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1.	Main concepts and 
de�nitions related to 
resilience and watershed 
management

1.1	 Introduction
This chapter describes the main concepts and de�nitions that help understand 
the resilient watershed management approach. Building resilience in 
integrated watershed management planning and implementation requires the 
incorporation of a risk perspective at all steps of the watershed management 
cycle (see Figure 1.1). 

The landscape and ecosystem-based approaches and climate mitigation and 
adaptation measures in watershed management are discussed. The importance 
of assessing the vulnerability and capacity of the different stakeholders is 
highlighted.

Figure 1.1: The resilient watershed management cycle

Source: Author�s elaboration

Alpaca in the Plurinational 
State of Bolivia 
'Mariana Proenca/Unsplash
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1.2	 Principles of resilient 
watershed management
Over the past 20 years, there has been a sustained rise in the frequency and 
intensity of climate-related disasters, such as �oods and droughts. In 2017 
alone, nearly 100 million people were directly affected by natural hazards, 78 
percent of which were the result of �oods, storms or droughts (CRED, 2018). 
Agriculture absorbs a disproportionate share of disaster impacts: between 
2008 and 2018, the agricultural sector in developing countries absorbed 23 
percent of all damage and loss caused by medium- to large-scale climate-
related disasters (FAO, 2021). All over the world, rural communities are at 
higher risk of experiencing the negative effects of the increase in the frequency 
and intensity of extreme weather-related and climate-induced events observed 
over the past decades (see Figure 1.2 and 1.3). 

Figure 1.2

Top:	 High mountains have been particularly vulnerable to the impacts of climate 
change. This photograph shows the Imja Glacier, Mount Everest region, 
Nepal in 1955, which at that time was covered with debris.

Bottom:	In the early 1960s, small meltwater ponds began to form near the termi-
nus of the Imja Glacier, which by the 1990s had coalesced to become a 
small lake. However, by 2013, when this photograph was taken, the Imja 
Glacier had produced a large and dangerous glacial lake susceptible to 
periodic glacial lake outburst �oods.

Imja Glacier, 1950s 
'Erwin Schneider/Martin Achrainer 

Imja Glacier, 1990s
'Alton C. Byers 
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Figure 1.3: Community with high exposure and vulnerability located 
in the �oodplain and immediately below a large landslide area in 
Uttarakhand, India

The photos were taken from across the Mandakini River (left) and from the top of the 
mountain immediately above the site of a landslide (right).

Understanding disaster and climate risks

Understanding and managing risks of extreme weather and climate events are 
central to watershed management. Disaster risk is the interaction between 
hazards, the exposure to them, the vulnerability of a livelihood or a system such 
as a watershed, and the capacity of the people, community and/or institution 
to bounce back after the exposure.

'Hidetomi Oi 'Hidetomi Oi

Highlands in Ethiopia 
'Rob Marchant 
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Integrated watershed management

A watershed is the geographical area drained by a watercourse. The concept 
applies at various scales � for example, from a farm drained by a stream (a micro-
watershed) to a large river basin (or a lake basin). 

A river basin usually comprises a complex system of watersheds and micro-
watersheds crossed by, and draining into, a major river and its tributaries, 
generally from higher elevation, or source, to the river�s mouth. A lake basin may 
be de�ned as a geographic land area draining into and containing a lake. Since 
soils and vegetation are linked to the water cycle, watersheds are an optimal 
planning unit for integrated water and land resources management (FAO, 2019a), 
as they encompass the entire landscape within a drainage area (Figure�1.6). 

Figure 1.6: Components of a watershed

Source: GEO. 2014. What means the term IWM?. Cited 20 June 2019. www.geo.fu-berlin.
de/en/v/iwm-network/learning_content/introduction_iwm/de�nition/index.html

1. Geographical scale – The watershed should be the planning boundary for integrated wa-
tershed management, and should be at an appropriate scale to address the issues under 
consideration in a way that recognizes its connectedness to upstream and downstream 
watersheds. (see Figure 1.7). 

2. Ecosystem approach – An interconnected process should be considered that uses the 
best available knowledge, considers cumulative impacts, and promotes watershed and 
sub-watershed approaches.

3. Interdisciplinary analytical approaches – These should integrate the physical and social 
sciences in the watershed assessment, planning and problem mitigation process.

4. Adaptive management – Flexible and continuous improvement and adaptation of ap-
proaches, policies and management should be undertaken by incorporating new knowledge 
and innovative design, practices and technology.

5. Integrated approach – Land, water and infrastructure planning, investment and manage-
ment should consider the direct, indirect or potential impacts and their interdependencies.

6. Cumulative impacts – Planning should consider cumulative effects on the environment 
and the interdependency of air, land, water and living organisms.

7. Precautionary principle and "no-regret" actions – Caution should be exercised to protect 
the environment when there is uncertainty about environmental risks.

BOX 1.3
Principles of 
integrated 
watershed 
management 
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Resilient watershed management is practised at a landscape scale and builds 
on integrated watershed management by adding the risk perspective to the 
principles of integrated watershed management (see Box 1.3).

Figure 1.7: Landscape scale of the impacted area of Kedarnath 
Uttarakhand, India (elevation 3 553m)

After multiple cloud bursts triggered a glacial lake outburst �ood (GLOF) in June 2013 (Left). 
Closer view of the settlement below the glacial lake (Right). 

Incorporating climate change and risk perspectives into watershed management 
entails assessing the implications of disasters and climate change on any 
planned development action in all areas and sectors (such as agriculture, 

8. Proactive approach – Environmental degradation should be prevented. It is better 
for the environment and more cost-effective to prevent degradation than to restore it 
afterwards.

9. Shared responsibility – The responsibility for policy and programme development and 
implementation should be shared within the mandate of all actors at the appropriate 
scale.

10. Engaging Indigenous Peoples and local communities – Integrated watershed manage-
ment processes should recognize and duly support the identity, culture, knowledge, tra-
ditional practices and interests of local communities and Indigenous Peoples by enabling 
their meaningful participation.

11. Valuing local people’s knowledge and experience – These should be incorporated into 
the watershed management assessment, planning and problem mitigation process.

12. Sustainable development – The right to development should be ful�lled to equitably 
meet economic and societal needs while not compromising the environment for present 
and future generations.

13. Natural capital – This should be protected and managed to reduce short- and long-
term negative �nancial impacts. Natural systems provide goods and services of environ-
mental, economic, social, cultural and spiritual value.

14. Identifying risk reduction opportunity areas – This should take place during the man-
agement plan development process, in order to pinpoint remedial activities (drainage, 
revegetation, land-use changes), whose implementation will have the greatest likelihood 
of protecting and bene�ting people and their assets downstream.

Source:  Adapted from Canadian Council of Ministers of the Environment (CCME). 2016. 
Summary of integrated watershed management approaches across Canada. 27 pp. 
www.ccme.ca/files/Resources/water/water_conservation/Summary%20of%20Inte-
grated%20Watershed%20Management%20Approaches%20Across%20Canada%20
PN%201559.pdf

'Hidetomi Oi 'Hidetomi Oi 
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2.	Enabling environment 
for effective 
implementation of 
resilient watershed 
management

2.1	 Introduction
An enabling environment is understood as the context in which individuals 
and organizations function, including the institutional set-up with implicit and 
explicit rules, power structures, and the policy and legal environment (FAO, 
2010). Ensuring an enabling environment is the �rst step in the watershed 
management planning process (see Figure 2.1).

Risk governance is the system of institutions, mechanisms, policy and legal 
frameworks, and other arrangements to guide, coordinate and oversee risk 
reduction and related areas of policy (UNDRR, 2019a).

Resilient watershed management requires the integration of diverse policies 
and legal frameworks, so that they complement and do not contradict each 
other.

Changes to the enabling environment may involve policy reform, new 
legislation, strategic exercises in country planning and prioritization, and 
changes to incentive systems. How these are set in place will eventually de�ne 
the effectiveness of risk governance. For instance, the cross-sectoral strategies 
put in place at different levels of government are likely to lead to effective 
risk governance if their implementation takes into account local communities� 
priorities and context. This includes the types of hazards to which they are 
exposed, their level of vulnerability and preparedness, and their perception 
of risk, including their adaptive capacity to climate change. As set out in the 
Sendai Framework for Disaster Risk Reduction, Priority Action 1: �Policies and 
practices for disaster risk management should be based on an understanding of 
disaster risk in all its dimensions of vulnerability, capacity, exposure of persons 
and assets, hazard characteristics, and the environment� (UNISDR, 2015a).

White Lake in Kazakhstan 
'Mark Nikulin
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Figure 2.1: The resilient watershed management cycle

Source: Author�s elaboration

For ensuring an enabling environment, it is necessary to assess and adapt the 
following:

(a)	 policies in place that are relevant to resilient watershed management, 
including disaster risk management, and involve climate-proo�ng of 
policies and land-use planning mechanisms;

(b)	 legislation regarding the various aspects of resilient watershed 
management;

(c)	 institutional arrangements, including participation and communication, 
capacity development and coordinating mechanisms;

(d)	 information needed for sustainable development, disaster risk 
management, climate risk management and climate change adaptation; 

(e)	 �nancial arrangements comprising budget allocation, cost recovery 
and mainstreaming of risk-related costs, so as ultimately to be 
able to implement the resilient watershed management measures, 
including the resilient watershed management plan. These �nancial 
arrangements also need to take into account equitable access to 
�nance and contribution by local communities.
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2.2	 Policy analysis

Existing policies in place in a country can be found in the formal documents 
that contain current and future strategies. Various departments within the 
government are usually involved in watershed management, disaster risk 
management, climate risk management, and climate change adaptation and 
mitigation, and they all must be identi�ed. 

