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Abstract
Climate change–induced changes in hydro-meteorological parameters such as precipitation, temperature, and evaporation 
have also altered water cycle components in various parts of the world. Severity of droughts then gradually increases with 
these changes. In this article, the precipitation, temperature, streamflow, and groundwater data of the stations in the Kizil-
irmak basin between 1970 and 2017 were studied. Precipitation (P), maximum temperature (Tmax), minimum temperature 
(Tmin), and mean temperature (Tmean) data that were taken from 20 meteorology stations were used. For trend analysis, linear 
regression (LR) and non-parametric Mann–Kendall (MK), modified Mann–Kendall (Hamed‒MK), and Spearman’s Rho 
(SRHO) methods were used to find out the trends in time series. Pettit test was used to determine the inception period of 
the trend. Although increasing trends were observed in maximum and minimum temperatures across the basin, significant 
trends were not observed in mean temperatures. All significant precipitation trends were in increasing direction, except for the 
Ilgaz station. In the change point analysis, the directional change that is occurring in maximum and minimum temperatures 
corresponded to the period between 1993 and 1998. On the other hand, such a period coincided to the period between 1983 
and 1997. Generally decreasing trends were observed in flows, except for three stations. Majority of the present stations 
had increasing trends in groundwater levels. Increasing trends, on the other hand, are thought to occur due to the increase 
in groundwater consumptions.

1 Introduction

Human activities such as using fossil fuels, increasing indus-
trialization, and deforestation induce climate change. These 
human activities play a great role in acceleration of climate 
change. The impact of human activities along with the cli-
mate change itself are important factors that can change the 
routes of the hydrological cycle and affect the characteristics 
of hydrological drought in river basins (Javadinejad et al. 
2019). Under the influence of these factors, changes in the 
direction of increase or decrease in hydro-meteorological 
variables are monitored. The significant differences observed 
in the climate averages over many years are so called as the 
climate change.

Determining the impacts of climate change on hydrologi-
cal cycle and making attribute assessments have an essen-
tial place in water resources planning and management. 
Although climate change is a worldwide phenomenon, its 
impacts are different in each region (Kundzewicz and Rob-
son 2004; Obot et al. 2010; Buishand et al. 2013; Wang 
and Li 2016). Therefore, the IPCC (Intergovernmental 
Panel on Climate Change) indicated that it is necessary to 
examine the impacts of climate change on a national and/
or regional scale. IPCC also stressed the need for more sci-
entific studies on the relationship between climate change 
and water (Change et al. 2007). Therefore, the determina-
tion of changes in hydro-meteorological parameters is one 
of the most critical issues in evaluating the effects of climate 
change (Trajkovic and Kolakovic 2009; Va Loon and Laaha 
2015). In recent years, several studies have focused on cli-
mate change and potential impacts on different sectors (Lu 
et al. 2008; Rawat 2012; Change 2014; Pratoomchai et al. 
2015; Vu et al. 2015; Estévez et al. 2018; Khan et al. 2019; 
Zhao et al. 2019).

Investigation of hydro-meteorological time series is 
important in terms of determining behavioral characteristics 
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of variables such as precipitation, temperature, streamflow, 
and drought. Because a strict rule does not bind the changes 
in the climate system, changes in meteorological parameters 
such as temperature, precipitation, and snow melting are sig-
nificantly affected by climate change and, as a result, may 
cause changes in the basin (Wang et al. 2014; Zarenistanak 
et al. 2015).

One of the most critical and impacted parameters of 
global climate change is temperature. Due to its effect on 
precipitation, changes in temperature are one of the meteoro-
logical variables that should be monitored in terms of water 
resources and water management. For example, as a result of 
climate change, changes were encountered in temporal and 
spatial distribution of precipitations between 1906 and 2005. 
However, about 0.74 °C increase was seen in mean tempera-
tures of the same period. In such a situation, it is possible 
to see more drought in arid regions (Solomon et al. 2007). 
Recent national and regional studies presented changes in 
temperatures (Manley 1946; Steinwand et al. 2006; Franzke 
2010, 2015; Liu et al. 2012; Capparelli et al. 2013; Irann-
ezhad et al. 2015; Hadi and Tombul 2018; Fallah-Ghalhari 
et al. 2019; Sun et al. 2019).

Precipitation and reference evaporation are vital parame-
ters in hydro-meteorological studies and are used for agricul-
tural planning, irrigation system design, and management. 
Demand for precipitation and evaporation is expected to 
change under climate change and affect sustainable devel-
opment. Like temperature, precipitation is a critical com-
ponent of hydro-meteorological studies in the planning 
and management of water resources. Determination of spa-
tial–temporal changes in precipitation characteristics is vital 
in terms of evaluating the effects of climate change. For this 
reason, many studies have been carried out to investigate the 
changes encountered in climate components such as precipi-
tation (Bhend and von Storch 2008; Obot et al. 2010; Guo 
et al. 2012; Hereher 2016; Wang and Li 2016; Jiang et al. 
2017; Szwed 2019; Palamalai et al. 2020).

The impact of climate change on the streamflow, along 
with the effects of hydro-climatic components involved 
in the hydrological cycle, has significant effects on water 
resources and river flows. Increases or decreases in river 
flows, floods, or droughts are issues to be planned and taken 
into consideration in water resources management (Islam 
et al. 2012). Studies on this subject have been made, and the 
changes in the rivers have been examined by scientists from 
all over the world (Kahya and Kalaycı 2004; Cigizoglu et al. 
2005; Mishra et al. 2014; Croitoru and Minea 2015; Dogan 
et al. 2015; Emadi et al. 2016; Zamani et al. 2017; Nashwan 
and Shahid 2019).

Groundwater is a valuable water resource. Increasing pop-
ulations, groundwater use in agricultural areas, and wrong 
irrigation techniques have led to a decrease in groundwater 
resources and rapid changes in groundwater levels (Rafiq 

and Mishra 2016; Mishra and Rafiq 2017). Groundwater 
levels and surface runoff are affected by climate change as 
it changes precipitation patterns (Wang et al. 2016, Salem 
et al. 2017). Changes in groundwater regeneration have also 
affected the levels of water resources (Taylor et al. 2013). 
Many researchers focused on groundwater (Rosenberg et al. 
1999, Ge and Chaoying 2001, Kirshen et al. 2005, Chen 
et al. 2007, Howard and Griffith 2009, Nyenje and Batelaan 
2009, Crosbie et al. 2010, Goyal et al. 2010, Taylor et al. 
2013, Nyakundi et al. 2015, Rahaman et al. 2016, Wang 
et al. 2016).

Trend is so defined as the change in values of a random 
variable either ascending or descending order. Time series 
of climate parameters must be calculated using statistical 
methods to determine trend direction (Helsel and Hirsch 
1992). Such trends also play an important role in planning, 
design, and management of water structures. Many research-
ers have analyzed the effects of climate variables on hydro-
meteorological variables and water resources.

