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Abstract

Introduction: Floods are among the most destructive hazards in mountainous and semi-arid regions,
where intense short-duration rainfall, steep slopes, narrow valleys, and dense drainage networks can
rapidly generate large runoff volumes and flash floods. These risks are further intensified in urbanizing
watersheds due to land-use change and increasing impervious surfaces (Allan et al., 2023; Danandeh

Mehr et al., 2023; Marchi et al., 2010; Gaume et al., 2016).

Flood hazard, however, cannot be assessed solely from trends in annual precipitation. Changes in rainfall
intensity, seasonality, temporal distribution, and storm concentration may increase extreme runoff even
when annual rainfall shows no significant trend (Tamm et al., 2023; Gimeno et al., 2022). Therefore,
integrated analysis of precipitation variability, peak discharge, and individual flood events is essential.

The Kan watershed, located on the southern slopes of the central Alborz Mountains in northwestern
Tehran, is highly susceptible to flash flooding because of its rugged topography, rapid runoff response,
and increasing downstream urban exposure. Despite its importance, integrated studies combining long-
term precipitation trends, annual peak flows, and event-scale flood characteristics remain limited.

Accordingly, this study analyzes precipitation trends at Sangan station, annual peak discharge at Solqan
hydrometric station, and selected flood events in the Kan watershed. The Mann—Kendall test and Sen’s
slope estimator are used for trend analysis, while flood hydrographs are evaluated in terms of peak
discharge, time to peak, duration, shape, and flood volume. The findings are intended to improve
understanding of flood behavior and support monitoring, early warning, and watershed management in
the Tehran region.

Materials and Methods: The study was conducted in the Kan watershed, located in the northwestern
part of Tehran, Iran, on the southern slopes of the central Alborz Mountains. The basin is characterized
by steep topography, narrow valleys, relatively shallow soils, and a rapid hydrological response to intense

precipitation events. These physiographic conditions make the watershed highly susceptible to flash
floods.

The analysis was based on long-term hydro-meteorological records obtained from the relevant
monitoring stations within the study area. The dataset included daily and monthly precipitation records
from the Sangan station, meteorological observations, annual peak discharge data from the Solqan
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hydrometric station, and recorded flood-event hydrographs for selected events. The study period covered
approximately four decades, depending on data availability and continuity at each station.

Before analysis, the datasets were subjected to data screening, quality control, and consistency checking.
Missing or inconsistent values were identified and treated based on available neighboring observations
and standard consistency checks. The data were then aggregated to monthly, seasonal, and annual
timescales for trend analysis. Annual and seasonal precipitation series were used to evaluate long-term
rainfall variability, while the annual peak discharge series was analyzed to assess temporal changes in
extreme flow behavior.

Trend detection was carried out using the non-parametric Mann—Kendall test, which is widely used for
hydro-climatic time series because it does not require normally distributed data and is less sensitive to
outliers. The magnitude of detected trends was estimated using Sen’s slope estimator. Statistical
significance was evaluated at the 0.05 significance level.

In addition to trend analysis, selected flood events were analyzed using observed hydrographs to extract
the main flood characteristics, including peak discharge, time to peak, flood duration, hydrograph shape,
and flood volume. Flood duration was defined as the time interval between the beginning of the direct
runoff rise and the return of flow to near pre-event conditions. Time to peak was calculated as the time
elapsed from the beginning of the flood rise to the occurrence of peak discharge. Flood volume was
estimated as the integral of discharge over the duration of the flood event.

The combined analysis of long-term precipitation, annual peak discharge, and event-scale flood
hydrographs provided the basis for assessing temporal variability in rainfall and flood response in the
Kan watershed.

Results and Discussion: Analysis of the long-term precipitation series at the Sangan station showed
that the mean annual precipitation was about 370 mm with a coefficient of variation of approximately
28%, indicating considerable interannual variability. The Mann—Kendall test results revealed that the
annual precipitation series had no statistically significant monotonic trend at the 0.05 significance level.
This result indicates that although precipitation fluctuated markedly from year to year, no persistent
long-term increase or decrease was detected over the study period.

