the upper surface. for the instruments were not ventilated. 

Measurements from the above radiation instruments were taken 

at each site for 15 days. At other times during the period July 197 z-
, 

February 1913, thrée actinographs measured incoming solar radiation. 

Data Obtained: For a representative study of evapotranspiration, 

at least six months of data are required. considering that this period 

should cover one dry season and one wet 8eason in Guyana. For each 

site, data include: 

a) Climatological -1.1. 72 to 28.2.73 
" 

b) Evapotranspiromete r , -1. 7. 72 to Z8. 2. 73 

c) S01ar radiation by actinograph ""' 1. 7 .. 7 2 to Z 8. 2. 13 
~ .. 

d) Net radiation and a01ar radiation -15 days at each aite 

The complete set of the8e data was unfortunately di/ficult to obtain 

to the degree of detail wished. The evapotranspirometérs overflowed 

on day. witb heavy rainfalli at Ebini, ·the new observer intuitively ap-

plied exce.s fertilizer and killed the aras. witbin the evapotran.piro-

\-
.... ~r ,~ .. _.~~f\, 
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meters. However. the remainder of thi. theeis la baseci on these data. 

4.2 Methods of Analysis of Climatololical Data 

Rainfall at ground level: Two raingauges, a 5 inch raingauge at 

two feet and a pit gauge at ground level, were installe at Ebini by 
" 

the Hydrometeorological Service. Splashing of droplets 

gauge wa8 prevented by a cubical mesh, one metre 8quare. ea8ure-

ments indicate lhat the 8tandard raingaug~estimates rainfall by 

about 5 percent as shown in figure 4-3. Therefore. reported daily 

raineaU, Ra' must be adjueted accordingly to obtai~ rainfall ât" ~he levet-
; 

or the evapotran8pirometer Ro' and i8 given by 

R = 1. 05 R o a 
(4-1) 

During raimaUs high winds with strong gusts occur while calm winda 

prevail alter the pasaage of stofms. Raindrops should .approach the 
'. 

rim of the standard raingauge at ~o~e' angle to the v'ertical, thus pre-

senting a reduced coilecting are1l fol" the descending rawall. But 

with reducèd wind and gusts near the aurface. rairldrops entel' the pit 

gauge in a more vertic~l direction. and thi. account. {or Us", greater 

collection. 

1 

If A is the coUecting area of each raingauge and the rainfali ia 

assumed to reach the pit gauge from a vertical direction. then A cos. 

J. the collecting area, of the .tandard raingauae where + is the angle' 

from the vertical of the raWali ... Therefc)re AIA co. , = 1.00/0.95 

or co •• = 0.95 aivina f = 18°. This is the mean maximum anlle 

of the descendina rainfall and, from the author 's experience, h not 
.... 

unrea.onable. lt is possibl~ that the Rupunum Savannah., with tWice 

( 

- . 
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as m,~~h daily wind run as Ebini. ac~ually rf!c~ive8 a far higher ninfaU 

than measured amounts. 

Vapour Pressure: The saturation vapour pressure. in the pure 
, 

ph~se over pure watèr. is entirely dependent on the temperature of 1 _ J 

the water at the surface and is given by:1the Goff-Gratch formula (List. 

1968, p. 350). The slope of the ,saturation vapour pressure vS tem­

perature' curye. s. ls obta~ned by differentiating the lengthy Goff-Gratch 
> ~ , 

formula (List, 1968, p. 372). Both formulae are lengthy for accuracy 

~, '" 
but' are quite simple to compute. 

The psychrometric constant is given by -;), 

(4-2) 

, 
where p is atmospherie pressurfl whieh has an average value of.- 1013.0 

mb. in Guyana 'and onlyexhibits small daily and seasonal variations; 
• Il. • 

cp is t)le specifie heat of dry air at· constant pressure = 0.24 cal/gni. 

.. oK. e = O. 622. !d L is the làtent heat of evaporation of water ~L ... 
t 

wet bu~b temperél-ture giv~n by 

L = L + (c - c ) (T - T 0) o pv v w 

where ,La' is the latent heat at oOe = 597. 2 cali grn; c is the specific 
pv . 

heat of water vapour at con'stant pressure = 0.456 cal/gm. oK; and c 
v 

o 
is the ,specifie heat .of water = 1. 007 cal/gm, K. Therefore 

, 1 

L = 597. 2 - O. 551 (T 
w 

273.16) "(4-3) 

To find t~e actua1 vapour pressure of the air. given the wet and 
, 

dry bulb temperatures. eonsider figure 4-4 where the line with slope 

y. pas'Ses thrQugh .. the points (Tw ' e sw) and (T. esd)~ Therefore. 

its equat.ion is 
,1 

fi 1 , 
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(4-4) 

wharo' e d and e are the laturaUon v.pour pre.lura at dew point 
• "IW 

and 'wet bulb temperature, relpactively. 

, DaiLy mean tempe rature and vapour pre •• ure:' In the energy bal­

an~e equation the r~quired climatologic'al data ~re belt approximated 

by the mean of Zi hourly observations. ,But only two 0~8ervationl are 
, . , " 

" avaÎlable in Guyana. O.utgoing longwava radiation and the .lope. l, are 
o 

both {uncÜons oC mean daily tempe rature which can be approximated by 

T:::: O. 5 (T + T . ) max mm (4-5) 

SimHarly, the mean daily relative hùmidity can be approximated by 

RH::= 0.5 (RHmu + RHmin). Thermohydrograph charte show that 

RHS < RHmax' < 100 and thaJ> RHmin ::::: RH2' There(ore l{H")O. 5 > 
~ . 

(RHs ..:' RHZ) and III" (0.5 (100 + RH Z): so that the average oC thésé 

two expressions ehould give the me an dai,ly relative humidity •. That iIJ 

RH + 100 
,<" IDr ~ O. 5 (RHi + 8z ) .(4-6) 

" RH8 + 100 
Since RHmin Z RHZ-' then the abova meane that RHmax z Z 

~ 

which i8 not an unrea~onable ae8 umption.' The mean error introduced. 

ie 4 percent ànd the equation is 8uited Cor the Botanic Carden., where 
1 ~ • 

relative humidity drops from 90 percent to 77 -84 percent by 8 a. m. , 

and {or the i~terior eta,tione 'libere '8 .a. m. relattve humiditY.frope 

. {rom 90 percent to 80 perce~t on clear m~rningat or 98 to 9Z percent 

on (OSSy morninge. Equation 4-6 ia not auited 'tOI' {oSSY nighte. wj.th 

" 
" 

, " 
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RH = 100 percent, that clear up by 8 a. m. when RHa • 84- percent, thu. 

introducina 5 percent error. Sucb <:ondltlon. are rare. 

The mean daily relative humidity can then be u.ed to live the mean 

daily vapour preltJure 

where e 18 the .8 .• v. p. at T. 
8 

. 

(4-7) 

1 .. 

Wind Fl.1nction; The wind {unction, {(u), la p"erbapa the moat un"!' 

certain quantity in penman '8 equation, for the dynamica of the boundary 

layer are not (ully ullderatood. Moat formulae aPI:-ly' only to the atable , 

\ boundary la~er conditions under whi'Ch they were deri~ed. Penman (1948) [' 

8uggested an empirical formula l,' 

U l 
{tu) = O. 35 (0.5 + nro-) (4-8) 

where u l i8 the wind at l mefres in mUes pelr day. Numerou8 un­

succe.ssful attempts have been made to improve I?enman '8 -formula and 

Davies and McCaughey (1968), using Buainger 's equation, have auggeated 

feu) =' 1. 2 u l ( 
, 'ln, 

k 
z + Zo 

Zo 

(4-9) 

~ . ' 
which they round to be accurate for hourly periods. z Î8 the anemometer 

height and Zo ls the rotlghness 1ength (cm), given by Tanner and Pelton 

(1960) 

log z = -1. 385 + 1. 411 log h 
o 

where h' ie the roughnea8 element (cma). 
1 

. " 

o 

(4-10) 

,~ 
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... 3 Evaluation of Net Radiation 

Linear Rel.ression between,Rn and (QiqU: N(t radiation is re- ' 

quired, in Penman's equation but, aince measurem~nts ?f Rn req~i~e the 

" use' of electric:::al recorders and electricity i8 not always available in 
. ., 

1 

remote places. other techniques are used to estimate Rn.' One method. 
" 

proposed by Shaw (1956) and Orvig (196~). _ makes u8C1 of a linear' rela­

tionship between Rn and (O+qU. From the radiation balance equation 

Rn = (1 - Q) (a.iqU - Rnl (4-11) 

. 
Monteith and Szeicz, (1961). assuming art approximate re1ation8h~p be-

tw~en Rn and (1 - Q) (Qfqh showed that 

Rn 
1 - Q = 1 +~ (~U + a (4-12) 

.-
A _ d(Rnl), -

where t" - - d(Rn) is _ a surface "heating c~éfficient". Stanhi11 et al 
l , 

(1966) found the de finition' of 13 rather misleading. while Davies and 
;' 

Buttimor (1969) concluded that 'a know1edfe of the a1bedo and the. 
r 

~eating coefficient is not e,ssentia1 to the task of predicting net radiation 
'" 

from solar radiation." In other words. 

Rn = a (O+q)l. + b (4-13) 

where a and b are regression coefficient~. Using hourly da~a. Ekern' 

(1965) and Linacre (1968) tested equation 4-13; while Dà.vies (1966. 19~7)~ 

uSÏDg radiation data from 14 stations over ~d.'~d litt1e dü­

ference betweep the different regression c:nstants ~'spit_e of .the large 
, 

düferences in climàte and s~rface cover. Polvarapu (1970) used equa-

tion 4,-13 to estimate Rn from (Q+q).&. to 'within'! 10 percent of measured 
, , 

values. Ho1mes and Watson (1967) obset,ved a 10 percent dü{erence in 
. 

Rn from t_o instruments exposeJi flÎd~ by side. Therefore. the use of 

• 
" , 
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- 1 ~ 
equ~tion 4-13 to estimate Rn produces errora of the same order of 

, J 

magnitude as measured values. 
. 

ln equation 4-11. Rn = f(a.. (Qiq)~ • Rnl). Mean five dayalbedo 

v~lues in table 4-1 show little variations with time and place in Guyana 

and can be treated asQc0nstant. Therefore, Rn = f( (Q+q)+ , Rnl». 

With amaU seasonal variaftons of temp.erature, Rhl should not have 

large s.easonal variat,ions,' Table 4-1 eho~e the 5 day 'mean meaeure-

mente of Rnl which, if ~oneidered as one record by ignoring the dif­

ferent sites, has a mean value ,o,f 87 1y./day with a standard deviation 
, 

of 14 ly. /day. T'reating Rnl as a constant makes 'Rn = f( (QtqU ), with 

Rnl iptroducing a mean error of 14 ly. I~ay or a~out 4. 3 percent of 
, . 

Rn. However, if Rnl = f( (Q'lqJ+ .), as showed by Davies and ·Buttimore 

(1969) and also noticed ,in Guyana, then the error is less than 4.8 per­

cent while .Rn is statisticallya. function of (Q+q)~ .,' This .linear rela­

tionship shou1d estimate 5 day 'm~an Rn to within ! 5 percent in Guyana., 
1 • , 

provided (Q+qU is known precise1y. 
1 

Net radiation ïs plotted against incoming short w,ave radiation in . , 
. 

figure 4-5a using 15 days data from the Botanic Cardens. The com-
" 

puted linear regressio~, by the method of least squares. i.s 

Rn = 0.676 (Qtqa - 62.6 (4-14) 

with a high positive correlation of 0.91. For zero incoming shortwave 

radiation, equation 4:-14 gives ~ net radiation of -62.6 ly. Iday at the 

surfàce, and this i'8 approximately twice th~ net radiation at nighf, 

When (Q-+qH, is Less than 94 ly./day.., as recorded on a few days during 

1972, Rn is negative and consequently EP, which could be negative , . ~ 

m.ust be regarded as zero. Such daya usuaÜy rec'ord continuous pre-

ci'piion.- --

• 
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Table" 4-1 Five-day mean albedo and flve-day mean net longwave 
radiation at the Botanic Garden., Ebini, and St. Ignatiue. 

) 

Station Month Date - Seaeon Rn\ Albedo 
(ly Iday) 

Botanic 
Gardens August 17 -21 Wet 98 27 

2Z-26 188 28 _ 

27-31 76 '29 
\ ' 

Ebini Sept~mber 6-10 Intermediate 98 26 
" 

11-15 56 27 

16-20 72 26 
, 

St. Ignatius October- ·,28-1 '" Dry, 103 27 
November -' .. 

Z-6 ' 82 25 
"\ 

6-10 
_7 

108 26 

" 

1 

,1 

o 
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, , '. A similar analysh for Ebini. figure 4-5b. gives 

Rn = Q. 620 (Qtq)~ (4~l5) 

with a positive correlation of 0.83. A higher correlation would have 

been obtained if a wider range of daily radiation had bee~ encountered 

over the 15 day experiment at Ebini. but only 8unny days occurred. 

