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Extended abstract

Abstract

Trend analysis in hydrological time series is a fundamental aspect of water
resources management, especially in regions experiencing significant
environmental and climatic changes. The presence of non-stationarity, often
due to natural and anthropogenic factors, can lead to gradual changes in
river flow regimes. Detecting these trends is crucial for the sustainable
planning and operation of water infrastructure and for understanding the
broader impacts of climate variability. While parametric statistical methods
have traditionally been used for such analyses, their reliance on assumptions
like normality and independence can limit their applicability to hydrological
data, which are often non-normal and contain outliers. Consequently, non-
parametric methods have gained prominence due to their robustness and
flexibility.

Materials and Methods

This study utilizes annual mean discharge data from 15 hydrometric stations
in West Azerbaijan Province, Iran, covering a minimum period of 25 years
(1986-2011) with less than 5% missing data. Data quality was ensured
through homogeneity testing (Wilcoxon test) and randomness assessment
(Runs test), and missing values were reconstructed where necessary.
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To analyze trends in the hydrological time series, four widely recognized non-
parametric methods were applied: Mann-Kendall, Spearman’s Rho, Theil-Sen, and
Sens’ Slope Estimator. These methods were selected for their ability to detect
monotonic trends without requiring specific distributional assumptions.
Additionally, the Kolmogorov-Smirnov test was used to determine the best-fitting
statistical distribution for the annual discharge series at each station, considering
multi-parameter distributions such as GEV, Normal, Pearson Type VI, and
Wakeby.

Study Area

The study area encompasses the rivers of the western Urmia Lake basin, located in
West Azerbaijan Province, northwest Iran. This region is hydrologically
significant as approximately 85% of Lake Urmia’s inflow originates from these
rivers. The selected hydrometric stations are distributed across major tributaries
feeding the lake, ensuring comprehensive spatial coverage and representation of
the basin’s hydrological variability. The area is characterized by a semi-arid to arid
climate, and the rivers play a vital role in supporting both ecological and socio-
economic activities in the region.

Results and Discussion

The trend analysis revealed statistically significant decreasing trends in annual
discharge at four stations: Tazekand, Nazarabad, Tamr, and Yalqouzaghaj. These
results indicate a decline in river flow regimes in parts of the western Urmia Lake
basin, which may be attributed to a combination of climatic variability and
increasing water abstraction for agricultural and domestic uses. Among the four
non-parametric methods, Sens’ Slope Estimator demonstrated the highest
sensitivity and accuracy in detecting trends. The results of the Kolmogorov-
Smirnov test showed that multi-parameter distributions, particularly GEV and
Wakeby, provided the best fit for the discharge data at most stations, supporting
their use in hydrological modeling and forecasting.

These findings are consistent with previous studies in Iran and other regions,
which have reported declining trends in river flows, often linked to climate change
and human interventions. The observed reductions in river discharge have
significant implications for the sustainability of Lake Urmia and the broader
regional ecosystem, highlighting the need for adaptive water management
strategies.

Conclusion

The application of non-parametric methods in this study proved effective for trend
analysis in hydrological time series, particularly in the presence of non-normal and
heterogeneous data. The significant decreasing trends detected in several rivers
feeding Lake Urmia underscore ongoing hydrological changes that may threaten
water availability and ecosystem health in the basin. The use of robust statistical
distribution functions further enhances the reliability of hydrological modeling and
forecasting. These results emphasize the necessity for continued monitoring,
comprehensive statistical analysis, and the implementation of adaptive
management practices to mitigate the impacts of declining water resources in the
region.
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Table 1. Statistical Characteristics of River Flow Series West of Lake Urmia.
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Table 2. Randomness and Homogeneity Test Results, Before and After Normalization.
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Table 3. Kolmogorov-Smirnov Statistic Values for Statistical Distributions Fitted to the Annual Flow Time

Series.
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Table 4. Values of Trend Analysis Test Statistics With Mann-Kendall, Thiel-Sen,
Spearman, and Sens-T methods.
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