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Drought and weaknesses in water resources management have led to a decline in both water quantity
and quality, creating significant challenges for the sustainable supply and optimal allocation of water
across many of the country’s watersheds. The water resources of the Baliqlu Chay River watershed,
located in Ardabil Province, play a crucial role in meeting domestic, agricultural, industrial, and
environmental water demands. The objective of this study is to assess the impact of human activities
(such as dam construction) and climate change (precipitation and temperature) on the hydrological
indicators of streamflow in the Baliglu Chay River. In addition, trends in climate variables and river
discharge over a 30-year period (1991-2021) were analyzed at monthly, seasonal, and annual time
scales using the Mann-Kendall trend test and Sen’s slope estimator. The results of the hydrological
indicator analysis indicate that the streamflow of the Baliglu Chay River is influenced by seasonal
variations, dependency on groundwater resources, and the construction of the Yamchi Dam. In the
upstream region of the watershed (Yamchi Station), increased precipitation and snowmelt during the
spring season contribute to higher streamflow, whereas in the downstream area (Viladaragh Station),
the flow volume is lower and the reliance on groundwater resources is more pronounced. Moreover,
the high flow variability observed at the Yamchi Station, as indicated by elevated standard deviation
and coefticient of variation values, suggests an increased risk of flooding in this area. Trend analysis
results over the 30-year statistical period reveal a decreasing trend in annual precipitation at the Ardabil
and Nir stations, although these trends are not statistically significant at the 99% and 95% confidence
levels. In contrast, a statistically significant increasing trend in annual precipitation was detected at the
synoptic station in Sareyn at the 99% confidence level. Additionally, the annual temperature increase
at all stations was found to be statistically significant at the 99% confidence level. The assessment of
streamflow trends on an annual scale at the Nirchay and Yamchi Dam hydrometric stations indicates a
statistically significant decreasing trend at the 1% level (p-value < 0.01). This declining trend may be
attributed to the combined effects of anthropogenic factors (such as dam construction) and climatic
factors (including reduced precipitation and rising temperatures). The findings underscore the necessity
of implementing effective management strategies such as optimizing water resource utilization,
modifying consumption patterns, and improving the operational management of the Yamchi Dam, to
mitigate the adverse impacts of climate change and human interventions on the flow regime of the
Baliglu Chay River.
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EXTENDED ABSTRACT

Introduction: In recent decades, rising water demand alongside intensified droughts and poor water resource
management has caused significant declines in both water quality and quantity across many Iranian watersheds. The
Baliglu Chay River basin in Ardabil Province is a crucial watershed that supports domestic, agricultural, industrial, and
ecological water needs. Due to the importance of river flow regimes in integrated water resource management, it is vital
to understand the factors driving hydrological changes in this basin. This study aims to assess the impacts of human
activities, particularly dam construction, and climate variability, including precipitation and temperature, on the
hydrological indices of the Baliglu Chay River. Additionally, it analyzes long-term trends in climate variables and river
discharge over a 30-year period (1991-2021) using the Mann—Kendall non-parametric test. The results of this research
will enhance understanding of how anthropogenic and climatic factors interact to influence river flow patterns. Such
insights are critical for developing effective water management policies and adaptation strategies to ensure sustainable
use of water resources amid changing environmental conditions.

