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EXECUTIVE SUMMARY

Flood and environmental risk management (FERM) is a new concept recognizing the close connection 
between managing flood risk and managing risks to the physical environment and biological ecosystems. 
The concept aims to address the nexus between flood, waste, and biological ecosystems by applying 
both structural and nonstructural solutions, and taking into consideration urban−rural and upstream−
downstream linkages, in development planning and project implementation. This nexus approach 
assimilates multisector targets, provides more economical and cost-e·cient development goals, and 
lessens the risk of applied interventions undermining one another. In other words, FERM promotes 
spatial (local and river-basin scales), functional, and organizational integration.

Especially important is the fact that FERM also recognizes that other interventions to improve the 
economic prosperity and social well-being of communities can have an impact on flood risk, the 
environment, and the sustainability of ecosystems. It is therefore proposed that, during the formulation 
of a development plan or project with potential impacts on flood risk and on the environment, there 
should be an assessment to determine those impacts within the targeted area. A development 
project (including any flood and environmental risk mitigation measures) that physically modifies the 
environment or changes land use will have a potential FERM footprint in the project location, and could 
possibly cause upstream and downstream impacts. FERM assessment is not just a responsible course 
of action during project formulation, it often helps identify opportunities for cross-sectoral synergies 
that can improve e·ciencies in investments for social betterment. The inherent interconnectedness 
of interventions and the inevitable chain of repeating cause and e«ect mean that cross-sector projects 
with multiple objectives generally produce improved outcomes that are more sustainable and enduring.

FERM recognizes the existence of the flood (water)–waste (environment)–biological ecosystem; 
synergizes the inextricable linkages between flood mitigation, waste management, and ecological 
conservation; and works with what nature has to o«er. “Water” in this nexus relates to the timing and 
quantity of available water, and particularly the risk of floods. “Environment” refers to the physical 
form and condition of waterways, particularly the quality of natural (or modified) systems like rivers, 
lakes, wetlands, and estuaries. “Biological ecosystem” or “biosystem” refers to the elaborate ecosystem 
sustained by the physical environment. All the elements of the nexus depend on each other, so it is more 
appropriate to use an integrated approach, rather than treating each element separately or in isolation. 

To promote the mainstreaming of the FERM approach into the formulation of development projects and 
investment programs, this paper presents the principles underlying FERM and briefly discusses current 
policies and practices. It also presents three Asian Development Bank case studies from the People’s 
Republic of China to illustrate what is being advocated. Finally, it also discusses other matters relevant to 
the integration of FERM into a framework for project appraisal and formulation.





I.�INTRODUCTION

Flood risk management often entails the modification of natural systems to achieve improved social 
and economic outcomes. It aims to reduce the danger to human life and personal well-being caused 
by exposure to flood hazard, and to reduce damage to assets, including private property and public 
infrastructure.1 Natural systems modified by flood risk management—for instance, rivers, floodplains, 
lakes, wetlands, estuaries, and their associated ecosystems—are vital for human welfare. Modern 
technological and industrial societies may have progressed well beyond a simple dependence on nature, 
but they remain critically dependent on natural resources for the production of food and fibers, as 
well as for renewable sources of water, energy, and a wide variety of essential raw materials. Flood risk 
management focuses on the direct and consequential impacts that may arise from floods. But because 
of the intricate web of life in which we are enmeshed, it should also consider how the services that 
ecosystems provide will be a«ected by flood risk management interventions; this is what is referred to 
as the “environmental footprint” of flood risk management. The flood risk management practices being 
promoted by many countries to address flood hazards, exposure, and vulnerability tend to focus too 
much on flood mitigation, and too little on the long-run consequences for local and regional natural 
environments. The sole focus on flooding by risk-management approaches may have good short-term 
results, but they may not always generate sustainable outcomes, unless the flood risk and environmental 
footprints of each development activity (including flood risk management) are accounted for.

Intervening in natural systems to manage flood risk may have consequences other than flood risk 
reduction. Water quality may be degraded. Sediment loads or flow velocities may be altered in such 
ways as to cause changes in the morphology of waterways (e.g., river bed aggradation, bank erosion, 
flow distribution within deltas, etc.). Any such changes will influence instream and river ecology, and 
may adversely a«ect the biodiversity of associated ecosystems. Everyone has a custodial responsibility 
to support the sustainability of natural ecosystems. In many cases, however, there are people who 
exploit the natural resources provided by these ecosystems for their sustenance—resources such as 
fisheries, natural fibers, building materials, and soils vital for agricultural productivity. Water may become 
unsuitable for human use. The management of flood and environmental risk, therefore, will have a 
footprint on downstream ecosystems and water quality.

Similarly, the upstream management of land and water resources a«ects flood and environmental 
risks downstream. Examples include deforestation, which reduces moisture retention in soils and 
accelerates soil erosion, resulting in river bed aggradation; unsustainable farming practices that not only 
trigger soil erosion, but also are sources of nonpoint water pollution; the conversion of land use that 
reduces the storage capacity of floodplains and wetlands; urbanization, which increases the volumes 
and rates of runo«s from impervious surfaces and stormwater drainage; the accumulation of solid 
wastes, which exacerbates flooding and pollutes waterways; and combined sewer systems surcharged 
by stormwater runo« that contaminates water and can cause epidemics. Flood risk management or 
environmental risk management should not be practiced just to remedy geographically isolated flooding 
or environmental problems. 

1 “Flood risk management” is a new concept in the People’s Republic of China (PRC). Traditionally, the PRC used the terms 
“flood control” and “flood defence” to refer to activities that seek to reduce the danger to human life and damage to assets 
resulting from exposure to flood hazards. With the onset of the new century, Chinese authorities realized the limitations 
of flood control; hence, a new strategy was promoted—a shift from flood control to flood management—to emphasize 
nonstructural flood-prevention measures. In recent years, “flood management” has been upgraded further to “flood risk 
management,” and now aims to prevent increases in flood risk or risk transfer downstream due to upstream development 
activities, and to turn flood risk into opportunities in the development process.
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In recognition of the nexus between flood, water quality, and ecosystem sustainability, an infrastructure 
development plan that addresses any of these three elements should be integrated with the other 
elements on di«erent spatial scales, such as within a particular locality or region (Figure 1). Also, other 
sectoral infrastructure development plans that require a modification of the physical environment 
should, during its formulation and design, establish the impacts that project implementation will have on 
flood risk and the ecological environment in that particular locality or in the entire river basin. Of special 
concern are projects or programs for the development of urban utilities (sewerage, stormwater drainage, 
etc.) or infrastructure (roads, bridges, rail corridors, etc.). These are projects that can change flood risk 
and/or water quality, and can adversely a«ect the river morphology and sustainability of freshwater 

Figure 1: Flood and Environmental Risk Management Approach  
for Integrated Water Resources Management on a River Basin Scale

a A “sponge city” is one that mainstreams urban water management into urban planning policies and designs.
Source: Asian Development Bank.
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and marine ecosystems dependent on the conditions of the water supply and water quality. Project 
formulation requires an awareness of these cross-sector issues, as well as the need for accountability 
regarding the consequences of project interventions. Projects or programs—and, therefore, river basin 
development plans—should be formulated to address multiple objectives. A more holistic vision is called 
for, one that better recognizes the sector and cross-sector dependencies and the spatial integration of 
cause and e«ect in natural systems.

As a result of this development, the term “flood and environmental risk management” (FERM) 
was coined. In FERM, emphasis is given not only to the management of flood risk, but also to the 
management of risk to the wider environment resulting from the implementation of risk-management 
measures. In other words, neither flood risk mitigation measures nor other environmental or ecological 
conservation measures should be treated in isolation, no matter what particular sector is being 
prioritized. A development plan can best be optimized by integrating flood risk management measures 
with environment and ecological protection measures, and vice versa (Figure 2). The inherent 
interconnectedness of interventions and the inevitable chain of repeating cause and e«ect mean that 
cross-sector projects with multiple objectives generally produce improved outcomes that are more 
sustainable and enduring. In a broader context, FERM also requires that, during project formulation, 
there should be an awareness of and accountability for the aggravation of flood and/or environmental 
risks within the project locality, upstream, downstream, or elsewhere in the river basin that could result 
from project implementation. In particular, each development plan a«ecting a watershed should go 
through a screening process to check if it would have a flood or environmental risk footprint anywhere in 
the river basin. Also, an accountability system needs to be enforced to improve upstream−downstream 
integration. This suggests the need of FERM, as part of integrated water resources management, to 
integrate solutions vertically (i.e., at the institutional and policy levels), as well as horizontally (i.e., at the 
sector and multisector levels).

Di«ering environmental and social circumstances under which flood risk management and associated 
cross-sector projects are conducted mean that each situation is potentially unique. Generic principles 
and guidelines can be useful in many situations, but they should not be considered universally definitive. 
Stated another way, there are common principles, but not common solutions. 

The objective of this paper is to introduce the FERM concept, which has recently been embedded in 
water operations of the Asian Development Bank (ADB) in the People’s Republic of China (PRC). As a 
part of integrated water resources management, the FERM approach addresses the nexus between flood, 
water quality, and ecosystems. The paper proposes to o«er a framework for management strategies, 
project formulation, and for the development of investment road maps that should be useful for policy 
makers and practitioners (i.e., a framework within which FERM can be e«ectively implemented). After 
discussing key principles and closely related international policy and practices, the paper presents 
three ADB case studies from the PRC, highlighting the adoption of an integrated FERM approach in 
development planning and project design. To conclude, flood and environmental risks should not be 
viewed separately, but rather as an integrated problem. Hence, integrated solutions at a river basin scale 
are required, with due consideration of upstream−downstream and urban−rural linkages alongside the 
flood and environmental risk footprint and accountability mechanism. Investments that aim to support 
more economical and cost-e·cient development goals, and to lessen the risk of multiple interventions 
undermining one another, should adhere to the FERM approach during the strategy development stage, 
and during the project planning and design stage.
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II.�PRINCIPLES OF INTEGRATING FLOOD AND ENVIRONMENTAL RISK MANAGEMENT

The principles enumerated below are proposed as a guide to integrating FERM into policy making and 
project planning, and to making management interventions more accountable for their environmental 
consequences. They are not mutually exclusive; actually, there is considerable overlap.

