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CITY 
RESILIENCE 
PROGRAM

Investing in urban  
resilience is fundamental  

to ensuring sustainable 
development and  
poverty reduction

Why do we need to invest in urban resilience?
Investing in resilience contributes to long-term sustainability by
ensuring current development gains are safeguarded for future
generations. At the city level, resilience focuses on building the capacity
of local governments to take measures to enable households,
communities and enterprises to manage a stress or avoid a shock, and
to maintain critical services following an adverse event (e.g. getting
services up and running following a disruption, repairing damages to
infrastructure). This represents a strategic shift from past development
trends whereby investments were largely mobilized towards recovery
and reconstruction post-disaster.

About the City Resilience Program
Established in June 2017, the City Resilience Program (CRP) empowers
cities to pursue investments which build greater resilience to climate
and disaster risks, and to access the financing necessary to ensure that
those investments come to fruition. The CRP has built a diverse
ecosystem of technical support which brings together a broad range of
sectoral expertise within the World Bank to integrate climate and
disaster risk scenarios into cities’ upstream planning. The approach
used by the CRP represents a fundamental shift in how cities can be
supported to tackle their most pressing development challenges –
from one focused on sectoral priorities to one focused on integrated
and spatially-informed priorities which capture the interplay between
the natural and built environments.
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GLOBAL ENGAGEMENT
C I T Y  R E S I L I E N C E  P R O G R A M

The CRP has engaged with
more than 80 cities spanning
all World Bank regions, where it
has influenced 20 ongoing and
future projects totaling over
$2.2 billion of World Bank
lending. Around 42 City Scans
have been developed to date.
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THE CITY SCAN CONCEPT
C I T Y  R E S I L I E N C E  P R O G R A M

What is a City Scan?
The City Scan provides a rapid assessment of the critical development challenges that
cities face using the best publicly available global geospatial datasets and open-source
tools. The output is a package of geospatial solutions, maps and data visualizations that
integrate the features of both the built and natural environments.
The utility of the City Scan is based largely on its ability to overlay or simultaneously
display multiple layers of spatial information in a dynamic mapping environment and
identify areas of overlap. An overlay analysis can help to identify areas suitable for future
land development, for example, by overlaying existing land development with information
concerning slope, flood occurrence and proximity to existing services and road networks.
A simple transparencies exercise demonstrates this utility by overlaying clear plastic
sheets containing different mapped information (e.g. district boundaries, roads, built-up
area, etc.) so that spatial relationships could be analyzed.



HOW TO USE THE CITY SCAN
C I T Y  R E S I L I E N C E  P R O G R A M

What can the City Scan tell me?
The City Scan has been developed as a “quick and cheap” product with the specific intent to support
operational teams in building dialogue around their city’s most pressing resilience challenges. It is thus
specifically designed as a conversation starter rather than a decision-making tool. Taking a step back
and thinking spatially about how urbanization will affect various sectors allows for perspective and lays
the groundwork for coordinated investments and stepwise prioritization.

How will the City Scan be used?
These results will inform the discussion during the Resilience Investment Planning
Workshop to be held from July 8 to 12, 2019 in Madrid, Spain. The workshop will convene
task teams, client cities and a range of global leads, lead/senior operational staff and
communities of practice to assist cities in developing risk-informed investment proposals,
as well as pre-identifying opportunities and barriers to unlock private capital.

Some guiding questions to keep in mind
 How do these results inform investment priorities?
 Which areas of the city require different levels of attention and investment?
 Where else have you worked that is reminiscent of these findings? What

might be applicable from there? What might not?
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OUTLINE OF CITY SCAN
C I T Y  R E S I L I E N C E  P R O G R A M

1 Executive Summary
This section summarizes the key messages and topline findings from each
section of the City Scan – serving as an entry point for further discussion around
investment identification and prioritization.

2 Setting the Context
This section briefly describes the city in the context of rapid urbanization, as well
as the city’s salient geographical features, principal economic activities, distances
to other major cities and major access routes, and assets and constraints that
favor or hinder urban expansion.

3 Population and Demographic Trends
This section presents some of the key population and demographic information
of the city – including growth trends, age distribution and density.

4 City Competitiveness and Economic Growth
This section assesses the role of cities as drivers of economic growth and
employment through annual growth trends, city-level GDP, economic hotspots
and ease of doing business, and several other indicators.

5 Built Form
This section examines the city’s state of built-up area and infrastructure by
analyzing its expansion over time, fragmentation, land cover, slope and
elevation, existing road network and intersection density, and pedestrian
accessibility.

6 Climate Conditions
This section explores climate change impacts and mitigation in the areas of: (i)
solar resource and photovoltaic power potential; (ii) air quality; and (iii) surface
temperature and urban heat island effects.

7 Risk Information
This section overlays various risk information, including urban and coastal
flooding, landslides, earthquakes and sea level rise, with the city’s built form
and infrastructure assets to identify risk hotspots for future development.

8 Local Institutions and Planning
This section draws upon existing frameworks and policies to identify critical
issues from financial, planning and institutional perspectives for better city
management.

9 Key Considerations for Investment Planning
and Prioritization
This section concludes with some guiding questions for further discussion.
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1. EXECUTIVE SUMMARY
Setting the 
context

The second smallest of the 13 states of Malaysia, with an area of only 1,032 km2, Penang State consists of two parts -- the small island of
Penang and the larger coastal territory of Seberang Perai on the peninsular mainland. The two geographical areas are linked by bridge
and a ferry system.

Infrastructure challenges in the areas of urban roads and transport, housing and property development, crime and safety, agricultural
conversion or loss of land, and disaster risk and integrated urban water management.

Population and 
demographic 
trends

Census data indicate that the district of Timur Laut (North East), where World UNESCO Heritage Site of George Town is located, is the
most densely populated area.

More than 72% of the city’s population are of working age, i.e. between 15 and 64 years.

The city’s population is densest (i.e., at least 106 persons per 100 m2) in Timur Laut or the North East district where the historic city of
George Town is located. The second most populated area is in the southwestern district of Seberang Perai Utara (North) where the major
commercial town of Butterworth is located.

City 
competitiveness 
and economic 
growth

George Town represents 1.8% of the national population, 2.3% of the national GDP and 2.2% of national employment

George Town’s city GDP per capita of US$15,251.3 presents an opportunity to increase production centers and make large gains in value
by becoming more sophisticated and productive at what they are already doing

In terms of employment, more than 36% and 28% of George Town’s working population is employed in the industry, mining and
construction and consumer services sectors, respectively.

In terms of gross value added, more than 47% of the output produced in George Town is in the industry, mining and construction sector.

Built form Urban built-up area: The growth pattern of the Penang conurbation is characterized by suburbanization and urban sprawl – originating
in the districts of Timor Laut, Seberang Perai Utara (North) and Seberang Perai Tengah (Central). Temporally, built-up area grew at an
annual rate of 5.3% during the period observed - the largest expansion taking place between 1975 and 1990.

Land cover: Almost 28% of Penang’s total land cover is comprised of built-up area, followed closely by cropland (26%).
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Built form 
(continued)

Extent of deforestation: Since 2000, Penang experienced high rates of deforestation (loss of forest cover of at least 50%) in both the
island and mainland districts due to widespread urban expansion and subsequent loss of agricultural land in the areas surrounding
newly built-up land.

