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Abstract

As the ratio of evapotranspiration to precipitation, Aridity
Index (Al) is used to quantify the value of aridity. In this study,
sensitivity analysis was performed on Al using the partial
derivative method based on 7 meteorological variables
including Pre, Tmax, Twmin, €a, Uz and Rs in 5 different climates
based on De Martonne’s classification method during the
period 1990-2019 on annual time scale. Mann-Kendall test and
Sen’s slope estimation method were employed for the purpose
of trend detection of Al variations. CanESM2 atmospheric
circulation method under two scenarios including RCP4.5 and
RCP8.5 and Statistical Downscaling Model (SDSM) were
used to predict Al variations in the future period of 2020-2050.
The Results of Al trend analysis indicated increased aridity in
all stations excluding Mashhad. The Results of sensitivity
coefficient showed that precipitation, among all other climate
variables, contributed the most to Al variations, as 10%
increase in precipitation resulted in a decrease in Al in Rasht,
Ilam, Yasouj, Mashhad and Kerman by 10.72%, 11.81%,
12.48%, 11.14% and 12.82%, respectively. Al had then the
highest sensitivity to Tmax and Twmin in Ilam and Rasht stations,
to es in Kerman and Mashhad stations, and to Rs in Yasouj
station. Throughout the next 30-year period, it is expected that
Al values increase in all observed stations except Yasouj. The
highest and lowest annual Al increase rates throughout this
period would take place in Rasht station under scenario
RCP8.5, and in Mashhad station under scenario RCP4.5.

Keywords: Aridity Index (Al), Sensitivity Coefficients,
Climate Change Scenarios, Trend Test.
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Table 1- Geographical characteristics, mean climatic variables and climate types of the studied stations
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Station Longitude Latitude Elevation Mean annual Mean annual Mean daily Climate
E) (N) (m) Precipitation Evapotranspiration Temperature
(mm) (mm) ()

Rasht 37°19° 49°37’ -8.6 1219.1 803.7 16.1 Very humid

Yasouj 51°56° 30°70° 1816.3 790.6 1866.0 15.1 Humid
llam 33°34° 46°23° 1337.0 476.6 1383.3 17.1 Mediterranean
Mashhad 36°9° 59022’ 999.2 245.0 2297.0 15.7 Semi-arid
Kerman 56°96" 30°26" 1753.8 1335 2662.1 17.0 Arid
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Table 3- Partial derivative equations of aridity index relative to the climate variables
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Table 4- The results of Al variations trend analysis in the studied stations
u&'wl‘a‘o dub&w’” “' )b ‘Mﬁ 3 uﬁ&lﬁ:’ &’-‘J‘M J\J‘S} GW))-? @w —f J’A?

Stastion Z Q Qmaxos Qmings Qmax 99 QmMinge
Rasht +1.93 0.007 0.012 0.000 0.014 -0.002
Yasouj 1.21 0.028 0.074 -0.016 0.091 -0.034
Ilam *2.00 0.045 0.079 0.000 0.095 -0.011
Mashhad -0.29 -0.021 0.083 -0.121 0.120 -0.159
Kerman *2.18 0.237 0.466 0.014 0.559 -0.065

Z: Mann-Kendall test statistic, Q: Sen’s slope, Qmaxes, QMinagy: Maximum and Minimum Sen’s test statistics significance at 99%,
Qmaxos; Qmings: Maximum and Minimum Sen’s test statistics significance at 95%, +: Significant at 90%, *: Significant at 95%.
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Table 5- Contribution of climate variables to variations of annual aridity trend
AVl (Sis Wigy Ol pti 40 coulBl g ptio b —O Jgin

