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R E S E A R C H  A R T I C L E

also been revealed that by the middle of  the 21st century, a 
decrease in annual average runoff  and availability of  water 
will project up to 10–30% (IPCC, 2007).

Various researchers have contributed to the study of  climate 
change (Dessens and Bucher, 1995; Serra et al., 2001; 
Marengo, 2004) with long-term data. The study of  different 
time series data has proved that trend is either decreasing or 
increasing, both in case of  temperature and rainfall. Human 
interference is also leading to climate change with changing 
the land use from the impact of  agricultural and irrigation 
practices (Kalnay and Cai, 2003). Some researchers have 
also studied the availability of  quality freshwater which 
is of  the biggest concern for the last half-century, due to 
higher demographic pressure, leading to climatic variability 
(Gleick, 1993, 2000; Vörösmarty et al., 2000; Shiklomanov 
and Rodda, 2003; Milliman et al., 2008).

Analyzing the long-term series of  data is used in this study 
for predicting the influence of  climate changes. With the 
growing recognition of  the possibility of  the adverse 
impact of  global climate change on water resources and 
the background of  the previous researches, changes in 

INTRODUCTION

Rainfall is one of  the vital climatic factors that can indicate 
climate change. Spatial and temporal changes of  rainfall 
would influence runoff, soil moisture, and groundwater 
reserves. The analysis of  rainfall trends is important in 
studying the impacts of  climate change for water resources 
planning and management. Agriculture of  Kurdistan 
region in the north of  Iraq primarily depends on rainfall 
and its distribution. Distribution of  rainfall is the major 
factor in the planning and management of  projects related 
to water resources such as agricultural production, water 
requirement changes, irrigation, and reservoir operation 
(Corte-Real et al., 1998; Chakraborty et al., 2013). Different 
spatial and temporal scales of  rainfall trend have been 
analyzed by many researchers in a variety of  geophysical 
fields over the past century due to the warnings given by 
the scientific community about the global climate change, 
indicating a small positive global trend, even though large 
areas are instead characterized by negative trends (IPCC, 
2007). Impact of  climate change in the future is quite 
severe as given by IPCC reports which signify that there 
will be a reduction in the freshwater availability. This has 

The objective of this study is to identify the trend for the annual and monthly rainfall time series 
data from 1963–1964 to 2018–2019 for Erbil city rainfall gauging station. The trend analysis was 
conducted for only rainy months (from October to May) using the non-parametric Mann-Kendall test, 
whereas a non-parametric Sen’s slope estimator was used to determine the magnitude of the trend. 
A functional relationship has been developed between variables using linear regression analysis to 
determine a linear trend of rainfall for the study area. The annual trend analysis revealed negative 
(decreasing) trend because the Kendall’s tau (Z) value and the Sen’s slope estimator magnitude 
were both negative and found to be −0.093 and −1.37, respectively, and the slope of the linear 
regression analysis was also negative and equal to −0.9148 mm/year, which represents the rate of 
yearly annual rainfall decreasing trend. Considering the result of monthly rainfall, the trend analysis 
of rainfall has suggested that there is a trend variation of rainfall in the rainy months. Further, the 
analysis revealed a negative (decreasing) trend for months November, January, February, March, 
April, and May and positive (increasing) trend for months October and December. This study is 
important as it greatly contributes in water resources system planning and management in this 
region. Furthermore, the results obtained in this work are promising and might help hydraulic civil 
and water resource engineers in the design of hydraulic structures.
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rainfall have been studied to assess the spatial pattern of  
rainfall trends on monthly and annual scales over Erbil city 
in Kurdistan region, Iraq.

MATERIALS AND METHODS

The Area Under Study
The study area, Erbil city is located in Kurdistan region 
north of  Iraq. Geographically, it is situated, as shown in 
Figure 1, at 36o 12’ N latitude and 44º 02’ E longitudes 
and it is a part of  Erbil Governorate. The area falls in 
semi-arid zone, with hot summers and cold winter, the 
average annual temperature varies from 4ºC to 42ºC. The 
rainfall occurs from October to May. Full and complete 
meteorological data records are available for the area 
from Erbil meteorological station. The average annual 
rainfall is around 400 mm. The basin’s economy mostly 
depends on agriculture, thus analyzing its rainfall trend 
is important.

