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Abstract: Governments and institutions across the globe are conducting vulnerability assessments
and developing adaptation plans to confront rapidly changing climatic conditions. Interrelated
priorities, including the conservation of biodiversity, ecological restoration, sustainable
development, and social justice often underlie these efforts. We collaborated with colleagues in an
effort to help guide vulnerability assessment and adaptation (VAA) generally in Southeast Asia and
specifically in the watershed of the Sirindhorn International Environmental Park (SIEP) in
Phetchaburi Province, Thailand. Reflecting upon our experiences and a review of recent VAA
literature, we examine a series of seven questions that help to frame the socio-ecological context for
VAAs. We then propose a three-dimensional framework for understanding common orientations
of VAAs and how they appear to be shifting and broadening over time, particularly in the USA. For
example, key leaders in the SIEP project emphasized social development and community-based
approaches over more ecology-centric approaches; this orientation was consistent with other
examples from SE Asia. In contrast, many efforts for US national forests have evaluated
vulnerability based on projected shifts in vegetation and have promoted adaptation options based
upon ecological restoration. Illustrating a third, highly integrated approach, many VAAs prepared
by indigenous tribes in the USA have emphasized restoring historical ecological conditions within
a broader context of promoting cultural traditions, social justice, and adaptive capacity. We
conclude with lessons learned and suggestions for advancing integrated approaches.
Keywords: Vulnerability and adaptation assessment; climate change; ecological restoration;
watershed management; sustainable development; community-based assessment; indigenous peoples

1. Introduction
Entities around the globe are increasingly engaged in assessing vulnerability and developing
plans to adapt to climate change. International efforts were catalyzed at the 21st Conference of the
Parties to the United Nations Framework Convention on Climate Change (COP21) by the adoption
of an agreement for all participating countries to develop climate change adaptation plans [1]. Such
planning efforts are now connected to broader sustainability initiatives, such as the UN Decade on
Ecosystem Restoration (2021–2030), for which the United Nations General Assembly has set a goal of
massively scaling up the restoration of degraded and destroyed ecosystems to address climate
change and promote sustainable ecosystems. A first step in identifying appropriate actions and
policies in the face of climate change is often to conduct a vulnerability and adaptation assessment
(VAA). In fact, this is frequently a required step in accessing climate preparedness funds [2].
Vulnerability assessments identify future risks induced by climate change, identify key vulnerable
resources, and provide a sound basis for designing adaptation strategies [3]. A recent trend among
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vulnerability assessments has been to expand considerations to include social, non-climatic
determinants of vulnerability, such as adaptive capacity, and to shift from simply estimating
expected damages to identifying opportunities to reduce damages [4]. Another thrust has been to
recognize the concerns of local communities, particularly underserved and highly vulnerable
communities, including indigenous peoples [5]. Both COP21 and a related international agreement,
the Convention on Biological Diversity, have explicitly called for the consideration and integration
of indigenous communities into their strategies [6]. Alongside these trends there has been a shift from
qualitative descriptions of vulnerability to more quantified evaluations of risk, including the
probability of occurrence of hazards, potential exposure to hazards, and the severity of potential
impacts [7].
1.1. Background
We were invited to share the perspectives and ideas used by the US Forest Service (USFS) in
developing VAAs with a team of government agencies, universities, and non-governmental
organizations (NGOs) in central Thailand that was initiating one of the first watershed-scale VAA
efforts in Southeast Asia. Over the course of three in-person visits and extensive remote collaboration,
we both contributed to the completion of the project and learned about collaborative, large-scale VAA
initiatives. In this paper, we consider the key issues and lessons that emerged from that experience
in the context of scientific literature describing the principles and approaches of successful VAA
efforts. We begin by describing the framework of the particular project in Thailand and then review
guidance from the USFS as well as literature regarding VAAs and ecological restoration. We then
present seven questions that emerged as points of tension during the project, and we reframe those
issues in light of recent literature and published examples of VAAs from national forests and tribes
in the USA. Based upon that review and our engagement in the cross-cultural project as a case study,
we suggest ways to shift toward more integrated VAAs.
1.2. SIEP Project Case Study: Watershed-scale Climate Vulnerability Assessment and Adaptation Planning
in Thailand
The Watershed-Based Adaptation to Climate Change project was a regional collaborative
initiative financed by the National Research Council of Thailand (NRCT), Royal Thai Government,
and US Agency for International Development (USAID) with technical support from the USFS. The
initiative aimed to create a model for watershed-scale planning through a VAA for Sirindhorn
International Environment Park (SIEP) in Cha-am District, Phetchaburi Province, Thailand (hereafter,
the SIEP project) (Figure 1). The park has been developed to educate visitors about energy, natural
resources, and the environment in the coastal region of Thailand, with a special emphasis on the
conservation of mangrove habitats. It is located in one of the driest parts of Thailand, a region
important for agriculture, including lemons and pineapple, and tourism, including golf courses and
hotels. The SIEP project included the participation of research faculty from two Thai universities,
park staff, representatives of several ministries, and leadership by the Sustainable Development
Foundation (SDF), a well-established non-governmental organization in the region.
