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With the airn of estirnation of an agricultural water demand and establishment of the opti-

mum water allocation technique, the research was undertaken. To begin wlth, the following 

were developed referring to the gravity irrigation district in Thailand: Estimation model of a 

water demand in paddy field and upland field. The data necessary for the model was collected 

and was analyzed, and evaporation and crop coefficients, etc. were clarffied. On the paddy 

field, the material is insufficient, and it is necessary to clarify by the observation. 

INTRODUCTION 

In Thailand, a demand such as increase and industrial water of the electric power 

demand expands with the development of the industry, and the agricultural water is 

pressed. And, the water level of the dam is unlike our country without recovering, 

because non-irrigation stage which functions as the time which stores the water in the 

dam does not exist, very much, while it lowers year by year. From the viewpoint of the 

effective utilization of such a social conditions and water resources, it is necessary to 

carry out the efficient utilization of the agricultural water. 

This study is a series of research for establishing the technique of estimation of an 

agricultural water demand and optimum water allocation referring to the gravity irrigation 

district in Thailand. 

The procedure of this a series of work alrnost as followlng change will. (1) The esti-

mation of a field level water demand quantity. (2) A grasp of the planting area. (3) The 

estimation of the diversion requirement for paddy area. (4) The water allocation 
o peration. 

In the field, various crops are cultivated as besides the paddy rice field crop. To begin 

with, it is necessary to estimate water demand of the field level to the every crop. Next, it 

is necessary to grasp area under cultivation of each crop. For water requirement esti-

mation the area of the crop cultivation most affects. By analyzing the change pattern of 

the area under cultivation in the past, prediction of a future area under cultivation 

becomes possible. Even that clarifres the relation wlth discharge and gate opening and 

also water level is necessary to allocate the water requirement corresponding to water 

demand quantity to each area accurately. 
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Referring to Sam Chuk district ,which is the gravity,irrigation district in this paper, a 

water demand estimatiorl model of the field level is cons~ructed. The Sam Chuk district is 

10cated for northwest about 50 km of Bangkok, and it is IQcated in both shores in the span 

river which flows the west in the Chao Phraya river, and command area is about 

50000 hectares. 

ESTIMATION OF IRRIGATION WATER REQUIREMENT 

Water balance model and equation 
' For deciding irrigation water requirement in upland field, it is supposed that soil 

moisture changes between moisture holding capacity after 24 hours (or field capacity) 

and the permanent wilting point. Then, the tank in which the available moisture (~M) is 

equal to the depth is assumed in the underground, and it is considered that the moisture 

changes in the capacity of the tank. The outline of the water balance model is shown in 

Fig. 1. 

Rei li ETi 

Fig. 1. Water Balanc Model in Upland Field 

The water balance equation is as follows: 

Mi =Mi_1 + Re +1i -ETi (1) 

Where Mi is soil moisture on the i*h day, M, I rs soil mcnsture on the (1 1)*h day Re rs 

effective rainfall on the i'h day, I, rs rrHgation water on the Ith day and ET rs evapotran 

spiration on the i'h day. 

Estimation of the factors concerning the water balance 
We can rewrite the water balance equation about irrigation water li as follows. 
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li ~ AM - Mi_1 ~ Rei +ETi (2) 

It is clear from the equation (2) that the followlng three items are necessary to esti-

mate irrigation water requirement. 

Available soil moisture, in other words ability to be able to hold moisture in the soil. 

･ Evapotranspiration, in other words consumptive water use for every crop. 
Rainfall data. 

Available soil moisture 

Available moisture (~A~ in Fig. 1, which is soil moisture between field capacity (or 

moisture holding capacity after 24 hours) and the permanent wilting point, is soil mois-

ture which can be effectively utilized by the crop. Generally, the idea of field capacity is 

adopted as an upper lirnit of available moisture in arid area in foreign countries. However, 

there are many cases in which they reach in point of time which passed after large rainfall 

and a few days on the field capacity in the meaning which makes descent end of gravita-

tional water to be a standard. Recently, field capacity is generally defined as time regula-

tion. Soil moisture, which is held in soil 24 hours after there has been heavy rainfall or 

adequate irrigation, is adopted as moisture holding capacity after 24 hours. Moisture 

tension of moisture holding capacity after 24 hours is about l/30-1/lObars and they 

become around 1.5-2.0 at pF vaiue. These values depend on the kind of soil. 

On the other hand, a permanent wilting point (around pF =4.2) is rarely adopted as a 

minimum value of available moisture. Recently, the following theory has been taking root. 

We should adopt soil moisture, which impedes normal growih a little, as a minimum value 

of soil moisture. Depletion of moisture content is soil moisture, which is not to be able to 

grow normally. Moisture tension and the pF value of depletion of moisture content is 

about I bars and around pF=3.0 respectively. Of course these values depend on the kind 

of soil. 