Elevation: Almost 98% of Penang’s territory is located in land below 500m above sea level.

Slope: More than 70% of land is located in a gentle sloping area (below 5 degrees).

Land suitability for greenfield development: In Penang island, land that is highly suitable for greenfield development is only found in
Barat Daya due to the Penang hills. In the mainland, however, land surrounding existing built-up area appears to be largely suitable in
Seberang Perai Utara (North) and Seberan Perai Selatan (South).

Road intersection density: Areas with the highest density of road intersections per sq. km are observed in the coastal areas of Timur
Laut (144 per sq. km), Seberang Perai Tengah (133 per sq. km), Seberag Perai Utara (106 per sq. km), Seberang Perai Selatan (70 per sq.
km) and Barat Daya (62 per sq. km).

Road criticality: An estimated 21.2% of shortest journeys are disrupted if the most critical node in Seberang Perai Utara fails.

Urban green spaces: Areas where there is a relatively high green space ratio are largely found in the Barat Daya (South West) district.
The Penang hills, bordering Barat Daya and Timur Laut, are the green lungs of the city and habitat to the island’s biodiversity.

Access to health facilities: Areas that have relatively high access to health facilities are largely found in the districts of Timur Laut
(North East) and Seberang Perai Utara (North).

Access to schools: Areas that have relatively high access to schools are found in the districts of Timur Laut (North East), Seberang Perai
Utara (North) and Seberang Perai Tengah (Central).

Climate conditions Solar power potential: The city can produce an annual PV output of 1,417 kWh/kWp, creating an opportunity to invest in small-scale
residential rooftop systems.

Air quality: With the exception of Penang Hill, the rest of the city exceeds global air quality levels. (i.e., air quality standards for fine
particle pollution stipulate that PM2.5 should not exceed between 10 µg/m3 and 12 µg/m3 according to the WHO and United States
EPA)
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Risk information Approximately 49% of major roads, 40% of schools, 30% of hospitals, 6% of police stations and 11% of fire stations are located in a
river and rainwater flood risk zone. Floods are caused by: (i) increase in heavy rainfall, (ii) expansion of impermeable surface area, (iii)
soil erosion and landslides that increase sediment load in surface runoffs, (iv) surface flow accumulated downstream, (v) limited
capacity to channel off discharge, and (v) exceptionally high tides that slow down discharge to the sea.

Temporally, built-up area in Penang exposed to both river and rainwater flooding grew at an annual rate of 5.4% from 1975 to 2014 -
the largest expansion taking place between 1975 and 1990 in Timur Laut, Seberang Perai Utara (North) and Seberang Perai Tengah
(Central).

Around 51% of the densest settlement areas (i.e., between 106-170 persons per 100m2) are exposed to both river and rainwater
flooding. Greatest exposure is concentrated in Timur Laut (North East), southeast of Barat Daya (South West), Seberang Perai Utara
(North) and Seberang Perai Tengah (Central).

Local institutions and 
planning

Malaysia's administrative system is characterized by three tiers of government:
 The federal government is highly centralized with a powerful and authoritarian Prime Minister. The federal government makes

policy and regulates the areas of defense, education, health, agriculture, trade and industry, economics and finance, labor and
human resources, police and internal security, transportation, power supply and distribution, telecommunications, information
and broadcasting.

 The Penang State Government is land-poor and receives only a small allocation from the Federal Government. The State
Government’s jurisdiction is largely confined to religious and land matters. Despite its limited jurisdiction, the State Government
plays a key role in coordinating major infrastructure and development projects, wooing foreign investment (especially in
manufacturing and tourism) and ensuring good conditions for business.

 Municipal governments are responsible for urban planning, basic facilities and infrastructure, monitoring development, public
health, waste management, business licensing, maintaining the peace, urban beautification and encouraging the local economy.

There is a significant level of synergy between policies at each level of the Government. Policies at the Federal level tend to be more
general in form than those adopted at Regional, State and Local levels. Such an achievement is best secured through the adoption of
a cascaded policy framework structure, commencing firstly through assessing performance against a series of overarching Federal
policies and then refining the framework, where necessary, to take account of specific and more detailed Regional, State and Local
level policy objectives.
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Penang State is one of 13 states in Malaysia. The state
is geographically divided into five districts: two in
Penang Island (North East and South West districts)
where the capital city George Town is located; and
three (Seberang Perai North, Middle and South
districts) in the mainland across a narrow channel.

Penang is becoming an important economy in
Southeast Asia and exemplifies an ambitious approach
taken by the higher tier of government to accelerate
change. Alongside Singapore, Penang is arguably
among the most urbanized island-city-states in the
region. Over 82% of Penangites live in urban areas,
and the island city is strategically located on the
northwest side of Peninsular Malaysia. George Town is
considered a UNESCO World Heritage Site.

The island’s highly urbanized profile is testament to its
rapid industrialization and modernization. It is an
important electronics hub that accounts for around 8%
of the back-end support for the global semiconductor
industry.

Source: Google Earth

2. SETTING THE 
CONTEXT

City: Penang

Country: Malaysia

Estimated urban 
agglomeration in 2018: 1.77M 

Area: 1,032 km2

Climate: Tropical rainforest 
climate

Penang



Penang boasts advanced infrastructure and other supporting amenities. It has its own international airport as
well as a seaport managed by the Penang Port Commission. By the same token, the island city has a network of
excellent road systems, highways, and expressways. The Jelutong Expressway is a main conduit that connects
the inner city of George Town to its surrounding suburbs and hinterlands. The island’s linkage to mainland
Peninsular Malaysia is enabled by two bridges: The First Penang Bridge (13.5km) connects Gelugor (on the
island) to Seberang Perai on the mainland, and the Second Bridge, also known as the Sultan Abdul Halim
Muadzam Shah Bridge (24km).

In terms of public transport, however, there is only one public bus service operated by Rapid Penang – a service
established in July 2007. People in Penang find it difficult to access to public transportation because some buses
do not service certain areas. As a result, it takes quite some time to reach the destination that a resident wants
to go. This indirectly fails to attract locals to use public transit.

Rising cost of housing makes it quite challenging and impossible for the younger generation or the low and
middle income earners to afford decent shelter in Penang. The root of the problem may be that suppliers of
housing factor additional costs into the selling prices. Also, Penang is the second smallest state in Malaysia yet
the state has the eighth highest population in the nation. At the same instance, land is limited for development
in Penang. Thus, cost of housing is on the rise especially on the island.

Safety is another issue of concern in Penang. It is important to make residents feel safe in a densely populated
environment. Interestingly, Penang was ranked the first in the nation with the lowest street crime cases. This is
attributed to the installation of street lights at an interval of 50m to ensure that crime rates in Penang are
lowered to a minimum level. As of February 2013, there were 31,000 street lights in Penang.

Hazards such as flood, forest fire and landslides are common in the country. Landslides, however, are not a
concern for Penang Island, where the George Town World Heritage Site (GTWHS) is located, due to its flat
terrain. The vast majority of the GTWHS lies 2-5 m above sea level. Flood, however, is common, and could be
exacerbated by climate change and rising sea levels. Poor drainage and high built-up areas are commonly cited
as the main reason for urban flash floods in the area.

The annual mean temperature of Penang Island has increased by 1.8°C from 1951 to 2012. Fire is also common
in the GTWHS, which is often exacerbated by the building material and lack of fire safety equipment in many
heritage buildings.