National and local policies, strategies, investments and legislation are often 
compartmentalized, and there is little integration of priorities among sectors 
(disaster risk management, climate change mitigation and adaptation, and 
agriculture).

The policy analysis helps to identify potential gaps and obstacles, and should 
also account for multisectoral interventions at local, national, or transnational 
levels (FAO, 2006). 

For a transboundary watershed, landscape management is carried out in the 
context of understanding the national riparian policies and laws of the different 
countries involved, as well as the potential policy gaps and obstacles between 
them.

Policies in the �eld of land-use planning, disaster risk management, 
environmental protection, natural resource management, rural development, 
infrastructure development and health management have long sought to 
manage the risks associated with short-term, seasonal and inter-annual climatic 
variability. 

Policy analysis should also include an assessment of the way that the policies 
can be reviewed or updated to take into account long-term climatic change and 
the associated risks. This approach is also referred to as "climate-proo�ng" of 
policies. In addition, the process should ensure that the risks and opportunities 
originating from natural hazards and climate change are fully embedded into 
national and local policies, strategies and budgetary processes. Furthermore, 
it should provide recommendations for viable public and private investment 
opportunities. Lastly, the policy analysis should support the identi�cation and 
prioritization of short- and long-term climate change adaptation and mitigation 
strategies within the disaster risk management framework.

2.3	 Legislation analysis
The key aspect of ensuring the effective implementation of resilient watershed 
management is that risk needs to be considered in the planning of all sectors, 
including water, agriculture, rural development, infrastructure, roads and 
forestry. Each sector needs to integrate considerations for risk preparedness, 
risk reduction, contingency planning and budgeting. The primary consideration 
for any spatial planning such as construction of roads, hospitals and agricultural 
�elds needs to be based upon a hazard and risk map, as well as an assessment. 
Particular attention should be paid to the different scales of legislation and 
the potential complementarity or con�ict between subnational jurisdictions, 
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national legal frameworks and international law (Libert Amico, Ituarte-Lima 
and Elmqvist, 2019).

For instance, the planning of the location of schools can consider multipurpose 
use as an emergency shelter and being located in low risk areas. Additionally, 
the grounds can be made slightly lower than the areas surrounding it so that 
the grounds can be used as a �ood water over�ow area. In other cases, rural 
development plans should include risk reduction activities as an integral part of 
the plan to ensure the protection of livelihoods and assets.

Table 2.1 provides a non-exhaustive list of questions to inform an analysis of 
the legal framework in relation to disaster risk management. 

2.4	 Institutional capacity 
analysis 
A clear attribution of the roles and responsibilities of each institution is essential 
in the face of disaster risks and extreme weather events. 

The analysis of the enabling environment includes assessing the capacity of 
institutions to ful�l their role in the resilient watershed management plan. 
Care should be taken to ensure that all parties involved have a similar level 
of understanding of the diverse disaster risks involved, and of the impacts of 
climate change on the watershed system and the livelihoods within it. 

An essential component of the capacity assessment is to determine the existing 
coordination, information and �nancial �ow mechanisms from community, 
regional and national levels to reinforce transparency, accountability and 
participation in the process. 

'The Mountain Institute 

Figure 2.2: Community consultation, Huaraz, Peru, 2014
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greatest potential for reducing risks to downstream populations and 
infrastructure.

Figure 3.1: The resilient watershed management cycle

Source: Author�s elaboration

The process for engaging stakeholders starts by identifying relevant 
stakeholders for the landscape or watershed, with a focus on particularly 
vulnerable populations. After a thorough stakeholder analysis, the process of 
planning how the stakeholders will participate is developed. Given the diversity 
of stakeholders, especially with regards to vulnerability and perspectives of 
disaster risk and climate change, capacity assessment and development is 
needed to support the participatory process. Finally, this participatory process 
goes hand in hand with an ongoing communication strategy to mainstream all 
information and considerations throughout the decision-making process that 
takes place in the watershed.

Figure 3.2: Participation and communication framework

Source: Author�s elaboration
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Multistakeholder processes are often complex and time-consuming. Given the 
rapid rise in extreme events, it is crucial that they are conducted ef�ciently. 
Arriving at consensus during negotiation requires important leadership skills and 
depends on a careful selection of the stakeholders (Schreier and Kurian,�2014).

Stakeholder mapping

The landscape approach should dictate the level at which the stakeholder 
mapping is carried out. 

Stakeholders should include national and local authorities, and where 
relevant, established transboundary bodies and platforms, infrastructure 
management agencies (water, energy, land and transport), productive sector 
entities, including associations and businesses (natural resource management, 
agribusiness, forestry, �sheries, construction, tourism, mining, health and 
disaster risk management), civil society, the media, academia, minority groups 
and others (UNECE, 2015). 

Several resources are available for the selection of approaches and tools for 
stakeholder mapping, such as interviews with key informants or focus groups 
(FAO, 2017).

Building resilient watershed management requires facilitating community-based 
risk management discussions within identi�ed hotspots. These are de�ned 
here as those features or regions within a watershed where management 
interventions would result in the most tangible improvements in a landscape�s 
condition, for instance, the installation of a warning system for averting a 
massive loss of lives downstream. In parallel with the stakeholder analysis 
at the larger landscape scale, local-level stakeholder mapping exercises can 
assist in identifying local stakeholders who hold responsibilities in watershed 
management. Those identi�ed may include subnational institutions, user 
associations, management committees and producer organizations, as well as 
stakeholders who face speci�c disaster risks. This community-level stakeholder 
mapping can assist in identifying communities or community-based associations 
with whom to carry out the community multi-hazard risk assessments.

Issues that should be analysed and explained to the stakeholders include those 
related to the allocation of land and water rights, and the potential/anticipated 
impacts of climate change, biodiversity loss and land degradation (UNECE, 
2015; IPBES, 2019). At the community level, it is particularly important that 
the stakeholder analysis rigorously identify the different ways in which sectors 
of society or diverse members of the community can participate in natural 
resources management and decision-making since this may reveal different 
coping capacities or increased vulnerability. 
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Stages of resilient 
watershed 
management

Priority stakeholders to be 
involved (not an exhaustive 
list)

Information provided and 
issues of interest

Stakeholder 
engagement 
in identifying 
measures for 
resilient watershed 
management 
(Chapter 5)

Formal and informal community 
leaders (authorities, elders, etc.), 
opinion leaders and local business 
owners

Local stakeholders are well 
positioned to inform on potential 
prevention and mitigation 
measures based on pre-existing 
strategies and local conditions, 
especially since they are the ones 
who will implement the selected 
measures

Government institutes in charge of 
watershed planning (water, agriculture, 
fisheries, forestry, infrastructure or 
spatial planning ministry)

Budget allocation and policy 
priorities (e.g. emphasis 
on prevention rather than 
emergency response)

Technical agencies and research 
centres

Suitability of measures; perform 
cost-benefit, effectiveness and 
efficiency assessments

Community-based organizations and 
watershed management committees

Existing management measures; 
sustainable development needs; 
potential combinations of 
livelihood strategies

Local and international NGOs Capacity development plans 
and sustainable development 
initiatives

Planning institutes at national and 
subnational levels

Planning design and approval

Engaging 
stakeholders in the 
resilient watershed 
management plan, 
and monitoring 
and evaluation 
(Chapter 6)

Government coordination and budget 
management

Plan approval and publication

Formal and informal community 
leaders (authorities, elders, etc.), 
opinion leaders and local business 
owners
Local organizations, NGOs and user 
committees

Plan consultation and validation; 
implementation and monitoring 
mechanisms, roles and 
responsibilities

Watershed management institutions Maintain monitoring information 
and facilitate periodic 
evaluations

Watershed management committee 
and local associations

Participate in monitoring system 
design; collect and analyse 
information

Source: Author�s elaboration
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Participatory risk mapping

A participatory geographical information system (PGIS) is particularly designed 
to facilitate community discussions and bottom-up planning (NOAA, 2015). 
A PGIS also facilitates the representation of local people�s spatial knowledge 
using two- or three-dimensional maps. These risk maps can be used to facilitate 
decision-making, as well as to support communication and community 
advocacy. PGIS often relies on the combination of expert skills with local 
knowledge (Willemen et al., 2014). 

Participatory risk mapping includes the mapping: of (i) existing physical 
resources such as roads, schools, hospitals, houses, and community centres; 
(ii) natural resources including agricultural land, water sources; (iii) the history 
of past disasters such as former landslides and extent of �ooding, location of 
vulnerable populations, evacuation routes used during prior disaster events; 
and (iv) markets and other community resources. The participatory method 
in developing the map aids in identifying the critical infrastructure that needs 
to be protected or reinforced; and the agricultural land, houses and/or the 
people potentially exposed to the hazard and are vulnerable. This in turn will 
help identify the possible risk reduction and mitigation measures at both the 
landscape and individual scales. The participatory risk map also helps determine 
the appropriate evacuation routes and methodology (see Figure 3.2). 