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Figure 1. The natural watershed of the Sirindhorn International Environmental Park (SIEP) (light
purple) is much smaller than the watershed of the Upper Phetchaburi River (brown stippling) that
supplies water to coastal areas, including the area around the park (gray hatching).

The project included climate downscaling work across the entire Phetchaburi River Basin
(Figure 1) as well as on-the-ground data collection in communities selected by the SDF to represent
the main economic sectors in the watershed. In the upper watershed, the SDF focused on a Karen
community that was experiencing conflict with the government regarding land rights and
agricultural activities, as are other indigenous people in mountainous forested areas [8]. In the central
watershed, the SDF identified four villages that each relied on a particular cash crop and two
communities struggling with urban expansion and water supply management. In the lower
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watershed, the SDF focused on three communities suffering from floods and droughts as well as a
community where many livelihoods depended on salt farming. Their methodology explicitly
considered both climate and non-climate factors that contribute to vulnerability [9].
2. Review of Vulnerability Literature
2.1. Guidance for VAAs in the US
USFS reports and related journal articles from the past dozen years reveal how ecological and
socio-economic issues have been addressed in VAA guidance over time. In 2008, the USFS released a
strategic framework for responding to climate change [10], which was followed by a more detailed
“roadmap” [11]. Additionally in 2008, the US government published a “preliminary review of
adaptation options for climate-sensitive ecosystems and resources”; the authors of the chapter on
national forests authored a related journal article the following year [12]. Over the next few years, the
USFS issued guidance reports for VAAs including a guidebook for developing adaptation options
with case study examples in 2010 [3], a guide to adaptation tools and resources references in 2012
[13], and a framework with pilot assessments for watershed vulnerability in 2013 [14].
The early guidance and examples of VAAs on national forests focused heavily on the ecological
dimensions of vulnerability. Although they also mentioned ecosystem services, they often considered
socio-economic factors in terms of being added stressors or constraints. For example, Spies et al. [15]
noted how “social license”, policies, and laws might constitute barriers to adaptation. Vulnerability
was commonly evaluated in terms of biophysical values, including wildlife, forests, fisheries, and
infrastructure. For example, three pilot examples of watershed vulnerability assessments from
national forests in the Pacific Northwest evaluated only the impacts to aquatic species listed as rare
or threatened by government agencies as well as to infrastructure including roads, campgrounds,
and water diversions [14]. Most national forests in the USA are situated within inland mountain
regions; consequently, most examples of detailed vulnerability analyses from the USFS are from such
areas [3]. These rural areas have relatively low human population densities and few permanently
populated areas. Early VAAs may have largely ignored the social vulnerability of local communities
in order to focus on the quantification of biophysical risks. Many of these early VAAs stand in
contrast to examples from Southeast (SE) Asia that focused on densely populated urban areas [16].
USFS guidance for VAAs has recently shifted toward a greater focus on socio-economic
dimensions of vulnerability through the lenses of ecosystem services and household adaptive
capacity. In 2013, Fischer et al. [17] published an article calling for greater attention to social
vulnerability in assessments for national forests. In 2016, the USFS updated the adaptation guidance
published four years earlier to include urban forests [18]. Most recently, the USFS issued guidance
for integrating socio-economic concerns into vulnerability frameworks [19] and protocols for
evaluating socio-economic vulnerability [20].
The impact of climate change on indigenous communities has also been an emerging concern in
VAA literature pertaining to US national forests. Many of the USFS guidance documents do not
specifically draw attention to indigenous peoples, although one of the recent reports [20] mentions
some values that are particularly important to such communities, including traditional foods and
medicinal herbs. To address this gap, the USFS recently published a framework for understanding
climate impacts on indigenous peoples that highlights impacts on tribal social systems [21]. That
guidance notes that classifications such as “natural,” “cultural”, and “economic” reflect colonial
systems of thinking that impose false divisions between fundamentally interconnected systems, as
highlighted in other tribally directed research [22]. A group led by a team of indigenous people in
the North Central USA recently published an adaptation menu that responded to earlier USFS
guidance by featuring words, processes, and values that they thought would be more productive and
respectful for work involving indigenous communities [23]. American Indian tribes have been
broadening the scope of VAAs in the USA—a recent review [24] found that VAAs written by or for
tribes in the Pacific Northwest USA emphasized how climate change would impact their distinctive
cultural values. Nearly half of the plans examined in that review specifically discussed impacts to
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public health, tribal economies, and cultural well-being, including traditional knowledge and cultural
practices.