A. Spatial Integration

The key to e«ective FERM is to broaden the spatial planning scale beyond the immediate dimensions of 
the problem to be addressed, so that linkages between management interventions and ecosystems can 
be properly observed, considered, and accounted for. 

Planning on a river basin scale ensures that this will occur. In hydrology, the natural spatial unit is the 
catchment, or river basin, and the hydrologic processes involved in runo« and flooding are continuous 
and interrelated throughout a basin. Ideally, strategies and management plans should be devised on the 
river basin scale, taking into account upstream and downstream linkages. Solutions to specific problems 
within a river basin can then be developed holistically, within the river basin scale perspective. However, 
it may not always be practicable to prepare management plans on the river basin scale; and it is certainly 
more di·cult in very large river basins (such as the Yangtze River Basin) or in river basins encompassing 
multiple jurisdictions (such as the Mekong River Basin). These two river basins demonstrate that, 
although more di·cult, it is still possible; the reason is that, in both cases, river basin commissions 
have been set up for that particular purpose. But where there are large river basins that do not have 
river basin commissions or management plans encompassing the whole river basin, it may be enough 
to consider spatial management planning on a subbasin scale. Ultimately, there may be a hierarchy of 
spatial management plans, with increasing levels of detail for the smaller scales, albeit with consistency 
among management plans corresponding to di«erent spatial scales. 

Regardless of whether or not water resources plans exist on a river basin scale, administrative areas 
rarely match the natural boundaries of river basin areas. Generally, local and provincial governments 
will have their own infrastructure development plans. These plans may directly target other sectors of 
development (e.g., transport, urban utilities, etc.), but they often have consequences for flood risk and/or 
environmental sustainability in a river basin, particularly downstream. Awareness of and accountability for 
displaced risks such as these is a significant challenge for the e«ective spatial integration of government 
planning. If it could be introduced and enforced, a formal mechanism to include relevant plans at all 
tiers of government in a unified register would enhance spatially integrated planning. For the purposes 
of registration, it may be required to determine and specify indirect or displaced risks with respect to 
flooding and ecosystem sustainability—such information on the FERM footprint and accountability 
system should be readily available, in theory, if adequate environmental impact assessments have been 
undertaken during project appraisals.

Many past projects that relied on the hard engineering of structural measures have had adverse 
environmental impacts—degrading water quality, damaging ecosystems, and casting a dirty footprint 
both at the locality and in upstream and/or downstream areas. These cases are regrettable, not just for 
the harm done to biodiversity and to the delicate links of interdependence within natural ecosystems, 
but also because they jeopardize the sustenance and resilience of downstream communities that benefit 
from the resources or services these ecosystems provide. This has generally occurred when engineering 
projects were too narrowly focused on local or immediate causes and e«ects, without a su·ciently 
broad vision to appreciate the likely modifications of natural systems that could be caused by their 
interventions, or to see the potential cross-sector benefits of a more holistic approach. 
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B. Urban−Rural Integration

E«ective FERM considers addressing the potential linkages between urban and rural, as well as upstream 
and downstream, developments.

Poor farming practices (aquaculture, intensive animal husbandry, etc.) usually result in higher 
concentrations of sediments and pollutants in receiving water bodies. Improved farming 
practices such as terracing, e·cient irrigation methods, and the provision of bioshields  
(e.g., vegetated bu«er strips) along the edge of farmlands that limit soil erosion and absorb nutrients can 
protect river water quality and maintain a river’s conveyance capacity.

Investments in soil and water conservation in rural areas, including retention or diversion of excess water 
for reuse, can significantly reduce the volume of flood infrastructure investment necessary in urban 
areas downstream. They may also provide multiple benefits to local communities, such as improved 
water resources management, including groundwater recharge, better water services for households in 
the project areas, and enhanced ecosystem services throughout the entire river basin.

C. Low-Impact Urban Development 

Urbanization increases the percentage of impervious surfaces and modifies both the quantity and quality 
of runo«. A large range of measures are available to planners and developers to reduce the adverse 
e«ects and minimize the downstream footprint of urbanization. 

Increases in the quantity of runo« can be limited by retaining as much green space as feasible, for 
instance by using stormwater detention ponds in urban drainage networks, increasing the permeability 
of surfaces (e.g., through the construction of pervious pavements and green roofs), and improving access 
for infiltration in parks, gardens, and roadside swales. 

Water quality, both within an urban environment and downstream, can be protected by procedures 
that filter or capture pollutants, contaminants, or nutrients. These could include the retention, recovery, 
or creation of wetlands; or the use of vegetated filter strips, sediment traps, and devices designed to 
capture gross pollutants (e.g., litter). At the same time, these water quality improvement measures have 
implications for flood risk management. Wetlands, for example, are good for temporary stormwater 
runo« retention. Good solid waste management benefits flood risk management by reducing the volume 
of waste, which can otherwise obstruct stormwater drains. The best option would be an integrated urban 
management approach in which urban stormwater management is supported by the management of 
other urban utilities, such as sewerage collection and treatment and solid waste collection and disposal. 

Urban flood risk management requires the implementation of an e«ective stormwater drainage system. 
In fact, many of the measures noted above should be features of any urban drainage network. They could 
be comprehensively incorporated into new drainage systems in urbanizing areas quite readily. There are 
generally more constraints in existing urban settings, but also opportunities for retrofitting old drainage 
networks. 

Low-impact urban development minimizes the footprint on the downstream environment and 
ecosystems. Moreover, many of these measures, such as landscaping along river banks, enhance the 
urban environment and improve local amenities for citizens (e.g., for recreation and relaxation), making 
cities more livable and enjoyable and, in turn, increasing urban property values.
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D. Partnerships between Government Agencies 

The successful application of FERM depends on the e«ective integration of multiple sectors, and thus 
of multiple line agencies.

To maximize the potential cross-sector benefits that can be attained through FERM, it is necessary to 
bring together di«erent policy sectors in an integrated and cooperative way, so that social, land-use, 
and environmental priorities can be determined at a strategic level. Multiple government agencies may 
play important roles in project implementation. Information sharing is, therefore, best initiated at a very 
early stage of planning, to inform relevant agencies, encourage their engagement in the planning process, 
exploit cross-sector synergies, and generate e«ective partnerships and joint uses of limited resources in 
pursuit of policy goals in multiple sectors. 

There may be opportunities to merge projects under di«erent agencies to achieve win-win outcomes. 
For example, flood risk management projects should often be combined with projects involving 
urban sewerage and solid waste disposal, in order to enhance water quality outcomes. Or a flood risk 
management project might be complemented by a rail or road project; as a result, an embankment could 
fulfill a dual duty as transport corridor and flood-protection levee, or a road–railway alignment could also 
serve as an inland dike to prevent certain areas from flooding or pollutants from entering a river.

E. Appropriate Framework, Approach, and Process for Implementation

To e«ectively address the nexus linking flood management, water quality, and ecosystems, FERM 
requires an appropriate framework, methodological approach, and process for project formulation 
and implementation. 

Because of FERM’s cross-sector implications, its concept and principles should be enunciated in policy 
statements, which should, in turn, emphasize environmental objectives as well as social and economic 
objectives. Planning should be required to consider the causes and e«ects on an adequate spatial 
scale, preferably on the river basin scale. Policy coordination among various government departments 
and agencies may be di·cult, but it is highly desirable, as it can ensure that their policies are mutually 
supportive, and that there are no barriers to constructive collaboration or joint planning. 

Institutional arrangements must include mechanisms that secure working relationships between 
relevant agencies, so they can share information, collaborate in project planning, and cooperate in project 
implementation and subsequent operation and maintenance (O&M), including equitable cost sharing. 

Multidisciplinary teams are essential for bringing together a broad scope of technical and scientific 
expertise and experience during project planning and design.

The formulation of an appropriate framework at the beginning of the development-planning and project-
design stages will not only accommodate the needed interventions that fit within the nexus, but will also 
omit those interventions that would likely worsen the flood and environmental risk. 

An inclusive process is required for engaging stakeholders at appropriate stages throughout the planning 
and design of a project. To secure the commitment and constructive participation of stakeholders, 
it is better to initiate engagement earlier, rather than later, and to facilitate opportunities for ongoing 
contributions by stakeholders. To these ends, a consultation and communication plan should be 
prepared at the inception of project planning, then activated and regularly reviewed.
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F. Monitoring, Evaluation, and Adaptive Management

Following project implementation, monitoring and evaluation are essential for verifying that social and 
environmental outcomes are as intended. If unintended or undesirable consequences are identified, 
remedial actions can then be undertaken. 

Programs for monitoring and evaluation should be linked to adaptive management procedures. During 
project development, adaptive management can be especially important for projects that have significant 
uncertainty concerning the environmental (or social) impacts of their implementation. As a project 
proceeds, the formulation of its components or measures may need to be adapted as new information 
becomes available or unforeseen issues emerge. 

Besides remedying deficiencies or adverse impacts, monitoring and evaluation can also identify ways in 
which benefits and outcomes could be improved.

G. The Link with Land-Use Management

The natural resources of land and water are closely interrelated. Hydrology depends not only on 
topography and climate, but also on land use and the vegetative cover of land surfaces. Because of this 
essential interdependence between land and water, the management of land use is closely linked to 
water resources management, including under FERM. 