Figure 3.3: Participatory mapping of evacuation routes based upon vul-
nerability assessments, Tamil Nadu, India, 2017

Effective PGIS practice should be user-driven/user-centred and ethically conscious 
to avoid increasing the vulnerability of people, misusing their knowledge, 
and even disempowering them. It is therefore necessary to communicate any 
possible risks to communities regarding this knowledge-sharing exercise. In the 
case of Indigenous communities, this should be carried out through a free, prior 
and informed consent process. Negative mapping impacts may include issues 
related to boundaries and con�icts, sharing and presenting local knowledge, 
and documenting sensitive information (IFAD, 2009). 

PGIS approaches ensure that communities take as much control as possible 
over decision-making processes, managerial power and responsibility during 

'Yuka Makino
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suitable spaces to discuss the risks and potential hazards with local inhabitants 
and stakeholders. In addition, intervening actors (state authorities and external 
actors) may also bene�t from capacity development to better understand the 
livelihoods, local cultures, norms and habits within the watershed, thereby 
making collaboration more effective.

The assessment of capacity is conducted during the vulnerability assessment 
process (see Chapter 4). 

Table 3.2: Capacity assessment 

Dimensions Capacity areas

Existing 
situation 
(current 
level of 
knowledge)

Desired 
situation 
(desired 
level of 
knowledge)

Capacity 
development 
needs/gaps

Enabling 
environment 
(policy level)

Are there policy 
priorities and legal 
frameworks supporting 
resilient watershed 
management?

Are authorities 
committed to 
implementing 
resilient watershed 
management? 
If so, how is this 
reflected in terms of 
accountability?

Are specific budgets 
and resources 
allocated to watershed 
and climate risk 
management at the 
relevant level?

Are national/local 
agencies mandated 
to implement 
watershed and climate 
risk management 
programmes 
independent of 
political influences?

Are there documented 
procedures or 
standards for climate 
risk management 
programme 
implementation? 
Are there systems to 
monitor and evaluate 
the implementation?
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Ala Kul lake in the Kyrgyz Republic  
'Altynai Taalaibek Kyzy 

4.	Perform risk 
assessment

4.1	 Introduction

A risk assessment is an essential step in ensuring that appropriate and effective 
risk reduction measures are identi�ed to be included in the resilient watershed 
management plan (see Figure 4.1). 

Risk assessments are normally commissioned by national institutes or 
international institutions. However, they could also be developed within 
and across sectors at national and subnational levels, in partnership with 
sectoral ministries and local stakeholders, to produce a more �eld-based and 
participatory version. The scale of the risk assessment usually begins at national, 
regional, landscape, local and watershed levels. The scale, scope and level of 
detail should be in line with other assessments carried out for the development 
of the resilient watershed plan.
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Figure 4.1. The resilient watershed management cycle

Source: Author�s elaboration

Risk assessments can also be used to routinely integrate risk considerations 
into other areas relevant to resilient watershed management, including the 
agriculture, energy and communication sectors. 

Adopting a landscape perspective to risk management entails considering 
the diverse components of the landscape, from water catchment areas in the 
highlands to agricultural spaces, livelihood strategies, urban water use and 
waste, and ecosystem services. The involvement of all stakeholders in the risk 
assessment process is of critical importance, especially local people who often 
possess a broad knowledge of a particular region�s vulnerabilities, risks and 
remedial solutions (Watanabe et al., 2016). Ground truthing of GIS results is 
a highly recommended step. Analyses should also be repeated after any new 
disaster event.

4.2	 Risk assessment 
components
Risk is a function of hazard, exposure, vulnerability and capacity. As capacity 
increases, a community�s sensitivity to hazards, exposure and vulnerabilities 
decreases, because the community becomes stronger and more resilient to 
change. 

According to the United Nations Of�ce for Disaster Risk Reduction (UNDRR, 
2019b), the disaster risk assessment process includes 

the identi�cation of hazards; a review of the technical characteristics 
of hazards such as their location, intensity, frequency and probability; 
the analysis of exposure and vulnerability, including the physical, social, 
health, environmental and economic dimensions; and the evaluation 
of the effectiveness of prevailing and alternative coping capacities with 
respect to likely risk scenarios.
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Risk assessment comprises the following steps, each of which is explained in 
greater detail later in this chapter: 

1.	 Hazard assessment: This assessment determines the frequency and 
magnitude of speci�c hazards. The frequency re�ects the repetitiveness 
of a particular hazard within an established period, usually expressed 
as the return period. It expresses the probability of occurrence of the 
particular hazard within a given time period in a speci�c location. The 
magnitude, meanwhile, re�ects the severity or the potential damaging 
impact of the hazard. A hazard assessment is therefore intended to 
inform decision-makers, planners and the public on how often an event 
of a given magnitude is likely to occur in a given time interval and in a 
de�ned geographical area. 

2.	 Exposure assessment: This determines the extent to which elements-
at-risk (such as people, infrastructure, housing, production capacities, 
livelihoods and other tangible human assets) fall within the geographical 
range of impact of a speci�c hazard. Measures of exposure can include 
the number of people, livelihoods, area of farmland, number and types of 
critical infrastructure, and other tangible assets located in a hazard-prone 
area. In some reference materials, exposure is considered a component 
of vulnerability. However, in line with the risk conceptual de�nition used 
in this sourcebook, exposure is taken as a stand-alone component of risk. 

3.	 Risk hotspot identi�cation and prioritization: The overlay of the 
resulting hazard and exposure maps (Steps 1 and 2) delineates speci�c 
areas considered hotspots, or areas that are identi�ed as being highly 
exposed to hazards and at the greatest risk of experiencing them. Once 
risk hotspots have been selected, further in-depth analysis needs to be 
conducted to formulate the appropriate interventions. The prioritization 
of risk hotspots can be determined by a cost-bene�t analysis.

4.	 Risk reduction opportunity areas: As part of the risk hotspot 
identi�cation process, risk reduction opportunity areas may also be 
identi�ed that are of particular importance to the success of the resilient 
watershed management plan. These are entry points as shown by analysis 
to contain the greatest potential for responding to the interventions or 
treatments recommended, such as afforestation, construction of gabions 
structures to divert river �ow, among others, which in turn will provide 
the highest level of risk reduction and safety for downstream populations 
and infrastructure. 

5.	 Vulnerability assessment: Detailed vulnerability assessments are 
conducted in the prioritized risk hotspots. This assessment encompasses 
the notion of susceptibility in the face of speci�c hazards. Susceptibility 
refers to the multifaceted nature of vulnerability. It is underpinned by 
societal conditions and processes, viewed from a multidimensional 
approach (considering physical, social, cultural, environmental, economic 
and institutional dimensions), which increase the vulnerability of the 
community/system or watershed to negative impacts. Capacity assessment 
is conducted together with the vulnerability assessment. It assesses the 
existing capacity of the people and institutions to address the various 
aspects of risk, and measures their inherent and existing resilience.
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assess the impact of any given hazard scenario. For example, wild�re computer 
models can now perform spatially explicit �re simulations for �re simulation for 
heterogeneous fuels while mapping wild�re behaviour characteristics across 
large landscapes (UNISDR, 2017a). Quantitative methods may prove costly and 
time-consuming, and their reliability is only as good as the data fed into them, 
which is often a problem in data-de�cient rural areas of the world. 

An example of an open-source and easily available quantitative method is the 
index for risk management, which uses statistical data to calculate an overall 
risk score for countries based on their dimensions, categories and components 
of risk (Marin-Ferrer, Vernaccini and Poljansek, 2017). 

Qualitative risk assessment methods may be used when there are time 
and resource constraints. They may also be applied in cases where there is 
insuf�cient information regarding the frequency and intensity of a hazard, or 
when the exposed assets under investigation, or their level of vulnerability, 
are dif�cult to quantify. This approach particularly applies to risk assessments 
focusing on the social perceptions of risk, as well as on the economic and 
environmental dimensions of household and community risks (ADB, 2017a). 

Generating data for qualitative indicators calls for participatory methodologies, 
including focus group discussions, individual interviews, and surveys measuring 
perceptions and opinions of both men and women. Subsequently, computer-
assisted qualitative data analysis software can be used to facilitate research of 
subjective information, such as perceptions, narratives and discourse. 

De�ning focus and scale of the assessment

Risk assessments can be conducted for single and multiple types of hazards. 
Even if the focus is on a speci�c location, they should be conducted at a 
landscape level, so that risks that may originate outside the area of interest are 
also taken into account. Multi-hazard risk assessments are usually considered 
best practice at the landscape level. Multi-hazard assessments also consider 
the cascading effects of hazards. 

Risk assessments can be conducted at national level to coordinate efforts 
with central government institutions and their land-use planning, and at 
the subnational scale, involving jurisdictions below the central government, 
such as provinces, districts, municipalities, communes and wards. In these 
subnational initiatives, it is important that attention be paid to the issues 
involved in multilevel governance and to coordinate among different levels of 
government, from local to national (see Chapter 2). 

Since long-term interventions may be needed to increase the resilience of 
the poorest and most vulnerable populations, risk assessments should be an 
integral component of development planning at the community level. 

The time frame for a risk assessment should be de�ned from the outset. The 
scale and focus should be clearly established, with uncomplicated de�nitions 
of participant contributions and responsibilities, as well as the time and space 
dimensions to be considered in the assessment.



53

4.3	 Hazard assessment
Resilient watershed management lays emphasis on recognizing different types 
of natural and climate change-related hazards, their direct and indirect impacts 
on a landscape, and their cascading effects within the watershed. For example, 
a drought leads to loss of crops, but also to loss of wetland vegetation, which 
leads to reduced water retention when the rains start, causing much greater 
soil erosion and �ooding. Indeed, one hazard may easily trigger another, so 
that an earthquake followed by heavy rains may lead to landslides, thereby 
requiring a multi-hazard perspective (UNDRR, 2019a). 