2.2. An Evolving Foundational Concept: Ecological Restoration
Ecological restoration has emerged as a common framework for addressing multiple natural
resource management challenges, including the promotion of local livelihoods, sustainable
development, conservation of biodiversity, mitigation of climate change, and adaptation to
disturbances including climate change [25]. Proponents of restoration suggest that these efforts can
be broadly relevant when customized to particular landscape and social contexts [26]. For example,
the mission statement for the UN Decade of Landscape Restoration suggests that achievement of
sustainable development goals depends on addressing ecological degradation. The concept of
ecological restoration has had a wide and deep influence on conservation efforts in the United States
and within the USFS in particular. The USFS roadmap invoked a future-looking form of ecological
restoration as a central pillar to its efforts: “the agency is responding to climate change through
adaptive restoration—by restoring the functions and processes characteristic of healthy ecosystems,
whether or not those systems are within the historical range of variation” [11]. Additionally,
restoration has been incorporated in the new forest planning rule to guide the revision of land
management plans across the USA.
The ecological restoration framework is not rigidly prescriptive, but instead emphasizes
principles, indicators, and best practices. Ecological restoration plans in the Pacific Northwest of the
USA have often set targets based upon conditions prior to colonization by Europeans that are
characterized as the “historical” or “natural range of variation” [27]. These restoration efforts may
focus on evaluating and restoring native species diversity as well as natural processes that reset
succession, such as fires and floods. While restoration has focused on removing artificial constraints
on those natural disturbances, adaptation efforts have often focused on building resistance and
resilience to uncharacteristically severe disturbances [12].
Linkages between ecological restoration and adaptation to climate change are common in USFS
VAA literature. For example, Peterson et al. [3] described one climate change adaptation strategy of
“forestalling change” as “intensifying management to return a site to a prior condition of that
ecosystem in the face of climate change”, which mirrors ecological restoration. Through interviews
for his dissertation research, Timberlake [28] found that national forestland managers were largely
focused on the goal of ecological restoration in pursuing climate change adaptation.
Ecological restoration appears less common, however, in VAA examples from SE Asia. For
instance, a recently published guide to VAAs in the Greater Mekong subregion [2] did not include
the terms “restore” or “restoration”. Similarly, in a comparative study of socio-ecological system
resilience in the United States and SE Asia, MacQuarrie [29] included several references to salmon
and river restoration in his case study of the Columbia River Basin (US) but only one to forest
restoration in Cambodia. An example for high mountain areas in Asia produced by the World
Wildlife Fund did propose ecosystem restoration as one solution to reduce climate vulnerability [30].
Because there are so many diverse examples of VAAs in both regions, it is less important to
demonstrate consistent differences between them than it is to consider how particular orientations
can influence project outcomes.
3. Findings from the Review and Case Study
3.1. Important Framing Questions Considered in the SIEP Project
Through our efforts to bring ideas and frameworks from the USFS to the SIEP project, we
identified several framing questions for consideration in structuring the scope and scale of any largescale or watershed-scale VAA.
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3.1.1. What is the Appropriate Management Unit?
Approaches applied to US national forests and in Southeast Asia have both emphasized the
importance of using watersheds as analysis and management units. Guidance for conducting climate
change vulnerability assessments in the USFS references a framework for assessing the watershed
vulnerability at relevant scales, typically with hydrologic units that are 4000 to 16,000 ha [14]. This
approach has been widely used in USFS lands that typically constitute headwater forests. The USFS
has examined the national vulnerability of water supplies to climate change [31]. As a simplifying
assumption, it did not consider the adaptive capacity of the water supply systems to respond to
changes in precipitation; yet, extensive reservoir and irrigation systems do allow for storage and
redistribution of water, representing adaptive capacity to manage changes in precipitation.
The SIEP project applied a “ridge to reef” approach that considered watershed areas in a similar
size range. During our project, however, we confronted a challenge in simply identifying the
boundaries of the watershed for the park because trans-basin diversions (Figure 2) had transformed
the natural “ecological” watershed (based upon topography and historical conditions) into a much
larger “water supply” watershed (Figure 1). Specifically, the park is located within the Bangtranoi
watershed (64 km2) with hydrologic connections to the neighboring Huaisai watershed (20 km2) [32].
Although the Thai Royal Forest Department manages the forested mountain areas that have been
recognized as priority water quality management zones, concerns over water supply were
pronounced and not only related to headwater conditions. Both the agriculture and tourism sectors
depend on water supplies from outside of the study-area basin. Water distribution plans were
designed to balance human needs while leaving some minimal in-stream flows. In the project, the
emphasis on consumptive use drew attention away from the forested highlands of the interior and
toward the agricultural and urbanized areas along the coast.

