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1- Parametric
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Figure 1- Thelocation of the selected station.
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1- Persistence
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Table 1- Characteristics of selected stationsin the period of 1981-2013.
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Table 2. MK4 test results for monthly and annual temperature seriesin Halhal, Baron, Bahlol Abad, Poldasht, Ghrol, Razi,

Mozafar Abad, Yalghoz Agaj, Chehrig, Sero, Abajalo and Camp Urmia stations.

°&"_M&‘ oobe! Meh Aba Aza Dey Bah Esf Far Ord Kho Tir Mor Sha Annua
Station Para

Jdls z 241 205 113 019 292 271 113 067 081 030 064 219 2.76
Halhal Slope 006 007 009 002 015 015 004 001 002 000 001 005 0.05
o9t z 265 169 062 031 225 200 026 -012 107 065 146 261 2.23
Baron Slope 0.07 005 004 002 015 012 001 000 002 0.02 005 006 0.05
ST Jslee z 233 230 014 000 169 346 135 175 18 031 143 121 2.67
Bahlol Abad Slope 010 006 001 000 011 016 004 005 004 001 0.04 0.03 0.06
sl z 192 244 017 -037 127 293 090 026 115 168 342 313 2.40
Pol dagqt Slope 0.08 005 001 -003 008 012 003 001 004 004 009 007 0.05
Joss z 090 101 -043 020 195 174 150 099 146 -050 -192 -123 042
Ghrol Slope 0.02 0.04 -002 001 008 006 004 003 003 -001 -004 -003 0.08
<l z 161 093 050 000 174 200 -014 000 192 138 236 308 215
Razi Slope 005 0.03 002 000 008 008 -001 000 004 004 006 006 0.04
RAJEIE z 084 003 -065 -098 087 267 071 -043 051 -031 18 161 0.75
Mozafar Slope 0.04 000 -0.03 -007 003 013 002 -001 001 -001 003 003 0.02
zl;08lL z 236 147 016 081 253 369 214 219 203 231 223 278 3.77
Yalgoz Slope 005 005 001 003 013 015 007 006 006 006 005 005 0.06
B z 223 098 050 008 18 222 132 005 107 169 275 221 2.65
Chehriq Slope 006 003 003 001 010 010 005 000 002 0.04 006 005 0.04
o z 244 201 071 -003 250 308 225 217 354 348 341 251 2.99
Sero Slope 012 011 006 -001 020 019 010 010 010 012 014 o011 0.12
sl z 167 126 -040 -015 191 369 175 191 28 170 289 253 3.92
Abagjalo Slope 0.07 003 -002 -001 010 013 005 005 007 006 008 006 0.05
dog)l oS z 284 088 -050 087 336 369 -016 248 181 194 137 210 2.03
Camp Urmia Slope 009 003 -002 004 017 016 -001 005 005 006 004 005 0.04
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Table 3. MK4 test results for monthly and annual temperature seriesin Hashem Abad, Ghasemlo, Piye Jak, Derabka, Beriso,
Mehmandar, Pole Sorkh, Taze Kand, Norozlu, Shahid Kazemi and Badamlu Stations.

RS 2, .
i Meh Aba Aza Dey Bah Esf Far Ord Kho Tir Mor Sha Annual
Station Para

AP z 112 -18 -124 -073 319 161 019 071 081 180 157 124 1.69
Hashem Slope 002 -005 -008 -0.05 017 008 001 003 002 003 005 003 0.02
olowsls z 159 160 019 012 170 244 123 126 228 171 247 264 287
Qasemlu Slope 007 005 001 001 010 014 004 003 005 004 006 006 0.05
als z 059 -082 -096 -085 273 191 101 144 152 173 129 219 155
Pey Ghale Slope 0.01 -0.03 -0.06 -005 014 0.08 004 0.04 003 003 003 005 002
S 4y z 055 -051 -136 -064 226 167 073 220 270 160 194 237 201
Pie Jack Slope 0.02 -001 -0.06 -005 013 005 002 0.07 005 003 004 005 003
1S4l z 351 172 068 -022 236 209 175 138 094 071 221 335 2.04
Derebka Slope 010 005 003 -001 013 015 005 003 004 001 008 007 0.06
st 2 z 175 042 -062 028 174 267 107 085 039 029 -009 031 1.45
Beriso Slope 006 001 -002 001 009 011 005 005 003 001 000 001 0.04
Jsleges z 278 129 112 082 262 202 257 166 139 082 293 201 253
Mehmandar  Slope 010 005 005 004 014 017 008 0.07 005 003 007 008 0.07
Ero s z 147 -112 -087 -095 178 221 120 079 160 041 189 0.88 153
Pole Sorkh Slope 0.04 -0.03 -0.03 -007 009 013 003 0.02 003 002 004 001 002
XS o}l z 289 043 -002 017 195 225 250 206 143 160 244 210 3.02

