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Abstract

In this study, the relationship between changes in atmospheric greenhouse gases and discharge fluctuations was investigated in the basin
of Aras river. To this end, we used two sets of data including greenhouse gases (carbon dioxide, methane and nitrogen oxide) and discharge
data in the Aras river basin during a period of 41 years (1968-2009). Furthermore, Pearson correlation, linear and polynomial regression,
standard Z scores and Mann-Kendall test were employed. The results of investigating the discharge changes in the basin indicate its monthly
and annual decreasing trend. Also, the results of Pearson correlation revealed that the decreasing trend of discharge in the basin has a
close relationship with the trend of changes in carbon dioxide and methane. At a confidence level of 99%, except in summer months, almost
for all months, there was a negative correlation with discharge of the basin that refers to the decline of discharge in the basin along with
the increase of these gases in the environment. The greatest effect of greenhouse gases was observed in the months of December, January,
February, March, and April. Mann-Kendall indicated the significance of the change trend in the discharge of the basin. On a monthly or
annual basis in all months of the year, this change trend is quite significant.
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INTRODUCTION

Rivers are considered as the most important sources of water providence in rural and urban areas and to some extents are
affected by climatic changes and global warming. More than 22 gases are involved in global warming and some of them called
greenhouse gases including carbon dioxide (CO2) and methane (CHa4) are more effective than others (Mohammad-
Khorshiddost and Ghavidel-Rahimi, 2006). The average surface temperature of the earth continually increases due to the
dispersion of greenhouse gases; therefore, recent scenarios of IPCC have predicted the increase of global average
temperature about 0.76°C in the previous century, and it will reach 6.4°C till 2100 (Change, 2007). During the past century,
the average of global temperature rose about 7°C due to the increase of greenhouse gas concentrations such as CO2, CHa,
and N20 (Marin-Muniz et al., 2015). Each year, the increase in mentioned above greenhouse gases is 0.3, 1, and 0.4,
respectively which mainly happens due to human activities (WMO, 1985; Griggs, 2002). Greenhouse gases dispersion
indirectly damages human society including water resources and hydrology of the rivers. Sun et al., (2014) believe that rapid
economic development and urbanization has led to the release of more carbon to the atmosphere. Also, increase in the
concentration of greenhouse gases has caused some changes in precipitation regime, temperature, and runoff (Mizyed,
2009). Currently, the impact of climatic changes on the hydrological cycle is the main challenge for sustainable development
of water resources in many countries in the 215 century (Shen and Liu, 1998; Li et al., 2007).

In recent years, climatology of the effects of greenhouse gases on river discharge, hydrology, its dimensions and impact,
especially from the perspective of climatic change and global warming, have been examined by a wide range of climatologists
(zeng et al., 2012; Sakaki et al., 2013; Sheng et al., 2014; Plampin et al., 2014; Martin-Gorriz et al., 2014; Burgos et al., 2015).
In a global-scale study in New Jersey, Manabe et al., (2004) started to simulate the effects of global warming on discharge
changes of the rivers. They found that increase in river discharge occurs in the Arctic and tropical regions. Also, its increase
and decrease can be observed in tropical areas and mid-latitudes. After industrialization of the world, the amount of carbon
dioxide and methane has increased about 0.26 and 0.148, respectively (WMO, 1985; Griggs, 2002). Several studies have
investigated the impact of climatic changes on river discharge and discharge of the basins, and also, they have examined the
effect of climatic changes on the changes of surface water resources in different parts of Iran (Sharifian and Habibi, 2013). In
addition, some others have investigated the changes of river discharge through different climatic scenarios and climatic
models (Esfandiari-Darabad et al., 2013).

