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How Ecosystem-Based Solutions Can Develop
Climate-Resilient Cities

As an ecosystem-based adaptation measure, an old concrete canal is transformed into a natural three-kilometer river, which now
merges seamlessly with the park’s greenery. Photo credit: Deltares.

Ecosystem-based adaptation solutions can reduce vulnerability and build
resilience of urban areas to climate change.
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Introduction
Redeveloping urban areas through climate adaptation measures can make cities more resilient to the
hazards of extreme weather and better cope with water surplus or shortage, heat stress, and land
subsidence. Moreover, implementing such measures can result in co-benefits for public health,
biodiversity and social well-being.
Cities are designed according to current or past conditions. Land-use changes because of continuous
population growth. Urbanization can lead to reduced infiltration, increased runoff and water demand, and
urban heat island effect. This urbanization leads to reduced infiltration, increased runoff and water
demand, and urban heat island effect. Climate change can also magnify existing risks and vulnerabilities
of urban areas to flooding, drought, and extreme heat.

Soil and vegetation naturally absorb 90% of rainfall through infiltration into the ground and evaporation
into the air, while hard city surfaces like asphalt, pavement, and roofs rapidly shed water, creating huge
volumes of fast-flowing runoff. Developed areas create over 500% more runoff than natural areas of the
same size.
Ecosystem-based (or nature-based) solutions have been developed over the past decades in response
to the growing need to improve urban resilience as well as environmental sustainability. Digital tools,
such as the Climate Resilient City Tool, are available to help urban planners evaluate climate risks and
promote collaboration of stakeholders for ecosystem-based adaptation measures.

What is ecosystem-based adaptation?
Inspired and supported by nature, ecosystem-based adaptation measures are cost-effective solutions
that harness ecosystem services to reduce vulnerability and increase the resilience of cities to extreme
rainfall, drought and heat–aggravated by climate change. Ecosystem-based adaptation measures follow
the basic principles of conservation, sustainable management, and restoration of ecosystems. These
include soft and hard engineering measures to develop green or hybrid (green–blue–grey) solutions that
integrate plants, water systems, and green infrastructure. They provide environmental, social, and
economic co-benefits and help people adapt to the impacts of climate change.
Figure 1: Ecosystem Services of Nature-Based Solutions

NBS = nature-based solution, UHI = urban heat island
Source: Imperial College London. Climate-KIC Blue Green Dream.[1]

Measures that promote ecosystem-based adaptation improve a city’s climate resilience by enhancing

infiltration and evapotranspiration, [2] and capturing and reusing stormwater. The goal is to restore a
city’s capacity to harvest, absorb, infiltrate, purify, store, use, drain, and manage rainwater. They
mitigate the water discharge from heavy rainfall, retain and degrade pollutants, reduce the amount of
stress on a city’s wastewater treatment facilities, and help maintain the natural water cycle. Examples of
these measures include green roofs, porous pavements, raingardens, bioswales, rainwater tanks, smart
irrigation, and urban forest. (See the examples of 43 ecosystem-based adaptation measures.)
Environmental, social, and economic co-benefits derived from ecosystem-based adaptation measures
include:
increased urban resilience by creating additional water storage to conserve water and increase
water availability;
optimized ecosystem functions and services to improve water quality and air quality, improve
microclimates, and control soil erosion and land subsidence;
cooler areas, increasing productivity and public health
covered walkways that provide shade;
reduced noise;
CO2-sequestration; and
enhanced aesthetic quality of urban spaces.
Apart from improving the city’s livability and creating a healthier and more attractive city, ecosystembased adaptation activities can further contribute to the sustainable use of energy and urban resources
while enhancing the urban ecosystem and biodiversity. Through urban regeneration, they can help
revitalize neglected areas and increase land value and government revenues. Recreational spaces that
use ecosystem-based adaptation measures improve people’s well-being and create tourism services,
that in turn, can create jobs and stimulate local economies.

What is the Climate Resilient City Tool?
Urban climate resilience planning involves multiple participants. Planning, implementation, and
maintenance of ecosystem-based adaptation measures require the cooperation of city bureaus and
departments, each with the need to adapt their policies, procedures, regulations, and practices.
In order to support cities in climate resilience planning and design, there are science-based tools
available for hazard exposure and vulnerability analysis. Some tools present an overview of potential
solutions and/or best practices to mitigate the risks. One of these tools is the Climate Resilient City Tool,
an information and technology-based urban resilience and adaptation planning support tool that was
developed by Deltares to assess climate risks, identify key flood-prone areas, and support collaborative
spatial planning of ecosystem-based adaptation measures. The web-based tool can be accessed using
a touchscreen device for collaborative design planning or a single personal computer to individually
explore adaptation options.
The Climate Resilient City Tool provides an initial quantitative estimate of the resilience capacity
improvement, co-benefits, and associated costs of the proposed adaptation measures. This will allow

design participants to collaboratively explore alternative choices and come up with an initial concept.
The initial design can then be used as input for a more detailed design of the landscape and drainage
plan of the project area.
It facilitates dialogue among stakeholders to identify priority areas for climate resilience improvement.
Policymakers, government authorities, planners, designers, and practitioners can work together to
determine the requirements of the priority areas and set the adaptation targets. It is a user-friendly way
to practice collaborative city development planning that allows representatives from various bureaus and
organizations to discuss multi-disciplinary concerns, co-create adaptation scenarios, and co-design a
conceptual plan of a resilient and attractive blue-green infrastructure for a community. With detailed
information provided for 43 ecosystem-based measures, design participants can select specific
interventions that can be implemented at the street or block level.

