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Objective: Climate change poses significant challenges to water resources in semi-arid
regions. This study investigates the impact of climate change on hydrological drought in
the Lake Urmia basin, Iran, using the Streamflow Drought Index (SDI) and time-series
modeling.

Methods: The NORESM1-M general circulation model was evaluated using 30 years of
baseline data (1980-2010) and future projections under the RCP4.5, RCP6, and RCP8.5
scenarios for near-future (2011-2040), mid-future (2040-2070), and far-future (2070—
2100) periods. A calibrated rainfall-runoff model generated future discharge data for two
periods (2020-2059 and 2060-2100). Synthetic data were generated 1,000 times using an
AR(p) time-series model and disaggregated into monthly values using the Valencia—
Schake model to calculate the SDI and evaluate drought characteristics.

Results: The results indicate that more severe droughts are likely to occur in the future
compared with historical periods. Drought severity is projected to be greater at stations
located east of Lake Urmia, and the number of dry periods is expected to increase by 17—
20%.

The RCP6 scenario provided the best prediction for precipitation (correlation coefficient:
0.763), while the RCP4.5 scenario showed the best performance for temperature
prediction (correlation coefficient: 0.994). The NORESM1-M model demonstrated the
highest correlation for climatic variables.

Conclusion: Projected temperature increases (16% in the near future and 20% by the end
of the century) are expected to reduce precipitation and consequently decrease river
discharge in the Lake Urmia basin. This reduction will intensify hydrological droughts,
and the maximum severity and duration of future drought events are expected to be

significantly greater than under current conditions.

*Corresponding author: Email: z.khani1060@yahoo.com

Cite this article: Khani Temeliyeh, Z., Mirabbasi Najafabadi, R., Shadmehr, Sh., Shamsi. Z., & Bahmani, A.M. (2026).
Climate Change Impacts on Hydrological Droughts under RCP Scenarios Using SDI and Time Series Modeling
(Case Study: Lake Urmia). Journal of New Approaches in Water Engineering and Environment, 5(2), 22-46.
https://doi.org/10.22034/nawee.2025.553994.1172

© The Author(s).
DOI: https://doi.org/10.22034/nawee.2025.553994.1172

Publisher: Gonbad Kavous University.

Yy



Journal of New Approaches in Water and Environmental Engineering, Volume 5, Issue 2, 2026

Introduction

Climate change is a central topic in environmental and atmospheric sciences, with historical
records indicating that temperature and precipitation are primary determinants of regional
climate. The Lake Urmia basin in northwestern Iran has experienced a severe decline in water
level, making it a critical case study for understanding future water scarcity.

The primary objective of this research is to assess the impact of climate change on hydrological
drought in this basin. Specifically, this study aims to: (1) evaluate changes in climatic variables
(temperature and precipitation) under different Representative Concentration Pathway (RCP)
scenarios; (2) generate synthetic streamflow data incorporating climate change projections; and
(3) analyze future hydrological drought characteristics, including severity, duration, and
frequency, using the Streamflow Drought Index (SDI) and stochastic time-series modeling.

Methods

This study employed the NORESM1-M global climate model, which was selected after
evaluating its performance against historical temperature and precipitation data (1980-2010)
from stations across the Lake Urmia basin. Future climate projections were generated for three
time horizons: near future (2011-2040), mid-future (2040-2070), and far future (2070-2100),
under three greenhouse gas emission scenarios: RCP4.5, RCP6, and RCPS.5.

A conceptual rainfall-runoff model was calibrated using historical precipitation and discharge
data and then used to project future river discharge for two periods (2020-2059 and 2060-2100)
based on the climate scenarios. To ensure robust statistical analysis, an autoregressive (AR(p))
time-series model was applied to generate 1,000 synthetic annual discharge series for each
scenario while preserving key statistical properties of the observed data, including mean,
standard deviation, skewness, and lag-1 correlation.

The Valencia—Schake model was subsequently used to disaggregate the synthetic annual data
into monthly values. Hydrological drought was quantified using the SDI, which standardizes
cumulative streamflow volumes over various time scales (e.g., 3, 6, and 12 months). Drought
characteristics, including probability of occurrence, return periods, and transition probabilities
between drought states (normal, mild, moderate, and severe), were derived using Markov chain
analysis. Reliability and resilience indices were also calculated to assess system behavior under
future drought conditions.

Results

The findings revealed significant projected changes in climatic variables. Under the RCP
scenarios, the average temperature in the basin is projected to increase by 16% in the near future
and by 20% in the mid- and late-century periods. This warming is expected to reduce
precipitation, particularly in the eastern part of the basin.

Based on correlation coefficients between simulated and observed data, the RCP6 scenario was
identified as the most suitable for precipitation studies (R = 0.763), while RCP4.5 performed
best for temperature prediction (R = 0.994). The NORESMI1-M model consistently
outperformed other global climate models (GCMs) across the study stations.

Hydrological drought analysis based on the SDI indicated a strong likelihood of more severe
and prolonged drought events in the future compared with the historical baseline period. The
number of dry periods is projected to increase by 17-20% across all future horizons. Spatial
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analysis demonstrated that stations located east of Lake Urmia will experience greater drought
severity than those in the west.

The synthetic data generation models successfully preserved the key statistical properties of the
historical data, with performance improving for longer record lengths. Transition probability
matrices derived from Markov chain analysis showed a higher probability of remaining in
severe drought states in future simulations compared with historical conditions. The maximum
expected drought duration and severity for the 2060-2100 period were substantially greater
than those observed historically.

Furthermore, monthly analysis showed that May (the peak-flow month) is the most sensitive to
drought conditions, while October (the low-flow month) is the least affected.

Conclusions

This study confirms that climate change will profoundly alter the hydrological regime of the
Lake Urmia basin, leading to intensified hydrological droughts. The projected temperature
increase of 16-20% is expected to reduce precipitation, which in turn will decrease river
discharge across the basin.

The application of AR(p) and Valencia—Schake models proved effective in preserving the
statistical characteristics of streamflow data, even for datasets with record lengths shorter than
30 years, making them suitable for drought studies in data-scarce regions.

The increased probability of transitioning into and remaining in severe drought states, coupled
with higher recurrence rates, signals a significant future risk to water supply, agriculture, and
the lake’s ecosystem. The spatial heterogeneity of drought impacts, with more severe effects in
the eastern region, highlights the need for location-specific adaptation strategies.

The methodologies and findings presented in this study provide a robust framework for water
resource managers and policymakers to develop proactive drought mitigation plans. Without
effective intervention, the projected increase in the frequency, severity, and duration of
hydrological droughts will likely exacerbate the environmental crisis in the Lake Urmia region
and may lead to irreversible ecological damage.
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