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Introduction

Estimation of reference evapotranspiration (ETo) is essential to determine water requirements of
crops. In other words, to regionalize ETo to a large area, some interpolation methods should be used
(Goovaerts, 1997). A key parameter which may influence the proper performance of interpolattion
methods, is the sequence of ET, estimation process (Mardikis et al., 2005; Vilanova et al., 2012).
That is why using some auxillary variables cross correlated with the main variable, could
significantly improve the accuracy of interpolation methods. Therefore, this study aims to analyze the
estimation process sequences while investigating spatial variability of annual and monthly ETy in
Iran. A comprehensive comparison of spatial interpolators is performed. Elevation is also used as a
secondary variable in multivariate methods.

Methodology

This study presents a comparison of two different processes namely "interpolate first, calculate
later (IC)" and "calculate first, interpolate later (CI)" for estimating and mapping annual and monthly
ETo in Iran. In the first process, all the meteorological parameters required to calculate ETo were
interpolated and then ET, was calculated on the interpolation network defined over the study area
using the FAO - Penman-Monteith equation. In the second approach which is more common, ETy
was first calculated for the selected stations given the required meteorological parameters and then
interpolated over the study area. The interpolation methods used were ordinary kriging (OK) with
and without an axiulary variable, radial basis functions (RBF), local polynomial (LPI) and inverse
distance weighting (IDW).

The weather data used to estimate and calculate ETo belonged to 116 synoptic stations scattered
all over the country.

In this study, one third of data was kept aside at the beginning for evaluation purposes and the
methodology was performed on the rest of data. Several comparison criteria were used for assessing
the results including RMSE, MBE and MAE.
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Findings

The autocorrelation analysis was performed for weather data including Max Temperature, Min
Temperature, Mean Temperature, Wind Speed, Relative Humidity and Solar radiation, as well as
calculated ETo. None of the variables showed a significant anisotropy; so, it was assumed that all
variables are isotropic. The results showed that ET, has a moderate to strong spatial correlation with
a spherical structure. Overall, ignoring the interpolation method used, IC performed better than CI for
the majority of months and on an annual scale. However, this result differs from Mardikis et al.
(2005) and Bechini et al. (2000) who reported that CI is superior to IC. The best interpolation method
(according to RMSE and MAE) in IC procedure was IDW for September, October and the annual
case, OK for Juanuary and March and COK for Febuary, April, November and Desember. IDW with
Cl procedure was the best method for estimating ETo for May, June, July and August. Overall, the
comparison of interpolation methods indicated that for both IC and Cl, OK, COK and IDW, which
incorporate the separation distance in estimation procedure, performed better than the other
approaches. The highest reference ETo occurs in southern, southwestern and eastern parts of the
study area, while central parts have lower ET, and north and northwestern regions have the lowest
ETovalues.

Conclusion

In this study, both spatial correlation and interpolation of ETo, important weather parameters in
the Penman-Manteith equaton as well as the sequence of spatial interpolation of ETo were
investigated. Statistical analysis showed that the highest coefficient of variation (CV) is seen for cold
months and the lowest CV is seen for warm months. It was found that it is impossible to find a single
appropriate technique for all months and seasons. Assessment of different interpolation methods
showed that the very fast and simple IDW method is good enough when the aim is to find an overall
view of spatial distribution of ETo, especially when the sampling locations are sparse. Moreover, the
results confirmed that using an appropriate secondary variable could improve the results of spatial
interpolation. In summary, IC performed better than CI for estimating monthly and annual ETo
except for June, July and August.
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. Standard Coefficient .
Month Mean Min Max . of Skewness Kurtosis
deviation o
variation
Jan 24.08 7.13 116.28 17.95 0.74 2.25 7.00
Feb 30.30 9.58 116.39 18.48 0.60 1.85 3.96
Mar 48.35 14.74 143.10 22.64 0.46 1.11 2.12
Apr 67.34 21.67 165.96 28.00 0.41 0.92 1.01
May 94.97 34.39 224.19 39.31 0.41 0.85 0.63
Jun 123.10 48.10 296.53 46.55 0.37 0.95 1.39
Jul 135.59 38.60 343.31 50.14 0.36 1.01 2.32
Aug 124.79 52.23 323 45.54 0.35 1.07 3.20
Sep 92.50 14.92 332.62 34.81 0.37 0.91 2.21
Oct 63.27 9.91 137.24 26.26 0.41 0.6 0.06
Nov 38.08 10.87 139.89 21.76 0.57 1.66 4.20
Dec 26.63 7.93 119.84 18.81 0.70 2.12 6.11
Annual 869 333.11  1917.96 334.18 0.38 0.84 0.82
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Table2- Main statistics of annual and monthly reference evapotranspiration of validation stations