In a previous study on long-term precipitations of Slova-
kia (1981‒2013), Mann‒Kendall test was used to analyze 
trends in precipitation series and significant changes were 
reported across the country and rainfall increased signifi-
cantly especially in July (Zeleňáková et al., 2016). In another 
study investigating the rainfall trends in China’s Yangtze 
River basin, 36 stations were used to analyze 50-year data. 
Significant increases were observed in the summer season 
when rainfall was most intense (Becker et al. 2006). In 
the study covering an 85,000-km2 area in Northern Italy, 
monthly precipitations were examined in terms of a trend 
for 509 years. In the analysis using Mann‒Kendall and 
Sen’s graph test, it was stated that the highest and the lowest 
precipitation data had different values and different trends. 
Seasonal analyses revealed negative trends in winter and 
autumn (Caloiero et al. 2018). In the study, rainfall and river 
trends were analyzed in Neka basin of Iran over 44 years 
(1972‒2015) on a yearly, seasonal, and monthly basis. A 
significant increase was observed in the annual maximum 
daily flow and a decrease was observed in monthly flows. At 
the same time, it was stated that there was a significant rela-
tionship between rainfall and flow. In general, a significant 
relationship was observed between seasonal precipitation 
and flow of the basin (Nikzad Tehrani 2019). In a study con-
ducted in Warangal region, annual and seasonal groundwater 
trends were investigated for 15-year period (2000‒2015). 
Three of the forty wells analyzed on a monthly scale had a 
significant positive trend, while the other seven wells had 
a significant negative trend. The seasonal tendency in the 
pre-monsoon period was reported to be decreasing (Satish 
Kumar and Venkata Rathnam 2019). In the study of mete-
orological data in Bangladesh, it was noted that there was 
an upward trend in temperatures and a downward trend in 
wind speed. It was stated that the increase in maximum 
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temperatures was higher than the minimum temperatures 
(Khan et al. 2019). In another study investigating the trends 
in the monsoon rain, flow, dam reservoirs, and post-monsoon 
groundwater (PMGW) levels in Karha Basin, India, a non-
significant positive trend was found in the basin after 2003. 
At the same time, it was stated that there was an increase in 
groundwater levels (PMGW) in the post-monsoon period 
(Todmal et al. 2018).

The results of trend analyses in the Cobres River basin 
covering 40 years (1960‒2000) showed that there was no 
continuous long-term and negative trend. However, there 
were oscillations from average precipitation and river flow 
within the basin (da Silva et al. 2015). In Sarawak, 31 sta-
tions (1980‒2014) were used to determine trends in pre-
cipitation and extreme precipitation. Significant changes 
were detected in annual rainfall with the use of MK and 
Hamed‒MK tests. When seasonal trends were analyzed, 
increasing rainfall was observed in Northeast monsoons; 
Southwest monsoon rainfall in some regions indicated a 
decreasing trend (Sa’adi et al. 2019). In a study, the ten-
dency of precipitation, temperature, and river discharge 
around the West Caspian Sea were analyzed and the positive 
trend was observed in annual and seasonal rainfall and tem-
peratures. River flows had a negative trend. The beginning 
of the changes in river flows and temperature emerged as 
the 1990s. Rising temperatures and decreasing precipita-
tions were related to changes in river flow (Kazemzadeh 
and Malekian 2018).

In a study conducted in Kizilirmak basin of Turkey, 111 
stations across the country were used to analyze spatial and 
temporal distribution and the trends in annual and seasonal 
rainfall. The Kruskal‒Wallis test was used to check data 
homogeneity. Mann‒Kendall rank correlation trend coef-
ficient method was used for a trend in total precipitation 
and precipitation intensity data. Decreases were observed 
in precipitation of all regions and such decreases were more 
pronounced in the Mediterranean and the Black Sea regions. 
While there was a significant decrease in the total rainfall 
in winter season, there was an increase in the rainfall levels 
in the other seasons. The rainfall intensity decreased sig-
nificantly in all seasons. While the decrease in total rain-
fall was substantial in the Mediterranean region, the rain-
fall intensity decreased more remarkably in the Black Sea 
region. Decreases in rainfall intensity have been observed to 
be more intense since 1950 (Turkes et al. 2007). In another 
study conducted in Eastern Mediterranean region of Tur-
key, rainfall data of 11 meteorological stations covering the 
period of 1975‒2006 were used for trend analyses. Linear 
trend models were obtained for total annual precipitation, 
rainy days, and precipitation intensities. A decreasing trend 
was observed in annual rainfall and total annual rainy days 
(Gönençgil and Gülten 2010).

Kizilelma et al. (2015) conducted a trend analysis for 
mean, minimum, and maximum temperatures. Linear regres-
sion analysis revealed increasing mean and maximum tem-
peratures in the study area. Minimum temperatures tend to 
increase in general except for a few stations. According to 
Mann‒Kendall trend analysis, annual total rainfall in Cen-
tral Anatolia decreased in general. While the precipitation 
generally decreased in the spring and summer seasons, there 
was an increase in winter and autumn season. However, in 
general, increases in winter and autumn season were not 
significant. Significant increases were observed in mean and 
maximum temperatures in almost all stations. Increases and 
decreases in minimum temperatures were not significant, 
except for a few stations.

In the study conducted in Adana sub-region, long-term 
variability and trends of annual and seasonal number of 
summer and tropical days were examined. According to the 
identified trends of 14 meteorological stations (1960‒2014), 
number of annual summer days and the tropical days were 
generally below the long-term average by the end of the 
1980s. In particular, positive anomaly values were observed 
in all stations between 1993 and 2014. According to the 
Kruskal‒Wallis homogeneity test, the significant turning 
point for anomalies was 1993. The number of annual sum-
mer days and tropical days after this year increased rapidly. 
In particular, negative trends were monitored from 1987 to 
1992. A significant increasing trend was observed at the 0.01 
level in the number of tropical days around the coast. Simul-
taneously, in the summer of 2010, the most considerable 
anomaly values have recorded increases around the coast. It 
was shown that the region was exposed to a long-term hot 
period and thermal conditions due to the increasing tempera-
tures in the Adana Sub-region that is one of Turkey’s most 
important agricultural regions. It is stated that it is seen as 
a potential risk for human health and economic and crop 
losses (Bayer Altin and Barak 2017).

A correlation study was conducted on the temperature 
and rainfall values of six meteorological stations of the 
Kizilirmak basin and the flow values obtained from the 
measurement stations from the Kizilirmak river. As a result 
of the analysis, a reversal relationship at secondary signifi-
cance was observed between temperature and flow. There 
was a positive correlation at secondary significance between 
precipitation and flow values. In the trend analysis, although 
the temperature trend was an upward direction in all stations, 
precipitation trend was downward direction except for one 
station. In the study of the long-term data of the streams, 
the non-dam section of the river (Divrigi station) was pre-
ferred due to the protection of natural conditions. Significant 
reductions in currents were observed in all current stations, 
including Divrigi station. It was underlined that the decline 
accelerated, especially after the 1990s (Bahadir 2011).
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In a previous study in the Kizilirmak basin, trends in 
annual total precipitation and annual mean temperature data 
were investigated. Mann‒Kendall was used as trend analysis 
in the data set covering 1975‒2015 period (40 years) of 36 
stations. As a result of the research, no trend was observed in 
precipitation, but an increasing trend was observed in tem-
perature (Sutgibi 2015).