The above equation meane ,that Rn = 0.0 fo'r (Qtq)" = O. O. quite unlike 

the situation at Botanic Gardens. On such unusual days with very high 

cloud cover. Rn- 0.0 during the dayand Rn:::: O. 0 during the night. as 

a result of fog. 

At St. Ignatius 

Rn = O. 690 (Q~q)J - 67. 0 ( 4-16) 

with a positive correl~tion of 0.92. Like Botanic Gardens. St. Ignatius, 

radiates considerablyat night. Fogs are not .prevalent. The regression 
o 

.1 

constants are very similar at Botanic Gardens' and St. Ignatius. in spite 

of climatic and surface differences . .. 
The three regression eq\1ations above are expected to give reason-

, 

-J ably accurate estimates of Rn for use in the control method for EP. 

The question must be asked if these equations. based on 15 days of 

data. are valid throughout the year. Qavies (1965) obtained Rn = .. 
0.612 (,a+q) l - 28. us'ing threé Nigerian Stations over three dUferent 

ye~rs. and oif his equation is used in Guyàna to estimate Rn on a typical 

.;: day when (QtqU = 600 ly. Iday, then Rn is underestimated by l percent 

at Botanic Gardens, 9 percent at Ebini. and l pe}:"cent at St. Ignatius. 
. ", II' 

Ebini data lack low points as no disturbanc'e passed the station 
" 1 

during the Rn measureItents. and the entirely dUferent equatio~ is a . 
result of local and diurnal climatic influences on radiation. The Botanic 
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Garden. regre.lion equation. obtained over green gras. at a coastal 
~ 

clirnate during the wet season in August. ls very aimilar ~o that obtained 
.' ... 

over dry grass at St. Ignatius at a savannah climate during the middle 

of the dry season in November. The regre'slIion equation8 do not vary 

significantly with climate, site, and sea.on. 

The correlation coefficient of Rn and (Q+q)~ i. far grellter than 

that between Rn and n/N, as will be shown later. 

can be more accurately estimated Crom (Q+q)J. 

- data. 

Figure 4-9 shows ,.the 5 day moving average, oC net 

mated {rom (Q+q)J, as measured by actinograph. The mean 

error of Rn is governed by errors in actinograph mea8ureme 10 

percent over daily periods but certainly le8s over 5 day perio 

4.4 Estimation oC Radiation Crom Climato10gical Data 

The ab~ence of actin~graph data i8 a common problem in many 

parts of the world, inc'luding Guyana. For such cases penman (1948) 

pr.oposed that net radiation ,can be estimated from astronomical qllan-

tlties, bright sunshine. and vapour pressure. His method is repeated 

here, using Guyana data to derive regional semi-empirical EP equations. 

S01ar Radiation at top of the atmosphere, Q : 'This is basically 
o , 

an astronomica1 quantity. Sellers (1967) provided an equation to compute 

QQ; Smart (1965) described a method for calculating the earth-s-un 

distance and the orbital angle, while Chid1ey' et' al (1970) illustrated a 
• 

programme. ta compute tpe sun's hour angle and the daylight hours. 
- " 

Russo (personal communication. 1973)-devel.q'p'E!c;l -a computer programme 
- 1 ~ . 

. l, 

for estimating 00 at a~y latitude. The maximum erl~or ,of comp?ted 
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0
0 

was only 3 percent from May to August in comparison with values 

given by List (1968). 

(a) Botanic Ga~dens: Incoming soLar radiation can be estirnated 

from bright s,unshine, equation 2-31, by a linear regression between . 
(Oiq).!. 1 Q and n/N. The monthly regression coefficients, a and b. o 

• 
at the Botanic Gardens are given in table 4-2 and the analyses illus-

trated in flgure 4-6. The November - February coefficients are not 
, 

given sinee it is believed that the actinograph 's calibration changed 
~ 

drasti~ally on 30th O~'tober 1972; . presumably the heavy rainfall on 

that day entered the instrument. 

Table 4-2 iitdieates that a < 0.35 and b > O. 60 du ring the wet 

months (JanuarYi April - JuLy; and Oetdbe'l' whieh reeorded heavy 
1 

rainfall on the last few days of the month) while a> O. 35 and b < 

O. 60 during dry months. It may seem desiiable to use two separate 

equations' to estirnate incoming "BoLar radiation b~t, sinee wet and dry 

months have rather eLusive definitions with irre~Lar durations fro~ 

• year to year, one equation is used. With the JéIfluary - Oetober data, 

..., 

the line~r' regr.ession is 

, . .' 
(Q+q). = (4,-17) 

.. 
whie~ is shown in figure 4-7. 

: This' equation has sorne limitations. On an overeast day, when 

n- 0: then (Qiq).L ~ 250 ly. /daYi but sinee (Q+q). < 250 ly. /day 

oeeurred on,an average of two days per month, then equation 4-17 

would not considerably overeâtimate (Q-+q) ~ ov~r 5 day periods. ln 

figure 4-7, some odd points at low bright sunshine and Low (Qiq) ~ 

would have altered the regression equation.' However, Low points are 
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Fig. 4-1 (Q-rqH a8 a function of bright 8~ne at the 
Botanic Garden. in Jan. - Oct:-t91 Z. 
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Table 4-Z Regression and' correlation constants between Rn v (Qiq).a. ' 
Rn! v n/N. and {QiqU v nlN at the 'Botanic Carden •• 
Ebini and St. Ilna~iù •• 

f • ~~orm 0 ". < , 

.regre •• ion MOlith Monthly -regression constants 
~guation _4 

Botanic Garden EbiÎli - . . . 
1912 Aug. 1972. 

Fe] lQ"l 
a b r a b r 

Rn = a(Qiq)~'-~ Auguri~ . &7&, b2.& .91 
September .62 0 .83 

:> ~ 

November ;> 

Rnl CIC(aib,~) August .47 . ZZ .41 , 
0 

September .05 . 't,I, .45 
November 

<,' " J 

(Qiq)oI. '. n - .60 .70 °0 =aibN Januar~ .32 . , 
February .36 .56 .63 
March .44 :44 .59 

, 

{ \' 

April .28 .69 ,76 
May ,28 .73 .75 
June -.34 .66 ,84 
July .34 .6z .90 

. , August .35 .45 .74 .35 .57 .58 
,~ September .38 .53 .81 .35 .50 .81 
, October ',27 ,63 ./78 .35 .50 .84 

Novemoe;r ~ 
. 

\' , 
" .' , December L .33 .48. .,77 

January .37 .42 .7? 
'February , .39 .45 .80 • \ , 

c 

Total ,34 .58, .78 .36, .49 .76 -

, " 

• i 

, 
, .. 

, 

(a, b) and cor;elation r.'. 

St. Ignatiu •• 
Aug. 197Z-
Ft'!b lQ1 

a b r 

.69 61 .9Z 

" .48 ~4Z .59 
~~, 

.34 .48 .68 
• ZO .68 .71 
.25 .55 .80 
.30 ,55 .67 
.38 ~ 45 .79 
• 45 • 33 • 43 
.35 .40 .45 

.33 .49 ~7Z 

.t 

• 

St. Ignatiu. 
1965 , 

'a, b 

/ 

· 
1.' 

.4'z .26 
,41 .29' 
.35 .39 
.34 .35 
.~8 .45-
• Z6 .S'O 

• Z6 .48' 
.30 .41 
.31' ,43 
.28 .42 
.'37 .3( 
.42- .26 

. 
1 

.33 .38 
"t -

" , 

.() 

. ' , 

l' 

'l--
". 

.7Z 

.68 

.59 

.65 

.53' 

.84 

.8Z 

.71 

.71 ' 
~58 
.56 
.70 . 

, 

. 
.. 77 

.' 
, . :~, 
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.' < 
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Fig. 4-9 of measured 
and 

, ' 

(a) Botanic Gardens ..., 
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in a minority over the year and were ignorêd in o~d~r ,to give mor~ 
• 

, " 1 

reprè'sentation at moderate· an~, high (Q-tq)~ values. The equation \ 

would aiso underestimat~ (Okt)l on extremely clear days. r ~l 

" \ , 

The net shqrtwave radiation is given by (l-a) (QtqU , where' aO ia 
\ 

th,e albedo, Five day mean albedo over grass are gïven in table 4-1, 
.. 

and tlie 15 -day méan is 0.28. Daily albedo varies between O. 24 to 0.34, 
1 

dec,reasing with increasing radiation or decrease in the ratio q/(Q-tq)~ •. . ' . 
The net l0ll$wave radiation, Rni, is a function of. temperatur.e, 

. 
vapour pressure, and cloud cover (equation 2-29). The regress'ion con-

~tants in the vapour pres sure factor in the equation can be determine,d 

f~om measurements of upward' and dowh~ard lohg~ave nuxe~. These 
" 

measurements are not known with suff4cient accuracy for the present: 

study, and penman'e constanfs must be adopted. This would introduce 
J • • 

some e rrors iti estimated Rn! but, as mentioned before', Rnl can be f 
1 

~ ::: '.l 

treated as a constant in Guyana without seriously affecting estim3:tes 

of Rn. 
1 4 . 

A linear regression between Rnll (O. 96,6 Ta (0.56 - 0.09 /ë'a)O) , 

-
and nlN, shown in figure '4 -8a, gives 

l,' • • !!J 

• 

s 4' 
Rnl:: 0:96"O"T (,0.56. - O.09/ë) (0.47 

, . a a 
-n 

+ O. 22 N~ J4':18~~ 

The points are widely scattered. The above eqûation is bà'sed 
\ 

on 15 VW~ 

days of data in August, and the regression constants may be dü{erent 
~ .. ' • 1 4- ~ 

in other months. The validity·of the equation at otheJ: times of the 

( year must be assessèd. 

" . Seas?na~ 'vari~tio~ s . o( R.~y :~r of the coefficient. a and' b. may . ~ . • 

not be larg~.,· This ~onsiderat.ion is based on t~e fact tpat Rni depends "ft)' " 
on temperatur,e, vapour press,re and bright s.unshine. Neither tem-

, " 

per~ture or vapour p-res~ure has large seasona\ ~riaiions. 'in Guyana . 
• ~ ô 

indi~~te~ a we'ak correlati?D 
.' 

• 9 :.~ 'l'he r~gre-ssion çonstajts .in equition 4-18 
fi -.' • i 

between Rni ~nd 'bright sunsh;iné. This i,s realistic, fQ'r' .Rnl ov~r 24 

.r' 
• 1 

" 
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, . 

hours deperids cim net 10~g.Wave radiation at night which in turn haB 

Bttle relationship with bright sunshin~ during the day. due to the di-

urnal variation of climate. 
, . ' 

Finally, by combip!ng the two l'egression eRuations to obtain net 

radiation, the semi-empir'ical energy b~dget equatio~ at Botanie Garde~s ~ 
, ~ 

is given' by: 

s r n 
E~:: sry L(l-O. 28)Qo(0. 34 tO. 58 N) 

; , ' 

(4-19) 

, 
The accuracy of this equation dep~nds on the accuracy of Rn esti-

mates. The, soUd line i?cfigure 4-9a shows actinograPh mea/i$urements 
, ' 

of -(Qiq) ~ white the dots are the estimated '(Q-+q).&. usi,ng climatolo~ical 

data ln eqûation 4-17. 
dl. ' 

The ,meàn 5 -day error is 6 percent. The errors 

in estimated Rnl are unknown bU,t correspond well with measureme_nts 

-
in August. 5 -day mean.Rnl varies fr9m -60 to -105 ly/day over the year. 

" + R!l est1mated from ~limatological data 'is within - 7 percent of Rn esti-

mated from a~tinog~aph data. Climatological ,data probably give a value 

for Rn that is within lO-15 pe-rcent ot actuaî'Rn, and this i8 acceptable 

in the present atudy . 

. ~ 1 
, .. (b) Epini: ~.~ simil~r analy~is at Ebin~ to adjust the cODstaiitli. pf 

,ct~W~~~C::~;~pirica1 Ë'î;;"~~'~~ation gives for (Qiq)~ 
'" 
, n 

(Q+qH ' =, Qo(O. 36 + 0.49 1r) 
". " 

. 
(4-20~ 

, , 
which ie based on~he August-February data, The month1y règre8si~ns 

are shown in figure 4-10 and table 4-2.' 'l'hi" period ia" hO~éver. the 

drier ~art of 1972 with very high s\:mshin~ in January-Feb~~at'y 1913 • 

, . 
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Fig. 4-10 
~. 1 

Month1y re1ationship between (b+q) ~ Q and niN 
at' Ebini f:rom August 197 Z-Februa.ry 19f3: 
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• ~nd with o.!!Jty 3 \da~S having n< Z hours. Figur~ 3-6b shows the 

mon~hly brigl;lt ~unshine at Ebini with Low vaLues in January-June 1972. 