Station

pre Tmax Tmin €a Uz Rs ET,
94T
Rasht — -0.0006  -0.00033 0.000088  0.00075  -0.00033  0.000123 0.001243
S(xij  -10729 000289 -0.00669 0.0001933 -0.00049 0.002451  1.572
Cr(xi) 645 0000937 0.000937 0.000932  0.000404 0.000541 _ 0.00355
RC(xi)  18.15 00134 00134 0.005 0.0061 _ 0.0079 6.89
Yasouj 0AI
~— 000725 0000774 000077 001241  -0.00268 (0.000166  0.00044
i
S(x) 12480 _ 0.00257 0.000919 _ 0.00253 _ -0.00078 _ 0.00258 __ 0.2912
Cr(xi) 1677 _ 0000627 0.000627 _ 0.00085 _ 0.00032 _ 0.00057 _ 0.003125
RC(xi) _ 63.10 0.0805  0.0805 0.095 0.042 0.078 8.49
llam 0AI
— 00071 0.0026  -0.0015 00043  -0.0065 00001  0.0022
S(xij _ -11813 00238  -0.00513  0.00254  -0.00154  0.00063 1
Cr(xi) 0763 _ 0.000612 0.000612  0.00769 _ 0.00026  0.000075  0.01121
RC(xi) 2520  0.02185  0.02185  0.02658  0.0093  0.002658  4.2284
Mashhad 0AI
~— 005343 -000021 000023 0037392 -0.01374 0000455  0.00044
i
S(xiy _ -1.1142 -0.00095 0.000036 0.003124  -0.00263  0.002465  0.09729
Cr(xij 3278 000172 000172 _ 000234  0.00235 0.00234  0.0119
RC(xi)  32.94 0.043 0.043 0.076 0.058 0.059 1.45
94l
Kerman — -0.2050  -0.0039  -0.00223 005991  -0.01579  0.0013  0.00052
S(xij _ -1.2827  -0.0054  -0.00098 _ 0.00201 _ -0.00086 _ 0.00319 0.06
Cr(xi) 7915 000307  0.00307 _ 000214 _ 0.00208 _ 0.0029 _ 0.0156
RC(xi)  60.45 004533  0.04533  0.03164  0.0307 _ 0.04287  0.7624

Pre: precipitation, Tua: maximum temperature, Tyin: Minimum temperature, e,: actual vapor pressure, U, wind speed at 2m height, R;:
. . . . L QAI . I . . .\
incoming solar radiation, ETo: evapotranspiration, ox; Mean annual partial derivatives, S(xi): mean annual sensitivity coefficient, Cr(xi):
contribution of variable xi to the trend of Al, RC(xi): relative contribution of climate variable xi to the trend of Al.
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Table 6- Evaluation of model performance in the calibration phase
Fowly Ao o 35 Jio (b5, il -5 Joua

Variable Stastion Calibration phase SE R?
Rainfall Rasht 1990-2003 0.42 0.28
Yasoj 1990-2002 0.50 0.35
llam 1993-2005 0.56 0.27
Mashhad 2003-2010 0.42 0.20
Kerman 1990-2001 0.28 0.31
Temperature Rasht 1990-2003 0.42 0.28
Yasoj 1990-2009 0.12 0.69
llam 1993-2010 2.12 0.70
Mashhad 2003-2012 1.52 0.81
Kerman 1990-2008 1.81 0.79

Table 7- Evaluation of model performance in the validation phase
FwCous dla 1o )0 Jde (Ul -V Jgse

Variable Stastion Validation phase NSE MAE RMSE R?
Rainfall Rasht 2004-2019 0.97 0.08 0.14 0.95*
Yasoj 2003-2019 0.85 0.74 1.33 0.86*
llam 2006-2019 0.82 0.70 1.1 0.82*
Mashhad 2011-2019 0.86 0.08 0.15 0.82*
Kerman 2002-2019 0.86 0.14 0.21 0.89*
Temperature Rasht 2011-2019 0.98 1.22 1.03 0.98*
Yasoj 2010-2019 0.99 0.76 0.90 0.98*
llam 2001-2019 0.99 0.86 0.98 0.99*
Mashhad 2013-2019 0.99 1.46 1.76 0.97*
Kerman 2009-2019 0.99 0.91 1.08 0.98*

*: Significant at 95%.
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Table 8- The minimum, maximum, average values and variations rate (%) of Al in the base and future
periods

0321 5 4y 0,93 Al Ul pudi & 35 dao yd 9 Lawrgie ciuwiond cdinoS p1 3l A Joua

Station Baseline period Future period
1990-2019 2020-2050
Rcp4.5 Rcp8.5
Max Min Mean Max Min Mean Rang Max Min Mean  Rang
(%) (%)
Rasht 1.02 0.38 0.68 153 017 081 1921 1.69 0.49 1.02  49.25
Yasouj 5.82 2.25 3.64 483 241 343 -576 5.99 2.74 3.73 2.47
llam 4.58 1.56 3.02 413 165 366 21.19 6.64 1.67 429 4205
Mashhad  12.99 7.34 10.71 2185 452 1073 0.18 27.09 5.47 13.61  27.07
Kerman 3201 11.20 17.98 36.70 839 20.04 11.45 4215 10.03 23.00 27.91
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Fig. 3- Al Variations under RCP4.5 scenario in the period 2020-2050
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Fig. 4- Al Variations under RCP8.5 scenario in the period 2020-2050
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