Global warming has a significant effect on hydrology and water resources of watersheds (Esfandiari-Darabad et al., 2013).
There is a strong and negative correlation between global warming and discharge of the Aras basin (Esfandiari-Darabad et al.,
2013). From their point of view, this process especially from 1994 on, was clear and with increase in global warming, discharge
of the Aras basin has shown a remarkable decline. With increase in greenhouse gases release into the atmosphere of the
earth, global temperature will rise and major changes can be seen in hydrologic cycle. In addition, in different regions,
precipitation pattern and discharge of watersheds would fluctuate and change (Khosravi et al., 2010). Also, some studies have
been conducted regarding the effect of climatic changes on runoff and discharge of the rivers. For example, studying the
effect of climate change on river basin indicated the increase of temperature, and then decrease in the level of precipitation
and discharge of the basin (Fujihara et al., 2008).

Zeng et al., (2012) analyzed the discharge of Yangtze in different situations of dispersion scenarios and concluded that annual
discharge of two hydrological stations did not have any specific trend and changes were minimal in each decade under the
influence of three different dispersion scenarios. Mizyed, (2009) investigated the effect of climatic changes on water
resources in the west bank of Jordan. He concluded that the predicted increase of temperature due to climate changes
potentially could reduce the amount of groundwater about 21% of the existing rate.

Khoshakhlagh et al., (2010) investigated the impact of climate change on the hydrology of the Karun river. They concluded
that the amount of annual precipitation didn’t have satisfactory increasing and decreasing trends, while the temperature and
discharge had an increasing trend. By non-parametric tests of Mann-Kendall and regression analysis, Sharifian and Habibi,
(2013) analyzed the impact of climate changes on the trend changes of the discharge of rivers in Golestan province, Iran.
Their study revealed that, in the last two decades, the annual discharge values at all stations of river basin had a downward
trend. In the other research Toulabi-Nejad et al., (2015) statistically analyzed the role of greenhouse gases in the discharge
of the Kashkan river. Their results indicated the existence of a strong and negative relationship between global warming and
discharge of the Kashkan river. The Aras river is one of the most important rivers of Iran of significance hydrologically,
politically, and geopolitically for water supply. Also, it plays an important role in agricultural fields, for tourist attraction, and
positive impacts on ecosystem. The aim of this study was to statistically analyze the correlation between changes in

462



INTERNATIONAL JOURNAL OF GEOGRAPHY AND GEOGRAPHY EDUCATION (IGGE)

atmospheric greenhouse gases and fluctuations of discharge in the Aras river using Pearson correlation, linear and polynomial
regression, standard z scores, and Mann-Kendall test.

MATERIALS AND METHODS

Study Area

Aras river is one of the most important rivers in the basin of Caspian Sea. With an area of more than one hundred km?, its
basin covers parts of the territories of Turkey, Azerbaijan, Armenia, and Iran. That part of Aras basin in Iran is located in the
extreme northwest of the country, on the right bank of the river and in the provinces of West Azerbaijan, East Azerbaijan,
Ardebil, and a small part of Gilan province which approximately forms 41% of the total area of the Aras basin. Aras river has
a total length of 1072 kilometers, and in its path, more than 160 large and small branches are joined. The basin covers an
area of 39,897 km? and its discharge rate is equal to 5,700 million cubic meters per year. Figure 1 shows the map of the
respective area.
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Figure 1: The Map of the Study Area
Data

To conduct the research, two sets of data were used. The first set of data are related to three greenhouse gases including
carbon dioxide, methane, and nitrogen oxide. To study the impact of these gases, different time periods were used, because
their measuring time was different. We used the statistics of carbon dioxide for 35 years, methane for 26 years, and nitrogen
oxide for 10 years, respectively. Greenhouse gases related data were obtained from NOAA website and Mauna Loa Station
of the U.S. (http://www.esrl.noaa.gov/gmd/dv/data). Table 1 shows characteristics of Mauna Loa Station in the U.S. The used
greenhouse gas data are monthly averages and the annual time series diagram of the changes of mentioned greenhouse
gases is shown in Figure (2). Discharge data in the Aras basin is the second set of data that was used in the research process.
Discharge-related data of the basin recorded by hydrometric stations of West and East Azerbaijan and Ardebil were obtained
and analyzed through Regional Water Organization of Ardebil. To study long-term changes, periodic changes as well as
changes in trends in the discharge data series of the Aras river basin, a 41-year statistical period (1968-2007) was used.
Moreover, to assess the relationship between the discharge of the basin and three greenhouse gases, the stated time
intervals in the section of gases were employed.
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Table 1: Specifications of the Mauna Loa Greenhouse Gas Measurement Station