Upstream land use, such as nature conservation, forestry, agriculture, industry, and human 
settlement, influences the quantity of runo« and sediments conveyed in rivers and streams,  
as well as the concentrations and types of pollutants and nutrients. A conversion of land use 
will change the downstream hydrology and environment, including the characteristics of floods. 
These changes can be managed through the planning and regulation of land use, for example,  
by implementing river-basin land-use management plans. 

The conversion of land from rural to urban uses produces major changes in the timing and quantity of 
runo« and its water quality. Land-use management is particularly important in urban settings, and is 
clearly related to the principle of low-impact urban development, which was noted above.

Inappropriate land-use planning in urban design may lead to negative consequences during flood and 
environmental risk situations. Therefore, robust urban planning is critical for FERM.

The ecosystems potentially a«ected by flood risk management are natural systems that are highly 
dependent on both land and water resources. Hence, land-use management plays a fundamental role in 
this aspect of environmental risk management under FERM.

H. Maintenance of Useful Natural Systems

Flood risk management interventions should aspire to maintain ecosystem functions and the sustainable 
use of ecosystem services. The livelihoods, health, and well-being of those who benefit from the 
resources provided by ecosystems most likely to be a«ected by flood risk management measures should 
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not be jeopardized.2 FERM aims to retain or restore temporary storage, promote the natural cleaning or 
purification of water, and restore the ecosystem generated by floodplains and wetlands. 

An example of this can be seen in urban flood risk management, when stormwater drainage is used to 
manage flood risk. The e·cient delivery of urban stormwater to receiving streams or water bodies can 
degrade the water quality of these natural systems. However, a sustainable ecosystem-based approach 
would include measures that utilize or promote runo« retention, green spaces, pervious surfaces, 
wetlands that can filter nutrients, and devices that capture gross pollutants. 

In some cases, there may be opportunities to recover ecosystem functions or enhance the 
services provided by ecosystems. This is likely where past interventions have modified ecosystems and 
impaired their functions. As an example, past implementation of many flood management plans has 
aggravated flooding downstream by forfeiting the water storage function of floodplains and wetlands. 
Floodplains have been isolated from rivers by flood-protection levees, and wetlands have been drained. 
Works like these can provide some local social and economic benefits, for instance by enabling the 
conversion of land use to productive agriculture or permitting more intensive land use. However, these 
local benefits are won at the expense of flood-mitigation advantages elsewhere due to the loss of 
temporary storage when future floods occur. Equitable sharing of flood risk must be carefully considered. 
Also, an appropriate balance must be sought between social and economic benefits locally and the costs 
and benefits to society on a broader scale. Restoring or retaining floodplains and wetlands may be a more 
cost-e«ective approach to flood risk management. 

The local benefits may also be short-lived. Floodplains separated from their rivers are cut o« from 
the sources of sediments and nutrients that revitalize the soil, possibly resulting in the eventual loss 
of soil fertility. If constructed levees encourage closer human settlement or higher-value agricultural 
production—as they are often designed to do—the damage will be much greater if the levees fail or are 
overwhelmed by floods higher than their standard of design. 

The loss of a wetland will cause a reduction in biodiversity and the loss of useful natural resources and 
services that the ecosystem provided. Typically, the ecosystem is irreparably damaged or destroyed. On 
the national and international scale, a cumulative loss of wetlands will endanger the survival of various 
species. Already, some wetland-dependent species have become extinct. 

There are usually conflicts to be resolved or managed—for example, between use of floodplains 
for agriculture and for the temporary storage of floodwaters—but the key to a sustainable 
ecosystem-based approach is to properly consider the functions of ecosystems and the 
services they provide, and how they could be compromised by management interventions. It is 
generally better to work with what nature has to o«er. Floodplains and wetlands perform useful  
flood-mitigation functions that can be preserved if we work with nature instead of combating it. The loss 
of their hydrologic functions inevitably involves an environmental cost.

I. The Application of Nonstructural Measures and “Green” Structural Measures

Structural measures have a valid and important role in flood risk management, particularly when 
embedded in built environments. But nonstructural measures are often more cost-e«ective for 

2 ADB, Greater Mekong Subregion (GMS) Environment Operations Center. 2015. Ecosystem-Based Approaches to Address 
Climate Change Challenges in the Greater Mekong Subregion. Bangkok: Greater Mekong Subregion Core Environment Program. 
https://www.adb.org/sites/default/files/publication/158165/ecosystem-based-approaches-gms.pdf.

https://www.adb.org/sites/default/files/publication/158165/ecosystem-based-approaches-gms.pdf
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managing flood and environmental risks. And there are usually opportunities for the inclusion of green 
structural measures, which utilize what nature can o«er—for example, measures that recover or retain 
floodwater storage and promote natural water purification in floodplains or wetlands, or measures that 
utilize vegetation for trapping sediments and filter runo« or for absorbing nutrients. 

Project implementation with this type of broader vision will require a more multidisciplinary 
team to formulate a FERM plan that applies nonstructural and green structural measures,  
as well as appropriate structural, hard-engineering measures.

J. Considering Both Water Quantity and Water Quality 

The sustainability of ecosystems can be quite sensitive to water quality, just as it is to the quantity and 
timing of available water. Traditional flood risk management has generally been aware of the changes 
for which it is responsible in the quantity and seasonal availability of water, though it has not always 
been accountable for its footprint on the environment or for the consequences in downstream areas. 
Water   quality is generally more a«ected by other upstream activities, including nonpoint sources of 
pollution from agricultural districts, or point sources of pollution from industrial and urban drainage 
outfalls. Any project involving earthworks, major structural works, or changes in land use needs to be 
accountable for the role its interventions may play in modifying water quality and impairing ecosystem 
functions downstream. 

Flood-mitigation measures that decrease the volumes of water downstream, such as flood-mitigation 
storage or flood-diversion works, may actually degrade water quality because a decrease in the volumes 
of flow would increase the concentrations of pollutants. Contaminants that were previously diluted 
adequately may become more toxic; or contaminants may accumulate in stream beds, and then be 
flushed through waterways when higher flows occur. These developments will elevate public health 
hazards and the risks to downstream ecosystems. The best way to deal with this problem is to optimize 
the runo« volume so as to minimize flood impact and, at the same time, improve the river-cleansing 
function of floods. 

If projects are planned with a broader vision, risk-management measures could be conceived that will 
mitigate the deterioration of downstream water quality and lower the risk to water-dependent 
ecosystems. Perhaps the clearest example is in urban flood risk management, where the design of 
stormwater drainage networks can integrate various measures that treat both the quantity and quality of 
urban runo« (low-impact urban development). 

More generally, the application of nonstructural measures and green structural measures also accounts 
for the nexus between water quantity and water quality, leads to more positive outcomes for natural or 
modified ecosystems, and moderates the environmental footprint of management interventions. 

K. Resilience of Society and Nature (Including the Implications of Climate Change)

“Resilience” refers to the capacity to recover or bounce back from a setback, such as a natural disaster 
like flooding, as well as the capacity to tolerate such disasters. 

Resilience is one of the primary objectives of flood risk management, so that communities can quickly 
restore their well-being and prosperity after a flood. Resilience also applies to natural systems, such as 
rivers and lakes; and to ecosystems, which need the capacity to recover, not only from natural disasters, 
but also from the impacts of human interventions, including measures aimed at managing flood risk. 
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The resilience of human society and the resilience of natural ecosystems are interlinked. 
Ecosystems are able to cushion the impact of floods, so their preservation contributes to 
resilience of communities exposed to flood hazard. They cushion flood impacts, for example,  
by retaining moisture in the soil and in aquifers, and by containing water that does run o« by means of 
vegetation and temporary storage in floodplains and wetlands. Conversely, when planning management 
interventions involve structural engineering improvements in any sector, care must be taken not to 
compromise the resilience of ecosystems that are likely to be a«ected.

The resilience of communities exposed to flood hazard is threatened by future climate change, which is 
predicted to increase the magnitude and frequency of extreme rainfalls (and, hence, the severity of storms 
and floods), but decrease the flow of water during dry weather, thus triggering the loss of ecosystems. 
FERM is also one of the most e«ective methods of climate change adaptation, and green ecosystems 
have a natural role in both mitigation and adaptation. Because of the role of natural ecosystems and 
green habitats in cushioning the impacts of floods, their preservation is highly relevant to the future 
resilience of communities subject to changing climate and flood risks. The preservation of natural green 
ecosystems will contribute to the mitigation of climate change—for example, by sequestering carbon in 
forests, floodplains, and wetlands. In coastal areas, mangroves provide natural protection for low-lying 
communities from the impacts of storm surges. 

L. Stakeholder Participation

Inclusion of a comprehensive selection of stakeholders in the planning process would improve project 
outcomes and minimize the risk of inadvertent negative consequences.3

Stakeholders include all those who may be a«ected or who have an interest in a project’s outcomes. 
They are not limited to government agencies or institutions, although these are clearly very important. 
Stakeholders also include all members of the community who reside or undertake activities (commercial 
or otherwise) within the spatial impact footprint of a proposed project. In general, not all community 
members will wish to be involved, but it is essential that all are properly informed of a project’s scope and 
objectives, and given an adequate chance to make their views and concerns known to project planners 
and proponents. Their feedback and local knowledge can make positive contributions to the project’s 
planning and design, and may prevent undesirable impacts that otherwise might not have been foreseen. 
Furthermore, stakeholders include enterprises with commercial activities that may be a«ected, as well 
as organized groups within society such as nongovernment organizations, special interest groups, and 
professional or industry associations. The appropriate extent and timing of engagement with di«erent 
stakeholders may vary depending on the project context and on the specific interests di«erent 
stakeholders may have in the project outcomes. 