In this study, both meteorological and hydrological 
trends were investigated in the Kizilirmak basin, which is 
fed by many different tributaries and passing through differ-
ent climate regions. Linear regression and non-parametric 
Mann‒Kendall (MK), modified Mann‒Kendall (Hamed‒
MK), and Spearman’s Rho (SRHO) trend tests were used 
to determine trends. At the same time, the Pettit test was 
used to determine the change point in the historical series. 
The relationship between meteorological trends and trends 
of flow-groundwater levels was also investigated.

2  Material and method

2.1  Study area and data

Kizilirmak basin is the second largest watershed of Tur-
key. It is located to the east of Central Anatolia between 
37°58′ − 41°44′ north latitudes and 32°48′ − 38°22′ east 
longitudes (Fig. 1). The basin, which covers approximately 
11% of the country’s territory, is generally composed of 
plains, while only the northern and eastern parts are moun-
tainous. The Kizilirmak river, sourced from near İmranlı, 

draws a wide arc after passing through Avanos, flows toward 
to northwest with a sharp turn from Osmancik and then to 
the east with a sharper second turn from the south of Kargı 
(Forestry 2016). All of Kirsehir and Kirikkale provinces, 
Sivas, Kayseri, Yozgat, Nevsehir, Kastamonu, Cankiri prov-
ince centers, and a large part of the province; and major 
parts of Nigde, Ankara, Corum, Sinop, Aksaray, and Samsun 
are included in the basin. Kizilirmak river with a length of 
1151 km is the longest river of Turkey. There is a drain-
age area of 78,180  km2 and a water volume of 5.5 billion 
 m3. Coastal parts of the Kizilirmak basin are dominated by 
the sea climate and the inland parts by terrestrial climate. 
The region with the least rainfall is the central part of the 
basin, which is the pit. The average annual precipitation in 
these parts of the basin varies between 300 and 400 mm. The 
Kizilirmak basin covers a large area, including the Kizilir-
mak river, which is a very long river, and its surroundings. 
Therefore, meteorologically, the basin area is spread to dif-
ferent geographical regions. It is possible to see different 
meteorological parameters throughout the Kizilirmak basin, 
which are very different from each other and are unique to 
Central Anatolia and Black Sea geographical regions. To 
generate meteorological data in the Kizilirmak basin, the 
information about the observation stations of the General 
Directorate of State Meteorological Affairs within the 
boundaries of the basin were evaluated.

Of 30 stations in the basin, those with long-term records 
(at least 40 years) were preferred. The meteorological data 
(temperature, precipitation) for 1970‒2017 period were 
obtained from the Turkish State Meteorological Service, 

Fig. 1  Kizilirmak basin of 
Turkey, located in the basin 
precipitation, flow, and ground-
water stations
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known as DMI in Turkey; streamflow and groundwater lev-
els were obtained from The General Directorate of State 
Hydraulic Works, known as DSI in Turkey.

2.2  Methodologies

2.2.1  Standard normal homogeneity test

Standard normal homogeneity test (SNHT) (Alexanders-
son 1986) is one of the important homogenization meth-
ods preferred in many hydrological studies. In practice, it 
is essential to create a composite series with a difference 
or ratio value of the series according to a reference value 
whose homogeneity is accepted. After the composite series 
is standardized, the means of the previous and next series 
are calculated. If the difference between the mean values 
reaches the critical value, this indicates a sudden change in 
the series. In this case, it is determined that the series is not 
homogeneous; otherwise, the series will be homogeneous 
(Ducré-Robitaille et al. 2003).

2.2.2  Von Neumann’s independence test

In this test proposed by Von Neumann, the test statistic Q 
is defined as the ratio of the sum of squares of consecutive 
differences to the variance value and is calculated by the 
formula below:

where aax presents an arithmetic average of series. If the 
time series is independent from each other, Q is normally 
distributed with an expected value of 2. Thus, if the tail 
probability of the standardized variate is greater than half 
of the critical probability, then the  H0 hypothesis is accepted 
(Von Neumann 1941).

2.2.3  Autocorrelation test

Serial correlation is an important aspect to be taken into 
account in the analysis of hydrological time series. Autocor-
relation can be defined as the situation in which successive 
values in time series affect each other. The presence of a 
serial correlation in a time series increases the possibility 
of finding a significant trend in the test result even though 
there is no trend in the analyzed data set and may cause 
misconceptions about the data group investigated.

With the test used in the study, Student t test, the auto-
correlation coefficient t is calculated as (n − 2) degrees of 
freedom as follows:

(1)Q =

n−1∑
i=1

(
xi+1 − xi

)2
/

n∑
i=1

(
xi − aax

)2

If this coefficient t is lower than the value corresponding 
to the significance value, it indicates that there is no autocor-
relation. Otherwise, it indicates the presence of autocorrela-
tion (Akinsanola and Ogunjobi 2017).

2.2.4  Wald–Wolfowitz’s stationary test

To examine the stationarity of the time series, Wald‒Wol-
fowitz, one of the common methods that are used to calcu-
late R statistic, is recommended, and its formula is given 
below.

In the time series, since R is normally distributed, the 
tail probability of the standardized variable becomes greater 
than half the critical probability and this time series is con-
sidered as a stationarity series (Helsel and Hirsch 2002).

2.2.5  Mann‒Kendall trend test (MK)

Mann‒Kendall test is one of the frequently used statistical 
tests to analyze the tendency in climatological and hydro-
logical time series. Kendall’s Tau is a different application of 
the test. Specifically, it is a suitable test for data with extreme 
values and non-linear tendencies that do not conform to the 
normal distribution (Helsel and Hirsch 1992).

In this test, according to the null hypothesis  H0, the data 
series have time-independent distribution so that there is no 
trend in the series. However, according to hypothesis  H1, 
the series has a similar distribution, and there is a trend in 
the series.

The Mann‒Kendall test statistic is defined as

In this equation, xi and xj represent the data in years i and 
j, and n indicates the length of the data.

In cases where n ≥ 10, the distribution of the S statistic is 
entirely appropriate for the normal distribution. In this case, 
the average of the statistic is zero, and the following equation 
finds the variance:

(2)t = �
1
⋅

√
n − 2

1 − �
2

1

(3)R =

n−1∑
i=1

xi ⋅ xi+1+x1 ⋅ xn

(4)SM−K =

n−1∑
i=1

n∑
j=i+1

sign
(
xj − xi

)

(5)sign
�
xj − xi

�
=

⎧⎪⎨⎪⎩

1
�
xj − xi

�
> 0

0
�
xj − xi

�
= 0

−1
�
xj − xi

�
< 0
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Whether the trend obtained from the test is significant is 
determined by comparing the normalized z value with the 
critical z values by calculating the following equation:

The z values obtained are compared with the zα/2 value 
derived from the standard normal distribution table for α 
significance level. If | z |> zα/2, the hypothesis  H0 is rejected. 
So, there is a significant trend in the series. Also, there 
is a decreasing tendency if the Z value is negative and an 
increasing trend if it is positive. In this study, since the sig-
nificance level (α) was selected as 5%, and ± 1.96 was used 
as the critical value (Mann 1945; Kendall 1948).

