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Mathematical Models for Estimating Evapotranspiration of a Hill 

Evergreen Forest at Kog Ma Watershed, Doi Pui, Chiang Mai Province;
2. Determining Probable Effects of Land Use Change
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ABSTRACT

 An application was studied of a mathematical model coupling the Penman, Penman-
Monteith and Rutter’s models to estimate the probable effect on the evapotranspiration process of 
converting a hill evergreen forest in Huai Kog Ma, Doi Pui, Chiang Mai province, northern Thailand 
to agricultural area.  Related model parameters including the maximum stomatal conductance 
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maximum canopy storage (S), vegetation height (Z) and crown cover (p) were adjusted based 
on an assigned scenario.  It was found that C*

leaf, LAI, and p were more sensitive to a change 
in evapotranspiration than the other parameters.  When either C*

leaf or LAI were increased, the 
transpiration increased, resulting in higher evapotranspiration.  The average rate of change of both 
parameters was similar (2.44%).  The opposite result was found if C*

leaf and LAI were decreased, 
which resulted in an average rate of change equal to 2.71 and 2.54 percent, respectively.  Increasing 
Ds or b resulted in higher evapotranspiration with an average rate of change of 0.42 and 0.41 
percent, respectively and a decrease resulted in average rates of change of 0.94 and 0.62 percent, 
respectively.  When S was increased, the average rate of evapotranspiration change was equal to 
0.36 while when S was decreased the value was 0.46 percent.  Evapotranspiration decreased if 
the vegetation height and crown cover were reduced, with the average rate of change being 0.38 
and 1.97 percent, respectively.  Based on the previous results, if a hill evergreen forest is changed 
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to an agricultural area where C*
leaf is higher while the LAI, vegetation height and crown cover 

are lower, then evapotranspiration will decrease.

Keywords: evapotranspiration, mathematic model, Huai Kog Ma watershad,
  hill evergreen forest, land use change
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Figure 1 Evapotranspiration derived from developed model in Huai Kog Ma Watershed, Doi 
Pui, Chiang Mai province based on 2008 data.

Interception transpiration

ev
ap

ot
ra

ns
pi

ra
tio

n
(m

m
)



Thai J. For. 32 (3) : 74-85 (2013)78

Table 1 Evapotranspiration derived from developed model in Huai Kog Ma Watershed, Doi 
Pui, Chiang Mai province based on 2008 data.

Month
Through fall

Intercepted 
water

Transpiration
Evapotranspiration

(Intercepted 
water+Transpiration)

(mm) (mm) (mm) (mm) (mm/day)
January - - - - -
February - - - - -
March 24.19 4.31 100.57 104.88 3.38
April 96.57 15.49 95.14 110.63 3.69
May 294.37 57.76 71.23 128.99 4.16
June 115.71 43.01 56.01 99.02 3.30
July 142.29 32.44 61.31 93.75 3.02
August 394.02 55.81 63.64 119.45 3.85
September 324.49 33.48 62.66 96.14 3.20
October - - - - -
November - - - - -
December - - - - -
Total 1,391.64 242.30 510.56 752.86 -
Average - - - - 3.51

Remark: Results for January, February, October, November and December could not be 
estimated because of incomplete data input
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Table 2 Change in evapotranspiration from hill evergreen forest in Huai Kog Ma Watershed, 
Doi Pui, Chiang Mai province to agricultural area according to change in C*

leaf based 
on 2008 data.

Parameter 

change (%)

Through fall 

(mm)

Interception 

(mm)

Transpiration 

(mm)

Evapotranspiration
Amount 
 (mm)

Change  
(%) 

Rate of 
change  

(%) 

Average 
rate of 
change 

(%) 
-20
-15
-10
-5
0
5
10
15
20

    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 
    1,391.65 

242.31
242.31
242.31
242.31
242.31
242.31
242.31
242.31
242.31

429.06
450.75
470.93
491.53
510.56
530.01
548.10
566.68
584.08

671.37
693.06
713.24
733.84
752.86
772.32
790.41
808.99
826.39

-10.82
-7.94
-5.26
-2.53
0.00
2.59
4.99
7.46
9.77

-2.88
-2.68
-2.74
-2.53

-
2.59
2.40
2.47
2.31

-2.71

2.44
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Table 3  Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai province to agricultural area according to change in 
LAI based on 2008 data.

Parameter 
change (%)

Through fall
(mm)

Interception
(mm)

Transpiration
(mm)

Evapotranspiration
Amount

(mm)
Change

(%) 
Rate of 
change

 (%) 

Average rate 
of change 

(%)
 -20
 -15
 -10
 -5
 0
 5
 10
 15
 20

1,391.65
1,391.65
1,391.65
1,391.65
1,391.65
1,391.65
1,391.65
1,391.65
1,391.65

242.31
242.31
242.31
242.31
242.31
242.31
242.31
242.31
242.31

434.15
450.62
470.93
491.38
510.56
529.86
548.10
566.56
584.08

676.46
692.93
713.24
733.69
752.86
772.16
790.41
808.87
826.39

-10.15
-7.96
-5.26
-2.55
0.00
2.56
4.99
7.44
9.77

-2.19
-2.70
-2.72
-2.55

-
2.56
2.42
2.45
2.33

-2.54

2.44
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Table 4  Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai province to agricultural area according to change in 
Ds based on 2008 data.

