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Introduction

CORVI

As risks from climate change to coastal cities
continue to increase, governments, public and
private investors, and the insurance industry need
targeted risk information to prioritize action and
build resilience where it matters most.

In response, the Stimson Center developed the

Climate and Ocean Risk Vulnerability Index (CORVI).

CORVI is a decision support tool that compares a
diverse range of ecological, financial, and political
risks across 10 categories and nearly 100 indicators
to produce a holistic coastal city risk profile. Each
indicator and category is scored using a 1-10 risk
scale relative to other cities in the region, providing
a simple reference point for decision makers
looking to prioritize climate action and resilience
investment.

Chattogram

Chattogram is the second-largest city in Bangladesh
and the busiest seaport on the Bay of Bengal.

The city accounts for 40 percent of the country’s
industrial output, 8o percent of its international
trade, and 50 percent of government revenue.

The city is home to over 3.2 million people, with
approximately 5.3 million living in the broader urban
area. This represents an increase of around 25
percent over the last 10 years, and the population
is expected to grow to over 7 million people in the
broader urban area by 2035. Such dramatic growth
poses challenges that are being exacerbated by
climate change. The geographic area of this risk
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This CORVI Risk Profile presents a comprehensive
profile of climate and ocean risk for the city

of Chattogram, Bangladesh. The assessment
combines empirical data from surveys and from
global, national, and local datasets with local
information from expert interviews to analyze how
climate and ocean risks are impacting the city. The
information is used to develop detailed priority
recommendations for Chattogram to reduce its
climate vulnerabilities, build resilience, and work to
develop a more secure and sustainable future.

This risk profile was produced in collaboration with
the Ocean Policy Research Institute of the Sasakawa
Peace Foundation and the Centre for Bay of Bengal
Studies at Independent University Bangladesh.

profile includes the 41 wards under the jurisdiction
of the Chattogram City Corporation (CCC).

Pre-existing data was collected, and 83 expert
surveys were conducted across 10 categories and
o5 indicators. This information was displayed and
incorporated into the Chattogram CORVI risk
profile. These scores were supplemented with
information about resilience planning already
underway, including from 14 in-depth interviews
from local experts, and seminars in Dhaka and
Chattogram.



Summary Findings

The CORVI analysis highlights significant
environmental, economic, and social risks
reflecting the diverse climate vulnerabilities

faced by Chattogram. The medium-high risk
scores for Geology and Water (6.74) and Social
and Demographics (6.50) show risks associated
with rapid unplanned urbanization in a city that
already faces severe challenges from flooding and
waterlogging. Additional medium-high risk scores
for Infrastructure (6.32), Ecosystems (6.26), and
Climate Change (5.98) reflect how challenges
associated with informal settlements, untreated
wastewater, vulnerable infrastructure, degraded
coastal and marine ecosystems, and rising sea
levels compound these challenges. These impacts
are closely associated with corresponding financial
risks captured in the Economics (5.80) and Major
Industries (5.41) categories.

Study Area: Chattogram City

Map: Stimson Center « Created with Datawrapper
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Tropical cyclones and heavy rainfall are key hazards,
related to risks across multiple categories. Rapid
urbanization drives the expansion of informal
settlements and uncollected solid waste, with

both resulting in blocked drainage channels that
exacerbate waterlogging. Untreated wastewater
from residential sources and from the city’s major
industries such as shipbreaking and garment
making enter the city’s key waterways, including
the Karnaphuli and Halda rivers and the Bay of
Bengal. This wastewater harms human health and
the health of key coastal and marine ecosystems
— ecosystems are already under threat from
development to accommodate the city’s growth —
and their degradation reduces coastal protection
and endangers the blue economy.
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Chattogram Risk Profile
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Critical infrastructure — including Chattogram
port, the Shah Amananat International Airport,
the national Eastern Refinery Limited, and the
Karnaphuli tunnel — is located in Chattogram near
the coast and the Karnaphuli River. The location

makes the infrastructure and the industries that rely

on them susceptible to storm surge and prolonged
flooding. The Karnaphuli tunnel, expected to open
in January 2023, will connect the Chattogram
seaport and the airport to southern commercial
and tourist districts, while areas on the south bank
of the Karnaphuli river are rapidly industrializing

in anticipation of the tunnel’s opening’ The city is
also home to Patenga Sea Beach, which is a main
tourist attraction in Bangladesh. Chattogram is
Bangladesh’s commercial capital and generates

40 percent of Bangladesh’s industrial output, 80

percent of its international trade, and 50 percent of

government revenue.

The government of Bangladesh is a global leader in
climate change adaptation planning. The country’s
development plan includes the Delta Plan 2100
and the Mujib Climate Prosperity Plan 2041. Both
plans are aligned with the Bangladesh Climate
Change Strategy and Action Plan and National
Adaptation Plan. The Chittagong Development
Authority is currently drafting a new city master
plan, scheduled to be completed in 2024, that will
include action plans for stormwater drainage and
flood control, communications and transportation,
and environmental management.> However,
shortcomings in implementing prior regulation
and plans due in part to a fragmented governance
landscape have hindered efforts to strengthen
climate resilience. The CORVI risk profile identifies

three priority areas in need of action in order to
build resilience and plan for systemic risks.

Summary Recommendations

Improve and expand flood adaptation

and waste management: The CCC and

Water and Sanitation Authority should adopt

a multilayered plan to reduce solid waste,
including public collection, performance-based
contracts for private providers, and support for
informal waste pickers. They can also explore
solutions such as waste-to-energy projects. This
should be accompanied by clearing drainage
channels, expanding green spaces, and restoring
waterbodies. Finally, the CCC and the national
government should expand financial access to
facilitate resilience building and disaster recovery
at the individual, household, and business levels.

Improve urban climate resilience
implementation and invest in climate-smart
infrastructure: The national government,

local government, civil society, and international
partners should work together to reduce
fragmented governance and improve project
implementation. This work should draw on
international best practices such as Urban
Performance Grants, in which fiscal transfers are
conditioned on meeting specific performance
benchmarks, and broad stakeholder consultation
and buy-in. The upcoming city master plan
provides a focal point for this effort. The
national government can explore emerging
sources of finance to help resource climate
resilience implementation, including climate-



resilient debt clauses, debt-for-nature swaps,
resilience bonds, and new insurance initiatives.

Implement a sustainable shoreline
development strategy: Integrating economic
development with sustainable environmental
management, envisioned by the Delta Plan
2100, requires an integrated strategy to protect
Chattogram’s coastal and marine ecosystems
while promoting growth. This strategy could
include expanded marine zoning coupled with

stronger enforcement of existing protected
areas, improving treatment of residential and
industrial wastewater by passing and enforcing
pollution standards, embracing creative
solutions such as using decommissioned
vessels for artificial reefs, facilitating housing
development in low-risk areas of the city, and
supporting integrating rice agriculture with
other crops, including the use of salt-tolerant
rice varieties.



Ecological Risk

Chattogram is known for its natural beauty. Its
marine and land ecosystems play a big part in
protecting coastal areas from flooding, supplying
important fish sanctuaries, and making Chattogram
stand out as the country’s main tourist destination.
However, Geology/Water risk and Ecosystems
category scores are among the highest ecological
risk categories in the Chattogram risk profile,
reflecting risks driven by coastal erosion and the
poor health of key marine ecosystems. Ecological
risk scores also highlight significant vulnerability to
worsening climate effects, including acute events
like tropical cyclones as well as more long-term
changes such as warming sea surface temperatures
and more frequent incidents of heavy rain.

e Inthe GEOLOGY/WATER category (expert
weighted average of 6.74), there are high and
medium-high risk scores for the rate of coastal
erosion (7.58), projected change in sea level
rise (7.47), level of geophysical risk of landslides
(7:38), percent of the metropolitan area at
risk of flooding (7.33), and degree of saltwater
intrusion in coastal aquifers (7.28). These scores
demonstrate the vulnerabilities to the urban
center posed by geological and water-related
risks.

e Inthe ECOSYSTEMS category (expert weighted
average 6.26), there are high risk scores for
the health of existing seagrass beds (7.98) and
health of existing coral reefs (7.74), along with
medium-high risk scores for level of mangrove
coverage (7.47), level of coral reef coverage
(7.42), and level of seagrass bed coverage (6.07).
These scores underline the dangers posed by
climate change and habitat destruction to these
key coastal and marine ecosystems, negatively
impacting marine habitats and nature-based city
defenses.

e The CLIMATE CHANGE category (expert
weighted average 5.98) includes four indicators
scored as high risk, the most of any single
category in this assessment. These scores
reflect the vulnerability related to the number of
tropical cyclones (8.38), the number of people
affected by extreme weather events (8.30),
change in sea surface temperatures (7.93), and
the number of wet days (7.93).
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e The FISHERIES category (expert weighted
average 5.33) is the only category under
Ecological Risk to have no indicators scored
as high risk. Nonetheless, medium-high risk
scores for fish consumption per capita (7.23),
number of incidents of foreign vessels fishing in
the exclusive economic zone (EEZ) (6.81), and
fisheries certified by the Marine Stewardship
Council (MSC) (6.04) reflect risks to the food
security of city residents.

