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In this study trends in ET, and the relative importance of climatic variables on ET,
were analyzed for three stations namely Khorramdareh, Gheidar, and Abbar. The
Penman- Monteith FAO-56 method was used to estimate ET, and the factor
analysis method was used to study the effect of climatic variables on ET,. The
climatic variables used here were precipitation, maximum air temperature,
minimum air temperature, wind speed, relative humidity, and actual sunshine
hours. For each of the stations, trends in ET, were analyzed using the Spearman
(SP) and Mann-Kendall (MK) methods. Results showed that in the station Abbar,
trends were downward and significant at 0.05 level using both methods. In the
station Gheidar, trends were downward and significant at 0.05 level using the MK
method, however, the trend was decreasing (insignificant) using the SP approach.
The correlation matrix of climatic variables was constructed. The correlation
coefficients were tested for their significance. Results showed that all the
correlation coefficients in Khorramdareh were significant at 0.05 level. Results of
FA indicated that in all the sites, the eigenvalues of the first two factors were more
than unity. These two factors accounted for about 83.49 to 86.14 percent of
variances in the stations. After Varimax rotation, the factor loadings were
calculated. Results showed that in the station Khorramdareh, the T and Ty
were the most sensitive variables affecting ET,. It was the T, alone in the
Gheidar and Abbar stations. According to the second-factor loadings, the wind
speed (in Khorramdareh and Gheidar) and the precipitation (in the station Abbar)
were the second most sensitive variables affecting ET,
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Figure 1. Geographical location of the three selected stations in Zanjan province
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Table 1. Statistical measures of meteorological variables in the selected stations

T SD-T n SD-n ea SD-ea u2 SD- U2 ETO SD-ETO P SD-P

Starion CC) () () (hr) (kPa) (kPa) (M) (M) (mmir)  (mmiyr)  (mm)  (mm)
Khorramdareh 135 0.77 2927 1072 057 _ 005 101 016 12725 788 3013 604
Gheidar 1117 0479 30154 1036 049 003 141 013 13445 543 3907 792
Abbar 1923 06 27026 1033 089 004 094 017 13703 803 2452 715

Note: T is mean annual air temperature, SD denotes standard deviation, n is annual actual sunshine hours, ea is mean actual vapor pressure,
U2 is the mean wind speed at 2 m height, and P is annual precipitation.
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Flgure 2. Plots of climatic variables in the selected stations: Khorramdareh, Gheidar and Abbar (2000-2021)
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Table 2. Correlation matrix of the monthly climatic data at the station Khorramdareh

Sun Wind Tmin Tmax RHave Rain
Rain -0.638" -0.259" -0.491" -0.516 0.597"
RHave -0.834" -0.343" -0.788" -0.824"
Tmax 0.896" 0.359" 0.937"
Tmin 0.875" 0.280"
Wind 0.414"

Sun

Determinan=0.003
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Figure 3. Screeplots of the selected stations (from left to right: Khorramdareh, Gheidar, and Abbar)
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Figure 4. Geometrical positions of variables based on the first two factors in the selected stations (from left to right:
Khorramdareh, Gheidar, and Abbar)
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Table 3. The variance values accounted for the selected factors before or after the rotation using the varimax method
at the station Khorramdareh

Initial Eigenvalues Extraction Sums of Squared Loadings

Component Rotation Sums of Squared Loadings
Total %oof Variance Cumulative% Total %of Variance Cumulative% Total %of Variance Cumulative%
1 4174 69.561 69.561 4174 69.561 69.561 3.885 64.743 64.743
2 0.836 13.926 83.487 0.836 13.926 83.487 1.125 18.744 83.487
3 0.617 10.276 93.763
4 0.218 3.635 97.398
5 0.099 1.648 99.046
6 0.057 0.954 100.000
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Table 4. The values of the variances accounted for by the selected factors either before or after the rotation using the
Varimax method at the station Gheidar

Initial Solution Extraction Sums of Squared Rotation Sums of Squared
Component Loadings Loadings
Total % of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %
1 4.087 68.119 68.119 4.087 68.119 68.119 4.074 67.907 67.907
2 1.081 18.018 86.137 1.081 18.018 86.137 1.094 18.229 86.137
3 0511 8.513 94.650
4 0.177  2.955 97.605
5 0.101 1.680 99.285
6 0.043 0.715 100.000
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Table 5. The values of the variances accounted for the selected factors either before or after the rotation using the
Varimax method at the station Abbar

Initial Eigenvalues Extraction Sums of Squared Loadings  Rotation Sums of Squared
Component Loadings
Total % of Cumulati Total % of Cumulative%  Total % of Cumulati
Variance ve% Variance Variance  ve%
1 4.408 73.469 73.469 4.408 73.469 73.469 3.802 63.362 63.362
2 0.686 11.436 84.905 0.686 11.436 84.905 1.293 21.543 84.905
3 0.451 7.524 92.429
4 0.263 4.389 96.818
5 0.121 2.017 98.835
6 0.070 1.165 100.000
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Table 6. Results of trends in ET, in the selected stations using the Mann- Kendall and Spearman methods

Mann- Kendall Spearman

Station Kedall’stau  Significantlevel N Result Spearman’srho  Significantlevel N Result Direction
Khorramdareh 0.177 0.124 22 NS 0.178 0.214 22 NS Upward
Gheidar -0.273 0.038 22 = -0.348 0.056 22 NS Downward
Abbar -0.284 0.040 20 ** -0.453 0.023 20 ** Downward

Note: NS, and ** denote insignificant and significant at 5% level, respectively.
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Figure 5. Trends in Potential Reference Crop Evapotranspiration (ET,) at the Station Abbar (2000-2021)
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