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Highlights
¢ Urban morphological parameters significantly influence both energy demand and outdoor thermal comfort under
future climate scenarios.

e Long-term simulations (2025-2055) indicate a substantial decline in thermal resilience and a growing
dependence on mechanical heating and cooling systems in Tabriz.

e Cold extreme scenarios generate the highest energy shocks, posing greater risks to urban energy resilience than
warm extremes.

e Medium-density, fine-grained urban forms with balanced height-to-width ratios enhance climatic resilience by
improving airflow and heat exchange.

Extended Abstract

Intoduction

Climate change and the accelerating trend of global warming in recent decades have emerged as one of the most critical
challenges for urban environments worldwide. The intensification of heatwaves, alteration of precipitation regimes,
and the aggravation of urban heat island effects have profoundly affected the livability and sustainability of cities.
These climatic stressors not only increase energy demand for heating and cooling but also erode the natural capacity
of urban systems to maintain thermal comfort and environmental balance. Urban morphology — encompassing
building density, street proportions, spatial enclosure, and open-space configuration — directly governs heat exchange,
solar access, and airflow, thus shaping cities’ adaptive and resilient capacities.

In Iran, the effects of climate change have become particularly acute. The metropolis of Tabriz, following the
desiccation of Lake Urmia, has faced growing thermal stresses, temperature fluctuations, and altered energy
consumption patterns. Under such conditions, the climatic resilience of urban form emerges as a key dimension of
urban resilience. However, most previous studies have focused either on building energy performance or on outdoor
thermal comfort separately, without integrating both aspects within a morphological and long-term climatic framework
(Taleghani, 2018; Sharifi & Yamagata, 2021; Colaninno et al., 2025). Addressing this gap, the present study evaluates
how urban form parameters influence energy demand and climatic comfort simultaneously over a 30-year horizon,
offering a holistic understanding of how form mediates resilience under future climatic extremes.
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Theoretical Framework
Methodology

This research employs an applied-developmental approach integrating parametric modeling and future climate
projection analysis. The Valiasr neighborhood in eastern Tabriz, characterized by moderate density, a grid-based
structure, and homogeneous building typologies, was selected as the case study. The site’s exposure to intensifying
thermal conditions resulting from the drying of Lake Urmia justifies its selection for resilience assessment.
Downscaled climate datasets were used for the period 2025-2055 under RCP4.5 and RCP8.5 scenarios. Simulations
were conducted for four climatic conditions: Normal (current), Base (reference future year), Warm (hot extreme), and
Cold (cold extreme). Using Ladybug Tools and EnergyPlus in Grasshopper, parametric models were constructed to
simulate both building energy demand and outdoor thermal comfort. Morphological indicators were divided into two
categories: (1) primary parameters such as building height, block size, plot coverage, and fagade transparency; and (2)
derived indicators including density, height-to-width ratio, and sky view factor.

Two composite indices were introduced to quantify resilience: the Energy Shock Index (ESI), representing the
percentage increase in total energy consumption under extreme scenarios relative to the base year, and the Thermal
Resilience Index (TRI), measuring the proportion of annual hours with naturally comfortable thermal conditions
without mechanical intervention.

Results & Discussion

Results reveal a marked escalation of thermal and energy stresses in all future scenarios. Under current conditions, the
total annual Energy Use Intensity (EUI) equals 138.07 kWh/mz, primarily dominated by heating (76.37 kwh/m2). In
the Base scenario, energy demand increases by 17.6% to 162.42 kWh/mz; in the Warm scenario, by 27.8% to 176.46
kWh/mz; and in the Cold scenario, by 41.5%, reaching 195.43 kwWh/mz2, largely driven by a 55% surge in heating loads.
These findings confirm that climate change significantly heightens dependence on mechanical systems, reducing
overall energy resilience.

The thermal comfort assessment shows that under current conditions, 32.68% of annual hours fall within the comfort
range, 56.6% correspond to cold stress, and 10.7% to heat stress. In future projections, comfort hours decline to 26.5%,
while heat stress nearly doubles to 18.74%, reflecting a narrowing comfort window. The Resilience Index results
corroborate this pattern: the Base scenario yielded the highest resilience value (0.65), while the Cold scenario had the
lowest (0.53), indicating that energy shocks from cold extremes pose the most serious risk.

Morphological analysis further revealed that medium-density, fine-grained blocks with balanced height-to-width ratios
and connected street networks enhance climatic resilience by facilitating airflow and balancing heat exchange.
Conversely, large blocks, deep street canyons, and unbalanced densities exacerbate vulnerability by trapping heat and
increasing energy loads.

Conclusion

The study concludes that the climatic resilience of the urban form in Tabriz will show a declining trend over the next
three decades, with the cold extreme scenario exerting the greatest stress on energy systems due to rising heating
demands. Although warm scenarios intensify cooling loads and reduce comfort hours, cold-related energy shocks
represent the more critical vulnerability.

To enhance resilience, urban policies should prioritize climate-responsive design strategies, including improved
insulation, passive ventilation, shading optimization, and the diversification of open and green spaces to moderate
microclimates. Encouraging balanced urban densities, fine-grain morphology, and energy-efficient systems can
mitigate future energy shocks.

Ultimately, true resilience cannot rely solely on technological or infrastructural solutions; it must emerge from a
morphological foundation that harmonizes urban form with climatic realities. Embedding this understanding within
urban design frameworks enables cities like Tabriz to better adapt to an uncertain climatic future and safeguard the
comfort, health, and sustainability of their residents.
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