Data Collection
Monthly and annual rainfall data of  Erbil city for the 
period of  53 years from 1963–1964 to 2018–2019 have 
been collected from the Directorate of  Irrigation, Erbil.

Rainfall Analysis
Trend analysis for hydrometeorological variables in terms 
of  rainfall, mean temperature, relative humidity, wind 
speed, and streamflow has been of  particular interest to 
hydrologists and researchers for several years. The previous 
studies suggested that the most widely used method is the 
non-parametric Mann-Kendall test. Trend study for rainfall 
of  the study area implemented following three steps; first 
was to determine the trend whether increasing, decreasing, 
or no trend by applying the Mann-Kendall (non-parametric) 
test for both annual and monthly rainfall data series. In 
the second step, the magnitude of  trend was estimated 
using the Sen’s slope estimator. However, the third step 
was to develop regression models for the observed rainfall 
data series. The details of  the steps for trend analysis are 
explained below:

Mann-Kendal trend test analysis
The use of  the Mann-Kendall (MK) test (Mann, 1945; 
Kendall, 1975; Gilbert, 1987) is to statistically find weather 
if  there is a monotonic upward or downward trend of  the 
variable of  interest overtime. An upward trend means that 
the variable consistently increases through time and vice 
versa. It is worth mentioning that the trend may take linear 
and non-linear forms. The MK test can be applied in place 
of  parametric linear regression analysis if  the gradient of  
the linear regression is other than zero. The regression 
analysis requires that the residuals from the fitted regression 
line to be normally distributed. The MK test statistic S is 
calculated using the formula that follows:

		  S sgn x x
i

N

j i

N

j i= −
=

−

= +
∑ ∑
1

1

1

�( �)� (1)

Where, xj and xi are monthly or annual rainfall values 
in months or years j and i, j > I, respectively, and N is 
the number of  data points. The value of  sgn (xj – xi) is 
computed as follows:
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The above statistical equation represents the number 
of  positive differences minus the number of  negative 
differences for all the differences considered. If  it is a 
positive number, observations obtained later in time tend to 
be larger than observations made earlier. If  it is a negative 
number, then observations made later in time tend to be 
smaller than observations made earlier.

For large samples (N > 10), the test is conducted using a 
normal approximation (Z statistics) with the mean and the 
variance as follows:

			   ES = 0� (3)

Figure 1: Location of the study area
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Here, q is the number of  tied (zero difference between 
compared values) groups and tp is the number of  data values 
in the pth group. The values of  S and VAR(S) are used to 
compute the test statistic Z as follows:
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The presence of  a statistically significant trend is evaluated 
using the Z value. A positive value of  Z indicates an upward 
(an increasing) trend and its negative value represents a 
downward (a decreasing) trend. The statistic Z has a normal 
distribution. To test for either an upward or downward 
monotone trend (a two-tailed test) at α level of  significance, 
H0 is rejected if  the absolute value of  Z is greater than 
Z1-α/2, where Z1-α/2 is obtained from the standard 
normal cumulative distribution tables (Richard, 1987). The 
Z values were tested at 0.05 level of  significance.

Sen’s slope estimator calculation
The magnitude of  trend is predicted by Sen’s estimator. 
To estimate the true slope of  an existing trend, the Sen’s 
non-parametric method is used. The Sen’s method can be 
used in cases where the trend can be assumed to be linear 
(Sen, 1968).

			   f t Q Bt( ) = +  � (6)

Where, Q is the slope, B is a constant, and t is time. To get 
the slope estimate Q, the slopes of  all data value pairs are 
first calculated using the equation:

			   Q
x x
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Where, xj and xk are data values at time j and k (j > k), 
respectively. If  there are n values xj in the time series, there 
will be as many as N = n (n − 1)/2 slope estimates Qi. The 
Sen’s estimator of  slope is the median of  these N values 
of  Qi. The N values of  Qi are ranked from the smallest to 
the largest and the Sen’s estimator is Q Q= +( )N 1

2
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To obtain an estimate of  B in Equation f(t), the n values 
of  differences xi – Qti are calculated. The median of  these 
values gives an estimate of  B.

