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Table 1- Geographical information of the studied

meteorological stations in Fars province (after Fars
Meteorological Bureau)
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- Elevation Longitude Latitude
Station (m) CE) © N)
Abadeh 2030 52.4 31.1
Arsanjan 1648 53.3 29.9
Estahban 1690 54.1 29.1
Eqlid 2300 52.4 30.5
Izadkhast 2188 52.1 31.3
Bavanat 2231 53.4 30.3
Shiraz 1484 52.4 29.3
Jahrom 1082 53.3 28.3
Darab 1098 54.2 28.5
Zarghan 1596 52.4 29.5
Zarrin Dasht 1067 54.5 28.3
Sepidan 2201 52.0 30.1
Sadde Doroudzan 1650 52.2 30.1
Takhte Jamshid 1605 52.5 29.6
Safashahr 2251 53.1 30.4
Fasa 1288 53.4 28.6
Farrashband 765 52.0 28.8
Firuzabad 1340 52.5 28.9
Qir and Karzin 840 53.0 28.5
Kazerun 860 51.4 29.4
Lar 792 54.2 27.4
Lamerd 405 53.1 27.2
Mamasani 950 53.5 30.2
Neyriz 1580 54.2 29.1
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Figure 1- Location of the study area and
meteorological stations
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Table 2- Summary statistics of pan evaporation and the studied climatological parameters
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Statistical measures

Climatological properties

CcVv Skewness Kurtosis

Min Max Mean SD (%) coefficient coefficient
Pan Evaporation and Precipitation Properties
Pan Evaporation (mm) 1975 3358 2629 406 15 0.1 -0.96
*Mean Precipitation (mm) 133 653 307 124 40 1.18 1.25
Rainy Days 22 52 375 8.4 23 -0.11 -0.68
Maximun Daily Precipitation (mm) 45.9 153 82.1 29.2 36 0.88 -0.14
Thermal Properties
Average of the Minimum Temperature (°C ) 3.2 18.9 11.3 3.9 35 -0.1 -0.85
Average of the Maximum Temperature (°C ) 19.5 32.9 26.4 4.3 16 -0.07 -1.11
Mean Temperature (°C ) 11.8 25.8 18.8 4.0 21 -0.04 -0.99
Minimum Absolute Temperature (°C ) -21.6 -1.8 -9.7 6.6 68 -0.88 -1.01
Maximum Absolute Temperature (°C ) 35.4 49.6 42.9 3.9 9 -0.18 -0.99
Suushine Hours 3001 3505 3335 114 3 -1.12 15
Wind Properties
Wind Velocity (ms™) 8 17 12.4 1.99 16 0.51 0.54

*Due to the relatively large deviation from the Normal distribution, the distribution was transformed to the Normal distribution using Log-normal

transformation.
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Table 3- Coefficient of the best fitted models to the variograms of pan evaporation and the studied climatological
parameters
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Variogram properties

- - - % Spatial Determination Residual
Climatological properties Nugget  Range . Sum of
Model Nugget  dependency coefficient
Effect (m) effect class ®) Square
(RSS)
Pan Evaporation and Precipitation Properties
Pan Evaporation (mm) Spherical 6.61 32670 36.44 Medium 0.91 10.4
Mean Precipitation* (mm) Spherical 0.022 34900 9.25 Strong 0.82 0.008
Rainy Days Spherical 0.033 28480 5.02 Strong 0.69 0.132
Maximun Daily Precipitation (mm) Spherical ~ 0.0001 8950 0.09 Strong 0.32 0.0067
Thermal Properties
Average of the Minimum Temperature (°C ) Spherical 0.001 23850 0.22 Strong 0.53 0.123
Average of the Maximum Temperature (°C ) Guassian 0.037 15280 13.88 Strong 0.69 0.238
Mean Temperature (°C ) Spherical 0.0001 28100 0.03 Strong 0.65 0.0457
Minimum Absolute Temperature (°C ) Spherical 0.1 27380 0.17 Strong 0.62 1869
Maximum Absolute Temperature (°C ) Guassian 0.032 15540 24.31 Strong 0.61 0.0064
Sunshine Hours Guassian 0.457 33650 17.44 Strong 0.64 2.05
Wind Properties
Wind Velocity (m s™) Spherical 0.002 23920 5.83 Strong 0.26 0.0021

Table 4- Results of evaluation of the predictions for pan evaporation and the studied climatological parameters using
the best prediction method
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Statistical measures**

Climatological properties Best prediction method™ R MRE RMSE NRMSE _ GMER _ GSDER
Pan Evaporation and Precipitation Properties
Pan Evaporation (mm) IDW3 0.74 6804 45995 1689929 -0.072 -
Mean Precipitation* (mm) O-Kriging 0.75 7239 5993 240878 -1.764 -
Rainy Days O-Kriging 0.76 5622 5381 168462 0.212 48.28
Maximun Daily Precipitation (mm) O-Kriging 0.57 380 298 11629 -1.499 -
Thermal Properties
Average of the Minimum Temperature (°C ) IDW4 0.73 3.95 4.14 145 0.782 271
Average of the Maximum Temperature (°C ) IDW4 0.79 4.87 4.85 188 0.333 23.87
Mean Temperature (°C ) IDW5 0.80 3.12 3.17 106 0.097 97.85
Minimum Absolute Temperature (°C ) IDW5 0.87 5.93 6.22 229 -3.213 -
Maximum Absolute Temperature (°C ) IDW5 0.75 3.92 3.66 146 0.092 102.53
Sunshine Hours IDW2 0.62 3259 3318 122151 -0.064 -
Wind Properties
Wind Velocity (ms™) IDW5 0.73 1.56 1.60 57.4 0.611 5.29
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Figure 2- Map of the predicted values using the data obtained from 24 studied staions (Table 1) and by using the
results of the best introduced prediction method from Table 3. Figures a to k correspond to the mean value of the
minimum temperature, the mean value of the maximum temperature, mean temperature, the minimum absolute
temperature, the maximum absolute temperature, sunshine hours, mean precipitation, rainy days, the maximum

daily precipitation, pan evaporation, and wind velocity, respectively.
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Spatial zoning of pan evaporation and affecting variables using geostatisitc
methods (Case study: Fars province)
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Abstract

The study of spatio-temporal variations of pan evaporation is quite important in water resource management and
evapotranspiration estimation. In current research, these variations and affecting variables have been exmanied
using several geostatisitc methods across Fars province, Iran. The skill of these methods were evaluated by
statistical measures including R?, MRE, RMSE, NRMSE, GMER, and GSDER. Spatial variability structure of
the studied climatic variables followed the Gaussian and spherical models with influence ranges of 9 to 35 km.
The ordinary point kriging with spherical semivariogram model (with influence ranges of 8.9 to 35 km, nugget
ratios of 0.09 to 36.44% and variability classes of moderate to strong) was the most suitable method for
interpolating of pan evaporation (with R? of 0.74) and precipitation characteristics (with R? of 0.57 to 0.76)
values. The inverse distance weighting with weighting powers of 2 to 5 was the most suitable method for
prediction of temperature (with R? of 0.62 to 0.87) and wind characteristics (with R® of 0.73). The optimum
distace between the rainguages was determined as 35 km. In general, the results showed that the northern and
especially the northeastern parts of the province had lower temperature (<15°C) and pan evaporation (<2300
mm), more rainfall (>235 mm), and higher wind speed (>15 m s™) in comparison to southern parts. Therfore,
precise water resource management and new cropping pattern in these regions of the province may be
recommended.

Keywords: Inverse distance weighting, Ordinary kriging, Precipitation, Temperature, Wind speed
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