Figure 2. Water conveyance structure delivering water from storage reservoirs outside the SIEP
watershed to downstream agriculture, cities, and tourism-related development. Photo by Jonathan
Long.

3.1.2. Is downscaled climate data necessary?
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Because projections from global climate models are generally coarse, regional and local projects
may rely on downscaling [33] to understand how climate change is likely to affect particular
watersheds and landscapes [34]. Decisionmakers may prize this customized scientific information for
gauging the susceptibility of highly built environments to natural disturbance. For example,
downscaled climate data can play a role in predicting future flood flows and the vulnerability of
bridges and other infrastructure. However, downscaled climate data may give the impression of
being more precise and accurate that it truly is. It is not necessarily useful [35] and, in particular, it
may be a distraction when managing wildland systems, which have evolved under a wide range of
natural variation and which, therefore, may be more tolerant of climatic fluctuations than constructed
systems. Additionally, thresholds for natural systems are less likely to be known, so precise estimates
of environmental change may not be of high value.
Organizers of the SIEP project had a strong desire to create and utilize downscaled climate
change data. Previously published research by Shrestha [36] included climate projections on an
approximately 22 × 22 km2 scale, to evaluate conditions across nine hydrological response units in
Thailand; SIEP is included in the Eastern Gulf unit. Their findings suggest an increase in water
availability during both the wet and dry seasons; however, they noted that the models did not
perform as well in the coastal regions as in other regions. To address such concerns, the SIEP project
commissioned downscaled climate projections at the 1 km scale.
While developing such finely downscaled climate projections can increase the reported precision
of predictions and bolster confidence among decision makers, the fine scale of the predictions may
also inflate expectations that the projections are accurate. Because there can be considerable
uncertainty associated with localized forecasts, USFS guidance on VAAs [14] urges staff on
individual national forests to proceed with VAAs even without finely downscaled climate
projections. Often existing information, such as historical information on climate change and
observations in extreme years, can be used for framing climate change in terms that are clearly
understood and appreciated [37]. In fact, the ranges and directions of projected change may be more
important than specific estimates for future temperature and runoff [14].
3.1.3. Is ecological restoration or socio-economic development the priority?
Many VAAs undertaken in Asia emphasize socio-economic development and immediate
livelihood needs [35]. This focus contrasts with ecologically oriented VAA examples from the USFS.
Even nature-oriented institutions such as the World Wildlife Fund have generated vulnerability
assessment reports that explicitly evaluate impacts on ecosystem services and community livelihoods
[30]. In the SIEP project, scientists and managers did highlight historical degradation including the
loss of forest cover, soil erosion and reduced infiltration, sedimentation, the loss of mangrove
habitats, and losses of important wildlife species including axis deer (Axis porcinus). Local watershed
managers and park exhibits described conditions prior to the death of King Rama VI in 1926 as being
a reference, comparable to the way the USFS often describes reference conditions prior to “EuroAmerican settlement”. However, during the SIEP project, we observed that managers were focused
on increasing forest and ground cover more than on restoring historical composition and structure.
For example, activities described under forest restoration included planting vetiver grass
(Chrysopogon zizanioides, native to India) and terracing landscapes to reduce soil erosion (Figure 3).
Such actions, while bearing similarities to early soil restoration efforts on US national forests [38], are
not aimed at restoring pre-existing conditions but rather at moving the ecosystem forward toward
greater productivity. Managers may have favored such reparative actions as being more practical
than attempting to recreate historical conditions. Some VAAs have explicitly blended restoration and
economic development goals. One such VAA from the Philippines [39] concluded that an “ideal
program” for reducing the vulnerability of farmers should combine reforestation to improve
denuded watershed conditions with infrastructure enhancements to help farmers cope with floods
and water shortages.
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Figure 3. Erosion control measures including rock check dams and plantings of vetiver grass. Photo
by Jonathan Long.

3.1.4. Are roads an ecological liability or a resource for reducing social vulnerability?
Roads represent a significant boundary element in social and ecological systems, illustrating the
need for an integrated perspective that weighs a variety of ecological and social values. In many US
examples, VAAs have suggested closing and even obliterating roads because of concerns over their
impacts on watershed condition [40]. These are most often in watersheds where limiting human
impact is a goal. On the other hand, tribes have emphasized the need for access via roads to maintain
traditional practices [41]. In SE Asia, VAAs have also recognized the importance of roads as adaptive
capacity [42], because road access is essential for getting goods to market and for receiving services
during emergencies.