Simple linear regression analysis
Regression analysis is a statistical process for estimating the 
relationships among variables. It includes many techniques 
for modeling and analyzing several variables when the focus 
is on the relationship between a dependent variable and 
one or more independent variables. This is a parametric 
analysis which assumes normal distribution of  time series 
data. The regression analysis is generally applied for testing 
a linear trend by developing inner relationship between time 
and the variable of  interest. The precise use of  this method 
needs the variables to be distributed normally and spatial 
and temporal independent. The regression analysis was 
performed on the observed rainfall time series data. In a 
specific station, trend in rainfall can be studied by variable 
and annual and monthly rainfall as the dependent variable. 
A simple linear regression model is in equation form of:

			   Y mX C= + .......� (8)

Where, Y = rainfall, X = time in months or years, m = slope 
coefficient (mm/year), and c = least square estimates of  
the intercept. The sign of  the slope defines the direction 
of  trend variable: Increasing if  the sign is positive and 
decreasing if  the sign is negative.

RESULTS AND DISCUSSION

The statistical analysis of  the rainfall data is shown in 
Table 1. From the table, it can be seen that the mean annual 
rainfall of  the study area over 53 years was found to be 
395.98 mm, the maximum and minimum annual rainfall 
were 767.90 mm and 177.3 mm in 2018–2019 and 2007–
2008, respectively. The maximum and minimum average 
monthly rainfalls over 53 years were found to be 70.82 mm 
and 14.11 mm in December and May, respectively.

The annual rainfall data trend analysis as well as monthly 
rainfall data (October–May) has been obtained by MK 
and Sen’s slope estimator in this study for evaluating trend 
and magnitude for Erbil city using XLSTAT software. The 
regression analysis has also been used to develop a linear 
relationship between observed rainfall data with respect 
to time.

