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The development of the Tehran metropolis requires adherence to spatial
planning and resource capacity, especially hydrological limits. This study
analyzes the impacts of climate change on precipitation distribution in Sub-basin
4133, which affects Tehran's urban policymaking. Given limited high-altitude
observational data, TerraClimate reanalysis data were validated (R"2 > 0.85).
Precipitation patterns from the past 70 and 20 years were studied, and future
changes under four Shared Socioeconomic Pathways (SSPs) were projected
using the median of five CMIP6 models with the Change Factor downscaling
method. Results show a "spatial contraction of high-precipitation zones" in the

last 20 years, decreasing the basin's hydrological inflow. Future projections
indicate an inevitable precipitation decline even under the sustainable scenario
(SSP1-2.6), with the pessimistic scenario (SSP5-8.5) predicting a severe water
Keywords: resource collapse in northern highlands (below 190 mm). This, potentially
Adaptatlon Policy, worsened by Tehran's Urban Heat Island (UHI), could lead to destructive flash
Cl!mate Chgar)ge, floods, reduced soil permeability, compromised groundwater recharge, and
Climate resilience, increased land subsidence in southern districts. The findings underscore the
Tehran. critical need for urban regeneration to implement the "Sponge City" model and
update spatial planning documents according to the basin's revised ecological
capacity.
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Introduction

Tehran is grappling with a crisis of unsustainable urban development and climate change, leading to
severe water scarcity and increased vulnerability to extreme weather events. Neglecting land
management principles and the exacerbation of the urban heat island effect, coupled with
unpredictable precipitation patterns, threaten the city’s infrastructure and water security. There’s a
significant gap in understanding the spatial dynamics of rainfall and their connection to urban
adaptation policies. This research aims to forecast future precipitation changes using IPCC models to
inform Tehran’s urban policies for the next two decades, addressing issues like groundwater recharge
and subsidence.

Materials and Methods
This applied research uses climate modeling and spatial analysis to inform Tehran's urban adaptation
policies. It focuses on sub-basin 4133, utilizing TerraClimate reanalysis data and an ensemble of five
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CMIP6 General Circulation Models to project precipitation changes over the next two decades under
four Shared Socioeconomic Pathways (SSPs). Statistical downscaling and Inverse Distance Weighting
interpolation refine global data to local levels. The study's novelty lies in analyzing the spatial shifts of
rainfall zones to guide revisions in land-use policies and regeneration standards due to precipitation
contraction.

Result
The study used validated TerraClimate reanalysis data for Tehran’s dry and semi-arid climate (R? >
0.85). Historically, sub-basin 4133 received 154-262 mm of annual precipitation, concentrated in the
north. However, the past 20 years show a decline, with maximum rainfall dropping to 251 mm,
indicating reduced basin precipitation and smaller high-rainfall zones. Long-term spatial analysis
shows more rain in the northern Alborz mountains and less in southern plains. Recent decades exhibit
a pronounced decrease in the south and southeast, suggesting early climate change impacts. A
structural shift is evident: the maximum rainfall area has shrunk, reducing watershed area for
groundwater recharge and potentially worsening land subsidence.
Future projections vary by scenario:
e SSP1-2.6 (Optimistic): Moderate rainfall reduction, with less decline in the north, but increased
water stress in southern plains.
e SSP2-4.5: More significant decrease across regions, especially the southeast, with notable
reductions even in the north, potentially lowering river flows and groundwater levels.
e SSP3-7.0: Severe rainfall decrease throughout the area, including vital northern highlands,
intensifying the water crisis and risking depleted resources.
e SSP5-8.5 (Pessimistic): Drastic and widespread precipitation decline, threatening Tehran’s
water security and regional ecological stability, requiring extreme adaptation.

Discussion and Conclusion

The present foresight analysis serves as a serious warning for urban governance in Tehran,
highlighting a gap between sustainable historical patterns and potential future scenarios, indicating
that the city is surpassing its ecological thresholds. Even in optimistic scenarios, a relative reduction in
rainfall is inevitable, while pessimistic projections threaten the structural integrity of water resources,
compromising urban biological security. The study suggests that urban regeneration policies should
embrace innovative approaches, such as mandating permeable paving in public spaces to enhance
runoff absorption. It also advocates for stricter building regulations for rainwater harvesting systems,
especially in northern areas, and prioritizing a halt to population and water-intensive activities in the
southern regions to ensure the long-term sustainability of the city against climate threats
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