Community participation may be streamlined by the voluntary involvement of community representatives 
in planning deliberations. Nonetheless, it is still essential to complement that with a public program to 
make the community aware of the project’s scope and objectives, and with a campaign to raise public 
awareness of flood risk.

3 ADB. 2013. Investing in Resilience: Ensuring a Disaster-Resistant Future. Manila. https://www.adb.org/sites/default/files/
publication/30119/investing-resilience.pdf.

https://www.adb.org/sites/default/files/publication/30119/investing-resilience.pdf
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III.�POLICIES AND PRACTICES

FERM utilizes a nexus approach to the inextricably intertwined issues of floods (water), waste 
(environment), and ecosystems that entails integrating structural and nonstructural measures.  
This approach is supported by a footprint and accountability system that take into consideration  
urban–rural integration, upstream−downstream linkages, and cumulative e«orts (rather than fragmented 
interventions) in the a«ected basin.4 It aims to mainstream sector project planning and design into 
river basin projects to mitigate damage and reduce risk.5 In other words, if FERM can be integrated into 
cross-sector project planning, investments may be more cost-e«ective and could even enhance social 
and environmental outcomes. 

Although rarely identified as such, FERM is being partly practiced in many developed countries, and 
in the People’s Republic of China (PRC). However, their approaches are still based on traditional flood 
management, with some principles of FERM thrown in here and there. In support of the European Union’s 
Floods Directive,6 with which all member countries are expected to comply, the European Commission’s 
Directorate-General for Environment issued a policy note that directly links environmental management 
to flood risk management. The policy note states that “flood risk management should work with nature, 
rather than against it,”7 and advocates the use of green infrastructure and the coordination of measures 
on the river basin scale. As an example of green infrastructure, it cites the Natura 2000 network in the 
Danube River Basin (footnote 7).8 The more than 3,000 Natura 2000 marine sites include ecosystems 
such as rivers, floodplain forests, wet meadows, and marshes, in which human activity is strictly curtailed 
to preserve ecosystems and their flood-mitigation function; and these are supplemented by nature 
reserves in which most of the land remains under private ownership, but where cooperative land 
management is sustainable, both ecologically and economically.

Other examples of FERM in Europe include the Ruemte voor der Rivier (Room for the River) program, 
in the Netherlands (Rhine River); Espace de Liberté (Free Space for Rivers), in France (Loire and Allier 
rivers); and a program for the Tisza River in Hungary that focuses on the restoration and conservation 
of floodplains via flood risk management.9 Throughout Europe and the United Kingdom, projects 
are being undertaken to coordinate the management of floodplains and wetlands, so that their flood 
mitigation functions are restored or enhanced. In urban flood risk management, the orthodox hard-

4 The nexus approach holds that flood, waste, and ecosystem management are so closely linked, they cannot be treated 
independently. A “footprint” is a measure of human impact in a basin that leads to an increase or decrease of flood and 
environmental risk. Under the flood footprinting and accountability system, all infrastructure development plans will be 
validated for their impacts on flood risk in the a«ected river basin.

5 As an example, in road planning and construction, alignment and elevation are designed to mitigate flood damage and 
facilitate emergency response.

6 European Parliament and the Council of the European Union. 2007. Directive on the Assessment and Management of Flood 
Risks. O�cial Journal of the European Union. L288. pp. 27–34. https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CE
LEX:32007L0060&from=EN.

7 European Commission, Directorate-General for Environment. 2011b. Note by DG Environment—Subject: Towards Better 
Environmental Options for Flood Risk Management. Brussels. p. 1. http://ec.europa.eu/environment/water/flood_risk/pdf/
Note%20-%20Better%20environmental%20options.pdf.

8 Known as the world’s biggest managed network of protected areas, Natura 2000 provides breeding and resting hubs for 
Europe’s rare and threatened species and natural habitats. It stretches across the 28 European Union countries, covering 
approximately 18% of the European Union’s total land area and 6% of its marine zones. See: European Commission. Natura 
2000. http://ec.europa.eu/environment/nature/natura2000/index_en.htm.

9 European Commission, Directorate-General for Environment. 2011a. Annex: Towards Better Environmental Options for 
Flood Risk Management. Brussels. http://ec.europa.eu/environment/water/flood_risk/pdf/Better%20Environmental%20
Options%20for%20Flood%20risk%20management%20ANNEXE.pdf.

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32007L0060&from=EN
http://ec.europa.eu/environment/water/flood_risk/pdf/Note%20-%20Better%20environmental%20options.pdf
http://ec.europa.eu/environment/water/flood_risk/pdf/Better%20Environmental%20Options%20for%20Flood%20risk%20management%20ANNEXE.pdf
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
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stormwater-drainage approach has been supplanted by the application of such concepts as Sustainable 
Urban Drainage Systems in Ireland and the United Kingdom, Water Sensitive Urban Design in Australia,  
and Low Impact Development in the United States—all of which employ such methods as the utilization 
of green spaces and the temporary detention of stormwater runo« to jointly manage flood risk and 
water quality, while producing publicly amenable urban environments. Numerous projects using these 
approaches have already been implemented, and guidelines have been prepared to mainstream these 
approaches into future practices.10

In developing countries, FERM is receiving increasing attention, but is generally not yet in the 
mainstream of strategies and practices of flood risk management. There are still some developing 
countries where investment in structural measures to modify flood hazard dominates the thinking about 
flood risk management, and the nexus between flood risk management, water quality, and ecosystems  
(as well as the linkages between upstream and downstream impacts) gets scant recognition. As 
observed, the degree to which traditional flood control has progressed towards flood risk management 
that is accountable for potential risks to the environment parallels the national transition from an 
underdeveloped to a developed status.

10 For example, see: CIRIA. 2015. The SuDS Manual (C753). London. https://www.ciria.org/Resources/Free_publications/SuDS_
manual_C753.aspx; and the Joint Steering Committee for Water Sensitive Cities (JSCWSC). 2009. Evaluating Options for 
Water Sensitive Urban Design: A National Guide. Canberra. http://observatoriaigua.uib.es/repositori/suds_australia_options.
pdf.

Rain-triggered flash flood disaster. The county of Zhouqu, in Gansu Province, People’s Republic of China, su«ered a tragic 
disaster in the early morning of 8 August 2010, when heavy rainfall and flooding triggered a massive mudslide that swept 
through and submerged the county, leaving death and destruction in its path (photo by the China Institute of Water Resources 
and Hydropower Research).

https://www.ciria.org/Resources/Free_publications/SuDS_manual_C753.aspx
http://observatoriaigua.uib.es/repositori/suds_australia_options.pdf
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The PRC may be regarded as a country transitioning from a developing into a developed nation. The 
country’s new Environmental Protection Law, which took e«ect in January 2015, aims to strengthen 
environmental risk management by making industries and local governments more accountable: 
industries for their emissions and waste pollution, local governments for their enforcement of 
regulations. The law expands the scope of liability and enforcement and enables the imposition of much 
sti«er penalties for transgressions. The PRC’s State Council followed up in April 2015 with the Water 
Pollution Prevention and Control Action Plan (or “Water Ten Plan”), which includes ten measures for 
improving water quality risk management. The plan specifies future targets and assigns responsibilities 
to multiple government institutions. By making agencies accountable for meeting future targets, the 
plan pressures them into engaging in cross-sector coordination, with the intention of breaking down the 
silo mentality that has impeded coordinated action and e«ective management in the past. Other recent 
Chinese initiatives that demonstrate a serious intention of holding agencies more accountable for their 
environmental footprint include a pilot river chief system,11 environmental red lines, and an environment 
protection plan for the Yangtze River Economic Belt (YREB).

ADB is now supporting the PRC government in its e«ort to promote the application of FERM, particularly 
in the YREB. ADB-financed projects in the YREB are integrating a range of sector and subsector 
components in accordance with the FERM principles. The new national policies, strategies, and plans 
discussed just below will play a pivotal role in facilitating the establishment of the FERM principles and 
practices in the PRC. 

A. National Flash Flood Disaster Prevention Plan

Reflecting the lessons learned from the 2016–2017 flood events in the PRC, the Ministry of Water 
Resources issued the National Flash Flood Disaster Prevention Project Implementation Plan  
(2017–2020) in December 2017. The plan prioritizes nationwide disaster risk mitigation for flash floods.  
It is a continuation of the previous plan, which was e«ective during 1990–2015. In 2006, the State 
Council introduced the National Flash Flood Control Planning, which encompassed di«erent objectives, 
such as strengthening monitoring and early-warning systems and enhancing preparedness and 
emergency-response capacity at the national and local levels. During 2006–2015, a total of 22.5 billion 
yuan (CNY) was invested by the government in national flash flood disaster prevention and mitigation 
projects. As a result, the average annual fatalities due to flash floods dropped from 1,100 persons to 400 
during 1990–2015.12 The PRC’s e«orts to further reduce human casualties and economic losses due 
to flash floods should consider a variety of factors, such as land-use changes, flood exposures, climate 
change, and the uncertainty of the temporal and spatial distribution of flash floods. The implementation 
of the new plan can therefore adopt the FERM principles.

B. Rural Vitalization

The PRC’s goal of constructing a harmonious and prosperous society through sustainable environmental 
development is in line with the decision of the Third Plenary Session of the 19th Central Committee 
of the Communist Party of China, held in Beijing in February 2018. The decision focuses on natural 
resources and environmental management in conjunction with public service management. A policy on 

11 L. Hou. 2017. River Chief System Established to Push Anti-Pollution E«orts. China Daily. 23 January. http://www.chinadaily.
com.cn/china/2017-01/23/content_28030352.htm. The heads of local governments have been designated as “river chiefs.” 
As such, they are accountable for water and environmental management within their jurisdictions. The river chief system 
supports the PRC’s e«ort to combat water pollution.