Country Established Year Longitude Latitude Elevation (m)
The United States (Hawaii) 1957 155 57 19 53 3397
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Figure 2: The Time-Series Diagram of Annual Greenhouse Gas Changes, a: CO,, b: CHg4, and c: NO,

Methods

To determine the relationship between greenhouse gases and discharge of the mentioned basin, Pearson correlation was
employed. To compare abnormalities of discharge in the basin and changes of greenhouse gases and trend modeling of
changes in them, both groups of data were standardized by using the following equation:

Fo=(F -F)lo (1)

In this equation, F, refers to the amount of standardized element in the discharge of the basin, f, is the amount of

discharge in the respective year, F is long time average, and o refers to the standard deviation in the respective time
interval (Esfandiari-Darabad et al., 2013). By the quantity of Z scores, differences in dispersion between a series of mean
deviation can be modified by dividing mean deviation of each score (f; —F) to the standard deviation of those series of

scores (o) . Then, the scores can become comparable (Hafeznia, 2010).

Linear regression and polynomial 6" degree were also used to study and analyze the trend in the data. Linear regression was
used to analyze long-term changes in the time series of discharge data and 6™ degree polynomial regression was used to
analyze periodic changes and the detection of incremental and decremental periods.

Non-Parametric Test

Non-parametric statistics are usually much less affected by the presence of outliers and other forms of non-normality
(Lanzante, 1996), and represent a measure of monotonic linear dependence (Davis, 1986; Rossi et al., 1992). The most
frequently used non-parametric test for identifying trends in hydrologic, meteorology, environmental and climate variables
is the Mann-Kendall (MK) test (Yadav et al., 2014; Pohlert, 2016). The statistical significance trend detected using a non-
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parametric model such as the Mann-Kendall (MK) test can be complemented with Sen’s slope estimation to determine the
magnitude of the trend.
Mann-Kendall test and Sen’s slope estimator— trend detection

The non-parametric Mann-Kendall test is widely used in detecting trends of variables in meteorology and hydrology fields
(Liang, el al., 2010; Ahn and Merwade, 2014; Wang et al., 2019). Statistic S can be obtained by Eq. (1).

n-1 n
S:Zngn(xj—xk) (1)
k=L j=k+1
+1,if (xj —xk)>0
sgn(x; —x, ) =10,if (x; =% ) =0 (2)

-1, if (xj —xk)<0

where n is the length of the sample, xx and x; are from k=1, 2, ..., n-1 and j= k+1, ..., n. If n is bigger than 8, statistic S
approximates to normal distribution. The mean of S is 0 and the variance of S can be acquired as follows:

n(n-1)(2n+5)

var(s) = 3
(s) T 3)
Then the test statistic Z is denoted by Eq. (4).
S it sso
Jvar(s)
240, if s>0 (4)
St it s<o
JJvar(s)

If Z>0, it indicates an increasing trend, and vice versa. Given a confidence level a, the sequential data would be supposed to
experience statistically significant trend if |Z|>Z(1-a/2), where Z(1-a/2) is the corresponding value of P=a/2 following the
standard normal distribution. In this study, 0.05 and 0.01 confidence levels were used. Besides, the magnitude of a time series
trend was evaluated by a simple non-parametric procedure developed by Sen (Sen, 1968). The trend is calculated by

= Medi N7 i
£ =Median i >l (5)

where [ is Sen’s slope estimate. 8 > 0 indicates upward trend in a time series. Otherwise, the data series presents downward
trend during the time period.