2. SETTING THE 
CONTEXT
State of urban infrastructure 
and service delivery

Key:

Land administration

Housing and informal settlements

Solid waste/wastewater management

Disaster risk management

Urban roads and transport

Drinking water supply

Electricity

Social services

Local administration and economy

Source: Ee, C. O. K., & Leng, K. S. (2017). Issues and challenges of a liveable and creative city: The case of Penang, Malaysia. Geografia-Malaysian Journal of Society and Space, 10(3).
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3.1. Population growth
Population figures are used as a denominator for many indicators, and is a
measure of demand for services. The line chart below summarizes the
city’s population according to government census data. High growth of
urban populations, caused by rates of natural increase (excess of births
over deaths) in urban areas, migration from rural to urban areas and the
transformation of rural settlements into urban places, is usually of concern
in many developing countries.
In Penang, the city’s population grew on average at an annual rate of 2.2%
from 1980 to 2018 – with the highest growth taking place between 2000
and 2010.

3. POPULATION AND 
DEMOGRAPHIC TRENDS

Source: http://www.citypopulation.de/Malaysia.html

3.2. Population density
Density is calculated using the most recent census population
recorded and the official land area occupied by the city, and is an
important measure of how cities function. Higher population density
enables governments to more easily deliver essential infrastructure
and services in urban areas at relatively low cost per capita. However,
such benefits do not materialize automatically and inevitably.
Whether population dynamics pose challenges or bring
opportunities depends largely on the policies that are in force.
Compared to other cities in the region, Penang’s estimated 2018
population density falls below the first quartile – lower than the
regional minimum of 3,634 persons per sq. km. in Kuala Lumpur.

Regional average
Penang

1,712.0

8,113.4

(Estimated)



Source: Oxford Economics Database

3.3. Population distribution by age 
This column chart classifies the city’s population
according to age group, which forms the basis of
population projections. Populations vary
significantly in their proportions of young and old
people, with rapidly growing populations generally
younger, and declining or slowly growing
populations generally older.

In Penang, more than 72% of the population is of
working age (15-64 years). Residents fall largely in
the age groups of under 14 (20%), 20-29 (20%) and
30-39 (17%). This suggests a relatively young
population with different needs compared to older
age groups, such as neighborhood child care
centers, schools, sports facilities and safe open
spaces. Furthermore, city authorities will need to
take a good look at the economic development
policies of the city with the goal of providing job
opportunities for a growing workforce and
retaining an economic vibrancy.

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala Lumpur, Manila,
Phnom Penh, Seoul, Shanghai, Singapore and Yangon.

3. POPULATION AND 
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3. POPULATION AND 
DEMOGRAPHIC 
TRENDS

3.4. Population distribution by 
density
This map estimates population numbers
per 100m2. It represents a more
consistent representation of population
distributions across different landscapes
than administrative unit counts. Knowing
where people are is critical for improved
impact assessments and intervention
planning – particularly those focused on
service delivery, food security, climate
change, network systems and natural
disasters.
In Penang, the city’s population is
densest (i.e., at least 106 persons per
100 m2) in Timur Laut or the North East
district where the historic city of George
Town is located. The second most
populated area is in the southwestern
district of Seberang Perai Utara (North)
where the major commercial town of
Butterworth is located.
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4.1. Role of cities as drivers of economic 
growth and employment
Urbanization and economic growth go hand in hand in
that higher levels of development are correlated with a
greater concentration of production and population in
cities. If managed well, cities achieve the following:
 Connect jobs and workers, allowing people to find

employment that matches their skill sets;
 Connect businesses with each other, allowing

clusters of firms to share pools of labor and
inputs, specialize and collaborate, and glean
knowledge and ideas from others in their industry;
and

 Connect urban residents to more extensive
opportunities and increase their access to a variety
of choices.

In George Town, in particular, the city’s population only
represents almost 2% of the total country population.
Additionally, the city contributes approximately 2.3% of
the national GDP and 2.2% of national employment.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Sources: Oxford Economics Database; World Bank (2015). Competitive Cities for Jobs and Growth.

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala Lumpur, Manila,
Phnom Penh, Seoul, Shanghai, Singapore and Yangon.



4.2. City GDP growth
It measures how fast the local economy is
growing. Positive GDP growth is usually
attributed to personal consumption, business
investment and construction, government
spending and net trade.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Sources: Oxford Economics Database; World Bank (2015). Competitive Cities for Jobs and Growth.

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala Lumpur, Manila, Phnom Penh, Seoul, Shanghai, Singapore and Yangon.

4.3. City employment growth
Employment growth is an indicator of expansion
in the economy and represents an increase in the
economic opportunities available to the citizens
of a city. It is generally tracked as a percentage
change from a previous year.

4.4. City population growth
Population growth measures the annual change
resulting from births, deaths and net migration
during the year. Depending on the level of
development and income, it is an important
factor in the overall economic growth of a city.
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4.5. City GDP per capita
An informal measure of economic performance and a useful unit to
compare the standard of living and economic and material well-
being between countries. Compared to other cities in the region,
George Town’s city GDP per capita is in the 3rd quartile.
At middle-income levels (between $2,500 and $20,000), cities are
typically production centers striving to increase productivity and take
advantage of market opportunities rather than to dramatically
transform their industrial mix.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Sources: Oxford Economics Database; World Bank (2015). Competitive Cities for Jobs and Growth.

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala Lumpur, Manila, Phnom Penh, Seoul, Shanghai, Singapore and Yangon.

Planning implications: Increase production centers

Cities in the “middle category” have a large range of incomes yet a
strikingly similar mix of industries. During this phase of production
center development, cities make large gains in value by becoming
more sophisticated and productive at what they are already doing:
improving productivity of firms and industries through product and
process innovation and capturing more profitable niches in their value
chains.
The main challenge for these cities is how to create the conditions to
increase efficiency and productivity for their firms and how to exploit
market opportunities.
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4.6. Economic hotspots
The map illustrates the intensity of
change in the emission of nighttime
lights (2012-2019) as picked up from
satellite imagery – as an indicator for
changes in economic activity. The
values, which range from –2.1 to +6.8
represent the slope of a regression line
(i.e., intensity of light against time). Red
areas represent a positive slope – an
increase in the intensity of nighttime
light emission. Blue areas represent a
negative slope – a decrease in the
intensity of nighttime light emission.
As a result, economic activity in the
coastal areas of Barat Daya (South
West), Timur Laut (North West) and
Seberang Perai Utara (North) appear to
have outpaced development in
neighboring districts during the period
observed.

4. CITY 
COMPETITIVENESS 
AND ECONOMIC 
GROWTH



4.7. Ease of doing business
The World Bank Doing Business 2019 report includes indicators that measure
aspects of business regulation, which are important to domestic small and
medium-size companies and national competitiveness. Specifically, it measures
the processes for business incorporation, getting a building permit, obtaining
an electricity connection, transferring property, getting access to credit,
protecting minority investors, paying taxes, engaging in international trade,
enforcing contracts and resolving insolvency.

In Malaysia, the country’s overall score of doing business (0-100) is 80.6. It
scored the highest (at least 70) in all areas except enforcing contracts and
resolving insolvency.

