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Figure 1- Location of the studied stations
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2 GWR: Geographically Weighted Regression
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Table 1- The statistical parameters of mean monthly air temperature ('C)

(815 s5lw 4 43) ailale slod bwgio (55ko] (sl yiol )y —) Jgu

Month  Average Minimum  Maximum Varlg‘glon SkeV\_/n_ess Kur_t0_5|s
coefficient  coefficient coefficient

Jan. 2.76 -4.61 8.71 127.67 -0.14 -0.79

Feb. 4,92 -2.87 9.55 65.47 -0.63 -0.41

Mar. 9.32 0.98 14.75 30.53 -0.58 0.24

Apr. 14.56 7.21 21.17 20.79 -0.12 -0.28

May 19.43 12.09 26.51 17.08 -0.08 -0.50

Jun. 24.54 17.16 31.24 13.94 -0.15 -0.49

Jul. 27.32 18.60 33.27 12.11 -0.38 0.06

Aug. 26.87 19.92 31.64 10.70 -0.44 -0.09

Sep. 22.84 16.05 27.42 12.37 -0.52 -0.35

Oct. 17.24 10.35 21.41 15.80 -0.64 -0.32

Nov. 10.15 3.63 14.34 28.95 -0.33 -0.84

Dec. 5.23 -1.25 10.27 58.52 -0.05 -0.68

Table 2- The Statistical parameters of stations’ altitude
ol 165 5l 5 ylof (gl ol )y Y Jgor
Average Minimum Maximum Variation coefficient Skewness coefficient ~Kurtosis coefficient
1225.6 -23.6 2465.2 58.09 -0.56 -0.62
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Table 3- Correlation coefficients of temperature with environmental parameters
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Variable
Month Elevation HReIa_tlye Sunshine Precipitation  Solar radiation  Latitude longitude
umidity Hour
Jan. -0.81 -0.19 -0.19 0.27 -0.78 0.24 0.47
Feb. -0.69 -0.04 0.16 -0.06 -0.66 0.05 -0.48
Mar. -0.48 -0.19 -0.13 -0.42 -0.45 -0.14 0.42
Apr. -0.36 -0.32 -0.09 -0.74 -0.3 0.23 0.48
May -0.37 -0.31 -0.13 -0.61 -0.32 -0.2 0.49
Jun. -0.26 -0.39 -0.19 -0.26 -0.23 -0.29 0.42
Jul. -0.2 -0.46 -0.2 -0.36 -0.16 -0.35 0.34
Aug. -0.32 -0.27 -0.18 -0.16 -0.28 -0.21 0.36
Sep. -0.47 -0.082 -0.062 -0.002 -0.45 -0.095 0.43
Oct. -0.61 0.085 -0.126 0.13 -0.59 0.041 0.42
Nov. -0.78 0.24 -0.18 0.33 -0.74 0.19 0.44
Dec. -0.82 0.32 -0.19 0.38 -0.18 0.25 0.40
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* Linear to sill
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Table 4- Error criteria in multiple linear regression
b A ay g,y g 5o b sbalxo -F Jgur

Month Regression RMSE MBE R®
variables (°C) Q) (W)
Jan. Z RH, P, S, Lat, 1.78 -011 80

Lon
Feb. Z,RH, N, P, S, Lat 1.65 -0.14 79
Mar. Z,RH, N, S, Lat 1.94 011 73

Apr. Z,RH,P,S 2.36 -0.32 78
May Z,RH,P,S 2.67 -0.33 76
Jun. Z,RH, S, Lat, Lon 2.92 -0.23 73
Jul. Z,RH, S, Lon 2.48 -0.18 74
Aug. Z,RH, S, Lon 2.60 -0.25 69
Sep. Z,RH, S, Lon 2.43 -0.22 65
Oct. Z,RH,S 1.86 -0.15 65
Nov. Z,RH, p, S 1.68 -0.10 75

Dec. Z,RH,P, S, Lat 247 033 79
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Table 5- Optimal Semivariogram characteristics and the results of the Kriging method evaluation for monthly mean

temperature
wlale bawgin slod (sbrosld gl y Souzm )5 (9 (b3l b 9 dte Slod et o Sliasiin -0 Jgu
Month NEY Nugget (Co) Sill=Co+C Range C/Sill Cy/Sill RMSE (°C) MBE (°C)
Jan.  Exponential 4.47 16.78 3.30 0.61 0.39 2.60 -0.67
Feb.  Exponential 7.56 20.66 13.69 0.63 0.37 2.51 -0.60
Mar.  Exponential 6.98 13.97 2099  0.50 0.50 244 -0.34
Apr. Spherical 6.97 16.18 19.71  0.57 0.43 2.62 -0.44
May Spherical 8.30 20.10 20.36  0.59 0.41 2.83 -0.47
Jnu.  Exponential 10.10 20.15 2099  0.50 0.50 2.74 -0.34
Jul. Linear 10.65 10.65 6.38 0.00 1.00 2.56 -0.24
Aug. Linear 8.01 8.01 6.38 0.00 1.00 2.39 -0.37
Sep. Linear 7.71 7.98 6.38 0.03 0.97 2.38 -0.47
Oct.  Exponential 6.39 12.78 2099  0.50 0.50 2.38 -0.49
Nov.  Exponential 6.74 15.46 1343 0.56 0.44 243 -0.60
Dec.  Exponential 6.37 19.88 13.11  0.68 0.32 2.36 -0.70