Bangladesh’s long coastline has a coastal zone

that covers 32 percent of the country,? leaving the
country vulnerable to tropical cyclones, which

are the highest risk score in Ecological Risk (8.38).
These cyclones hit Bangladesh on average every
three years,* frequently forming in the Bay of Bengal
during the early summer and late rainy season.®
Tropical cyclones have killed almost 900,000 people
over the last 35 years.® In 1991, Cyclone Marian, one
of the deadliest tropical cyclones ever recorded, hit
the Chattogram area,” killing almost 140,000 people,
including 25,000 from Chattogram.? Losses reached
nearly $1.8 billion, as the cyclone destroyed 780,000
homes, damaged or destroyed 9,300 schools and
655 health centers, and left Chattogram’s port in
shambles.® In the agricultural sector, the cyclone
destroyed over 280,000 tons of crops, killed
442,000 livestock and 2.4 million chickens, and
severely damaged 31,000 hectares of shrimp farms.©
Cyclone Marian was classified as a super cyclonic
storm on the Indian Meteorological Department
scale and a Category 5 tropical cyclone on the Saffir-
Simpson scale, and while Chattogram has been
fortunate to avoid storms of that magnitude since
1991, it has been hit by Cyclones Viyaru/Mahasen in
2013, Komen in 2015, Roanu in 2016, Mora in 2017,"
and, most recently, Sitrang in late October 2022.
The strong winds brought by a tropical cyclone can
cause more damage than storm surge flooding, as
suggested by a study of the destruction caused by
Cyclone Sidr in 2007.

Climate change will increase the risks posed

by tropical cyclones, excelling in frequency

and intensity,® driven by warmer sea surface
temperatures and rising sea levels. In addition to
being vulnerable to stronger winds, the population
in coastal Bangladesh will face a sharp growth in
storm surge inundation. By 2050, more than twice
as many people will be vulnerable to inundation



of more than 1 meter compared to the present,
and almost three times as many people will be
vulnerable to inundation of more than 3 meters
compared to the present.* This increase is not
solely due to climate change, as population growth,
coastal erosion, subsidence, and other factors will
also play a role.

Sea surface temperature in the Bay of Bengal
has risen by 0.2-0.3°C over the last 45 years and

is projected to rise by another 2.0-3.5°C by 2100,
reflected in the high risk score (7.93). This rise in
temperature will have several detrimental effects,
including increased intensity of tropical cyclones,
faster rise in sea levels, more frequent occurrence
of harmful algal blooms (5.82), and reduced
productivity of many marine species.”

Sea level rise (SLR), scored as medium-high

risk (7.47), will increase the impacts of tropical
cyclones and flooding. SLR around Chattogram is
accelerating, based on readings from gauges at Char
Changa and Cox’s Bazar, which are located to the
west and south of the city, respectively. Annual SLR
between 1977 and 1998 was 6 and 7.8 millimeters,
respectively,” but more recent measurements
showed annual SLR of 7.6 millimeters per year at
Char Changa (between 1993 and 2019) and 14.5
millimeters per year at Cox’s Bazar (between 1993

and 2011).® More broadly, the rate of SLR in the
Northern Bay of Bengal from 1983 to 2000 was
significantly higher than the worldwide average, at
4 millimeters per year in the Bay of Bengal vs. 3.32
millimeters per year on average globally.®

In Chattogram, SLR is accelerated by land
subsidence. The city is one of the fastest-sinking
cities in the world, with a peak rate of over 25
millimeters per year.*® Groundwater extraction and
the weight of dense construction are major causes
of this subsidence, both driven by the city’s rapidly
growing population.”” Coastal erosion was also
scored as high risk (7.58), as more than 6o percent
of Chattogram’s coast is experiencing erosion, with
a maximum rate of 36 meters per year.?

Climate change is also driving increasingly

erratic rainfall patterns, reflected in a high risk
score for number of wet days (7.93). This was
demonstrated clearly during the 2022 monsoon
season. In June, record levels of rainfall left much
of the city — together with much of the rest of
the country — submerged.” The following month,
Chattogram division recorded total rainfall was
68 percent below the July average, mirroring the
situation for the rest of the country, which saw
the lowest levels of rainfall in July since consistent
record-keeping began in 1980.2

Flooding in Chattogram, 2018



Chattogram often experiences prolonged flooding
and waterlogging during periods of heavy rainfall,
reflected in a medium-high risk (7.33) for percent
of the metro area at risk of flooding. This issue
has worsened in recent years, exacerbated by
uncollected waste and the disappearance of many
of the city’s waterbodies, over 75 percent of which
disappeared between 1991 and 2007.% Low-lying
areas of the city are particularly vulnerable, such as
East Baklia, South Baklia, Halishohor, Sholokbahar,
Muradpur and Bahaduraghat zone, Chandgaon,
Mohra, Chaktai, Khatunganj, Asadganj, Chawkbazar
and Patenga areas. Interviewees noted that in some
flood-prone areas of the city, the ground floor

of many buildings has been abandoned because

of frequent inundation, and roads have already
required raising® Interviewees also observed that
waterborne diseases are increasing in areas of the
city that see consistent flooding during the rainy
season.”

In the areas surrounding Chattogram, excessive
rainfall creates additional risk beyond those
commonly associated with low-lying urban
environments. The risk of landslides is growing in
the urbanized hilly areas of Chattogram, reflected
in the medium-high risk score (7.38). On June

11, 2007, a catastrophic landslide disaster killed
128 people after 610 millimeters of rain fell over
eight consecutive days.”® The main causes of this
increased landslide hazard are indiscriminate
deforestation, hill cutting, and heavy rainfall.?
Interviewees also noted that landslides contribute
to waterlogging in Chattogram.° Yet the city
authorities have not produced a landslide hazard
zonation map, nor an effective landslide alert
system.

Marine and coastal ecosystems play a key role

in shaping Bangladesh’s vulnerability to extreme
weather events. The country’s southeast coast

used to have significant mangrove coverage in the
form of the Chakaria Sundarbans. Located south of
Chattogram in Cox’s Bazar district, shrimp and salt
farms have almost entirely replaced the mangroves.?
During the 1991 Super Cyclone, the absence of
mangroves as a natural buffer resulted in significant
loss of life and property destruction to Chakaria
and surrounding areas.®* By contrast, during Cyclone
Sidr in 2007, the limited and unplanned growth of
mangroves on coastal embankments substantially
reduced storm surge velocity.® Mangrove forests
once covered the whole coast of Chattogram.
Today, deforestation of mangroves continues
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as a result of coastal development, heavy metal
poisoning3* expansion of shrimp farming* and
untreated wastewater;® reflected in the medium-
high risk score for mangrove coverage (7.47).