12 China Institute of Water Resources and Hydropower Research. 2017. IWHR 2017 Annual Report. Beijing.

http://www.chinadaily.com.cn/china/2017-01/23/content_28030352.htm
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rural vitalization was likewise disclosed by the State Council in February 2018 as a driver for the PRC’s 
modernization e«orts and as a guide for the construction of a moderately prosperous society. The policy 
targets include the establishment of an institutional framework by 2020, the modernization of rural areas 
by 2035, and the beautification of the countryside by 2050. Local governments have been tasked with 
formulating and starting the implementation of their plans during 2018–2022, with a view to improving 
public services and promoting environmental protection.13

C. Ecological Red Lines

To resolve the current environmental management problems arising from the PRC’s rapid urbanization 
and industrialization growth, a new ecological red line policy (which sets the boundaries of areas 
slated for ecological protection) was proposed and then incorporated into the PRC’s Environmental 
Protection Law; it is currently being implemented nationwide.14 The policy aims to protect key ecological 
function zones, promote socioeconomic development, support ecologically fragile sites and human 
habitats, and secure natural living environments for various species. Provinces and municipalities in the  
Beijing–Tianjin–Hebei region and in the YREB were specifically delegated to set their red lines by the end 
of 2017. Other districts are expected to define their red lines by the end of 2018. The implementation 
of the ecological red line policy, which will help secure the PRC’s ecosystem services, is scheduled for 
completion by 2020.

D. The Yangtze River Economic Belt Development Strategy

To promote sustainable and inclusive growth along the Yangtze River, the PRC made the development 
of the YREB a national strategy in 2014, in order to boost concerted development in riverside regions 
and provide new stimuli for economic growth. The YREB covers approximately one-fifth of the PRC’s 
land area, and comprises nine provinces and two municipalities. It is home to about 600 million people 
and produces over 40% of the country’s gross domestic product. The YREB development strategy is 
expected to be completed by 2020; it aims to increase forest coverage of the PRC’s land area to 23%, 
and have more than 75% of the country’s water qualify for at least a Level III standard classification.15

E. The Sponge City Concept

Many cities in the PRC faced severe water-related and environmental problems due to the rapid rate 
of urbanization. To address these problems, the PRC’s Ministry of Finance, Ministry of Housing and 
Urban-Rural Development, and Ministry of Water Resources jointly sponsored a program to implement 
the “sponge city” concept in 2015.16 Technical guidelines for promoting the construction of sponge city 
infrastructure were issued by the Ministry of Housing and Urban-Rural Development in 2014 and by the 
State Council in 2015. The sponge city concept focuses on the adoption of sustainable and ecologically 

13 State Council of the People’s Republic of China. 2018. China Unveils Action Plan for Improving Rural Living Environment. 
News release. 6 February. http://english.gov.cn/policies/latest_releases/2018/02/06/content_281476037813748.htm.

14 Y. Bai et al. 2016. New Ecological Redline Policy (ERP) to Secure Ecosystem Services in China. Land Use Policy. 55.  
pp. 348–351.

15 As per the PRC’s Environmental Water Quality Standard (GB 3838-2002), water quality is classified based on six levels—
Level I is the highest water quality classification, indicating suitability for drinking after minimal treatment; and Level VI is the 
lowest quality classification, described as severely contaminated.

16 A “sponge city” is a sustainable urban planning and design approach aimed at reducing stormwater (urban flood) and 
polluted runo«, and at reusing water in ecologically friendly ways. It builds a water system infrastructure that acts like a sponge 
to absorb excess rainfall and surface runo«, store and purify rainwater, and release it for reuse. Design techniques include 
permeable surfaces, gardens, rainwater harvesting, green spaces, and lakes, among others.

http://english.gov.cn/policies/latest_releases/2018/02/06/content_281476037813748.htm
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friendly measures to address flood risk and water management issues in urban areas. Among these 
measures are (i) the implementation of low-impact urban development initiatives to mitigate urban 
peak runo«, and to collect, purify, and reuse stormwater; (ii) the construction of more flood-resilient 
water system infrastructure, such as underground storage reservoirs and channels, to improve the design 
and capacity of current drainage facilities; and (iii) the integration of natural water bodies (e.g., wetlands 
and lakes) into the drainage design to enhance natural ecosystem services and provide additional blue 
(i.e., artificial water bodies) and green spaces, which will upgrade urban habitats both for humans and 
other organisms.

F. The River Chief System

In December 2016, the State Council announced that the river chief mechanism would be fully 
established nationwide by 2018, whereby local government heads are appointed as river chiefs, and thus 
made primarily responsible for water and environmental management in their respective jurisdictions. 
Water resource protection, pollution prevention and control, and ecological restoration are among 
the responsibilities of the river chiefs. The State Council also issued the guidelines for the river chief 
system, which outline six main tasks: (i) strengthening the protection of water bodies and water 
resources, (ii) enhancing riverbank management, (iii) reinforcing measures for water pollution control, 
(iv) improving capacity for water environment governance, (v) promoting water ecological rehabilitation, 
and (vi) enhancing law enforcement and supervision. About a million river chiefs have already been 
designated at each level of government across the country.

G. The 13th Five-Year Plan (2016–2020)

The National People’s Congress of the PRC approved the framework of the 13th Five-Year Plan on 
Economic and Social Development (2016-2020) in March 2016. The plan requires the comprehensive 
application and promotion of innovative, coordinated, green, open, and shared development, as well 
as targets to achieve a moderately prosperous society in the PRC by 2020.17 There are 32 cross-sector 
proposals in the plan that build on the 11th and 12th five-year development plans to improve the quality 
of life of the PRC’s citizens through the escalation of environmental protection e«orts. The State Council 
issued guidelines on the implementation of the plan.

H. Institutional Reform

A series of constitutional amendments establishing new ministries with environmental mandates were 
formally passed by the National People’s Congress in March 2018. The newly established Ministry of 
Natural Resources and Ministry of Ecology and Environment will have enhanced powers to fulfill their 
new missions. The Ministry of Ecology and Environment, for example, will shoulder responsibilities that 
spread across six government departments, all related to pollution control. Likewise, the creation of the 
Ministry of Natural Resources has paved the way for the holistic planning and management of the nation’s 
forests, grasslands, wetlands, deserts, and wildlife. Work safety issues and natural disasters (fires, floods, 
droughts, earthquakes, etc.) will now be handled by the new Ministry of Emergency Management, which 
is also tasked with streamlining preparations for natural disasters—a cause of increasing concern in the 
PRC, as climate change has intensified the severity and frequency of floods and droughts.

17 Central Committee of the Communist Party of China. 2016. The 13th Five-Year Plan for Economic and Social Development 
of the People’s Republic of China (2016–2020). Beijing: Central Compilation & Translation Press. http://en.ndrc.gov.cn/
policyrelease/201612/P020161207645766966662.pdf.

http://en.ndrc.gov.cn/policyrelease/201612/P020161207645766966662.pdf
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IV.�CASE STUDIES

ADB investment strategies encourage and assist flood risk management that is accountable for potential 
risks to water quality and ecosystems, and they support projects that genuinely consider their flood and 
environmental impact footprints, or that seek to enhance social and environmental outcomes through 
cross-sector integration. The case studies discussed below present recent or ongoing projects in the 
PRC that exemplify ADB’s promotion of FERM.

A. Qingdao Water Resources and Wetland Protection Project, Shandong Province

Qingdao is a major port city on the Yellow Sea coast, situated at the entrance to Jiaozhou Bay, near the tip 
of Shandong Peninsula. Jiaozhou Bay and the wetlands around its shores are the most important marine 
ecosystem in the region, acting as nurseries for shellfish and other marine life, and used as stopover 
sanctuaries by migratory birds. Rapid economic development under poorly integrated management 
planning has allowed a 30% reduction in these wetlands since 1950, and much of the remainder has 
been converted for commercial uses, including salt harvesting and aquaculture. The wetlands have also 
been degraded by polluted runo« due to development around the bay.

Jiaozhou is a county-level city within the larger administrative municipality of Qingdao. It is in the 
western part of the municipality, on the northwestern shore of Jiaozhou Bay. Several small rivers drain 
the urban districts, discharging into Shaohai Lake, which overflows into the Dagu River. This river is the 
largest one flowing into Jiaozhou Bay, and its estuarine wetland on the shore of the bay is a key part of 
the coastal wetlands.

Water quality degradation is detrimental not only to the sustainability of wetlands, but also to public 
health in Jiaozhou city. The rate of waterborne diseases has markedly increased, becoming much higher 
than the national average, with outbreaks noticeable after flood events.18 In addition, rapid economic 
development has a«ected the intensity of flooding, which has also become more frequent. The Qingdao 
Water Resources and Wetland Protection Project, approved by ADB in 2008 and completed in 2017, 
was designed to address these problems through both structural and nonstructural methods, including a 
range of remedial measures, as well as measures to facilitate a more e«ective integration of management 
planning by relevant line agencies.19

One element of the project was the improvement of flood management and stormwater drainage. 
Nearly 20  kilometers (km) of urban streams were rehabilitated; and channel excavation removed 
sediment, urban sludge, and solid waste, thereby increasing flow conveyance and improving ecological 
conditions. Riverbanks and riparian strips were treated to stabilize the banks, and adjoining reserves 
were landscaped to create a more attractive urban environment. Over 11 km of subsurface pipe drains 
were installed to increase the e·ciency of stormwater drainage into the waterways. To contribute to 
the sustainability of the waterway rehabilitation, (i) public consultations were conducted to empower 
the local community and raise FERM awareness, (ii) solid waste disposal and treatment facilities were 

18 In 2003, the incidence rate of hepatitis per 100,000 residents was 774 in Jiaozhou, compared with the national average of 
102. For dysentery, the incidence rate per 100,000 residents was 1,297 in Jiaozhou, compared with the national average of 
35. Statistics show that these rates continued to increase in Jiaozhou in succeeding years. The data are indicative of poor 
sanitation and public hygiene. See: Jiaozhou City Government. 2015. Initial Environmental Examination: Qingdao Water 
Resources and Wetland Protection Project in the People’s Republic of China (prepared for ADB).