Amount of moisture between field capacity and depletion of moisture content for nor-

mal growth is called readny available moisture (~AM) especially. 

Effective soil layer 

Effective soil layer is the depth at which soil moisture is consumed by evaporation 

from the ground surface and absorption of moisture by the roots of crops. Because of dif-

ferences in root distribution, consurnptive use of moisture in an effective soil layer is uni-

form. Generally it decreases from upper to lower layers. 

Soil moisture extraction pattern (SMEPj 

SMEP shows ratio of decrease in quantity for each soil layer compared with the entire 

effective soil layer. If we divide the root zone into four layers, consumptive use of mois-

ture for each layer is usually 40, 30, 20, 100/0 from the upper layer. 

Total Readily Available Moisture (T~AMj 

TRAM is adopted as available moisture when making an irrigation plan. TRAM is totai 

moisture to be consumed in an effective soil layer when soil moisture originates from 

moisture holding capacity after 24 hours to the depletion of moisture content in a 
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controlled layer. The controlled layer consumes the most moisture in an effective soil 

layer. 

it lowers from 24 hour water capacity to the growih inhibition moisture point soil 

layer effective most water consurnption many restriction soil layer the total body water 

consumed in effective soil layer it calls call. 

TRAM=(F.-ML)'DX IjCp (mm) (3 ) 

Where Fc is moisture holding capacity after 24 hours (capacity o/o), ML is depletion of 

moisture content (capacity Olo), D is thickness of controlled layer (mm) and Cp is value of 

SMEP in controlled layer (olo). 

Table I shows moisture tension and available moisture of 4 soil sample which were 

collected in the Sam Chuk Project. 

Table 1. Available Soil Moisture 
(Data is from RID report) 

Location 
No . 

De pth 

(cm) 

Moisture Retention 

1/3 bars 15 bars 

Availab I e 

Moisture 

1 

2 

3 

4 

Ave rag e 

0-3 o 

3 0-6 o 

0-3 o 

30-60 
0-30 
3 0-6 o 

0-3 o 

30-60 
0-30 
3 0-6 o 

26.2 

25.4 

26.4 

26.8 

26.2 

25.7 

27.1 

25.0 

13.1 

12.8 

13.3 

14.4 

14.9 

13.7 

14.0 

14.0 

13.1 

12.6 

13.1 

12.4 

11.3 

12.0 

13.1 

1 1 .O 

12.7 

12.0 

In Table 1, it seems that permanent wilting point is a lower limit of available moisture, 

and field capacity is upper limit. , 

Therefore, by replacing depletion of moisture content with the permanent wilting 

point in the equation (3) in Sam Chuk district, T~AM shall be calculated. And, it is gen-

eral to use TI~A~l instead of available moisture AM of the equation (2) 

In these results we assume two depths of effective root zones, 30 cm and 60 cm 

respectively. In either case, it assumes that SMEP for each layer is 40, 30, 20, 100/0 from 

the upper layer. Calculated values of T~AM are as follows: 

In the case of 30 cm effective root zone: 

C12.7 X 75/40 = 23.8 ~~24 (mm) 

12 .7 X 75/30 = 31 .8 

12 .7 X 75/20 = 47.6 

12 .7 X 75/1 O = 95.3 

In the case of 60 cm effective root zone: 

C12.7 X 150/40 =47.6 ~~48 (mm) 

12.7 X 150/30 = 63.5 

12.7 X 150/20 = 90.0 

12.7 X 150/lO = 180.0 

Therefore, it is assurned that the effective root zone of upland crops and vegetables is 
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30 cm, and it is possible to estimate Tl~Anl to 24mm. It is assumed that the effective root 

zone of sugarcane is 60cm, and it is possible to estimate T~AM to 48 mrn. 

Estimation of c07~sumptive water use (evapotranspirationJ 

Penman, E-pan and Blaney Criddle Methods, etc are the method used to calculate 

consumptive water use from meteorological data. 

In E-pan method, it calculates evapotranspiration by evaporimeter evaporation. 

In Blaney Criddle method, it calculates evapotranspiration from mean temperature 

and sunshine duration. 

Penrnan Method uses mean temperature, relative humidity, wind velocity and sun-

shine duration. It is easy to obtain these meteorological data. Peuman's equation is very 

complicated, though this method is generally very reliable because computers can now be 

used. 

Consumptive water use is obtained by multiplying the crop coefficient to potential 

evaporation by penman method. 