Less research exists on threats to coral reefs and
seagrass beds, though preliminary findings suggest
that untreated wastewater and pollution from
Chattogram’s port and shipbreaking industry may
be damaging both types of ecosystems.¥ The
results of the expert surveys, which scored health
of seagrass beds (7.98) and health of coral
reefs (7.74) as high risk, also suggest that both
ecosystems face ongoing threats. Medium-high

risk scores for coral reef coverage (7.42) and
seagrass bed coverage (6.07) suggest that both
ecosystems are shrinking. The national government
has taken steps to protect its coral reefs, most
notably the declaration of a marine protected area
around St. Martin’s Island, where the local coral
reefs are found. Bangladesh’s adaptation planning
has not prioritized the protection of seagrass beds.?®

For a nation with such an extensive coastline,
marine capture fisheries in Bangladesh are a small
part of the overall fisheries sector, comprising

less than 20 percent of the total industry3® An
estimated 1.35 million individuals work in marine
capture fisheries out of a workforce of about 20
million in the aggregate fisheries industry (full- and
part-time, including inland output).*® Inland fisheries
and aquaculture comprise the majority of the
industry, with production of 1,248,401 megatons
and 2,583,866 megatons, respectively, compared

to 671,104 megatons for marine capture in 2020.#'
Bangladesh is the fifth-largest aquaculture producer
in the world, according to the Food and Agriculture
Organization,* and accounts for over half of the
total fisheries output of Bangladesh.# Shrimp
(prawn) production is a key facet of aquaculture,
and Chittagong-Cox’s Bazar and Khulna-Shatkira-
Bagerat regions dominate shrimp production. These
two regions account for approximately 95 percent
of the total area dedicated to shrimp culture.#
Aquaculture farmers are exposed to significant

risks including shrimp diseases, fluctuation in price
and demand, and availability of quality product.*
Inland shrimp production also increases coastal
vulnerability, contributing to the salinization of
arable land,* reflected in the medium-high risk
score for salinization of arable land (7.03), the
decline in aquatic biodiversity,*” and the destruction
of mangroves.®



The medium-high indicator scores related to levels
of fish consumption per capita (7.23) and the
percentage of certified sustainable fisheries
(6.04) may reflect the reliance on inland capture
and farmed fish to a greater extent than marine
capture fisheries. Fish play an important role in
the Bangladeshi diet. They provide more than 6o
percent of animal source food, which represents

a crucial source of micro-nutrients, and are also
culturally important.* From 2005 to 2016, the
country’s per capita fish consumption increased
by 49 percent, reaching 22.85 kg in 2016, higher
than the average global consumption of 205 kg per
capita.®

Nonetheless, medium-high risk scores for
nearshore fish stock status (5.81) and offshore
fish stock status (5.31) indicate concerns related
to marine fish stocks and their management.
Similarly, the medium-high risk score for the
number of incidents of foreign vessels fishing
in the EEZ (6.81), which was the second-highest
scoring indicator in the Fisheries category, indicates
the need for stronger cooperation among countries
fishing in the Bay of Bengal. Authorities have seized
vessels from Sri Lanka and arrested fishers off the
shores of Bangladesh. Other conflicts are dealt with
directly at sea. For example, trawler skippers from
Chittagong spoke of the sinking of smaller vessels by
other fishers, which sometimes goes unreported.s

10

Processes and mechanisms for data sharing and a
functional platform to cooperate in marine fisheries
management are needed, according to Mohammed
Latifur Rahman, director of Bangladesh’s marine
fisheries office.”?

In the past, government initiatives attempted to
mitigate coastal risks, including massive plantation
and embankment construction. Unfortunately, these
conventional initiatives ultimately turned out to be
impractical and ineffective.® For example, coastal
polders — low-lying tracts of land surrounded

by embankments, constructed in the 1960s and
1970s to protect farmers from floods and saltwater
intrusion — have caused waterlogging in coastal
zones and often were turned into shrimp farms,
further exacerbating coastal risk.* A modern
adaptation approach is required for better
management of the coastal zones of Bangladesh,
in particular environmental hazards. This approach
should be integrated with “appropriate measures
based on knowledge on the physical geography

of potentially affected areas.”s The government

of Bangladesh declared 1,743 square kilometers

of the Bay of Bengal adjacent to Saint Martin’s
Island as Saint Martin Marine Protected Area to
conserve marine biodiversity, and constructed

the 15.2-kilometer-long Chattogram Marine Drive
Expressway for protecting coastal erosion.
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Chattogram: Ecological Risk

Each category score comprises multiple indicators.
m Medium 2.51 -5 [Tl L AT

Category Indicator

Geology and Water 6.74 Rate of Coastal Erosion
Projected Change in Sea Level Rise
Level of Geophysical Risk of Landslides
Percent of Metro Area at Risk of Flooding
Degree of Saltwater Intrusion in Coastal Aquifers
Degree of Soil Salinity in Arable Lands
Percent of Landscape That Is Arable Land
Percent of Bodies of Water with High Water Quality
Piped Water Supply Continuity

Ecosystems [ 6.26] Health of Existing Seagrass Beds
Health of Existing Coral Reefs
Level of Mangrove Coverage
Level of Coral Reef Coverage
Percent of GDP Protected by Mangroves
Percent of GDP Protected by Seagrass Beds
Level of Seagrass Bed Coverage
Rate of Occurrence of Harmful Algal Blooms
Incidences of Invasive Species
Percent of GDP Protected by Coral Reefs
Health of Existing Mangroves

Climate Change m Total Number of Tropical Cyclones
Number of People Affected by Extreme Weather Events
Number of Wet Days
Change in Sea Surface Temperature
Number of Droughts
Cases of Vector-Borne Disease Infections
Number of Flood Events
Number of Extreme Heat Events

Fisheries 5.33 Fish Consumption per Capita
Number of Incidents of Foreign Vessels Fishing in EEZ
Percent of Fisheries Certified by MSC
Nearshore Fish Stock Status
Offshore Fish Stock Status

Capacity of Fisheries Enforcement Institutions

Number of Fisheries Access Agreements with Foreign Nations

Level of Unreported Catch Estimate

Table: Stimson Center - Created with Datawrapper
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Financial Risk

Chattogram is the commercial hub of Bangladesh
and the busiest seaport on the Bay of Bengal.

The city generates 40 percent of the country’s
industrial output, 8o percent of its international
trade, and 50 percent of government revenue.s
However, as a crowded, low-lying, commercial hub,
it faces attendant climate risks, particularly a large
informal economy, numerous informal settlements,
inadequate treatment of wastewater and solid
waste, and losses from extreme weather events.

e The INFRASTRUCTURE category (expert
weighted average 6.32) highlights the risks
associated with the level of informal or
unplanned settlement (8.66), the proportion
of wastewater safely treated (7.51), and
the degree of compliance for solid waste
management procedures (7.33). Medium-
high risk scores reflect risks to the resilience
of critical infrastructure, including ports and
shipping (6.96), roads (6.57), water distribution
infrastructure (6.37), airports (5.95), and the
power grid (5.17). Finally, medium-high risk
scores also reflect the risk associated with the
percent of low-income housing in relation to
flood zones (6.67) and the level of housing
damage from extreme weather events (6.64).

e Inthe ECONOMICS category (expert weighted
average 5.80), high risk scores highlight the
economic importance of coastal cities (8.19)
and the size of Chattogram’s informal economy
(7.95). Medium-high risk scores reflect risks due
to market losses from extreme weather events
(7.35), income inequality (7.26), national GDP per
capita (6.78), and urban unemployment (6.10).

e The MAJOR INDUSTRIES category (expert
weighted average 5.41) is the only category
under Financial Risk to have no indicators scored
as high risk. Nonetheless, it includes medium-
high risk scores for the percent of national
economy based in port and shipping industries
(7.02), in the nearshore fishing industry (6.78),
and in the offshore fishing industry (6.75).
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Chattogram is Bangladesh’s commercial capital
because of its diversified industrial base and
seaport. It is a regional transshipment hub, with
proximity to northeast India, Nepal, Myanmar,
Bhutan, and southwest China. The city is home

to many of the country’s oldest and largest
corporations, such as A K Khan & Company, Abul
Khair Group, Bangladesh Shipping Corporation, and
Habib Group. The importance of Chattogram to
the national economy of Bangladesh is reflected in
a high risk score for percent of GDP generated in
coastal cities (8.19), of which Chattogram is the
largest.