Reforms were recently carried out to make it easier to:
 Start a business through improved online procedures
 Deal with construction permits through reduced processing times and

streamlined procedures
 Get electricity through streamlined approval processes
 Register property through reduced processing times
 Trade across borders through improved electronic submission and

processing of documents for exports, strengthened border infrastructure for
exports and imports, and enhanced customs administration and inspections
– i.e. Malaysia strengthened infrastructure at Port Klang by opening a
second gate with additional scanners, upgrading the management system,
expanding two terminals and decreasing the cut-off time.

 Resolve insolvency by introducing a new restructuring procedure
 Improve labor legislation by regulating worker protection and social

benefits.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Source: World Bank (2019). Doing Business 2019: Training for Reform.
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4.8. Share of employment by sector
This indicator provides information on the relative importance of
different economic activities with regard to employment. Information
by sector of economic activity is particularly useful in identifying
broad shifts in employment and stages of development.
In George Town, more than 36% and 28% of the city’s working
population is employed in the industry, mining and construction and
consumer services sectors, respectively.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Source: Oxford Economics Database

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala 
Lumpur, Manila, Phnom Penh, Seoul, Shanghai, Singapore and Yangon.

Benchmarking
In terms of employment, non-traded sectors (e.g. coffee shops,
shopping malls, hairdressers and maintenance services) in selected
cities in the region almost always make up the bulk of a city’s economy.
They can be used as tools of spatial income redistribution within a city
and as a means to create jobs in the underserved areas.
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4.9. Share of gross value added (GVA) by sector
GVA refers to the value of goods and services produced in an area,
industry or sector of an economy. This indicator is useful in that it
adds important quantitative economic detail to inform the assessment
of an intervention’s actual or potential economic development value.
In George Town, more than 47% of the output produced is in the
industry, mining and construction sector. The city should continue to
focus on expanding its traded sectors, as they are the most important
drivers of higher productivity and wages.

4. CITY COMPETITIVENESS 
AND ECONOMIC GROWTH

Source: Oxford Economics Database

Note: Cities included in the calculations for the regional average are Bangkok, Ho Chi Minh City, Jakarta, Kuala 
Lumpur, Manila, Phnom Penh, Seoul, Shanghai, Singapore and Yangon.

Benchmarking
In terms of GVA, selected cities in the region exhibit a particular emphasis
on the production of tradable goods and services as a way to boost their
economic growth and job creation. Traded sectors (such as manufacturing
and exportable services) require strategic analysis and sector prioritization
because they are subject to external competition, and they succeed when
a competitive niche has been identified within global value chains.
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5. BUILT FORM

Note: Growth rate is calculated using a straight-line method, 
i.e., the percent change from one period to another divided by 
the number of years observed. 

5.1. Urban extent and change
The growth pattern of the Penang conurbation is
characterized by suburbanization and urban
sprawl – originating in the districts of Timor Laut,
Seberang Perai Utara (North) and Seberang Perai
Tengah (Central). Urban expansion in the
mainland is due to its land being cheaper than
that in the island as well as the opening up of
more land after the completion of the North-
South Highway and the Penang Bridge, allowing
people to commute to places of employment in
George Town. In addition, the growth of
industry-based townships such as Bayan Lepas in
Barat Daya and Kulim in the 1980s and Batu
Kawan in the south led to many people settling
around these new developments.

Temporally, built-up area grew at an annual rate
of 5.3% during the period observed - the largest
expansion taking place between 1975 and 1990.
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5. BUILT FORM
5.2. Land cover
Land cover refers to the surface cover on the
ground including vegetation, urban infrastructure,
water, and bare soil, among several other
classifications. Identification of land cover
establishes the baseline information to better
understand land utilization and inform policies and
programs for sustainable development planning.

Almost 28% of Penang’s total land cover is
comprised of built-up area, followed closely by
cropland (26%). Penang Island is only 293 km2 but
contains diverse ecosystems including hill forests,
coastal forests, sandy coastlines and mangroves.
Much of this landscape is now urban or peri-
urban, and the island itself is criss-crossed by an
extensive network of roads. Meanwhile, mainland
Penang’s land cover is still predominantly
agricultural. New development is expected to
continue encroach into existing open space and
agriculture area since those are the only available
land nearby remaining.

26.4%

14.8%

19.6%

11.5%

27.6%
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5.3. Extent and pace of 
deforestation
Loss of forest areas and wetlands in
urban catchments contributes to a
reduction in land cover, thereby
increasing the risk of flooding. Soils are
more likely to be fully saturated with
water causing additional precipitation to
run off. This causes a faster response of
streamflows to rainfall and thus potential
flash flooding. Halting the loss and
degradation of natural systems and
promoting their restoration are therefore
critical.

Since 2000, Penang experienced high
rates of deforestation (loss of forest cover
of at least 50%) in both the island and
mainland districts due to widespread
urban expansion and subsequent loss of
agricultural land in the areas surrounding
newly built-up land.

This layer is based on the Global Forest Change 2000-
2018 (Hansen et al., 2013). Earth observation satellite
data (Landsat-7, in a spatial resolution of 30m) were
used to map global forest loss and gain from 2000 to
2018. Trees are defined as vegetation taller than 5m in
height.
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5.4. Elevation
Vulnerability to natural disasters is a
consequence of elevation. The height at
which infrastructure, resources and
communities sit in relation to average tides
and water levels, storm waves, surge, and
flood waters determines their exposure.
Having information about elevation is
critical for communities anticipating the
impacts of future disasters and preparing
sound response strategies – e.g. design of
resilient and cost efficient post-disaster
redevelopment.

Almost 98% of Penang’s territory is located
in land below 500m above sea level.
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5.5. Slope
Slope refers to the percentage change in
elevation over a certain distance. During
flood events, for instance, floodwater
tends to rise more slowly and be more
shallow, and it often remains for days in
flatter areas. In hilly or mountainous areas,
floods can occur within minutes after a
heavy rain. Consideration of the slope of
the land is therefore important to reduce
the costs of construction and extension of
social services and public facilities,
minimize risks from natural hazards such
as flooding and landslides, and to
minimize the impacts of proposed
development on natural resources such as
soils, vegetation and water systems.

In Penang, more than 70% of land is
located in a gentle sloping area (below 5
degrees).
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5.6. Land suitability for 
greenfield development
When assessed together, slope and flood risk
probability are an important consideration when
planning for future development, as exposure of
urban areas to large-scale flooding is
significantly higher and more frequent in low-
lying, coastal areas. Meanwhile, steep
settlements or hillside developments tend to be
susceptible to landslides. Planning authorities
need to consider how to use land available for
greenfield development in the most rational and
optimal way.

In Penang island, land that is highly suitable for
greenfield development is only found in Barat
Daya due to the Penang hills. In the mainland,
however, land surrounding existing built-up area
appears to be largely suitable in Seberang Perai
Utara (North) and Seberan Perai Selatan (South).

5. BUILT FORM

Suitability
classes

Slope (in 
degrees)

Annual flood 
probability

Very high Below 5 Below 1%

High 5-8 Below 1%

Moderate 8-15
Below 15

Below 1%
1%-10%

Low Below 20
15-20
Above 20

Above 10%
Below 10%
Below 10%

Very low Above 20 Above 10%



5.7. Urban form and street orientations
This layer visualizes the geometric orientation of the city’s
streets, specifically the proportion of streets that point
east, west, north, south, or to any point on the compass.
Street edge bearings can help understand local histories of
urban design, transportation planning, and morphology;
evaluate existing transportation system patterns and
configurations; and explore new planning proposals and
alternatives. The rose histogram visualizes the distribution
of city streets by compass bearing.