Mann-Kendall test - mutation detection

Mann-Kendall test can also be used to detect the abrupt changes of climate and hydrological data (Li et al., 2007; Tian et al.,
2009; Ye et al., 2013; Zhang, 2018). First, building an order serial Sk:

kK i=l
Sk:;zj:aij (k=2.3,...,n) (6)

where aj = 1 when xi > xj; aij = 0 when xi < x;.

Test statistic can be expressed as:
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U'l=[s —E(s)]/[Var(s)] (k=12...n) (7)

where E(Sk) = n(n - 1/4) ; Var(S) = n(n - 1)(2n + 5)/72 . U'l is the forward sequence and follows the normal distribution. Ul
can then be denoted by reversing the series of data based on the same equation. The null hypothesis (no abrupt change
point) will be rejected if the U'l values are greater than the confidence interval, and the approximate time of occurrence of
the change point can be located according to the intersection between U'l and Ul within the confidence interval. Here, the
successive values of Ul and U'l from Mann-Kendall results are displayed graphically. In this display, if Ul and U'l values overlap
each other for several times, changes or trends can’t be observed, but where the curves intersect each other, intersection of
starting point in the trend and changes are approximately shown. If curves intersect each other within the range of (+1.96),
it refers to the start of a sudden change. But if they intersect each other outside of the critical area, it refers to the existence
of a trend in time series (Feyzi, 2009). Before performing this technique, the Run test was conducted on the data to make
sure that the data were not digressive.

RESULTS AND DISCUSSION

Figure 3 shows the annual discharge of the Aras river basin. Due to the trend of discharge in this river, in the long run, we will
witness a severe decrease of discharge of about 44%. Discharge of the basin during the 41 sample years of the study has
decreased with a steep slope. The linear regression fully confirms this process. By considering the polynomial regression
during the sample period, two decline periods and a period of rise can be observed in time series of discharge in the basin.
From 1968-1969 and 1975-1976, for 9 years the discharge has decreased in the basin and from this year to 1985-1986 for 11
years it has increased. From this year till the end of the study sample intervals, it has experienced a declining trend. Table 2
shows the correlation relationships of monthly and annual discharge of the Aras river basin with greenhouse gases. According
to this Table, there isn’t any significant relationship between discharge and NO2. However, there is a significant relationship
between CO2 and CHas. According to Table 2, at the significance level of 0.01, a negative correlation can be observed between
annual discharge of the Aras basin and CO2 and CHg; its correlation coefficients are 0.70 and -0.702%, respectively. Their
coefficients of determination are 0.49 and 0.493%, respectively. According to the coefficients of determination, it can be
claimed that 49% of changes in annual discharge of the Aras basin were related to changes of gases. There is an important
point in Pearson correlation that this method only depicts the linear relationship between variables and it does not mean
that there is no conditional or nonlinear relationship between the variables.
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Figure 3: Average Annual Trend Rate of the Aras River Basin
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Table 2: Correlation Between Greenhouse Gases With Mean Discharge of Aras River Basin

Month CO2 CH4 NOz Month CO; CHa NO:
Jan -0.711 -0.708** -0.528 Jul -0.260 -0.250 0.478
Feb -0.822%* -0.836** -0.214 Aug -0.077 -0.172 0.029
Mar -0.699** -0.733** -0.154 Sep 0.115 -0.020 0.225
Apr -0.64** -0.749** -0.279 Oct -0.370* -0.425* 0.167
May -0.434** -0.402* -0.278 Nov -0.549** -0.653** -0.078
Jun -0.556** -0.313 -0.32 Dec -0.691%** -0.616** -0.332

Annual -0.700%** -0.702** -0.369

*. Correlation is significant at the 0.05 level.
**_Correlation is significant at the 0.01 level.