Parameter 
change (%)

Through fall
(mm)

Interception
(mm)

Transpiration
(mm)

Evapotranspiration
Amount 
 (mm)

Change
 (%) 

Rate of 
change

 (%) 

Average rate 
of change 

(%) 
-20
-15
-10
-5
0
5
10
15
20

1,324.72
1,340.94
1,359.80
1,369.53
1,391.65
1,405.55
1,416.23
1,432.82
1,446.83

270.70
262.96
252.98
252.10
242.31
237.53
235.35
230.66
229.58

510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56

781.26
773.51
763.54
762.65
752.86
748.09
745.90
741.22
740.13

3.77
2.74
1.42
1.30
0.00
-0.63
-0.92
-1.55
-1.69

1.03
1.32
0.12
1.30

-
-0.63
-0.29
-0.62
-0.14

0.94

-0.42
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Table 5  Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai province to agricultural area according to change in 
b based on 2008 data.

Parameter 
change (%)

Through fall 
(mm)

Interception 
(mm)

Transpiration 
(mm)

Evapotranspiration

Amount
(mm)

Change
(%) 

Rate of 
change

 (%) 

Average rate 
of change 

(%) 

-20
-15
-10
-5
0
5
10
15
20

1,340.77
1,350.39
1,358.75
1,372.03
1,391.65
1,424.70
1,460.06
1,511.43
1,569.28

260.84
254.95
250.62
246.90
242.31
237.03
234.73
231.45
229.84

510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56

771.40
765.50
761.18
757.46
752.86
747.58
745.29
742.01
740.40

2.46
1.68
1.10
0.61
0.00
-0.70
-1.01
-1.44
-1.66

0.78
0.57
0.49
0.61

-
-0.70
-0.30
-0.44
-0.21

0.62

-0.41
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Table 6  Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai Province to agricultural area according to change in 
S based on 2008 data.

Parameter 

change (%)

Through fall 

(mm)

Interception 

(mm)

Transpiration 

(mm)

Evapotranspiration

Amount 

 (mm)

Change

(%) 

Rate of 

change 

(%) 

Average rate 

of change 

(%) 

-20
-15
-10
-5
0
5
10
15
20

1,441.46
1,435.83
1,429.11
1,407.65
1,391.65
1,385.93
1,378.01
1,373.15
1,368.08

228.43
230.09
232.69
237.89
242.31
244.74
248.49
250.42
253.08

510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56
510.56

738.99
740.64
743.25
748.45
752.86
755.29
759.05
760.98
763.64

-1.84
-1.62
-1.28
-0.59
0.00
0.32
0.82
1.08
1.43

-0.22
-0.35
-0.69
-0.59

-
0.32
0.50
0.26
0.35

-0.46

0.36
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Table 7 Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai province to agricultural area according to change in  
Z  based on 2008 data.

Parameter 

change (%)

Through fall 

(mm)

Interception 

(mm)

Transpiration 

(mm)

Evapotranspiration

Amount 

 (mm)

Change

(%) 

Rate of 

change 

(%) 

Average rate 

of change 

(%) 

0
-10
-20
-30
-40
-50
-60

1,391.65
1,393.66
1,396.21
1,399.38
1,404.13
1,411.72
1,419.30

242.31
238.76
234.88
230.07
223.62
215.63
205.91

510.56
512.15
514.11
516.51
519.70
523.92
529.75

752.86
750.91
748.99
746.58
743.33
739.55
735.65

-
-0.26
-0.51
-0.83
-1.27
-1.77
-2.29

-
-0.26
-0.26
-0.32
-0.44
-0.51
-0.53 -0.38
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Table 8 Percentage change in evapotranspiration from hill evergreen forest in Huai Kog Ma 
Watershed, Doi Pui, Chiang Mai province to agricultural area according to change in  
p based on 2008 data.      

Crown  

Cover

(%)

Through fall 

(mm)

Interception 

(mm)

Transpiration 

(mm)

Evapotranspiration

Amount 

 (mm)
Change

(%) 

Rate of 

change

 (%) 

Average rate 

of change 

(%) 
80
70
60
50
40
30

1,391.65
1,381.18
1,388.10
1,393.75
1,419.46
1,437.65

242.31
234.76
223.48
214.26
190.64
171.02

510.56
510.56
510.56
510.56
510.56
510.56

752.86
745.31
734.04
724.82
701.20
681.58

-
-1.00
-2.50
-3.72
-6.86
-9.47

-
-1.00
-1.51
-1.26
-3.26
-2.80 -1.97
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