(mm)

Standard

Manth Mean Min Max deviation
Jan 21.53 6.77 65.53 12.98
Feb 28.25 10.97 86.61 15.02
Mar 46.24 15.26 88.13 20.79
Apr 65.00 22.13 116.75 27.20
May 94.74 32.25 183.53 37.54
Jun 123.20 45.94 225.2 45.58
Jul 134.63 53.63 225.37 46.91
Aug 123 49.75 205.31 37.65
Sep 91.00 35.00 155.45 29.18
Oct 62.56 15.25 109.64 23.97
Nov 36.42 14.67 75.41 17.68
Dec 24.05 7.74 56.61 14.27
Annual 850 332.33 1477.32 299.92
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Table3- Correlation coefficient (r) between different parameters and elevation

Month  ETo RH Sunshine Tmin  Tmax  Tmean  Wind speed
Jan 041 0.24 0.04 080 070 0.76 0.21
Feb 0.35 0.32 0.15 0.76 063 071 0.12
Mar 0.26 0.42 0.26 0.74 056 0.67 0.01
Apr 0.28 041 0.20 0.74 054 0.66 0.00
May 0.35 0.38 0.30 0.76 053 0.67 0.13
Jun 0.28 0.51 0.44 0.75 045 0.64 0.17
Jul 017 0.55 0.54 075 039 062 0.07
Aug 0.17 0.59 0.50 0.78 042 0.67 0.08
Sep 0.23 057 0.46 080 050 0.72 0.1
Oct 0.34 047 0.18 081 062 0.76 0.08
Nov 0.43 0.33 0.04 083 069 0.79 0.20
Dec 041 031 0.02 081 070 0.78 0.19
Annual 0.31 0.48 0.32 0.80 061 0.74 0.12
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Fig 2 - Directional semivariogram for July evapotranspiration
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Fig 3 - Experimental isotropic semivariogram (opened square) and the best fitted model (solid line)
for July evapotranspiration
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Table 4 - Characteristics of semivariogram models fitted to the reference evapotranspiration data
Month ~ Model ¢, +C Co A, C
(mm)2  (mm)2  (km) (C+Cy)
Jan Spherical ~ 0.12 0.05 213 0.73
Feb Spherical  0.11 0.02 111 0.75
Mar  Spherical  0.08 0.03 183 0.73
Apr Spherical ~ 0.07 0.02 207 0.73
May  Spherical  0.27 0.02 1887 0.79
Jun Spherical  0.15 0.04 1221 0.71
Jul Spherical ~ 0.12 0.04 1110 0.69
Aug  Spherical  0.13 0.04 933 0.62
Sep Spherical  0.13 0.04 922 0.68
Oct  Spherical 0.01 0.03 777 0.86
Nov  Spherical  0.09 0.03 222 0.62
Dec  Spherical 0.22 0.02 743 0.87
Annual Spherical  0.08 0.01 238 0.97
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Table 5 - Characteristics of semivariogram models fitted to the meteorological variables for July

Variable Model Cy+C C, 4, (km) = fco)
Trmean Exponential 5.07 19.91 777 0.74
Tmax Exponential 2.07 19.23 199 0.89
Tmin Exponential 5.70 52.40 1409 0.89
RH Exponential 0.00 0.23 732 0.98

Sunshine Exponential 822 2302 2992 0.64

Wind speed  Exponential 0.05 0.10 333 0.50
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Table 6- Validation results of OK, IDW, LPI, RBF and COK intermediation methods and two processes of IC and ClI

