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INTRODUCTION

Climate change is one of the most pressing challenges faced by the world
today. This phenomenon has become a profound and complex global issue,
affecting almost all aspects of human life, nature, and the economy (Sharma et al.,
2018). Climate change is closely linked to human behavior, mainly through the
emission of greenhouse gases such as carbon dioxide (CO2) released into the
atmosphere due to fossil fuel combustion, deforestation, and various industrial
activities (Paterson, 2019).

Climate change is not just a symptom of unusual weather or a noticeable
increase in temperature in summer. It is a long-term change in the global climate
system that involves an increase in the Earth's average surface temperature,
changes in precipitation patterns, intensification of extreme weather events such as
storms, floods and droughts, and an increase in ocean levels (Rubenstein et al.,

2020). Environmental scientists have provided compelling evidence that current
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climate change is the result of human activity and not simply a natural change
(Boulanger, 2023).

Climate change has altered the world's weather map, resulting in more
extreme weather, and affecting marine and terrestrial ecosystems (Boulanger, 2023).
The Earth's polar ice caps are melting, causing sea level rise that threatens coastal
areas and low-lying islands. Irregular patterns of dry and rainy seasons have
impacted agriculture and food security in many countries. We are witnessing an
increase in forest fires, more frequent natural disasters and biodiversity loss (Arora
& Kaur, 2023).

City infrastructure is the backbone of urban life, encompassing roads,
bridges, transportation systems, water systems, sanitation systems, and many other
elements that support mobility, energy distribution, clean water provision, and
access to essential services for city residents. This infrastructure enables efficient
and productive economic, educational, health and social activities in cities around
the world.

However, city infrastructure is currently faced with increasingly serious
challenges due to climate change. The design, construction and maintenance of city
infrastructure is largely based on assumptions about the stability of climate and
weather patterns. In recent decades, we are witnessing how climate change has
disrupted city infrastructure in different parts of the world (Berge et al., 2011;
Cipriano-Crespo et al., 2022).

Increased temperatures and intensification of extreme weather can damage
roads and bridges, cause severe damage to buildings, and disrupt clean water
supply and sanitation systems. Increasingly severe and frequent flooding can
damage urban drainage infrastructure and flood residential areas. Sea level rise
threatens coastal areas with even greater damage (Visser & Crane, 2012).

In addition to physical damage, climate change also has serious economic
impacts. Losses from climate-related natural disasters amount to billions of dollars
each year, including recovery costs and losses in economic productivity. This
threatens people's well-being and sustainable development (Taba et al., 2023).

In the context of increasingly acute climate change, adaptation planning is
becoming increasingly important. City infrastructure needs to be adapted to cope
with increasingly frequent and extreme climate change. This includes changes in
construction design, changes in urban planning, improvements in drainage
infrastructure, and implementation of more advanced technologies (Arora & Kaur,
2023).
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It is also important to understand how city infrastructure can contribute to
reducing greenhouse gas emissions, which are a major driver of climate change.
Changes in transportation systems, energy sources, and urban waste management
can help reduce the carbon footprint of large cities (Rubenstein et al., 2020).

This study aims to investigate the impacts of climate change on city
infrastructure and develop effective adaptation planning strategies to improve the
environmental resilience of infrastructure. In doing so, this research will provide
better insights into how city infrastructure can be transformed and improved to

meet the increasingly pressing challenges of climate change.

THEORETICAL FOUNDATION

Causes of Climate Change

Climate change is caused by a number of factors, but the primary cause is
increased emissions of greenhouse gases into the atmosphere. Greenhouse gases
such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) are released
into the atmosphere through various human activities, such as burning fossil fuels
for energy, deforestation, industrial agriculture and waste (Rafiq et al., 2023). These
gases allow sunlight to enter the atmosphere, but prevent heat from the earth from
leaving the atmosphere, thus creating the greenhouse effect and increasing the
average temperature of the earth's surface. The increase in the concentration of
these gases in the atmosphere has been occurring since the industrial era began in
the 18th century, and the increase has become more drastic in recent decades (Sabki
et al., 2019).

Impact of Climate Change on Infrastructure

Climate change is already having a serious impact on city infrastructure
around the world. One of the most striking impacts is the intensification of extreme
weather events, such as storms, floods and droughts. Stronger storms and more
frequent flooding can damage roads and bridges, cause building damage, and affect
clean water supply and sanitation systems (Luthfiana, 2023). Rising temperature
extremes can also cause damage to highways and railroad ties, reducing the
durability of asphalt and concrete. In addition, sea level rise threatens coastal areas
with even greater damage, which can result in loss of valuable land and huge

economic losses (Tzoulas et al., 2007).

Definition of Adaptation
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Adaptation is the processes and strategies used to reduce vulnerability to the
impacts of climate change and to take advantage of the opportunities that may arise
from such changes. It involves adjustments in various aspects of human life,
including infrastructure. Adaptation can mean changes in the planning, design and
construction of infrastructure to make it more resilient to increasingly frequent and
extreme climate change. It also includes efforts in improving the capacity of
communities and governments to face and respond to ongoing climate change
(Zahra & Wright, 2016).

RESEARCH METHODS

Research Design

This research design is descriptive research with a case study approach. This
approach is used to explore in-depth information about the impacts of climate
change on city infrastructure and adaptation strategies that can be applied. The case
study will take several cities as samples to represent the various conditions and
challenges that may be faced by cities in different regions. Data will be collected

through interviews, field observations, and document analysis.

