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Introduction 

The major part of Northeast Thailand is 
located in the climatic zone of 23-30°C in 
annual mean temperature, and 1,200-1,400 mm 
in annual precipitation. The most important 
agrometeorological problem is that the pre­
cipitation is concentrated mainly in the rainy 
season from mid May to early October and 
the rest of the year has only a few rainfall. 
Floods and droughts frequently occur as a 
result of erratic rainfall. Serious water de­
ficit often appears in the dry season. Such 
water balance conditions limit the crop season 
and make the production unstable in North­
east Thailand. 

To achieve efficient and stable agricultural 
production in that region, it is basically im­
portant to clarify the geographical distribu­
tion of water balance over complex terrain 
with diverse land uses, and to develop suitable 
cropping systems. 

In order to estimate a reliable actual evapo­
transpiration rate, a modified Penman model 
was proposed recently by Kotoda (1986) •>. By 
making use of the basic structure of that 
model, the present study was carried out. In 
this paper, the methodology, procedures of 
data analysis for estimating the actual evapo­
transpiration rate over complex surface con­
dition, and some results obtained in the dry 
season of Northeast Thailand will be shown. 

Basic formula 

Penman (1948, 1956) 2,3> proposed the com­
bination of a heat balance equation and an 
aerodynamic equation to estimate evaporation 
from shallow open-water of a well-saturated 
bare soil surface. Arranging his equation, for 
a well-saturated land surface covered by vege­
tation, the following equations are usually 
used : 

L1 r 
Ep= Ll+ r Q,.+ Ll +r f(u)(e. -e), .... .. (1) 

Rn - G 
Q" = aL , .... ..... .... .. .... ..... .. .. .... .... (2) 

f(u) = O. 13+0. 14u, .................... . ...... (3) 

where E 1, : the potential evaporation rate, 
Q 11 : the available energy for vegeta­

tive land surface, 
R11 : the net radiation flux, 
G: the soil heat flux, 
a : the conversion coefficient from 

energy units to equivalent rate of 
evaporation, 

f (u) : the wind function, 
e, : the saturated vapor pressure at 

the temperature of the air, 
e: the vapor pressure of the air, 
LI : the slope of the saturation water 

vapor pressure curve at the air 
temperature, 

r : the psychrometric constant. 
To calculate LI and L, we can use the em-



pirical equation with the daily mean air 
temperature. 

Radiation fluxes are remarkably influenced 
by the nature of the surface. But net radia­
tion data are usually not available. Then the 
determination of value of the albedo is ex­
ceptionally important for radiation regime. 
If duration of sunshine, ail' temperature and 
vapor pressure are available and albedo is 
given independently, R,. and G can be esti­
mated by use of the following equations: 

Rs= [IO+ K2(n/ N)] Ro, ... ......... ...... (4) 

R,.=uT.4( 0. 34- 0. 044 ,./e) 
[O. l + O. 9(n/ N)]. . .. ... .. . ......... ... (5) 

Rn= (l - A)R.-R,., , ... ... ... ............ ...... (6) 

G= I<3R.,, ... ... .. .. .. .. ... .. .. ... ............... (7) 

where A: the albedo, 
R $: the short-wave radiation, 

R, 11 : the net long-wave radiation, 
n : the duration of sunshine, 
N : the possible duration of sunshine, 

R0 : the extraterrestrial radiation, 
a : the Stefan-Boltzman constant per 

clay, 
Kl- [(3: the empirical constants fixed by 

the preliminary observations. 
Values of N and R0 can be calculated with 

latitude and sun-inclination at a reference 
location. 

The first and the second terms in Eq. (1) 
are represented as E . (equilibrium evapora­
tion rate) and Ev (aerodynamic term in Pen­
man's equation) respectively. In consequence, 
the following relation is derived : 

E ac= JoE,,= Jo(E.+E,), ................ ... .. (8) 

where E,.e: the actual evapotranspiration rate 
(mm/day), 

f O : the conversion factor from poten­
tial to actual evapotranspiration. 

Kotoda (1986) mentioned the role of con­
version factor and suggested that the value 
is decided by means of a multiple regression 
analysis. 

Study area and observation method 

'fhe map of the study area is shown in Fig. 
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1. The study area is about 4,700 km2
• In 

order to operate the present procedures, a 
square-grid map with mesh size of 1' x l ' 
(2.84 km in N-S axis x 2.75 km in E- W axis) 
was prepared as sho·wn in Fig. 2. 