Bangladesh’s economically critical coastal cities,
however, are highly vulnerable to extreme weather
events, reflected in a medium-high risk score for
market losses from extreme weather events
(7.35). Five of the 10 deadliest tropical cyclones in
the world since 1900 have occurred in Bangladesh,
including the 1970 Bhola cyclone, considered the
deadliest ever recorded.s” Tropical cyclones alone
are expected to cause an average of approximately
$1 billion in losses every year to Bangladesh.s®
Individual years and even individual events, however,
will result in greater losses. The economic impact of
the 1991 cyclone was between $1.8 and $3.0 billion
and that of Cyclone Sidr in 2007 was between

$1.7 and $3.8 billion, despite the lower death toll.%
Rainfall-driven flooding due to non-cyclonic storms
has also caused high economic losses.*

Chattogram’s port is a key part of the city’s
economy, reflected in the medium-high risk score
for the size of the port and shipping industry
(7.02). In 2011, it handled $60 billion in annual trade,
the third most in South Asia after Mumbai and
Colombo.*" Ninety percent of Bangladesh’s imports
and exports are handled through the port of
Chattogram,® which is part of China’s Maritime Silk
Road that runs from China via the Suez Canal to the
Mediterranean.®* The Chattogram Export Processing
Zone (CEPZ) is one of the leading special economic
zones in the world. The UK-based Foreign Direct



Investment magazine ranked CEPZ fourth in the
“Best Economic Potential” category and third in the
“Best Cost Competitive” category in 2010.%4

Besides being a major port of entry for shipping,
Bangladesh is the world’s leading country for
shipbreaking. The industry’s yards are located just
outside Chattogram. In 2021, approximately one-
third of the ships broken down were dismantled in
Bangladesh.® The industry directly employs 50,000
people and another 100,000 indirectly,®® and
provides around 8o percent of the country’s steel.”
Laws to protect workers and the environment,
however, are weakly enforced.®® Despite some
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increase in the use of personal protective
equipment,® the first half of 2022 saw a “surge of
accidents.””° Similarly, a bill passed in 2018 to reduce
the environmental impact of the shipbreaking
industry has had limited effect,” and an estimated
79,000 tons of asbestos, 240,000 tons of PCBs,
and 69,200 tons of toxic paints will be imported
into the country between 2010 and 2030 through
the industry, according to a World Bank estimate.”
Since appropriate storage and treatment facilities
remain limited, these pollutants are typically either
dumped into the marine environment or resold,
causing further health impacts.?

Shipbreaking in Chattogram, July 2009
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Chattogram is also home to a growing shipbuilding
industry. The industry employed an estimated
30,000 people in 2018, with projections to employ
20,000 in the subsequent five years and reach
100,000 in 15 years.”* The country’s leading
shipbuilder is the Chattogram-based Western
Marine Shipyard Ltd., which in 2018 accounted for
89 percent of the country’s shipbuilding exports,”
though the company has faced financial challenges
in recent years.’®

Many of the workers employed in shipping-related
industries in Chattogram are informally employed,”
and the informal economy as a whole accounts for
86 percent of total employment in the city.”® These
workers are often excluded from social protection
measures such as sick leave and paid vacation
leave,” and also from accessing formal financial
institutions.®® This makes informal workers more
vulnerable to economic shocks, as demonstrated
by the COVID-19 pandemic. Of those urban workers
in Dhaka and Chattogram who were required to
stop working because of business shutdowns, 68
percent lost their jobs. Informal workers suffered

a 50 percent fall in their income.®’ This uncertainty
in the work environment leaves informal workers
more vulnerable to the impacts of extreme weather
events and limits the ability of informal businesses
to make the upfront investments often required

to strengthen climate resilience. Businesses and
workers operating in the informal economy also
generally pay fewer taxes than those in the formal
economy. This contributes to Bangladesh’s limited
tax collection; the country collects the fewest taxes
as a share of its economy of any country in South
Asia.®2 These vulnerabilities are reflected in the high
risk score for the size of the informal economy

(7.95).

Chattogram is also characterized by widespread
informal settlements — home to approximately
one-quarter of the city’s population® — as reflected
in the high risk score for the level of informal or
unplanned settlement (8.66). Residents of these
informal settlements have less access to public
services, such as healthcare, and face higher levels
of air and water pollution.® The housing found in
informal settlements usually consists of temporary,
fragile structures, made of tin or mud.® As a result
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of rapid urbanization and increasing land prices,
some informal settlements are constructed on
government land,® including drainage canals.” Such
housing both leaves residents at risk of eviction
and worsens the city’s challenges with flooding
and waterlogging. The disposal of household waste
into local waterbodies and on the ground — the
practices followed by 58 percent and 39 percent
of informal settlement residents in Chattogram,
respectively — further exacerbates flooding and
waterlogging.®

Shortcomings in waste management are an
enduring challenge in Chattogram even beyond

its informal settlements, reflected in the medium-
high risk score for solid waste management
(7.33). The city generates 3,000 tons of solid waste
every day, according to the CCC’s 2019-2020

Waste Report.?? One estimate found that waste
generation per capita in Chattogram doubled in
the decade between 1999 and 2009 as a result of

a rising standard of living.#® Plastic consumption
per person in Bangladesh’s urban areas tripled
between 2005 and 2020, driven in part by increased
use of single-use plastics during the COVID-19
pandemic (specifically, reliance on single-use
personal protective equipment).”” Chattogram’s
waste management systems have been unable to
handle this level of waste generation, with as much
as 33 percent of it going uncollected.”? This waste,
especially discarded plastic, often sits in the city’s
rivers, waterbodies, and drainage channels, most

of which are uncovered. It then has three principal
impacts. First, over time the plastic degrades

into microplastics that pose a significant risk to
human and marine ecosystem health.” Second,

city residents fall into the open drainage channels,
an occurrence that killed five people and injured
dozens in 2021 Third, the solid waste clogs
drainage channels, exacerbating the city’s challenges
with flooding and waterlogging, which has caused
over Tk 250 crore ($24 million) in damages annually
on average over the last decade.s Previous efforts
to reduce solid waste generation and improve waste
management, including the 2002 national plastic
shopping bag ban and a pilot waste management
project in Nabinagar beginning in 2021, have seen
limited results.%



Drainage channel in Chattogram clogged with solid waste, 2022

Besides the city’s solid waste challenges,
Chattogram faces high risk in the area of
wastewater treatment (7.51). The city generates
400 million liters of sewage per day, which is
expected to grow to 515 million liters by 2030.7 That
untreated sewage currently enters the Karnaphuli
and Halda rivers before ending up in the Bay of
Bengal, where it damages key coastal and marine
ecosystems and human health.*® The city also
generates 539 cubic meters of fecal sludge per day,
projected to grow to 715 cubic meters by 2030.° Of
the 539 cubic meters, 15 is currently managed by the
CCC, 20 by the nongovernment organization DSK,
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and the remaining 504 cubic meters of untreated
fecal sludge enters the city’s rivers and the Bay of
Bengal, further damaging human and ecosystem
health.*° The Chattogram Water and Sewerage
Authority drafted a master plan in 2017 that
envisions treating the city’s wastewater through a
combination of six sewage treatment plants, which
would cover 75 percent of households, and two
fecal sludge treatment plants. Work has begun
on the first sewage treatment plant, and tentative
approval by the national government for a second
came in October 2022
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Chattogram: Financial Risk

s multiple indicators.
ium-High 5.01 - 7.5] High 7.51 - 10

Each category score comprise:
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Category

Infrastructure

Economics

Major Industries

Table: Stimson Center - Created with Datawrapper
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Indicator
Level of Informal or Unplanned Settlement
Proportion of Wastewater Safely Treated
Degree of Compliance for Solid Waste Management Procedures
Level of Resilience for Ports and Shipping
Percent of Low-Income Housing in Relation to Flood Zones
Level of Housing Damage from Extreme Weather Events
Level of Resilience for Roads
Level of Water Distribution Infrastructure Resilience
Renewable Energy Share in Total Energy Consumption
Percent of People Living Below 5 Meters Above Sea Level
Level of Shoreline Development
Level of Resilience for Airports
Level of Grid Resilience
Level of Solid Waste Treated
Percent of Population with Adequate Access to Electricity
Percent of GDP Generated in Coastal Cities
Level of Informal Economy
Market Losses from Extreme Weather Events
Income Inequality
National GDP per Capita (Purchasing Power Parity)
Urban Unemployment Rate
National Youth Unemployment Rate
National Unemployment Rate
Debt Ratio (% of GDP)
Percent of National Economy Based in Port and Shipping Industries
Percent of National Economy Based in Near Shore Fishing Industry
Percent of National Economy Based in Off Shore Fisheries
Percent of National Economy Based in Agriculture
Diversity of Lodging Types
Percent of National Economy Based in Tourism Industry
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Political Risk