Equation 4-20 is not repr'esentative for wet months, when it ,mal' over-

estimate (QtqU • 

T,abLe 4-L gives the 5-day mean aLbedo over short' grasS' {ully 
1 

, ! 

covering the surface, in earLy September. The mean va,lue is O. 20.-

and can be used to et:Jtim~te net shortwave radiation. 

Rnl c~n be expressed in)çrm~ of n/N as: 
. .. 

( 4-2L) 
,;. 4 ' , n 

,Rnl = Q. 960'T (0.56 - O. 09Jë ) (0.05 + O. 7l...-r) . a a 1'1 
~ 

r , 
where the regression is show'n il'i' fi~ure[ 4-8b. From the 'above con-

stants. whleh are far different {rom thoee at Botanic Gardene. it seems 
, . 

1 ., .. , t1.,... <. 

.t~at Rnl at Ebini has ,a. Large depenc:tenee ori daytime- cloud eôver. [The 
• a • oecur~enee of fog eonsiderably reduc~s night:time Rnl. Therefore. the 

~agnitude of Rn1 oV,er -24, h·ou~ep~nd~ strongly on the daytirrte amount. 
.... 

ThiS exp1aina ité high depeflaenee on daytime cloud. e·over . 
. 

T,tle aemi-erripirieal EP equation at Ebini ia expresaed as 
\. - . 

. . ~. 1 

. -EP = ~ (1-0. 26)0 (O. 36-tO. 49 n) 
, ary. .0. N 

t _8_ 
, sty 

"" 0 

rc(u)(e '- e)] 
[ ,S a 

... ' . 
,5 -d~y error ia 5 percent. In eom.paria,on with meaaâred (Q+q)'~ 

,(4-22) 

~ 

:o11l~Botan'ic Garde~s d'uring the ea.rLy haLfE of .197 2, th~ regr~ssion equ'a:tion ',-
~J , ( 

• • 1 .. .. .. ~ : 

• r 

al. ,Ebi.ni does n..ot 'overestimate (O+qH ,as was feared; sinee', the Botanic 

.. 
• ,'r ~ • 

.' 

. , ., " 
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Gardens recorded an averag~ of 520 ly./day in early 1972 white Ebini 
1-

had an average (Q+qH of 445 1y. /day. Rn1 was about -40 1y /day in 

1 
the, ~arly half of 1972 and about -75 1y /day in the 1ater hal€. Rn. esti-

mated fro,m climatologica1 data. has an average error of "!: 6 percent 

-
in compari,son with Rn estimated from actinograph data-. The estimated 

radiation compares very wéll with" solarimeters and net radiometer 

measurements (denoted. by +). 

(c) l St. Ignatius: At St: Ignatius. incoming radiation data are 

availab1e in 1972. aS weil as for 1965. The ~gression coefficients for 

the two yeara are shown in tâb1e 4-2. There a-~e ,consistently!ower 
< 1 

, . 
èoefficie~ts in,.1965 as a result of low x:adiation measurements. ln 1965. 

13 d~ys recorded (Q+qH > 575 ly/day-as compared ta 87 days- during 

the recent pèriod August 1972 - February 197.3. c1e,~~iy the acti.' ph 

undereatimated (QtqH in 1965;' but the data nevertheless ,giv~ 
, -

relative seaso~a1 trends of the a and b regression coeffic~ents. Usipg' 

the more, recent data, > incoming shortwave radiation' hl' given by 

(4-23) 

, 
which on1y represents t.he dry season. l'iearly the same coefficients 

are obtained at Ebini, and this is an" indication that cloud influences on 
~ . . 

solar radiation are the same at interior stations. 

Five-day m.ean a1bedo over bunch grass partially covering the'ground 

• ln Novembe'r during the dry se~son is g~ven in 'table 4-1. The 15 day 
~ , 

mean is O. 26 which i~ ~ear the ffiE;an alhedo at the· other two stations" 
. . 

Net 1ong~ave radiation is given by , 
( 

j 

Rn1 - 0.'96aT a 4(0.56 - 0 .. 09.{ë~)· (O. 48 '+ 0·.42 -Fr) (~-2.4) 

. ' 
... 

. . 
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. 
Fla. 4-11 Monthly relation.hlp between (Q~q), IQo and nlN .. 

at St. Ilnath,.' AUI. 19., 2-Feb. 1.,., 3. 
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ail illustrated in figure 4 -8c. EP at St. 19natiu, is given by , 

" 

EP;;: 1:I:.v [(1-0. l,6)00('Û' 33 +0.49 N) - O. 96dr :(~. 5~-0.' 09[ëa) (0.48 t O. 4Z N)] 
,.. 

+~ [f(U) (~8 - ea>] (4-25) 

4. 5 General Equation and its limitation. 

T~e use of three eq~,ations for EP in Guyana is inconvenient al-

though climatically juatified. and an aUempt ia made to obtain one equa-
". 

tion by combining aU relevé\nt data irl'eape~tive of location and Ume. 

From figure 4 -12a, Rn ia given by 
1 l' 

" , 

Rn f ,0,.76 (Q+q)' - 96.0 '1 (4 -l6) 

.." 'l "" 

where the- two regression cot?fficienta increase simultaneouslyabove 

the .. regional éoef{icients: Combining aU (Q+q)' 10 and n/N' data d~es 
~ 0 • . , 

not give satisfactory regression coefficients, for a few extreme values 
..,,7 1 ~ ~ 

'\ 
predominate by the use of the least squares method. A hand plotte~ 

regre sSlon, '4s~ng, aU data. gh:es ' 

,On 
(Oiq},.l. :: 0

0
(0; 35 + 0.50 W) 

. , . 
A linear regre8sion of· a1fRnl and n/N data, shown in Hgure 4-l2b.~ ia . . 

..... ~ ~.. - ~ fi 1 

I! n 
Rn! = O. 96aT (0.56 - O. 09Jë ) (g.45 + O. 26~) 

.. a 0 ,a 1" 
(4-28) 

where the' Ehini data do not predominate in ,the regression. A gen~ral 

cr EP equation for j1u, regions of Guyana is 

" ... . -' 
'J .~ 

, 
't' 
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Fil: 4-1 Z (1.1 Rn a. ,i. (u~ctlon'of (OofqU and 
(b) Rn1 a. a. f",nction of brlaht .un.hine 
utin" data (rom aU three .t,aUqn •. 
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, 

EP = nv [(1-0. 27)Qo(0. 35 +0. 50.N) -·0. 960T :(0.56-0. 09Jë;.)(0. 45 +0. 26 N>] 

~ .!V [;(~l (e. • e a l] (4-29) 

Limitations: The regional and g~neral equaticms have some limita-

t'ions. In th.e first instance, p~ight sunshine is, ont y a rough measure of 

incoming radiation and cannot precisely estimate (Q+qH over a daily 

• 
period when errors may reach 30 percent. But their reliability over 

Cive-day periods has already been,estàblished.· 

At low values of "brigh~ sunshine .when n < 2.0 hours, (Q-+q),t,. is 
1 

extremely vâriable depending on whether the ,J?rijfht sunshine occ'urs 

at mid-day, ea'rly morning, or in late afternoon hours·. Sorne .1ow ra-

diation pomts in figure 4-7 na,ve been 19nored. The equations there-
\ 

fore overestÎlnate (Q+q). .on overcast days. 

When n/N ;:: 1. 0, then (Q-tq),J. ;:: 0.85 Q ; 
o 

• 
which means that a frac-

tion of 0.85 of extra-terrestlial solar radiation reaches the surface 
. . 
on c1ear days. However, c10udless days ar~ rare occurrences in • 

Guyana since low convective clouds usually develop.' ln figure 4-6, 

figure 4-10, and figure 4·11, n/N exceeds 0.9 on an average 0.8, 0.5, 

and 2.5 times per month at Botantè Gardens, Ebini and St. Ignatius .. 
re spective1y. 

There are large seasonal variations of the regression constants 

p10tted in figure 4-13. At Botanic Gardens, b> a in .the· wet seasons, 

but b .. a d~ring the dry seasons (as in February, March and AUgust). 

At Ebini, b ... a on1y when it becomes exceedVIgly ~dry as in January-
.' 'l, 

'i. t 
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. , 
Monthly regression coefficients between (Q+q) '" IQ 
at the Botanic Gardena, Ebini, and St. Ignatius. 0 

and n/N 

0.2 
f 

O.I~J--~F--~M--~A~~M--,~J~-J~~A---S~--O~--N~~D-.~J--JF 

Station 

Botanic Gardens 
Ebini 
St. Ignatiu 8 
St. Ignatius 

, . 

Period Indication' 

Jan. 1972 - Oct. 1972 .......,..- a,--.o_b 
Aug. 1972 - Feb. 1973 -+-a,-:-+--b 
Aug. 1972 - Feb. 1971 -D- a,---I:l---b 
Jan. 1965 - Dec. 1965 ~A- a,---A.--b 

? 

. . 
Fig .... 4-14,. 'rhe effects of (a) time of occurrence of 'bright 8unshi~e 

and (b) synoptic diaturbancea 9n the relationship be-
tween (Q-+q).f, and bright sunshine. 
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February·l973. At St. Ignatius. howeve~. 'b > a in the wet Beas.ons 

but b < a in the mid-dry season period. The 1965 data, wi~h (QtqH 

underestimated. nevertheless gives an indication of the seasonal trends 

of the regresslOn coefficients. 

It -may appear that one regression equation cannot estimate (Q+qH 
J 

throughoût, the year. Hoy.rever, a decrease of the monthly a coefficient c-

is accom,panied byan increase in the b co~fficient. as shown in figure 

4-13. But al~ ,the monthly reg,e8'8io~ linel for ~ny sta~ion see~ to pa~s 
through the same point at rho~erate rady..tion va1ûes. For example, 

when niN = O. 6 at Botanic Ga~1iens (QtqH • "= (O.44 + 0.44 ~ ) 0
0 

= 
n 

-0.70 0 0 i~ March. and (Q+q)! = (0.l.8 + 0.73 W)Qo = 0.72 0
0 

ln M~y; . 
. n' 

- but the regional equati.on gives (OtqU = (0.34 1- 0.58 -n-)Q = 0.69 a . 
" .1'i 0 0 

However. the regional equations overestimate (Otqn Oh ':'l'et days and . 
undereatiplate (O-tq).l. on clear daya. Sinee such days are a·minority 

in any month the regional equations give' reliab1e 5 -day e stimates of 

(Q+qH '. '~ 
.. ...'.J . ' 

r 
On ,comparison with other research. Penman H9pZ) suggested ,(Q+qH 

-

-='l( .18 + O. 55W) for S. E. Engla~,d;. equatlOn 4-Z11 18 justified for 
, 

On an overcast day"'when n = 0, then (Qfq).L = 0.18 Q in S. E. 
o 

England and (Q-tqH ,= O. 35 Q in Guyana: However, the direct path 
o 

o 

length for inc:omi~g solar radiation is far gr~ater in mid~la'titudes than' 

'" in tpe. tropics and the a coefH.ient must inçrease towards Low La,titudes. 

'. The fraction of extraterrestrial. radiation reachipg' the surface: does 

not ~i~ply depènd ôri the dU~f cloud 'cover but als~ 'on clbud type, . ~ 

cloud thickness. cloud drop size distribution!' and atmospheric moisturp( 

Atm<?spheric air has 1ligh ·relative humidity behind distUJrbances sin.ce·, 

it is. rising (Ri~!tl. -J.959h and {~U is much, reduced for. t;n0derate 
,"" (~ , • .. 4. 

, , 
c 

.. . ' 
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cloud cover. Ahead of disturbances, the at!'l0sphere is dry since it 

is descending so that (Qi(d4 is .less reduced for moderate cloud cover 

as c.ompared to the. pr~viou,s case. There seems to be two famines of. 
, ' 

cloud - solar radiation )~haracteristics ..vh~ch should require two regres-

1 f' , 
sion equations. This phenom~non can be noticed in the monthly regres-

'" . ... ~ , 
sion figures (4-6, 4-10, 4-11)' where sorne of the regr~ssion Unes. actù-. ~ -

" t;' 
':'all.y p'ass between two groups of points. With è:iisturbances ente ring ~: _ 

Q 

Guyana every 5 -6 days, these two- effeCi:ts will, on the whole, cancel 

each other. 

" 
On a' c1ear' day with n = 10 hOUTS, (Qiq)" is 600-700 ly,/day. On a 

cloudy day with n;: 3 hours, (Q+qH is 200 - 450 ly./day 'depending o~· 

whether it i5 clear at mornirlg or midday hours.: Conseque~tly the 

time of occurrence of bright sunshine d~e s not affect (QiqU when;ll 
~ 

is large, since brigh~ sunshine occurs during most bf the daytime 
o • , . 