The mean elevations of each grid-square 
are obtained from t he topographic map of 
1: 250,000. The values of the mean elevation 
are useful for the calculations of air tem­
perature and relative humidity at every 
meshed area. It is found that about 87% of 
the total area is located within the geographic 
altitude of 150-200 m. 

Information of the distribution of surface 
conditions provides a principal part for the 
estimation of the actual evapotranspiration 
rate to be presented in this paper. Classifica­
tion sources of the land use distribution can 
be obtained mainly from an analysis of the 
surface moisture content map by remotely 
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Fig. 1. Location of Northeast Thailand and the 
study area 
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Fig 2. Square-grid map of the study area and some important 
points quoted in the present study 

sensed satellite data (presented by courtesy 
of Dr. Mongkolsawat, Khon Kaen Univer­
sity) . On the other hand, surface soil classi­
fication maps have been published by Land 
Development Department. Combining these 
two sets of information, a digitized square­
grid map of the surface properties was made. 
Fig. 3 sho,vs the map of distribution of the 
surface properties. According to the statisti­
cal treatment of the classification of the sur­
face properties, the plowed bare field (code 2) 
which consists mainly of rice fields in the 

wet season is about 44% of the total area. 
The second largest area is the cassava field 
(code 3) which occupies about 39% of the 
total. 

Measurements were carried out at a mete­
orological observation station in Khon Kaen 
University (KKU) and at a plowed bare field 
in Agricultural Development Research Center 
(ADRC) in Khon Kaen. The data were col­
lected in the dry season of 1988, i.e., from 
Jan. 26 to Feb. 2 and from Feb. 6 to 14. In 
addition, the short period observation was 
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Fig. 3. Distribution map of surface properties 
Code 1 : Short grass field, 2: Plowed bare field, 

3 : Cassava field, 4: Very dry or sa]jne field, 
5 : Forest, 6: City, 7 : Settlement, 
8: Water surface. 

made at the cassava field in ADRC and the 
saline -field near Ban Phai. All the outputs 
from those sensors were fed to a digital 
printer. In the present study, daily mean 
values or daily accumulated values are con­
sidered. 

Determination of constants 

From the linear regression between ob­
served short-wave radiation flux (R0 ) and 
relative durntion of sunshine (n/N) in Eq. 
( 4), we can decide the values of parameter 
Kl and [(2 by use of routinely observed data 
at ADRC weather station. The relation is 
shown in Fig. 4 and as: 

R./ Ro= O. 075 + O. 5(n/ N). .. ................ (9) 

Then we got the values of Kl = 0.075 and !(2= 
0.5. 

The values of albedo were also represented 
in the previous study for various surfaces. 
Adding the results observed here, Fig. 5 shows 
their half-hourly variations for various su1·­
faces defined in the present study area. The 
plowed bare field will represent the sul'face 
of rice fields during the dry season of North­
east Thailand. And the saline field represents 
an area of the lowest content of soil moisture. 
The daily mean values of albedo and the con­
stant [(3 adopted to the present model are 
tabulated in Table 1. 

In general the surface air temperature de­
creases with the elevation of t he topography 
and its lapse rate has been known as simi lar 
as the free atmosphere's one. Using this re­
lation, the horizontal distributions of daily 
mean air temperature and relat ive humidity 
were estimated from the mean elevation of 
the reference mesh area. It will be feasible 
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Fig. 4. Relation between normalized short wave radiation flux ( R,/ N.0) 

and normalized sunshine duration ( n/ N) 

Table 1. Daily mean values of albedo and 
constant /(3 used in the present 
model 

Code Surface Albedo [( 3 

1 Short grass f. 0.251 o. 127 
(KKU) 

2 Plowed bare f. 0.229 0.098 
(ADRC) 

3 Cassava f. 0. 262* o. 140 
(ADRC) 

4 Saline f. 0.415* 0. 100 
( near Ban Phai) 

5 Forest 0. 15 0. 04 
6 City 0.30 0.40 
7 Settlement o. 25 0.30 
8 Water 0.60 0.20 

The values for code 5 to 8 are quoted from 
Kotoda (1986)". 
* Calculated from the data during 11 : 00- 13 : 00. 

that the lapse rates change seasonably t·ather 
than being constants throughout the year. In 
the present study, for the dry season, lapse 
rates of air temperature and relative humidity 
were fixed as 0.52°C/100 m and 1.07%/100 m, 

1·espectively. For the determination of the 
lapse rates, monthly vertical profiles at Ubon 
Ratchathani (15°15'N, 104°53'E, 123 m in 
elevation) were processed. 