Figures 4 and 5 show standardized comparative charts of annual changes in the discharge of the basin with CO2 and CHa.
According to the mentioned forms in the above Table, CO2 and CH4 gases during the period of study have experienced a linear
increasing trend and this point is more evident in CO2. After 1993, the trend of annual discharge in the basin has significantly
decreased and the obtained results from correlation analysis and having a reverse correlation relationship with CO2 and CHs
gases demonstrate and confirm this point.
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Figure 4: Comparative & Standardized Graph for Annual Changes Between CO, and Mean Discharge of Aras River Basin
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Figure 5: Comparative & Standardized Graph for Annual Changes Between CH4 and Mean Discharge of Aras River Basin
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Mann-Kendall was used to evaluate the significance of the trend changes in annual discharge of the Aras river basin (Figure
6). According to Figure 6, the significance of the changes can be clearly confirmed in time series of discharge in the Aras river
basin. According to this chart in 1993, a turning point can be observed in the trend of the basin flow. Ul and U'l lines
intersected each other in 1996, and with Ul line egression from the range of £1.96, it can be claimed that the trend of changes
in the discharge of the river basin is quite significant. The trend of discharge in this river from 1993 was decreasing which
refers to its sharp drop.

2 1 1 1 1 I T 1 T

AN

Discharge (Z Score)
T

1 ] 1 1 1
1968 1972 1977 1982 1987 1992 1997 2002 2007 2012
Time Series (Year)

Figure 6: Mann-Kendall Graph for Annually Mean Discharge of Aras River Basin

The trend of monthly time series in the discharge of the Aras river during 41 years of study period showed a decrease in all
months of the year. In other words, in all months of the year, discharge of the basin has reduced and in the long run it shows
a decreasing trend. During the months of year, the greatest level of decrease was observed in February, January, and
November, respectively. Among the examined months, July, August, and September had the highest level of fluctuation and
short-term volatility. These months that represent discharge situation of the Aras river basin in summer seasons, refer to the
largest amount of short-term fluctuations during the study time interval. In this season, lack of precipitation and its fluctuation
compared to other seasons is a reason for sharp fluctuations of the Aras discharge in the respective months. Figures 7 to 10
present time series for discharge of the Aras river basin in February, April, July, and November. Trend of discharge in the
respective months is decreasing that is representative of different seasons. The highest decline of discharge is in February
and the least is in August.

According to the trend of time-series in months of year, discharge of the Aras river basin can experience the highest level of
drop and decline in winter, spring, autumn, and in late summer, respectively. The occurrence of this process wasn’t without
a reason and according to the obtained results from correlation test between discharge and studied gases; it can be argued
that parts of decline and decreasing flow rate of discharge are influenced by the increase of greenhouse gases. According to
the correlation table (Table 2), it can be observed that there isn’t any significant difference between NO: and discharge of
the Aras river basin. In contrast, the highest amount of influence can be observed between CO2 and CHa. In both of the above-
mentioned gases, the greatest influence can be observed in February about -0.82 and -0.836, respectively in CO2 and CHa.
Both of these gases have a negative correlation relationship with discharge of the Aras river basin at the confidence level of
0.99. Coefficients of determination were 0.67 and 0.698%, and it can be said that, 67 and 69% of discharge decline in the
basin of Aras river weren’t irrelative to gas changes. After February, discharge of the Aras basin in January with -0.71 in CO2
and in April with -0.745 in CHa had the greatest influence of the mentioned gases. Approaching summer with respect to both
gases, any significant relationship can’t be seen between discharge and CO2 and CHa. During this time, because of the
presence of dynamically high-pressure flows next to sub-tropical areas in the sky of Iran, less precipitation flows enters into
the country and the study area; hence the level of precipitation would decrease. This process can reduce a large amount of
the severity of greenhouse gases influence on the discharge of the Basin. Therefore, there is no correlation between them
and discharge of the Aras basin. Decrease of discharge in the Aras basin in these months of the year has occurred mostly due
to the impact of planetary factors on regional precipitation. According to correlation coefficients, it can be argued that the
impact of carbon dioxide is more than methane on the discharge of the Aras basin.
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Figure 8: Time Series Graph for Mean Discharge of Aras River Basin in April
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Figure 10: Time Series Graph for Mean Discharge of Aras River Basin in November