Taze Kand Slope 009 001 000 001 013 014 007 006 006 0.04 005 0.06 0.05

39795 z 143 -098 -113 -050 112 220 071 104 029 047 101 224 1.30
Norozlu Slope 0.03 -0.03 -005 -0.04 007 009 003 004 001 001 002 003 0.02
bl s z 166 -082 -140 009 218 246 126 071 182 -005 161 174 237
Shahid Kazemi Slope 0.05 -0.02 -004 001 015 015 004 002 004 0.00 003 003 0.04
slolals z 130 -105 -115 -0.77 147 223 112 045 136 038 191 101 150

Badamiu Slope 0.04 -0.03 -0.05 -003 004 013 003 0.01 003 002 004 002 002
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Fig 2. Box plots of statistics Z for monthly and annual temperaturetime seriesin Iran during 1981-2013.
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Fig 3. Spatial changes of Z statistics.
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Introduction: Climate change in the current century is an important environmental challenge facing the
world. Increase in atmospheric concentration of greenhouse gases such as CO, as aresult of human activities has
caused a change in a number of hydroclimatic parameters. Climate change and global warming are the most
important issues that have attracted many attentionsin recent years. Climatic changes have interpreted as
significant changes in average weather over along period (Salari and ghandomkar, 2012). Global warming may
cause drastic fluctuations in various processes and also it can significantly affect mean and variance of relative
humidity, precipitation, solar radiation and etc. Globa warming phenomena can change the components of the
hydrological cycle and re-distribute the world's water resources in time and space. This may exacerbate
desertification in arid and semi-arid countries such as Iran (Ahmadi and Radmanesh, 2014). Therefore, a large
part of hydroclimatic researches has focused on temperature trend analysis at different spatial and temporal
scales,

Materials and Methods: In the present study, thelong-term temperature data from 24 climatological
stations uniformly distributed over the West Azarbayjan province during 1981-2013 were used for investigating
the temperature trends. The aim of trend test is to specify whether an increasing or decreasing trend exists in
time series. Since parametric tests have some assumptions such as normality, stability, and independence of
variables which may not be valid for most hydrologic series, the nonparametric methods are more preferred in
meteorological and hydrological studies. In addition, the nonparametric trend analysis methods are less sensitive
to extreme values compared to parametric trend tests. Nonparametric tests can also be applied regardless of
linearity or nonlinearity of time series trend (Khalili et al. 2015). One of the most well-known nonparametric
tests is the Mann—Kendall test (Mann 1945; Kendall 1975). Existence of more than one significant
autocorrelation among data is long-term persistence (LTP). The presence of LTPin time series results in the
underestimation of serial correlation and overestimation of the significance of the Mann-Kendall test
(Koutsoyiannis 2003). In addition, Koutsoyiannis and Montanari (2007) pointed out that the Hurst phenomenon
(Hurst 1951) is one of the most major sources of uncertainty in hydrometeorological trend analysis. Hamed
(2008) studied the impact of LTP and Hurst phenomenon on the Mann—Kendall test, and Kumar et al. (2009)
named it as the MK4. Since the MK 3 test (Mann-Kendall method after the removal of the effect of all significant
auto-correlation coefficients) is a generalized version of the MK2 (Mann-Kendall method after removing the
effect of significant lag-1 auto-correlation), the MK3 and MK4 tests were used in this study and explained
briefly in the following sections according to Kumar et a. (2009) and Dinpashoh et al. (2014). In the current
study, the MK4 test was employed.

Results and Discussion: In this study, the mean monthly and annual air temperature trends were investigated
using non-parametric Mann-Kendall test by considering the Hurst coefficient (MK4) for West Azarbayjan
province. The Sen's slope estimator was also used for estimation of the slope of the trend line. Results indicate
that 71% of selected stations (17 stations out of 24 considered stations) experienced a significant positive trend
and only 7 stations (%29 of studied stations) did not show a significant upward trend in annual temperature time
series. The highest increasing temperature rate (0.12 °C/Y ear) in annual timescale was found in Chehriq station.
On monthly time scale, the numbers of months with increasing trends were 6 times greater than those with
negative trends. Most of the stations had significant positive trends in mean temperature in February and March,
Moreover, according to calculated Sen's slope, the mean air temperature of West Azarbayjan province increased
by 0.05 °C/Y ear (1.65 °C during the study period).

Conclusion: The results show that the temperature of West Azarbayjan province substantially increased. The
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temperature increment can cause more drought occurrence and crop yield loss. As most of people’s income in
this province depends on agricultural activates, temperature rise seems to have led to many social and economic

problems in our studied area. Further, drying up of Urmia Lake and decreasing water input to the Urmia Lake
basin can intensify the environmental problems.
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