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Abstract: As the city of Xi'an expands rapidly, the urban heat island (UHI) effect and the
greenhouse effect are becoming more and more pronounced in terms of the city's
temperature impact. The dense population in the urban core, coupled with the expanding
suburbs, makes the city's climate change particularly dramatic. This study examines how
the greenhouse effect is further exacerbating the urban heat island effect in Xi'an, with a
particular focus on the impacts on the city's energy demand, public health, and the quality of
life of its residents. Based on long-term climate data, pollutant levels and satellite remote
sensing analysis, the study shows that urban sprawl and the accumulation of greenhouse
gases are clearly leading to an increase in the temperature difference between the city centre
and the surrounding areas. These findings not only reveal the causes of localized climate
anomalies, but also show increased health risks and energy demand for residents. Through
these observations, this paper highlights the strong link between urban planning and climate,
and suggests that the necessary measures to address these challenges are to increase green
space and promote energy-efficient buildings, measures that are essential to alleviate the
problems in Xi'an's urban environment.
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1. Introduction

Since the early 2000s, Xi'an, a major city in Northwest China, has experienced rapid urbanization,
leading to significant environmental changes, including a marked increase in urban temperatures
compared to the surrounding rural areas [1]. The temperature difference in Xi'an is especially
pronounced during the summer months. For example, in the summer of 2016, the average
temperature in the centre of Xi'an was almost 3°C higher than in nearby rural areas, and the urban
heat island effect became particularly pronounced [2]. This phenomenon has caused great
inconvenience to the lives of city-dwelling residents, especially for households without air
conditioning, where scorching hot nights seem even more difficult. This problem is further
exacerbated by global climate change, which makes the challenge of facing high urban temperatures
even more severe for residents. Besides, these overlapping effects are leading to higher
temperatures, which in turn affect energy consumption, public health, and the overall quality of life
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for residents [3]. The accumulation of greenhouse gases, such as carbon dioxide and methane,
exacerbates the urban heat island effect in Xi'an. These gases trap heat in the atmosphere, causing
temperatures to rise. For example, increased levels of carbon dioxide led to a particularly hot 2017
with soaring temperatures [4]. Buildings, roads, and concrete surfaces in the city absorb and retain
excess heat, especially at night, creating hot spots in the city [4]. It is observed that those areas with
less vegetation tended to maintain hot temperatures longer after sunset, a phenomenon that
undoubtedly caused problems for citizens in their daily lives.

The aim of this study is to understand how the greenhouse effect exacerbates the urban heat
island effect in Xi'an and to explore its impacts on energy consumption, public health, and residents'
quality of life [5]. By comparing temperature changes in the city centre and the suburbs, people can
better understand the wider impacts of climate change on Xi'an's urban environment. In addition,
this study may provide illuminating suggestions for dealing with these impacts, such as expanding
the area of green space and improving building design, in order to mitigate the impacts of high
temperatures and enhance the city's ability to cope [6].

2. Methods
2.1. Data collection

This study quantitatively analyzed the role of UHI intensity and greenhouse effect in Xi'an
underware, with data.

Temperature records over the past 10 years from data of the China Meteorological
Administration were analyzed to quantify UHI intensity in Xi'an. National temperature records
together with information on spatial variability in surface temperatures were combined to better
understand the patterns of change, as well as overall heating island bias [7].

Key air pollutants, such as carbon dioxide (COz), and PM 2.5. Those 5 levels were then collected
to investigate their link with the upcoming urban heat implications. This data helped analyse the
impact of pollution on the urban thermal environment [7].

This article uses satellite remote sensing data from the National Cryosphere Desert Data Center
of the Chinese Academy of Sciences to analyze surface temperature in Xi'an. The data were rich in
geographic reach and helpful for learning more about where these UHIs tend to form [8].

2.2. Data analysis

First, this study counts and plots the temperature over time (python) of Xi'an through an average
annual mean temperature data from 2010 to 2020.

This facilitated to emphasize the long-run trends additionally and manifest that Greenhouse
result is attracted by Urbanization leading in escalation of temperatures. In GIS, this study also
analyzes differences in the surface temperature of urban centres and suburbs surrounding them. This
happened, for example in 2016 when the temperatures were distinctively higher especially during
summer to that of city centre [9].