Table 4.1: Different types of hazards 

Types of 
Hazards Origin Examples Multi-hazard considerations 

for watersheds

Geophysical Internal earth 
processes 

Earthquakes and 
tsunamis, volcanic 
eruptions, mass 
movements or 
landslides, snow 
and mud avalanches

Hydro-meteorological factors are 
important contributors to the 
exposure of geophysical hazards 
(e.g. strong rainfall after an 
earthquake can lead to landslides).

Hydro-
meteorological

Atmospheric, 
hydrological or 
oceanographic 
origin

Tropical cyclones 
(also known as 
typhoons and 
hurricanes); floods, 
including flash 
floods; droughts, 
heatwaves and cold 
spells, and coastal 
storm surges

Hydro-meteorological conditions 
may also be a factor in other 
hazards, such as landslides, 
wildland fires, locust plagues, 
epidemics and the transport and 
dispersal of toxic substances 
and volcanic eruption materials 
(e.g. a drought can increase 
the probability of forest fires 
occurring). 

Biological

Organic origin 
or conveyed 
by biological 
vectors, including 
pathogenic micro-
organisms, toxins 
and bioactive 
substances

Bacteria, viruses 
or parasites, as 
well as venomous 
wildlife and insects, 
poisonous plants 
and mosquitoes 
carrying disease-
causing agents

These hazards can have specific 
impacts on human health and food 
provision systems (e.g. livelihoods 
and food security may be put at 
risk by agricultural epidemics).

Environmental

Chemical, natural 
and biological 
hazards. These 
can be created 
by environmental 
degradation 
or physical or 
chemical pollution 
in the air, water 
and soil

Soil degradation, 
deforestation, loss 
of biodiversity, 
salinization and 
sea-level rise

Many of these processes and 
phenomena can be termed drivers 
of hazard and risk rather than 
hazards per se. They can, however, 
have far-reaching consequences 
on the socioeconomy in the 
watershed.

Technological

Technological 
or industrial 
conditions, 
dangerous 
procedures, 
infrastructure 
failures or specific 
human activities 

Industrial 
pollution, nuclear 
contamination, 
toxic wastes, dam 
failures, transport 
accidents, factory 
explosions, fires and 
chemical spills

As another example of multi-
hazards, technological hazards may 
also arise directly as a result of the 
impacts of a natural hazard event, 
and/or trigger disaster events (e.g. 
dam failure may trigger floods 
lower in the watershed).

Sources: Carter, W.N. 1992. Disaster management: A disaster manager�s handbook. 
Manila, Philippines, Asian Development Bank. 417 pp.; and United Nations Of�ce for 
Disaster Risk Reduction. 2019a. Terminology on disaster risk reduction. Cited 20 June 2019. 
www.unisdr.org/we/inform/terminology 
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Table 4.2: Modelling data sources for measuring magnitude by types of 
hazard 

Type Measuring magnitude Examples of data source

Geophysical

Earthquakes For the purposes of a hazard 
assessment, an earthquake is 
frequently described in terms of peak 
ground acceleration (PGA).

The global earthquake model aims to 
provide a consistent, global suite of 
open source tools, data and models for 
estimating seismic risk.

Tsunamis Tsunami hazard can be measured as 
the extent or the depth of water run-
up (i.e. the extent of inundation of 
seawater on land). Flow direction and 
velocity are sometimes also modelled.

The 2015 GAR includes a data set 
describing the maximum probable run-
up for a 500-year return period. It is 
available for download from the GAR data 
download page (UNISDR, 2015b).
The United States of America’s National 
Oceanic and Atmospheric Administration 
(NOAA) maintains a freely accessible 
historical catalogue of global tsunami 
data. The Indian Ocean Tsunami 
Information Center provides hazard 
information, resources and early warnings 
to countries in the Indian Ocean basin.

Volcanoes Multiple hazards are associated with 
volcanic eruptions, including lava flow 
and ash fall. Due to the long return 
period and poor historical record of 
eruptions, the creation of a reliable 
hazard assessment for volcanoes is 
difficult.

The Global Volcano Model Network has 
developed a volcano hazard index based 
on historical eruption frequency and 
occurrence of pyroclastic, mud and lava 
flows.

Hydro-meteorological

Tropical 
cyclones

Tropical cyclones typically present 
three kinds of hazards, each of which 
can be modelled separately: storm 
surge, wind and precipitation. Storm 
surge is usually measured as run-up 
distance; wind as wind speed; and 
precipitation as millimetres of rainfall 
or depth of inundation.

Cyclone tracks are found at the 
International Best Track Archive for 
Climate Stewardship, maintained by 
NOAA. National disaster response, 
coastal management or meteorological 
agencies maintain early warning systems 
and historical records related to tropical 
cyclone hazards.

Floods Flood hazard is most often 
represented by the depth, extent and, 
in some cases, flow rate of a river for 
a given rainfall event or return period.

The Dartmouth Flood Observatory at the 
University of Colorado, United States of 
America, maintains the Global Active 
Archive of Large Flood Events.

Landslides The major inputs to landslide hazard 
models, apart from source, are 
elevation (slope), soil type, land 
cover and land use. Many landslide 
hazard maps include an indication 
of earthquake hazard, as well as 
precipitation volume or frequency.

The United States of America National 
Aeronautics and Space Administration 
maintains the Global Landslide Catalog.

Droughts Droughts are complex and poorly 
understood phenomena. They can 
be categorized as meteorological, 
hydrological, agricultural or 
socioeconomic, and can be measured 
accordingly.

The standardized precipitation-
evapotranspiration index (SPEI) is used to 
compare drought severity through time 
and space. Data are available from the 
SPEI Global Drought Monitor.

Source: Asian Development Bank (ADB). 2017b. Natural hazard data: A practical guide. 
Manila, Philippines, Asian Development Bank. www.adb.org/documents/natural-hazard-da-
ta-practical-guide

Notes: 1. United Nations Of�ce for Disaster Risk Reduction (UNISDR). (2015b). Global 
Assessment Report on Disaster Risk Reduction. www. preventionweb.net/english/hyogo/
gar/2015/en/home/download.html



57

Hazard modelling 

Once the choice of the model is de�ned and all the data required are collected 
and imported into the model, the model can be run to generate a series of 
outputs, such as magnitude, return period, exceedance probability and the 
extent of potential impact. 

The magnitude of the hazard re�ects the amount of energy or mass released 
by the hazard occurrence. 

Earthquakes provide a good understanding of the conceptual difference 
between magnitude and intensity. The magnitude of the earthquake re�ects 
the energy released by the event, as recorded at the epicentre and usually 
measured on the moment magnitude (MW) scale or by peak ground accelerator 
(PGA). Two earthquakes of the same magnitude will always have different 
impacts, hence different intensities, depending on the exposure and sensitivity 
of the elements at risk to the shock. For this reason, the intensity of the 
earthquake is measured on the modi�ed Mercalli intensity scale. 

The magnitude is intrinsic to the hazard while the intensity depends on other 
factors beyond the hazard. In the case of �oods, the magnitude is a function 
of the water height or volume of discharge. 

The return period describes the probability that an event (i.e. a particular type 
of hazard of speci�ed magnitude in a given location) will occur in the future. 

The hazard probability is described for a speci�c time period (ADB, 2017a). For 
example, the Intergovernmental Panel on Climate Change (IPCC) has calculated 
that a 1-in-20-year annual maximum 24-hour precipitation rate is likely to 
become a 1-in-5- to a 1-in-15-year event by the end of the 21st� century in 
many regions, thereby predicting an increase in frequency of heavy precipitation 
(IPCC, 2012). Return periods are expressed as averages; however, it may be 
meaningful to translate return periods into the annual probability of a hazard.

While the frequency and return period statistically measure the likelihood that a 
particular hazard will strike (e.g. a 500-year �ood), the exceedance probability 
looks at the likelihood that a certain threshold will be reached or exceeded 
(e.g. a 10-m �ood or an 8.2 MW earthquake). The exceedance probability is 
commonly expressed in the form of annual exceedance probability (referring 
to the probability of a hazardous event occurring in any year) or probable 
maximum loss (referring to a worst-case scenario of maximum losses). 

According to concept of frequency, high-frequency hazards such as droughts, 
�oods and storms are distinguished from low-frequency hazards such as 
earthquakes and volcanic eruptions. For instance, a volcanic eruption may have 
a 500-year return period, compared with a 5-year return period for droughts. 

Hazards also have different spatial extents, ranging from metres to kilometres. 
Slow onset hazards tend to cover a wide spatial extent compared with rapid 
onset hazards. For example, a landslide may have a small spatial extent while 
droughts and heatwaves may extend beyond national borders. 
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Hazard modelling is expected to generate maps containing magnitude, 
frequency and/or other statistics are mentioned above. Maps enable a rapid 
visualization of hazard-prone regions and can provide a practical tool for 
informing decision-making. In addition, maps can be produced for single or 
multiple natural hazards, depending on the hazard context and their intended 
use. They may also be used during the community consultation process to 
demonstrate to stakeholders the results of computer-generated hazard 
mapping for their region, which allows comparison with their own experience.

Validation

The aim of validation is to match the reality on the ground with the outcome 
of the model, to either con�rm or reject the outcome. It determines the degree 
to which the outcomes of the hazards (magnitude, return period and spatial 
extent) represent the real world from the viewpoint of the intended users. For 
example, in �ood hazard mapping, validation may consist of overlaying speci�c 
map features (such as �ooded areas and urban areas) to establish the model�s 
level of accuracy. 