The annual trends of  rainfall and their magnitude 
in mm/year obtained by the Mann-Kendall test, the 
Sen’s slope estimator and the linear regression are given 
in Table 2. As per Table 2, the computed P-value using 
annual rainfall data is greater than the significance level 
alpha = 0.05, one cannot reject the null hypothesis H0 which 
assumes that there is no trend exist so it means that annual 
rainfall observations obtained overtime are independent, 
identically distributed and there is no significant trend in 
annual rainfall over long term.
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Table 1: Statistical properties of Erbil city rain gauge station annual and monthly rainfall series for 53 years
 Months October November December January February March April May Annual
1963–1964 11.5 0.0 70.5 43.1 94.7 51.8 14.0 0.0 285.6
1964–1965 0.0 12.5 34.6 104.1 70.5 42.0 74.7 10.0 348.4
1965–1966 12.5 6.5 33.2 52.0 89.2 135.4 11.5 3.0 343.3
1966–1967 10.0 23.9 58.4 47.6 77.2 84.8 22.8 35.5 360.2
1967–1968 1.5 121.2 82.4 64.0 30.9 36.8 92.6 70.1 499.5
1968–1969 20.3 60.4 161.3 135.5 33.2 176.5 111.7 16.6 715.5
1969–1970 0.8 69.5 69.3 144.0 5.7 35.6 35.6 0.0 360.5
1970–1971 0.0 34.5 0.0 20.7 47.8 52.1 170.5 3.6 329.2
1971–1972 0.0 74.6 78.9 58.0 68.9 60.5 45.8 52.4 439.1
1972–1973 0.0 43.5 77.3 35.4 97.5 23.0 13.8 37.2 327.7
1973–1974 0.0 23.6 31.0 95.9 58.5 237.9 77.6 0.0 524.5
1974–1975 1.0 30.9 45.7 63.3 108.7 34.2 44.7 32.7 361.2
1975–1976 1.0 21.0 111.6 77.3 96.2 125.6 59.1 38.4 530.2
1976–1977 20.5 4.8 30.4 0.0 63.9 29.0 81.8 8.2 238.6
1977–1978 8.6 21.3 134.4 99.4 117.0 60.8 10.3 2.6 454.4
1978–1979 0.2 21.8 0.0 90.0 71.1 43.9 5.2 12.8 245
1979–1980 31.3 28.0 93.3 35.1 150.6 71.1 64.7 0.0 474.1
1981–1982 24.0 67.3 50.5 124.5 38.7 33.5 111.9 24.7 475.1
1982–1983 59.6 16.0 25.2 44.2 54.3 19.2 35.4 24.2 278.1
1984–1985 0.0 0.0 43.9 80.0 146.7 84.3 40.4 0.0 395.3
1985–1986 22.5 22.3 64.7 46.2 107.8 0.0 0.0 0.0 263.5
1987–1988 15.3 29.1 181.8 177.3 106.0 112.9 56.6 0.0 679.0
1988–1989 3.6 23.2 147.3 20.6 24.2 87.4 0.0 2.7 309.0
1989–1990 3.1 167.5 61.8 86.4 113.4 9.3 48.9 5.3 495.7
1990–1991 0.0 6.6 62.1 34.9 74.5 105.5 0.0 3.5 287.1
1991–1992 12.6 41.3 71.8 141.0 128.7 45.4 31.8 48.9 521.5
1992–1993 2.6 200.7 140.1 62.7 73.7 48.5 131.4 55.6 715.3
1993–1994 19.4 16.4 77.0 52.2 95.6 106.4 55.5 19.6 442.1
1994–1995 63.6 122.5 98.3 54.0 141.5 83.5 70.5 4.7 638.6
1995–1996 11.6 53.2 13.8 116.2 22.6 113.7 45.7 4.5 381.3
1996–1997 10.9 15.0 96.9 71.9 65.2 81.5 40.8 11.5 393.7
1997–1998 25.1 52.0 90.7 112.3 46.3 82.5 44.7 12.4 466.0
1998–1999 1.2 5.3 27.8 54.1 70.2 14.5 14.4 2.1 189.6
1999–2000 8.8 12.2 54.2 51.5 18.8 21.4 14.5 8.0 189.4
2000–2001 7.9 14.8 51.5 28.9 42.6 96.5 35.7 12.4 290.3
2001–2002 4.4 19.6 85.0 89.0 21.4 115.5 71.4 2.4 408.7
2002–2003 30.1 30.4 181.9 60.7 69.2 99.6 43.9 25.5 541.3
2003–2004 15.9 81.0 100.3 116.0 93.3 6.4 82.3 1.3 496.5
2004–2005 3.7 125.0 44.5 75.6 84.1 50.7 26.1 17.3 427.0
2005–2006 9.0 15.3 19.4 84.9 189.0 15.3 77.9 21.8 432.6
2006–2007 88.1 21.0 16.1 55.5 98.6 39.0 49.1 15.6 383.0
2007–2008 0.0 5.4 8.9 42.4 52.7 61.4 4.6 1.9 177.3
2008–2009 82.7 19.2 32.2 1.6 29.0 88.7 28.6 5.4 287.4
2009–2010 36.6 16.3 105.4 34.9 74.3 71.0 32.2 25.6 396.3
2010–2011 6.1 0.0 43.3 113.9 42.8 30.5 101.9 12.7 351.2
2011–2012 10.6 7.4 25.0 56.1 31.5 60.4 9.6 11.7 212.3
2012–2013 17.9 42.3 75.9 134.4 53.9 15.7 48.2 29.1 417.4
2013–2014 0.0 21.6 84.1 60.9 7.0 83.3 9.5 1.7 268.1
2014–2015 67.7 63.6 51.5 25.6 21.4 52.0 11.2 3.4 296.4
2015–2016 31.9 79.1 104.9 35.0 23.7 89.9 36.6 6.7 407.8
2016–2017 0.0 0.0 110.0 27.9 14.2 63.5 38.0 2.4 256.0
2017–2018 0.0 18.4 18.7 29.7 138.5 7.0 0.0 0.0 212.3
2018–2019 30.2 122.0 174.7 101.9 49.7 191.8 97.6 0.0 767.9
Mean 15.96 40.58 70.82 69.25 70.69 67.71 46.85 14.11 395.98
SD 21.25 43.82 46.26 39.15 41.34 47.98 37.00 16.51 143.75
Skew 1.98 1.86 0.75 0.62 0.60 1.29 1.05 1.55 0.76
Median 9.00 22.30 64.70 60.70 69.20 60.50 40.80 8.00 383.00
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The annual trend analysis revealed negative (decreasing) 
trend because both the Kendall’s tau (Z) value and Sen’s 
slope estimator magnitude were negative and found 
to be −0.093 and −1.37, respectively. The regression analysis 
was performed for the annual rainfall time series data, as 
shown in Figure 2, and the slope of  the linear regression 
analysis was negative and equal to −0.9148 mm/year which 
represents the yearly annual rainfall decreasing trend rate 
which is almost similar to the rainfall trends found by 
the Mann-Kendall test and the Sen’s slope estimator as 
indicated a negative (decreasing) trend.