In the air pollutant data, this study particularly observes CO> and PM2.5. Discover whether a city
is how hot on each of these 5 levels. The most extreme CO> concentrations occurred during the
warmest years-indicating a correlation between emissions and global warming. Effect of Urban
Construction and Traffic Growth on UHI and Pollution in Xi'an The comprehensive Kano analysis
results showed that the main effect from pollution along with urban growth is obviously to
exacerbate what already exists for both causes [11].

Figure 1 to Figure 3 show the average temperature, CO> emissions and PM2.5 levels in Xi’an
from 2010 to 2020.
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Figure 1: Average Temperature in Xi'an.
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Figure 2: CO; emissions in Xi'an. Figure 3: PM2.5 levels in Xi'an.

Figure 4 to Figure 14 are the surface temperature pictures of Geographic Information System
(GIS) in Xi'an from 2010 to 2020.
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Figure 4: Surface temperature in Xi'an 2010. Figure 5: Surface temperature in Xi’an 2011.
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Figure 6: Surface temperature in Xi’an 2012. Figure 7: Surface temperature in Xi’an 2013.
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Figure 8: Surface temperature in Xi’an 2014. Figure 9: Surface temperature in Xi’an 2015.
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Figure 10: Surface temperature in Xi’an 2016. Figure 11: Surface temperature in Xi’an 2017.
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Figure 12: Surface temperature in Xi’an 2018.  Figurel3: Surface temperature in Xi’an 2019.

£ Main city boundary
3 Xi “an boundary
LST 2020 ("C)

M 276021

i

505736

Figure 14: Surface temperature in Xi'an 2020.
3.  Results
3.1. Temperature trends

The mid-year time-averaged temperatures were consistently fluctuating (Figure 1), particularly
higher peaks are observed in the years of 2013 and 2016.
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Differences between periods are more challenging to attribute directly: the fact that temperatures
in 1971-1980 were different from those of this century does not necessarily mean there has been a
warming trend (unless it can be shown by all statistical tests applied), because other external factors,
such as peculiarities due unusual weather patterns or variations in atmospheric circulation may
account for temperature changes besides just an UHI effect [11]. These extreme heat events,
particularly in the absence of other confounding factors confirm that UHI still plays a significant
role on shaping local climate.

These two events coincided with an increase in CO; emissions, that could potentially have had
some effect on changes to temperature patterns. This is also possible: that change in the jet stream
increased probabilities of extreme heat events as well. Moreover, chronic urban sprawl and the
associated rise in construction-related pollution levels probably aid in intensifying these trends by
displacing natural cooling aspects like green spaces and canopies [12].

3.2. Spatial distribution of the UHI effect

Geographic Information System (GIS) analysis (Figure 4 to Figure 14) indicates that the industrial
sectors and city centre of Xi'an, particularly the Beilin and Yanta Districts, are where the UHI effect
is most noticeable. Due to the heavy foot traffic in these places, there are a lot of businesses and
traffic jams, which greatly increase the buildup of heat. For example, the concrete surfaces, lack of
green spaces, and constant car emissions raised the temperature in the high-rise residential
complexes in Xiaozhai and the industrial clusters in Weiyang District [10].

The average surface temperature in central Xi'an peaked in 2013 at 28.8°C, and by 2020 it had
slightly decreased to 27.6°C. This data is for the period between 2010 and 2020.

However, temperatures in the suburbs increased steadily, rising from 8.17°C in 2013 to 8.6°C by
2020. While suburban temperatures are still lower than those in urban areas, the city's slow growth
is gradually raising suburban temperatures, indicating that the effects of high temperatures are still
spreading [13].

3.3. Relationship between the greenhouse effect and UHI

The results of correlation study show a significant positive correlation between metropolitan
temperatures and carbon dioxide (CO2) concentrations. Figure 2 shows that Xi'an's CO> emissions
climbed significantly between 2010 and 2020, reaching about 100 million tonnes by that year, in
line with the observed variations in temperature. Despite varying trends in temperature, including a
peak in 2014 and a decline in 2018, the urban heat island effect has been amplified by the general
rise in COz levels, which has led to higher city temperatures [14].

Additionally, Figure 3 suggests that PM2.5 concentrations were relevant. Even though there was
a progressive decrease in PM2.5 levels between 2010 and 2020, which resulted in better air quality,
the greenhouse effect was maintained by the continuous rise in CO> emissions. This implies that
while lowering particulate matter improves air quality, long-term warming is still caused by
greenhouse gases [14].

