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Abstract: Assessing trends of hydrologic variables related to both hydrologic processes facilitates accurate water
resources forecasting, especially in arid and semiarid regions with high evaporation and low rainfall volume. In this
study, spatial and temporal trends of six hydrologic and climatic variables, viz. rainfall, evaporation, streamflow
discharge, temperature, wind speed and relative humidity and also the ratio of annual potential evaporation to pre-
cipitation (E/P) were analysed at a monthly and annual scale. Moreover, the relationship of relative humidity, tem-
perature, rainfall and wind speed trends with evaporation trend was investigated. Results of the study revealed the
absence of significant temporal trend in precipitation, temperature and wind velocity for the majority of months, and
the presence of upward trends in relative humidity and evaporation values as well as downward trend in streamflow
discharge in some months. At an annual scale increasing evaporation and decreasing stream flow discharge trends
were observed at most stations, which means that the region will be confronted with more severe drought conditions
in future. Also, the result of Spearman’s rank coefficient revealed that the temporal evaporation trend is not related to
wind speed, temperature, relative humidity and rainfall trend. Moreover, the spatial trend of climatic and hydrologic
variables indicated the similarity of evaporation and relative humidity trend as well as wind speed and rainfall trend.
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Planning for water resources management projects
depends on observational and historical hydrologic
and climatic data (CHEN et al. 2007) as well as pow-
erful analysis techniques necessary to identify hy-
drological behaviour of watersheds. In this regard,
assessing trends of hydrologic variables related to
both hydrologic processes facilitates accurate water
resources forecasting (ISTANBULLUOGLU et al. 2012)
especially in arid and semiarid regions with high
evaporation and low rainfall volume. Concerns about
climate change impacts (IPCC 2007) on the behaviour
of hydrologic variables tend to extensive studies to
specify trends of hydrologic and climate variables
(BURN et al. 2002; PARTAL & KaHYA 2006; XU et al.
2007; Gocic & Trajkovic 2013; DiMKIC 2017; SEN
2017). For instance; analysing the streamflow trend
in some parts of the world explained a significant
or insignificant trend (DouGLAS et al. 2000; LiNs &
SLACK 2005; PETROW & MERZ 2009; STEWARDSON
& CHIEW 2009; STAHL et al. 2010, 2012; N1AzZI1 et al.
2014; CHEN & GRASBY 2014; ZHANG et al. 2016; My-

RONIDIS et al. 2018) and identifying the trend of
climatic variables such as precipitation, temperature,
evaporation indicated an increasing or decreasing
status or non-existence of climate change in each
region (PARTAL & KAHYA 2006; MODARRES & SILVA
2007; MILLER & P1ECHOTA 2008; KUMAR et al. 2009;
Xu et al. 2010; WANG et al. 2012; JHAJHARIA et al.
2014; SHARMA & WALTER 2014; GAJBHIYE et al. 2016;
YANG et al. 2017; TORIDE et al. 2018). Assessment
of a trend in any system variable for investigating the
water budget system is a necessity (ISTANBULLUOGLU
et al. 2012). Moreover, evaluating hydrologic trends
in man-made conditions such as urban catchments
revealed a land use change and effects of climatic vari-
ables simultaneously (BRAUD et al. 2013; SUN et al.
2016). The trend tests are classified into parametric
and nonparametric, and mixed types. Parametric tests
are powerful and more sensitive to detect significant
trends than nonparametric tests, especially for small
sample numbers (MEALS et al. 2011). The assumption
of normal distribution for parametric statistics does
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not exist in most cases. Therefore, a nonparametric test
such as Mann-Kendall statistical test (MANN 1945; KEN-
DALL 1975) has been applied to assess the importance
of a trend (DouGLAS et al. 2000; YUE & P1LON 2004;
Bouza-DEARNO et al. 2008; DRAPELA & DRAPELOVA
2011; SEN 2013) and the significant positive autocor-
relation of Mann-Kendall result has been removed by
applying the theoretical relationship (HAMED & Rao
1998; HAMED 2008). This test has been applied to
detect trends for environmental, meteorological, and
hydrologic variables (LIANG et al. 2011; GAJBHIYE et
al. 2016; SARITA et al. 2016; YANG et al. 2017).
Human activities and climate change may affect the
hydrological behaviour of the watershed and this study
highlights climate variables and hydrologic trend of
the region for this purpose. In spite of many researches
on trends of climatic and hydrologic variables such
as rainfall, temperature, and streamflow discharge,
the trend of relative humidity and wind speed was
studied in few researches (KOUSARI & ASADIZARCH
2011; StMSEK 2013; TABARI & TALAEE 2013; EYMEN &
Ko6YLU 2018) and their relationship with evaporation
trend has not been investigated in arid regions. In
this study, spatial and temporal trends of six hydro-
logic and climatic variables viz. rainfall, evaporation,
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streamflow discharge, temperature, wind speed and
relative humidity and also ratio of annual potential
evaporation to precipitation (E/P) were analysed at a
monthly and annual scale and finally the relationship
of relative humidity, rainfall, temperature and wind
speed trend with evaporation trend were investigated.