The total length of Mainland Penang’s road network is
10,070,358 km. There are 108,057 road segments and
45,047 intersections.

5. BUILT FORM

Manhattan, USA

Cities built since the 1900s with
grid-based urban planning exhibit
a clear “compass rose” pattern
(i.e. the majority of streets
bearings point in a narrow band
of N-S degrees, and another
narrow band of E-W degrees -
example: Manhattan). The
connectedness of a grid supports
route choice, convenience,
walkability, and in turn the human
dynamics of social mixing,
activity, and encounter

Cities with a highly organic urban
form, and limited top-down
planning, exhibit a heterogenous
set of edge bearings, equally
spread across all corners of the
compass (example: Kigali) –
generating a circular distribution.
In other cases, partial areas
within a highly planned city
coexist alongside organic
patterns for the remaining city,
creating a hybrid pattern.

Benchmarking

Kigali, Rwanda

Road network Rose histogram

Penang (Mainland)



5.8. Road intersection density
Intersection density is a measure of network
compactness. Oftentimes, it relays information
about street connectivity. The amount and
types of connections in a given road network
are key factors in determining both how the
community functions and the character of the
individual streets themselves. Most streets in a
good street network should connect at both
ends. A high level of connectivity provides an
efficient template for dispersing traffic,
facilitating route choice, and creating a more
comfortable condition for people who travel
by foot, bike, or transit.

In Penang, there are a total of 45,047 road
intersections distributed across the city. Areas
with the highest density of road intersections
per sq. km are located in the following
districts:
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5.9. Road network criticality
This layer provides a visualization and initial
approximation of road network criticality. It
highlights segments within a road network
that, if blocked due to flooding or other
natural hazards, would cause a high degree
of disruption to travel across the city.

Therefore, segments in red illustrate the
roads which are most important for overall
connectivity of the city. Note that cities vary
substantially in their propensity to
disruption due to failure of a small number
of road segments – i.e., whether street
network follows a grid pattern or has many
alternative routes between destinations,
there is less risk of disruption owing to the
failure of key road segments. By contrast,
there are certain road segments whose
failure would affect large proportions of
journey-pairs across the city.
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5.10. Critical road network disruption points
This layer identifies the single most critical node (i.e. road intersection) in
the city’s transport network. Betweenness centrality (BC) is calculated for
the nodes rather than edges. The street network model is plotted and
shows the most critical intersection with a red point. In Penang, 21.2% of
shortest journeys are disrupted if the most critical node in Seberang
Perai Utara fails.

This analysis is meant to highlight to what degree the city is affected by
critical points of failure. Across the CRP cohort of cities, there is
considerable variation, with critical node BC varying from below 5% to
above 40%. The scatter plot displays critical node BC for all the CRP cities,
with Penang highlighted in green. This comparison indicates whether the
city faces greater or lesser disruption risk due to failure of its most critical
intersection than other participating cities.

Note: Cities included in the benchmarking analysis are El Nido, Tashkent, Montevideo, Monrovia, Sfax,
Lima, Penang, Cotonou, Osh, Maputo, Batroun, Davao City, Vinh Long, Sousse, Khanh Hoa, St. Louis,
Coron, Joub Jannine, Cap-Haitien, Coron, and Puerto Princesa
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5.11. Urban green spaces
The map displays the amount of green
space as a percentage of the city’s built-up
area. Areas where there is a relatively high
green space ratio are largely found in the
Barat Daya (South West) district. The
Penang hills, bordering Barat Daya and
Timur Laut, are the green lungs of the city
and habitat to the island’s biodiversity. Two
of the major parks the city, the Penang
Botanical Gardens and the City Park are
located at the base of the hill.

Cities that improve and sustain the use of
public space, including streets, are more
likely to enhance community cohesion,
civic identity, and quality of life. Having
access to open public spaces does not only
improve the quality of life: it is also a first
step toward civic empowerment and
greater access to institutional and political
spaces

Note: The NDVI captures the density of green vegetation at a
spatial resolution of 30m. Values for NDVI range between −1
and 1, with higher numbers indicating a higher density of
green vegetation. No green vegetation gives a value close to
zero. NDVI based measures, however, do not account for the
proximity and spatial arrangement of green spaces within the
areal units besides. it does not address the vertical dimension
and density of urban built-up and may not be sufficient to
assess the quality of green in a particular area.
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5.12. Access to health facilities
Using a proximity analysis along an
existing road network, this indicator
identifies the most underserviced
districts where access to health facilities
is most deficient. Areas in brown
therefore represent high accessibility
around a given facility.

In Penang, areas that have relatively high
access to health facilities are largely
found in the districts of Timur Laut
(North East) and Seberang Perai Utara
(North).
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5.13. Access to schools
Using a proximity analysis along an
existing road network, this indicator
identifies the most underserviced
districts where access to schools is most
deficient. Areas in brown therefore
represent high accessibility around a
given facility.

In Penang, areas that have relatively high
access to schools are found in the
districts of Timur Laut (North East),
Seberang Perai Utara (North) and
Seberang Perai Tengah (Central).
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6. CLIMATE 
CONDITIONS

Type of PV 
system

Small,
residential

Medium, 
commercial

Ground-
mounted,
large

System size 
(kWp)

1 100 1 MWp

Azimuth (in 
degrees)

180 180 180

Optimal
inclination
(in degrees)

7 7 7

Ideal PV 
output (kWh 
per year)

1,344 137,878 1,400 MWh

PV power calculator

6.1. Solar PV potential
Solar electricity offers a unique opportunity to
achieve long-term sustainability goals. In
particular, photovoltaics (PV) is the most widely
applied and versatile technology for solar
power. This map displays an indicative estimate
of yearly average PV power generation values
(kWh/kWp). In Penang, the city can produce an
annual PV output of 1,417 kWh/kWp, thereby
creating an opportunity to invest in small-scale
residential rooftop systems.

Note: The Global Solar Atlas uses generalized theoretical
settings for a quick assessment of PV power potential for the
selected site. An optimum tilt angle of PV modules and 100%
availability (no shutdowns due to failure) are assumed.



6.2. Air quality
The concentration of particulate matter (PM)
is a key air quality indicator since it is the
most common air pollutant that affects short
term and long term health. The map displays
the average annual concentrations (µg per
m3) of ground-level fine particulate matter of
2.5 micrometers or smaller (PM2.5), with dust
and sea-salt removed. PM2.5 particles are
more concerning (than PM10) because their
small size allows them to travel deeper into
the cardiopulmonary system. According to
the WHO and United States EPA, air quality
standards for fine particle pollution stipulate
that PM2.5 should not exceed between 10
µg/m3 and 12 µg/m3, respectively.

With the exception of Penang Hill, the island’s
central hill range borderingTimur Laut and
Barat Daya, the rest of the city exceeds global
air quality levels. This has major health
impacts, as the excessively high particulate
matter concentrations increase the incidence
of heart and lung diseases, and lead to
premature deaths. Improving air quality
management in the city and reducing
pollution concentrations would prevent
illnesses, save lives and avoid enormous
health costs.