Figure 11 and 12 show comparative graphs of the Aras basin discharge in February with carbon dioxide and methane.
According to the mentioned figures, trend of gases during study period was ever-increasing and ascending and the stated
process in CO: is closer to a linear mode. Since 1985, a sharp drop can be observed in the discharge of February to the end of
the study period that has a quite reverse trend with the changes of CO2 and CHa.
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Figure 11: Comparative Graph Between CO, and Mean Discharge of Aras River Basin in February
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Figure 12: Comparative Graph Between CH, and Mean Discharge of Aras River Basin in February

According to the obtained results from the changes of trend in Mann-Kendall test, in all months, the changes in trends are
completely significant. In all months, Ul line with intersecting U'l line comes out from the range of £1.96 that confirms the
significance of changes in the trend. Figure 13 and 14 show Mann-Kendall graphs in November and April. In November 1996,
a turning point was observed in the discharge of the Aras, and in this year Ul and U'l lines intersect each other and Ul comes
out from the range of £1.96. According to the obtained results, it can be claimed that the changes in the trend are significant.
In 1998, a turning point was observed in the trend of time series in the Aras river basin. Ul line after intersecting U'l line comes
out from the range of £1.96 and this process confirms the significance of changes in the trend.
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Figure 13: Mann-Kendall Graph for Mean Discharge of Aras River Basin in November
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Figure 14: Mann-Kendall Graph for Mean Discharge of Aras River Basin in April
CONCLUSION

We did the present study to investigate the effect of greenhouse gases on the discharge of the Aras basin river. The results
from investigation of changes in the discharge of the Aras river indicated a decreasing trend. This decreasing trend can be
observed on a monthly basis and annually in the basin of Aras river. According to Pearson correlation results, this decreasing
trend of discharge wasn’t irrelative and among the three examined greenhouse gases, it has a close relationship with carbon
dioxide and methane that are considered the most important greenhouse gases.

Nitrogen dioxide didn’t have any relationship with the decreasing trend of the Aras basin. But two other greenhouse gases,
except in summer, at a confidence level of 99% often had a negative correlational relationship with the discharge of the Aras
basin that refers to the decline of discharge in the basin with the increase of these gases in the environment. The greatest
effect of greenhouse gases can be observed in the months of December, January, February, March, and April which indicates
the increase of temperature in cold months and also decrease in precipitation and discharge. Mann-Kendall test indicated
the significance of the trend changes in the discharge of the Aras river basin. In all months of the year, the monthly or annual
changes in the trend, due to the intersection of Ul and U'l lines and egression of Ul lines from the range of + 1.96 are quite
significant. The results of this research are in line with the researches in this field and confirm the results obtained from them.
According to studies, researchers have concluded that the increase in greenhouse gases and global warming has a positive
effect on temperature and has led to an increase. But on the other hand, it has a negative effect on the precipitation and
discharge of rivers in catchments and has led to a decrease (Manabe et al., 2004; Fujihara et al., 2008; Esfandiari Darabad et
al., 2013; Sharifian and Habibi, 2013; Toulabi Nejad et al., 2015). Especially this process is most common in the mid-latitudes.
The cases mentioned above have also occurred in the study area and a decrease in discharge has been observed in recent
years in the Aras river basin. With the formation of this trend, the quick decrease in discharge in this basin is expected in the
upcoming years and North West of country that is highly dependent on the river water will face serious problems. Therefore,
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respected managers can be provided with the results of this study to give them a clear approach to plan and exploit and make
better use of rich sources of fresh water and avoid a host of problems in this regard in the future.
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