MATERIAL AND METHODS

Study area. The studied watershed is bounded by
latitude 33°30' to 35°30'N and longitude 49°30' to
51°30'E with a total area of 2 755 673 hectares lo-
cated in the central part of Iran in Qom Province,
Iran. The studied watershed has five climate stations
viz. Salarie, Aghalak, Veshnaveh, Koohesefid and
15 Khordad Dam(Figure 1). In this research, data
from four stations were analysed because one of
them did not have enough data (Veshnaveh station).
Based on the De Marton climate categorization, this
watershed was classified as an arid region with the
average annual rainfall volume of 162.79 mm and an-
nual rainfall volume variation from 41.5 to 225 mm.

Also, there are 12 hydrometer stations in this area,
whereas 8 stations (Aghalak, Emamzadeh Esmaeel,
Emamzadeh Abdollah, Sanjegan, Shadabad, Ghom-
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Table 1. Annual Mann-Kendall test P-values for climatic variables

Station Wind speed Temperature Evaporation Relative humidity Rainfall Evaporation to rainfall ratio
15 Khordad Dam 0.138 0.279 0.023 0.038 0.592 0.711
Aghalak 0.012 0.451 0.034 0.064 0.373 0.070
Koohesefid 0.133 0.928 0.020 0.005 0.897 0.009
Salarieh 0.188 0.000 0.006 0.106 0.180 0.054

rood, Toghrood, 15 Khordad Dam) with enough
data were employed for trend detection. Datasets
of 144 months and 12 years (from 2001 to 2013)
were obtained from the region water department
of Qom province.

Statistical analysis. In this study, modified Mann-
Kendall (MMK) test was employed to analyse the
temporal monthly and annual trend of rainfall,
streamflow discharge, evaporation, temperature,
relative humidity and wind speed whereas the trend
of the annual ratio of evaporation to precipitation,
the aridity index described by Bupyko (1974), was
applied to describe the spatial and temporal trend
of runoff production in the region. In Budyko’s arid-
ity index, runoff occurs when the ratio of E/P < 1.
Moreover, the annual spatial distribution of run-
off potential and other variables were obtained by
Arc-GIS (Ver. 10.2, 2013). Also, Spearman’s cor-
relation coefficients were applied to investigate the
relationship between evaporation and other climatic
variables such as temperature, rainfall, wind speed
and relative humidity.

RESULTS AND DISCUSSION

Temporal trend. For rainfall, on a monthly basis,
a declining trend can be seen in May and April at
the 15 Khordad Dam station and for Aghalak station
such a trend is observed in May and December. Also,

P-value of Mann-Kendal test
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there is a declining trend at Koohesefid station in
February and October whereas Salarieh station has
a decreasing trend in September and August (Fig-
ure 2). On an annual basis, all stations are without
trend (Tablel).

Streamflow discharge at Aghalak station has a de-
creasing trend in May, August and September while
Emamzadeh Esmaeel station shows a downward
trend in May, April, March, January and December.
At Emamzadeh Abdollah station, there is a trend of
decline except for February, January and December
whereas at Sanjegan station a decreasing trend can be
observed in May, April, January, March and December.
At Shadabad station, there is a decreasing trend in
all months except for October while at Ghomrood
station the declining trend exists in June, May, Feb-
ruary, January, December and November. Toghrood
station has a decreasing trend for all months except
for two months of October and September and also
at 15 Khordad Dam station, the downturn trend can
be seen in July, June, May, February, November, Sep-
tember and October (Figure 3). At an annual scale,
the declining trend can be seen at five stations viz.
Emamzadeh Esmaeel, Emamzadeh Abdollah, San-
jegan, Shadabad and Toghrood (Table2).