2.2.6  Spearman’s Rho test (SRHO)

Spearman Rho is one of the non-parametric tests used to 
detect the presence of monotone tendency in hydro-climatic 
time series (Yenigün et al. 2008). SRHO, which is based on 
rankings, indicates a significant trend when the correlation 
between data is significant.

In this test, all data in the time series have an independent 
and identical distribution according to the null hypothesis 
 (H0), indicating the presence of increasing or decreasing 
trends relative to the other hypothesis  (H1). Positive val-
ues of S indicate upward trends, while negative S indicates 
downward trends in the time series.

2.2.7  Modified Mann‒Kendall test (Hamed‒MK)

An essential issue in trend analysis studies is autocorrela-
tion, which is frequently seen in climatic data. The presence 
of autocorrelation in a time series causes it to show trend 
even if there is no trend, rejecting the zero hypothesis that 
there is no trend. Therefore, modified MK is recommended 
to be used to determine the trends of data with autocorrela-
tion (Hamed and Rao 1998).

In this improved method, the variance calculation of S 
statistics is as follows:

In the formula, n
n∗
e

 represents the autocorrelation correc-
tion factor and is calculated as follows:

(6)Var(S) =
n ⋅ (n − 1) ⋅ (2 ⋅ n + 5)

18

(7)Z =

⎧
⎪⎨⎪⎩

S−1√
Var(S)

S > 0

0 S = 0
S+1√
Var(S)

S < 0

(8)Var
(
S�
)
=

[
n ⋅ (n − 1) ⋅ (2 ⋅ n + 5)

18

]
⋅

n

n∗
e

p(i) symbolizes the autocorrelation function of the ranks 
of the time series.

Whether the trend in the series with autocorrelation is sig-
nificant is determined by comparing the new z value with the 
critical z values by calculating the following equation:

The calculated z values are compared with the zα/2 value 
obtained from the standard normal distribution table for the α 
significance level. If | z |> zα/2, the hypothesis  H0 is rejected. 
Rejection of the null hypothesis  H0 indicates a significant trend 
in the series. Regarding the direction of the trend, Z < 0 means 
a decreasing trend and Z > 0 means an increasing trend.

2.2.8  Linear regression

Linear regression is the regression analysis used to determine 
the x-dependent change of the variable y (Atik et al. 2007). The 
regression equation is y = ax + b. The coefficient a denotes the 
direction and value of the trend. A linear relationship between 
x and y is expressed according to their distribution in the x‒y 
plane of the observation pairs. To be capable of talk about a 
relationship between x and y, the distribution must be spread 
around a line. If there is such a distribution, there is a linear 
relationship between the observation pairs. For an increasing 
trend, the coefficient a should be positive. For a decreasing 
trend, the coefficient a must be negative. The fact that the 
coefficient a is close to zero indicates that there is no change 
(Guner Bacanli and Tugrul 2016).

2.2.9  Pettit test

This test is independent of the distribution of the data and is 
related to their rank in the series. Therefore, it is a test inde-
pendent of the distribution and does not require acceptance. 
In this test, the null hypothesis  H0 argues that the time series 
is homogeneous, whereas the opposite hypothesis is a break in 
the mean; the data are not homogeneous. This test also deter-
mines the change point of the time series (Pettitt 1979).

3  Application and results

Trend analysis of climate variables provides essential infor-
mation for understanding the impact of climate change 
on hydrological parameters. In this study, the minimum 

(9)

n

n∗
e

= 1 +
2

n ⋅ (n − 1) ⋅ (n − 2)

n−1∑
i=1

(n − i) ⋅ (n − i − 1) ⋅ (n − i − 2) ⋅ p(i)

(10)Z =

⎧
⎪⎨⎪⎩

S−1√
Var(S)

S > 0

0 S = 0
S+1√
Var(S)

S < 0
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temperature (Tmin), maximum temperature (Tmax), mean 
temperature (Tmean), and mean precipitation (P) data of 
1970‒2017 period that is obtained from 20 meteorological 
stations in Kizilirmak basin were examined to determine 
trends. In addition to meteorological data, trend research 
was conducted for flow and groundwater levels. Flows were 
taken from 14 different observation stations and groundwa-
ter levels were taken from 20 different observation stations 
of the Kizilirmak basin.

Standard normal homogeneity test, autocorrelation test, 
Wald‒Wolfowitz’s stationary test, and Von Neumann’s inde-
pendence tests were used to check the homogeneity, autocor-
relation, stationarity, and independence of the data in the 
time series of meteorological, streamflow, and groundwater 
levels of the Kizilirmak basin. The summary of the tests 
applied to the meteorological, streamflow, and groundwater 
levels data are presented in Table 1. According to the results, 
it was observed that all meteorological stations were homo-
geneous, non-stationary, independent, and have no correla-
tion. However, some non-homogeneous and autocorrelated 
distributions were found in some flow and groundwater sta-
tions. Since the number of these stations is less than the total 
stations, trend analysis has been applied.

3.1  Trends of maximum, minimum, and mean 
temperatures

The time series of meteorological data were analyzed at a 
95% confidence level with non-parametric Mann‒Kendall 
(MK), modified Mann‒Kendall (Hamed‒MK), and Spear-
man’s Rho (SRHO) methods and parametric linear regres-
sion (LR) tests. The test statistics demonstrate whether 
there was a trend when it is less than − 1.96 and greater than 
1.96. In the maximum temperature series (1970‒2017), sig-
nificant positive trends were observed in 8 stations (40%) 
among 20 stations across the basin. The other 12 stations 
did not show a trend in any tests. Among eight stations, 
except for Kastamonu and Kaman stations, a trend was seen 
according to all tests. However, a trend was not observed in 

tests other than LR and SRHO at Kastamonu station. The 
distribution of maximum temperature trends in the basin is 
presented in Fig. 2. As can be seen in Fig. 2, an increasing 
trend was seen in maximum air temperature along the coast 
of the Black Sea.

Similarly, a trend was observed in all tests except for 
Hamed‒MK at the stations in Kaman. MK test and Hamed‒
MK test, one of the tests applied to the maximum temper-
ature variable, showed a harmonious trend in all stations 
except for Kaman. In the Hamed‒MK test, no trend was 
observed in both Kastamonu and Kaman stations, whereas in 
the MK test, no trend was observed only in Kastamonu. LR 
and SRHO tests not only showed trends but also acted har-
moniously at all stations. The results of all trend tests were 
compatible with each other, and additionally, they showed 
a 100% trend in stations other than Kastamonu and Kaman 
stations.

