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In this study, the trend of monthly mean and annual streamflow values of 16 streamflow gauge stations in
the Tigris basin, which holds 13% water potential for Turkey, is determined. The monotonic trends are
calculated using non-parametric Mann—Kendall (MK) test. To remove serial correlation from time series,
a modified ‘pre-whitening’ method is used. The trend slopes are determined by Sen’s slope method.
Moreover, innovative trend analysis (ITA) method is also used to determine trends of low, medium and
high streamflow values. As a result of the study, trend indicators, namely, Z values of MK tests and
D values of the ITA method are compared and it has been observed that the trend directions by MK and
ITA are generally similar. Nevertheless, only the negative D values calculated by ITA are mostly higher
than the negative Z values calculated by MK. The ITA results of the annual mean streamflow show 80%
of the stations show a strong decrease in trend for high values. Most of the significant trends found by MK
are obtained in a decreasing direction, and the linear slopes are mostly determined in the range of £2%
per year. According to the spatial analysis, the significant decreasing trends are generally located in the
middle region of the basin.

Keywords. Tigris basin; trend analysis; Mann—Kendall method; innovative trend analysis; spatial
analysis.

1. Introduction

Determining the changes of streamflow, which are
considered as critical components of the hydrolog-
ical cycle in a basin, is necessary for the effective
and efficient management of water resources in the
basin (Dey and Mishra 2017). Knowing the chan-
ges of streamflow values is particularly used in the
design of dams and hydroelectric power plants for
the action plans dealing with flood and drought
incidents. The trends of time series of streamflow
data are normally used to determine these changes.

Various methods such as Mann—Kendall (MK)
test, innovative Sen method, Sen slope, Spearman’s
rho tests are used to evaluate the change of time
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series. Non-parametric tests are preferred by many
researchers to determine the monotonic trends of
different parameters among these methods. The
changes in the streamflow values in a region can be
determined with the non-parametric tests, which
are distribution-free methods. There are many
studies to determine the trends of hydro-meteoro-
logical data with non-parametric tests in the lit-
erature. For example, using the MK method, Lins
and Slack (1999) evaluated trends for streamflow
values at 395 stations in the United States.
Yenigtin et al. (2008) conducted trend analysis for
streamflow values of the Euphrates basin, Turkey;
Zamani et al. (2017) determined the trend of a
semi-arid region in Iran; Langat et al. (2017)
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studied the trend of streamflow and precipitation
data in Kenya; Gumus (2019) determined the trend
of precipitation and temperature data in Seyhan
and Ceyhan basins, Turkey; Du et al. (2019)
analysed the trend for streamflow data in China’s
Xiang river basin and Li et al. (2020) calculated the
trend of streamflow data in China’s Hanjiang river
basin.

The frequently used non-parametric monotonic
trend tests can only provide whether the trend is
statistically significant or not and its direction. In
addition, it is possible to determine in which range
(low, medium, high) there is an increase or decrease
trend using the innovative trend analysis (ITA)
method, which was proposed by Sen (2012). There
are several studies where the trends of hydro-mete-
orological data in different regions are determined by
the ITA method. For instance, to determine trends
by ITA, Elouissi et al. (2016) used rainfall data in
Albania, Kisi et al. (2018) studied streamflow data in
north Turkey, Cui et al. (2017) and Wu and Qian
(2017) used precipitation data from different regions
of China, Gedefaw et al. (2018) used annual and
seasonal precipitation changes in the Amhara state
region of Ethiopia, Kuriqi et al. (2020) analysed the
change of streamflow data in Central India, Caloiero
et al. (2020) performed the temporal variation of
precipitation values in the southern regions of Italy,
Ashraf et al. (2021) examined trends of monthly,
seasonal and annual streamflow time series in the
upper Indus river basin (UIRB), which is one of the
world’s largest transboundary river in Pakistan. Asis
known, the ITA method has been very useful to
determine the trend of hydro-meteorological data for
different regions globally due to its ability to evaluate
the changes occurring in a data set.