As can be seen in Figure 4, investigating the
evaporation trend at a monthly scale revealed that
15 Khordad Dam station has a downward status in
August, March, January, November and October

m 15 Khordad Dam
m Aghalak
Kooohesefid

m Salarieh

Figure 2. Modified Mann-Kendall test for rainfall
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whereas Aghalak station has an upward trend in five
months viz. in May, January, December, November
and September. At Koohesefid station an increasing
trend can be observed in March, February, December,
January and November while at Salarieh station, there
is an increasing trend in two months of August and
November and a decreasing trend in two months of
February and January. On an annual basis, Salarieh sta-
tion does not show any trend; Aghalak and Koohesefid
stations have an increasing trend while 15 Khordad
Dam station has a decreasing trend (Table 1).
Figure 5 shows the results of the relative humidity
trend on a monthly basis. At 15 Khordad Dam station,
there is an increasing trend in August, April, March,
February, January, December, November, October
and September while at Aghalak station an increas-
ing trend can be seen in January and September.
At Koohesefid station, there is an increasing trend
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Table 2. Annual Mann-Kendall test P-values for hydrologic

variables

Station

Aghalak 1.000
Emamzadeh Esmaeel 0.038
Emamzadeh Abdollah 0.004
Sanjegan 0.038
Shadabad 0.000
Ghomrood 0.202
Toghrood 0.024
15 Khordad Dam 0.184

in all months except for January, March, December
and September while at Salarieh station there is an
increasing trend in four months of September, August,
December and October. The annual trend analysis

m 15 Khordad Dai
| Aghalak
Kooohesefid

m Salarieh

Figure 4. Modified Mann-Kendall test for
evaporation
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revealed that 15 Khordad Dam station and Koohesefid
station have an increasing trend while Aghalak and
Salarieh stations are without trend (Tablel).
Analysis of the trend of temperature (Figure 6) at
amonthly scale at 15 Khordad Dam station revealed
an increasing status in June and May while no trend
can be seen at Aghalak and Koohesefid stations. At
Salarieh station, there is an increasing trend except
for the months of April, December, November and
October. At an annual scale, the increasing trend
can be seen only at Salarieh station (Table 1). Also,
the wind speed on a monthly basis has a decreasing
trend at 15 Khordad Dam station in August, July, June
and November while at Aghalak a decreasing trend
can be observed in August (Figure 7). At Koohesefid
and Salarieh stations there is no trend whereas: at
an annual scale, a decreasing trend exists except for
Aghalak (Tablel). In the study area, the value of the
annual evaporation to precipitation ratio (E/P) does
not show any trend at 3 stations, viz. 15 Khordad
Dam, Aghalak, Salarieh whereas only one station
named as Koohesefid has an upward trend (Table 1).
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Figure 5. Modified Mann-Kendall test for relative
humidity
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Spatial trend. The values of the spatial mean
annual evaporation trend show that a decreasing
evaporation trend from northwest to southeast is
similar to the relative humidity trend. As can be seen
in Figure 8, relative humidity and rainfall trends
vary from northwest to southeast similar to each
other. Moreover, wind speed and rainfall trends
are similar to each other while a decreasing spatial
temperature trend was revealed from northeast to
southwest. Also the values of streamflow discharge
trend are increasing from west to east and the trend
of annual evaporation to rainfall ratio is decreasing
from south to north.

Relationship between temperature, relative
humidity, wind speed, rainfall and evaporation.
Spearman’s rank correlation coefficient was used
to study the relations of evaporation with climate
factors such as temperature, wind speed, relative
humidity and rainfall. The results indicate that the
relationship between the evaporation trend and four
factors such as rainfall, relative humidity, wind speed
and temperature is not significant (Table 3).