There are instances where hazard maps are available, either from previous 
studies or from global databases, remote sensing and/or earth observation 
satellite programmes. Validation may be carried out to establish the accuracy of 
these maps, prior to their integration into the risk assessment, as overlays with 
exposure maps to delineate risk reduction opportunity areas. The validation 
process should always include consultation with local people in the affected 
locations, as well as �eld visits that can help to ground truth the information 
produced by the hazard model. 

4.4	 Exposure assessment
The exposure assessment indicates the areas that are impacted by the hazard, 
as well as the assets in the area. Identi�cation of exposed assets is conducted 
by overlaying spatial data, such as population distribution and livelihood assets, 
with hazard maps (see example in Figure 4.3). 

Assessing exposure requires georeferenced inventories of assets (ADB, 2017a). 
Assets may range from individual structures (e.g. power utilities or croplands) 
over limited areas to entire regions (represented, for example, by groups 
of buildings and lifeline infrastructure, such as hospitals, schools and road 
networks) that are within the geographical area of the watershed. In addition, 
assets should, where possible, be valued to facilitate quanti�cation of risk in 
monetary terms to inform decisions concerning the economic impacts of risks 
(see Chapters 5 and 6). Lastly, assets should be valued at their replacement 
cost, not at their current market or depreciated book value.

At the community level, an exposure assessment may be carried out by 
asking stakeholders about their past experiences regarding speci�c hazards. 
Local inhabitants are aware of the hazards and are usually able to point out, 
for instance, the �ooded area and the highest water level of a severe �ood 
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situation in the past or previous landslide locations. They can generally also 
indicate the degree of damage caused by speci�c hazards.

Figure 4.3 Example of �ood information map

The colours show how far �ood water will enter the built environment in a 1-in-20 year 
�ood (orange) and a 1-in-100 year �ood (yellow). The dots and lines indicate buildings and 
infrastructure. When in a coloured area, these buildings and infrastructure are exposed to 
�ooding

Note: Not shown in map: different levels of e.g. physical vulnerability of houses or social 
vulnerability of the community

Source: Government of Newfoundland and Labrador. 1985. Flood information map, 
Badger, Newfoundland. Municipal Affairs and Environment, Water Resources Management 
Division. www.mae.gov.nl.ca/waterres/�ooding/badger_�ood_risk.pdf

While there is an increasing number of open access databases on natural 
hazards and exposure, programme-focused risk assessments at the subnational 
level may need to identify additional, reliable data from other sources, such as 
governments, national statistics of�ces and research institutes, as well as use 
local experience and knowledge to enhance the model�s predictive accuracy. 
However, if such data are not already organized within a single database, 
�nding and then preparing data to be integrated into possible models may 
prove time-consuming and costly. The Appendix in Disaster risk assessment 
for project preparation: A practical guide (ADB, 2017a) provides a list of open 
spatial data sources on populations and assets.

Flood hazard
(de�ned by frequency and magnitude/location)

1:20

1:100

Infrastructure (railway, streets, etc.)
and houses exposed









63

4.7	 Vulnerability assessment

Understanding vulnerability

Once risk hotspots have been identi�ed and prioritized, the next step in the 
risk assessment process is to conduct a vulnerability assessment. This stage 
determines the propensity or predisposition of an individual, a community, 
asset or system to be adversely affected by a hazard.

Sources of vulnerability can include poverty, inequality, gender, education and 
health status, disability and environmental risks. Table 4.3 provides examples 
of indicators for vulnerability assessments in several risk categories. Good 
indicators should be measurable, representative of local conditions, and 
capable of providing meaningful information that informs policy and action 
programmes (UNDRR, 2019b).

Table 4.3: Selected risk categories and indicators in vulnerability 
assessments 

Risk category Domains Indicators

Life-cycle/
demographic 
risks

Birth, maternity, 
old age, family, 
break-up and 
death

Family size: household size, number of dependents, recent 
births, gender of head of household, old age, deaths in 
family, family dissolution, among others. 

Education levels: literacy rate, out-of-school population, 
pre-primary school gross enrolment ratio, primary school 
gross enrolment ratio, primary school net attendance 
ratio, secondary school net attendance ratio, secondary 
school net enrolment ratio 

Age structure: percentage of the elderly population, 
percentage of children under five, residents aged 65 and 
older 

Population characteristics: resident population density 
and population per settlement area

Population growth: crude birth rate, positive birth rate 
and growth rate of resident population

Economic risks

Unemployment, 
harvest failure, 
business failure, 
resettlement, 
displacement 
and cross-border 
migration 

Poverty: proportion of population below the international 
poverty line, by sex, age, employment status and 
geographical location (urban/rural); proportion of 
population living below the national poverty line, by sex 
and age; proportion of men, women and children of all 
ages living in poverty in all its dimensions according to 
national definitions; proportion of population covered 
by social protection floors/systems, by sex, identifying 
children, unemployed persons, older persons, persons 
with disabilities, pregnant women, newborns, work-injury 
victims, the poor and vulnerable

Income: per capita income, ratio of high incomes (men/
women), average number of wage-earners per household 

Employment: employment to population ratio, status 
in employment, employment by sector/occupation/
education, informal employment, unemployment rate, 
labour productivity, social protection, percentage of 
high-skilled labourers unemployed, percentage of women 
with no economic activity, distribution of the working 
population in different sectors
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Risk category Domains Indicators

Health and 
welfare risks

Illness, injury, 
accident, 
disability, 
epidemic (for 
example, malaria), 
famine, among 
others 

Physical and mental health status: risk of suicide, elderly 
persons, substance addiction, under-�ve child mortality 
and neonatal mortality 

Safe water: population using safely managed drinking 
water services, population using safely managed 
sanitation services, population using modern fuels for 
cooking/heating/lighting, and air pollution level in cities 

Nutrition: prevalence of undernourishment (food 
deprivation), prevalence of critical food poverty (income 
deprivation), and prevalence of underweight children 
(child undernutrition)

Disability and 
special needs 
risks

Access to and 
bene�t from 
public services 

Percentage of persons with disabilities living off less than 
USD 1.25 per day; percentage of persons with disabilities 
covered by social protection, or percentage of persons 
with disabilities receiving bene�ts; percentage of deaths of 
persons with disabilities among all deaths due to disaster 
events; and proportion of households with persons with 
disabilities facing impoverishing health expenditure

Environmental 
risks

Pollution, 
climate change, 
deforestation, 
land degradation, 
landslides, 
volcanic eruptions, 
earthquakes, 
�oods, hurricanes, 
droughts, strong 
winds, slash-and-
burn agriculture, 
overharvesting of 
forest products, 
deserti�cation, 
industrial logging/
illegal logging, 
overgrazing/cattle 
ranching and soil 
erosion 

Infrastructure: quality of housing, age of construction, 
population density, dwelling in �ve- or more storey 
apartments, air quality, drinking water, ultraviolet exposure 
and climate change 

Agricultural systems: percentage of land-use changes, 
proportion of land area covered by forest and vegetation, 
percentage of land degradation, arable and permanent 
cropland area, reduced dependency on fertilizer and 
pesticide use, percentage of area under sustainable forest 
management 

Wetlands/rivers: percentage of area maintained as 
wetlands, riverbank vegetation maintenance, water quality 
and turbidity, and river fragmentation 

Coastal/marine: area of healthy seagrass beds and marine 
algae, proportion of marine area protected, health of 
marine ecosystems as measured by marine trophic index, 
coverage of live coral reef ecosystems, and area of healthy 
mangroves comprising buffer zones as measured by area, 
density and width

Source: United Nations Of�ce for Disaster Risk Reduction (UNDRR). 2019b. Global Assess-
ment Report on Disaster Risk Reduction. Geneva. https://gar.unisdr.org/report-2019

Framing the vulnerability assessment

Vulnerability assessments can vary signi�cantly based on the scope, existing 
coping capacity and resources available to a programme (i.e. expertise, data 
and budget). However, two major types of vulnerability assessment exist:

1.	 Explorative vulnerability assessments: These are broad assessments, 
covering a wide spatial area with low resolution, and based on expert 
opinion or desk review, making them less time-consuming and less 
expensive. 

2.	 Focused vulnerability assessments: These are constrained to small 
geographical areas (e.g. a watershed) with a high resolution, and require 
the involvement of local stakeholders. 
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Participatory vulnerability assessments are carried out to identify the 
vulnerabilities that stakeholders have historically encountered. These 
vulnerabilities may relate to the indicators as listed in Table 4.4, such as poverty, 
old age or improper infrastructure, but they may also lie in insuf�cient coping 
capacities, including community organization and preparedness. In addition, the 
stakeholders will be asked to indicate which vulnerabilities they consider more 
or less signi�cant to prioritize (see, for instance, de Brito, Evers and Almoradie, 
2018). Together with the stakeholders, areas are highlighted to demonstrate 
where speci�c vulnerabilities play an important or less important role. In this 
way, a matrix and/or map can be produced, with the priority vulnerabilities 
identi�ed. The capacity assessment of the stakeholders and institutions is 
conducted in parallel with the vulnerability assessment to determine how well 
the stakeholders, community networks and institutions are inherently prepared 
to address and reduce risk.