3.1.5. What are the costs and benefits of dams and diversions?
The negative impacts of dams and diversions have been highlighted in VAAs in the USA, while
the benefits of such hydrologic infrastructure for ameliorating the impacts of floods and droughts are
recognized in watershed management plans for the Phetchaburi River in Thailand. Adaptation plans
in the USA and Europe emphasize reducing the impacts of dams and diversions, leaving “room for
the river” [43] and otherwise promoting the use of soft adaptable green bank stabilization measures
rather than streambank armoring and channelization [44] (Figure 4). VAAs for the Mekong River,
where millions of people depend on fishing for their livelihoods and diet, have similarly emphasized
these ecological principles [2]. In comparing system resilience in the USA and SE Asia, MacQuarrie
[29] concluded that the construction of large dams in the Pacific Northwest USA had reduced
ecological resilience, but that those impacts were counterbalanced by increased social resilience that
stemmed from a focus on ecological restoration as well as on the legal and political power of tribes,
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fishers (commercial and recreational), and other stakeholders. In contrast, he concluded that social
systems in SE Asia were less socially resilient, but that they had not experienced as much loss in
ecological resilience. However, ecosystems in SE Asia, like the Mekong, are also experiencing declines
in large migratory fish species (comparable to salmon and sturgeon in the Mekong, are also
experiencing declines in large migratory fish species (comparable to salmon and sturgeon in the
Columbia Basin) due to the construction of large dams [45]. Trans-boundary institutions have
developed in the region to reduce the ecological impacts of dams, representing another source of
adaptive capacity [46].

Figure 4. Channelization on a river system in the SIEP watershed. Photo by Jonathan Long.

3.1.6. Is the focus on sustaining forests or sustaining forest-dependent people?
In the SIEP case study, the use of forest lands by local communities, both for subsistence
agriculture (Figure 5) and for the gathering of forest products, emerged as an important issue. Such
issues also occur on federal lands in the United States, and they are a particularly significant issue for
Native Americans [41,47]; however, neither have featured prominently in climate change
vulnerability assessments. Both national parks and national forests in the United States have a long
history of driving out and excluding indigenous peoples [48,49]. NGO staff leading the communitybased assessment for the SIEP project described the adoption across SE Asia of what they considered
to be a “Western model” of evicting local peoples from conservation lands such as national parks (see
[50] for more on that history). Similarly, a VAA for the Philippines [39] expressed concern that
adaptation strategies focusing on forest restoration and protection might not address the needs of
communities, noting that forest protection rules could adversely affect farmers without official land
tenure.
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Figure 5. Crops planted within patches cleared from forests in the upper watershed by local
communities. Photo by Jonathan Long.

3.1.7. Is fire to be restored or excluded?
Tensions in applying an ecological restoration framework are particularly evident in debates
over whether human-caused burns should be part of a management regime to restore reference
conditions. In tropical parts of the USA and affiliated islands, suppression of wildfires is a
predominant concern and human-set fires are often regarded as unnatural and harmful [51]. A
similar view appears to hold in many parts of SE Asia, although some researchers and community
organizations maintain that rotational agriculture using fire to clear forest patches is a long-standing
practice, going far back in human history. The dry dipterocarp forest found in the SIEP project area
has likely had a long history of fire influence; however, the importance of fire in altering its succession
to evergreen forest remains a topic of some uncertainty [52]. In the national park at the headwaters
of the SIEP project area, the impacts of Karen people using fire to clear forests were a high concern;
yet, community members asserted that they were continuing a long-standing tradition of swidden
agriculture. In the Western USA, management of fire regimes has long been a dominant concern in
watershed management and the adaptation to climate change, but the focus has recently shifted
toward restoring more frequent and lower intensity fire that mimics cultural burning by indigenous
peoples [41]. Some tribes in the USA have also sought to restore traditional agroforestry practices,
such as cultural burning, to national forests encompassing ancestral lands [41] as part of a
management plan to promote resilience to future climate change [53,54].
3.2. General Themes in VAAs Represented by Three Axes
By considering the key questions above that emerged in our case study as well as the trends in
the reports and journal articles discussed above, we identified three major axes shaping the
orientation of VAAs (Figure 6). First is the extent of focus on the ecological versus socio-economic
dimensions of systems. Second is the level of reliance on technical “experts” versus broader
community participation as sources of information. Third is the time frame for evaluating departure
from desired conditions. The three axes in the figure are in theory independent, but as a practical
matter, assessments have tended to cluster between top-down and ecologically focused versus
bottom-up and socially focused.
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Figure 6. The scope of vulnerability and adaptation assessments. The x-axis represents the socialecological orientation. The y-axis represents bottom-up versus top-down processes, and the z-axis
represents the temporal perspective including past, present, and future reference points.