m 15 Khordad Dam
m Aghalak
Koohesefid

m Salarieh

Figure 6. Modified Mann-Kendall test for
temperature
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Changes in hydrologic and climatic datasets could
be assessed by statistical significance testing (L1uU et al.
2008; HANNAFORD & Buys 2012; SAYEMUZZAMAN &
JHA 2014). Results of this study revealed a temporal
decreasing trend in rainfall at a monthly scale whereas
no such trend exists at an annual scale. The evapora-
tion trend analysis on a monthly basis verified that
all stations except for one station (15 Khordad Dam)
have an upward trend. Moreover, on an annual basis,
two stations have an increasing trend and 15 Khordad
Dam station has a decreasing trend again. As described
before, all climatic stations were located in a non-
humid environment. As a result, the decreasing trend
of evaporation at 15 Khordad Dam station was not a
good index for potential evaporation and may explain
a powerful signal of increasing terrestrial evaporation
(BRUTSAERT & PARLANGE 1998). The increasing trend
emphasizes the necessity of implementations for reduc-
ing an evaporation rate in the region. The analysis of
temperature trend shows that two stations are without
trend while others have an upward trend at a monthly
scale in some months. Moreover, at an annual scale
one station has an upward trend. The difference in
temperature and evaporation trend verified that the
evaporation rate is not controlled only by temperature
(D1BALDASSARRE & MONTANARI 2009) and the existing
upward trend of temperature at some stations could
not necessarily explain a significant increase in the
evaporation trend. The investigation of relative humid-
ity trend verified an increasing trend at all stations at
a monthly scale whereas two stations were observed
with increasing status and the rest showed no trend at
an annual scale. A decreasing trend of wind speed was
observed in half of the stations and the other stations
were without trend at a monthly scale whereas at an
annual scale a downward trend existed except for one
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Figure 7. Modified Mann-Kendall test for wind speed
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station. The increasing relative humidity trend and
decreasing wind speed at some stations agreed with
EyMEN and KOYLU (2018) results. Applying Spearman’s
coefficient for realizing evaporation trend relationship
with other climatic variables trend resulted in the
P-value of more than a (0.05) which verified that the
relation of temperature, wind speed and relative humid-
ity trends with evaporation trend was insignificant at
the level of 0.95. As changes in water availability that
originated from changes in precipitation may affect
an evaporation trend (MAo et al. 2015), in this study
the relation of precipitation and evaporation trend
was investigated at the significance level of 0.05 which
revealed that there is no relation between precipitation
and evaporation trend.

Detection of the streamflow discharge trend indi-
cated a declining trend at all stations at a monthly
scale and in five of the eight stations at an annual
scale. In most cases an increasing evaporation trend
corresponds with a decreasing streamflow discharge
trend, which highlights the effect of climate factors
on hydrologic variables. In the majority of cases the
non-existence of temporal trend for the evaporation
to precipitation ratio also revealed the variability of
runoff production in the region. The investigation of
spatial trend verified that an evaporation trend is the
same as relative humidity and is not similar to the

Table 3. Spearman’s rank coefficient between evaporation
and other climatic variables

Variable Sig. (2-tailed)
Relative humidity 0.108
Temperature 0.226
Wind speed 0.120
Rainfall 0.226
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temperature and wind speed trend. Also, rainfall is
correspondent with wind speed, which emphasizes
their same trend direction significance in the study
area. Moreover, the evaporation to rainfall ratio and
streamflow discharge trend are not the same, which
revealed that produced surface runoff in the region
does not affect streamflow discharge.

CONCLUSION

Using the Mann-Kendall test the present study
analysed spatial and temporal trends at an annual
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Figure 8. Spatial trend for hydrologic and climatic variables

and monthly scale in wind speed, relative humidity,
temperature, evaporation, rainfall and flow discharge
in the study area located in Qom province. The results
revealed the absence of significant temporal trend
in precipitation, temperature and wind velocity for
the majority of months, and the presence of upward
trends in relative humidity and evaporation values as
well as downward trend in streamflow discharge in
some months. At an annual scale increasing evapo-
ration and decreasing streamflow discharge trends
were observed at most stations, which means that the
region will be confronted with more severe drought
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conditions in future and emphasizes the attention
to climate change and water resources management.
As aresult, anthropogenic activities such as land use
change and groundwater overexploitation which may
affect streamflow discharge and evaporation rates
should be paid attention. Also, the result of Spear-
man’s rank coefficient revealed that the temporal
evaporation trend is not correlated with wind speed,
temperature, relative humidity and rainfall trend.
Moreover, the spatial trend of climatic and hydrologic
variables indicated the similarity of evaporation and
relative humidity trend as well as wind speed and
rainfall trend.
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