Data Collection
Secondary Data on Climate Change

Secondary data on climate change will be obtained from reliable sources
such as government reports, environmental organizations, and recent scientific
research. This data will include information on climate change patterns,
temperature levels, rainfall, sea level rise rates, and extreme weather events that

have occurred in recent years.

Data on Relevant City Infrastructure

Data on relevant city infrastructure will be collected through field surveys
and document analysis. This includes information on road networks, bridges,
public transportation systems, clean water supply, sanitation systems, and other
key buildings. This data will include technical details, age, current condition, and

location of the infrastructure.

Data Analysis
Identification of Climate Change Impacts on Infrastructure

Data on climate change will be used to identify its impact on the city's
infrastructure. This will involve statistical analysis and modeling to determine the

correlation between climate change and infrastructure damage and vulnerability.
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Impacts identified may include physical damage, reduced quality of service, and

increased maintenance costs.

Assessment of the Environmental Resilience Level of City Infrastructure

To assess the level of environmental resilience of city infrastructure, a
framework will be used that includes factors such as physical resilience, flexibility,
and capacity of infrastructure to cope with climate change. This will involve in-

depth qualitative and quantitative analysis of each infrastructure component.

Adaptation Planning
Possible Adaptation Strategies

Based on the results of the impact identification and resilience assessment, a
range of possible adaptation strategies will be developed. This will involve various
stakeholders, including the city government, private sector and local communities.
Strategies may include design changes, technological improvements, changes in

policies and regulations, and changes in community behavior.

Analysis of Impacts and Benefits of Each Adaptation Strategy

Each proposed adaptation strategy will be comprehensively evaluated to
identity its positive and negative impacts on city infrastructure, communities, and
the environment. This will involve cost-benefit analysis, environmental impact
analysis, and social analysis. The aim is to ensure that the chosen adaptation

strategy is the most effective and sustainable.

RESULTS
Climate Change Impact Analysis on City Infrastructure

The results of the analysis of climate change impacts on city infrastructure
reveal a number of significant impacts that have already occurred. In recent years,
climate change has caused serious physical damage to various components of the
city's infrastructure. More frequent and intense flooding causes erosion of roads
and bridges, disrupts public transportation systems, and damages waterways and
pipes resulting in disruption of clean water supply and sanitation systems. Extreme
storms and unusually hot temperatures have also caused damage to city buildings

and energy distribution systems.

Evaluation of Infrastructure Environmental Resilience Level

An evaluation of the environmental resilience level of the city's

infrastructure revealed that current infrastructure has a low level of resilience to
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increasingly serious climate change. Much of the city's infrastructure was designed
and built with the assumption of stable climatic conditions, making it unprepared
for extreme weather events and sea level rise. Existing infrastructure components
are often less resilient to extreme weather impacts, and their quality of service may

degrade during extreme events.

Adaptation Strategy Recommendations

Based on the research results, we recommend a number of adaptation
strategies that can be implemented to improve the environmental resilience of city
infrastructure:

Improved Drainage Infrastructure: Urban drainage infrastructure needs to
be improved with the construction of more flood-resilient waterways, improved
early warning systems, and spatial planning that minimizes flood risks.

Strengthening Buildings and Bridges: Building and bridge infrastructure
should be renovated or rebuilt using materials that are more resilient to extreme
weather. Regular maintenance should also be improved to ensure the quality and
resilience of the infrastructure.

Diversification of Energy Sources: Encouraging the use of renewable energy
sources such as solar and wind energy can reduce greenhouse gas emissions and
increase the resilience of city infrastructure to climate change.

Extreme Weather Monitoring System: The implementation of advanced
extreme weather monitoring systems can help city governments respond more
quickly and effectively to extreme weather events, thereby reducing loss and
damage.

Public Training and Awareness: Improving public training and awareness
on climate change, emergency measures and disaster preparation is essential. The
city government can conduct education and training programs to improve people's

knowledge and skills in dealing with climate change.

Discussion

Interpretation of Results

The results of this study provide a clear picture of the impacts of climate
change on city infrastructure as well as the current level of environmental resilience
of infrastructure. The impacts of climate change that have occurred, such as floods,
storms, and extreme temperatures, have resulted in physical damage and

disruption in the services provided by the city's infrastructure. This suggests that
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current city infrastructure is not ready to face the increasingly serious and extreme

challenges of climate change.

Implications of the Results for Urban Planning

The implications of the results of this study for urban planning are
significant. First of all, climate change should be a central factor in future urban
planning and development. Climate change should no longer be an additional
consideration, but a top priority in urban spatial planning. City governments and
urban planners need to incorporate climate change adaptation strategies into spatial
plans and infrastructure development.

In addition, the expansion of adaptation planning is key in addressing
climate change. City infrastructure should be planned and built with the
assumption that extreme weather and climate change are a possibility. This
includes improving drainage systems, strengthening buildings and bridges, and

selecting construction materials that are more resilient to extreme weather.

CONCLUSION

This research has examined the impacts of climate change on city
infrastructure, evaluated the level of environmental resilience of infrastructure, and
developed recommendations for adaptation strategies. The results show that
climate change has caused physical damage and disruption of city infrastructure
services. Current infrastructure has a low level of resilience to climate change, and
changes in urban planning and development are needed to meet the challenge.
Recommended adaptation strategies include improving drainage infrastructure,
strengthening buildings, diversifying energy sources, implementing extreme
weather monitoring systems, and increasing public training and awareness.
Collaboration between sectors and stakeholders is also key in addressing climate
change. With proper implementation of adaptation strategies, city infrastructure
can become more resilient to climate change, create a more sustainable

environment, and protect citizens from adverse impacts.
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