Depending on the scale and availability of the data, a focused vulnerability 
assessment may be conducted based on pre-existing or secondary data (for 
instance, census data, World Bank data portal, FAOSTAT or FAO�s AQUASTAT 
database). When these data are not available or the scale of the analysis is 
small, data collection is needed and usually conducted through household 
surveys. 

In data-scarce locations, simple community-level vulnerability assessments and 
handwritten maps may be suf�cient.

Typical steps in an indicator-based vulnerability assessment include:

1.	 Preparation of the vulnerability assessment: This step consists of laying 
down certain prerequisites, such as the scope and time frame of the 
analysis, checking to see if there are previous vulnerability assessments 
that could serve as a benchmark, and taking stock of existing data and 
information.

2.	 Identi�cation and selection of indicators: The selection of indicators must 
include all the elements to be measured.

3.	 Data management and multivariate analysis: A multivariate analysis 
explores the overall structure of the provisional list of indicators and 
assesses their suitability.

4.	 Normalization: This step consists of adjusting values measured on 
different indicators (multiscale) to a common scale of analysis.

5.	 Weighting and aggregation of indicators: Weighting of the normalized 
values of indicators is undertaken when some indicators have greater 
in�uence on vulnerability compared with others. The weighted values 
are subsequently aggregated into one index value.

6.	 Visualization: Presenting the outcome of the vulnerability assessments, 
generally through maps and matrices, and sometimes tables. Maps 
provide the opportunity to make overlays of different aspects when a 
GIS system is used. Matrices are necessary visualization products, as they 
provide information on different societal groups. 



66

Figure 4.6 shows the six steps of an index-based vulnerability assessment. 

Figure 4.6: Steps for the index-based vulnerability assessment

The map shows the index scores divided over different areas.

Source: Adapted from Sena, A., Ebi, K.L., Freitas, C., Corvalan, C. & Barcellos, C. 2017. 
Indicators to measure risk of disaster associated with drought: Implications for the health 
sector. PLOS ONE, 12(7): e0181394. https://doi.org/10.1371/journal.pone.0181394

Inclusiveness in vulnerability assessments

Data collected on communities and livelihoods within the location should be 
sex-disaggregated whenever possible. A gender analysis is required as a way of 
understanding social differences, examining power dynamics and roles within 
societies, bringing to light assumptions about what people do and gathering 
information on needs and priorities, as well as people�s access to resources and 
services (FAO, 2016). It is therefore important to identify how certain members 
of society are most vulnerable in the face of different hazards while also 
recognizing the particular capacities that they mobilize to adapt to change, so 
that differentiated strategies and measures can be designed. 

Speci�c tools can be used to support a capacity and vulnerability assessment 
that distinguishes between men, women and children (FAO, 2016). The process 
also identi�es how the speci�c capacities that vulnerable groups possess can 
contribute to increased resilience in the risk hotspot (see Table 4.4). 
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4.8	 Risk analysis
Visualization of risks through GIS-generated maps

BOX 4.1
Mapping 
methods 

used in 
participatory 
geographical 
information 

systems 

Ephemeral mapping is the most basic mapping method, which involves draw-
ing maps on the ground. Participants use raw materials such as soil, pebbles, 
sticks and leaves to represent the physical and cultural landscape.

Sketch mapping is a slightly more elaborate method. A map is drawn from 
observation or memory. It does not rely on exact measurements, such as having a 
consistent scale, or geo-referencing. It usually involves drawing symbols on large 
pieces of paper to represent features in the landscape.

Scale mapping is a more sophisticated map-making method, aimed at gener-
ating geo-referenced data. This allows community members to develop relatively 
accurate scaled and geo-referenced maps, which can be directly compared with 
other maps.

3D modelling integrates spatial knowledge with elevation data to produce 
three-dimensional stand-alone, scaled and geo-referenced relief models, which may 
prove particularly relevant for representing watershed basins. Geographic features 
relating to land use and cover are depicted on the model by the use of pushpins 
(points), yarns (lines) and paints (polygons). When the model is �nished, a scaled 
and geo-referenced grid is applied to facilitate data extraction or importation. Data 
depicted on the model can be extracted, digitalized and plotted. 

Photomaps are printouts of geometrically corrected and geo-referenced aerial 
photographs (orthophotographs). Orthophoto-maps are a source of accurate, re-
motely sensed data that may be used for large-scale community mapping projects. 
Community members can delineate land use and other signi�cant features on trans-
parencies that have been overlaid on the photomap. Information on the transparen-
cies can be scanned or digitized and geo-referenced later. Remote sensing images 
at a suitable scale are an increasingly appropriate alternative when they are easily 
and freely available online.

Global positioning systems (GPS) data can be used to add accuracy to infor-
mation depicted on sketch maps, scale maps, three-dimensional models and other 
less technology-rich community mapping methods. 

Map-linked multimedia information systems are similar to GIS tech-
nologies, but simpler to understand and manage. Local knowledge is documented 
by community members using digital video, digital photos and written text, and 
managed through the interface of an interactive, digital map. The other multimedia 
information can be accessed by selecting features of the interactive map. 

A geographic information system (GIS) is a computer-based system 
designed to collect, store, manage and analyse spatially referenced information 
and associated attribute data. GIS technology is increasingly being used to ex-
plore community-driven questions. In the process, local spatially referenced, as 
well as non-spatial data are integrated and analysed to support discussion and 
decision-making processes. “Mobile GIS” has become much better adapted to par-
ticipatory and local community use with the development of GIS software designed 
to work with smartphones and tablets in the �eld. Similarly, drones and other re-
mote-controlled aerial vehicles may be used to generate aerial imagery and auto-
mate mapping. 

Sources: Corbett, J., Rambaldi, G., Kyem, P., Weiner, D., Olson, R., Muchemi, J., 
McCall, M. & Chambers, R. 2006. Overview: Mapping for change, the emergence 
of a new practice. International Institute for Environment and Development. 
http://pubs.iied.org/pdfs/G02944.pdf and Rambaldi, G., Kyem, P.A.K., McCall, M. 
& Weiner, D. 2006. Participatory spatial information management and communi-
cation in developing countries. The Electronic Journal of Information Systems in 
Developing Countries, 25(1): 1–9. https://doi.org/10.1002/j.1681-4835.2006.
tb00162.x
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Once all the components of the risk assessments (hazard, exposure, vulnerability 
and capacity) have been mapped at varying spatial scales, the risk analysis 
can be conducted by overlaying the three datasets as illustrated below (see 
Figure 4.8). The �gure shows how the overlays of all the maps generated are 
combined into one risk map, thus revealing the areas with the highest and 
lowest risks. Please see Box 4.1 for the various mapping types available.

Figure 4.7: Sample of a risk map as an overlay of the hazard, exposure 
and vulnerability maps

Source: Sena, A., Ebi, K.L., Freitas, C., Corvalan, C. & Barcellos, C. 2017. Indicators to 
measure risk of disaster associated with drought: Implications for the health sector. PLOS 
ONE, 12(7): e0181394. https://doi.org/10.1371/journal.pone.0181394

Risk tolerance

The classi�cation and prioritization of risk entails evaluating the risk 
acceptability/tolerance based upon the extent of hazard, exposure, vulnerability 
and capacity to address risk. Risk tolerance is primarily assessed in consultation 
with all relevant stakeholders, and then presented to decision-makers for a 
�nal decision. 
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Mekong River in Viet Nam 
'Anne Lin

5.	Measures and 
strategies for resilient 
watershed management

5.1	 Introduction
After the evaluation of risk has been carried out, risk reduction measures and 
strategies to strengthen climate and disaster risk management can be identi�ed. 
They are essential components of the resilient watershed management 
approach (see Figure 5.1).

 Figure 5.1: The resilient watershed management cycle

Source: Author�s elaboration
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Risk management measures speci�cally address the four aspects of risk: 
hazard, exposure, vulnerability and capacity. The measures can be categorized 
in the various stages of disaster risk management: prevention and mitigation; 
preparedness; and response, recovery and reconstruction. 

The institution that coordinates watershed management is responsible for 
coordinating the identi�cation and ensuring the implementation of the risk 
management measures required. This differs according to the scale of the 
interventions, scope of the risk reduction measures, budget available and 
extent of hazard. The responsible institution is often the ministry in charge 
of land management, water management, agriculture, forestry and/or spatial 
planning. Different technical institutions may be involved in assessing the 
suitability of the measures or in performing cost-bene�t analyses. A participatory 
process will enable local stakeholders to take the lead in implementing pilot 
projects, provide feedback on initial measures, and design new measures and 
intervention improvements. 

5.2	 Identi�cation of risk 
management measures for 
resilient watershed management 
Risk prevention and mitigation

Prevention refers to activities and measures required to avoid existing and new 
disaster and climate risks while mitigation involves minimizing the adverse 
impacts of a hazardous event (UNISDR, 2017b). For example, building a dam or 
levee is a prevention measure to control �ooding while arranging an over�ow 
area in case of a �ood is a mitigation measure to reduce negative impacts.

Prevention and mitigation policies, programmes and activities are direct 
responses to the exposure and vulnerabilities identi�ed in the risk assessment 
(see Chapter 4). For example, if the exposure assessment revealed sites where 
communities are exposed to landslides and rockfalls, prevention measures 
should be considered, such as constructing retaining walls (known as gabions) 
and improving slope drainage. Examples of these practices, approaches and 
technologies can be seen in Table 5.1.