Ecosystem-based Adaptation Measures in an ADB
Project
The Asian Development Bank (ADB) supported the preparation of a localized version of the Climate
Resilient City Tool for the city of Xiangtan in Hunan Province, People’s Republic of China. Information
on the effectiveness and costs of ecosystem-based adaptation measures have been adjusted for local
conditions.
Xiangtan is an old industrial city undergoing rapid urbanization and industrial transformation. Some
areas have been experienced flooding because of increased rainfall and drainage capacity has been
exceeded. The Climate Resilient City Tool, developed in English and Chinese, was used in the project
preparation of the urban climate resilience component of the Xiangtan Low Carbon Transformation
Sector Development Program. A flood hazard map was generated for Xiangtan based on an analysis of
local conditions.
Climate resilience experts trained local government authorities and other stakeholders on urban hazards
and challenges, urban climate resilience, adaptation planning, and nature-based solutions, including
ecosystem-based adaptation measures. In the design workshop, participants used the Climate Resilient
City Tool to prepare a concept design for two project areas.
A new hospital to be constructed in Xiangtan is located in a critical flood-prone zone and requires more
than 5,000 cubic meters of retention, detention, and storage capacity for pluvial flood protection. The
concept design considered several ecosystem-based adaptation measures, including rainwater gardens,
systems for rainwater harvesting, catch pits, permeable pavement, urban wetlands, and green roofs.
These measures aim to create large peak storage volumes for drought resistance and flood protection,
as well as improve runoff water quality and enhance green spaces.
Initiatives to be implemented on and along one of the main roads involve converting trees to tree pits,
creating rain gardens for treating stormwater from the side pathways, modifying or relocating catch pits
to new rain garden areas, creating porous pavement for cycle lanes and pedestrian walkways, and

developing subsurface infiltration for water storage under cycle lanes and pedestrian walkways. These
will improve infiltration, reduce runoff pollution, decrease drainage and peak volumes of stormwater, and
improve the landscape and street aesthetics. These will help strengthen biodiversity and support
Xiangtan’s transition into a “sponge city.” [3]

Conclusion
Ecosystem-based adaptation measures are among the most effective ways of advancing climate
resilience by integrating the use of biodiversity and ecosystem services while maximizing co-benefits.
Collaborative city development planning is needed to discuss multi-disciplinary concerns and co-create
conceptual plans for a resilient and attractive city.
Applications of the Climate Resilient City Tool in various settings and contexts in several cities have
illustrated the added value of the toolbox in bringing policy and practice together with the help of science
for a more water-robust and climate-resilient urban environment.
[1] Bozovic, R., C. Maksimovic, A. Mijic, M. Van Reeuwijk, K. Smith, and I. Suter. 2017.

Blue Green Solutions, A Systems Approach to Sustainable, Resilient and Cost-Efficient Urban
Development. Imperial College London. Blue Green Dream project, Climate-KIC, European
Institute for Innovation and Technology.
[2] Evapotranspiration is the process by which water is transferred from the subsurface to the

atmosphere by evaporation from the soil and other surfaces and by transpiration from
plants. (ADB. Characterizing Water Supply and Demand in Cambodia’s River Basins.)
[3] The Sponge Cities Initiative in the People’s Republic of China (PRC) focuses on using

“green infrastructure” (e.g. permeable pavements, green roofs, parks and, tree planting, and
constructed or natural wetlands) in its flood and drought-prone cities to absorb and naturally
filter and store rainwater before releasing it into drainage facilities and into the river.

Resources
Asian Development Bank. 2020. $200 Million in ADB Loans to Demonstrate a Low-Carbon and Resilient
City Growth Model in Xiangtan, PRC. News Release. 13 October.
ADB. China, People's Republic of: Xiangtan Low-Carbon Transformation Sector Development Program .
Deltares. Climate Resilient Cities Toolbox.
Deltares. Ecosystem-based Adaptation Measures Available in the Xiangtan Climate Resilient
City Toolbox.

Na Won Kim
Senior Urban Development Specialist, South Asia Department, Asian Development Bank

Na Won Kim has 20 years experience in sustainable development, sustainable
production and consumption, system innovation, climate change, and environmental

policy and governance. She promotes systems-thinking, integrated solutions, collaborative and coherent
climate actions in various sectors, preventive approach to enhance resilience and active governance.

Frans van de Ven
Team Leader, Urban Land & Water Management, Deltares

Frans van de Ven is the Team Leader of Urban Land & Water Management at
Deltares, the Netherlands institute for delta technology. He is an Associate Professor
in Urban Water Management at the Faculty of Civil Engineering and Geosciences of Delft University of
Technology. Together with his colleagues in both organizations, he is working on attractive, flood robust
and climate-resilient, subsidence-free cities, while aiming at reducing the environmental footprint of
urban systems.

Reinder Brolsma
Urban Water Management Specialist, Deltares

Reinder Brolsma is a specialist on urban water management at Deltares, integrating
knowledge on hydrology, urban-heat islands and ecohydrology. He applies his
experience to increase flood resilience and water security of urban areas, with a focus on nature-based
climate adaptation. He has worked on projects on sustainable drainage systems in Europe, North
America and Asia. He has a leading role in the development and application of the Adaptation Support
Tool for co-creating spatial designs of sustainable urban water systems.

Asian Development Bank (ADB)
The Asian Development Bank is committed to achieving a prosperous, inclusive,
resilient, and sustainable Asia and the Pacific, while sustaining its efforts to eradicate
extreme poverty. Established in 1966, it is owned by 68 members—49 from the region.
Its main instruments for helping its developing member countries are policy dialogue, loans, equity
investments, guarantees, grants, and technical assistance.

Follow Asian Development Bank (ADB) on