Determining the trends of river flow is very
important for the effective and efficient use of
water resources in a region. This situation is
especially important for Turkey, which has many
transboundary rivers (Ozis et al 2020). The
majority of the trend studies of river flow in Turkey
are mostly done at a macro scale level (Kahya and
Kalayc1 2004; Cigizoglu et al. 2005; Kalayci and
Kahya 2006; Topaloglu 2006; Kisi et al. 2018) and
gives comprehensive information for the whole
country. Kalayci and Kahya (2006) determined
trends of the streamflow values between 1964 and
1994 in Turkey by the MK method, and only three
stations located on the Tigris basin are considered
in the analysis and a significant trend could not be
determined. Cigizoglu et al. (2005) conducted
trends of streamflow values by the MK trend test
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for 96 streamflow gauging stations (SGS), and only
five stations located in the Tigris basin. As a result
of the study, a significant decreasing trend is
determined in the west of Turkey for monthly
mean streamflow data, however, a significant trend
could not be determined in the Tigris basin. Ay
et al. (2018) determined the trend of the streamflow
data for only one station in the Tigris basin using
the ITA method. In this station, a decreasing trend
was observed in low, medium and high streamflow
values with limited data range (2002-2011).
Topaloglu (2006) used streamflow data between
1968 and 1997 in Turkey for a total of 84 stations
to calculate trends by the MK analysis method. In
the study, only two stations from the Tigris basin
are considered and a significant decreasing trend is
determined in one station. The crucial effect of
serial correlation on the non-parametric trend test
is not included in these studies, the trend slopes of
streamflow are only considered in a limited number
of studies (e.g., Kahya and Kalayc1 2004).

This is a novel study as there is no comprehen-
sive study considering both monthly and annual
data for the Tigris basin, Turkey. Also, in addition
to the MK test, the ITA method is used to deter-
mine trend characteristics in detail, and these two
methods are compared for the first time in litera-
ture in the study area. Therefore, in the current
study, streamflow data, which has 24—62 years
range taken from 16 observation stations of the
Tigris—Euphrates river basin (TERB), the largest
basin in the Middle East (Daggupati et al. 2017)
whose source point is located in Turkey, are used.
Unlike the previous studies, more stations with
current data are used. Furthermore, serial corre-
lation effect removed from time-series before the
MK test and linear slopes are determined by Sen’s
slope method. Moreover, trends of low, medium
and high values are determined by the ITA method
and compared with monotonic trend results in the
Tigris basin.

2. Study area and data

TERB is one of the largest basins in the Middle
East with a total area of 879,790 km? and 46% of it
is located in Iraq, 22% in Turkey, 19% in Iran, 11%
in Syria, 1.9% in Saudi Arabia, and 0.03% in Jor-
dan (Bozkurt and Sen 2013). This basin includes
the two major rivers, the Euphrates and the Tigris.
The Tigris river is 1900km long and it rises in
southeast Turkey. In this study, a trend analysis is
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conducted by using monthly mean streamflow data
from 16 streamflow gauge stations in the Tigris
basin (figure 1), which holds 13% water potential of
Turkey (22.26 km?) (DSI 2016).