The annual peak discharge series at the Solqan hydrometric station also showed no statistically significant
trend at the 0.05 level. The mean annual peak discharge was approximately 41 m*/s, while the maximum
recorded value reached nearly 295 m*/s, reflecting the occurrence of severe but episodic flood events. These
findings suggest that the flood regime of the Kan watershed is controlled more by event-scale
hydrometeorological extremes than by gradual long-term changes in annual hydro-climatic conditions.

Flood-frequency analysis showed that peak discharge increased systematically with return period, and
among the tested statistical distributions, the Generalized Extreme Value (GEV) model provided the
best fit to the annual peak discharge data. This result confirms the suitability of the GEV distribution
for estimating design floods in the study area and provides a quantitative basis for hydraulic planning
and flood-risk assessment.

Opverall, the results demonstrate that in the Kan watershed, flood hazard cannot be adequately explained
by annual precipitation trends alone. Rather, the occurrence and severity of floods are primarily
associated with short-duration, high-intensity rainfall events and the rapid hydrological response of the
basin. This finding highlights the importance of incorporating event-scale hydrological behavior into
flood monitoring, early-warning systems, and watershed management strategies.

Conclusion: The findings of this study indicate that although annual precipitation in the Kan watershed
shows considerable interannual variability, it does not exhibit a statistically significant long-term trend.
Similarly, annual peak discharge shows no significant monotonic trend; however, the watershed remains

highly susceptible to flash floods due to its steep topography, limited storage capacity, and rapid runoff
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response. Flood-event analysis confirmed that the studied hydrographs are characterized by short time
to peak, rapid rising limbs, and substantial flood volumes. In addition, frequency analysis showed that
the Generalized Extreme Value (GEV) distribution provides the most appropriate fit for annual peak
discharge data. Overall, the results suggest that flood hazard in the Kan watershed is governed primarily
by event-scale rainfall intensity and basin response characteristics rather than by annual precipitation
trends, underscoring the need for event-based flood monitoring and integrated watershed management.

Keywords: Trend Analysis; Annual Peak Discharge; Kan Watershed; Mann—Kendall Test; Flash
Floods.
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Fig. 5 Temporal variations of flow discharge during the 20/01/1389 event at the Sulqan station.
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Fig. 6 Temporal variations of flow discharge during the 26/01/1391 event at the Sulqan station.
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Fig. 7 Temporal variations of flow discharge during the 12/08/1388 event at Rendan station.
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Fig. 8 Scatter plot of annual peak discharge versus annual precipitation at the Sangan station.
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Table 2 Statistical summary of flood events at different
.(2009-2012) stations in the Kan Basin

Station Count Mean Max Min
Discharge Discharge Discharge

(m3/s) (m?3/s) (m3/s)

Sulqan 19 1.0 58.26 5.53

Kiga 9 2.8 12.13 1.01

Rendan 6 6.4 9.58 3.71

Keshar 6 - 1.88 0.10
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Table 1 Number of flood events at different stations in
the Kan Basin during the water years 2009-2012.

Station Number of Flood
Events
Rendan 122
Sulgan 198
Keshar 97
Kiga 75
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Table 3 Annual maximum instantaneous discharge at hydrometric stations in the Kan watershed

River Station Station Code  Time Period Max Instantaneous Discharge Index Year
(SH) (m*/s) (SH)
Kan Sulgan 41-109 1969-2019 139.3 2014
Kan Jahanabad 41-111 1980-2019 145.0 2004
Kiga Kiga 41-571 1999-2019 242 2011
Rendan Rendan 41-573 1999-2019 442 2004
Keshar Keshar 41-575 1999-2019 82.0 2014

* Note: SH = Solar Hijri calendar.
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Fig. 9 Comparison of discharges corresponding to estimated return periods using different distributions at the Sulqan station.
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Fig. 10 Flood frequency probability plot for the Sulqan station based on the GEV distribution.
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