Many of Chattogram’s highest political risks are
associated with the city’s rapid population growth.
The city also faces high risk from limited investment
in climate resiliency projects and medium-

high risks from climate risks to key industries,
poverty, civil society engagement, and adaptation
implementation.

e Inthe SOCIAL/DEMOGRAPHICS category
(expert weighted average 6.50), high risk scores
for urban population (8.78), urbanization rate
(8.75), and percent of the urban population
below 30 years of age (8.25) highlight the risks
associated with a rapidly growing population in a
city with already strained infrastructure.

e The STABILITY category (expert weighted
average 5.12) shows medium-high risk scores for
the percents of people employed in agriculture
(6.55), the commercial fishing industry (5.92),
and the port and shipping industries (5.49).

e Although the GOVERNANCE category (expert
weighted average 4.44) has the lowest average
score in the assessment, a high risk score for
investment in climate resiliency development
projects (8.15) highlights concerns around
insufficient resources mobilized to strengthen
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climate resilience in the city. Medium-high risk
scores for civil society participation (6.52) and
national climate adaptation plan (5.10) highlight
additional challenges.

Chattogram is the second most populous city

in Bangladesh and is continuing to grow rapidly,
reflected in high risk scores for urban population
(8.78) and urbanization rate (8.75). The city’s
population is over 3.2 million (defined by the 41
wards under the jurisdiction of the CCC), and the
population of the metropolitan area is 5.3 million.
The city has added almost 650,000 people — a 25
percent increase — in a decade.””® The metropolitan
area has added over a million during the same
time period and is expected to reach over 7 million
people by 2035.°4 This growth will continue to
strain municipal public services, most notably solid
waste management and wastewater treatment.
Continued growth will also likely result in further
encroachment of housing on hazard-prone areas
without effective regulation. It will also contribute
to the further reduction in available green spaces
in Chattogram, which has already fallen by nearly
half from 68 percent of the city’s area in 1990 to 37
percent in 2020.'%

Low-lying settlement in Chattogram



Migration from rural areas to Chattogram is a major
source of the city’s rapid population growth rate.”
In addition to the draw of Chattogram’s flourishing
economy, there are several important push factors
driving people to leave their homes and move to
Chattogram, particularly the transition from rice
agriculture to shrimp farming that has occurred
along much of the Bangladeshi coast. Shrimp
farming has significantly lower labor requirements
than rice agriculture, especially in rural areas,

thus reducing local job opportunities.® It also
contributes to increased soil salinity, reducing the
productivity of local rice farms even where they
are not converted to shrimp farms.°® The risks

to agricultural employment from both climate
factors, such as rising sea levels, and non-climate
factors is reflected in the medium-high risk score
(6.55). Interviewees also cited displacement by
extreme weather events and the undermining

of rural livelihoods through deforestation as key
migration drivers.®

Much of the city’s population is young, reflected

in the high risk score for percent of urban
population below 30 years of age (8.25). Just
under 69 percent of the city’s population was
literate as of the 2011 census, the lowest of any

city corporation except for Sylhet,™ reflected in

a medium-high risk score (5.08). The COVID-19
pandemic increased Chattogram’s poverty rate,
reversing previous reductions. Marginal gains to
combat poverty in 2021 remain precarious, reflected
in a medium-high risk score for the percent of

the population in poverty (6.84). Major drivers
of the increase in poverty during the pandemic
include the sharp reduction in demand for exported
manufactured goods, especially garments, and the
exclusion of a large share of the city’s workers from
social safety nets.™

Chattogram also faces high risk around investment
in climate resiliency development projects
(8.15). Chattogram has several climate adaptation
plans (discussed in greater detail in the section on
“The Status of Resilience Planning” below), and
national climate adaptation planning scored

as a medium-high risk (5.10). The Chattogram
Development Authority (CDA) is updating its master
plan for the first time since 1995." Interviewees
noted that despite some outreach from the CDA
during the drafting process, there is still insufficient
substantive consultation with youth and civil
society,™ and participation of civil society was
scored as a medium-high risk (6.52). Additionally,
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interviewees observed that in the past these plans
have often fallen short in implementation. For
example, they noted that Chattogram’s city-level
disaster management committee is not active, and
that climate change is not integrated into the CCC’s
annual planning and budget."™

The shortcomings in implementation likely

stem in part from challenges around mobilizing
financial resources. This is in turn due partially

to Chattogram’s dependence on the national
government for funding. Bangladesh is one of

the least financially decentralized countries in the
world," and 35-45 percent of the CCC’s revenue
comes from the central government." This reliance
would be especially problematic when the CCC,
which has a locally elected leadership, is governed
by a different party than the national government. In
other cities, this kind of vertically divided authority
has negatively impacted the delivery of urban
services."” However, mobilizing financial resources
is a challenge that affects all of Bangladesh, as the
country raises the fewest taxes as a share of its
economy of any country in South Asia," in part
because its large informal economy provides limited
tax revenue."™

In Chattogram, fragmented governance further
hinders the effective implementation of climate
resilience projects and delivery of public services.
The principal division is between the CCC and
CDA. Leadership of the former is elected locally,
while the national government appoints leaders

to the CDA. However, there are numerous other
agencies operating in the city with overlapping
and intersecting mandates and management plans.
Waste management, one of the most pressing
issues facing the city, provides a salient example of
the challenges associated with this fragmentation.
The CCC is ostensibly responsible for proper
disposal of solid waste and drainage management.”
However, in practice, the CDA, Chattogram WASA,
Bangladesh Water Development Board (WDB),
and Chattogram Port Authority all play some role
in drainage management in the city.”" Bureaucratic
confusion and divisions of authority are often
unclear or conflicting, paralyzing the necessary
work.

For example, a project to mitigate Chattogram’s
waterlogging challenge was approved in August
2017 with a budget of almost Tk 8,000 crore ($770
million) and a project deadline of 2020. The CCC,
CDA, and WDB were all given responsibilities
under the project, but work did not begin until



mid-2019 because of delays in finalizing plans and
hiring consultants. The COVID-19 pandemic and
delays in releasing funds by the National Ministry of
Housing and Public Works held up the CDA’s work.
Opposition from the Chattogram Port Authority

Chattogram: Political Risk

MEASURING MULTIDIMENSIONAL CLIMATE RISKS
IN CHATTOGRAM, BANGLADESH

delayed the WDB’s work. Insufficient allocation of
funds for land acquisition delayed the CCC’s work.
By mid-2021, little of the work had been completed,
and as of late 2022 the city’s drainage channels
remain uncovered and clogged with solid waste.™

Each category score comprises multiple indicators.
m Medium 2.51-5 [T oaar OO

Category

Saocial and Demographics

Stability 512

Governance 4.44

Table: Stimson Center * Created with Datawrapper
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Level of Social Tension 495
Percent of People Employed in Artisanal and Subsistence Fishing 4.66
Number of Incidences of Civil Unrest or Instability 4.60
Percent of People Employed in Tourism 329
Investment in Climate Resiliency Development Projects 8.15
Civil Society Participation | 652
Capacity of Ethics Enforcement Bodies
National Climate Adaptation Plan m
Voter Turnout 324
Capacity of Current Disaster Response 317

Rule of Law 293

Access to Healthcare 289

Level of Perceived Transparency Within Government 2.89



The Status of Resilience Planning

The government of Bangladesh has taken significant
steps to integrate climate change adaptation and
mitigation strategies into its national policy and
development framework. The country was the first
in South Asia to adopt a coordinated action plan

to address climate change, the Bangladesh Climate
Change Strategy and Action Plan in 2009, and

in 2011 the country enshrined the preservation

of natural resources and biodiversity, including
wetlands and forests, in its constitution.’* Prime
Minister Sheikh Hasina received the United Nations
Champions of the Earth award in 2015,

Bangladesh has continued its leadership in

climate planning, including the country’s National
Adaptation Plan, the Mujib Climate Prosperity Plan,
and the Delta Plan 2100. The Delta Plan 2100 aims to
balance economic development and environmental
sustainability and includes specific goals around
protection from floods and other climate

disasters, conserving and preserving wetlands and
other ecosystems, and ensuring the sustainable
management of river systems and estuaries.