Materials and Methods: Ardabil Province, located in northwest Iran, covers an area of 17,953 km? and features important
perennial rivers requiring comprehensive water resource analysis for effective management (Asiabi-Hir et al., 2017). The
Baliglu Chay River basin, a tributary of the Qarasou River, spans about 1,093 km? between longitudes 47°46'E to 48°06'E
and latitudes 37°52'N to 38°15'N. The river flows approximately 65 km from its source at Balikhli Pass in southwestern
Nir County, joining the Qarasou River north of Ardabil city. The Yamchi Dam, situated in the eastern part of Ardabil on
the Baliqlu Chay River within the Aras sub-basin, has a catchment area of 730 km? and a storage capacity of 80 million
cubic meters (Raouf and Alioghli, 2020). Managing and evaluating water resources in this basin is critical due to diverse
land uses, including agriculture, forestry, rangelands, industry, and residential areas, and significant surface and
groundwater resources. Climate data spanning 30 years were collected from synoptic stations in Ardabil, Nir, and Sareyn.
Daily precipitation and temperature records were used to analyze climatic variability across the basin. Hydrometric data
from four gauging stations along the Baliglu Chay River, Nirchay, Yamchi, Viladaragh, and Pol-Almas, covering the
period 1991 to 2021, were also analyzed to assess river flow characteristics.

Daily discharge data from these stations were used to calculate key hydrological indices including mean flow, standard
deviation, coefficient of variation, logarithmic standard deviation, Lane variability index, base flow index, flood flow
index, zero-flow days, and overall variability. These indices characterize the river’s hydrological regime, flow variability,
drought conditions, and the relative contribution of groundwater to river flow, providing insights into hydrological
behavior under varying climatic and anthropogenic influences. The non-parametric Mann—Kendall test and Sen’s slope
estimator, widely applied in hydrology and climatology, were employed to detect trends in the time series data. These
methods, which do not assume any specific data distribution, evaluate whether significant upward or downward trends
exist in the hydrological and climatic variables over the study period. A p-value below the significance threshold indicates
a statistically significant trend, thereby supporting water resource planning and management decisions in the region.

Results and Discussion: The results indicate that river flow in the Baliqlu Chay basin is strongly influenced by seasonal
factors, particularly snowmelt and spring precipitation in the upstream Yamchi area. During spring, melting snow
combined with increased rainfall causes a significant rise in river discharge, resulting in peak flow essential for
downstream water resources. This pattern is typical in cold and semi-arid regions where snowpack acts as a natural
reservoir, releasing water as temperatures warm. In contrast, the downstream Viladaragh station experiences lower flow
volumes and shows a higher dependence on groundwater. This spatial variability highlights the complex hydrological
responses within the basin. Groundwater sustains river flow during dry periods but may be vulnerable to over-extraction,
signaling the need for sustainable groundwater management.

Trend analysis over the 30-year period reveals a statistically significant increase in temperature, consistent with regional
climate warming. Elevated temperatures increase evapotranspiration, reducing effective precipitation that contributes to
river runoff. Although precipitation trends showed a decrease, this change was not statistically significant at the 95% and
99%level. Despite this, river discharge at both the Yamchi and Viladaragh stations displayed statistically significant
declining trends. These reductions point to the combined effects of climatic changes and human activities such as dam
construction, water withdrawals, and land use changes. These interventions have altered the natural flow regime, reducing
river discharge.

The high variability in flow at Yamchi station, indicated by elevated standard deviation and coefficient of variation,
suggests increased risk of extreme hydrological events such as floods and droughts. Such variability complicates water
management efforts and requires adaptive strategies. Overall, the findings emphasize the urgent need for integrated water
resource management that considers both climatic factors and anthropogenic impacts. Management approaches should be
spatially tailored to address the basin’s hydrological heterogeneity and evolving environmental conditions to ensure
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sustainable water availability for domestic, agricultural, and ecological needs.

Conclusion: This study confirms that the hydrological regime of the Baliqlu Chay River has been significantly affected
by both climate change and human activities, notably the construction and operation of the Yamchi Dam. While increased
temperature and decreased effective precipitation are altering runoff patterns, human-induced changes have intensified
these effects, especially in the form of reduced downstream flow and increased flow variability upstream. These changes
necessitate the implementation of effective and adaptive water management measures. Recommended strategies include
optimizing the operation of surface and groundwater resources, improving water use efficiency, and revising dam
operation protocols to reduce adverse environmental and socio-economic impacts. Ultimately, the study highlights the
importance of integrated watershed management under a changing climate.
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