3.2.1. Social-ecological considerations
The first axis describes the relative emphasis on social versus ecological issues and outcomes.
Many of the differences between VAA along this axis relate to broader tensions between social
development and conservation.
Early reports and associated articles written on VAA issues for national forests in the USA
recognized both ecological and socio-economic systems; however, they focused heavily on the
ecological aspects, such as how the distribution of dominant species or the associated plant
communities may shift. Social concerns have been incorporated into such frameworks by focusing
on species that are harvested for commercial gain or subsistence, or which are “charismatic” [55].
Social dimensions in early VAA efforts also included the consideration of ecosystem services [10],
such as impacts to water supply and recreation [14] as well as the consideration of how to bolster
internal agency adaptive capacity and reduce external social and economic barriers to adaptation
[3,56].
The language used in many VAAs indicates their predominantly ecological orientation. For
example, Timberlake and Schultz [57] noted that “In (US) Forest Service documents, the agency
frequently uses resilience in the sense of ecological resilience; it sometimes describes social-ecological
resilience but to date has rarely worked this type of resilience into planning and management
activities.” In another article, they noted that considerations of ecosystem services were often limited
to qualitative descriptions [58]. An ecological focus is often reflected in terms such as “landscape” to
characterize areas. In contrast, the perspective of tribes or other indigenous communities is often
important in viewing such areas instead as “homelands” that they depend upon to sustain their
livelihoods and identities.
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In Southeast Asia, many regional VAAs have emphasized poverty reduction and the associated
socio-economic concerns. For example, the USAID Mekong Adaptation and Resilience to Climate
Change (ARCC) project [2] considered impacts to livestock, fisheries, agriculture, natural systems,
and health and rural infrastructure. It focused its assessment on six principal crops and applied
downscaled global climate projections to evaluate impacts to livelihoods. Impacts to “natural
systems” were considered through the lenses of non-timber forest products and wild relatives of key
crops. This perspective is consistent with the idea that many forested landscapes in the Mekong Basin
are used for agroforestry. Other regional assessments have also integrated social and ecological
evaluations [42].
3.2.2. Information sources and process
The second dimension (the y-axis in Figure 6) focuses on the sources of information used to
prepare the assessment. A “bottom-up” approach focuses on local knowledge. It may rely upon local
observations of climate trends and qualitative information, often obtained through interviews with
community members or participatory processes. A “top-down” approach depends more heavily on
detailed scientific data, published studies, downscaled climate projections, and expert opinion. For
example, experts often review literature and suggest indicators that they think are useful for
measuring vulnerability [59].
Bottom-up approaches have become a priority for many communities that have been frustrated
when government agencies develop plans first and seek buy-in from local communities second.
Communities often prefer to have priorities and plans emerge from local concerns and to gain agency
buy-in as a second step. Green et al. [60] stressed that the latter, “bottom-up”, approaches may better
develop practical activities to reduce vulnerability; they cautioned that decision makers may become
stuck in an information gathering and research phase if they prioritize having quantitative
justification for particular policy options. Eriksen et al. [61] also emphasized the need to pursue
adaptation actions that promote both social justice and environmental integrity by integrating local
knowledge into adaptation responses and by recognizing the importance of non-climate stressors
[15]. Non-profit organizations leading VAA efforts in other parts of Asia have emphasized the need
to address the non-climate dimensions of vulnerability through community engagement at local
scales [35].
In the USA, individual national forests have typically completed VAAs on their own, although
one plan was developed jointly between the Olympic National Forest and Olympic National Park
[40]. Early VAAs by the USFS placed considerable emphasis on the technical expertise of internal
agency staff, as well as external scientists from universities and non-profit conservation
organizations. These efforts may not be strictly characterized as “top-down”, because they were often
built on information from stakeholder workshops with participation from universities, NGOs, local
governments, and other interests. Yet, lists of participants suggest that staff and scientists with
biophysical expertise often predominated. Timberlake [28] similarly noted that the USFS has
emphasized a “coproduction” model involving scientists and managers. One of the planning guides
suggested that broader community considerations could be addressed by previewing VAAs with
stakeholders who may be affected [24]. The top-down approach may also be triggered by short
planning horizons; plans are often created relatively rapidly, taking between eight months and one
year to complete [14].
In contrast, VAAs in SE Asia frequently emphasize multi-agency approaches, which may take
several years to complete. For example, the Mekong ARCC project worked over several years
assessing conditions across many communities. The SIEP project involved multiple consultations
with stakeholders mostly composed of local community members. The consultations were of various
sizes and locations and took place over two years. Several recent examples of VAAs have highlighted
more participatory processes that seek to integrate top-down and bottom-up approaches [62,63].