The government of Bangladesh established the
Climate Change Trust Fund in 2009, allocating

$450 million between fiscal year 2009-10 and

fiscal year 2018-19. It has been a valuable tool for
piloting climate change adaptation programs, as
well as some important mitigation actions, including
community-based disaster management programs,
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ecosystem-based approaches, and nature-based
solutions. However, a lack of access to expertise,
technology, and technological assistance has
resulted in a wide gap between the high demand for
projects and the capacity of experts and technology
to conduct efficient and effective adaptation
activities.”

Although the Disaster Management Bureau was
established in 1993 and the Ministry of Disaster
Management and Relief in 2002, the Disaster
Management Act was not adopted until 2012. The
Act aims to coordinate and enhance disaster risk
reduction, humanitarian assistance, and emergency
response. This was followed by the National Disaster
Management Policy in 2015 and Standing Orders on
Disaster in 2019,

In Chattogram, the new Marine Drive Expressway
stretches 170 kilometers in length, including roughly
100 bridges and 8o kilometers of coastal protection
infrastructure.™ It will join economic zones from
Chittagong to the tourism hub of Cox’s Bazar and
improve access to seaports and airports. In addition,
it provides economic benefits to more than 10
special economic zones in the Chattogram region.
The highway also provides protection from coastal
storms and frequent flooding that have plagued the
area historically, and interviewees mentioned that

it provided protection during Cyclone Sitrang in
2022
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Priority Recommendations
to Build Resilience

Despite capacity constraints, both national and local
actors have made considerable progress in building
climate resilience in Chattogram. The 15.2-kilometer-
long Marine Drive Expressway is already providing
protection from extreme weather events and
coastal erosion. The national government of
Bangladesh designated 1,743 square kilometers of
the Bay of Bengal next to Saint Martin’s Island as
the Saint Martin Marine Protected Area in early
2022. Although this is located south of Chattogram,
the protections afforded to coastal and marine
ecosystems may strengthen the city’s coastal
protection and offshore industries. Chattogram
intends to conduct a risk assessment and hazard
mapping as part of Delta Plan 2100. The evidence
gathered through this assessment can help inform
that work, but also suggests that more work is
required to fully integrate the multidimensional
climate risks that Chattogram faces and ensure
successful implementation of climate resilience
strategies.

The highest risks highlighted in the CORVI
assessment are categorized under Geology/
Water (6.74), Social/Demographics (6.50),
Infrastructure (6.32), and Ecosystems (6.26). The
analysis identified unplanned urbanization, flooding
from tropical cyclones and heavy rainfall, vulnerable
coastal ecosystems, a large informal economy, and
fragmented governance as key risks faced by the
city. Shortcomings in solid waste management and
wastewater treatment, rising and warming seas, a
limited investment in climate resilience, and a lack of
adaptation planning implementation all compound
the impacts of these vulnerabilities. These risks

can begin to be addressed through the following
actions.

Improve and expand flood adaptation
and waste management

Bangladesh has made significant progress in
reducing the country’s vulnerability to tropical
cyclones. Its Cyclone Preparedness Program,
launched in the 1960s, was a pioneer in establishing
a coastal early warning system. Despite this
progress, Chattogram continues to face serious
challenges with flooding and waterlogging that are

due to storms and heavy rainfall compounded by
solid waste, which clogs drainage channels, and
untreated wastewater, which harms human and
ecosystem health. The city and national government
have made efforts to reduce solid waste, clear
drainage channels, and improve wastewater
treatment, but ongoing challenges point to the

need for a more multilayered approach to flood
adaptation and waste management.

The Chattogram City Corporation decided to turn
residential waste collection over to the private
sector. However, residents remain concerned that
this decision will result in higher charges without
improved service.?® The use of performance-

based contracts could be one option that has
shown promise in other countries.™ Private waste
management may also have limited effectiveness

in informal settlements and other poorer
communities. To fill this gap, the government

could provide training to the informal waste
pickers already operating in informal settlements,
either directly or by supporting NGO-led efforts.’s?
Such support could include financial support and
training to improve the efficiency of their collection
methods. The government could also explore the
idea of linking informal waste pickers to private
waste management companies, providing support
for the former and extending the collection capacity
of the latter.

Waste-to-energy and waste to worth projects
could be another option to explore. Such an
approach could simultaneously reduce the quantity
of uncollected solid waste and improve access

to electricity in a country that relies heavily on
increasingly expensive natural gas.® Previous
analysis, however, found several hurdles to such a
project, including absence of waste separation, lack
of financial support, and limited intergovernmental
coordination, that would need to be addressed.*

In addition to improving solid waste management to
reduce waterlogging, Chattogram could take other
steps to mitigate the impacts of flooding. Ensuring
that drainage channels are free from unplanned
housing is critical. The CDA and CCC could augment
their current approach of destroying illegal
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structures with a strategy to improve alternative
housing options, including formalizing land tenure
in non-hazard-prone areas of the city. Another way
to reduce the impacts of flooding and alleviate
waterlogging would be to reduce impermeable
surfaces such as streets and parking,® expand green
spaces, and restore some of the waterbodies that
have been lost.

Finally, improving access to financial resources,
especially for residents of informal settlements

and workers in the informal economy, will help

both recovery from flooding and making important
small-scale resilience investments at the individual,
household, and business levels. There are three
principal avenues for accomplish this. First, the local
or national government could provide financial access
directly, with India’s recent embrace of widespread
digital financial inclusion providing a model.* The
government or international partners could also
provide an enabling environment that reduces the
risk for private sector entities lending to high-risk
individuals and households, such as through loan
guarantees.” The government or international
partners could also provide support to existing
alternative financial institutions, such as microfinance,
which was an important tool to support garment
workers who lost their jobs during the COVID-19
pandemic.’®

Improve urban climate resilience
implementation and invest in climate-
smart infrastructure

Bangladesh has been a global leader in planning

for the impacts of climate change. From the 2009
Climate Change Strategy and Action Plan, the first of
its kind in South Asia, to the Mujib Climate Prosperity
Plan and Delta Plan 2100, the country has embraced
long-range planning that incorporates climate
adaptation as a foundational principle. At the local
level, however, interviewees observed that planning
and operations in Chattogram do not always integrate
climate change.® The implementation of climate
resilience plans at both the national and local levels
is constrained by fragmented governance and limited
access to financial resources. Technical committees
have been established to improve coordination
between the governmental entities operating in
Chattogram,#° but unclear and conflicting divisions
of authority and responsibility remain an enduring
issue.#

Improving climate resilience implementation will
require the participation of diverse stakeholders,
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including the national government, local government
entities, civil society, and international partners,

and can draw on international best practices.
Performance-based fiscal transfers to cities, known
as Urban Performance Grants, have shown success
in other contexts. Under these agreements, the
fiscal transfers from the central government are
conditioned on meeting specific performance
benchmarks in predetermined areas. The World
Bank’s Global Practice for Urban, Disaster Risk
Management, Resilience, and Land, the UN Capital
Development Fund, the European Union, and the
UN Development Programme, among others, have
supported these types of programs.'® Another
practice that has been successful in cities with
vertically divided authority is the use of “medium- to
long-term municipal contracts that involve ex-

ante commitments by both central and municipal
governments,” which have shown success even
when power at the local and national levels is held by
opposing political parties.'3

Clarifying and simplifying lines of authority and
responsibility for Chattogram among and between
national- and local-level governing entities could

also improve urban service delivery and resilience
implementation. Ensuring that clear lines of authority
and responsibility are accompanied by clear lines of
accountability along with sufficient resourcing would
enhance the likelihood of success. The updated
master plan that is currently being drafted by the CDA
provides an opportunity around which to undertake
this effort. Obtaining broad and substantive
stakeholder input and buy-in for the master plan

and for the divisions of authority, responsibility, and
accountability is critical. This input and buy-in is

vital not just from currently governing entities, but
also from civil society and the public to ensure that
implementation is successful and sustainable across
political cycles and shifts in public opinion.