6. CLIMATE 
CONDITIONS



6.3. Urban heat islands
The urban heat island (UHI) effect refers to the positive land
surface temperature difference between an urban area and
its surrounding non-urban area. This occurs when cities
replace natural land cover with dense concentrations of
pavement, buildings, and other surfaces that absorb and
retain heat. Urbanization and industrialization are the main
root causes of this phenomenon. The map shows the annual
mean daytime UHI layer at 1 km resolution, along with a line
chart (below) on seasonal variability of UHI intensity.

The adverse effects of UHI include: (i) increased energy
consumption; (ii) elevated emissions of air pollutants and
greenhouse gases; (iii) adverse health impacts and thermal
discomfort; (iv) impaired water quality; (v) as well as indirect
social, economic and environmental costs.

6. CLIMATE 
CONDITIONS

Source: Global Surface UHI Explorer, https://yceo.yale.edu/research/global-surface-uhi-explorer

Annual daytime UHI: 2.15 °C
Annual nighttime UHI: 0.58 °C
Summer daytime UHI: 2.54 °C
Summer nighttime UHI: 0.57 °C
Winter daytime UHI: 2.11 °C
Winter nighttime UHI: 0.67 °C
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7.1. Summary of historic major flood events in 
the country
Each entry describes a discrete flood event since 1985.
However, repeat flooding is a complex phenomenon and
may require a compromise between aggregating and
dividing such events. The listing is comprehensive and
global in scope. Deaths and displaced estimates for
tropical storms are totals from all causes, but tropical
storms without significant river flooding are not included.

Severity class:
1: Large flood event – significant damage to structures or
agriculture; fatalities; and/or 1-2 decades-long reported
interval since the last similar event
1.5: Very large event – with a greater than 2 decades but
less than 100 year estimated recurrence interval, and/or a
local recurrence interval of at 1-2 decades and affecting a
large geographic region (> 5000 km2)
2: Extreme event – with an estimated recurrence interval
greater than 100 years

7. RISK 
MITIGATION

Source: G.R. Brakenridge, "Global Active Archive of Large Flood Events", Dartmouth Flood Observatory, University of Colorado, http://floodobservatory.colorado.edu/Archives/index.html

Note: The statistics presented are derived from a wide variety of news, governmental, instrumental, and remote sensing
sources. The quality and quantity of information available about a particular flood is not always in proportion to its
actual magnitude, and the intensity of news coverage varies from country to country. In general, news from floods in
low-tech countries tend to arrive later and be less detailed than information from more developed countries.

1991-1995
(Severity Level 1)
3 flood events 
Area of 0.17M km2

34 deaths
25,120 displaced
Caused by combination 
of heavy rain and 
monsoon

1996-2000 
(Severity Level 1)
4 flood events 
Area of 0.19M km2

206 deaths
11,115 displaced
Caused by heavy rain

2001-2005
(Severity Level 1,2)
18 flood events 
Area of 0.24M km2

47 deaths
126,900 displaced
Caused by combination 
of heavy rain, monsoon 
and brief torrential rain

2011-2015
(Severity Level 1, 1.5, 2)
12 flood events 
Area of 0.53M km2

37 deaths
295,198 displaced
Caused by combination of heavy 
rain, monsoon and torrential rain

2006-2010
(Severity Level 1, 1.5, 2)
17 flood events 
Area of 0.7M km2

163 deaths
537,787 displaced
Caused by combination 
of brief torrential rain, 
heavy rain, monsoon, 
torrential rain and 
tropical storm

2016-2018
(Severity Level 1, 1.5, 2)
8 flood events 
Area of 0.44 M km2

11 deaths
70,741 displaced
Caused by combination 
of heavy rain, monsoon 
and torrential rain



7.2. Sea level rise
Climate change has been driving a rise
in global sea level, and the rise will
accelerate, leading to ocean intrusion
on land and aggravated coastal flood
risk. Scientists from NOAA predict with
very high confidence (i.e., greater than
90% chance) that global mean sea level
will rise at least 8 in (0.2 m) but no
more than 6.6 ft (2 m) by 2100.
This map illustrates a potential sea
level rise of 2m for the city. In urban
settings along coastlines, rising seas
play a role in flooding, shoreline
erosion and hazards from storms.

Note: This model uses radar satellite-based data
collected from NASA’s SRTM, which is less accurate
than lidar data. Beyond the US, this flood map should
therefore be seen as likely lower bounds on the extent
of potential inundation for each water level.

7. RISK 
MITIGATION

Source: Climate Central’s Surging Seas Risk Zone Map, https://ss2.climatecentral.org/



7.3. Coastal or storm surge 
flooding
Coastal floods occur in areas that lie on
the coast of a sea, ocean, or other large
body of open water. It is typically the
result of extreme tidal conditions
caused by severe weather. Storm surge
— produced when high winds from
hurricanes and other storms push
water onshore — is the leading cause
of coastal flooding and often the
greatest threat associated with a
tropical storm. In this type of flood,
water overwhelms low-lying land and
often causes devastating loss of life
and property.
This hazards analysis is based on the
historical frequency of occurrence and
intensity of tropical cyclones in
different oceanic basins. The results are
expressed in terms of the geographical
distribution along the shorelines of the
maximum surge run-up and its
associated flooding.

7. RISK 
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7.4. Urban floods observed 
from satellite imagery
Historical flood event occurrence is based
on Sentinel-1 and -2 satellite imagery
following a literature review identifying
major flood events in the city since 2015.
The values in the map represent the total
area of floods detected in each grid cell
from all the flood events reported.

The most frequently inundated areas were
observed in the districts of Seberang Perai
Utara (North) and Seberang Perai Tengah
(Central), as well as the westernmost part
of Barat Daya (South West). Actual
standing water within the city may differ
from areas predicted by flood models due
to several factors. Poor drainage or
interaction of water and the built
environment can cause standing water to
accumulate in specific locations. The
observed flooding was extracted from
satellite imagery through comparison with
a baseline unflooded image of the city.

7. RISK 
MITIGATION



7. RISK 
INFORMATION

Note: The SSBN Global Flood Hazard dataset is a gridded
product at 3 arc-second resolution (approximately 90m but
varies slightly with latitude) that shows the maximum expected
water depth in meters at 10 different return periods (between
1-in-5 and 1-in-1000 years). This model is not recommended to
serve as the sole source of flood hazard information for site-
specific analysis. While the data can provide a useful overview
of the likely hazard in a particular region, more detailed local
data should be sought out before detailed planning or
operational decisions are made.

7.5. Infrastructure assets 
exposed to river flooding
Fluvial, or riverine flooding, occurs when
excessive rainfall over an extended period
of time causes a river to exceed its capacity.
The damage from a river flood can be
widespread as the overflow affects smaller
rivers downstream, often causing dams and
dikes to break and swamp nearby areas.

In Penang, approximately 12.5% of major
roads, 2% of schools, 5% of hospitals, and
11% of police stations are located in a river
flood risk zone. Many of these exposed
assets are located along the main roads of
Seberang Perai Tengah (Central) and
Seberang Perai Selatan (South).



7. RISK 
INFORMATION

Note: The SSBN Global Flood Hazard dataset is a gridded
product at 3 arc-second resolution (approximately 90m but
varies slightly with latitude) that shows the maximum expected
water depth in meters at 10 different return periods (between
1-in-5 and 1-in-1000 years). This model is not recommended to
serve as the sole source of flood hazard information for site-
specific analysis. While the data can provide a useful overview
of the likely hazard in a particular region, more detailed local
data should be sought out before detailed planning or
operational decisions are made.