The altitude is over 4000 m in the east of the

g e Naleit i RLBeLE Tigris basin; however, it goes down to 263 m in the

|
I west. Thirteen of the stations out of the 16 studied
i are located below 1000 m altitude. Only three of
= = them (E26A020, E26A030, E26A031) located in
1 3 the eastern part of the basin are higher than 1000 m
3 R altitude. Especially in the western part of the
basin, agricultural activities are more than those in
= =) the east. Additionally, the anthropological effects
R Pr———— A e I are considered for the determination of stations
¥ ¥ studied. The observation periods of streamflow and
station information are given in table 1. Long-term
; g streamflow values at the stations vary between
% % 0.48 and 116.64m*/s. Stations having high
Al streamflow are mostly located on the main tribu-
“ : -\ “ taries of the Tigris river, while the stations of low
s B, > streamflow are located on the side tributaries.
g % g
E _ 3. Methods
£ s £
gg _______ g % 3.1 Trend analysis
5 Globally, non-parametric tests are frequently used
& = g to determine the monotonic trends of different
& & 5  hydro-meteorological data (Yenigiin et al. 2008;
~ Gumus 2019). The most important problem in non-
- & parametric methods is the serial correlation effect.
s | 2 Therefore, the serial correlation effect should be
5 3 removed before calculating the monotonic trends.
In literature, different techniques were applied to
. & remove this effect from the dataset. A few exam-
;f— ;: ples are trend-free pre-whitening (TFPW), MK
- ) - test (Yue et al. 2002), modified Mann—Kendall test
2 (MMK) (Hamed and Rao 1998) and the MK test
H Sy 2 by considering long-term persistence (LTP) and
& S s Hurst coefficient (MK4) (Kumar et al. 2009;
" ‘f§°~ = Zamani et al. 2017). TFPW procedure removes
20 only lag-1 autocorrelation from series before MK
21 % ; R = test, MMK test takes into consideration complete
¢ r; £ s serial correlation from dataset and MK4 considers
£ oo 8 LTP and Hurst coefficient. In addition, a modified
W § g E! § Q version of TFPW based on a hypothesis by Salas
At o W 2 (1980) was used to remove serial dependence from
N — A the dataset. This method first checks for serial

N.0€o8¢ N:0o8¢ N.0€oLE correlation and TFPW is applied only if serial
correlation exists. The original data set is used for
trend analysis if there is no serial correlation effect.
In this study, modified TFPW procedure, which is
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Table 1. Geographical characteristics and observation periods of the stations.

Long-term
mean
Station Coordinates Precipitation Elevation Observation  streamflow
no. Station name (latitude-longitude) area (km?) (m) period (m*/s)
D26A008 Pamukluk Deresi-Dilaver 40°14'0"(E)-37°40'0"(N) 648 702 1974-2015 1.88
Kopriisu
D26A012 Basnik Gayi-Salat 40°53'0"(E)-37°51'0"(N) 1060 525 1980-2015 4.00
D26A032 Pamuk Cayi-Karahan 40°34'11"(E)-38°4'0"(N) 305 738 1980-2010 1.88
Kopriisu
D26A040 Mehmediyan Gayr-Tepecik — 40°34'0"(E)-38°16/0"(N) 79 800 1979-2015 0.48
D26A054 Kizilsu-Kasrik Bogazi 42°10'41"(E)-37°23'49"(N) 650 400 1981-2015 10.36
D26A060 Baskoy Gayi-Kibris 40°55'0"(E)-38°1'0"(N) 157.9 594 1989-2015 0.62
D26A062 Sallar Gayr-Yolkopri Koyu — 39°42'16"(E)-38°14'36" (N) 51.6 852 1989-2015 0.76
E26A003 Garzan Gayi-Begiri 41°20'45" (E)-37°57'54" (N) 2450.4 545 1946-2002 48.5
E26A005 Dicle Nehri-Diyarbakir 40°13'47"(E)-37°52'48" (N) 5655.2 570 1956-1997 71.3
E26A010 Bitlis Cay1-Baykan 41°46'57"(E)-38°09'41" (N) 640.4 910 1955-2016 18.23
E26A012 Batman Gayi-Malabadi 41°12'16"(E)-38°09'16" (N) 4105.2 597 1965-2016 116.64
Koprisu
E26A018 Ambar Gay1-Kdpribast 40°23'03"(E)-37°59'31"(N) 976 595 1969-1998 7.68
E26A020 Zap Suyu-Uziimeii 43°33'56" (E)-37°29'11"(N) 5270.3 1072 1971-2012 56.28
E26A024 Kezer Gayl-Pmarca 41°51'26" (E)-37°57'41"(N) 1169.6 530 1972-2016 19.73
E26A030 Zap Suyu-Teknisyenler 43°59'18"(E)-37°41'55"(N) 4161.5 1425 1986-2011 35.35
E26A031 Qatak Gayi1-Tiliran 43°03'16" (E)-37°59'54"(N) 2455 1482 1988-2011 25.44

mostly utilised to determine the trend of the hydro-
meteorological data (He et al. 2015; Gibrilla et al.
2018; Suhaila and Yusop 2018; Gumus 2019; Mumo
et al. 2019) is applied before the MK test. In the
modified TFPW, the lag-1 correlation coefficient
(r) is checked whether it falls in the range of
equation (1) or not (Mohsin and Gough 2010;
Gocic and Trajkovic 2013). If the lag-1 correlation
coefficient, 7, is out of the range, the data set is
considered to be under the serial correlation effect.