The greenhouse effect is most noticeable in the winter when trapped heat decreases the rate at
which the nocturnal air cools. The urban heat island effect of Xi'an is exacerbated by both global
climatic effects and urbanization, which is the cause of the city's ongoing warming [15].

4. Discussion

The above studies combine the uncertainty and sensitivity analysis of urban heat island effect (UHI)
in Xi'an, It shows that The greenhouse effects has played important role on aggravating UHI; it
challenges inhabitant living environment series problems, ecological requirement result from public
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health aspect to energy use demand. While the temperature data is consistent with global warming,
its year-to-year changes are correlated with urbanization and CO; levels; although after having
peaked in about 2014 it has been declining still compared as a function of year it can be said to
follows cycles that have both constant-amplitude periodicity (repeatable pattern) throughout that
time range being studied, i.e from 2010-2020. The most recent representation on large scale shows
an emerging increased variation rate in terms of percentage by which land surface temperatures
were rising relative though slightly delayed effect due primarily because they do not reflect true
effects--urban emissions increasing at alarming rates UHI continuing their slow march upward...
from thence comes cohesion! While lower PM2.5. Although air quality is on the up at 5 levels,
mounting greenhouse gas emissions aren't making things any cooler in town. Increased urban
temperatures in the summer also symbolize a feedback between civilian dedication and emissions to
warming local conditions [16].

As extreme heat events happen more often, the risks for at-risk populations - especially older
people and those with respiratory conditions - are increasing. Furthermore, greenhouse gases do not
only increase daytime temperatures but also impair nighttime cooling that impacts heat-related
health risks in hot climates [17].

This increasing energy demand to run air conditioning throughout hotter periods has boosted
both absolute and per person electricity consumption (i.e., size of the larger macroeconony) so now
helps maintain a positive feedback loop supporting worse UHI effects in future: Create new
problems; exploit reaction technique, Jobsian-style.

The industrial restructuring in Xi'an which is based on the sustainable energy presents a serious
challenge [18].

Spatial analysis showed that the UHI effect was strongest in the densely built-up areas of central
city and industrial zones, because these areas abundant building development has caused a
significant increase heat storage with many vehicle emissions energy consumption. Similarly, the
relatively smaller rise in suburban temperatures does nevertheless indicate a growing warmth that
promises to compound UHI impacts due to continued urban expansion [19].

Expanding urban green spaces or using sustainable building practices like reflective and green
roofs could, furthermore, effectively alleviate the UHI effect [20]. Promotion of public transport
and discouraging private vehicle use creates to reduce carbon emission which contributes toward
mitigate heat in urban area [21].

In conclusion, it is important to note that the urban—rural thermal difference and greenhouse
effect should be concerned together in order to mitigate both aspects of the UHI. To reduce the
future ill effects of climate change on the city and its dwellers, urban planning should be coupled
with public health actions [22] complements by initiatives for sustainable energy pathways.

5. Conclusion

This study highlights the results as an example of the major oscillations, rather than just a general
trend for increasing temperatures identified by this study throughout historical temperature data.
Rapid urban expansion, resulting in increased greenhouse gas emissions [22], has exacerbated the
"urban heat island (UHI) effect", which has important implications for public health, energy
consumption and sustainable urban development [23].

Vulnerable groups (the elderly), those with existing health problems and children among other
demographics, are at risk of these extreme heat events that have become more frequent in recent
years. When air conditioning becomes more common due to hotter summers, the increased energy
needed actually releases even more greenhouse gasses, which also exercises a positive feedback
affecting both the atmospheric and UHI [24]. Spatial analysis demonstrates that the UHI effect is
stronger in both city center and industrial sections, which has spread along urbanization
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development to suburban areas [25]. The result will probably be increased stress on infrastructure
and the environment [26], which is a final but vital reason why botanic gardens need to concern
themselves with urban agriculture as exemplified by these young case-study facilities.

Addressing those challenges require the creation of more green spaces, supporting a sustainable
built environment, and improving public transit [27]. These actions contribute to local and global
climate goals by reducing heat buildup as well a greenhouse gas emissions [28]. In China, at the
provincial level in Shandong is a pressing example [10]; and doing something about urbanization or
solving global environmental problem unequivocally necessitates integrated action of planning for
restricted locality, public health concern as well to sustainable energy strategy succinctly described
by an specific case in Chinese city Xi'an [29]. Xi'an could therefore look towards a more sustainable
and resilient future for its citizens through the implementation of such measures [30].
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