:. , 
hours, but does aff~~~ .. (Q1q)! when n is s,m,all. (QtqH' is more C'fri-, 

.. \.\---

able for small n than \for large n as eketched in figure 4-14a. This 

i 
" . ' 

effect in combination wit~ the synopti<~' effect described in the previous pa-·. 

rà.graph produces two regression lin~s that intercept at high n vaLue's . 
is iLlustrated in figure 4 -l4b which i8 based on April 1912. for the -Botanic Gardells, -, 

'4 

~ , . . 
4. 6 Actual Evapotranspiration and: the Wate,r Balance i' 6 . 

The evaluation of EP i8 the' first step' towards the ~valua:t~on o'r 'thè . , 

• 1 01. ~ 

As the- second 8tep, Budyko (1956~)i ~ 
.> ~ .. - ~ .-, .. 

actual evapqtranspiration (EA). 

.... ,. 
\fÎt { 

t ... -
" . ~ • 

" 
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~sltimat~i EA' ove~ lar'ger area~ o~ a continental scale. 

.... :~sture }or evap6transpiration come.s from the root zone and 

-. 

.~ 

<, plants c~nnot utilise moisture below the roots since the upward vapour 

flux is .extremely ~mall (Kramer, 1949). Thornt~ité and Mather (1957) , 

o pr~~.ided tableror r~gh estimat,ion of root d.ep~h and moisture hoiding 

capacity. For ~resent study ~hese are adju~ted by the use- of soil 

\ 

. . 
'" profil~~ and root depths from the FAO soil sur,vey of ,Guyana (1966), as 

1 

shown in table 4-3. 

Below the permanent wilting point (PWP):: soil moistur,e is held 

so tightly.bY the soil particles that it is llnavailable for evapot,ranspira­

tion. The PWP varies with soil texture and May be 3 percent of 
, . 

moisture holding capa.city for sandy soil or 30 percent for clay soil 
'" • J' • , • 

. (Chang. 19'6~ p 198). Jn Gdyana, lO',~l, and 8 percent are us~d for 

clay. fine sand. and coarse sand' respectively. 

, yiehmeyer ~nd Hendrickson proposed that EA = EP until the wilting 

po~t is reached but Thornthwaite a~ "Mather (1955) proposed EA'/EP 
" ~ 

.. is li~earlt.Pendent o~ soil ,,:ois;ure.c~tent. Other workers (pi?rce. 

1958 and olmes, 1961) suggested i1 compromise between the two ex- . ,. 

tremes. However, Baier (1969) found close agreement between esti~ 
[, .J' Q • 

mët:ted an,d measured soil rnoisture content ~y using Thornthwaite's 

relation. In view of such unresolved disagreement both Thortlthwaite's " 
, 

and Holmes' s proposals were t~ied ID Guyana, without significant effects 
, .• • - 1 

o ~ 

on the monthly EA amounts. For Guyana sail types; EA = EP when' 
~ ~ 

soil moisturê co~ above 70, 80, 90 percent 'of field capacity for 

clay~ fine sand, 'and coarse sand respectively: •. These figures are 
f 

1 based on Holme's drying 'curve. ~or Iwhich h~ remarked that 'EA '=EP 

over a large part of the available moislure range on the heavie'r soil. 
"- • 

. " ( 
" . 

'. 
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Table 4-3 Plant-water characteristics of soil at the 
Bdtanic Gardens. Ebini, and St., Ignatius. 

.. 

Station Botanic Gardens Ebini St. Ignatius , 

Vegeta'tioR Grass Grass Bunch Grass 

Soil Clay Coàrse Sand Fine Sand 
~ 

Root Oepth . 4.2 4.0 5.0 
• 

6. 0"'1 FC· 10.0" 5.0" 

~ ~ 70% 900/0 80% . 

PWP 200/0 8% vI2% 

'\ 

o 

~Fig.,4-I5 Drying Gurves 

AE 
PE 

. ' 

Soil Moisture Content (~) 

'. 

,A = Budyko 
B = Thornthwaite 
<1 =Baie~ -
D =Holmes , 

", 

1 1 • 

, . 

;~ 

, . 
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but for coarse sand EA feU short of EP early in the drying cycle. 

Dienmead and Shaw (1962) caütioned that under high EP rates EA feU 
\ 

short of EP at soil moisture content close to field capacity. but at 
• 

low EP rates EA = EP close to the wilting point; this view has re­
J 

\ 

.. 

cently been supported by Linacre (1973). ~ 

Between the two extremes of 10w and high soû moisture content, 

B~dyko (1~56) used a linear relationship while H~lmes (1961) use~ an" .. 
exponential decrease shown in figure 4-15. Holmes (1961) found that 

1 

th~. exponentiél;l.drying curve is a "considera~le imprbv~ment over 

Thornthw~ite 's method to estimate soil moisture statua in Ottawa, " 
. 

but Bélier (1969) found that his linear relationship, also for Ottawa, 

,"gave results clos-ely related to obsirvations" as opposed 'to the ex­

ponential drying curve. Thornthwaite' s relation is quite simifar to 
1 

Baier's, white Budyko'.s relation is similar to that Ijecommended by 

Linacre. Thornthwaite's and Budyko 's relationships are adopted here 
, 

sinee both have been used successfully for worldwide estimates of EA. 

1 

The Water Balance: Thornthwaite and ~ather f1957) have pro-
. 

posed a scheme to estimate the components of the water balance. This 

scheme is used here, but with the adjustment that monthly runoff is 

-approximately 0.7 times the surplus wate'r (Garnier, 1960). 
• 0 • 

Several assumptions are, made in !lie water balance. There is no 
-, 

soil moisture storage un1ess rainfall exceeds EP. and no surplus water 

uhless soil moisture content is at field capacitY. Budyko (quoted b~ 
'\ 

• J ' 
Sellers, 1961-), however, assumec:l that surplus, S, is proportional to 

. f Il cl'1' t h S -EO. 8R) R W , l'am a , R, an, l!01 mOlsture con ent, w, w ere - EPOfR w
FC 

. 

This re1ationship h' not used' here for there is uncertainty in the co-

V . 
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efficient O. 8. Subsurface and surf'ace runoU are not' separated. 
J , 

,Seventy percent of monthty surplus water runs off w~ile 30 percent 

ls kept as ground water 
1 

storage (Gal'nier, 1960), No consideration 

has been given to Lateral or horizontal flow of water whiC}i' is certainly 

important along the' coastland that is below the level of the interior 

water table. EvaporaÙon from soil and transpiration of plan~ 'are 

treated as one processj this is acceptable for grass completely 

covering the surface. Interception of rainfall is not considered since 

aU intercepted water eventuallyevaporatesj b'ut interception does in-

crease the storage. The water stored in the Htter layel! is included 

in the total moisture holding capacity. 

The water balance is determined here because EA and the water 

balance are interactive processes, and neither can be estimated in-

-dependently using mere climatological data. The uncertainty of EP 

estimates i~ Guy'âna has been a s~~iousJ obstacle in assessments of 
. 

the water balance. and it is demonstrated' here that this obstacle is - , 

removed~ It is now possible to obtain the wat~r balance of Guyana, 

using climatological data. This tec,hnique has been advocated by 

Thornthwaitej recently Lee (1972) used "readilyavailable basic meteo-

rological data as input for water balance calculations" over a water-

shed and concluded that these data were more representative than , , 

the available hydrological parameters. 

l 
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CHAPTER FIVE 

COMPARISON OF POTENTIAL EVAPOTRANSPIRATION. METHODS 

1 • 
The' results of several evapotranspiration methods a~e presented 

in this chapter: penman method denoted hy EP was used as control. 
l 

However, Rn could not .bel measured for more than fifteen days and was 

therefore estimated from (Q+qH, The regional 8e~i-empirical energy 
. 

budget formula is denote~ by EPsemi and the general semi-empirical 

energy b~dget equation by EPg"y. Pan coefficient 7fers to'~aHo 
~ of potential evapotranspiration/pan. evaporation and is not exactly the 

"i - • 

samt: as the" ratio ~potential evaporation/pan evaporation. The .actual 

ev~p·oh:anspiration. EA, was obt~ined from the water balance. 

5.1 Potential Evapotranspiration at Botanic/Gardens 

Penman: The highest' daily EP in 197Z was 0.31 inch. Daily EP 
\ \ 

rarely exceeded O. 25 inch or feU below O. 05 inch. To be precise, 

EP e~ceeded o.. 25 ~ch on, 21 days i'; 197 2 ,a~d was ,1es's than O. 05 &nch 

'. r on 16 days. Extreme vall,1es occurred 10 percent of the year. 

It shôuld npt be thought that EP is always uniform in th~ tropics, 

for dJ:amatic daily and seàsonal changes t In May 1972" ,the 
'" 

wettest month of the year," Cive cycles - f daily EP cal)- ,be detected in . , 

fig'ure 5-1a: Six .distur.ba~ces pas$ed yer the Bbtanic·Gardens re-' 

ducing incoming radiation, temperature, wind spee~. and vapour pres-
1 

sure deficit; EP was àccordingly reduc~d. Between disturbances 

the, reveI:se climatological effects viere felt, including high EP. tIn 
, Q .' 

... 

September. the driest Qmonth of 197.2, intense disturbances were absent, 

and ÈP remadd ~igh but, nevèrthel'esl, five or six cycles c~n be 

b~rely .detected. 

-• 
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Fig. 5-1 

0.3 

- O.\l • .:: . .... -Pt 
0.1 W 

0 

o. 

- o . • oS -Pt 
.W 

0 

_1.5 

- 1.0 
• ~ .... -'" 0.5 
~ 

-, 

" 
7.0 

, . 
6.0 

5.0 

'" , 
Pot~ntial evapotranspiration' at -the Botanic Gardens in 1972 
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Tùl. 5-1 W..w, EP at u.. Botaaic 0&",_. '"Ill JUII&", l'U lo ".b .. I&&., 191J • 

C, 

, 

t 

J ÎI .. A .. J J rv. S 0 N D J r 1911 ':r01' AL 
EP '.54 5.54 1.51 5.n 4.41 4.16 5.99 S:t 6 •• S.,. 1ft. 91 (S. 19 j(f. Il 15.51) 64.46 15.'4 
EP •• aal 4.16 S • ., 5.55 5. l' 4.80 4.11 5.U 6. 6.'4 6.11 5.15 5.U 5.'1 5.64 66.Z4 11. Il 
E"II' 4.65 5.41 5."1 5.11 .:15 4." 5.61 6.16 6". O'J 6,U 4.91 5.01 5,10 5.46 64.11 15.U 
E~ 4.YS '.15 S." 5.11 .... 1 4.4) 5.09 6.45 6.75 '.n 4.90 5: 10 5.94 6.0' .,.00 11. O~~ 
J:A 4.54 5.40 5.57 4,55 4."" 4.'5 .5." 5.58 5.56 J.14 4.91 5.19 4.'7 1. 'lS 59.'" 61.15 
1. Z6 EQ 4 .... 5.51 5.50 5.46 4.11 5.]1 6. sa .... 10 6.15 6.U . 
1.19 EQ . 4.18 S.U 5.19 5.15 4.45 5.04 6.16 5.16 6.n 5.91 
E .... ].1. 4.'- 4.91 ..5' 1.'] 4.44 5.4T 5.11 5.7" 5.U 4.31 •. 56 .... 1 4.48 56.86 ";15 
~ .. , .65 ... .66 .n .54 .41 .51 .51 .66 .15 .60 .61 1.00 1:09 7.60 9.69 
Ead,/EP .14 .16 .U .14 .U .09 .09 .10 .10 .U .U .U .n 1 .ZO .U .U 
EA/EP 1.00 0.91 1.00 0.16 1.00 ".00 1.00 O.,. 0.11 0.51 1.00 1.00 0.14 0.4' 0.9] .90 
EPIE,.. .,6 1.0' .9' 1.04 1~00 1.10 1.11 .11 .'5 .n 1.00 . ., .91 .U ,,"00 .99 

'" "19 ... EP/EQ I.U 1.14 1.24 1. ZO 1.15 1.16 1. l'l 1. II 1.19 (1. 19) 
l.~EQ/EP 1. OZ 1.01 .99 1.0] 1.05 1.10 1.09 1.07 1.01 1.05 (1.05) 
1. 19EQ/I:P .96 .'5 :91 .91 1.00 1.04 1.~) 1. 01 1.01 .99 '. , (0.99) 
EP •• lIli/EP 1.05 1.01 1.00 1.01 1.07 .91 .'7 l.ll .99 1.07 ~01) 
E""7/ EP 1.OZ o.tia 0.91 .99 1.06 .96 .'4 1.oa .'5 1.OZ (l.oo) 1 
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In figure 5 -lb five -day totals, hiding the five day cycles, show 

'--'abrupt seasonal change 8 with the onlet of the wet .easonl in mid -April 

and late October. The wet seasons of 197 Z began abruptly with a sudden 

drop in EP, in contrast to the gradual change from wet' to dry s~ason 

with. constantly increasing EP in January.!.February and June -Ju'ty. When 
~, 

the' rains beian. the soil and air changed from dry to humid but. with 

the- ces sation' of the rainy seasJn. the Isoil remained moist for some Ume 

afterwards a'nd' the upward vapour flux kept the boundary layer hu'mid. 