~1-1645y/n—2 _ _ —141645/n -2

(1)

In case of serial correlation, the ‘pre-whitening’
method (Storch and Navarra 1995) is used to
remove this effect from the time series. The ‘pre-
whitened’ time series is obtained by applying
(zy—rx1, 23—7120, ..., T,—7T1T,—1) process, then
the trend analysis is performed for a new time
series (Gocic and Trajkovic 2013; Gumus 2019).

n—1 n—1

3.1.1 MK method

MK test is a non-parametric test that is frequently
used to determine statistically significant trends in
hydro-meteorological data (Mann 1945; Kendall
1948). In this test, the existence of a trend in a time
series is checked by ‘ Hy: no trend’ (null hypothesis)

(Yenigiin et al. 2008). In this method, S test
statistic and sign function are used as per equations
(2 and 3). Then, variance of S, and Z test statistics

are determined with equations (4 and 5),
respectively.
n—=1 n
S = Z Z sign(z; — z;), (2)
=1 j=i+l
+1 T >,
sign(z; — z;) = 0 T = I, (3)
-1 T <
var(S) =

n(n—1)(2n+5) —itﬂ'(i— 1)(2i+5)| / 18,

(4)
var(S)

Z= 0 S=0 (5)
var(S)

In these equations, n shows the number of data,
x shows the data at times 4 and j, the number of
repeated observations in the data set m and the
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value of ¢; indicates the observations repeated in a
series of length 1.

Z value is used to determine a statistically sig-
nificant trend. At o significance level, there is no
significant trend in case of |Z|<Z,); and statisti-
cally there is a trend in case of |Z| > Z, 5. Besides,
according to positive/negative values of S, it can be
concluded that the trend is in the increasing or
decreasing direction.

3.1.2 Sen’s slope estimator

The linear slope of the trend can be determined
by the method suggested by Sen (1968). The lin-
ear slope value () is calculated by using equa-
tion (6).

Qi = (2 — @)/ ( = k)

In equation (6), the data number is indicated
with N, data at times jand k are indicated by z; and
x, respectively. The obtained @; values are in
ascending order, and the median value (Quedian) 1S
evaluated as a change of the relevant observations
per unit time. An increasing trend is shown with a
positive Quedian value, whereas a decreasing trend
is shown with a negative Qeqian value.

(i=1,.,N). (6)

3.1.3 Innovative trend analysis

The ITA method was first suggested by Sen
(2012). In this method, data series of the hydro-
logical variable is ordered from the start date of
the observation to the date of the last observa-
tion. Then, the time series is divided into two
equal parts and these two new series are ordered
from low to high according to the hydro-meteo-
rological data. Finally, the first part of the data
series (y;) is placed on the X-axis and the second
part of the data series (yo) is placed on the Y-axis
(figure 2).

If the data points are scattered closer to the
bisector line on the graph, it can be said that there
is no trend. However, if the scatter is below the
line, then there is a decreasing trend. If the scatter
is above the line, it is attributed to an increasing
trend.

In this study, to determine the existence of trend
for ITA, it is assumed that, if most of the data are
in the range of £5% in the scatter plot, there is no
trend, if data fall in the £5-10% range, there is a
strong trend, if most of the data exceeded +10%
line there is a very strong trend.
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Figure 2. Illustration of the ITA method.

The difference between the 3, and 1, values of a
point is the distance to the 1:1 line and the trend
indicator is calculated as follows:

1 o Uos
D= _Z 10 (?/1;_2/22)7 (7)
= hn
where D is the trend indicator, its sign indicates the
direction of the trend (4 is increasing, — is

decreasing), n is the number of data in each sub-
series, 71 is the mean of the first sub-series. In the
aforementioned calculation, the obtained D values
are also multiplied by 10 to compare the calculated
values of D by the MK test (Wu and Qian 2017;
Nisansala et al. 2020).