19 ADB. People’s Republic of China: Qingdao Water Resources and Wetland Protection Project. https://www.adb.org/
projects/40017-013/main.

https://www.adb.org/projects/40017-013/main


18 | ADB East Asia Working Paper Series No. 15

installed, (iii) a wastewater tari« structure was recommended, and (iv) provisions for operation and 
maintenance (O&M) were made.

The upstream Erli flood detention area was modified to improve its functioning, including an excavation 
to increase its capacity and reduce downstream flooding, the provision of outlets to improve dry-season 
flows and ecological conditions in waterways downstream, and the enhancement of the aquatic 
environment within the storage area. Technical assistance was given to the local government to improve 
the environmental management of Shaohai Lake (and wetlands), the downstream receiving water body. 
Shaohai Lake captures much of the flow from the urban areas; improves the quality of water overflowing 
into the Dagu River and its estuary; and provides a visual focal point in the urban landscape, as well as 
leisure opportunities for urban residents. Three wetland parks were created: in the Erli flood detention 
basin, at Shaohai Lake, and near the lower Yunxi River (one of the rehabilitated urban waterways).

Another element of the project was the improvement of the urban wastewater system, which used to 
rely on a combined sewerage and stormwater drainage network. Over 27 km of sewers were installed to 
expand the existing network and intercept untreated wastewater, which had been discharging directly 
into the urban waterways. The result was an improvement in the quality of instream water. With private 
sector involvement, the project increased the capacity of the existing wastewater treatment plant. Erli 
and Yunxi rivers (tributaries of Dagu River) sometimes cease to flow during the dry periods, so treated 
wastewater is now being pumped and discharged into the upstream reaches to maintain a minimum 
river flow, which will help sustain the river ecology.

The project has enabled the residents of Jiaozhou city to enjoy better living conditions due to a 
reduction in the pollution of Jiaozhou Bay, an improved drainage system that provides flood protection 
and eliminates associated hazards, and a decreased prevalence of waterborne diseases. In the wider 
Jiaozhou Bay area, inhabitants likewise benefit from a cleaner Jiaozhou Bay, as well as from upgraded 
amenities, lowered health risks from shellfish consumption, and a reduction in algal blooms in the bay 
and along the shorelines.

Some photographs illustrating the transformation achieved by the project are included in the Appendix. 
Box 1 presents a summary of the project outcomes.

Since 2008, when project implementation began, industrial development and population growth in 
Jiaozhou city have exceeded project forecasts. Growth is likely to accelerate, as a new international 
airport to service Qingdao is currently under construction immediately north of Jiaozhou city (the 
Qingdao Jiaodong International Airport). Due for completion at the end of 2019, it will generate 
many new business opportunities, but it will also increase pressure on existing services, including 
water supplies. The works initiated by this project have performed to expectations so far, but unless 
adequate provisions are made to augment water supplies, the viability of the project’s improvements in 
local waterways and wetlands may be jeopardized. Dry season flows are already quite low. In addition, 
the accomplishments of the project may not be sustainable unless there is persistent O&M of the 
facilities. Existing local government agencies have resources for general O&M, but may not be able to  
satisfactorily cope with these extra maintenance requirements. A dedicated O&M unit for the  
improved waterways and wetlands has been recommended to ensure that they are properly maintained. 

The concept of FERM is new in the PRC, so it was not adequately grasped during the project design. 
Hence, focus was given to Jiaozhou city without su·cient consideration of the flood−waste−ecosystem 
nexus or to the linkages between upstream and downstream areas. Nevertheless, the project still delivered 
relatively beneficial outcomes and provided a good foundation for the inception of the FERM  approach. 
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B.  Jiangxi Xinyu Kongmu River Watershed Flood Control and Environmental Improvement 
Project, Jiangxi Province

Xinyu is a small industrial city in Jiangxi Province with a population of around 1 million. Situated on 
the Kongmu River, it is near the confluence of the Yuan River in the major subbasin of the Gan River, 
which discharges via Poyang Lake into the Yangtze River. The area of the Kongmu River watershed is  
531 square kilometers.

Like other cities in the PRC, Xinyu has experienced rapid urbanization. But since it is nestled between 
mountains, there was little space left for expansion. To accommodate Xinyu’s fast-growing population, 
a new commercial and residential district is being developed about 10  km north of the existing city 
center (in an upstream area in the Kongmu River watershed), with a planned population of 130,000 by 
2030. The city government’s decision to build a new urban district within the Kongmu River watershed, 
upstream of the old city precincts, may have some implications in terms of flooding and water quality in 
the existing city. 

The Jiangxi Xinyu Kongmu River Watershed Flood Control and Environmental Improvement Project, 
supported by ADB and approved for lending in 2016, will mitigate flooding in the new district and counter 
some of the impacts of the new urban district on the older urban districts downstream.20 The innovative 
design of the urban stormwater system for the new district will protect the new district from floods and 
water pollution; it will also capture about 75% of the runo« and reduce stormwater pollutants by about 
40%, thereby mitigating downstream impacts on flooding and instream water quality. 

20 ADB. People’s Republic of China: Jiangxi Xinyu Kongmu River Watershed Flood Control and Environmental Improvement 
Project. https://www.adb.org/projects/48055-002/main#project-overview.

Box 1: Summary of the Project Outcomes of the Qingdao Water Resources  
and Wetland Protection Project, Shandong Province

By taking a broader perspective with regard to its objectives, the Asian Development Bank (ADB) implemented works 
under the Qingdao Water Resources and Wetland Protection Project, in Shandong Province, People’s Republic of China, 
that have achieved multiple beneficial outcomes. These include:

•	 improvement of flood risk management and water quality within the urban district; 

•	 enhancement of the urban environment and public amenities in the vicinity of the waterways; 

•	 reduction of harm to downstream ecosystems, including Shaohai Lake, the Dagu River estuary wetlands, and 
Jiaozhou Bay; and

•	 at least a doubling in the value of properties adjacent to the rehabilitated waterways right after project completion 
(a bonus benefit of the project).

Source: ADB. People’s Republic of China: Qingdao Water Resources and Wetland Protection Project. https://www.adb.org/
projects/40017-013/main.

https://www.adb.org/projects/40017-013/main
https://www.adb.org/projects/48055-002/main#project-overview
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Water quality protection is crucial because Xinyu’s main source of drinking water, Baiyun Reservoir, is 
situated upstream from the old city districts, but downstream from the new urban district. Kongmujiang 
National Wetland Park, an ecological asset, is also between the old urban districts and the proposed 
new development. To bolster water quality protection and limit the downstream footprint of the new 
development, the project includes components providing infrastructure for wastewater sewers and 
treatment plants and for solid waste collection and disposal. Combining these project components with 
urban stormwater management components will provide cross-sector benefi ts through a more holistic 
approach to urban development and fl ood risk management, resulting in better management of the 
environmental risk both within the new district and downstream.

The land being developed as a new urban district was previously used for agriculture, and included several 
small reservoirs formed by dams that blocked natural drainage lines and were utilized for aquaculture and 
irrigation. Six of these reservoirs, with a combined surface area exceeding 60 hectares, are being retained 
and incorporated into the design of the urban stormwater management network (Figure 3). Their fl ood 

Notes:
1. The red line shows the boundaries of the planning district.
2. The width of the blue lines indicates the sizes of drainage canals.
Source: Asian Development Bank.

Figure 3: Components of the Jiangxi Xinyu Kongmu River Watershed Flood Control 
and Environmental Improvement Project
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storage capacity will be enlarged by the removal of past sediment deposits through dredging, and two 
wetlands will be developed within these small lakes. These storage areas will capture the runo«  from the 
urban district, and canals constructed to connect the lakes will increase temporary storage capacity and 
facilitate the regulation of the runo« . There will also be limited temporary storage of stormwater in an 
underground chamber, to be incorporated into the design of a utility tunnel beneath a main thoroughfare. 
The temporary retention chamber will also aim to improve water quality through biofi ltration. Some of 
the lakes will feature wetlands, which will fi lter runo«  before it enters the lakes, while also capturing 
nutrients. Green strips fl anking the canals will serve a similar purpose. Meanwhile, green spaces will be 
created around the lakes and beside the canals for citizens to enjoy. 

The separation of urban wastewater and stormwater drainage systems is another feature of the project 
that will protect downstream water quality. Overfl ows from combined sewer and stormwater systems 
during storms are a major cause of water contamination in cities that combine these services. Wastewater 
treatment plants included in the project design will not be overloaded when storms occur. The inclusion 
of facilities for solid waste collection and disposal is another important aspect of the project, not only 
for its benefi ts to water quality, but also because the informal disposal of rubbish and waste materials is 
too often a major cause of ine·  ciency in stormwater drainage systems where urban solid waste services 
are inadequate. In the absence of assiduous and costly maintenance, the accumulation of solid waste 
obstructs drains and impairs the functioning of detention storage facilities and wetlands. Under this 
project, the integration of these components will produce much improved outcomes.

Urban planning and the design of the stormwater drainage system for the new district will apply the 
sponge city concept, for which national guidelines were published in 2014. The sponge city is the PRC’s 
adaptation of the Water Sensitive Urban Design, Sustainable Urban Drainage Systems, and Low Impact 
Development concepts, which are used elsewhere, as noted above. The primary objective of the sponge 
city concept is to reduce the volume of runo«  from an urban area. Measures used will include temporary 
storage in lakes and wetlands; methods to enhance infi ltration, such as permeable paving and drainage 
swales; and the retention of green spaces. This approach also delivers benefi ts with respect to the water 
quality of stormwater runo« . 