The monthly totah. shown in figure 5-lc, indicate two seasonàl cy-
~ , 

etes of EP over the year. Monthly EP was approximately 5.5 inches 

in the firat dry season. 6. Z inches in the second dry season. and 4. 7~ 

inches in the wet seasons. The second dry season was undoubtedly 

drier than the first both in terms of its longer duration and its highèr 

EP rate. 

Table 5 -1 shows the contribution of the aerodynamic term, Eady, 

ta the monthly EP aniounts. In the dry seaeons, Eady ~ O~ 70 inch per 

month, an~ in the wet seasons Eady ::: O. 50 ~ch per ~onth. Maximum 

daily Eady = O. 05 inch on a few windy days in February. Because of 

the very high EP in the second dry season, tlle ratio Eady/EP has only 

one cycle per annum. That h. EadylEP::::: 16 percent in the firet dry 

season and Eady lEP:::; 10 -l-2 percent over the) rest of the year. To 

explain the fact df only one cycle, it should be stressed that EP is 

mainly a; function of radiation white Eady le a funcUon of wind run and 
( 

vapour pressure deficit. Therefore ~ 

~pty _ f ( wind run, vapo~r pre.sure deficit) 
- radiàhon { 

As incoming radiation incre,a.e. toward.' the dry sea.on • .....-so doe. the 

,vapour pressure deficit. Consequently. E.,dy/EP i. mainlya func:tion 
v 

1 . 
" . , 1 
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of wind run, as verified in figure 5 - 2a. Figure 3 -5a and tab.,le 5-1 

als? verity one cycle of .Jtnd run and E~dy/EP over . the year. In con-
l 1 

clusion, Erad contributed 83 r-90 percent towards EP at the Botanic 

Gardens. 

When 8 a. m. relative humidityand temperature were assumed as 
• 

mean daily values in Penman's equation, the monthly EP was under-
1 • 

estimated by O. 20 inch in dry months and 0.14 inch in wet months. The , ~ 

total annual underestimation was 1. 90 inches. or 3.2 percent. There-

fore, ?lt coastal climatological stations taking one daily 8 a. m. obser-

vation, the readings are sufficient for EP computations. 

, 
Evapotranspirometer: The evapotranspirorneters functioned unre-

liably over most of the period of operation. The July-August data 

were disregarded since 'the soil had not full.y settled and the grass had 

not reached the sarne maturity aB that of-the s-irlloundings. Measure-

m.ents were lower than computed EP values. as in late August (Bee 
f 

figure 5 -lb). The October period was the driest part of the year and 
f 

m.easurements were 13 percent bighér than the computed EP. The .. 
late October - mid-November period was the OJ1set of the second wet 

season, producing overflowing of the evapo~ransp~rometers. The 

January-February data are not available. 

period 
13 Aug. -21 Oct. 
11 Nov. -31 Dec. 

Total 

No. of da s 
70 
51 

121 

{ 

EP 
14. 07" 
8. 64" 

22.71" 

Best agreement an~ best EP conditions were obtained after the 

end of the wei seasons, in September with 4 percer:'t overestimatiOll 

and in rnid-November to rnid-Dec~mber with 6 percent ..underestimatibn. 

~'. 
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f 
. when heavy rainfaU and pry conditions were absent but the soil was 

still near to field cétrpacity. During the August-December periode ex­

cluding the late-October to mid-November rainy period, measurernents 

over 1~1 daye were '6 percent higher than computed EP. Since this 

period included dry conditions in early-October. it can be asaumed 

that the computed EP was near to the true values. 

Unfortunately, the evapotranspirorneters cannot measure EP with. 

sufficient accuracy over 5-day periods {or the immediate requirements 

in Guyana. Monthly measurements should be ac;cepted with caution and, 
\ , 

for example, measurernents over 'Oecember were 0.6 inch or Il per-

cent below computad Ep because 3.1) inches of rain feU during the last 

three days of November. Lineley (195-8) recommended that evapotrans-

pirometer resul-ts should not ~e employed in water-resources surv~y 

unless the results had been cornpared with estimates of EP ~y some 

other inde pendent rnethod. The evapotranspirometer results Cannot be 

used as control. 

, 
Semi-empirical formulae: The regional semi-empirical formula, 

denoted by EPsemi in table 5-1 and figure 5 -le. overestimated EP by 

""-
an average of 3 percent d'uring the Janù;l.ry-October period. This, 

howe.ver. is acceptable. Large ov~restimai:el. ~spec.ially in the wet 

months (January. May, Octobér, and August). wen attributed to in-

tense disturbances that drastically reduëed incoming shortwave radia-
'\. 

tion; but the EPsemi formula cannot be adjusted to eetimate accurately 

EP on overcast days without affecting EP on moderately cloudr daye. 

For theo other monthe during the January':October period. rnonthly_ , 
EPeemi were witbin'l-l percent of monthly EP. Five-day totale o( .. 
EPeemi. denoted by dot. in figure 5 -lb. we re euffic'iently nea~~-.. . , . 

• .. 
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" ~ 
day totale of EP to recommenp. u'se. At Low EP .rate.' howeve'r. 

EPeemi overestimated by about 15 -20 percent over tive-day periods. 

"\ c 

The general semi-empiricaL equation. EPguy in table 5 -1 and figu~e 1 

5-1~'mproved the, ann~al estimation of EP because it underestimated 

by 4 P c t in dry monthe and overestimated by 4 percent in wet months. 
, , 

EPguy erefore just as' good as EPsemi. even o~er five -day periode. 

• 

Equili rium model: .Since Eady QIlly contributed 13 perc~nt to the 

total EP. net radiation could be used to estimate evaRotranspiration or 

equilibrium evapotranspiration. EQ must be increased byat least 13 

percent in order to equal EP. Table 5-1 shows that the monthly Cl 

varied betw'een 1.15 to 1. 24 with a 10 month average of ëï :: 1. 19. There 

was no systematic variatio~ with the seasons. It seems that Ci < 1. Z6 

in a hùmid climate. 

As described in section 2-7 and equation' Z-37. Cl = f(Eady/EP) . 

• 
It'was just ,shown that Eady/EP == f(wind run). Therefore. Q == f(wind 

run) and this is. verified in figur~ 5~Zb where Q = 1. 04 + 0.0Q>ZZ3 U Z' . 

with il high correlation of 0.93. From figure 3-5a and table 5-1. 

hi~heltt wind run and Q occur in February whUe 10west values occur 
1 

in June. . Too examiné what· this implies, note that the synoptic. scale .. 
• 0 1 ~ ... 

circulation controls the incoming solar radiation whieh determines th. 

dry bulb temperiture and, therefore, the vapour p~e •• ure deficit seeing 

that~ the actual vapour pressure chang~., little' from day to day. 'The 
, .{ ~ 

synoptic scale circulation controle tbe day to day changel of wind r~n 

. " wlii1e the large Icalé' circulatioD cQJ1troh the .ea.o~al chanle. of 
'\ 

wind run. Coneequently, incomioa 801ar radiation can be u.ecl.~o detel'- . . .. 
, 

1 
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rpine EP provided the influence. of the 'large scale circulation on wind 

run are taken in~o account. 0 

. However, monthly a had a Mean deviation of ()OZ4 and the use of. 

a = ,1.19. underestimated EP by 1 percent. U si~mid-là.titude value! 

of Q = 1. Z6 gave a 5 percent ov~restilllation of EP, which' ia an ac - .. . 
o ' . 

ceptable error. The equilibrium model Ja.n be used confidentlyat the 

coastal region, and i0J: parUcul~rly attractive since only air temper~ . . . , 

ature and (Q+qU from the actinog,rapb. ar~ required. The model .. 

cano therefore, be used in~wet fonditions, provided the coefficient a 
, '", 

is less than 1. ~6. 

, 
Pan Eva'!oration: ~Cie;ts to e,timate la~e evaporation in 

Guyana cannot be determined 'nere; the pan coefficient as u8ed in the . ... 
present study i's the rat~o of potential evapotranspiration over pan evap-

oration. 

The corrections for heat advection àtrÔ~gh the side;a of the class . 

'A' pan were usually less than 10.03 inch per day, since the mean sur-

face ;,.rater temperature was slightly higher' than Mean air temperature. 

Kohler (1955) stated that some incoming radiation il u.ed to Vlarm a 

lake to considerable deptha and ia not immediate~ availabte for evap-

o oration. Therefore lake evaporation ahould 'be les. than pan evapora-

tion. ln the tropics, with amall sea80nal temperatare va:riations. the 
. \ 

heat storage of laItes ahould vary'little over the year and pan coeffi-

dent mu.t be higher than that in mid-latitude •. 
\ 
\ 

At the Botanic Garden. the pan coefficient i. 1.00. Monthly pan 

evaporation and montbly PJn coefficient. are liven in table 5 -1. In 

the wet ,ea.on. pan coefficienU were ulually Ireater tban 1. 00 and in . . , 
- . 

, '. 

.. 
1 
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the dry .. seasons they were less than 0.98. The use of the mean' annual' 

Pél:~ coefficient can estimate daily EP with good the coalJrt- , 

land.-

p- ." 

The Water Balarice for Bota(1ic Gardens: The water balance was , 

c6mputed .on a day-~o-day basis and the total monthly comp<?nents of 

the wâte~ balance are give~ in ta~le 5-2 :;;land Ugur~ 5 -3. The éompu­

" tations began in June 1971. while' E:P aft~ October 1972 was obtained 

from EPsemi. , 

Rainfall was the Q most variabl, quantity in the. water balance. In 
" . 

the driest' month at least hal! the plant water requirement.s were sat~lI-
• 

fied; . flood~ caused many problems in.1972 but l not in 1973. Forty-five 

percent. o~ anilual' rainfaU occurred' in the long wet season of April -

. June and a lar~e fraction of wet sea~on rainfall did not remain in the 

soil. Th~ second wet season began unusually early in 1972, on 27 Oc~ober, 

but ended quickly in mid-Décember. January 1973, with 2.16 inehes of . . 

rainfall. was far driex: than Ja~uary 1~7 2 so thaï the first dry season ( 

of 19~3 was exeeedingly dry~ The second dry season ended with a long 
1 • 

, dry spell o~ 55' ~ays U~at reforded. ·Z. 66 inche' of rainfall, which was 
o 0 

8 inches short 0 of EP. The high annual rainfall of 105.71 inches in 1972, 

nearly twice· the anfu.ta1 EP. did not pr~vent à Ions dry °period of 55 days . 
. 

EP has been described above in detail. The seasonal variation of 

EP was far le,ss variable than rainfall, sinee EP stayed witbin 4-6 
, 

inch~s per month. J::,ow EP in rainy months and high EP in dry months , ~ 

are ~he restrictions ~o plarlt ~rowth imposed byatrnospheric processes 

producing heat and precipitation. 

Soil moisture storage· is 10.0 ioches and remained above 70 percent 

• 
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Fig. 5-3 Water ba1a~ce at the Botanic Gardena (rom 
J~. 1972 to Feb. 1973 
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ffrom Januar'Y-August 197Z when evapotr~1t8piration proceeded at the 

" , 
pote nUaI rate. Soil moistul'e content (SMC) 'above .field 'capacity (FC) 

.. , 
poses a danger to agriculture .. Floods along the coa,,~al region depend 

. 
on dra4nage, tides, etc., but can only take place if the mO~8ture content 

~~,#J' 

exceeds FC and ü a heavy shower occurs aCter FC ia reached. The 
, 

table below shows the' number of Umes that Fe was exceeded tor 1-10 

çon8ecutiv~days in 197 Z. 

Consecutive. days 1 ,Z 3 4 5 6 7 8 9 10 -
No. of consecutlve 
days that FC W&S 7 3 3 1 Z 0 Z 1 0 0 . 
exceeded in 1972 1 

r, 

Most heavy showers in 197 Z temporarily raised the .moisture content 

ab~ve FC for one day, but floods ~ere likely ~n five occasi0rti. At the 

beginning of the first wet season, Z4 April - 1 May, heavy rainfall was 

~corded. This heavy rainfall raised SMC from 46 percent to 100 per-

cent; during t'those-- 7days,10.46 inchea"o{ rainfallwas recorded. 
1 

including 3.88 inches on Z9 April. Floods resulted. At th~ beginning .. 
of the sec'ond wet season, 9.16 inches was' recorded over the 7 day 

period Z7 October - Z November. SMC was raised from 60 percent 
'. . 

to Fe, but floods did Dot, occur altbough 3.60 inches feU on 1 day, 
1. • 

~ , 

, , since heavy rainfall ceased aftet: FC was reached. Therefore, rain(all 

d~ta by itaelf gave no idea of flood occurrences; Floods were a1so 

likely on t'Wo other occasions: May 21-Z5 with 9.03 inches. of rain 

. over 4 days after FC was reached, _and 8-1Z June. SMC, as detel."­
l' 

mined here, may not be precise but is undoubtedly, a useful hydrological 

and agricultural parameter. 