The conversion factor was defined empiri­
cally as: 

I 0 =0.18+0.022 T, -0.024 u. 

Here, T,, and i,, are daily mean values. 

The preliminary check of the model 

Fig. 6 shows the comparison between the 
observed actual evapotranspiration rates by 
the evaporation pan ( Eac,mn) and the estimated 
one by the present model (Euc) on the basis 
of the daily mean. Although there is some 
scattering, it can be seen that the following 
relation may be applicable for the dry season 
in Northeast Thailand: 

Eac= O. 72 Encpon+l. 24. · ·· · ....... . . .. ......... (10) 

Here ,ve will find an acceptable reliability of 
the model with the conelation coefficient of 
0.848. 



265 

0 Short grass field , KKU , Jan. 25 - t"eb . 2 

t,. Plowed bare f ield, AORC , Feb . 8 - 15 

A Cassava field , ADRC, Feb. 16 

0 Saline field , near Ban Phai, Feb. 17 

• Wet short grass ffold , KKU, Feb. 6 
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Fig. 5. Diurnal variations of albedo for several surface conditions 
Oars represent the standard deviations. 

Distribution of estimated actual 
evapotranspiration rates 
The estimated daily actual evapotranspira­

tion rates E.,c over the present study area are 
shown in Plate 1 (a ) fo r a clear day and Plate 
1 (b) for a cloudy day. Variables a t a standard 
point in ADRC are set as follows: 

RH= 60 %, T,. =27°C, it=2 m/s, n=ll hr 
for a clear day, 

RF/= 80% , T,. =22°C, 1t=5 m/s, n=5 hr 
for a cloudy day. 

The distribution maps of the estimated 
values are well described by the surface 
properties shown in Fig. 3. The distribution 

under clear weather shows that the minimum 
value of E 110 =3.0- 3.1 mm/day is found at the 
city and the saline field. On the other hand, 
the large value of E nc= 4.6- 4.7 mm/day ap­
peared at the forest area. Over the plowed 
bare field and the cassava field, their values 
lie almost 4.0 mm/day. 

Under the cloudy weather conditions, the 
values of E.c reduced under 2 mm/day for 
the city or the saline field and about 2.5 mmi 
day for the plowed bare or the cassava field. 

Conclusion 

The present study was intended to develop 
a method to estimate actual evapotranspira­
tion from the wide area of the arid or semi-
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Plate 1. Colored distribution map of actual evapotranspiration rates 
calculated from the estimation model 

(a.): Under the condition of a clear day with RH=60%, Ta=27°C, 
u = 2m/ s and n = ll hr. 

white: -5. 5 mm/ day 
yellow: 5. 5- 6. 0 mm/ day 
red: 6. 0- 6. 5 mm/day 
purple: 6. 5- 7. 0 mm/ day 
sky blue: 7. 0-7. 5 mm/ day 
dark blue: 7. 5- mm/day 

(b): Under the condition of a cloudy day with RH=80%, Ta = 22°C, 
u=5 m/ s and n = 5 hr. 

white: -2. 0 mm/ day 
sky blue: 2. 0- 2. 5 mm/ day 
dark blue: 2. 5- mm/ day 

arid zone taking consideration into topography 
and complex land uses. The discussions were 
concentrated on the actual evapotranspiration 
rates in the dry season of Northeast Thailand. 

tion rate. 
The procedure of the present method used 

for estimating the actual evapotranspiration 
rate was mainly based on the Kotoda's scheme 
(1986). However, we did not use the whole 
of the scheme. Because some additional fac­
tors specific to the tropics were requested 
to be taken into consideration for the present 
study area. 

In view of the fact t.hat only a few informa­
tion is available on the evapotranspiration 
rates in Northeast Thailand, we carried out 
the measurement of net radiation flux, soil 
heat tlux, short-wave radiation flux, albedo, 
air temperature and soil temperature. Addi­
tionally, using the weather station data of 
ADRC and KKU, some constants were evalu­
ated for the estimation of the evapotranspira-

The driving parameters of the present model 
are air temperature, relative humidity, wind 
speed and sunshine duration. The estimated 
values of the actual evapotranspiration rates 
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li3q,au : Observed E.T. (mm/day) 

Fig. 6. Relation between observed actual evapo­
transpiration rates (Eacpan) and estimated 
ones (E,,c) 

Dotted line represents a first order 
appi-oximation and broken line indicates 
1 : l relation. 

were almost the same as the observed ones. 
The spacial distribution of actual evapotrans­
piration will be usefu l for f uture agricultural 
planning and management. 
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