Parameter Process Method Jan Feb Mar Apr May Jun jul Aug Sep Oct Nov Dec  Annual
OK 448 920 872 1185 2039 2785 3032 2613 1513 10.32 516 522 159.50
IDW 4.72 582 1011 11.75 19.84 2767 29.67 25.65 14.78 9.49 4.64 5.04 149.22
LPI 9.35 1044 1438 16.93 2159 2836 3277 2865 26.32 1461 11.79 9.77 203.00
IC RBF 1040 11.20 1440 16.98 2048 2756 3182 2790 2520 1375 11.79  9.83 200.00
COK 7.25 5.38 8.86 9.49 2523 2875 3177  28.40 16.52 9.95 4,13 3.24 179.00
RMSE(mm)
OK 756 894 1313 16.87 19.99 2968 33.00 3269 19.71 13.67 997 753 185.75
IDW 6.73 819 1126 14.09 1823  27.04 29.27 2414 16.87 12.46 879 739 154.81
LPI 10.75 11.02 14.04 16.75 2364 3157 3685 3323 2559 1744 1287 11.13 202.00
Cl RBF 11.24 1127 1429 16.82 2289 30.79 3590 3223 2425 16.62 12.87 1156 201.00
COK 756 9.06 12.60 15.93 2286 3199 3580 2948 1942 1293 985 845 186.52
OK -0.22 -.058 -457 -728 -15.75 6.66 -21.87 -23.95 -2084 -1060 -6.95 -1.25 -113.40
IDW -041 -010 -536 -6.96 -15.67 -22.05 -2380 -2047 -1011 -651 -0.96 -0.86 -113.10
Ic LPI -0.13  -021 -014 017 0.03 0.56 1.68 1.84 1.30 095 030 -0.02 6.32
RBF -044 -034 -0.10 0.15 0.08 0.48 0.36 1.80 1.40 0.32 0.36 -0.08 4.40
COK 545 124 -461 -0.13 -0.17 -22.65 -2598 -2300 -11.16 -6.87 -0.93 -0.25 -109.06
MBE (mm) OK 276  -1.39 2.04 3.80 245 5.81 8.18 10.26 5.51 2.39 2.28 2.02 44.26
IDW -0.03 011 -073 047 -1.27  -0.67 075 -092 -0.23 -121 -057 0.066 -7.46
Cl LPI -0.07 -023 -0.76 -1.19 -1.52 -1.05 -1.69 -0.70 -0.45 062 -0.51 0.35 -1.00
RBF -0.67 -054 -043 -0.37 -0.70 -091 -08 -070 -0.56 -043 -051 -0.63 -1.05
COK 010 024 046 084 1.42 2.07 1.96 1.59 1.27 095 074 021 11.91
OK 3.34 7.68 6.86 9.46 16.71 2293 2550 22.38 12.39 8.42 3.93 411 129.95
IDW 357 414 787 927 1621 2284 2507 21.83 1192 7.76 366 4.04 128.30
Ic LPI 7.25 7.77 1063 12091 16.42 2273 2720 23.61 16.04 11.08 8.85 7.77 146.05
RBF 7.28 793 1086 12.96 16.66 2279 26.80 23.53 15.49 10.66 8.94 7.63 152.60
COK 5.92 3.49 7.25 7.58 2112 2406 2733 24.80 13.88 8.42 3.23 247 148.67
MAE(mm) OK 5.85 736 10.65 13.16 1575 2525 2843 26.74 16.11 7.76 8.50 6.16 151.26
IDW 5.52 6.65 8.99 1092 15.05 2261 2476 2041 1422 11.08 7.24 6.20 132.20
Cl LPI 6.34 6.77 9.26 11.74 16.92  23.86 269  24.80 18.81 10.66 8.45 7.03 154.11
RBF 355 704 964 1181 16.96 2393 2685 2480 1838 8.42 845 7.0 154.80
COK 6.00 7.22 9.94 13.04 16.85 2425 27.00 23.63 16.19 11.59 8.16 6.96 156.00
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