The calculatio?b of potential evaporati07b b~/ Pe7bma7b method 

Penman's equation is as follows: 

A r S+ ET.= A+r A+rf(u,)(e e) e 
(4) 

Where S is Net ray (MJ . m~2), ~ is water evaporation heat(MJ . kg~1), A is slope of sat-

urated vaper pressure curve at t temperature(mb･'C-1), r is psychrometer constant 
(0.66 mb ･ 'C-1), f(u2) is wind velocity function, e. is saturated vaper pressure (mb) and ed 

is real vaper pressure (mb). 

Comparison of mean monthly evapotranspiration between Pemnan's method (Epen) 

and Epan method (Epan) is shown in Fig. 2. Fig. 2 shows that Epen is nearly equal to 
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Relation between pan evaporation and potential evaporation by Penman 

method (1983) 

Epan. Mean monthly evaporation by Penrnan's method is estimated from daily meteoro-
logical data. 

Fig. 3 shows a comparison between Epen and Epan in 1983. If we use a regression 

equation, we can derive Epan=a 'Epen. 

Correlation coefficient r is 0.786, and coefficient a of the linear regression equation 

is 1.0. In other year (1984-1991), coefficient a ranges between 1.037 and 1.167, so we 

can suppose Epan~?Epen. Therefore, we can use the Pan Coefficient (Kp) as a crop 
coefficient. 

Fig. 4 shows monthly variation of potential evaporation by Penman's equation for 

1983-1991. Table 2 shows monthly mean value of the potential evaporation for above-

mentioned 9 years. 

In Fig. 4, it is shown that the dispersion of potential evaporation by the year is small, 

the range of variation is about mean value ~ I mrn in either month. 

Therefore, we can use the value in Table 2 as monthly mean evaporation. The evapo-

ration is the most fundamental element in estimation of water requirement. We can esti-

mate monthly evaporation as the value which does not depend on the year. That is very 

significant in the water management planning. 
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Fig. 4. Change in mean monthly potential evaporation 

Table 2. Potential Evaporation calculated by Pemnan Method 

Month 1 2 4 3 5 10 11 12 6 7 8 9 

E pen 4.3 5,3 6.4 6,8 6.4 5.4 5,4 5.0 5,0 4.6 4.6 4.3 

Crop coefficient 

For crop coefficient (Kc) which is the ratio of measured evapotranspiration for each 

crop by lysimeter to evapotranspiration by Pennran's method. It is possible to estimate 

consumptive water use for each crop using the following estimation (5). 

ET=Kc ･ ET. (5) 

The crop coefficient is different from in each growing stage. However, in the case 

that planting time is different from plot to plot as in this area, in this case, crop coefficient 

should be applied average crop coefficient through planted season. The crop coefficient 

average of main crops is shown in Table 3. 

The kinds of crops are not clear, so it is convenient classify. 

' upland crops or vegetables 

Table 3. Pan Coefficient (Kp) 

Maize Sorghum Soybean 

0.87 0.82 0.88 

Groundnut Mungbean Sesame Tobacco Cotton Cauliflower Kale Sugarcane 

0.81 0.7 0.78 0.99 0.69 0.87 0.61 0.9 
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' sugarcane 
' orchard or perennial plant 

If the crop coefficient of upland crops and vegetables is supposed to be the average 

crop coefficient in Table 3 except for sugarcane, Kp is 0.80 and the Kp of sugarcane is 

0.90. Kp of orchards and perennial plants is 1.0. 

lrrigation water estimation method 
17~termittent i7~igati07b audfreque7~t irrigati07b with little water 

There are two method of irrigation. We irrigate in accordance with the amount of 

available moisture immediately, and we will not irrigate till soil moisture reaches depletion 

of moisture content. This method is called intermittent irrigation. The other one is called 

frequent irrigation with little water. Soil moisture is always maintained in a half dry 

condition or less than depletion of moisture content, and we irrigate frequently with little 

water. It is possible to use rainfall most effectively in areas where there are insufficient 

water resources, this method is usually adopted. 

Simulati07b method 
In the case of calculation of irrigation water from equation (2), if the irrigation 

method and effective rainfall are not clear, irrigation water requirement cannot be 

decided. I will explain the estimation method of irrigation water assuming daily irrigation. 

The effective rai7bfall (Re,J 

Effective rainfall should be considered experiencing 200/0 Ioss. So effective rainfall is 

800/0 of rainfall in a day (R*). 

In the case of substitution of this theory for equation (1), soil moisture (M*) should be 

M, ~ AM (=Tl~AJa~-
Maximum value of effective rainfall (Re~..) is as follows . 

Re = TI~Aal - M, + ETi 
* 

(6) 

Therefore effective rainfall (Rei) is as follows. 