While the stations that show trend at minimum tempera-
tures are at different stations than the maximum tempera-
tures, an increasing trend was detected at 6 stations (30%) 
among 20 stations. The other 14 stations did not show a 
trend in any tests, and they were not included in this study 
in order to save space. The distribution of minimum tem-
perature trends in the basin is shown in Fig. 3. As can be 
seen in Fig. 3, increasing trends in minimum air tempera-
ture was concentrated in the southern part of the basin. This 
is thought to be a result of the decrease in snowfall in the 
region. Sivas station showed an increasing trend only in the 
LR test, while the Kaman station showed an increasing trend 
only in the SRHO test. Although Bafra and Yozgat stations 
did not show any trends in the Hamed‒MK test, they dem-
onstrated a significant increasing trend in SRHO and LR 
tests. Apart from these stations, Kayseri and Nevsehir sta-
tions showed a 100% significant trend for four tests. There 
is a trend in Nevsehir, Kayseri, and Develi stations and all 
tests were compatible with each other.

Despite the increasing temperature trends that are 
occurring at the minimum and maximum temperatures, no 
significant trend was detected at any stations for average 

Table 1  Summary of Von Neumann’s independence test (VN) and 
Wald–Wolfowitz’s stationary (WW), standard normal homogeneity 
test (SNHT), and autocorrelation tests applied on maximum tempera-

ture, minimum temperature, precipitation, streamflow, and groundwa-
ter level series of Kizilirmak basin with a critical probability level of 
5%

Von Neumann Wald–Wolfowitz SNHT Autocorrelation

Variable Independent Dependent Stationary Non-station-
ary

Accept Reject Accept Reject

Tmax 20 0 0 20 20 0 20 0
Tmin 20 0 0 20 20 0 20 0
P 20 0 0 20 20 0 20 0
Streamflow 12 2 4 10 12 2 12 2
Groundwater 5 15 2 18 20 0 20 0
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temperatures. Therefore, it is not shown in this paper. 
However, the increase in temperatures has shown itself 
up both at maximum temperatures and minimum tempera-
tures. Nevsehir, Yozgat, and Kaman stations were the only 
stations that had a significant increase in both maximum 
and minimum temperature variables. In the minimum 

temperature trends, there were fewer stations that showed 
trends when these were compared with the maximum tem-
perature trends. Increase in temperature extremes and the 
positive progress of warming in the basin caused more 
trends to be observed at maximum temperatures.

Fig. 2  Display of trend test 
results of maximum temperature 
data of different stations of the 
Kizilirmak basin

Fig. 3  Display of trend test 
results of minimum temperature 
data of different stations of the 
Kizilirmak basin
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3.2  Trends of precipitations

There was a trend in monthly precipitation series in 5 sta-
tions (20%) out of 20 stations. Besides the increases in maxi-
mum temperature, the precipitation series had increasing 
trends in all stations, except for one station in the basin. 
The distribution of precipitation trends in the basin is shown 
in Fig. 4. As can be seen in Fig. 4, the increasing trend in 
precipitation is occurring on the coast of the Black Sea. As 
shown in Table 2, all stations had an increasing precipitation 
trend while Ilgaz station had a decreasing trend. Stations 
without a trend are not shown in Table 2. In Ilgaz station, 
Hamed‒MK, SRHO, and LR tests revealed that precipita-
tions had a decreasing trend since the test statistic value 
was less than − 1.96. MK test did not have significant trend 
values. Kastamonu and Osmancik stations showed trends 
only in the LR test, and they did not show a significant trend 
in any other trend tests. Boyabat station, on the other hand, 
had a 100% increasing trend in all trend tests. Ilgaz station 
showed an increasing trend at maximum temperatures, while 

it showed a decreasing trend for precipitation. Kastamonu 
station had a significant increasing trend in the LR test both 
in maximum temperature and precipitation series. While 
Cicekdagi station had no trends in temperatures series, it 
had an increasing trend in the MK test for precipitation.

3.3  Trends of streamflow

The flow series obtained from the stations at different points 
of the Kizilirmak basin were passed through four different 
trend tests mentioned above, and the analysis results are 
shown in Table 4. For streamflow trends, series were formed 
by considering the hydrological year. The reflection of the 
snowfalls occurring in the winter to the river in spring is 
taken into account in this way (Dai et al. 2010). The loca-
tions and distributions of streamflow stations in the Kizilir-
mak basin are shown in Fig. 5. As seen in Fig. 5, increasing 
and decreasing trends in streamflow data were concentrated 
in the central part of the basin.

Fig. 4  Display of trend test 
results of precipitation data of 
different stations of the Kizilir-
mak basin

Table 2  Trends for precipitation 
series with Hamed‒MK, 
Mann–Kendall (MK) test, 
linear regression (LR), and 
Spearman’s Rho (SRHO) tests

Station Hamed–MK MK LR SRHO

P qMK Trend Z Trend tst Trend ZSR Trend % Trend

Kastamonu 0.070  − 1.600  − 2.523 ↑ 1.470  − 25
Ilgaz 0.026  −  − 2.271 ↓  − 3.128 ↓  − 1.965 ↓ 75
Osmancik 0.045  − 1.926  − 2.115 ↑ 1.742  − 25
Cicekdagi 0.063  − 2.142 ↑ 1.618  − 1.539  − 25
Boyabat 0.000 ↑ 3.099 ↑ 5.878 ↑ 4.645 ↑ 100
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Of the streamflow gauging stations in the basin, 14 sta-
tions with long-term flow series were included in the trend 
test. Trends were detected in 11 stations (78%) among these 
14 stations. While trends were decreasing in eight stations, 
an increasing trend was observed in three stations. As can be 
seen in Table 3 and Fig. 5, 15–68 and 15–152 stations had a 
100% increasing trend. On the other hand, 15–03, 15–182, 
and 15–242 stations had a 100% decreasing trend. This situ-
ation shows that the tests were compatible with each other. 
Station 15–01 showed a decreasing trend only in the LR test. 
The stations 15–108, 15–190, and 15–17 showed a decreas-
ing trend in three different tests. The reason why there were 
different trends in the basin is that the basin covers different 
geographical regions because the Kizilirmak river is very 

long. The Central Anatolia region and the Black Sea region 
are two different geographic regions that differ significantly 
from each other. However, Kizilirmak basin covers certain 
parts of both regions. Therefore, significant differences are 
seen in precipitation and temperatures.