1972 was basicallya wet year at the Botanic Gardena, but plant, 

water requirements could 'not be satisfied in sorne months (Febrùa.~y, 

l, 1 

[ l 
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~pril, Septelllber, and October) when SMC feU below 70 percent. Tbe ., 
, most severe drought, 2 September - 26 October, rec~rded only 2.66 

inche's of rainfall over 55 days 80 that SMC fell to 36 percent - its 
. ",' 

lowest value in 1972. For successful rice cultivation the ideal weather 
1\ 

is heav'y ralnfall in April - 'August for good growth. and a dry ~eriod 

afterwar~s for harvesting. Therefor~. the September -October drought 

w.as acc~ptable for rice ,Cïltivation but r~/ther unsuitable for other 

. crops. The early beginning of th~ second wet season, however, des-

troyed rice crope that were not ha-rve$ted by October 27. 1972. 

CI ~n retrospect floode, rather than ~roughts, caused some problems in 

1972 but conditions were reversed in 1973. 
1 

Actual Evapotz;anspiration p:roceeded near to the EP rate for IDost· 

of the 
i, 

year since '\EA == 0.93 EP. Table 5-1~gives the monthly EA/EP 
Il 

ratio. Even in Dec~ber; with 3.53 inches of rainfall. EA/EP = 1.0 
, 

. . 
by the utilie).tion of soil moisture. However.r in April with 14.34 inches 

of, rainfall, EA/EP = 0.86, since the heavy rainEaU began towards the 

end of the month. 

The daily picture of EA was different. Figure 5 -la shows that ' 

EA=:EP throughout May. On the. first day of September 1.43 inch of 

.p. rainfaU. raised SMC to FC and. although litUe rain {eU during the rest 

of September, EA=E.P for two weeks afterwards. For the rest of 

September'. EP~ O.?2 inch per day but. SMC < 70 percent; therefore 

EP continued at a reduced rate. By the end of the first dry season 

EA :: 0.57 EP. but by the end of the second dry season EA = 0~47 EP. 

Moisture deficit' was 4.71 inches in 1972. in spite of the large 

surplus watei' of 48. ~l. ~ches. Oct.ober expet:~nced the large.t, 

• 
J -1. : _~ 
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deficit of 2.85 inches. The next year began. differently with ,little 

rainfall in January and February 1973. While little or no deficit· oc-
1 

curred in January - February 1972, a substantial deficit was' experi-

enced in the same period of the following year. The earlier half of 

" 1973 was a severe drought in Guyana, and also in Many parts of tropi ... 

cal Africa and Asia .. 

, > 

5. 2 Potential Evapotranspiration at Ebini 

~enman: Table 5.3 shows the mo~thly EP from'August 1972 -

Februâry 1973, using penman"s formula. Because of the close similarity 
~ 

of EP and EPsemi, the latter will be used ta analyse potential evapo-

transpiration at Ebini in early 1972. Ebini had al>proximately the same 

total annuàl EP as the Botanic Gar'dens, but in the 'fii- st half of 1972 EP 

was léss at Ebini and was more in the later half of 1972. Ebini did 
/ 

not experience 2 seasonal cycles of EP - a fact which can be inferred 

from the' bright 8'inshine data in Figure 3 -6b. The first dry season, 

apparently, was very mild over the forest region. 

Five -day totals in figure 5 -4b show the seasonal changes which . 
occurred. Although the beginning and the ending of the first wet season 

were quite, graduaI, 'tbere was a sbarp drop 'of EP in Noyembe~ as the 

ITCZ passed over Ebini. Variatiçms of EP due to synoptic disturbances 
f 

were smaller at Ebini, figure 5-4a. ln the wet ~easont daily EP 'was 

less tha~ O. 20 inch but greater than O. 20 inch in the dry season. The 1 1-

variations are less at Ebini bec~use, between disturbances, there is 

reduc-e,d cloud ,caver over oceanic and coasta1 areas, but over continen-

ta1 areas con~ective clouds due. to heating are always present. Thu8~ 

EP is not considerably iincreased .. 

., 
" 
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The, aerodynamic te.rm, Eady, acco'unted for 0.50 inch of evapo-

transpiration per month in the early half of 1972, and 1. 00 inch per 

month during the long dry séason. However, the ratio Eady/EP, being 
~ 

8-10 percent in the wet seasons and 13-15 percent- in the dry seasons, 

did not have 2 cycles as in the case of Eady. Higher ·contributi'on 
, 

from Eady is to be anticipated at Ebini where it is usually very hot 
. . 

during the day. However, Eady was low'er at Èbini than at the Botanic 

Gardens as a combined effeèt of lower wind ru'ri and fogs or high 

humidity from 6 pm to 9 am. Eady was negligible at nights. In figure 
f 

5-5a, a linear relationship is a1so noticed betweel'l wind run and Eady/EP. 

EPsemi: EP,%emi gave monthly value~ to within ! 4 percent of EP " 

with a mean error of one percent. Therefore, EPsemi should be near 

to the' true EP during the early part of 1972. The f.ive-day Jll'ean, EP-
o 

semi show good agreement with EP in figure 5 -4b. 

However, the general semi-ernpirica1 fo~rmù1a co~sistent1y under-

estimated EP by about 9 percent. The underlying cause for this was 
\Y 

that the general equationA-29 overestimated'jRnl and so reduced EP. , 
lrufigure 4-12b, the Ebini points do not predominate and equation 4-28 

for Rnl gives no consideration to the low Rnl a1: Ebini. Consequently, 

the general equation cannot be used over the forest region: 

Evapotranspirolneters: Measured values -of EP .exceeded 10.0 inches 

per month •. The observer had killed the evapotranspirometer .grass by 
1 

applying excess fertilizer . 
. ' 

, " 
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Fil_ 5-4 Potential evapotran.piratioD at Eblni ln 1972. 

(a) DaUy EP 

.. 

'\ (b) Five-day total EP from Jan. 197 Z - Feb. 1913 
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Eady and 0. as functions of mean wind run 
at Ebini 

(a) Eady/EP as a function of monthly 
mean wind run 
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.!" 'e Equilibriurn Model: The model overe8.timat~d EP by about 4 percent . 
when • = 1. Z6. This is an acceptable error. However, the computed 

coefficient is 1. ZZ and is based on 6 months data shown in table 5-3. , 

Using Q = 1. Z2 gave good 'five-day estimates of EP. Once again the 

monthly meap Q h related ·to wind run, as shown in figure 5-5b. 

In section 2-7, the equilibrium model wae p,roposed for estimating 
1 

EP over foreste. It was just shown tbat the model indeed gave goad \l 

estimates of five-day EP à,nd is therefore reco~mendeJ In figure 
- c" 

4-9b it was shown that (O+q)'" at Ebini can be reasonably estimafed 

, :,.~ Îrom bright. sunshin'e data-; Therefore, Rn '=an be reasona.bly estimated 

from bright sunsh~ne. When actinograph data are not ,available. then 

EQ and EP can be estimated from bright .sunshine an~ dry bulb tem-

perature. However. it may be necessary to improve the Rn v (Qfq).J. , 

relationship by t~king some radiation measurements over the {orest 

rather that above the Ebini climatological station. 

Pan Evaporation: 'Du ring the fir st half of 197 Z, pan evaporation re­

mained within 5 -6 inches but increased to 8.9 inches by October. The 
~ 

high dry season evaporation was not due to high advected energy from, 

air to pan. since corrections for this averaged 0.01 inch per day with 
• 1 

a maximum correction,O. OZ inch. Pan coefficients vary.between 0.73 
.... f ~, 

to O. 89 with an annual mean value of O. 81. The use of a mean coefficient 

of 0.81 throughout the year gave an Wlderestimation of EP in the wet 

seasons and an overestimation in the dry eeaeon. 

It ~,. rernarked in section 4-4 tbat the semi-empirical energy 

budget equation ~ay on1y be valid for dry mouthe. However two inde­

pendeo.t estirnatee of EP. namely EPeemi and 0.81 Epan. gave monthly 

, , . 
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values that are within 4 percent of each other during the early h:alf 

. 
of 197 Z as shown in figure 5 -4c. The monthly EPsemi and 0.81 Epan 

, 0 . 
values were also well below the September - October EP é\mounts: 

Therefore EPsemi did not overestirnate EP in wet months ~as -W&S feared. 

Water Balance at Ebini; The water balanc~ at Ebin'i is given in 

table 5 -4 and i~strated in figure 5 -6. Th~ annual rainfall, 20 inches 

in exces's of 6 .. was well distributed throughout the year aince the 

wet months received 7 -13 inches of rain. . The '\Net. seasons began and 

ended gradually. unlike the abrupt beginning at the coastal and sava!îah 
-. ~ '. r, 

regions. 'The second wet season of 1972 "as barely noticeable, so that 
J • 

a serious drought took place in early 1973. The ground was parched 
~ 

dry by the end of February 1973. 

The annual EP was 62. 89 inches. about Z inches lower than that 

of the Botanic Gardens. January and Fe-bruary 1973 recorded far 

higher EP than the corresponding months of the previous year. 

Ebini. being on high ground. did not experience floods but when 

FC was reached heavy rainfall and surface runoff from hilt's caused 

floods in nearby valleys and river areas. Most heavy rainfall in 1972 
, . 

temporarily raised SMC above FC for one or two days. Although 

floods were likely on several occasions. the heavy rainfall that occurred 

along the co&st1and or the savannahs did not prevail in the forest region. 

For example. daily rainfàll in 197Z exceeded 2.0 inches on 3 days a8 

compared to 11 days at the Botanic Gardens. Floods along the coast­

lahd were more often 'the reau1t of coastal hydrometeorological events. 

Unfortunately. the low moi8ture holding capacity of the .andy .oil . 
at Ebini favouted the exi.tence of drougbtl. Thes e were more severe 
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th an at the coa.Uand which ha.' a hi,h .oil moi.ture h.olding capacity. 

~ll that wa. nece_J'ary wal 2 month. of dry weather. al in September 

and October 19:' 2. SMC 'reach.ed 1,8 percent a. compared. to 41 percent­

at Botanic! Gardens over the sarne dry spoU. 'The .ocond wet loason, , 

being a month and a baH oarlier. relu1ted i~ an exceptionâUy dry per­

iod in 19"fl~;' 'SMC decrèa.ed to 20 percent by the,end of Ee~ruary 

cOrnpared to 60 p~ rcent a~ the Botanic Gardenl i . the' mO,ieture deficit 
, . , 

was ~. 64 inche .. in February. Bèc'ause root depth ie taken to be, 5. 0 

f~et. it ia poeeible that trees have 'accese te> moÏlt\à'e in deeper layera. 
1 , 

Further reae,.rch is needed to determine how foresta aurvive the ae-. ' 

vere drou.hta. Kramer (1949) repotted that as SMC ia reduced al thè 

,uPlier layera of the loil, the m~in roote groJN )iownward. towa.da higher 
~ 'V 

~~C àt a rate of 0.1-2.5 lnches per day, un'tU a deptli of 15-30 feet 
... 
is reached. 

.' Actua1 Evapotranspiration waa approximately O. ~ of the potential 
, f 

rate. EA == 0.97 ÉP in the ear1y hal! of 1972i trom a nelr potentia1 

rate in .July • EA decrea.aed to ,0.41 EP in October. ln Novemb~r. E~= 

EP but by February 1973. EA::O.31 EP. , 
. 

The annual EA of 1972 wa. 54.16 inche. when Budyko'. drying 

curve wa •. used. and wa. 53. 5'6 inc~e. by using Thornth.-aite'. dry~ng 

curve. The monthly EA are given bel~w: 

N D 1972 

EA(BUD) 4.3 4. 3 4.8 4. 7 4.9 4.8 5. 3 4.8 4.5 Z.7 4.8 4. 3 54. Z 

Thornthwaite t. relation overeltimated EA ln dry month. and undere.U­

m.ted EA ln wet month •• but the monthly dhcrepancie. were very 

.ma1l. The &DIlu.l EA wa. .ho Ule. •• me when ev.potr ...... pir.UoD . 

(, 
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• 
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wal allumed to proceed .... t the EP rate \Ultl~ wUtinl point wal reachedi .... 
ror EA =a EP durinl the wet 'rnonthl. whUe the totai' EA over the dry. 

i 

lealon W~I the lame lrrelpectlve oC the rate. at wh~ch it wal removed. 

When the rooto depth wa. inc~e.led to lÔ teet in the dry lealon., then ' 
..." '.. . 
E!\ wal the lame in.wet monthl but one to two inchel Ireater in Octo-. , ., --ber, January, and Febru':rYi the .nnual EA wal tour Inchea greater. 

