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Abstract

In this paper the Penman-Monteith  reference
evapotranspiration (FAO56) as well as the meteorological
parameters such as wind speed, sunshine duration, humidity,
and the maximum and minimum temperature trends at
monthly, seasonal, and annual time scales were analyzed
using Spearman’s nonparametric test for four synoptic sites in
Kurdistan province in Iran. For each time series, trend lines
were extracted using Sen’s estimator. Also the sensitivity
analysis of meteorological parameters was performed using
step by step multiple linear regression method. Results
indicated a significant increasing trend for reference
evapotranspiration in Sanandaj station. The slope of trend
lines for Sanandaj, Zarinhe and Bijar stations were positive
on the monthly, seasonal, and annual time scales. In these
three stations significant increasing trends were also observed
for both winter and summer seasons. Trend analysis of the
maximum temperature of Bijar and Sanandaj stations
revealed an increasing trend for warm season. Sunshine
duration and maximum temperature were found to be the
most  dominant  variables influencing reference
evapotranspiration in Kurdistan province.
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Tablel. Characteristics of the selected stations
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Station Longitude Latitude  Altitude(m) Period

Sanandaj '47°00 '35°20 13734 1982-2011
Sagez '46°16 '36°15 1522.5 1982-2011
Zarineh '46°55 '36°04 2142.8 1989-2011
Bijar '47°37 '35°53 1883.4 1987-2011
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Table 2. Results of the Spearman test for reference plant evapotranspiration
&0 WS B85 9 i 89y p2 (00 el 0,lo] gl -V Jgaa

Station Des Nov Oct Sep Aug July Jun May Apr Mar Feb Jan

Sanandaj 3.78* 3.92* 312+ 582* 487¢ 455+ 3.85* 349+ 113¢ 532* 223* (.83
Sagez 247+ 0.12 1.43 -1.14  -0.09 0.78 -1.77 -0.38 -1.66 3.8* 176 0.01

Zarineh 164 -051 0.82 1 038 -015 239* 049 035 233* 204 132
Bijar 1.28 0.11 1.83 1.03 1.92 0.55 1.88 0.74 0.58 2.18* 2.93* 246°

* Significant at 0.05 level
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Table 3. Results of the Sen’s estimator for reference plant evapotranspiration
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Station Des Nov Oct Sep Aug July Jun May Apr Mar Feb Jan

Sanandaj 0.233 0.345 0.366 0.699 0.652 0.713 0.638 0.537 0.315 0.396 0.146 0.06
Sagez 0.18 0.01 013 -014 -001 013 -024 -009 -013 029 014 -0.02

Zarineh 0195 0.035 0.151 0.182 005 0.051 0583 0.034 001 0.363 0.091 0.087
Bijar 0.07 0.06 0.18 009 039 001 036 0.04 0.13 0.4 033 0.22
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Table 4. The results of relative humidity, wind speed and sunshine hours using the Spearman test for the
cold months

3y gWolo (gl oy pasl 9031 31 03! by (LT Oolelw 3L Cas g ¢ ol Caghry gy gl -F g

Station May April March February January December
S W R S W R S W R S W R S W R S W R

Sanandaj a d d a d* a d d a a* d d a a a a* a d
Sagez a a a a a* a a* a* d* a* a* a d d* a a* a* d
Zarineh d* d a d a a a a d d a a d* a a d a d
Bijar d d a a d a a a* d* a a d a a d a d d

Slebo 53l ey (o Cagby iy 4 S W R 403 0 e )3 35y ()b sxe * g(descending) ials 4 (ascending) il Lg, ok ol cip 4 d 5@

a and d shows the ascending and descending trends, respectively; * Significant at 0.05 level; R, S, and W are relative humidity, wind speed,

and sunshine hours
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Table 5. Results of Min. and Max. monthly temperature using the Spearman test for the cold months
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Station May April March February January Desamber
Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin

Sanandaj a* a a a* a* a* a* a* a* a* a a*

Sagez a a a* d a* a a* d a* d a* a

Zarineh d a a d d a a a d a d a

Bijar a a* a a* a* a* a* a* a a a a
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a and d shows the ascending and descending trends, respectively; * Significant at 0.05 level; Tmax and Tmin are minimum and minimum
monthly temperature, respectively

Table 6. Results of Spearman test for relative humidity, wind speed and sunshine hours during warm months
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Station November October September Aught July June
S W R S W R S W R S W R S W R S W R
Sanandaj a* a d a* d a a* d a a d d a d d d d d
Sagez a a a a a* d a a* a a a* d a a* d a a* a
Zarineh d d a ¢ a d d d a d a a d d a d d a
Bijar a d a a d a a a a a a a d d a a d a

Table 7. Results of Mini. and Max. monthly temperature using the Spearman test for the warm months
055 solo (515 oo gl (9031 3 23l b dildle slod piSTus o Jlus g, gl -V Jgua

Station November October September Aught July June
Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin
Sanandaj a* a a a* a* a* a* a* a* a* a a*
Sagez d d a d d a a a d d a d
Zarineh d d a* a a a d a a a d=* a
Bijar d d a a* a a* a a* a* a* a* a*

Table 8. Annual trend of meteorological variables using Spearman test
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station Tmax Tmin S w R
Sanandaj a* a* a* d d
Sagez a a a* a* a
Zarineh a* a* d d a
Bijar a* a* a* a a
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Table 9. Results of the Spearman test and Sen’s estimator for seasonal and annual series
AWl g (lad (5w 81 (o 5 eSS sl 9 (90 el (39031 U5 -4 Jga

. seasonal
Station Test annual - -
Autumn  Summer  Spring  Winter
S dai Spearman 8.49 * 5.1+ 578 * 5.84 ¢ 4.07 *
ananda
! Sen’s estimator 5.53 1.37 2.04 1.46 0.46
Sagez Spearman -0.22 0.29 -0.65 0.07 2,74+
a Sen’s estimator  -0.23 036 011  -005 031
. Spearman 2.04 1.36 222+ 0.81 285
Zarineh .
Sen’s estimator 2.39 0.74 1.1 0.14 0.41
Biiar Spearman 2.02 171 2.95* 1.24 3.34*¢
! Sen’s estimator 2.92 0.6 1.56 0.25 0.59
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