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Research Article . .
Heat stress during warm seasons exposes many people to the risk of heat stroke and other

Received: heat-related effects. The objective of this study is to develop effective strategies to
%9/12./2%24 ised form: enhance urban resilience in Zahedan. This can be achieved by conducting a
1;/%?72602'5n revised orm: comprehensive evaluation of heat stress indices and modelling climate change with the
Accepted: aim of gaining a deeper understanding of the interactions between climatic and urban
19/01/2025 factors. The climate parameters required for calculating the indices for the observation
Publisher online: period (1985-2014) were obtained from the Iranian Meteorological Organization
19/01/2025 (IRIMO). The daily minimum and maximum temperature outputs of the three models

CNRM-CM6-1, CNRM-ESM2-1, and MIROC6 were also obtained from the ESGF
website for future simulations (2015-2099) under two scenarios: SSP2-4.5, and SSP5-
8.5. To select the optimal heat stress index, the values of various indices were first
calculated, and then the appropriate index was determined based on the importance of
the relative weight. The accuracy and efficiency of the selected GCMs were evaluated

e using a Taylor diagram and the models were corrected using the variance scaling method
(VARI). The results showed that although the bioclimatic indices provided relatively

Geography similar conditions for heat stress in Zahedan, they were significantly different from the

v other parameters because of the relative importance of the two parameters, air
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temperature and relative humidity, with relative weights of 0.568 and 0.409,
respectively. Therefore, the DI Thom, DI Mistry, and MDI indices calculated based on
these two parameters were selected as desirable indices for determining heat stress in the
| Pring 15N: 23452277 study area because of their lower standard deviations and higher relative weights. The

" results of the multi-model ensembles also showed that the increasing trend of
temperature in the study area until the end of 2099 under the two scenarios SSP2-4.5 and
SSP5-8.5 was significant with the value of Z-Mann-Kendall 9.68 and 12.21 (maximum
temperature), 8.3 and 11.47 (minimum temperature) at 0.99 confidence level. According
to the projection of the DI index, the highest increasing trend of this index is related to
the months of November, December, and March, with values increasing by 4.4, 4.1, and
3.5 degrees Celsius, respectively, in the period 2066-2099 compared to the base period.
The findings of this study can be employed in the formulation of urban development
plans and the design of climate-responsive urban spaces to mitigate the adverse effects of
global warming on the comfort of Zahedan residents.
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Extended Abstract

Introduction

Among the various weather conditions that directly or indirectly impact human health, extreme temperature
events are regarded as the foremost factors (Velea & Bojariu, 2018). The average global temperature during
2010-2019 has risen by 0.9 to 1.2 °C compared to its value in 1850-1900 (Chen et al., 2023) and it is projected
that this increase will continue in the future. According to the Clausius—Clapeyron relationship, absolute
atmospheric humidity is projected to increase with elevated temperatures over a large portion of the globe, and
should worsen the physiological effects of high temperatures (Epstein and Moran 2006). Numerous attempts
have been made to quantify the impact of environmental conditions on human heat stress, resulting in the
creation of various heat stress indices (HSIs) with differing levels of complexity (De Freitas & Grigorieva,
2017). In this study, we selected an optimal index according to the climatic conditions of Zahedan among the
many indicators available for evaluating thermal stress. Subsequently, the changes in the selected index were
evaluated under socio-economic scenarios (SSP). The findings of this study can be applied to regional
planning, urban and building design, and the development of climate change adaptation strategies in Zahedan.

Material and Methods

To determine the optimal index of heat stress in the study area, climate parameters for the Zahedan Synoptic
Station were obtained from the Iran Meteorological Organization for a period of 30 years (1985-2014).
Projection of optimal index changes in the future horizon was also conducted based on the daily minimum and
maximum temperature outputs from three general circulation models: CNRM-CM6-1, CNRM-ESM2-1, and
MIROCS6. These models were obtained from the ESGF website as part of the Coupled Model Intercomparison
Project Phase 6 (CMIP6). This dataset comprises both historical climate model simulations (1985-2014) and
future projections (2015-2100), which were utilized in this study under the SSP2-4.5 and SSP5-8.5
socioeconomic scenarios. The variance scaling method (VARI) was employed for the bias correction of the
selected GCMs.

The bioclimatic indicators used in this study were calculated. The optimal heat stress index was determined
using the relative importance metric method. The widely used method of relative weight analysis is
recommended to identify the relative importance of the predictor variables (Mizumoto, 2023).

Result and Discussion

The optimal heat stress index in Zahedan was determined using statistical methods based on the study by
Zamanian et al. (2017), Hame Rezaei et al. (2017), and Zare et al. (2018). The research findings showed that air
temperature had the highest relative weight (0.568), making it the most effective parameter among all indices.
This was followed by relative, with a relative weight of 0.409. Wind speed had the lowest impact on the heat
stress evaluation, and its average weight among the indices was 0.0295. Based on the results obtained, it can be
concluded that indices based on temperature and humidity are more appropriate for the determination of
thermal stresses in the study area because of their lower standard deviation and higher relative weight. DI
Thom, DI Mistry, and MDI indices were included in this group.

The average maximum temperature in the study area will continuously increase from 1985 to 2099. In the first
decade it was 26.4 degrees Celsius, and at the end of the century it reached 30.4 degrees Celsius, which
represents an increase of 4 °C. The heat maps indicated that the minimum temperature changed less than the
maximum temperature over time, and the highest temperature increase occurred in August and September. The
DI index increased with the maximum temperature in the study area. The most significant increase was
projected to occur at the end of the century under the SSP5-8.5 scenario. Thus, the DI exhibited the most
significant upward trend in the study area during November, December, and March. The annual pattern of DI
indicates an upward trend in the index until 2099. The rate of change varied under the different SSP scenarios
in the CMIP6 models. In such circumstances, climate change adaptation has emerged as an opportunity to
enhance urban livability and well-being. Consequently, the development and enactment of a comprehensive
climate change law incorporating a national action plan to mitigate adverse impacts and improve climate
change adaptation can facilitate the achievement of these goals.
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Conclusion

The results showed that although the bioclimatic indices provided relatively similar conditions for heat stress in
Zahedan, they were significantly different from other parameters because of the relative importance of the two
parameters, air temperature and relative humidity, with relative weights of 0.568 and 0.409, respectively.
Therefore, the DI Thom, DI Mistry, and MDI indices calculated based on these two parameters were selected
as desirable indices for determining heat stress in the study area because of their lower standard deviation and
higher relative weight. The results of the multi-model ensembles also showed that the increasing trend of
temperature in the study area until the end of 2099 under the two scenarios SSP2-4.5 and SSP5-8.5 was
significant with the value of Z-Mann-Kendall 9.68 and 12.21 (maximum temperature), 8.3 and 11.47
(minimum temperature) at 0.99 confidence level. According to the projection of the DI index, the highest
increasing trend of this index is related to the months of November, December, and March, with values
increasing by 4.4, 4.1, and 3.5 degrees Celsius, respectively, in the period 2066-2099 compared to the base
period. The findings of this research indicate that the rising temperature in Zahedan City, coupled with urban
expansion, population density, increased human-made construction, and widespread use of fossil fuels, can lead
to the intensification of urban heat islands, reduced air quality, and increased energy consumption. These
consequences negatively impact citizens' health, economic productivity, and urban infrastructure.
Consequently, to enhance Zahedan's resilience against these challenges, urban planning must be conducted
using a comprehensive, participatory, and forward-looking approach.

Key words: Adaptation, Bioclimatic Indices, Climate Change, CMIP6 models, Relative weighting analysis.
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