MK and Hamed‒MK tests showed similar results with 
a few exceptions. MK test had a trend in 9 stations and 
Hamed‒MK test had a trend in 7 stations among 11 sta-
tions. While MK was trending at stations 15–17 and 15–67, 
Hamed‒MK did not show any trends. The SRHO test had a 
trend at 10 stations out of 11 stations and gave results con-
sistent with the MK test at 9 stations. LR test, on the other 
hand, is the only non-parametric test. It showed a trend at 
eight stations in streamflow series. The only test that does 

Fig. 5  Display of trend test 
results of streamflow data of 
different stations of the Kizilir-
mak basin

Table 3  Trend results for 
streamflow series with Hamed‒
MK, Mann–Kendall (MK) test, 
linear regression (LR), and 
Spearman’s Rho (SRHO) tests

Station Hamed–MK MK LR SRHO

Streamflow qMK Trend Z Trend tst Trend ZSR Trend %

15–01 0.176  −  − 1.517  −  − 2.673 ↓ 0.206  − 25
15–03  − 5.367 ↓ 1.902 ↓  − 2.718 ↓  − 5.143 ↓ 100
15–17  − 5.564 ↓ 1.54  −  − 4.123 ↓  − 5.609 ↓ 75
15–67 2.07 ↑ 2.448  −  − 0.398  − 2.23 ↑ 50
15–68 5.453 ↑  − 0.505 ↑ 2.62 ↑ 5.418 ↑ 100
15–108  − 8.739 ↓  − 2.018 ↓ 0.54  −  − 8.867 ↓ 75
15–152 6.239 ↑ 0.685 ↑ 4.688 ↑ 6.097 ↑ 100
15–182  − 9.088 ↓  − 2.707 ↓  − 2.151 ↓  − 9.025 ↓ 100
15–190  − 5.094 ↓  − 0.86 ↓  − 0.164  −  − 5.118 ↓ 75
15–208  − 0.988  −  − 2.905  −  − 2.057 ↓  − 0.858 ↓ 50
15–242  − 3.62 ↓ 0.06 ↓  − 3.88 ↓  − 3.747 ↓ 100
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not trend at stations 15–108 and 15–190 is the LR test. How-
ever, it is the only test that trends at 15–01 station.

3.4  Trends of groundwater levels

A time series was created with groundwater levels 
obtained from 20 groundwater stations of the Kizilirmak 
basin. The distribution of groundwater stations in the basin 
is shown in Fig. 6. Trend tests found that when applied to 
groundwater time series, all stations had a trend. Although 
most of the trends are in increasing direction (85%), the 
decreasing trend (15%) was detected in three stations. The 
distribution of trends is shown in Fig. 6. As seen in Fig. 6, 
the increasing and decreasing trend in groundwater levels 
occurred in the southern part of the basin. Of 20 stations 
with trends, 15 stations showed trends in all tests. Of 15 
stations with a 100% trend, only 54,163 station showed 

a decreasing trend. The 55,362 station had decreasing 
trend in LR and SRHO tests. The 59,667 station had a 
decreasing trend only in LR. MK and Hamed‒MK tests 
yielded similar results for all stations, except for two sta-
tions. MK test (90%), which had a trend in 18 stations, 
showed a trend in Eskidogan and 54,162 stations, unlike 
the Hamed‒MK test. The SRHO test did not show trends 
in only one station. Although 59,667 was the only station 
where SRHO did not show a trend, it had a trend only in 
the LR test.

The results of the trend tests that performed on meteoro-
logical and hydrological parameters in the Kizilirmak basin 
are summarized and presented in Table 4. The most trending 
test at the maximum temperature parameter was the LR test, 
indicating the trend at 8 stations out of 20 stations. The least 
trending test was the Hamed‒MK with 6 stations out of 20 
stations. As can be seen in Table 4, the results of the other 

Fig. 6  Display of trend test 
results of groundwater data of 
different stations of the Kizilir-
mak basin

Table 4  Summary of Hamed‒MK, Mann–Kendall (MK) test, linear 
regression (LR), and Spearman’s Rho (SRHO) tests applied to maxi-
mum temperature, minimum temperature, precipitation, streamflow, 

and groundwater level series of Kizilirmak basin with a critical prob-
ability level of 5%

mMK MK LR SRHO

Variable No trend ↑ Trend ↓ Trend No trend ↑ Trend ↓ Trend No Trend ↑ Trend ↓ Trend No trend ↑ Trend ↓ Trend

Tmax 14 6 0 13 7 0 12 8 0 13 7 0
Tmin 15 5 0 17 3 0 14 6 0 14 6 0
P 19 1 0 17 2 1 16 3 1 18 1 1
Stream flow 5 3 6 7 2 5 6 2 6 4 3 7
Groundwater 2 17 1 1 18 1 1 16 3 1 17 2
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tests were numerically close to each other. This situation 
showed that the tests yielded consistent outcomes.

For minimum temperature series, LR and SRHO tests 
yielded trends the most. Of the present meteorological 
parameters, precipitation had the least trends. The LR test 
was the numerically most trending test. It indicated an 
increasing trend in three stations and a decreasing trend 
in one station. While the trend in the meteorological data 
was generally increasing in the basin, there is an increas-
ing and decreasing trend in the flows and groundwater lev-
els. In the SRHO test, in the streamflow series, decreasing 
trends were observed at 7 stations of 11 stations, while an 
increasing trend was observed at 3 stations. In both the LR 
and Hamed‒MK tests, the streamflow series had decreasing 
trend at six stations, while increasing trends were detected 
at two stations. It is thought that the decreasing trends in 
streamflow were due to the effects of dams on the Kizilirmak 
river rather than meteorological changes.

3.5  Change years by Pettit test

As a result of applying trend tests to meteorological data, 
trends and directions occurring in the time series were deter-
mined. Another parameter that is as important as learning 
trends is to determine when trends start. Knowing the begin-
ning of change is very important to identify the factors that 
cause the change. The Pettit test consists of a data set sorted 
on a month-by-month basis from the first year of the time 
series to the most recent year. The Loc value obtained from 
the calculations corresponds to the order of the change point 
as a month. In graphs, the change point is the time at which 

the maximum value is in the safe range. The Loc value of 
the stations referred to the month when the trend started. 
The corresponding year in the data set for this value is also 
shown in Table 5.

In this study, the Pettit test was used to determine the 
change point of the trends of meteorological parameters, 
streamflow, and groundwater levels in the Kizilirmak basin. 
Table 5 shows the change point results and directions of 
the trends for maximum temperature, minimum tempera-
ture, and rainfall, respectively. Change years in meteoro-
logical and hydrological parameters have similarities with 
drought events seen before in Turkey. In previous studies, 
1971, 1972, 1973, 1974, 1983, 1984, 1989, 1990, 1991, 
1992, 1993, 1994, 2001, 2006, 2007, and 2008 were deter-
mined as arid years in Turkey (Turkes and Erlat 2003; Cey-
lan and Komuscu 2007; Turkes and Tatli 2011). The most 
severe and widely distributed droughts in Turkey occurred 
in 1971‒1974 period and in 1983, 1984, 1989, 1990, 1996, 
and 2001 (Turkes 2003).