3.2.3. Temporal references
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The third axis describes the temporal orientation of the assessments, which typically compare
conditions during two different time periods. For example, restoration plans commonly compare
present conditions to those during a past reference period. Using a past reference period can help
address the pervasive effects of colonization, which are a major concern of indigenous groups [64].
As Helen Fillmore, a tribal member and climate change researcher recently explained, “The
degradation that they [our elders] couldn't fathom is already our current condition" [65]. To address
these concerns, researchers have attempted to estimate historical changes in indicators that are
socially and ecologically important, such as the availability of traditionally harvested wild foods [22].
Some researchers contend that historical conditions may no longer be appropriate or realistic in
the face of changing climate [3]. In that vein, early USFS guidance suggested that VAAs be more
forward-looking by considering simulations of future climate, vegetation, and species movements
[3]. Indeed, early examples of VAAs in the USA often assessed ecological vulnerability based upon
such modeled climate projections and judgments of their adaptive capacity by professional scientists.
Many of these assessments implicitly set a present-day reference by comparing current conditions to
future conditions that are projected using models of climate change.
Many socially oriented VAAs are oriented toward current conditions, rather than forecasts, to
evaluate vulnerability. As a practical matter, trends in key social indicators are often challenging to
predict. For example, fewer than half of health-oriented VAAs internationally have estimated the
future health impacts of climate change; that limitation reflects a common lack of data and analysis
regarding relationships between climate drivers and health outcomes on which to build predictive
models [66]. Other socially oriented VAAs have focused on vulnerability to widely predicted climatic
impacts, particularly for low-lying coastal regions, such as increases in temperature, increased risk of
intense storms and flooding, and sea-level rise [67–69].
Some researchers contend that while modeling to predict future conditions is valuable, it is
important to focus on present-day vulnerabilities informed by community input [35]. For example,
O'Brien et al. [70] argued for an emphasis on human security and present difficulties in coping with
external stressors, which they characterized as “context vulnerability”. They contrasted that
approach with the assessment of “outcome vulnerability” that may develop in the future. Williams
et al. [71] further emphasized this point by distinguishing between impacts that have already been
“realized” versus “potential” impacts that might occur. Some economists have suggested that
focusing on current demand for services, rather than their potential supply, is important for aligning
policy with sustainable development goals [72].
3.3. Lessons Learned for Achieving Better Integrated VAAs
Over the past dozen years, there has been a trend toward greater social-ecological integration of
VAAs in the USA. Here we present lessons learned that may reinforce this shift toward more
integrated perspectives in advancing the sustainability of coupled human‒natural systems.
3.3.1. Humans are part of most natural systems
Frameworks in North America have broadened to consider the influence of humans in the
evolution of natural ecosystems. For example, the use of fire by indigenous peoples, which has
occurred for thousands of years in North America, is increasingly regarded as part of the natural
disturbance regime under which many ecosystems in the Western United States have evolved [73,74].
Accordingly, particular ecological communities, including groves of large California black oaks
(Quercus kelloggii) and Oregon white oaks (Quercus garryana), camas grounds (Camassia spp.), and
rock-walled “clam gardens” are recognized as having been produced or shaped by indigenous
practices and are now targets for ecological restoration [41,75,76]. A recent indigenous-led
publication supplemented USFS guidance on VAAs by emphasizing more holistic perspectives in
adaptation planning rather than worldviews and language that tend to separate humans from the
natural world [23].
3.3.2. The ecological restoration framework can be broadened to include social considerations
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The longstanding ecological restoration framework remains a powerful and appealing tool for
evaluating conditions and setting management directions; however, research has recommended
greater focus on social indicators and consideration of local community perceptions when evaluating
baselines for ecological restoration [77]. Furthermore, ecological restoration has the potential to
contribute to injustices if strategies do not account for social impacts. Accordingly, many planners,
even some within the restoration field, have encouraged greater attention to social objectives
[78].Ecological restoration can be more closely allied with environmental justice and indigenous
concerns than has been commonly recognized, as revealed in the ecocultural restoration movement
being advanced by many tribes [79]. This movement emphasizes the important of access to traditional
foods and medicines for community health, which aligns with calls for VAAs to evaluate the impacts
of climate change on the public health and food security of vulnerable populations [66,80].
3.3.3. Consideration of social adaptive capacity, including governance institutions, may increase the
relevance of VAAs
Socially oriented VAAs consider how communities can adapt to the future climate given
institutions, policies, property rights, and other constraints that humans are able to change [81].