7.6. Infrastructure assets 
exposed to rainwater flooding
Pluvial, or surface water flooding, is caused
when heavy rainfall creates a flood event
independent of an overflowing water body.
It can occur in any urban area — even
higher elevation areas that lie above
coastal and river floodplains.

In Penang, approximately 48% of major
roads, 40% of schools, 30% of hospitals, 6%
of police stations and 11% of fire stations
are located in a rainwater river flood risk
zone. Majority of these assets are located in
the districts of Timur Laut (North East),
Sebarang Perai Utara (North) and Sebarang
Perai Tengah (Central).
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INFORMATION

Note: The SSBN Global Flood Hazard dataset is a gridded
product at 3 arc-second resolution (approximately 90m but
varies slightly with latitude) that shows the maximum expected
water depth in meters at 10 different return periods (between
1-in-5 and 1-in-1000 years). This model is not recommended to
serve as the sole source of flood hazard information for site-
specific analysis. While the data can provide a useful overview
of the likely hazard in a particular region, more detailed local
data should be sought out before detailed planning or
operational decisions are made.

7.7. Infrastructure assets 
exposed to combined river and 
rainwater flooding
Many urban areas experience both fluvial
and pluvial floods, because locations next to
rivers are preferred settlement areas and the
predominantly sealed urban surface
prevents infiltration and facilitates surface
inundation. The latter problem is enhanced
in cities with insufficient or non-existent
sewer systems.

In Penang, approximately 49% of major
roads, 40% of schools, 30% of hospitals, 6%
of police stations and 11% of fire stations
are located in a river and rainwater flood risk
zone. Majority of these assets are located in
the districts of Timur Laut (North East),
Sebarang Perai Utara (North) and Sebarang
Perai Tengah (Central).
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7.8. Urban built-up area 
exposed to river flooding
The placement of many urban areas and
the accumulation of assets in low-lying
areas close to rivers has intensified the
sensitivity to river floods.

Temporally, built-up area in Penang
exposed to river flooding grew at an annual
rate of 8.9% from 1975 to 2014 - the largest
expansion taking place between 1975 and
1990 in Timur Laut, Seberang Perai Utara
(North) and Seberang Perai Tengah
(Central).

Note: Growth rate is calculated using a straight-line method,
i.e., the percent change from one period to another divided by
the number of years observed.
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7. RISK 
INFORMATION
7.9. Urban built-up area 
exposed to rainwater flooding
Rainwater flooding in urban areas is due to the
high proportion of tarmacked and paved
surfaces, which limit water infiltration and
increase the speed and amount of water running
off the ground surface. This is exacerbated by the
fact that natural drainage routes are often
altered, which result in reduced capacity for
excess water.

Temporally, built-up area in Penang exposed to
rainwater flooding grew at an annual rate of 5.2%
from 1975 to 2014 - the largest expansion taking
place between 1975 and 1990 in Timur Laut,
Seberang Perai Utara (North) and Seberang Perai
Tengah (Central).

Note: Growth rate is calculated using a straight-line method,
i.e., the percent change from one period to another divided by
the number of years observed.
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7. RISK 
INFORMATION
7.10. Urban built-up area 
exposed to combined river and 
rainwater flooding
Intense rainfall in urban areas often generates
both pluvial flooding due to the limited capacity
of drainage systems, as well as fluvial flooding
caused by deluges from river channels. The
concurrence of pluvial and fluvial flooding can
aggravate their (individual) potential damages.

Temporally, built-up area in Penang exposed to
both river and rainwater flooding grew at an
annual rate of 5.4% from 1975 to 2014 - the
largest expansion taking place between 1975 and
1990 in Timur Laut, Seberang Perai Utara (North)
and Seberang Perai Tengah (Central).

Note: Growth rate is calculated using a straight-line method,
i.e., the percent change from one period to another divided by
the number of years observed.
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7. RISK 
INFORMATION
7.11. Population exposed to 
river flooding
Human settlements along streams and
river basins are highly vulnerable to the
flow of water. In most developing
countries, humans are particularly
sensitive to flood casualties because of
high population density, absence of
zoning regulations, lack of flood control,
and lack of emergency response
infrastructure and early warning
systems.
In Penang, less than 1% of the densest
settlement areas (i.e., between 106-170
persons per 100m2) are exposed to river
flooding. Greatest exposure is
concentrated Seberang Perai Tengah
(Central) and Seberang Perai Selatan
(South).
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7.12. Population exposed to 
rainwater flooding
A consequence of increased population
density in cities has been an inevitable
increase in impermeable surfaces
leading to an increase in stormwater
runoff.
In Penang, around 50% of the densest
settlement areas (i.e., between 106-170
persons per 100m2) are exposed to
rainwater flooding. Greatest exposure is
concentrated in Timur Laut (North East),
southeast of Barat Daya (South West),
Seberang Perai Utara (North) and
Seberang Perai Tengah (Central).



7. RISK 
INFORMATION
7.13. Population exposed to 
combined river and rainwater 
flooding
A combination of an exposed,
vulnerable, highly dense and ill-
prepared population can exacerbate the
effects of climate change alongside the
increment of intensity and frequency of
harmful flood events.
In Penang, around 51% of the densest
settlement areas (i.e., between 106-170
persons per 100m2) are exposed to both
river and rainwater flooding. Greatest
exposure is concentrated in Timur Laut
(North East), southeast of Barat Daya
(South West), Seberang Perai Utara
(North) and Seberang Perai Tengah
(Central).



7. RISK 
INFORMATION

Date Landslide 
category

Trigger No. of 
fatalities, 
injuries

Sep, Oct 2008 Medium Downpour 0

Sep 2010 Small Downpour 0

Jun 2012 Medium Downpour 0

Sep, Nov, Dec 
2013

Small, 
Medium

Rain and 
downpour

0

Penang state landslide catalog

7.14. Landslide susceptibility
This refers to the likelihood that a landslide will
occur in a particular area on the basis of local
terrain conditions. It is the degree to which a
terrain can be affected by slope movements, i.e.,
an estimate of “where” landslides are likely to
occur. Susceptibility does not, however, consider
the temporal probability of failure (i.e., when or
how frequently landslides occur), nor the
magnitude of the expected landslide (i.e., how
large or destructive the failure will be).

This map combines satellite observations of
rainfall with an assessment of the underlying
susceptibility of terrain. Steep slopes are the most
important factor that make a landscape
susceptible to landslides. Other key factors include
deforestation, the presence of roads, the strength
of bedrock and soils, and the location of faults.

Source: NASA’s Landslide Hazard Assessment for Situational
Awareness and Global Landslide Catalog,
https://pmm.nasa.gov/applications/global-landslide-model)



7.15. Summary of historic significant earthquake events
This table lists the historically most destructive earthquakes from 2150
B.C. to the present. Earthquake events reported in Malaysia meet at
least one of the following criteria:
 Moderate damage (approximately US$1 million or more)
 10 or more deaths
 Magnitude 7.5 or greater
 Modified Mercalli Intensity X or greater
 The earthquake generated a tsunami.