Although the new urban district will only occupy about 3% of the river basin of the Kongmu River, the 
project maintains a basin-wide approach to FERM, as shown in the following examples: 

(i) In order to protect downstream city districts, a river basin model was prepared to assist future 
land-use planning, the detention of fl ood runo« , and the management of pollution sources in 
upstream areas. 

(ii) Flood risk management includes the development of a basin-wide early warning system based 
on a network of rainfall- and river-gauging stations now being installed.

(iii) Wastewater management services are being implemented in the new district.
(iv) Solid waste and wastewater management services are being extended to two existing townships 

that are within or adjoining the river fl oodplain.
(v) Vegetation bu« er strips will be created along the river banks.

The project works in the new district will include the construction of over 50 hectares of new lakes 
and wetlands; an additional 19.3 hectares of green spaces in parks and roadsides; over 16 km of canals; 
approximately 6 km of main sewer pipelines, with two pump stations connecting to allocated wastewater 
treatment plants; and two solid waste transfer stations with leachate control. The green spaces will be 
maintained with irrigation systems, which will also serve to recycle and reuse stormwater. The operational 
performance of the stormwater management system will be monitored by a network of water quality 
monitoring sites, and will be maintained according to an environmental management plan. The project 
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proposes programs to build the capacity of local government institutions, including training for sta« 
in the operation of the early flood warning system, maintenance of facilities and infrastructure, and 
monitoring of water quality.

Because existing lakes and drainage lines are being modified and used so innovatively under this 
project, within what will be a densely populated urban setting, it will be very important to maintain 
a rigorous monitoring and evaluation program, and to be prepared to come up with an adaptive 
management strategy, if necessary. In particular, the outcomes of the project with respect to water 
quality cannot be predicted accurately in advance. Although the objectives are to enhance the 
future urban environment, and the interventions are designed to achieve those objectives, there is 
some small risk that undesirable environmental conditions could arise under certain circumstances, 
especially if the facilities are not well maintained. The frequency and thoroughness of the monitoring 
of water quality in the lakes, wetlands, and drainage channels must therefore be high enough to enable 
the detection of problems as they arise (if they arise), and to allow e«ective remediation under an 
adaptive management strategy. 

Box 2 provides a brief description of the project outcomes. 

Box 2: Summary of Project Outcomes of the Xinyu Kongmu River Watershed Flood Control 
and Environmental Improvement Project, Jiangxi Province

The Asian Development Bank’s Xinyu Kongmu River Watershed Flood Control and Environmental Improvement Project, 
in Jiangxi Province, People’s Republic of China (PRC), is based on integrated flood-resilient development planning, which 
seeks to simultaneously maximize flood control and strengthen environmental outcomes. The project aims to improve 
water quality, mitigate flooding in the target area by capturing almost 75% of the peak surface runo«, and reduce the 
annual average flood damage in downstream Xinyu city by $5.36 million. 

The project includes innovative structural measures like multifunctional levees, underground stormwater storage, 
sponge city construction, and interconnected flood-storage lakes. The levees will protect three villages in the project 
area from both riverine and backwater floods, allowing the reservoir to operate at full capacity (i.e., securing an additional  
3.5 million cubic meters of water) and reducing flood peaks downstream. Sponge city construction refers to the PRC’s 
city planning and development approach, which promotes the sustainable management of urban surface-water 
flooding and related urban water-use issues through design techniques that apply green infrastructure and low-impact  
development measures, such as permeable surfaces, gardens, rainwater harvesting, green spaces, and lakes. The existing 
six small lakes in the project area will be interconnected by canals with structures that can regulate the water levels in the 
lakes and retain enough water in the canals to best optimize flood control.

Complementary nonstructural measures will also be employed, including (i) early flood warning systems, (ii) community-
based flood and environmental risk management, and (iii) flood-sensitive development planning that takes into 
account upstream–downstream linkages and urban–rural integration. Specifically, the project will promote flood- and 
environment-sensitive land-use planning in the upper Kongmu River watershed to help safeguard the area (mostly rural) 
from floods and environmental degradation, and to mitigate the flood and environmental risks in the downstream area 
(existing Xinyu city).

Flood risk mapping will enhance spatial planning, and will be further operationalized by the issuance of regulations on land 
use, river corridor development, solid waste management, and building standards and codes. These life- and asset-saving 
measures will directly benefit the current inhabitants and the projected population of approximately 300,000 by 2030, 
both within and outside the project area.

Source: Asian Development Bank. 2016. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the 
People’s Republic of China for the Jiangxi Xinyu Kongmu River Watershed Flood Control and Environmental Improvement Project. Manila.
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C.  Chongqing Longxi River Basin Integrated Flood and Environmental Risk Management 
Project, Chongqing Municipality

Longxi River is in the Chongqing municipality, one of three specially administered municipalities in the 
PRC (the others are Beijing and Shanghai). It flows directly into the Yangtze River, which is downstream 
from Chongqing. The river basin is mountainous and extends over an area of 3,280 square kilometers. 
It has been subject to chronic flooding problems that are getting worse due to a number of factors. 
One of them is the poor land-use regulation during past development schemes; another is old and 
inadequate flood-protection infrastructure, including places where dikes are in poor condition. These 
problems are common in small and moderate-sized river subbasins, which su«er the most from flood 
and environmental problems in the Yangtze River Economic Belt (YREB).21

Initially, the key objective of the Chongqing Longxi River Basin Integrated Flood and Environmental Risk 
Management Project is to improve flood risk management in the Longxi River Basin, including the main 
stream and tributaries. Approved by ADB in September 2018, it is a FERM-based, integrated project 
that will seek to manage water resources on a basin-wide scale, with equal emphasis on flood risk and 
environmental risk management (water quality and ecosystems).22 Throughout the river basin, water 
quality is degraded due to point and nonpoint sources of pollution. Moreover, eutrophication problems 
have become increasingly common in the Changshou Reservoir, the largest water-storage facility in the 
river basin, located on the lower reaches of the Longxi River. In addition to taking a basin-wide approach, 
the project will seek to promote coordination among the three local government districts involved.

The project will formulate a comprehensive FERM plan for the river basin, featuring a “promote 
environment first” approach, that will serve as a prototype for other development plans throughout the 
YREB. It will demonstrate an integrated approach to managing the nexus between flood, waste, and 
biological ecosystems, including the 
development of a FERM footprint and 
an accountability system that considers 
urban−rural integration, upstream−
downstream linkages, and cumulative 
interventions. The project will include 
a range of structural and nonstructural 
measures to address flooding and 
water-quality issues and to restore 
aquatic and riparian ecosystems.

Flood-protection embankments will 
be discontinuous, situated to protect 
higher-value land, mainly in townships, 
and will retain natural floodplain storage 
in other places. In general, embankments 
will feature moderate side slopes and will 
be landscaped with plantings to provide 

21 R.P. Osti. 2017. Strengthening Flood Risk Management Policy and Practice in the People’s Republic of China: Lessons Learned 
from the 2016 Yangtze River Floods. ADB East Asia Working Paper Series. No. 11. Manila: ADB. https://www.adb.org/sites/
default/files/publication/391621/eawp-011.pdf.

22 ADB. People’s Republic of China: Chongqing Longxi River Basin Integrated Flood and Environmental Risk Management 
Project. https://www.adb.org/projects/51005-002/main.

Longxi River (middle reaches). River bank erosion, landslides, 
and mining activities in upstream areas of the river have resulted 
in sedimentation, reduced water flows, water contamination, and 
increased flooding (photo by the Chongqing Municipal Government).

https://www.adb.org/sites/default/files/publication/391621/eawp-011.pdf
https://www.adb.org/projects/51005-002/main
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green spaces—termed “ecological embankments” in project documents. Many will include berms to 
strengthen bank stability and provide access for pedestrians and cyclists.

To mitigate nonpoint pollution emanating from agricultural lands, vegetated bu«er strips will be planted 
as bioshields along many kilometers of river banks at the edges of farmlands in various parts of the river 
basin, and around two upstream water bodies: Shanggui Lake and the Sanhe Wetlands. In addition, other 
wetlands will be constructed or expanded at several sites, including at the flow entries into Shanggui 
and Sanhe.

Interception sewers will be constructed in selected areas where polluted water currently runs o« directly 
into tributaries. Intercepted wastewater will be delivered to existing wastewater treatment plants. 
Support will be given to local governments for the development or improvement of solid waste disposal 
facilities because it has become habitual for residents to throw waste into waterways.

In rural areas, many small dams store water for use during the dry season, but the dam embankments 
trap sediment and aggravate local flooding. So, the project will reconstruct many of these informal 
structures as gated structures that can pass floods without raising local flood levels, and yet retain their 
water conservation function.

Flash floods occur along many tributaries. 
As part of a national program, flash flood 
warning systems have been implemented 
at the county level. To complement these 
systems, the project will provide three 
large public shelters for refuge during 
flash flood alerts.

There are a large number of project 
components to be implemented at many 
di«erent locations within the river basin. 
This is why the project, in addition to 
its cross-sector dimension (integrating 
the management of flood risk, water 
quality, and ecosystem sustainability), 
will be implemented on a basin-wide scale. Each project component was designed in such a way as to 
contribute to flood control, water quality improvement, and river ecosystem protection. The measures 
summarized above and selected for implementation under this project do not constitute comprehensive 
risk management for the Longxi River Basin. However, by adopting a basin-wide approach and linking 
its measures with ongoing government programs and initiatives, the project intends to reinforce forward 
planning and demonstrate the benefits of mainstreaming FERM into sector project planning and design. 