Alongside these efforts, the government of
Bangladesh should engage in innovative and
emerging sources of both public and private
adaptation financing. Recent efforts by small island
developing states have shown that consistent

and creative engagement with large international
financial institutions can give rise to new financing
frameworks that free up capital for disaster
recovery. Bangladesh’s consistent track record
of climate leadership, its success at reducing
vulnerability to tropical cyclones, and the findings
from this assessment can help convince potential
lenders that adaptation funding will have real impacts



in strengthening coastal climate resilience in
Chattogram. Examples of the types of innovative
financing mechanisms that the government of
Bangladesh could consider include climate-resilient
debt clauses,* debt-for-nature swaps,* green,
social impact, and resilience bonds,#” and insurance
initiatives like the recently launched “Global Shield,”
which aims to strengthen climate risk insurance and
social protection schemes.™®

Develop a sustainable shoreline
development strategy

The government of Bangladesh has recognized

the need to integrate economic development with
sustainable environmental management, developing
the Delta Plan 2100 for this express purpose based
on a long-term vision of the Bangladesh Delta
through the end of the century. To ensure that it
responds to the specific needs and vulnerabilities
of Chattogram, the Delta Plan 2100 will include a
risk assessment and hazard mapping for the city.
This assessment can inform that work and support
the prioritization of investments needed for
sustainable shoreline development. The government
of Bangladesh is also working with international
partners through initiatives such as the Delta
Coalition to protect the health of the Bay of Bengal.

Employing nature-based solutions by protecting
and restoring Chattogram’s marine and coastal
ecosystems — including seagrasses, coral reefs,
and mangroves — is key to sustainable shoreline
development. These coastal ecosystems can
offer many benefits: protecting Chattogram’s
shoreline from storm surge and reducing damage
from tropical cyclones; improving water quality;
providing habitat for marine species; supporting
the growth of the blue economy, which is a key
priority for the government of Bangladesh; and
sequestering carbon to help Bangladesh meet its
nationally determined contribution under the Paris
Agreement.

The recently designated Marine Protected Area
around St. Martin’s Island, home to Bangladesh’s
only coral reef,** is an important step in this
process. This could be complemented with
additional marine zoning around Chattogram,
developed using the kind of participatory process
that small island developing states have used to
great effect’s The protection of the 13 designated
Ecologically Critical Areas that were declared since
1999 has fallen short of expectations, limiting the
benefits derived from such designation, pointing
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to the need for improved implementation of these
regulations.’s

The government, international partners, and local
NGOs could also build on this conservation work by
restoring and expanding Chattogram’s coastal and
marine ecosystems. This could include extending
mangrove planting efforts currently ongoing in the
Sundarbans to the country’s southeastern coastline.
It could also include planting seagrasses by adapting
best practices from previously successful efforts in
the Western Indian Ocean™ and Australia.’s

Sustainable shoreline development should also
address the land-based pollution harming the
coastal and marine environment. This pollution
includes industrial waste, residential waste, and

the toxins and waste that run off the land from
agriculture, aquaculture, and city streets into canals
into rivers that lead to the sea and coastal areas. In
Chattogram, control and treatment of residential
and industrial wastewater, which currently enters
the Karnaphuli and Halda rivers and the Bay of
Bengal, could be improved. Treating residential
wastewater could take the form of supporting the
Chattogram Water and Sewerage Authority’s plan to
develop a comprehensive sewage treatment system
for the city and ensuring that the plan retains
sufficient foresight and resourcing to accommodate
Chattogram’s growing population.

Treating industrial wastewater could involve
engaging with the city’s key industries to control
pollutants that are released into the Bay of Bengal.
For the shipbreaking industry, these pollutants
include asbestos, PCBs, toxic paints, oxyacetylene
gas, and residual oil. The government of
Bangladesh could strengthen existing efforts to
regulate the environmental impacts of the industry,
such as the Bangladesh Ship Recycling Act of

2018 and the International Labor Organization’s
“Safe and Environmentally Sound Ship Recycling
in Bangladesh.” Bangladesh could also consider
creative uses for some decommissioned vessels,
such as using them for artificial reefs, as has been
done in the United States, especially in Florida.

The garment industry generates as much as 300
metric tons of water pollution per ton of fabric.
Research has shown that more efficient factories
are both more profitable and less polluting,
suggesting that the government of Bangladesh
could pass and implement regulations requiring

or incentivizing a shift to efficient production
standards for the industry. Other growing industries,
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such as shipbuilding, could also be proactively
engaged to address potential pollution challenges
before they become a crisis.

Promoting sustainable shoreline development could
also include regulating or limiting development in
flood-prone areas of Chattogram and combining
green infrastructure approaches with gray or

hybrid infrastructure. Combining such restrictions
with the facilitation of development in lower-risk
areas could improve the effectiveness of such

a strategy, as nature-based approaches provide
additional benefits beyond flood control. Reducing
the push factors driving migration into Chattogram
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from rural areas could also lessen the pressure

for housing on flood-prone areas of the city. This
could include supporting rice agriculture, including
through the use of salt-tolerant rice varieties,®
which could also help address soil degradation and
fertilize overuse It could also include providing
support for intercropping and agroecology in rice
farming, which has been shown to improve yields
and sustainability while reducing water use and
weed infestation.”s
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ORGANIZATIONS
INTERVIEWED

Arannayk Foundation

Bandarban University

Bangladesh Forest Research Institute

Bangladesh Meteorological Department (BMD)
Bangladesh Sangbad Sangstha

Blue Economy Cell, Energy and Mineral Resources
Division

BRAC

BRAC University

Industrialist

Center for Participatory Research and
Development

Centre for Environment and Sustainability
Chattogram City Corporation
Chattogram Development Authority

Chemonics International Inc; Retired Bangladesh
Navy

Chittagong University of Engineering &
Technology

Civil Servant (Former State Minister)
East Delta University

Feed the Future Bangladesh Trade Activity
Former secretary, GoB

Civil Servant (Diplomats)

ICCCAD

Independent University, Bangladesh
Journalist

Marine Fisheries Academy

Ministry of Environment, Forest and Climate
Change

Ministry of Finance, Bangladesh

Ministry of Public Administration Bangladesh
The Prime Minister’s Office of Bangladesh
The World Bank

University of Chittagong

University of Dhaka

University of Rajshahi

Western lllinois State University

WorldFish

Young Power in Social Action (YPSA)

Bangladesh Institute of Maritime Research and
Development (BIMRAD)

Bangladesh Sangbad Sangstha

Chattogram City Corporation

Chattogram Development Authority
Chittagong University of Engineering and
Technology

Feed the Future Bangladesh Trade Activity, USAID
Independent University, Bangladesh
Ministry of Disaster Management and Relief
University of Chittagong

University of Dhaka

University of Rajshahi

Western lllinois State University

Young Power in Social Action
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Introducing the Climate and
Ocean Risk Vulnerability Index

Urban coastal areas and island states are likely to
experience the earliest onset and potentially most
severe impacts from climate change. However, the
risks associated with climate change for specific
coastal cities are much more difficult to untangle.
In order for coastal cities to efficiently allocate
resources and enact effective adaptation strategies,
they must understand their multidimensional
climate risks. These efforts are impeded by
incomplete data. In small island developing states
and least developed coastal countries data on
climate risks is rarely available at the city or island
level and, when it does exist, it is often poorly
managed and stored in silos that make access and
use difficult, even for city government officials.™
This issue is compounded by technical, financial,
and capacity gaps, trapping coastal cities and island
states in a vicious cycle where they cannot develop
holistic strategies to prioritize investment and
access the funds needed to implement resilience
actions.

In multiple meetings with
stakeholders, experts
noted that data gaps
impeded their ability to
assess multidimensional
climate risks and provide
evidence-based policy
recommendations to key
decision makers.'®3
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Without data at the appropriate geographic scale,
decision makers are often left with the choice

of either waiting for greater data availability or
attempting to downscale national-level data. Neither
of these is an ideal solution for effective climate
change adaptation.