4. Results and discussion

The modified TPFW procedure is applied to
streamflow data before the MK test. Figure 3
provides the lag-1 serial correlation coefficients ()
of the monthly and annual streamflow data (208
total time series for 16 stations). The red bold lines
in figure 3 represent the probability limits on the
correlogram for an independent series of r, which
is calculated using equation (1). The majority
(74%) of the calculated lag-1 correlation coeffi-
cients in time series are positive. At stations
E26A020 and E26A030, positive lag-1 correlations
are determined in all-time series. At station
D26A062, 31% of the time series have negative lag-
1 correlation coefficient. While calculated lag-1
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Figure 3. Lag-1 serial correlation coefficient for the monthly and annual streamflow data of stations (the bold red line represents
the probability limits on the correlogram for an independent series, ).

correlation coefficients at all stations in September
are positive, 56% of the stations in December are
negative. According to Salas (1980), the series
correlation effect is determined in 23% of the time
series. Lag-1 correlation coefficient of these series is
outside the range given in equation (1) (exceeding
the red bold line). Station E26A030 has the highest
serial correlation effect with 62%. The serial cor-
relation effect of these time series has been
removed using the ‘pre-whitening’ method, and
monotonic trends of pre-whitened data series are
determined. In addition, linear trend slopes with
Sen’s slope and D values with ITA method are
calculated. The results obtained from the analyses
are given in table 2. According to the MK test
results, which are shown in table 2, it is seen that
most of the significant trends obtained are in a
decreasing direction and a significant trend is
determined for six months and the annual mean
streamflow values at stations D26A012 and
D26A032. In addition, there is an increasing trend
at station E26A012 for three months, at station
E26A005 for two months and at stations D26A008,
D26A060, E26A003 and E26A030 for one month. A
significant (increasing or decreasing) trend could
not be determined for both monthly and annual
mean streamflow values at stations E26A010,
E26A024, E26A031 and D26A062. Sen’s slope
results show that the maximum linear slope of
increase is determined as 0.4875(m®/s)/year at
E26A005 (for November) and the maximum linear
slope of decrease is determined as —3.1459 (m*/s)/
year at station E26A012 (for April). When the
trend slopes of the annual mean streamflow values
are examined, there is a change of —0.8871 (m®/s)/

year at E26A012 station and —0.0362 (m®/s) /year
at station D26A012. At stations D26A008 (for
August) and D26A060 (for May), which showed a
significant increase in trend, the increasing slope
remained quite limited. Although some of the trend
slope values in table 2 are relatively high, in the
next section, the percentage of slope, which is
calculated by the slope values divided by the
long-term mean values, will be used to assess the
trend’s slope.

It is mostly observed that the |D|> Z, ), condi-
tion is also fulfilled when the |Z| > Z, /5 condition is
fulfilled by the MK method when the Z and D
values are compared. While |Z| > Z,, condition is
fulfilled in eight time-scales only in three stations,
|D| > Z,/, condition is not fulfilled. However,
|Z or D| > Z, ), condition is fulfilled in all significant
trend-determined time scales except for these eight
time-scales. A monotonic significant trend is not
found in some stations, but it is observed that the
|D| > Z,), situation occurred. The reason for this
condition is the occurrence of trend in certain
values (low, medium or high) by the ITA method.
For example, in station E26A030, |D|> Z,, con-
dition has occurred, while a significant trend is not
determined by the MK method for the annual
mean streamflow data, but there is a decreasing
trend only at high values in this station.

