Water and Soil Management and Modeling

1978

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

Evaluation of thermal and combined methods in determining potential
evapotranspiration using moving correlation

Ahad Molavi®

Department of Water Science and Engineering, Ta.C., Islamic Azad University, Tabriz, Iran

Extended Abstract

Introduction

Drought and limited water resources in Iran, especially in Azerbaijan, require preventing the wastage of existing
water resources and making optimal use of them. One of the main indicators for estimating the water needed by
plants (crops) and optimal design of irrigation and drainage networks is determining the amount of water
evaporated and transpired from the desired area. The more accurately the estimation of this factor is done, the more
the efficiency of agricultural products and the reduction of irrigation system costs and the reduction of excess
water consumption will increase, so determining the amount of ETP should always be considered by researchers
as one of the important and effective factors in agricultural studies. Based on the climate and weather conditions
of the regions, several relationships have been presented by different researchers to estimate the amount of
potential evapotranspiration, and in each of these relationships, a number of climatic factors have been used as the
most important effective factors in this process. Considering the recent droughts in the northwest of the country
and considering that this region is one of the agricultural poles of the country, it is inevitable to conduct such
research in a part of this region. The purpose of this research is to estimate and localize the potential
evapotranspiration estimation models in the Parsabad Moghan synoptic station and finally determine the most
accurate method for the above location.

Materials and Methods

The area studied in this research is the Parsabad Moghan synoptic station, this station is located at 39 degrees and
39 minutes north latitude and 47 degrees and 55 minutes east longitude from the Greenwich meridian. The height
of this station is about 45.4 meters above sea level. Parsabad Moghan is located in the Moghan plain. As the
northernmost city of Iran, this city is located on the southern banks of the Aras River and borders the Republic of
Azerbaijan. In this regard, several climatic factors were used in the calculation of potential evapotranspiration with
the combined methods of Penman, Penman Monteith, Penman Wright and Van Bavel, as well as thermal methods
including Blaney Criddle, Thornthwaite, Linacre and Hargreaves. The programming language was used to
calculate potential evapotranspiration with eight methods and also to determine moving correlation coefficients.
Among the climatic factors, monthly evaporation rate from the evaporation pans, monthly average temperature,
monthly maximum relative humidity, monthly average relative humidity, monthly minimum relative humidity, air
pressure, wind speed, percentage of sunny hours, extraterrestrial radiation, and synoptic meteorological data of
Parsabad Moghan were used in the calculation of monthly potential evapotranspiration, as well as their correction.
Statistical methods of linear correlation and power were used to modify and regionalize potential
evapotranspiration estimation models. The performance of each method was evaluated using the correlation
coefficient, root mean square error, and t-test.

Results and Discussion

The monthly potential evapotranspiration was estimated from the eight mentioned methods. The results showed
that in the combined methods, the potential evapotranspiration calculated from April to June and in some of them
until July had higher values than the evaporation pan method, and after that it is the opposite until December.
Potential evapotranspiration values obtained from the Linacre method indicate that in all months these values are
proportionally higher than the values obtained from the evaporation pan method, which shows a high correlation
with the evaporation pan method. The results of the Thornthwaite method for all months have almost uniformly
lower values than the values of the evaporation pan, which indicates the high agreement of the above values with
the values of the evaporation pan method. Correlation coefficients in all thermal methods were higher than in
combined methods. The methods of Linacre with a correlation coefficient of 0.883 and Thornthwaite with a
correlation coefficient of 0.874, have the highest correlation coefficients with the values obtained from the
evaporation pan method. Its climate and the fact that thermal methods work better in areas with high temperatures
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are not far from expected. Linacre's method has been confirmed in several studies, including Benzaghna and
Aniadik in calculating potential evapotranspiration in Libya and West Africa.

Conclusion

In this research, potential evapotranspiration was calculated using combined models including Penman, Penman-
Monteith, Van Bavel, Penman-Writh, and also temperature-based models including Linacre, Thornthwaite,
Hargreaves and Blaney-Cridddle at Parsabad synoptic station was done. Potential evapotranspiration values