Despite these challenges, decision makers need to
act now in the face of uncertainty to build resilience
to the climate crisis. To do this, they need tools

that will enable them to consider multidimensional
climate risks, develop cohesive strategies, and utilize
this information to unlock additional climate finance
and implement resilience actions.

In response, the Stimson Center developed the
Climate and Ocean Risk Vulnerability Index (CORVI).
CORVI is a decision support tool that compares a
diverse range of climate-related risks across the
land and seascape to produce a coastal city or
island state risk profile.’ These risks are displayed
across 10 categories, grouped under three risk
areas: ecological, financial, and political (see figure
2). The 10 categories are in turn made up of close to
100 indicators, covering a range of issues including
the vulnerability of vital infrastructure, the health
of marine ecosystems, and urbanization dynamics
in the chosen coastal city. Each indicator and
category is scored using a 1-10 risk scale relative

to other cities in the region, offering a simple
reference point for decision makers looking to
pinpoint and categorize climate risks. The CORVI
risk scores that form the basis of a coastal city risk
profile are augmented with existing academic and
gray literature, government documents, and key
informant interviews to develop a comprehensive
narrative and understanding of the coastal

city’s climate risks and to identify priority policy
recommendations.
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City Risk

Figure 2: CORVI Risk Types and Categories

How CORVI is Different

CORVI builds on the work of previous indices but is
distinct in three ways.

1. City-Based: Unlike many other indices that

tend to focus on the national level, CORVI is city-

based, providing subnational-level detail on the
nature and impact of climate and ocean risks.
This focus is based on extensive interviews with
potential issuers of the CORVI tool, who noted
the difficulty of downscaling national-level risk
and vulnerability data to inform policy action to
build climate resilience in specific communities.

2. Holistic: CORVI looks across a broad set of
ecological, financial, and political risk factors
that are connected to climate change impacts
and that influence vulnerability of coastal cities

and their residents. As part of the category and
indicator selection process, indicator inclusion
was primarily based on its ability to capture and
explain climate change risks in coastal cities,
and not on whether data was available. This
approach promotes a holistic understanding of
climate change impacts on coastal cities.

Data-Driven: Through its utilization of SEJ,
CORVI is suited to producing actionable insights
in data-sparse environments. By combining
empirical and survey data across a wide range
of indicators, CORVI fills data gaps to provide a
holistic assessment, while reducing data avail-
ability bias. This approach provides a contextual
and data-driven evaluation of climate and ocean
vulnerability.
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Categorizing Risk

LOW RISK
0-2.5 2.51-5

INTERPRETING RISK SCORES

Low risk scores mean that either the
coastal city has successfully built resilience
in the issue area or the indicator is not as
relevant for understanding risk in that city.

scores indicate that while
resilience has been built to address
the specific risk, future changes could
destabilize resilience gains.

scores mean that
current measures are insufficient and more
attention is required to build resilience
against future climate security impacts.

High risk scores indicate that the issue
area represents a key threat to the coastal
city with the potential to undermine the
security of its residents.
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HIGH RISK
5.01-7.5 7.51-10

CORVI was successfully piloted in the coastal
cities of Castries, Saint Lucia and Kingston,
Jamaica. These first two CORVI city assessments
demonstrated the value of CORVI’s holistic
approach in helping leaders and decision makers
prioritize actions and smart investments for risk
reduction in coastal cities. Despite the challenges
posed by COVID-19, data and recommendations
from both risk profiles are beginning to be
incorporated into urban resilience planning.ss

In collaboration with a wide range of on-the-
ground research institutions, and the support of
local and national governments, CORVI is how
active in 15 coastal cities and island states around
the world. In addition to providing decision makers
in the specific city with a complete risk picture,
each risk profile is added to a global database

to improve decision makers’ understanding of
regional risk dynamics.
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ADVANCING THE SUSTAINABLE DEVELOPMENT GOALS

CORVI aims to contribute to the delivery of the SDGs—an essential framework to guide lasting, positive

change. Twenty-seven CORVI indicators are directly related to SDGs, with a further 13 indicators indirectly
supporting the implementation of an SDG indicator or target. By providing data and information to measure
climate risks in coastal cities, CORVI supports the delivery of the following SDGs:

DECENT WORK AND
ECONDMIG GROWTH

o

Indicators

To ensure that the CORVI indicator scores provide
a holistic risk rating, each comprises five factors:
current, past, and expected trends, the rate of
change of the risk, and the impact of this risk on the
coastal city.

1.

The BASELINE measures the current level of
risk for each indicator relative to other coastal
cities in the region. Baseline data for economic
and social indicators are derived from the most
recent year of complete data. Climate indicators
use an extended time period of 15 years.’s

PAST TREND assesses the trend of risk for
the past 10 years, measured from the baseline
year. The only exception to the 10-year trend
measure is the climate indicators, which use a
15-year trend horizon to account for slow-onset
changes.

EXPECTED TREND assesses the anticipated
trend of risk in the next 10 years, measured from
the baseline year. The only exception to the
10-year trend measure is the climate indicators,
which use a 15-year trend horizon to account for
slow-onset changes.

MAGNITUDE assesses the degree of expected
future trend change relative to other cities in
the region. Change that happens more quickly
than expected are assumed to increase risk
when compared to changes that take place over
a longer time scale. This assumes that longer

9 INDUSTRY, INNOVATION | 4§* ISTAINABLE CITIES 1 CLIMATE l LIFE 15 LIFE 16 PEACE, JUSTICE
AND INFRASTRUCTURE h TE ACTION BELOW WATER ON LAND AND STRONG
=y oo INSTITUTIONS
| S V
| . y. @ o~
« | I _ "
| — =

CORVI ASSESSMENTS COMPLETED

Basseterre, St. Kitts and Nevis
Castries, St. Lucia
Chattogram, Bangladesh
Dagupan, Philippines

Dar es Salaam, Tanzania
Kingston, Jamaica

Mombasa, Kenya

Suva, Fiji

e 6 ¢ o o ¢ o o

PILOT RAPID ASSESSMENTS

e Bridgetown, Barbados
e Colombo, Sri Lanka
e Tarawa, Kiribati

ASSESSMENTS UNDERWAY

Belize City, Belize
Roseau, Dominica

Port Louis, Mauritius
Toamasina, Madagascar

periods of change contribute to less risk, as
decision makers have more time to adapt and
build resilience.

Finally, IMPACT assesses the importance of
change for each indicator in describing future
risk in the coastal city.
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Past Trend

1 Indicator
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Baseline

Figure 3: Indicator Factors

Expected
Trend

4
Magnitude

Data Collection and Structured Expert Judgement

To overcome data gaps, CORVI employs structured
expert surveys to collect data that is otherwise
unavailable. This primary data is combined with
secondary data using structured expert judgment
(SEJ) to produce a comparative score for each
indicator in the assessment.”” SEJ is a well-
established social science technique that seeks to
quantify risk when preexisting secondary data is
inadequate. Through interviews and surveys, as well
as a series of weighting procedures to ensure that
data is representative, SEJ allows researchers to
quantify topics that might otherwise be challenging
to study in such a systematic fashion.

To apply SEJ to CORVI, subject matter experts
across academia, government, civil society, and

the private sector are identified through research
and extensive outreach to stakeholders in the
target coastal cities. These experts then refer the
project team to other experts and stakeholders with
appropriate expertise using “snowball sampling”¢®
To guard against confirmation bias, survey answers
are compared to a regional secondary empirical
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dataset to weigh the expert responses by utilizing
a coherence check.® The coherence check
ensures that experts whose answers do not match
secondary data are not weighed as highly as those
who do.

This approach has several strengths. First,

CORVl incorporates the views of subject matter
experts and local stakeholders at each stage of its
implementation. This allows the final product to
better reflect the specific context it is seeking to
measure and provide more focused information
for end users. Second, pairing primary survey data
with secondary data through SEJ allows CORVI to
provide insight into risks relating to urban coastal
environments that existing secondary datasets do
not cover. While the use of SEJ allows CORVI to
assess a diverse range of risks, however, it should
not be regarded as a substitute for empirical

data collection. Rather, SEJ is best viewed as an
alternative research technique specialized to
analyzing topics with significant data gaps.”°
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