7. RISK 
INFORMATION

Source: Database obtained from the National Geophysical Data Center / World Data Service (NGDC/WDS): Significant Earthquake Database. National Geophysical Data Center, NOAA. doi:10.7289/V5TD9V7K; and UNISDR’s
Prevention Web, https://www.preventionweb.net/countries/

Indicators Malaysia

Absolute (US$ millions) 10.49

Capital stock (%) 0.001

GFCF (%) 0.012

Social expense (%) 0.038

Total reserves (%) 0.008

Gross savings (%) 0.011

Average annual loss
Expected loss per annum associated to the
occurrence of future earthquakes assuming
a very long observation timeframe. It
considers the damage caused on the
exposed elements by small, moderate and
extreme earthquake events

7.16. Probabilistic risk
Probabilistic risk assessment gives an overview of estimated losses,
which can provide guidance to predict and plan for future losses. This
information can be used to plan and prioritize investments and
strategies for managing disaster risk.

Probable maximum loss
Risk metric that represents the maximum loss
that could be expected, on average, within a
given number of years. It is widely used to
establish limits related to the size of reserves
that, for example, insurance companies or a
government should have available to buffer
losses: the higher the return period, the higher
the expected loss. Mean return period of 100,
250, 500, 1000 and 1500 years means the 5%,
2%, 1%, 0.5% and 0.3% probability respectively
of exceeding those losses in 5 years.

$2,304M

$1,721M

$943M

$444M

$127M

$39M

$5M

1,500 years

1,000 years

500 years

250 years

100 years

50 years

20 years

Jul 1976 in Sabah
Magnitude 7
Damages between ~$1M 
to $5M

May 1991 in 
Kalimantan Magnitude 
N/R
Less than 50 deaths
Damages less than $1M

Jun 2015 in Sabah
Magnitude 6
Less than 50 deaths
Damages less than $1M



7.17. Seismic hazard 
Seismic risk in cities has increased mainly due to a
high rate of urbanization, faulty land-use planning
and construction, inadequate infrastructure and
services, and environmental degradation. Rational
urban risk predictions and expected losses from
major earthquakes in the future serve the basis and
also provide strong reasons for the proactive risk
mitigation activities.

The map depicts the geographic distribution of the
Peak Ground Acceleration (PGA) with a 10%
probability of being exceeded in 50 years, computed
for reference rock conditions (shear wave velocity, V
, of 760-800 m/s).
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INFORMATION

Acceleration (g) Perceived 
shaking

Potential damage

<0.0017 Not felt None

0.0017-0.014 Weak None

0.014-0.039 Light None

0.039-0.092 Moderate Very light

0.092-0.18 Strong Light

0.34-0.65 Severe Moderate to heavy

0.65-1.24 Violent Heavy

>1.24 Extreme Very heavy

Interpretation of results

Source: M. Pagani, J. Garcia-Pelaez, R. Gee, K. Johnson, V. Poggi, R. Styron, G. Weatherill, M. Simionato, D. Viganò, L. Danciu, D. Monelli (2018). Global Earthquake 
Model (GEM) Seismic Hazard Map (version 2018.1 - December 2018), DOI: 10.13117/GEM-GLOBAL-SEISMIC-HAZARD-MAP-2018.1



LOCAL INSTITUTIONS AND 
PLANNING



8.1. Administrative structure
Malaysia's administrative system is characterized by three tiers of government.
The federal government is highly centralized with a powerful and authoritarian
Prime Minister. The federal government makes policy and regulates the areas
of defense, education, health, agriculture, trade and industry, economics and
finance, labor and human resources, police and internal security,
transportation, power supply and distribution, telecommunications,
information and broadcasting.

The Penang State Government is land-poor and receives only a small
allocation from the Federal Government. The State Government’s jurisdiction
is largely confined to religious and land matters. Despite its limited
jurisdiction, the State Government plays a key role in coordinating major
infrastructure and development projects, wooing foreign investment
(especially in manufacturing and tourism) and ensuring good conditions for
business. As such, it works closely with major business organizations such as
the foreign manufacturers’ association, the Malaysian Manufacturer’s
association, the five ethnically differentiated Chambers of Commerce and the
international hoteliers' association.

Local governments are responsible for urban planning, basic facilities and
infrastructure, monitoring development, public health, waste management,
business licensing, maintaining the peace, urban beautification and
encouraging the local economy. The Municipal Council of Penang Island
(MPPP) is responsible for the island, whereas the Municipal Council of
Seberang Perai (MPSP) is responsible for the mainland part of the state. The
two municipal councils each consist of 24 unelected municipal councilors and
district officers who are appointed by the state for one-to-three year terms
that can be renewed indefinitely.

8. LOCAL INSTITUTIONS 
AND PLANNING

Source: Proceedings of the Eastern Asia Society for Transportation Studies, Vol.9, 2013



8.2. Availability of development plans and policies
There is a significant level of synergy between policies at each level of the Government. Policies
at the Federal level tend to be more general in form than those adopted at Regional, State and
Local levels. Such an achievement is best secured through the adoption of a cascaded policy
framework structure, commencing firstly through assessing performance against a series of
overarching Federal policies and then refining the framework, where necessary, to take account
of specific and more detailed Regional, State and Local level policy objectives.

Federal: The overall vision is laid out in Vision 2020, The Tenth Malaysia Five Year Plan and The
National Physical Plan, which states: By the year 2020, the country should become “fully
developed along all the dimensions - economically, politically, socially, spiritually, psychologically
and culturally.” This will achieved through high level economic growth based on accelerated
industrial development and concentration on an export-based manufacturing sector. This
collateral development will involve the accelerated development of science and technology. It
will also involve an accelerated development of the service sector, with emphasis on ICT. The
private sector is expected to provide the machinery of growth to achieve this vision.

Regional: The Northern Corridor Economic Region’s (NCER) Blue Print seeks to leverage on the
growth momentum of the more developed regions in Penang to uplift the incomes of poorer
regions located in Perlis, Kedah, and Perak. In particular, the NCER expects to leverage on three
core strengths to bridge the development divide between Penang and the other three states:
physical connectivity, a mature business ecosystem, and a pool of skilled and industry-ready
workforce.

State/Local: Future development policy is set out within the Structure Plan and the Draft Local
and Special Area Plans, with each needing to respect the higher level policies set out at national
and regional levels. The Plan sets out a series of requirements that need to be met. These involve
the need to enhance economic competitiveness, strengthen and diversify the industrial sector,
rejuvenate the tourism sector, modernize the primary sector, promote human resource
development, enhance social development and quality of life, develop the State's social
infrastructure, ensure ecological and environmental balance and promote good administration.

8. LOCAL INSTITUTIONS 
AND PLANNING

Source: Proceedings of the Eastern Asia Society for Transportation Studies, Vol.9, 2013



KEY CONSIDERATIONS FOR 
INVESTMENT PLANNING AND 

PRIORITIZATION 



1. What is the most surprising result for you in this City Scan?
2. What patterns did this City Scan illuminate that you had not considered before?
3. What are your city’s critical development challenges?
4. What other information would you like in order to corroborate or amplify the information in this City Scan?
5. Who else would you like to speak with to gain further understanding about your city’s development challenges?
6. What investments need to be prioritized? What tradeoffs are inherent in your prioritization?
7. What investments could be coordinated? What benefits would such coordination bring?

KEY CONSIDERATIONS FOR INVESTMENT PLANNING 
AND PRIORITIZATION

C I T Y  R E S I L I E N C E  P R O G R A M



Thank you!
For more details, please visit: 

https://www.gfdrr.org/en/crp