Conl~quent1y, the rodt depth and the EA-,EP relationshtps had no e!fect " 

on 'the wet .ealon water balan~e, much effecta on the torelt survival, 

.ome efCectl on the dry season water balance, and 11tjle effect on the 

annual water balance. 
r 

.' 

Penman: EP was .(pproxirnat~ly 5-6 inchel in wet ~onth8 and 1-2-
. . ,. 

inchel in dry months. The Penman 'a method overestimates EP under. 
'" " 

no~ "potential evapotr~napiration conditionl i although incorni~g solar ,- ~ .... [ 

radia. on remain. unchanged, the surface tempe rature _ under non-EP ~ 

. .,ireater ~an that under· EP -[ondition, 1,0 that Rn il re;:· 

d~ced and s/(a+y) ïs increa.e4il. However, aince Erad produced the' 

aame contrffiution in aU pa~t. of the countty durina the dry monthl, 
( ." \ '- . 

thil disadvantage 9C Penman'I meUlod ie remov'ed at~St. la.natiu •. 

The high EP waa the relult of 1arle contribution rrom tady which . ~ 

la .een. in table S-S. to be 1.2 inche. in'wet month. and 3A) incbel 

iri dry monthl; 'the ratio Eady/EP beina 0.20 and 0.40 re.pectively. , 
\ 

The hiah E~dy wa. the relult of hiah wind run ~f zoo-ès milel per 

day 4nd 1arle vapour prellure deficit of 11-18 millibar •. 'Conlequently, 
, 

Eadywal nearly 3-4 timel the correlpondinl value. in other parta 

or the country, and wal an important contributio~ to hip EP. The 

, ! \, 
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strong and dry savannah. winds shou1d not be ignored in future agricu1-

tural projects utilising
l 

the abundant ground ~ater resources. It is an . 
~ impIota t cause of high EP and the savannah climate. 

T e daily EP in May ~showed Cive distinct cycles. 

va ri ons of daily EP we,re very great at St. Ignatius 

The wet season 

and the Botanic 

Gardens but not at Ebini. Each distu'rbance red'uced EP to about O. 10 • . 
~ch •. wind run to 10 miles per day, ~pour pressure deficit to 4 mb,_ 

, 
and Eady to 0.01 inch for 2-3 days. Net radiation increased between . 

disturbances. EP increased, wind 'run increased to 120 miles per day. 

vapou(pressure deficit incr~ased \to,1Q mb., a~d therefore Eady in-

creased to 0.05 inch. In the dry season, intense disturbances were 

a1?sent fro~ September to March.but sA cycles of EP were 

The period 26 October - 21 Nov/mber, of unique Meteor logical 
JI 

m1ierest. recorded 1. 45 inches -~f rainfall compared to 14 inch s at the 
. -..........-. 

Botanic Gardens and 8 incbes at Ebini. It .JDarked the initia _phase of 
\ • -, 1 

the Jecond wet season at the c;,e.astal and fore st. regions. Fr~m figure 

5 -7a. there is no question but that two intense disturban.ces p&ssed 
o i 

over St. Ignatius on 30 October and 2 November Bince EP, ,Eady, wind 
, ' ~~ L, 

run. and vapour pressure deficit d~creased markedly. Both distur--
f - . 

bances were responsible for very heavy rainfall at Botanic Gard-ens 
1 • ~ t~ ( ~ 

and ;Ebini but only, very ligb~ ra~all a~t., Ig~tius. Large cloud for-

mations passed over the Rupununi Savann s during the middle of the 

, ;' 1 \ \, • Q" 

long dry season.l. 
! , 

Five' day totais of EP are 'shown, in figU;l'e 5-1b and monthly totals 

in Cigu~e 5-7c . 
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Fig. 5-7 Potential evapotranspiration at St. 19natiu8 in 1972 

( ........ o. .. 
s= .'" 
~ O. 

o. 

_ O. 
ail 
d .... 
p; 
tq o. 

" 

-ail 

8 

,5 7 -Pt 
(Il 

6 

5 

(a) Daily EP 

... '-

, May 197Z 

1 .. 

\ 

- 27 Nov. 

1.', 

,1 '5 10 15 20 25 
'J 

(b) Five-day total EP from May 1972 - Feb~ 1973 

" 

, JU' if\ ... •. A J~.jkf.~· "/ 'VV V ' f ~ , 

(e) Monthly total EP'~fl'om May 1972 - Feb. 1973 
J O·" ..... 

... :~ ....... . 
... 
........ l 

\" " 
\.. ,' ..... . '. ' ..... .... 

~rl~ 

J FM A M J JAS O.'N D J F 

Î 
~ .. 

. ~-~ " ~_ <" ~_7 • \ \. 4. ",:( .. ~ .' ~:(;~ 

.. . 

1 - ... 
• EP •• ",' --....... . 

.i 

r 

.. 



t t ~~ \ 

116 

'\ 

\-

t 
" ,,\ . 

-
,',' Z F .. A- M J .J A S 0 N J) J F, WU trOTAL 

EP l' 1S.'5 1.U 1.45 (7. ;1' .... 34 1.67 ,:0. 1.5' - ~"""'fl EPM. , 5.53 6.U 5.96 1.,40 1.4' '.0' 1.1 1.41 1.U -'.49 (Il. 65' (91:'6 
16.05 ':t 

<g:,' '-, 
EPPy 5.50 6.31 1.50 (1.'. 1.11 1.5' 7.94 7.59 )., 

!:pu 10.15 10." 9." I.:s'll 1.66 1.15 1.'" l'O~06 JO. U'.45 10.61 10.11 11.11 Il.U lI6.15 3I.,6S 
0.11 Epua 1. Z'I 1.41 6.65 5.91 5.44 5.91 5.65 1.14 1.U 1.12 1.54 1.67 1.93 1.04 Il.40 9I.lT 
!:A- 5.15 5.56 5.51 5.11 3.97 1.11 1." 0.61 0.15 0.01 
1.16 EQ 15.53 6.45 6.60 (6. 59' 5.69 5.59 5.89 S.Ol 
EnI! 1t.61 5.39 5.50 (5.50 4.19 4.10 4.19 4.10 
Ea4y 1.49 ,1.63 Z.U 1.61 1.07 l.l5 1.Z. 1.11 1.95 1 •• ' 1.55 1.97 1.05 l.39 14.46 10.'0 
Ead,/EP O.ZO tt.I1 ~ •. I' 0.16 0.Z6 (0.31 0.35 0.39 0.)1 0.45 (0.30' 
h/EP :. 0.'4 0.13 0.53 O.U 0.18 0.01 0.01 0.00 
EP/J:paa ~. 1llD. 1f1j~. 14 0.11 0.69 (0.69 0.69 0.11 0.11 0:61 (0.11) L 

i. EP/~Q ~." 1.40_ 1.41 (1: SI) 1.61 1.15 1.'11 1.93 (1.59. 
EP ••• /EP , ~.Ol 1.01 1.01 (l.OZ 0.98 0.91 0.98 0.99 (1.00) 
Ept."/EP ~.Ol 1.0' 1.01 b.04 0.9' 0.91 1.00 1.00 (1.01) 
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't'able 5·' Watn balaac:. 0( St. II-.tba •• 1911 • 

"',}II A .. J 1 A S 0 N D J r T __ 'l'~ 

6.60 5.1' S.!Il 6.n 5.15 '.2) 
J 

' •• 5 T.9' .,.,. '.67 ,.,. '.59 1 •• ys'", •• 

•• ., T.65 (9.1' '.91 10." 6.51 2.56 0.10 '.N o •• 0.07 ••• ., .• ~ 49." 
J 

-Z.lI 1.80 4.Z. -Z.1. •• 6a -o. 65 -•• ., -'.ll -.. ,. -'.29 -'.11 . .,." 
-26.5' -Z.14 .... 65 -5.54 -U.65 .11.95-16.M -M.""".'" 

u 

2. 61 6.00 5.9~ 3." . ..51 Z."l 1.46 '.04 0.11 0 • .,4 '.U '.11 
'.94 '.12 -0.06 -Z.05 0.61 -1 • .0 -1.,U -0.42 -0.17 r.lZ -o.U ..... ~ 

2.55 1.69 5.51 6.0' S • ., 5.10 '.1' I.U '.Zl 0.50 o ... l •.• '''.sr JY." . 
•• 05 Z.16 0.0 0.19·, 0.02 1.51 1." .... 6.U 1.n 7.1S ".59 ".'1 ".61 • 
0.0 "0:'. •• 10 0.0 •• 01 Z." 0.0 0.0 0.0 0.0 0.0 '.0 Il.''' n.'" . 
0.0 0 •• 5 3.1. 0.94 S.14 Z.1l O.IS 0.2:5 O." •• OZ 0.01 •• 0 Il.'' 1I_'" 

• 

'. 

Water balance at' St. 19l1atius from 
Jan. 1972 - Feb. 1973 

• 

,. 

····-EP 
----EA 

.. 
- •• ~It'." 
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Evapotranspirometere: ln the Penman formula, Rn and Erad can 
u 

be estimated to within 10 percent at St. Ignatius. Howeve~. therr is 

a possibility that Eady was mùch too' high or too low, in which case EP 

would have had large errors of 10-lO percent .. The evapotranapirometers 

l ,werJ expected to give measurements of EP; ~d the penman meltbod 

must be near to those' measurements. However, the evapotranspiro-" . • 
metere we,re operated f~om Augu~ - Fe~ruary, which was' the long dry 

season. and meaturements exceeded 10 inches per month due to ,the <, 

\ oasis· effect. Evapotrartspirometél:' measurements taken by McCill in 

1965 wer~ S.1-5
l
4 inches in wet months and 9-18 ~nches ill"dry months. 

The wet season measurements in 1965 were of the sarhe magnitude aa 

wet season computed EPsemi in wet months of 197 Z (5.53 inches in May. 

and 6.00 inches in July)' Thereforé EPsemi or Eady are reli-

able in wet months. J '-

Frost (1967) conceded that the evapotranspir,ometers at St. Ignatius-
'" 

read " unduly high during the dry sea..son" ,and that :r:eadirigs from evapo-

transpirome,ters .have, therefore. to be used with considerable caution. Cl 

For his water balance. Frost used pan measurements instead of evapo-

transpirometer data. It will be shown later that very high EP errora 

in dry seasons make no dUference in EA estimates for water balance 

studies~ Howev~r, further research will be necessary to improve the 

Eady terni' at St. Ignatius. 

The uncertain~y of EP and EPsemi eatimatea during the dry aeaaon 

still re~ains but can be asses8ed ~y eomparison with the Ebini data. 
- t , 

ln dry monthe ~t St. Ignatius, EP < Epan(max) < It. 0 inehes, and EP> 

Erad> 5.0 inches. Therefore monthly EP ebC?uld be 5-11 inehee. Sinee 

pan coefficients decrea.sed from 1.0 at the coastl .. nd to 0:81 at Ebinf, 
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• 
th~n the pan coefficient at St. Ignatius ~ 0.81 and EP < 0.81 Epan(max) 

< 0.81 x' II inches < 8.9 inches. The penman method with EP ::: 1.75 
~..r ... Q 

inches in dry mOl).ths at St. Ignatius is 'n'Ut far trom the reàl villues . 

.... 
Semi-empirical formulae: EPse'mi estifnated monthly EP to within 

3 percent. Five-day, totai''s show good" agreement with the perlman 
'II 

method in figure 5 -7b. Table 5 -4 illustrates that EP~uy overestiniated 

" r ) 
EP by 2 eercent and was , therefore, just as good as the r~gional formula. 

Equilibrium Model: ln the event 'of a' large Eady contribution to EP. 

the equilibrium model vastly underestimated EP. as verified in ta~le 5-4. 
,-

Theoretically the model should not be applied ~nder dry conditions and 

cannotO be used in the Rupununi Savannhas. Mean a. varied between 

1.40 and 1. 93. which was far above 1. 2.6. 

l , 

Glass A Pan: Daily Mean air temperature at Z Metres j'Vas 
• 

1 

usually great~r than dail~ m~an panosurface t~mperature. resulting in 
" ~ 1 

air to pan heat transfer. Corrections for this process reduced pan , 
, . 

meansurements by 0.01 inch'in wet season, O. 02..!.0. 03 inch in August-

December. and 0.03-0.07 inch.in J~nu~ry - March., Corrections often 

reached 0.10 inch in the .January -- March period. having wi~ds ,of 2.00 '~ 
, 

miles per ._day or 8 miles per hoqr. However. such a mean -value did 
~ 0 

• 0 

• not reveal the high wind speeds during .g~sts 1 which must be far above 
, 1 

average daily val\ies: Certainly tbere must be splashing of waves on 

the sides of the pan with subsequent non-evaporative 1088 of water; , 

but no corrections were made for this. During the long, dry season " 
o 0 

birds. lizards, snakes, and rats probably consumed '\yater from the 
• 
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evaporatio~ pan, a1~ough a amall pond 20 feet away waa avaUable to 

the thir st y animals. 