Rei =min(Rei *0.8, Re~~) (7) 

Where min(xl' x2) means that we have to get a lower value within each item. 

lrrigation water rliJ 

In the case of equation (1), irrigation water is the minimum amount of irrigation 

water (Ii) that satisfies the following equation. 

soil moisture Mi ~ O 

Eventually, it should be decided when irrigation water requirement (1*) should not 

exceed consumptive water use (ETi). 

li =min(ETi - Mi_1 ~ Re,, O) (8) 



Estimation Model of Water Requirement 879 

Fig. 

Rei li ETi 

5. Water Balanc Model in Paddy Field 

Where max (x*, x2) means that we have to get a higher value within each item. 

By repetition of this procedure through the necessary period, it is possible to get a 

time series li of irrigation water. 

ESTIMATION OF WATER REQUlREMENT 

Water balance model and equation 
It is possible to make a water balance model as Fig. 5 in paddy field. 

balance equation is as follows: 

The water 

Si =Si_1 + Re + I ETi - Pi (9) 

Where Si is ponding depth on the ith day, Si _1 is ponding depth on the (i-1)'h day. R; is 

rainfall on the i'h day, Ii is amount of irrigated water on the i*h day, ETi is evapotran-

spiration on the i*h day and Pi is percoration on the i*h day. 

In Fig. 5, S.p is operated ponding depth and S~.. is height of levee. 

Estimation of the factors concerning the water balance 

Estimati07b of consumptive water use 

We can rewrite the water balance equation as follows: 

li ~ S - -Rei+ ETi + pi S i -l "p 
(10) 

It is clear from equation (10) that items, which are percolation (Pi), evapotran-

sprration (ET) and operated pondmg depth (S.p), are necessary to estimate the amount 

of irrigation water requirement. 

Consumptive water use in the paddy field is the sum of evapotranspiration and perco-
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lation, and it is called "Gensuishin" in Japan. 

Evapotranspirati07~ 

As already mentioned, potential evaporation calculated by Penman's method 
multiplied by crop coefficient gives evapotranspiration. Therefore, it is possible to 

calculate using meteorological data. 

Percolation 
There is the possibility that percolation in a land consolidation area is different from 

in a nonconsolidation area. This is reason in a land consolidation area irrigation canais 

and drainage ditches are constructed, but in a nonconsolidation area the irrigation 

method is plot to plot irrigation. Therefore we have to measure percolation in the field. 

The result shall be reported in the next report. 

Operated p07zdi7bg depth 

As mentioned above, it is possible to measure the ponding depth in a paddy field. By 

measuring water level while rice is growing it is possible to grasp operated ponding depth 

for each period of growih. In the case of irrigation in a paddy field, as it is assumed that 

we recover to operated ponding depth, this vaiue is very important for deciding irrigation 

water. 

Estimation method of irrigation water 
Simulati072; method 

When irrigation water requirement is caiculated by equation (10), if operated ponding 

depth and effective rainfall are not clarified, irrigation water requirement cannot be deter-

mined. There are two irrigation methods the same as in the case of upland field. We have 

to decide the irrigation method based on the results of ponding depth investigation. I will 

explain the estimation method of amount of irrigation water requirement on the assump-

tion that operated ponding depth is set through the growing period. 

Effective rainfall (Re~ 

We make 800/0 of daily rainfall over 5rnm first of all to be the effective rainfall. 

Ponding depth (S,) is forbidden to exceed height of levee (S~..). Then ponding depth 

(S*) will be as follows: 

Si ~ S^* 

Therefore, from equation (9) maximum value of effective rainfall is as follows: 

Re := S max max 
-Si_1 + ETi + pi (11) 

Accordingly, effecitive rainfall is as follows : 

Rei =min (Ri *0.8, Re~..) (12) 
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Where min (xl' x2) means that we have to get a lower value within each item. 

lrrigati07b water (1"J 

lrrigation water means the amount of water necessary to recover the ponding depth 

to o~erated ponding depth (S.p). 

li= max(S~p - Si_1 ~Rei + ETi + pi, O) (13) 

Where max (x*, x,) means that we have to get a higher value within each item. 

Here, I used the max function, because we will not change a water level and not irri-

gate when ponding depth exceeds the operated ponding depth by the rairLfall. 

By repetition of this procedure through the necessary period, it is possible to get a 

time series I* of irrigation water. 

CONCLUSION 
The model which calculated the tirne series of upland field irrigation water and paddy 

field irrigation water in the Thailand gravity irrigation district was developed. 

The factor for the irrigation water calculation also clarffied in the upland field. 

The material could not insufficiently clarify all factors on the paddy field. 

Therefore, it is necessary to clarify percolation and operated ponding depth in order 

to calculate paddy field irrigation water in the model actually. 

The factor of these paddy fields should be clarified by the observation. 
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