The monthly and annual mean streamflow val-
ues are calculated for 16 stations in the Tigris
basin, and the station-based distributions of Z and
Sen’s slope values for all time scales are given in
figure 4. In this figure, the bars and the left y-axis
indicate the Z value, the line and the right y-axis
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indicate the percentage of Sen’s slope values. The
percentage of the trend slope is calculated by
dividing Sen’s slope values by the long-term mean
streamflow value (annual or monthly). This is
because the flow rates measured in some main
tributaries are quite high compared to the flow
rates measured in the side tributaries, thus ensur-
ing integrity for interpretation. The statistically
significant trend intervals of the Z values obtained
from the MK test are indicated as solid horizontal
and dashed horizontal lines for 5% and 10%
significant levels, respectively. Accordingly, a

significant trend is determined on different stations
at 5% significant level (SL) in all months except
February and September in the whole basin. The
most decreasing trend at 5% SL is observed for
three stations in November, December and August.
However, at 10% SL, the number of stations that
show the trend is five in November and June, and
four in December. At 5% SL, the maximum
increasing trend is determined at two stations in
August, and the number of stations with significant
trends is determined two even when the confidence
interval is increased. Considering the significant
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Figure 8. Percentage of stations having positive and negative trends based on the ITA. (a) Low, (b) medium, and (c) high.

increasing trends in the summer months, signifi-
cant increasing trends are determined for station
E26A012 in July and August, and for station
D26A008 in August. As observed in the results of
the precipitation trend analysis studied by Sezen
and Partal (2020), an increasing trend is deter-
mined in the region where station E26A012 is
located. It is possible that the increase in stream-
flow values is also due to this. Station D26A008
shows quite low streamflow values for long-term
years as can be observed by the mean streamflow
values (1.88m®/s) given in table 1. Therefore, in
this river, which is mostly dry in summer (mean
streamflow value is 0.008 m®/s in August), the
streamflow rate would increase significantly even
as a result of the mixing of the water used for
irrigation or a low-intensity rainfall into the river
flow especially in recent years. Hence, it is evalu-
ated that there is a significant increasing trend
occurrence in August at station D26A008. In
addition, it is seen that the amount of change is
mostly in the range of £2% for the slope values
shown in figure 4. According to the results for all
monthly time scales, it is determined that the
number of stations that has an increasing trend
is less than the number of stations that has a
decreasing trend.

Figure 5 shows the correlation between the
D values calculated according to the I'TA method
and the Z values calculated by the MK method. As
shown in this figure, there is a very high correlation

between Z and D values in October, March,
December, July and August. However, the corre-
lation is very low in June and April, and it is
acceptable for the other months and annual time
scales. It can be interpreted that this inconsistency
is because one of them tends to decrease while the
others show an increase in the evaluation made for
three different data sets (low, medium, high) using
the ITA method. The correlation coefficients of
Z and D determined in this study for streamflow
are similar to the correlation coefficients between
Z and D values calculated for precipitation values
in different regions (Wu and Qian 2017; Nisansala
et al. 2020). Therefore, it is evaluated that D values
of the ITA method can be used as indicators to
determine a trend for streamflow data.

The distribution of trend directions determined
according to Z values calculated by the MK
method, and D values calculated by I'TA are given
in figure 6. It is observed that the trend directions
given by both methods are mostly similar to each
other, but the negative D values calculated by the
ITA method are more than the negative Z values
calculated by the MK method except for Septem-
ber, March and August. It can be said that espe-
cially in the high correlation found for the months
(e.g., March and August) in the scatter plot
(figure 5) gives a very consistent result in terms of
trend directions.

The distribution of trends determined by the
MK test at the Tigris basin is shown for all time
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scales in figure 7. As can be seen from the figure, it
is calculated that the streamflow values of the
Tigris basin generally tend to decrease. The
increasing and decreasing values are relatively
equal in February and there is no significant trend
except in February. The maximum decrease
occurred in December, May and June. It can be
said that approximately 30% of the stations
showed a decreasing trend in November and June
when the decreasing trends (at 5% and 10% SL) are
analysed. The stations that show a significant
increasing trend remained limited in the basin. In
November and August, an increasing trend was
determined at 15% of the stations, and a significant
increasing trend could not be determined in
December, January, February, April, June and
annual mean values.