According to the results presented in Table 5, Kasta-
monu station started to change direction at month 339, and 
the value of month 339 in the graph showed the maximum 
point. However, in the maximum temperature time series of 
Kastamonu station that started in January 1970, this point 
refers to March 1998. Similarly, the change point in Yoz-
gat, Kirsehir, Nevsehir, and Tosya stations corresponded to 
the 280th month. Starting from January 1970, this value 
corresponded to April 1993. The graphics of Nevsehir sta-
tions are shown in Fig. 7. Starting from January 1970, this 
value corresponded to April 1993. According to the results 
obtained, it was observed that the maximum temperatures in 

Table 5  Result of Pettit test 
for change points (year) in 
historical series of maximum 
temperature, minimum 
temperature, precipitation, 
streamflow, and groundwater 
level of Kizilirmak basin

Meteorolojik series Streamflow series Groundwater series

Tmax Tmin P

Station Years Station Years Station Years Station Years

Kastamonu 1998  − 1997 15–01 2008 Ozbag 2017 Dev-55362 2014

Sivas  − 1998  − 15–03 2000 A-Temirli 2014 Dev-60637 2015
Yozgat 1993 1998  − 15–17 2001 Budak 2014 Dev-54157 2003
Kirsehir 1993  −  − 15–67 1975 Yeniyapan 2014 Dev-54158 1997
Nevsehir 1993 2005  − 15–68 1986 Eskidogan 2013 Dev-54159 2012
Kaybolge  − 1988  − 15–108 1994 Bgz-59666 2013 Dev-54160 2001
Bafra  − 1998  − 15–152 1985 Bgz-59667 2010 Dev-54161 1996
Ilgaz 1993  − 1974 15–182 2000 Bgz-60078 2010 Dev-54162 1999
Tosya 1993  −  − 15–190 1994 Dev-59669 2012 Dev-54163 2006
Osmancik  −  − 1994 15–208 1989 Dev-55350 2015 Dev-60638 2014
Cicekdagi  −  − 1983 15–242 1993  −  −  −  − 
Kaman 1997 1997  −  −  −  −  −  −  − 
Urgup 1994  −  −  −  −  −  −  −  − 
Develi  − 1998  −  −  −  −  −  −  − 
Boyabat  −  − 1986  −  −  −  −  −  − 
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the Kizilirmak basin began to increase since 1993. In the sta-
tions in the central Anatolia region, which is an arid region 
and one of the leading regions of Turkey to be affected by 
global warming, Yozgat, Kirsehir, Nevsehir, and Urgup 
started to show an increasing trend in maximum tempera-
tures during the same period, 1993‒1994. Only Kaman sta-
tion has shown increasing trends in maximum temperature 
since 1997 and Kastamonu station has shown increasing 
trends in maximum temperature since 1998.

At Sivas, Yozgat, Bafra, and Develi stations, the mini-
mum temperature change point corresponded to the 340th 
month. In the series starting from 1970, this numerical value 
corresponded to April 1998. In addition, at the Kaman sta-
tion, the change point was the 336th month corresponding to 
November of 1997. The change point graph of the Kayseri 
station is presented in Fig. 8. In the graph shown, the change 
point of Kayseri station was the 219th month corresponding 

to March of 1988. The starting period of the trend was 
within the range of the arid-affected period, according to 
the results of the change point at minimum temperatures. 
Kaman, Develi, Yozgat, and Sivas stations, which are usu-
ally located within the borders of Central Anatolia region, 
started to show an increasing trend in minimum tempera-
tures during the period 1997‒1998. Although Bafra station 
is not located in the climatically arid region, it followed an 
increasing trend during 1998. Nevsehir stations followed the 
direction of increasing minimum temperatures in 2005.

In Kastamonu station shown in Fig. 9 for precipitation 
series, the change point was seen at the 327th month cor-
responding to March of 1997. Osmancik station had the 
change point at the 219th month corresponding to March of 
1994. Ilgaz station had the change point at the 60th month 
(December 1974), and Cicekdagi station had change point 
at the 145th month (July 1983). The trend in precipitation 
series in decreasing direction at Ilgaz station began in 1974. 
This period coincides with the arid season of 1974. Simi-
larly, an increase in precipitation series has been observed in 
Cicekdagi station since 1983, which was another arid period 
in Turkey. Increases in precipitation were observed at Boya-
bat station in 1986.

The time and direction of change points of trends 
observed at streamflow stations are shown in Table 5. Graph 
of 15–03 station is presented in Fig. 10. The change point 
at station 15–108 started to decrease in the 264th month. 
This value shows April 1994 in the current series starting 
from 1967. This period coincides with the beginning of 
the increasing trend in maximum temperatures for Nevs-
ehir station. Station 15–01 shows the change point in the 
376th month, and this value shows that the decrease started 
in May 2008. It is thought that the Yamula Dam, which 
opened to operation in the area in 2005, might have affected 
this reduction. A decreasing trend in streamflow for 15–17 

Fig. 7  Pettit test results and change year of Nevşehir station for maxi-
mum temperature data

Fig. 8  Pettit test results and change year of Kayseri Station for mini-
mum temperature data

Fig. 9  Pettit test results and change year of Kastamonu station for 
precipitation data
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Sefaatli stations has been identified since 2001. The Uzunlu 
and the Gelingullu dams, which were opened to operation 
in 1995 and 1997, were thought to influence streamflow at 
these stations. Decreasing trends were observed in 15–03 
Yahsıhan station and 15–182 Kesikkopru station in 2000, 
15–190 Cicekdagi station in 1994, 15–208 Kaman station 
in 1989, and 15–242 Kirsehir station in 1993. When the 
surrounding dams were examined, it was determined that 
the decreasing trend in streamflow was at much later dates 
than the operational dates of the dams. However, extreme 
arid periods (Turkes and Erlat 2003) occurring throughout 
Turkey were estimated to contribute to this decreasing trend. 
In stations where there is no 5% significant trend in precipi-
tation, the effect of dams on the river was thought to be the 
reason for the decrease in streamflow. In addition, the reason 
for the declining flows was thought to be the combination of 
drought and the impact of dams on flow regimes. The flow 
stations that have an increasing trend were 15–67 and 15–68 
stations located in Keskin. They had different results from 
the other stations with increased streamflow in 1975 and 
1986, respectively. Similarly, 15–152 Kirsehir station, the 
other station showing an increasing trend, had the change 
of direction in 1985. It was estimated that the reason for the 
increase was that the Hirfanlı dam left water from the dam 
in 1985, which is the dry period.

Pettit test results for groundwater levels are shown in 
Table 5. An increasing trend in groundwater levels were 
observed in all stations except for three stations. According 
to the Pettit test, 54,158 station had an increase at the 254th 
month corresponding to April 1997. Graph of 54,158 sta-
tion is presented in Fig. 11. The change points for the other 
increasing stations are as follows: in 54,161 station in the 
283rd month and 1996, 54,162 station in the 281st month 
and 1999, 54,160 station in the 300th month and 2001, and 

54,157 station in the 99th month and 2003. One of the most 
important reasons for the level of increase is the droughts 
that occurred during that period. The dry periods between 
1996 and 2001 in Turkey coincide with the change points 
of these stations. The beginning time of trends was in 2010 
at 60,078 station, in 2012 at 54,159 and 59,669 stations, 
and in 2013 at 57,515 and 59,666 stations. Similarly, at 
A-Temirli, Budak, Yeniyapan, and 60,638 stations in 2014 
and at 55,350 and 60,637 stations in 2015 are the dates when 
the change for the trend began. The drought began in parts 
of Central Anatolia in Turkey in 2012 and continued more 
effectively in 2013. Then, in the summer of 2013, it turned 
into agricultural and hydrological drought with the effect of 
the drought that began to reign all over Turkey. It continued 
its influence in 2014 (Turkes 2014). The demand for ground-
water increased due to the drought. A decreasing trend was 
observed at three stations. These stations are 54,163, 59,667, 
and 55,362. The change points for these stations are 2006, 
2010, and 2014, respectively. The reason for the decrease 
was thought to be the proliferation of the number of ground-
water wells in the region during the arid periods.