If the vulnerability assessment has identi�ed high susceptibility to drought of 
local agricultural livelihoods, the resilient watershed management plan should 
consider mitigation measures that would reduce the impact, such as water-
ef�cient agriculture, promotion of drought-resistant and saline-tolerant crops, 
and ecosystem restoration to improve the water catchment (Coburn, Spence 
and Pomonis, 1994). For longer-term climate change impacts, adaptation to the 
changing situation will need to be considered. Climate adaptation measures 
may include change of livelihood activities, behavioural change or change of 
crop types to adapt to the reduced availability of nutrients or water availability. 
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Table 5.1: Examples of technologies, practices and approaches promoted 
by FAO for building resilient livelihoods 

Agriculture Livestock Fisheries

�	 Appropriate crop selection 
(drought-/saline-/flood-
tolerant)

�	 Intercropping
�	 Crop breeding
�	 Conservation agriculture 

and climate-smart 
agriculture

�	 Adjustment of cropping 
calendars

�	 Seed banks and exchanges
�	 Terracing and soil 

conservation barriers
�	 Post-harvest management 

(storage, food drying and 
food processing)

�	 Livelihood diversification
�	 Crop insurance
�	 Integrated pest 

management
�	 Urban gardening
�	 Drainage control
�	 Savings and credit system

�	 Proofing of storage 
facilities

�	 Livestock shelters
�	 Strategic animal fodder 

reserves
�	 Fodder conservation
�	 Resilient animal breeding
�	 Vaccination to reduce 

or prevent the spread of 
animal diseases

�	 Grazing and pasture 
resource management

�	 Strengthening pest 
management systems to 
cope with threats

�	 Biosecurity in animal 
production systems

�	 Agro-silvopastoral systems
�	 Savings and credit 

systems

�	 Implementation of the 
Code of Conduct for 
Responsible Fisheries

�	 Fisheries, aquaculture, 
vessel and infrastructure 
insurance

�	 Safety in the design, 
construction and 
equipment for fishing 
vessels

�	 Aquaculture biosecurity 
measures to reduce or 
prevent the spread of fish 
diseases

�	 Protection of water sources
�	 Protection from bank 

erosion of ponds
�	 Savings and credit systems

Water Land Forests

�	 Rainwater harvesting, 
conservation and storage 
to improve capture and 
use of rainfall

�	 Water reserves to buffer 
droughts 

�	 Efficient irrigation, such as 
drip and furrow irrigation, 
which uses less water and 
reduces water loss

�	 Management of fragile 
catchment areas (e.g. 
protected areas and 
restoration)

�	 Capture of floods or 
recharge of groundwater 
for use in dry season

�	 Environmental flows
�	 Drainage control
�	 Riverbank protection from 

erosion
�	 Raising the plinth of water 

pumps

�	 Restoration of degraded 
lands

�	 Land-use and territorial 
planning, including 
protected areas and 
infrastructure, such 
as roads, schools and 
hospitals

�	 Sustainable wetland 
management

�	 Soil conservation via 
erosion control 

�	 Field or network drainage 
to minimize flood impact

�	 Appropriate energy 
sources and technologies 
to reduce pressure on 
land

�	 Secure tenure rights of 
Indigenous Peoples and 
local communities

�	 Integrated fire 
management (e.g. 
prescribed fires and fire 
breaks)

�	 Forest pest management
�	 Agroforestry and 

sustainable management of 
non-timber forest products

�	 Afforestation/reforestation
�	 Community-based forestry
�	 Improved cooking stoves 

and alternatives to wood 
energy in order to reduce 
deforestation and forest 
degradation

Source: FAO. 2013b. Resilient livelihoods. Disaster Risk Reduction for Food and Nutrition 
Security Framework Programme. Rome. www.fao.org/3/a-i3270e.pdf

Measures should address the speci�c issues, such as �ooding or diminished 
freshwater supplies, as identi�ed in the risk assessment. Furthermore, measures 
can be individual interventions or packages of related measures. Climate and 
disaster risk management is often associated with structural measures, such 
as dams, reservoirs and gabions. These measures generally require major 
investments, have a long life span and high maintenance costs, and may have 
social and environmental impacts. 
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Climate and disaster risk preparedness

Preparedness refers to the knowledge and capacities developed by governments, 
response and recovery organizations, communities and individuals to effectively 
anticipate, respond to and recover from the impacts of likely, imminent or current 
disasters (UNDRR, 2019b). In general, preparedness measures encompass the 
development of a contingency plan, which, for example, describes actions to 
be taken in the event of a disaster. Often included in the contingency plan 
are early warning systems, which monitor a potential disaster (e.g. a high-
altitude lake) and sound an alarm if a certain threshold is reached (e.g. if a 
rapid increase in the lake�s water level occurs).

Contingency planning is a management process that: analyses climate and 
disaster risks; and establishes arrangements in advance to enable timely, 
effective and appropriate responses (UNDRR, 2019b). It can be carried out 
at national, subnational or community levels for the needs of the affected 
population(s). 

A watershed contingency plan considers information gathered from monitoring 
systems, such as water levels, precipitation and water quality, which is then 
communicated to the authorities responsible for establishing warning and 
response systems. The contingency plan establishes the procedural steps to 
follow, assigning clear roles and responsibilities for each task, communication 
mechanisms between different stakeholders, and the budgets required for 
implementation. For example, contingency planning to protect drinking water 
supplies should at least include an assessment of the ability of the water system 
to function in the absence of the largest source of supply, as well as a plan 
for alternative water supplies, and for responding to spills and contamination 
(Harter and Rollins, 2008).

The watershed contingency plan should specify the actions to be implemented, 
the implementation arrangements and lines of communication, and how these 
actions feed into the broader contingency plan. Moreover, contingency plans 
should be revised and updated prior to the season when the hazards addressed 
in the plan may occur (e.g. with with a plan focused on the mitigation of 
damage before the hurricane season).

Early warning systems

An early warning system includes technology and associated policies and 
procedures designed to predict and alert communities about the possible 
occurrence of natural and human-initiated disasters and other undesirable 
events. It is an integrated system of hazard monitoring, forecasting and 
prediction, disaster risk assessment, communication and preparedness 
activities, systems and processes, which enables individuals, communities, 
governments, businesses and others to take timely early action between the 
transmission of the warning and the impact of the hazard in order to reduce its 
impacts (UNDRR, 2019b). To be effective, early warning systems should actively 
involve the communities at risk, facilitate public education and awareness of 
disaster risks, disseminate messages and warnings, and ensure a constant state 
of preparedness.
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Tables 5.2 presents some speci�c measures for building resilience into 
watersheds and preventing or reducing the impacts of main hazards (�oods, 
drought, wild�res, diseases, windstorms, and earthquakes, volcanic eruptions 
and landslides).

Table 5.2: Resilience measures to prevent and/or reduce the impacts of 
main hazards

Floods  Protective measures Recovery and 
rehabilitation

Watershed level

Enhance 
riparian 
buffer zones 
(buffers zones 
will absorb 
and detain 
sediments, 
nutrients and 
contaminants)

Minimize channelization to provide space for river 
channel migration and for the creation of side 
channels, groundwater recharge; enhance wetlands 
in buffer zones; protect riparian vegetation (trees, 
shrubs, grasses); protect bank from erosion, restrict 
land use activities near banks; and encourage 
expansion of buffer width;

Revegetate buffer zone 

Restore wetlands

Assure continuity of buffer 
zone within entire watershed

Select sites 
for temporary 
storage of flood 
water

Select topographic depressional areas in the 
watershed that have little infrastructure (e.g. 
agricultural fields, grasslands, parks) that can 
store peak runoff and can release water after peak 
discharge; develop compensation plans

Recover debris and sediment 
in temporary storage site

Compensate owners
 
Restore previous cover and 
land use

Plan for more sites if 
capacity is exceeded

Structural 
measures

Improve and monitor dams, dykes, reservoirs and 
detention structures and use nature-based solutions 
where appropriate 

Rebuild damaged structures, 
modifying design to increase 
resilience 

Flood 
monitoring and 
response

Develop flood-monitoring systems and early 
warning systems; develop contingency plans

Improve predictive capacity, 
effectiveness of plans and 
early warning systems

Flood hazard 
mapping 
and land use 
regulations

Create floodplain hazard maps; avoid infrastructure 
development; regulate land use activities in flood 
zone; provide insurance coverage for damages 

Revaluate and/or modify 
flood hazard maps

Strengthen land use 
regulations in flood zone 

Agriculture

Conservation 
agriculture on 
sloping land

Protect land against erosion through conservation 
tillage, terracing, agro-forestry, hedgerow 
development and contour ploughing; improve soil 
carbon to enhance infiltration rates and soil-
moisture holding capacity (e.g. carbon sequestration 
using grass, green manure, cover crops); control 
livestock density on grassland; minimize soil 
compaction; build sediment detention ponds

Rebuild terraces

Provide financial incentives 
for conservation farming and 
soil carbon sequestration

Improve soil erosion and 
sediment detention control 
systems

Intensive 
lowland 
agriculture

Maintain wetlands adjacent to fields; reduce 
excessive drainage; avoid large fields with single 
crop/plant diverse crops, including tree crops; 
select crops that can withstand temporary flood 
periods; minimize soil compaction from use of field 
equipment during wet periods; minimize period of 
bare soil exposure

Restore soil quality 

Change cropping pattern

Structural 
measures

Relocate and/or flood-proof livestock shelters, 
manure and crop storage facilities and farm 
buildings in flood zones, based on flood hazard 
maps.