According to the ITA method, the distribution
of the stations with 0-5%, 5-10% and more than
10% change in low, medium and high streamflow
values is given for all time scales in figure 8. The
percentage of stations that shows a decrease of 5%
and more in all time scales except February in low
streamflow values is around 20-30%, and this rate
is 45% in the annual mean. In addition, the
number of stations, which tended to decrease
more than 10% in low streamflow value, remained
limited. In medium streamflow values, unlike low
values, the number that tends to decrease more
than 10% has increased dramatically. In addition,
the number of stations, which tended to increase
more than 10% in medium streamflow, is more
than 30% in November and September of all
stations. The change that occurs in high stream-
flow values is another remarkable result. Espe-
cially in high streamflow values, the case of no
trend is little, if any, and it is found that there are
more stations with a decreasing trend except for a
few months (January and February). It is deter-
mined that the number of stations, which
decreased by 10% and above in October, June and
annual mean streamflow values, is at a high level
of 60%.

Figure 9 shows the graphs of the annual mean
streamflow values of 16 studied stations according
to the ITA method. This graph enables quite dif-
ferent interpretation according to monotonic
trends. For example, it can be said that there is no
trend at stations D26A008 and D26A062, and
higher streamflow values tend to decrease at sta-
tions E26A010, E26A024, E26A030 and E26A031.
In addition, it can be clearly seen from the graph
that station D26A054 shows a strong decrease in

J. Earth Syst. Sci. (2022)131 34

all values, while the medium values increase at
station E26A018. Moreover, low streamflow values
also show a decreasing trend at stations D26A012
and D26 A060. Since it is easy to apply compared to
monotonic trend analysis methods with clearer
statements in interpreting results, the ITA method
can be assessed as highly beneficial in analysing the
streamflow values.

While temporal trends in a basin are evaluated
on a station basis, it is also useful to give the
spatial distribution of changes in order to make a
regional evaluated for the entire basin. Therefore,
the spatial distributions of Z and Sen slopes cal-
culated at the Tigris basin are given in figure 10.
Throughout the basin, the change of Sen slope
values for all time scales (monthly and annual) is
in the range of 4% and it is determined that the
overall basin has a decreasing trend within the
range of 0-2%. The amount of decrease occurred
at a high level of 3-4% in October, November and
August, and the decrease in these regions is usu-
ally significant according to the MK test. Slope
values show an increasing trend in the eastern and
south-western regions of the basin at all-time
scales except in May. Also, it is determined that
this increase is between 2% and 4% especially in
February, July and September, and this increase
was observed only in August at stations with
significant trends. It is seen that the stations with
a significant decreasing trend are generally loca-
ted in the middle region of the basin. It is deter-
mined that the spatial distribution obtained
during the summer months is similar to each
other.