calculated from the above models were compared with the results of the Evaporation pans method. The results of
the research showed the superiority of the combined methods in terms of error with an average RMSE equal to
51.8 mm per month compared to temperature-based methods with an average RMSE equal to 54.24 mm per month.
In the group of combined methods, Van Bavel's method had the highest error. According to the results of the t-
test, in the group of temperature-based methods, the acceptability of Hargreaves and Blaney-Cridddle methods
was confirmed. The results of the calibration of the models showed that temperature-based methods with an
average correlation coefficient of 0.849 were superior to combined methods with an average correlation coefficient
of 0.732. Linacre, Thornthwaite and Blaney-Criddle methods respectively had the highest correlation coefficients
among all the methods used to estimate the potential evaporation of Parsabad synoptic station with the data of the
evaporation pan method. These methods are recommended to estimate the potential evapotranspiration for the
above station by applying correction coefficients. In the meantime, the Linacre method is suggested as the best
alternative to the evaporation pan method due to its simplicity of calculation and having the highest agreement.
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Table 1- The equations of the models employed to estimate potential evapotranspiration
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Figure 1-b- Parsabad region in Ardabil province based on
Koppen method
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power equation ETPr=m.ETP" for the Linacre method

ole o092 ) Ay » 250 29 R ol Al

958 0.06 1.05 0.89 0.99 1.01 0.97 0.92 1 1.04

Cadigenad)l 0 0.66 0.85 0.92 0.85 0.83 1 0.96

sl 0 0.38 0.58 0.5 0.78 1.01 0.95

n » 0 0.13 0.59 0.86 1.06 0.97
ol ye 0 0.75 0.9 1.09 0.99

29 R 0 0.86 1.16 1.04

e 0 1.18 1.04
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obl 0.11 0.88

A 0.06

Ry 54.94 0.53 1.14 0.69 0.64 0.78 1.08 0.67 0.58

Caigd) 107.43 4.11 1.55 1.11 1.63 1.85 0.71 0.77

sy 151.99 21.23 75 11.63 2.57 0.7 0.78

% 203.13 97.68 7.66 1.7 0.55 0.71

m S 204.8 3.25 1.39 0.47 0.65
15222 164.56 1.67 035 0.53

e 102.53 0.33 0.55

obl 28.46 1.09

A 22.48

09900 0.04 0.45 0.66 0.74 0.75 0.72 0.71 0.8 0.88

Caigd) 0.01 0.59 0.67 0.68 0.62 0.69 0.83 0.86

sl 0 0.18 0.26 0.29 0.67 0.84 0.87

% -0.01 0.05 0.38 0.74 0.86 0.87

R, slaye 0.01 0.47 0.75 0.85 0.86
PPy 0 0.62 0.81 0.84

e -0.03 0.68 0.78

obl 0.15 0.58

A 0.06

ETPr=m.ETP"c Jloi &asl, 3 R, (Swmwod g myn g ETPr=a.ETPc+b s aayly 13 Ry (Kiwmod 9 b,a (W0l Colpd (@-F Joio
S oy, sl

Table 2b- Correction coefficients a, b, and correlation Rl in the linear equation ETPr=a.ETPc+b and m, n and correlation Rp in the

power equation ETPg=m.ETP" for the Linacre method

olo 22598 Codigend)| LS B sl 2925 2 ou S

Ry 0.07 0.67 0.54 0.69 0.77 0.75 0.73 0.75 0.77

Caigd) 0.55 0.42 0.61 0.7 0.65 0.67 0.73 0.76

slays -0.04 0.25 0.44 0.41 0.62 0.72 0.76

% 041 0.11 0.47 0.71 0.79 0.82

a slaye 0.76 0.66 0.78 0.84 0.86
PP 0.44 0.81 0.89 0.9

e -1.07 0.7 0.81

obl 0.61 0.73

A 0.13

Ry 7222 8.51 26.83 8.56 -1.26 5.38 10.88 6.75 2.65

Cudgend)) 30.6 53.78 28.38 14.4 29.35 25.37 12.52 533

sl 165.36 121.04 82.76 90.6 38.15 15.34 6.23

% 31222 180.74 85.81 27.09 8.24 1.39

b sl3ye 17.36 43.78 13.13 0.99 -3.16

PPy 85.07 8.47 438 -6.89

e 232.56 11.52 -0.74

oul 12.58 0.94

A 24.04

R 0.04 0.44 0.67 0.73 0.74 0.69 0.71 0.78 0.83

Cudgend)) 0.32 0.54 0.61 0.62 0.55 0.65 0.76 0.83

NS -0.04 0.16 0.24 0.28 0.6 0.76 0.84

% 0.22 0.05 0.33 0.67 0.81 0.87

R S3ye 0.32 0.44 0.72 0.83 0.88
PP 0.14 0.61 0.77 0.85

e -0.54 0.55 0.74

ob 0.28 0.52

2 0.13
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Table 3a- Correction coefficients a, b, and correlation Rl in the ETPr=a.ETP¢+b and m, n and correlation Rp in the power equation
ETPr=m.ETP": for the Thornthwaite method