The non-parametric MK test was also applied to detect 
the trend of  average monthly rainfall for 53 years from 
October to May for each rainy month individually, along 
with the Sen’s magnitude and the linear regression slope (m) 
has been calculated. The results are shown in Table 3 and 
Figure 3.

As it is shown from Table 3, the computed p-value for 
all months’ rainfall data is greater than the significance 
level alpha = 0.05, one cannot reject the null hypothesis 
Ho which assumes that there are no trend exists. There 
are a negative (decreasing) trend for months November, 
January, February, March, April, and May because the 
Kendall’s tau (Z) and the Sen’s slope values were both 
negative, whereas the Kendall’s tau (Z) and the Sen’s slope 
values indicated a positive trend for months October and 
December. This result is quite significant as the months 
where the MK trend analysis has shown a negative trend, 
the similar negative slope has been observed for the Sen’s 
slope and vice versa.

The regression analysis was performed for the monthly 
rainfall time series data, as shown in Figure  3, and the 
slope of  the linear regression analysis was negative for 
months November, January, February, March, April, and 
May and found to be −0.0612, −0.252, −4141, −0.2138, 
−0.3904, and −0.2441 mm/year, respectively. This slope 
also represents the monthly rainfall decreasing trend 
rate per year, whereas the slope values were positive for 
months October and December and were equal to 0.3743 
and 0.1642 mm/year, respectively. This slope represents 
the monthly rainfall increasing trend rate per year. The 
linear regression trend test result was almost similar to 
the monthly rainfall trends found by the MK test and the 
Sen’s slope estimator.

Table 2: Annual rainfall trend results for Mann‑Kendall test, 
Sen’s slope estimator, and regression analysis
Statistical parameters Calculated values
Kendall’s tau −0.093
S −128.000
Var. (S) 16995.333
p‑value (two tailed) 0.326
Alpha 0.05
Sen’s slope −1.370
Slope of linear regression analysis (m) −0.8094

Figure 2: Annual rainfall variation of the study area duration from 1963–1964 to 2018–2019

Table 3: Monthly rainfall trend results for Mann‑Kendall test, Sen’s slope estimator, and regression analysis
Statistical parameters Calculated values
Months October November December January February March April May
Kendall’s tau 0.179 −0.044 0.026 −0.086 −0.163 −0.028 −0.105 −0.091
S 242.000 −61.000 36.000 −119.000 −225.000 −38.000 −144.000 −124.000
Var. (S) 16829.333 16985.667 16993.333 16994.333 16994.333 16995.333 16990.667 16901.333
p‑value (two tailed) 0.062 0.64 0.782 0.361 0.084 0.771 0.269 0.340
Alpha 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Sen’s slope 0.152 −0.071 0.164 −0.253 −0.562 −0.112 −0.294 −0.058
Slope of linear 
regression analysis (m) 

0.3743 −0.0612 0.1642 −0.252 −4141 −0.2138 −0.3904 −0.2441



 Hussien, et al.

Polytechnic Journal  ●  Vol 9  ●  No 2  ●  2019  |  35

CONCLUSIONS

In this paper, the annual and monthly trends of  rainfall were 
investigated in Erbil city rainfall gauging station by non-
parametric MK test, and the Sen’s slope estimator and by 
parametric linear regression test. For this purpose, records 
from Erbil rain gauge station over 53 years from 1963–1964 
to 2018–2019 were analyzed. The results indicated that 
(negative) decreasing trend in annual rainfall found with 
significant trends observed at the 95% confidence levels. 
The yearly annual rainfall decreasing trend rate was equal 
to −0.9148 mm/year. The monthly rainfall trend analysis 
results revealed decreasing (negative) trend for months 
November, January, February, March, April, and May, 
whereas Kendall’s test indicated increasing (positive) trend 
for months October and December. The parametric (linear 
regression) trend analysis showed the same trend results, the 

Figure 3: Average monthly rainfall variation for 53 years from October to May for the study area

monthly rainfall decreasing trend rate was equal to −0.0612, 
−0.252, −4141, −0.2138, −0.3904, and −0.2441 mm/year 
for months November, January, February, March, April, and 
May, respectively, and the monthly rainfall increasing trend 
rate was equal to 0.3743 and 0.1642 mm/year for months 
October and December, respectively. The results obtained 
in this work are promising and might help hydraulic civil 
and water resource engineers in the design of  hydraulic 
structures.
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