Yildiz et al. (2016) statistically analysed the
trends of long-term streamflow values of three
stations in the Tigris basin. As a result of the
analysis, it is stated that the streamflow values in
the region changed and tended to decrease. From
this result, they predicted that the average mean
streamflow of the river naturally decreases
slightly, and this decreasing trend would go on.
With the results of the presented study, it is also
observed that the trends tend to decrease
throughout the basin. Also, as a result of the
trend analysis of rainfall data in the Tigris and
Euphrates basins, Turkey conducted by Onol and
Semazzi (2009) shows that the rainfall has a
strong decrease. Bozkurt and Sen (2013) studied
climate change in the Tigris and FEuphrates
basins, Turkey, and they found that the rainfall
data show a decrease in the mountainous and
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northern parts of the basin and an increase in the
southern parts. Daggupati et al. (2017) investi-
gated the spatial and temporal distribution of
precipitation and streamflow data of the TERB.
In the study which examined separating the
TERB into three sub-regions, one of them deals
with the Tigris basin, Turkey. As a result of the
study, it is stated that annual precipitation val-
ues tend to decrease up to 30%. Kahya and
Kalayct (2004) determined the trend of the
annual streamflow values of 83 stations in Turkey
by using data between 1964 and 1994 by the MK
test. In their study, only three stations
(E26A003, E26A010, E26A012) from the Tigris
basin are evaluated and no significant trends are
determined in these three considered stations.
However, in the present study, a significant
decreasing trend is calculated using the MK
method at station E26A012 in the annual mean
streamflow, in addition, decreasing trends are
also determined using the ITA method in high
streamflow values at stations E26A003 and
E26A010, and in all (low, medium, high) values
at station E26A012. Especially with this pre-
sented study, with current data (up to 2016 for
some stations), the existence of significant trends
that were not determined before is seen in repe-
ated analyses. Ay et al. (2018), studied the trend
analysis of a station not used in this study in the
Tigris basin of Turkey, due to the measurement
range being short (2002-2011), using the ITA and
MK tests. In this station, which is near to station
E26A010 as a location, significant decreasing
trends are determined according to both methods.
Although the data range is limited in their study,
the trend directions determined are similar to the
presented study. Al-Hasani (2020) evaluated the
trends of streamflow, temperature and precipita-
tion data at nine stations located in the Iraq
borders of the Tigris basin. Significant decreasing
trends were determined during winter, spring and
summer streamflow values in all hydrometric
stations. In addition to this, Al-Hasani inter-
preted that the reduction in streamflow can be
linked mainly to the increased dam constructions,
and global warming caused less precipitation, and
higher temperature. Since the stations he used
are all within the borders of the Tigris basin in
Iraq, no direct comparison is made with the
presented study, which is the upper part of the
Tigris basin in Turkey. However, the decreasing
trends in streamflow values as a result of his
work are found generally similar to the presented
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study. In addition, it is stated that there is a
decreasing trend in streamflow values and this
decreasing trend is due to dams built on rivers
and climate change. Since the decrease in pre-
cipitation, which is the main component of the
streamflow in the Tigris basin, is expected to
decrease the streamflow, the results of this study
are in parallel with the previous studies. In
addition, it is noted that the strong decreasing
tendencies determined by the ITA method in
medium and high values should be considered as
an issue that should be tackled in particular. In
this region, it will be useful to evaluate stream-
flow in particular and precipitation data for dif-
ferent climate change scenarios in order to see
the impact of climate change on water resources.

5. Conclusions

In this study, the trends of the monthly and annual
mean streamflow data of 16 stations in the Tigris
river basin, Turkey are evaluated. Monotonic
trends are determined using the MK test, and
trends of low, medium and high values determined
using the I'TA method. Before applying the MK
test, the serial correlation effect is removed. The
linear trend slopes are calculated using Sen’s slope
method. The following conclusions may be drawn
from this study:

e 7 values of the MK test and D values of the ITA
method are compared, and it is generally seen
that the |D|> Z,/» condition occurs when the
|Z| > Z,) condition is fulfilled. Additionally, the
trend directions found by MK and ITA are
similar, but the negative D values calculated by
ITA are mostly more than the negative Z values
calculated by MK.

e According to the MK test, most of the significant
trends are obtained in the decreasing direction.
The percentage of changes in linear slopes is
mostly determined in the range of £2%. No
significant trend is determined in any month or
annual mean streamflow in only four of the 16
stations studied.

e It is observed that there is a very high correla-
tion between the Z and D values in some months,
this correlation is found low only in June and
April. The reason is assessed that each low,
medium and high streamflow values shows a
different trend in ITA. The number of stations,
which tended to decrease more than 10% in
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medium values, increased dramatically and they
are more than 30% in some months.

e The most remarkable result of ITA is that all
stations showed a very strong trend (increase or
decrease) in high streamflow values. In addition,
strong and very strong decreasing trends are
found for the annual mean streamflow at 80% of
the stations.

e Spatial analysis of Sen slope values for all time
scales (monthly and annual) in the Tigris basin
is in the range of £4%, and the overall basin is in
a decreasing trend. This amount of decrease
occurred in the range of 0-2%. The significant
decreasing trends are generally located in the
middle region of the basin.

With this study, since it is seen that streamflow
values tend to decrease significantly on a
monthly and annual basis, it is evaluated that
water should be used effectively and efficiently in
this basin, which is a transboundary and has
different water structures in it, and that the
decrease in high and medium streamflow should
be monitored in detail in terms of planning. In
addition, it is considered that the ITA method
can be used as a reliable method in trend analysis
because it is easy to apply compared to the
monotonic trend analysis methods. In conclusion,
the ITA method is beneficial with clearer expres-
sions in interpreting the results.
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