olo D9 Cudigend)| sl » sl 2928 R ou »
D398 0.11 0.91 0.74 0.79 0.8 0.77 0.69 0.67 0.58
Cudgend)| 0 0.67 0.84 0.9 0.75 0.62 0.65 0.54
NNES 0 1.17 1.15 0.43 0.56 0.65 0.54
% 0 0.29 0.49 0.62 0.69 0.55
n S 0 0.6 0.66 0.71 0.56
252865 0 0.67 0.74 0.55
e 0 0.69 0.5
ol 0.03 0.36
A -0.01
RYE 46.62 1.91 3.84 2.93 2.81 3.39 5.17 5.77 9.20
Cudgend)| 107.9 544 2.43 1.89 4.1 7.94 6.48 9.56
N 151.85 0.49 0.56 21.46 10.89 6.66 9.54
% 202.51 45.63 17.25 8.57 5.89 9.14
m sl 205.66 102 7.22 5.39 9.01
2RSS 164.69 7.22 5.08 9.34
e 100.7 6.16 11.24
obl 41.56 15.27
A 28.73
R 0.12 0.6 0.73 0.8 0.79 0.74 0.73 0.81 0.874
Cudgd)) 0.01 0.63 0.73 0.72 0.62 0.69 0.83 0.87
NS 0 0.45 0.39 0.32 0.68 0.84 0.87
% 0 0.09 0.43 0.76 0.86 0.87
R, sl 0 0.48 0.76 0.85 0.86
JYSey 0 0.64 0.81 0.84
*%e -0.02 0.67 0.76
obl 0.09 0.53
A -0.02
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Table 3b- Correction coefficients a, b, and correlation Rl in the ETPr=a.ETPc+b and m, n and correlation Rp in the power equation
ETPr=m.ETP"c for the Thornthwaite method

ol O2y9  Cudigud)l REYES » alye 992 )R o obl 5

239 2.71 1.09 0.82 1.01 1.12 1.07 1.01 1.02 1.06

i) 1.52 0.74 1.04 1.18 0.97 0.93 0.99 1.05

sbys 0.25 1.37 1.38 0.62 0.84 0.97 1.04

» -0.16 0.36 0.67 0.94 1.06 1.13

a sl3ye 1.95 0.89 1.09 1.18 1.24
29 R 2.65 1.31 1.36 1.41

2 -1.8 1.1 1.33

oM 0.64 1.46

A 0.25

2398 -64.58 20.17 38.46 24.33 17.29 29.35 38.48 36.43 31.55

Codigd)| -19.01 48.22 19.18 8.34 43.56 49.88 41.27 33.68

slyy5 118.49 -32.41 -23.63 97.46 63.85 45.86 35.82

b » 234.53 150.84 101.22 59.67 43 33.94
350 -90.68 75.62 48.01 36.37 29.57

29 R -103.6 32.15 27.84 23.93

e 201.49 36.83 25.83
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obl 42.14 2241
A 27.98
Ry 0.51 0.57 0.74 0.8 0.78 0.71 0.73 0.79 0.84
Caigd) 0.39 0.61 0.7 0.66 0.56 0.66 0.77 0.84
sy 0.08 0.44 0.36 0.31 0.62 0.77 0.84
% -0.03 0.08 0.37 0.69 0.81 0.87
R, sl ye 03 0.44 0.72 0.83 0.88
15222 0.31 0.64 0.79 0.86
e -0.53 0.55 0.74
obl 0.12 0.49
A 0.06

vy ETPR=m.ETPnC il &yl 3 Rp Siumod g m,n g ETPR=m.ETPnC ;3 Rl (SKiwsod g b,a SHol Culps (A€ Joun
Ja SN

Table 4a- Correction coefficients a, b, and correlation Rl in the ETPR=m.ETPnC and m, n and correlation Rp in the power equation