SQC'pris'Ïngly, the 110-month Mean pan coefficient, ~. 71, fell close to 

that envisaged by Kohler (1955). Wet months had pan 'coefficients of 

0.72 - 0.80, but dry months had 0.66 -,0.71. 

The water balance at"St. Ignatius: The water balance cou14 only 

be evaluated by u,ing pan evaporation durmg the' early part of 1972, 

since bright sunshine data were absent. Pan evaporation are sometimes 
. 

indispensible. The water balance for the pre-wet season was ~not re-

liable as compared to the period durmg and after the wet season. 

Below average rainfall in June 1972 was the most~~nusual asp~ét 

of the water bal~'i' as shown in figure 5-8. JUl\e, the wette'St month. 

of the year. bas a 20-year. average rainfall of 15 inches. Considering 

. th.:: sporadic nature of the savannah rainfall. it was pos sible that one 

or two heavy showers misàed the raingauge. In spite Ok the" below 
" 

average rainfall of 1972. the regu1ar w~t season swamps were present. 

EA prellleeded close ,to the 'EP rate during the wet seël;son, even 

in July, and at a reduced rate during the dry seasons. Soil moisture 

was utijised for evapo~ranspiration for 2-3 monthe after the heavy 

. rains. By Decem,ber all available soil moisture was dèpleted. and 

EA = O •• ~ in February 1973: The possibilityof survival of forest veg­

etation is negligible. bearing in m'ind tbat all aV;l.ilable soil moiature­

was never totally depleted at Ebini or Botanic Gardéns. 

Since annual EP== 81.75 lnches > annual Rainfall :; 49.02 inches 
li l ' 

and annual Defitit = 44.1'8 inches > annual Surplus = ll. 10 incbe~, tben 
. 

the Rupununi Savannah i8 a natura1 climatic phenom-en~n The savannahs 

" 

. 
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north of Ebini cannot be a natural climatlc ' phenomel'D\ because EP= 
, 

62.89 inche. < RamfaU = 83.03 inche. while delicit ~ 8.74 inches < 
! 

surplus = 29.02 inchell. 

J F- M A M J J A S- 0 N D J F 1972 

1.5 0.5 2.2 3.5 5.4 5.6 5.5 5.3 4.0 1.3 0.6 0 .. 2 0.0 
a , 

1.7 37.0 
1.2 0.3 2.6 3.7 5.5 6°.0 5.8 5.7 3.'8 l.l 1.2 '0.5 0.1 0.0 37.6 

Using Thornth,,:,aîte ~s drying curve, EA wall reduced ~y 0.4 inch 

in wet montbs and increased by 0.2 inch in dry month8. The annual 

total EA' wa8 more or less unchanged -for, given enough" time, aU soil 
, ï> ' 

moisture is eventually depleted" irr~speetive of drymg curve. If EP ~ 61 

in dry month8 only were estimated with large' errors greater than 10 
_ 0 

percent, the total annual EA was. unehanged' and ~he water balance' was 
o 

not affected, sinee EA is very small in dry months. 

5.4 ' Conclusions 

The Equilibrium Model can be ~plied in a saturated atmosphere, . , 
or whell: the wet bulb depressio~ of the overlying air and the., surface 

c 

ha"le adjusted to one .another. Priestley and Taylor (19)72) found that 
"- . 

. EP= Q EQ where Q ~ 1. 26. Davles and Allen (191'3) éla..Ïmed Q' to be 

a function of soil moisture, while Rouse and Wilson (1972) found that . . 
the model was less applicable under very wet or very dry, conditions. " 

Tbe l"esults of tbis study: show that the model. ln fact, can be applied 
, 

under very wet conditlons' at' Botanie Ga~dens and El?ini provided Q < 

The model wàs treated in this study in terms of Us'" simplidty and 
Q 

gener~l appl~cation ra'th~r tban it. phy'siéai int~;pretation. This was 
o 

because it eliminated the ~eed of knowin" over a forel_t, tbe wind run 
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and the vapour pre88jlre deficit whieh were only re.ponaible for an 

annual averase oC 10 and lZ perèent of EP at Botanie Ciarden. and 
, 

Ebini. relpectively, The high contribution of Erad toward. EP méant 

that a knowledge of Erad alone was Adequate for esUmating EP with 

lufficie'nt accuracy, which increased if Erad and Eady vary tOlether, , . 
a8 seen in figure 5-9. In May, the w~ttelt month of 1972 -at Botanie 

. , 

Carden8, !igur~-9 Ihowi that (Q+q) ~, wind run and, vapour pres.ure 

der'icit aU increased and decrea.ed limultane~u8ly. The knowledge of· 

wind run and vapour pressure deficit were not absolutely essential fol' 

estimating EP within reasonable accuracy: Now 1 

_Erad + Eady 
- Er~d 

= 1 + ~ad~ ra 

, 

.' 

= 1 + f(wind r~n) f(vapour pressure d~fieit) 

f (r adiation) 

"-

ln a tropical humid climate where the actual vapour pressure has 

litUe variation, (Q-tq),J, determine8 the dry. bulb temperature and. 

therefore, the vapour pres&ure defieit. Consequently, (Qfq)-' and va-

pour pressure deficit are highly related as illu8trated in figure S-9 80 

that . 

,0. ~ 1 + constant . f(wind run) 

This can be verified from figure 5-2b and figure 5-5b. When wind run 

:: 0.0, then 0. :: 1. O. Sinee the "constant" was very small. variations 

of 0. were not very large although wind l'un varied from 20 to 100 

... • y 



mi~ea per day. As wind run decreaaad during diaturbancea, 0. = 1.10, 

but aa wind run increased ëluring diet~rbancelll, cl = 1. Z5. 

Althoug~ Erad varied by 90 p,rcent from the Mean' mo~ly value 
1 • 

in May at the Botanic Gardene, ae ehown in figure 5 .. 9. the daUy 0. 

varied by only 10 percent from the mean. Daily Cl changed from day to 

dayacèording to the synoptic situation but walll far leSIII variable when 

compared to EP. Erad. Eady and'Jclimatological data from which Cl was 

determined. The dotted lines in figure 5-9 are the limits of Cl (0. = 1. Z6 
, ..... l '<t 

+ ~ , 
and.o. = 1.13) that produced - 5 percent ·êrror·/whe~ EP was estimated 

, 0 • 

from ëi· Erad. Using Q = 1.19 overéstimafed EP by 0.0054 inch on a 

cloudy day and underèstimated EP by 0.018 inch on a sunny day. On 
~~ 

c 

cloudy days the errors were very small in quantity. Consequently, 

there were only 4 days in May at the Botanic Gardens when EP = 1.19 

Erad produced dailyerrors greater tban O. OZ inch. Using dU{erent 

monthly 0. coefficients J;P can be estimated from Erad with a Mean 

error of Z percent. Using a Mean annual coefficient of ëï = 1.19 through-

out the year can estimate daily EP. five-day EP. and monthly EP with 

mean errors of 8. S, and 1 percent at the Botanic Gardens. 

A necessary condition for justüying the use of the equilibrium 

model i8 1 that Eady must be far smaller than Erad, as at the Botanic 

Gardens and Ebini. The main reason why the model could not be used' 

in the dry savannah climate wa~ that"'ady became nearlyas large as 

Erad. Eady was etUl higbly related to Era4l, figure 5 -7a. and 0. was 

still related ta wind run. With monthly 0. varying between 1. 40 in wet 

ntntha and 1. 93 in dry montba, the eatimatioz;' of EP from Erad ~d a 

Mean a. was very unreliable in view of the fact that radiation wae not 

the 0nl:y primary contrlbutor to EP. 

, ' . 
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CHAPTER SIX 

CONCLUSIONS 

The purpo.e of thie .tudy wa. to Und a method of ,reUably e.timatins 

EP in Guyana over Nay p~riod., u.ing eaaily available cUmatQlogi~al 
data. 

The regional clim'atic influencee on EP wererfound to be: \llaritime 

climatic infhienc'ee at Botanic GardeQs; re.tricted outgoing longwave 

radiation and negUgible EP at night due to fogs at Ebinh and strong. 
J ~.. • 

dry winds at St. Ignatius. 

The linear relationship between Rn and (Qtq)~ was round to have~ 

Little variations wit~ changes of climate., surface cover. and seasons. 

Since albedo and net longwave radiation alao had Bttle variations,- it 

was shown that (Q+q), can be used ta give reliable estimates of Rn 

for use" in the penman energy budget method. The regression coeffi-

cients ' between (Qtq)! 100 and n/N had large month-to-month 
~ ... 

variations but, by using the annual regression coefficients. (Q+qU 

could be estim~ted from bright sunshine ta within ! 6 percent over 

S-day periods. Net longwave radiation wa. not hiShly related ta bright 

sunshine. or daytime cloud caver. becauae of the diurnal variations 
1 

of climate. 

Synoptic disturbances produce very large dail~ changes of EP. 
~ 

ëspecially in the wet aea.ons. Monthly EP were 4.5 ta 6.5 inches 

from wet to dry sea.ona" but were S. 5 to 8. 0 inches at St. Ignatius. 

P The contribution. of Eady towarda EP were 12 percent. 10 percent. 

and 30 percent at the Botanic Ciardena. Ebini, and St. Ianatiul reapec­

tively. but the contributi9n, of Erad" were quantitatively the lame in 

./ 
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a11 rellon.. Con.equently, the very hilh EP at St. lanaUu. ~a. a 

.. ~e.ult oL very hiah Eady. The .tronl dry wind. have aèriou. influ­

ence. on the .avannah cUmJe. EP. and watet baJ,ance. 

The mean G coefficient werè 1.19. 1. ZZ. and 1. 70 at the Botanic 

Garden •• Ebini, and St. llnatiu.. It wal .hown to be linearly depen-

dent on wind rune When Eady wa. much ImaUer than Erad, ae at 

Botanic Gardene and Ebini. then the equilibriuÏn model-gave realon-
J , 

able eetimatee of 5 -day EP but when Eady == Erad, ae at St. Ignatius. 

the model wae unreliable. The model18 recommended for eetimating 

EP over the foreet region. 

Th.e- evapotranspirometere. unfortunately. were unreUable over 5-
" 

day periodB aB a reBult of heavy rainfaU in we't aeaBODS and high heat 

advection in dry BeaBons. Over a short period at the Botanic Gardens 

when such conditions were absent. meaBured EP was Blightly higher 

than that estimated from penman formula. This Bugge.ts that the 

-latter gave EP to the right order of magnitude. 

Pan coefficients were 1.00, O.8L. and 0.11 at the Botanlc GardenB, . 
Ebini. and St. Ignatius. The coefficient decreaBed towards dry cUmate 

and dry seasonB. The large variation of pan coefficient with climate 

BuggeBt tbat pan evaporation cannot be uBed in a water balance Bcheme 

aince it i. dUficûlt to know what the repreBentative pan coefficienta 

ar~ in place. between the three .tation.. However, the pan coeffi~ie~ 

at Botanic Garden. ahould remaln the .ame along the cO&Btland, and 

il ia recommended for aarlcultural 'I.e •. 

The resional .emi-empiripal formulae lave fairly sood e.timate. 

of EP and were the be.t .ub.titute for the unmocUfied enerlY balance 

formutae. The leneral formula e.tlmate'd annua! EP with no difference 

• 
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at Botanle Gardenl, undere.timated EP by 9 perc'-nt at Ebini, and 
'6 

overe.timated by 2 p4!lrcent at St. linatiu ••. The .error ~t Ebini wa. 

reduced to .. 'percent by \l.inl equation,"-Zl to elUmate Rnl .eparately • 

.Reali.tic e.tim~tea o( the water balance were aleo made, u,mg 

merely ciimatolollcal data, in.order to d,etermine actual evapotran.pi-
-

ration. EA proceeded at the potential rate over mo.t of the year at 

Botanic Garden. and Ebini. The annual water balance ~was the .ame 

(or Thornthwaite'. and Budyko'l drying curve.. Coa.tal flood. were 

Cound to be the result o( coa.tal hydrometeorological evenh. The 

{ore.t veietation, in order to survive .. mUlt extra~t moi.ture Crom 

the deeper IOU ~ayer., but the Rupununi veietation cannQ,t do thil aince 

annu .. l EP was Co und to be (ar above annual rainCaU. , 

This study has shown tbat EP can be e.timated with realo-nable ac-

curacy over Cive -day period., uaing ordinary elirpatological data, and 

the values 10 obtained are aufficiently reHable {or agrieultural and 

hydrometeorological ules. Mo.t important, calculation. of the wâter 

balance of Guyana can be undertaken ainee ramCaU and river runoH 

are known while EP can ea.Uy be determined. 
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