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Extended abstract

Introduction

Climatic changes and human activities are among the key factors influencing river flow. Determining the
contributions of climate change and human activities is essential for the sustainable management of water
resources. Climate change is associated with variations in temperature and precipitation, leading to changes
in the spatial and temporal distribution patterns of rainfall. Human activities, both directly and indirectly,
affect water resources. The rational use of water resources, including runoff, is therefore critical. This study
aims to quantify the contributions of climate change and human activities to runoff variations in the Qazvin
Plain salt marsh.

Materials and methods

The Qazvin Plain, covering approximately 450,000 hectares, is located between longitudes 49°25 to 50°35’
E and latitudes 35°25’ to 36°25’ N in Iran. In this research, the Mann-Kendall test was applied to analyze
the trends in annual precipitation, runoff, air temperature, and potential evapotranspiration during the period
1990-2020. The Pettitt test and the double mass curve method for precipitation-runoff analysis were used
to identify the change point in runoff values. Finally, hydrological sensitivity analysis based on the Budyko-
Zhang hypothesis was employed to determine the respective contributions of human activities and climate
change to runoff variations.

Results and discussion

The results of the Mann-Kendall test revealed a significant decreasing trend in runoff at a 0.01 significance
level. Conversely, the average annual temperature and potential evapotranspiration exhibited significant
increasing trends at the same significance level. Despite a reduction in average annual precipitation at the
basin level, no statistically significant trend was observed for rainfall. The results of the Pettitt test and the
cumulative precipitation-runoff curve identified 1996 (1375 in the Persian calendar) as the change point in
the annual runoff series. Using hydrological sensitivity analysis based on the Budyko-Zhang hypothesis,
the contributions of climate change and human activities to runoff variations were quantified as -0.21 mm
(-161.2%) and 0.08 mm (61.2%), respectively.

Conclusions

Trend analysis in the study area demonstrated a decreasing trend in runoff and an increasing trend in average
annual temperature and potential evapotranspiration. Runoff values in Shorezar identified 1996 as the
change point in the time series. According to the Budyko-Zhang method, climate change has contributed
to a decrease in runoff, while human activities have increased the water level in the salt marsh.
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Table 1. The results of trend analysis by the Mann-Kendall method for different variables

Variable p-value Z test Significance Level Trend
Runoff 0.0747 -1.78 0.01 Decreasing Trend
Precipitation 0.7639 -0.3 0.01 No Trend
Temperature 0.0001 3.79 0.01 Increasing Trend
Evaporation and Transpiration Potential 0.0447 2.01 0.01 Increasing Trend
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Fig. 3. Linear trend of time series of rainfall, runoff, air temperature and potential evaporation and transpiration
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Fig. 4. Determining the change point in the runoff time series with Petit's test
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Fig. 5. Annual cumulative rainfall and runoff in Qazvin plain salt marsh to determine the point of change in runoff
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Table. 2. Comparison of the average statistical index and standard deviation of the time series of runoff, precipitation and potential

evapotranspiration before and after the change point

Variable Period Mean (m3/s)  Standard Deviation (m3/s)  Change in Mean (%)
Before the change point 0.28 0.1
Runoff After the change point 0.15 0.08
AQ -0.13 -46.4
Before the change point 295.4 71.7
Precipitation After the change point 253.7 83.5
AP -41.7 -14.1
Before the change point 1180.1 0.028
potential evapotranspiration After the change point 1288.7 0.014
APET 108.6 0.09
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Table. 3. The details of the results of using the hydrological sensitivity analysis based on the Boudico hypothesis and Zhang's

Unit

The amount of runoff changes method based on Bodyko

hypothesis
Contribution of climate change in runoff mm 021
occurrence % 1612
Contribution of human activities in runoff mm 0.08
occurrence % 61.2
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