ETPR=m.ETPnC for the Blaney-Criddle method

ole B e ) by % 250 IR e ol A

3y 0 0.58 0.7 0.85 0.88 0.71 0.5 0.52 0.50

Caigd) 0 0.5 0.74 0.65 0.34 0.4 0.52 048

sy 0 041 -0.38 0.09 0.41 0.54 0.49

% 0 0.16 0.39 0.53 0.6 0.51

n sl 0 0.57 0.58 0.63 0.52
1908 0 0.53 0.64 0.51

e 0 0.59 0.45

ol 0.06 0.31

A 0.01

3y 74.5 572 3.41 1.62 15 3.78 11.57 10.1 11.62

Cudigd)) 108.1 10.03 3.18 5.37 28.42 2111 10.9 11.61

sl 152.3 1574.4 1338.2 114.1 21.76 10.32 11.22

% 202.55 89.03 26.17 12.52 8.22 10.32

m sl3ye 205.36 11.01 991 7.39 10.03
Py 164.6 12.43 75 10.46

e 101.1 8.89 12.49

ob 36.5 16.99

A 27.62

Ry 0 0.38 0.61 0.68 0.64 0.54 0.53 0.73 0.83

Cudigd)) 0 043 0.5 0.4 0.27 0.52 0.79 0.84

sy -0.01 02 022 0.09 0.6 0.83 0.85

5 0 0.1 041 0.74 0.87 0.86

Rp sl3ye 0.01 0.49 0.75 0.86 0.85
290 0 0.61 0.83 0.82

e -0.03 0.71 0.73

o 0.18 0.51
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Table 4b- Correction coefficients a, b, and correlation Rl in the ETPR=m.ETPnC and m, n and correlation Rp in the power equation
ETPR=m.ETPnC for the Blaney-Criddle method

olo D98 Cadend)] 2,5 » 3, IRAS R ol A

Ry 0.12 0.39 0.48 0.7 0.76 0.61 0.57 0.65 0.72

Cadgend)| 0.04 0.33 0.56 0.49 0.31 0.47 0.61 0.71

NYES -0.35 -0.36 -0.34 0.07 0.45 0.63 0.73

% -0.09 0.19 0.46 0.71 0.84 0.92

a sye 1.13 0.81 0.92 1.02 1.09
5 0.73 0.99 113 1.22

e -1.61 1 1.28

ol 1.06 1.45

A 0.19

0990 92.42 51.23 45.92 26.09 29.82 61.86 67.43 55.57 44.28

Cudgend)) 105.84 77.07 55.34 83.71 118.94 89.78 64.74 49.04

N 22849 25508  257.12 173.42 101.32 68.76 51.07

% 226.01 173.15 121.16 75.56 53.83 40.88

b sl 17.81 75.24 55.75 422 32.72
POy 85.49 51.09 36.91 28.11

e 191.55 40.83 26.57

oul 33.93 21.64

A 27.99

ndy90 -0.07 0.35 0.59 0.64 0.57 0.47 0.53 0.65 0.73

Cadgend)) 0.03 0.38 0.42 031 023 0.46 0.65 0.74

slays 034 0.2 -0.19 0.06 0.48 0.68 0.78

% -0.04 0.1 0.36 0.68 0.8 0.86

RI sl 0.39 0.47 0.73 0.83 0.88
25285 0.2 0.63 0.78 0.85

»e 0.59 0.54 0.72

ob 0.28 0.51

A 0.09
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Table 5- The results of the statistical analyses of the employed methods

Mean Std. Error RMSE t
Method Difference Difference (mm/month) R Critical ¢ Sstat
S 5 s
Penman- Writh -16.46 8.78 51.39 0.729 1.97 -1.87*
Penman - 1.25 9.99 4871 0.783 1.97 0.13*

Monteith
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Penman 1.25 9.99 49.65 0.736 1.97 0.13*

Van bavel 1.34 9.84 57.45 0.682 1.97 0.14*
ke -3.155 9.65 51.8 0.732

wlod sla e

Blaney-Cridddle -12.16 9.77 53.61 0.830 1.97 -1.24%

Thornthwaite -21.76 8.70 53.42 0.874 1.97 -4.23

Hargreaves -2.81 10.87 54.59 0.810 1.97 -0.26*

Linacre 19.63 10.06 55.36 0.882 1.97 3.44
ke -4.275 9.85 54.245 0.849
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Figure 2- Comparison of calculated ETP from the Blaney
criddle method and pan evaporation
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Figure 3- Comparison of calculated ETP from the
Thornthwaite method and pan evaporation
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Figure 5- Comparison of calculated ETP from the Linacre
method and pan evaporation
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Figure 7- Comparison of calculated ETP from the Penman
method and pan evaporation
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method and pan evaporation
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