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Abstract

Against the background of global warming exacerbating the urban heat island effect, the extreme
summer high temperatures in the arid region of Xinjiang significantly reduce the livability of the city,
restricting the comfort and safety of residents' outdoor activities. In order to improve the comfort of residents'
outdoor activities in Xinjiang, this study takes Shihezi Mingzhu Park as a typical case, and proposes an
optimization scheme for urban parks by analyzing the park landscape shape index and the regulation
mechanism of landscape elements on microclimate, with the aim of improving the thermal environment of
outdoor activity space, enhancing the comfort of the climate, mitigating the negative impacts of extreme high
temperature weather on human health, and enhancing the overall livability of the city. The main findings of
this thesis are as follows:

(1) Field research and field measurements are used to clarify the mechanism of park microclimate
influence and analyze the relationship between microclimate elements and residents' subjective feelings. The
results show that the cooling and humidifying effect of the park on the surrounding built-up area can be
radiated to 200 meters outside the boundary, and the landscape elements in the park have a significant
regulatory effect on the microclimate. Solar radiation showed a strong positive correlation of 0.93 with
physiologically equivalent temperature (PET) values, which is the core influence factor of thermal comfort
in Xinjiang. Elderly people over 56 years of age accounted for 27.1% of the use population, with activity
preferences for leisure (38.9%) and walking (27.5%), and activity peaks were concentrated in the areas
between 9:00-11:00 and 18:00-24:00, with optimal thermal sensation in the shaded area of the trees (TSV =
0 accounted for 60.7%), while the radiation sensation in the hard-paved area was the worst, and the thermal
sensation <X 2.07, wet sensation = 1.23, and solar radiation sensation < -1.39 should be controlled to
ensure a comfortable experience.

(2) The microclimate conditions in the study area were investigated using the ENVI-met numerical
simulation model. The results demonstrate a high degree of consistency between the measured and simulated
data trends. The simulated values fall within the 95% confidence interval, confirming their accuracy and
reliability. Furthermore, a strong correlation is evidenced by a linear regression coefficient (R*> > 0.7). The
root mean square error (RMSE) for air temperature and relative humidity is 2.77 ° C and 9.98%,
respectively—both below the acceptable thresholds of 4.30° C and 10.2%. These findings validate the
robustness and applicability of the ENVI-met model for microclimate analysis in the study area. Vegetation
and water bodies can effectively improve the microclimate, and the vegetated area cools down the
temperature by 2-6° C, lowers the PET by 3-5° C, and increases the humidity by 3-18% than the bare
ground. Water bodies were more effective in cooling and humidifying, but their PET was inversely 20-30%



higher than that of vegetated areas due to wind speed. The southeastern part of the park is significantly cooled
and humidified by the northwest wind, and the upland is cooler and wetter than the lowland. The park has a
cooling and humidifying effect on the neighborhood. The main shortcoming is that the PET is still high at
midday, especially on the north side where the bare ground PET is about 10° C higher than the vegetated
area.

(3) Numerical simulation with ENVI-met was used to construct four sets of idealized univariate models
to reveal the effects of landscape morphology parameters, vegetation cover, water body cover and
topographic slope on microclimate and PET. The results showed that the PET in the park area was lower than
that in the surrounding built-up areas; the landscape shape index (LSI) was significantly positively correlated
with PET, with a 1.4°C increase in PET for every 0.1 unit increase; and the green coverage, water coverage
and hill slope were significantly negatively correlated with PET, especially the 10% increase in water
coverage resulted in a 2.2°C decrease in PET, which was the most significant effect of optimization. The
optimization effect was most significant for LSI=1.0, vegetation coverage, and topography slope, and the
optimization effect was most significant for LSI=1.0 and vegetation coverage, respectively. 1.0, 85% of
vegetation cover, 40% of water body, and 15°  slope, PET is the lowest and thermal comfort is the best.

(4) Based on the research findings presented in the preceding text, an optimization design framework
for urban parks is proposed, followed by a detailed optimization design and evaluation analysis of Mingzhu
Park. The results show that this study takes PET as the core index, and proposes the objectives and principles
of the optimal design of urban parks with respect to the summer climate characteristics of the dry and hot
regions of Xinjiang. The optimization design strategy of urban parks is proposed, including site selection and
spatial form design, vegetation, water body, topography and landscape vignettes in the park. Optimization
design of Pearl Park, after optimization, the air temperature is reduced by 0.35°C, the high temperature area
is reduced, the relative humidity is increased by 0.88%, the PET is reduced by 1.35°C, and the overall
maximum in the study area is reduced by 0.67°C at 19:00, the average is reduced by 0.43°C, and the human
body's thermal comfort is significantly improved.

This study provides theoretical basis and practical guidance for scientific optimization of microclimate
environment and enhancement of human thermal comfort in urban parks in dry and hot areas of Xinjiang in

Summer.

Key words: Xinjiang region; urban park; summer; microclimate; thermal comfort
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