Table 6- Coefficient of determination and Relationship between monthly temperature and auxiliary variable
S5 ko g dildlo (Glod (s alauly 9 (e o o -7 Jgua

Month Auxiliary variable  Correlation equation  Coefficient of determination P-Value
Jan. Altitude T=7.692-0.004Z -0.81 0.00
Feb. Altitude T=8.797-0.003Z -0.70 0.00
Mar. Altitude T=11.67-0.002Z -0.48 0.00
Apr. Precipitation T=19.42-0.113Z -0.74 0.00
May Precipitation T=23.23-0.151Z -0.61 0.00
Jnu. Relative Humidity T=27.13-0.067Z -0.39 0.003
Jul. Relative Humidity T=30.32-0.078Z -0.46 0.00
Aug. Altitude T=28.49-0.001Z -0.32 0.015
Sep. Altitude T=25.12-0.002Z -0.47 0.00
Oct. Altitude T=20.12-0.002Z -0.61 0.00
Nov. Altitude T=14.11-0.003Z -0.78 0.00
Dec. Altitude T=9.566-0.003Z -0.82 0.00

Table 7- Semivariogram characteristics of the variation of the auxiliary temperature data and the results of the
evaluation of the Co-Kriging method
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Month  Model Nugget (Co)  silj=c+c Range  C/Sill CySill RMSE(°C)  MBE (°C)
Jan.  Spherical “1131.00 ~2707.00 7.35 058  0.42 2.78 050
Feb.  Spherical -1158.00 -2481.00 1395 053 047 2.96 0.40
Mar.  Exponential  -845.00 -1691.00 2099 050  0.50 3.13 -0.08
Apr.  Spherical -21.30 -113.60 1737 081 0.9 3.00 -0.41
May  Spherical -16.40 55.07 1706 070  0.30 3.20 -0.46
Jun. - - - - - - - -

Jul. - - - - - - - -
Aug. - - - - - - - -

Sep. - - - - - - - -

Oct.  Spherical -958.00 -1920.00 1890 050 050 2.71 -0.38
Nov.  Exponential  -1115.00 -3688.00 1375 070  0.30 2.69 -0.44
Dec.  Spherical -1035.00 -2304.00 7.02 0.55  0.45 2.38 -0.46
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Table 8- Monthly results of geographically weighted regression method
WA 510059 Hgmw S5 Gh9) 5l ol dilale gulis A Jgu
Kernel type Band Width Method Effective variables Error indices
Month Fixed Adaptiv AlCc cv Bandwidth Altitude Relqtiye Sunshine RMSE MBE R?
e parameter humidity Hour
Jan. * * * * 1.15 0.003 0.86
Feb. * * * * 1.30 -0.07 0.83
Mar. * * * * 1.32 -0.15  0.82
Apr. * * * * * 1.06 -0.09 087
May * * * * * 1.49 -0.04 083
Jun. * * * * * 1.54 -0.03 0.83
Jul. * * * * * 1.39 -0.08 084
Aug. * * * * * 138  -0.004 0.79
Sep. * * * * * 1.38 -0.01 0.78
Oct. * * * * * 1.30 -0.06 0.79
Nov. * * * * 0.95 -0.08 0.86
Dec. * * * * 0.83 -0.02  0.87
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Figure 2- January temperature zoning map using
geographical weighting regression
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Table 9- The mean square error of the used methods
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] [
5 f§f g58 £ @
2 .= 290 D v
= 378 §28 3
Jan. 1.78 1.15 2.78 2.6
Feb. 1.65 1.3 2.96 2,51
Mar. 1.94 1.3 3.13 2.44
Apr. 2.36 1.06 3 2.62
May 2.67 1.49 3.2 2.83
Jun. 2.92 1.54 - 2.74
Jul. 2.48 1.39 - 2.56
Aug. 2.6 1.38 - 2.39
Sep. 2.43 1.38 - 2.38
Oct. 1.86 1.3 2.71 2.38
Nov. 1.68 0.95 2.69 2.43
Dec. 2.47 0.83 2.38 2.36
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Comparative study of geo-statistical and multivariate models for air
temperature interpolation in central and northern regions of Iran
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Abstract

Air temperature is one of the major variables required for agroclimatic classifications. For spatial zoning of
temperature point observations, the interpolation approaches in which the horizontal and vertical gradients are
included may be applied. In this research, the skill of Kriging, Co-Kriging, geographically weighted regression
and Linear Multivariate Regression was evaluated for the interpolation of the monthly mean temperature values
using the data of 56 synoptic stations located in the northern and central regions of Iran. The results of the
statistical analysis indicated that the geographically weighted regression have the greatest difference with the
other methods in month of December, with root mean square error (RMSE) equal to 0.83 °C, Based on the
RMSE values of all months, the geographically regression method (with RMSE of 1.26°C) is the most suitable
approach for temperature spatial zoning in this region. and then linear multiple regression method with RMSE
of 2.24 °C, Kriging with RMSE of 2.52 °C and Cokriging with highest RMSE of 2.86 °C were ranked second to
fourth, respectively. Besides, it is concluded that for high altitude areas where almost no weather station exist,
the geographically weighted regression method provided the most accurate interpolated data of the air
temperature.
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