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Introduction

In the pursuit of detecting the trend and the shift in trend in hydro-meteorological variables,
various statistical methods have been developed and used over the years. Of the two methods
commonly used (parametric and non-parametric), the non-parametric method has been favored over
parametric methods. Long term trend analysis can reveal the beginning of the trend year, trend
changes over time, and abrupt trend detection in a time-series. It is expected that the findings of this
study will bring about more insights on understanding the regional hydrologic behavior over the last
several decades in Iran.

Methodology

This paper analyzes the behavior of annual and seasonal temperatures, precipitation, and relative
humidity. Datasets of 37 stations in Iran were analyzed from 1961 to 2010. The
pre-whitening technique was used to eliminate the effect of the autocorrelation of data series. The
Mann-Kendall (MK) test and the Sen's slope estimator were applied to quantify the significance of
the trend and the magnitude of the trend at a 95% confidence level, respectively. The surface
interpolation technique was used to prepare a spatial temperature, precipitation, and relative humidity
data map over Iran from the point data measuring stations within the ArcGIS framework. For spatial
distribution of trends in maps, contours are generated using an inverse-distance-weighted (IDW)
algorithm.

Mann-Kendall (MK) trend test:
The MK test statistic S (Mann, 1945; Kendall, 1975) is calculated as:

S=§ isgn(xj_xk) (1)

k=1 j=k+1
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In Eqg. (1), n is the number of data points, X, and X; are the data values in time series k and j (j > K),
respectively and in Eq. (2), sgn (X; — X) is the sign function as:

+1 if (x; —x%,)>0
sgn(x) =<0 if (x; —x,)=0 2
-1 if (X; —%x,)<0

The variance is computed as:

n(n—l)(2n+5)—Zm:ti (t, —1)(2t, +5) -

var(s) = 18

In Eq. 3, n is the number of data points, m is the number of tied groups, and t; denotes the number
of ties of extent i. A tied group is a set of sample data having the same value. In cases where the
sample size n is 10, the standard normal test statistic Z is computed using Eq. (4):

s—1

—_— if (0]
JJvar(s) ' 5=
zZ= (0} if s=0 (4)
s+1 .
—_— f (0]
JJvar(s) I 5=

Positive values of Z indicate increasing trends while negative Z values show decreasing trends. The
testing of trends is done at the specific a significance level. When |z| >z _ , the null hypothesis
1-=
2

is rejected and a significant trend exists in the time series. z _ is obtained from the standard
2

normal distribution table. In this analysis, we applied the MK test to detect if a trend in the

precipitation time series is statistically significant at the significance level o = 0.05 (or 95%

confidence intervals). At the 5% significance level, the null hypothesis of no trend is rejected if |Z|

>1.96.

Sen's slope estimator:
Sen (1968) developed the non-parametric procedure for estimating the slope of the trend in the
sample of N pairs of data:

X i

Q=27%
j-i

where x; and x; are the data values at times of j and i (j>i), respectively. If there is only one datum

For 1,....N’ ()

in each time period then N'=M , Where n is the number of time periods. The N values of Q; are
2

ranked from smallest to largest and the median of slope or Sen's slope estimator is computed. The
Qmed sign reflects the data trend reflection, while its value indicates the steepness of the trend. To
determine whether the median slope is statistically different from zero, one should obtain the
confidence interval of Qmed at the specific probability. The confidence interval of the time slope can
be computed as follows:

C,=Z _, *Var(s) (6)
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where Var(S) is defined in Eq. (6) and Z,_,, is obtained from the standard normal distribution
table. In this study, the confidence interval was computed at 95% significance levels (¢=0.05). Then,

M, = N'-C, and M, = N'+Ca are computed. The lower and upper limits of the confidence interval,
2

Qmin and Quax, are the Mith largest and the (M,.;)th largest of the N ordered slope estimates. The
slope Qmeq is statistically different from zero if the two limits (Qmin and Qmax) have a similar sign.
Sen's slope estimator has been widely used in hydro-meteorological time series.

Results and Discussion

Statewide an increasing temperature trend and decreasing precipitation and relative humidity
trend have been detected in most stations. In the entire country, apart from the high and mountainous
stations, including Shahrekord, Khoramabad, and Saghez, an increasing temperature trend was
found. The magnitude of the highest significant increasing temperature trend (confidence level >
95%) was found in Mashhad, Zahedan, Zabol, Bam, Yazd, Babolsar, Kermanshah, Abadan, Tabriz,
and Khoy about 1.5 °C during 50 years. The decreasing precipitation trend was found in the East,
West, and Northwest of the country. The magnitude of the highest significant decreasing
precipitation trend (confidence level > 95%) was found to be about 3.2 mm/year in Northwest. The
relative humidity decreasing trend was found in most stations, except a part of Northwest and South
of the Caspian Sea. The magnitude of the highest significant decreasing relative humidity
(confidence level > 95%) was found to be about 4.1 percent/year in Abadan, Zahedan, and
Kermanshah stations.

Conclusions

The given results indicated that there was a significant increasing trend in temperature in both
annual and seasonal time series. The magnitude of the increasing trends in annual temperatures was 1
°C in 50 years. The analysis of the seasonal precipitation time series showed a negative trend, but a
significant decreasing trend in annual precipitation series was found at 6 of the observed stations at
northwestern and west of Iran. The magnitude of the decreasing trends in annual precipitation ranged
between 0 to 3.2 mm in each year. However, the significant decreasing trend in annual relative
humidity series was found at five of the observed stations, while the majority of the trends in the
annual relative humidity series were not significant. In general, the results of using Mann-Kendall
and Sen's slope estimator statistical tests pointed out the agreement of performance which exists in
the detection of the trend of the meteorological variables.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
EY article distributed under the terms and conditions of the Creative Commons

Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).
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Table 1- Comparison of different methods of interpolation in temperature, precipitation and relative
humidity over 50 years

Method Variable MBE RMSE
Temperature -0.110 3.2
Kriging precipitation -0.268 47.3
Relative humidity -0.098 2.4
Temperature -0.093 2.34
Co- precipitation -0.25 46.9
kriging
Relative humidity -0.085 2.1
Temperature -0.091 2.1
IDW precipitation -0.232 46.3
Relative humidity -0.084 1.92
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