In addition, the project is preparing technical tools to advance ongoing management planning in the 
Longxi River Basin. These include river basin models based on the geographic information system (GIS), 
including a hydrologic model capable of generating scenarios with respect to both water quantity and 
water quality; and a hydrodynamic model that simulates flood levels, flow velocities, and extents of 
inundation. The project will also undertake flood hazard mapping.

There are two districts and one county within the river basin, each administered by its own local 
government. Since the project covers the entire river basin, the achievement of its intended results will 

Shuanglong River. This river weir helps obstruct flood flows (photo by 
the Chongqing Municipal Government).
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necessitate a long-run collaboration among these local governments. As mentioned above, under the 
national river chief system, initiated by the State Council, the heads of local governments have been 
nominated as “river chiefs.” In these new roles, they will be accountable to higher tiers of government 
for coordinating actions to improve water quality within their jurisdictions. The water quality model, a 
GIS-based real-time river health monitoring system (along with the flood footprint and accountability 
system planned under the project) will support the local governments’ planning functions. In addition, 
the project will promote the establishment of a Longxi River coordination body at the Chongqing 
municipality to manage the development of the Longxi River Basin; the body can be led either by the 
Chongqing Municipal Government or by the basin authority.

The e«ective application of FERM will require development coordination within a river basin context for 
the successful replication of the monitoring, footprint, and accountability mechanisms across several 
other, similar river basins in the municipality. The project will likewise help revive the eco-compensation 
mechanism that was already established in the river basin, but not functional due to a poor understanding 
of upstream and downstream linkages. 

A framework for future management planning for the river basin will be supported by project activities 
such as the preparation of a FERM plan for the Longxi River Basin and an investment road map to 
guide the implementation of that plan. Additional guidance for future river basin management will be 
provided by consultations on and the preparation of draft recommendations concerning land use, and 
by the updating of reservoir operation guidelines. The project will fund further development of the 
hydrometeorological network for data acquisition and a river health monitoring network, both linked to 
the application of the river basin model currently under preparation, which is intended to inform future 
management decisions. 

The project will build the institutional capacity of responsible agencies through technical training and 
other initiatives. Also, programs will be undertaken to raise community awareness with respect to flood 
and environmental risk. The communities at risk need to be part of the solution, as project investments 
in early warning systems and solid waste management will yield better outcomes when communities are 
informed and empowered to play their part in mitigating future risks and strengthening social resilience.

Although the three case studies discussed above are quite distinct from each other, in their di«erent 
ways, they all exemplify most or all of the principles enunciated earlier under FERM: spatial integration; 
low-impact urban development; cross-sector partnership; an appropriate framework for project planning 
and formulation; monitoring, evaluation, and adaptive management; links to land-use management; 
application of nonstructural measures; joint consideration of water quantity and water quality issues; 
resilience; retaining natural systems and working with nature; and stakeholder participation.

V.�FRAMEWORK AND APPROACH FOR IMPLEMENTATION

At the institutional level, fragmented policies and poor coordination between government agencies have 
often led to the poor provision of services and ine«ective use of available resources and capacity (footnote 
21). In practice, a framework is required to bridge the distance between the identification of a flood-risk 
problem and the formulation of a well-considered FERM project that embraces the nexus between flood 
risk and environmental risk, and realizes the gains to be captured from cross-sector synergies. In addition, 
any project with a potential imprint on flood risk and the environment should undertake an assessment 
to determine those impacts for which it is accountable. In particular, infrastructure projects such as 
development of urban utilities and services or major transport projects often have a potential FERM 
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footprint, typically translated downstream. FERM assessment is not just a responsible course of action 
during project formulation, it also often serves to identify opportunities for cross-sector synergies that 
lead to e·ciencies in investments in socioeconomic development. The inherent interconnectedness 
of interventions and the inevitable chain of repeating cause and e«ect mean that cross-sector projects 
with multiple objectives generally produce improved outcomes that are more sustainable and enduring. 

The desired framework should extend beyond the scope of single projects to the development of a risk-
management strategy with an investment road map on a river basin scale. The framework can be based 
on the understanding of risk as a combination of three factors: hazard, exposure, and vulnerability,23 and 
this understanding of risk can be applied equally well to flood and environmental risks. Each one of the 
risk factors can be treated or managed by a distinct set of management measures or interventions.

For a FERM project, the initial stimulus is likely to be the identification of a specific flood-risk problem—
as distinct from an environmental problem—that is either brought to the attention of management 
planners by a community or local government concerned about its adverse social and/or economic 
consequences, or identified through formal risk assessment analysis. Once it is determined that 
intervention is required in the form of flood risk management, a comprehensive planning procedure 
should be followed to establish the appropriate management response (Figure 4). 

Given the link between flood risk and environmental risk, one of the key steps in the planning process is 
to investigate the interactions involved—that is, how the environment and environmental management 
can modify flood risk, and how floods and flood risk management can modify the environment and river 
ecosystem on a basin scale. To give due recognition to the nexus (flood−waste−ecosystem) and the 
associated upstream−downstream and urban−rural linkages, the flood risk management planning and 
appraisal procedure presented in Figure 4 needs to be updated accordingly.

During project formulation, the functions of the di«erent elements of the natural environment, including 
their potential flood-mitigation features, should be examined. It may also be more practical and 
constructive to retain the services of these natural functions and work with nature (green measures) 
rather than against it (grey measures) to achieve more resilient outcomes for both society and the natural 
ecosystems. Realistically, both types of measures are generally required for flood risk management. In 
particular, grey measures (structural engineering measures) are often required where the environment 
is no longer natural due to more intensive human land use or urbanization. However, the planning and 
design of these measures greatly rely on the flood risk and environmental risk footprints of development 
plans involving any of the three key elements of the nexus for a FERM project, both at the local and river 
basin-wide levels.

Consultation with stakeholders is crucial; it should commence at a very early stage of the project planning 
process, and continue as the formulation of the project continues. The application of di«erent, albeit 
non-mutually exclusive, consultation approaches with institutional and noninstitutional stakeholders 
(i.e., the beneficiaries) will ensure that all relevant parties are adequately informed and given the 
opportunity to contribute. Initial consultations should not only inform participants about project 
objectives and proposed planning procedure, but should also discuss issues that participants may 
perceive to arise from project implementation. For a FERM project, discussions should include social and 
environmental concerns that may either be linked to flooding or benefit from joint treatment within the 

23 Y. Kobayashi and J.W. Porter. 2012. Flood Risk Management in the People’s Republic of China: Learning to Live with Flood Risk. 
Manila: ADB. https://www.adb.org/sites/default/files/publication/29717/flood-risk-management-prc.pdf.

https://www.adb.org/sites/default/files/publication/29717/flood-risk-management-prc.pdf
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project framework. Institutional stakeholders can be asked about public health and community welfare 
issues, while community members and their representatives can be queried about issues a«ecting their 
livelihoods and quality of life. Likewise, the e«ects of flooding and environmental problems on the 
viability and prospects of commercial enterprises can be explored. Holding discussions that are open 
to multiple issues, including noneconomic issues, can help maximize project benefits to the community 
and achieve synergies in the e·cient use of resources available for management improvements.

At the policy level, the vision needs to be broad enough to preclude the silo mentality, which interprets 
mandates too rigidly and sets boundaries on institutional roles and responsibilities. The di·culty 
of embracing institutional partnership, welcoming coordinated e«ort, and sharing resources should 

Figure 4: Flood Risk Management Planning and Appraisal Procedure

Source: Y. Kobayashi and J.W. Porter. 2012. Flood Risk Management in the People’s Republic of China: Learning to Live with Flood Risk. 
Manila: ADB. p.49. https://www.adb.org/sites/default/files/publication/29717/flood-risk-management-prc.pdf. 
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not be underestimated. Institutions need to be adequately sta«ed to a«ord the time and energy that 
e«ective coordination demands—understa«ed agencies tend to define their activities more narrowly. 
Policy should aim to strengthen synergies among sectors and address potential conflicts of interest. 
Policy statements need to emphasize the positive benefits that cross-sector coordination and joint risk 
management can generate. Often, too many policies and strategic directions, though all with good views 
and platforms, may inadvertently bring confusion and cause some setbacks to the FERM approach. 
Procedural mechanisms to facilitate information sharing and consultation with other agencies should be 
developed to empower human resources, rather than constrain them. 

At the strategy level, flood risk management and environmental risk management need to be integrated 
into sustainable development. River basins are the natural units in which hydrologic processes are 
integrated. Ecological processes that are water-related should also be integrated into river-basin planning, 
so that the FERM strategies can ideally be developed on a river basin scale. Strategies for sustainable 
development involving FERM will typically entail numerous interventions throughout a river basin. The 
Longxi River Basin case study is an example of such a strategy. The lack of capacity and a«ordability 
are the usual problems in strategy implementation, so an investment road map is required to prioritize 
projects and schedule them to accommodate funding programs and other constraints. 

The FERM approach is the proposal to promote integrated flood, water environment, and ecosystem 
management and involves the correlation of di«erent principles. Hence, an integrated planning process 
that is focused on the FERM approach in a river basin context is much beneficial over sector-based and 
localized planning processes, which are currently being practiced in di«erent countries.
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APPENDIX: THE JIAOZHOU WATERWAYS PROJECT

These project photos illustrate the transformation of waterways in Jiaozhou city, in the municipality of 
Qingdao, Shandong Province (photos by the Jiaozhou Project Management O·ce).
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1. Branch of the Hucheng River at Wuzhou Road Bridge
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2. Branch of the Hucheng River at Yangzhou Road Bridge
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3. Erli River at North Area Bridge



34 | Appendix

BEFORE

AFTER

4. Erli River in South Area
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5. Haier Avenue in East Area
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6. Hucheng River Roads
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7. Hucheng River, Upstream
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8. Jiashuyuan Area
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9. Shidong River
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10. Yunxi River, Downstream
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