Revaluate the safety of 
agricultural infrastructure

Consider insurance issues

5.2a
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Table 5.4: Methods for evaluating risk reduction and management 
measures

Description Strengths Weaknesses Further resources

Economic evaluations

The economic appraisal of resilient 
watershed management needs 
to take into account the fact that 
bene�ts result from avoidance 
of disaster damage and loss. 
The expected reduction in losses 
and indirect bene�ts need to be 
measured and compared with 
the cost of proposed disaster risk 
reduction measures.

There are many 
methodologies 
available for economic 
assessments of 
disasters, particularly 
the emphasis on pre-
event or post-disaster 
response.
De�nes the roles and 
pro�les of stakeholders

Actual direct and 
indirect bene�ts 
will depend on the 
number and scale 
of hazard events 
occurring over 
the lifetime of the 
investment.
Often, people 
need formal 
training to 
use these 
methodologies.
Scale may be an 
issue. 
Sometimes 
methodologies are 
limited to certain 
disasters. 

Damage and Loss 
Assessment (Jovel and 
Mudahar, 2010)
Post-Disaster Needs 
Assessment (PDNA, 2019).
Hazus (Federal Emergency 
Management Agency, 
2019). 
Multi-criteria Integrated 
Resource Assessment (EPA, 
2015). 
Initial Rapid Assessment, 
2009 (developed by the 
IASC).
Support Analysis Framework 
(Petrucci, Pasqua and Gullà, 
2010).
Emergency Management 
Australia (Australian 
Institute for Disaster 
Resilience, 2002).

Cost-bene�t analysis of measures

Cost-bene�t analysis is to assess 
the economic ef�ciency of 
disaster risk reduction measures. 
It is a decision-making tool for 
comparing scenarios with or 
without disaster risk reduction 
in place. The aim is to �nd the 
optimum balance between the cost 
of an intervention and the cost of 
damages attributed to a disaster, 
and establish � if unnecessary 
measures are taken � whether 
there is over-investment.

A favourable cost-
bene�t analysis for a 
disaster risk reduction 
measure can be a 
strong argument for 
investment. 
Cost-bene�t analysis 
can be used to select 
the most ef�cient 
measures from a 
portfolio of projects. 
Cost-bene�t analysis is 
an established tool in 
decision-making, and 
in some countries it is a 
statutory requirement.

Cost-bene�t 
analysis is 
methodologically 
complex and 
should be seen 
as a decision 
facilitator rather 
than the sole 
criterion for 
decision-making. 
It should include 
social, ecological 
and cultural 
concerns. 

Cost-bene�t analysis of 
disaster risk reduction. 
A synthesis for informed 
decision making 
(Hugenbusch and 
Neumann, 2016).
Economic approaches for 
assessing climate change 
adaptation options under 
uncertainty: Excel tools for 
cost-bene�t and multi-
criteria analysis (Noleppa, 
2013).
Assessing the costs and 
bene�ts of adaptation 
options. An overview of 
approaches (UNFCCC, 
2011).

Multi-criteria analysis

Multi-criteria analysis is a 
collection of methodologies to 
compare, select or rank multiple 
alternatives that typically involve 
incommensurate attributes. 
Multi-criteria analysis includes 
decision models, which contain a 
set of decision options that need 
to be ranked or scored by the 
decision-maker; a set of criteria, 
typically measured in different 
units; and a set of performance 
measures, which are the raw scores 
for each decision option against 
each criterion (Huang, Keisler and 
Linkov, 2011)

Well-suited to obtaining 
and modelling the 
disaster management 
preferences of 
stakeholders 
Improves coordination 
among emergency 
response agencies, and 
affected citizens
Combines technical 
knowledge on bene�ts 
and trade-offs of 
choices with locally-
relevant criteria 
Suitable when bene�ts 
for saving lives and 
biodiversity cannot be 
quanti�ed and valued 
purely in monetary 
terms

Dif�cult to assign 
weights if there is 
a large number of 
different criteria 
Standardizing 
scores may lead to 
loss of information
Hard to agree 
on which criteria 
are relevant � 
may result in 
disagreement with 
stakeholders
May need 
to conduct a 
sensitivity analysis 
to determine if 
ranking is robust 

Multi-criteria decision 
analysis in environmental 
sciences: Ten years of 
applications and trends 
(Huang, Keisler and Linkov, 
2011).
Economic approaches for 
assessing climate change 
adaptation options under 
uncertainty: Excel tools for 
cost-bene�t and multi-
criteria analysis (Noleppa, 
2013).
Assessing the costs and 
bene�ts of adaptation 
options. An overview of 
approaches (UNFCCC, 
2011)
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Description Strengths Weaknesses Further resources

Adaptation pathways

Adaptation pathways describe 
a sequence of policy actions or 
investments in institutions and 
infrastructure over time to achieve 
a set of speci�ed objectives under 
uncertain, changing conditions. 
An adaptation pathways map 
provides insight into policy options, 
the sequencing of actions over 
time, potential lock-ins, and path 
dependencies

Enables long-term plans 
to be developed in 
which speci�c decisions 
can be postponed, 
maintaining a clear 
focus on the disaster 
risks and vulnerabilities

Future scenarios 
are based on 
quality of data 
available. 
Relatively new 
approach, so there 
are only a few 
examples of its 
implementation 

Dynamic adaptive policy 
pathways: Supporting 
decision- making under 
uncertainty using 
adaptation tipping points 
and adaptation pathways 
in policy analysis (Deltares, 
2019)

Valuation of ecosystem services

Valuation of ecosystem services 
involves attaching a value to the 
bene�t that people obtain from 
ecosystems. This valuation has the 
potential to be an environmentally-
effective, economically-ef�cient 
and socially-equitable tool in 
support of resilient watershed 
management.

Enables the value 
of ecosystems to be 
included in cost-bene�t 
analysis, multi-criteria 
analysis and other 
evaluation schemes
Enables bene�t sharing 
between different areas 
in the watershed. 

Very dif�cult to 
set a value on 
ecosystem services 
in monetary terms.

Recommendations on 
payments for ecosystem 
services in integrated water 
resources management 
(UNECE, 2007).

Source: Author�s elaboration

Notes: 

1. Jovel, R.J. & Mudahar, M. 2010. Damage, loss, and needs assessment guidance notes : Volume 1. 
Design and execution of a damage, loss, and needs assessment. World Bank, Washington, DC. 
openknowledge.worldbank.org/handle/10986/19047

2. PDNA. 2019. Post Disaster Needs Assessment � International Recovery Platform. Cited 25 October 
2022. www.recoveryplatform.org/pdna

3. Federal Emergency Management Agency. 2019. Hazus | FEMA.gov. Cited 25 October 2022. www.
fema.gov/hazus

4. Environmental Protection Agency (EPA). 2015. Multi-criteria Integrated Resource Assessment 
(MIRA). In: US EPA. Cited 25 October 2022. www.epa.gov/risk/multi-criteria-integrated-resource-as-
sessment-mira

5. Petrucci, O., Pasqua, A.A. & Gullà, G. 2010. Landslide damage assessment using the Support Anal-
ysis Framework (SAF): The 2009 landsliding event in Calabria (Italy). Advances in Geosciences. pp. 
13�17. Paper presented at 11th Plinius Conference on Mediterranean Storms, Barcelona, Spain, 7�11 
September 2009. 30 June 2010. www.adv-geosci.net/26/13/2010

6. Australian Institute for Disaster Resilience. 2002. Disaster loss assessment guidelines. Australian 
Disaster Resilience Manual 27. https://knowledge.aidr.org.au/media/1967/manual-27-disaster-loss-as-
sessment-guidelines.pdf

7. Hugenbusch, D. & Neumann, T. 2016. Cost-bene�t analysis of disaster risk reduction: A synthesis 
for informed decision making. Aktion Deutschland Hilft e.V., Germany. www.aktion-deutschland-
hilft.de/�leadmin/fm-dam/pdf/publikationen/aktion-deutschland-hilft-studie-zur-katastrophenvorsor-
geenglische-version-english-version.pdf

8. Noleppa, S. 2013. Economic approaches for assessing climate change adaptation options under 
uncertainty: Excel tools for cost-bene�t and multi-criteria analysis. Bonn and Eschborn, Germany, 
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). https://pdfs.semanticscholar.org/
a1f1/afc7fd939c6af79da5a01862571941c95aa9.pdf?_ga=2.123203275.1164670997.1572095794-
1753646993.1572095794

9. United Nations Framework Convention on Climate Change (UNFCCC). 2011. Assessing the costs 
and bene�ts of adaptation options. An overview of approaches. https://unfccc.int/resource/docs/
publications/pub_nwp_costs_bene�ts_adaptation.pdf

10. Huang, I.B., Keisler, J. & Linkov, I. 2011. Multi-criteria decision analysis in environmental sciences: 
Ten years of applications and trends. The Science of the Total Environment, 409(19): 3578�3594. 
https://doi.org/10.1016/j.scitotenv.2011.06.022

11. Deltares. 2019. Dynamic adaptive policy pathways: supporting decision making under uncertainty 
using adaptation tipping points and adaptation pathways in policy analysis. In Deltares. Cited 25 
October 2022. www.deltares.nl/en/adaptive-pathways

12. United Nations Economic Commission for Europe (UNECE). 2007. Recommendations on Pay-
ments for Ecosystem Services in Integrated Water Resources Management. No. ECE/MP.WAT/22. 
Geneva. https://unece.org/environment-policy/publications/recommendations-payments-ecosys-
tem-services-integrated-water
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