4  Conclusion

Climate change and drought are critical and unhindered 
situations that have been felt in Turkey since the 1970s. In 
this study conducted in the Kizilirmak basin, which is the 
second-largest basin of Turkey, climate change–dependent 
trends in meteorological and hydrological parameters of 
the basin were investigated. Trend research is essential to 
see the extent of the change in meteorological and hydro-
logical components of the climate change in the Kizilir-
mak basin. The presence of trends in the time series of 

Fig. 10  Pettit test results and change year of 15–03 station for stream-
flow data

Fig. 11  Pettit test result and change year of 54,158 station for ground-
water data
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maximum temperature, minimum temperature, mean tem-
perature, and precipitation was investigated. Also, river 
flows and groundwater level data were included in the 
study. Linear regression (LR) and non-parametric Mann‒
Kendall (MK), modified Mann‒Kendall (Hamed‒MK), 
and Spearman’s Rho (SRHO) methods were used to detect 
existing trends. Pettit test was used to determine the period 
when the trend started. The homogeneity, autocorrelation, 
stationarity, and independence of the data were checked 
by standard normal homogeneity test, autocorrelation test, 
Wald‒Wolfowitz’s stationary test, and Von Neumann’s 
independence test. The following conclusions were drawn 
based on present findings:

• As a result of the homogeneity, autocorrelation, stability, 
and independence tests performed for the reliability of 
trend analysis, a regular structure has been observed in 
most of the time series.

• Significant increasing trends were observed in meteoro-
logical parameters. Increasing trends were observed in 
maximum and minimum temperatures throughout the 
basin, but no significant trends were observed in mean 
temperatures. The proportion of stations with the increas-
ing trend was 40% for maximum temperatures and 30% 
for minimum temperatures. While no trend was observed 
in mean temperatures, the increasing trends of maximum 
and minimum temperatures were seen as the expected 
impact of climate change. Previous studies showed tem-
perature increases. According to the IPCC third assess-
ment report, temperatures have increased since 1980. In 
the same report, the mean annual temperatures in Turkey 
were expected to rise between 1 and 3 °C by the year 
2050 (Apak and Ubay 2007).

• In change-point analyses, the beginning of the trend at 
maximum and minimum temperatures coincided with 
the period 1993‒1998. Maximum temperatures, which 
increased after 1993, continued to rise in recent years 
(Turkes and Erlat 2018). Although there are apparent dif-
ferences between the regions in Turkey, a general warm-
ing trend is evident after the 1990s, especially after the 
Cold year in 1992 (Turkes 1996a, b).

• Significant trends observed in precipitation (20%) were 
in increasing direction, except for Ilgaz station. The 
beginning of the increasing trends was in the period 
1983‒1997. Droughts were encountered in Turkey 
between 1983 and 1997. Only Ilgaz station began to show 
a decreasing trend in 1974. Previous studies have shown 
that annual precipitation had decreasing trends in 1970s 
and the prolongation of dry periods has led to a decrease 
in rainfall in these years (Turkes 1996a, b). Besides, pre-
cipitation has increased between 0.5 and 1% in the mid-
dle and high latitudes of the northern hemisphere every 
decade. In contrast, in a significant part of the subtropical 

land, including the Mediterranean Basin, it has decreased 
by approximately 3% every decade (Turkes et al. 2007).

• It was observed that the change points of meteorological 
parameters coincided with the droughts that occurred in 
the semi-arid Kizilirmak basin between 1980 and 2000 
(Turkes 2003). It reinforces the foresight that increasing 
trends in both temperatures and precipitation were pri-
marily due to climate change.

• Streamflow trends have been tested in 14 stations that 
have long-term data across the basin. Observed trends in 
streamflow (78%) were in decreasing direction, except 
for three stations. Previous studies on flow trends in Tur-
key have seen decreases since the 2000s. A study was 
conducted in 2004 in which flows were observed in 26 
basins of Turkey. A significant decreasing trend has been 
observed in river flows in the western and southeastern 
regions. Furthermore, the study stated that decreasing 
trends may be the effect of climatic processes and cli-
mate parameters influenced by temperature increase, 
rather than climate change (Bayazıt et al. 2002, Kahya 
and Kalaycı 2004).

• Although the streamflow trends observed at several 
of stations were consistent with temperature and rain-
fall data, no significant relationships were determined 
between meteorological parameters and flows. Stream-
flow trends were thought to be caused more by envi-
ronmental and climatic impacts than by meteorologi-
cal impacts. The most important of the environmental 
impacts in terms of flows are the dams built on the Kizil-
irmak river. It is estimated that the impact of dams on the 
river regime could cause a decrease in flows. However, it 
is estimated that the decreasing trends that occur at sta-
tions that are not in the dam impact area were affected by 
the arid periods.

• Observed trends in groundwater levels were in increas-
ing direction, except for three stations. Increasing trends 
were largely (85%) observed in groundwater levels. 
Fifteen stations out of 20 stations showed 100% trend. 
Trend tests (MK, Hamed‒MK, SRHO, and LR) yielded 
consistent outcomes for trends in groundwater levels. 
No relationship was observed between groundwater lev-
els and meteorological parameters, which would cause 
trends. Changes in groundwater levels were estimated 
to have resulted from increased consumption in recent 
years. Water consumption of urban networks and farm-
lands, irrigated with groundwater, is thought to have 
caused an increase in groundwater levels, especially in 
the period following the arid years. It coincides with arid 
periods when there are increases in many groundwater 
wells. According to the change point analysis, the dates 
when the increase in groundwater levels began were 
1996, 1999, and 2001. The trends in these wells drilled in 
1970s coincide with the 1990‒2001 droughts observed 
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in Turkey. The starting period of the trend for wells 
drilled in 2000s is the period between 2010 and 2014. 
Following the arid period in 2008, the agricultural and 
hydrological drought that occurred in 2012 is thought 
to have affected these increasing periods. This situation, 
caused by the increase of urbanization and the orienta-
tion of agricultural irrigation to groundwater sources, is 
accelerating the decline of water resources.

• Previous studies have predicted that climate change 
will result in regime irregularity in rainfall and increase 
temperatures (Kadioglu 1997; Turkes 1998). It is also 
thought that these temperature changes will have effects 
on streamflows and groundwater. In a country with a 
moderately arid climate such as Turkey, it is essential 
to know the effects of climate change. With this study, 
the trends of meteorological data were determined in 
the Kizilirmak basin. The flows and groundwater trends 
that are important in terms of water resources were also 
included in the study. There was no significant relation-
ship between meteorological trends and flow and ground-
water trends.

• As a result, it was estimated that the trends observed in 
temperature and rainfall values might have been influ-
enced by the impacts of climate change. Similarly, sig-
nificant trends have been determined in streamflow and 
groundwater levels. Climate change is likely to have 
severe consequences in drought-prone countries such 
as Turkey. With its different climates, it is important to 
examine the impacts of climate change in Turkey region-
ally and take the necessary measures to mitigate the 
potential effects of climate change.
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