Promoting adaptive social capacity may align with many ecological restoration goals, particularly for
communities that have been impacted by declines in the productivity of ecosystems. However, that
focus may also bring a wider range of possible targets under management consideration than would
be considered under a purely ecological restoration perspective, which may become narrowly fixated
on past ecological conditions. Governance institutions, which are an important component of
adaptive capacity, are especially important for the management of harvested systems or resource
allocations [82,83]. The ecological restoration framework in the USA can also be used to align shared
ecological interests of non-governmental entities including watershed councils, prescribed fire
councils, and other groups. An increasing responsiveness of institutions to the interests of indigenous
communities, with support or pressure from federal law, has been important for promoting system
resilience, especially in the Pacific Northwest of the USA [29]. Tribes in the USA have pursued
institutional relationships that facilitate more cooperative management, such as comanagement
agreements and the establishment of special demonstration areas [41,75]. These developments have
propelled important ecological restoration efforts, such as the removal of large dams that have
inhibited recovery of salmonids.
3.3.4. Community engagement in the development of indicators may increase their effectiveness
Evaluations of socio-ecological resilience may be greatly influenced by the selection of
indicators. Because of that, MacQuarrie [29] noted that adaptive capacity could be increased by
engaging local stakeholders in creating and studying a more complete inventory of indicators.
During the SIEP project, we discussed a variety of climate indicators or “facets” that would translate
climate change projections into locally meaningful terms, such as the duration of floods and length
of rainy periods that impact specific crops. For example, the local community wanted to create an
indicator describing the maximum number of consecutive days without rain in the growing season.
This indicator contained information critical to anticipating climate effects on particular crops and to
making decisions about what to plant in the future. While emphasizing values that are important to
community stakeholders, these facets can be built on recommended principles of scientific reliability
[59]. Work with tribes in the US has similarly emphasized biophysical metrics to quantify the
usability and availability of key forest product species, including the abundance of mature hardwood
trees that produce culturally important foods [84,85]. Assessments will be more likely to result in
social change where indicators have been developed in collaboration with local communities [86].

3.3.5. Integrated science and monitoring contribute to effective management in the long term
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Monitoring efficient, ecologically important, and socially meaningful indicators can help ensure
that adaptation efforts are effective in reducing vulnerability. However, the outcome of a particular
adaptation approach may not be evident for years after it is put into practice, and long-term,
retrospective evaluations of plan implementation are rare. Most countries have not completed a cycle
of adaptive management by evaluating the sufficiency of baseline assessments and monitoring the
success of adaptation efforts [66]. An openness to experimentation may be particularly important for
advancing the adaptation science knowledge base, particularly when experiments are designed with
consideration of governance institutions and with the engagement of local communities [87]. Support
for conducting experiments may depend on alignment with social and cultural values. For example,
attitudes that regard humans as part of nature, as held by many Native Americans, have been
associated with public support for interventions to conserve Alaska yellow cedar under a warming
climate, even within protected forest areas [88].
3.3.6. Integration of top-down and bottom-up approaches is necessary to solve complex problems
Many recent examples of VAAs aim to integrate perspectives from professional scientists and
local communities. The value of such integration is that broader knowledge is brought to bear on
complex problems. The USAID Mekong ARCC framework [2] pursued this goal by integrating a
“community-based vulnerability assessment” with a “science-based vulnerability assessment,” to
build a community-driven adaptation plan, which was subjected to expert review. A recent VAA in
Thailand illustrated such an approach, as researchers compared community views that precipitation
was becoming more variable with projections of increased precipitation overall [62]. Another effort
in the Mekong Basin found that participatory approaches helped to bridge divides over adaptation
priorities between investments in infrastructure versus changes in land-use policies [63]. In their
review of USFS VAAs, Timberlake and Schultz [58] suggested that a greater focus on social–
ecological linkages and key ecosystem services could be achieved by involving stakeholders in
participatory processes that integrate qualitative case studies and top-down quantitative
assessments. While bottom-up approaches are important for ensuring community engagement, topdown support can help to design and implement more rigorous experimental efforts that can be
replicated and upscaled [87]. As part of such a mixed-methods integrative approach, local qualitative
inquiries can help stakeholders prioritize quantitative investigations on broader scales [89].
4. Conclusions
Tension between top-down approaches, which are steeped in the quantitative analysis of
biophysical impacts of climate change, and bottom-up approaches, which emphasize participatory
and qualitative examination of social capacity and development opportunities, will always be present
in VAAs. However, the past decade of VAA applications in the USA has shifted from predominantly
“ecologically focused” VAAs toward more holistic ones. This trend reflects a broader recognition that
planners and managers need to move beyond problematic distinctions between “ecological” and
“social” dimensions when promoting sustainable systems. Our summary risks overgeneralizing
differences between VAA approaches applied in US national forest contexts and ones that have been
commonly applied in SE Asia. The seeming divergence likely reflects multiple factors, including the
different priorities of federal land management agencies such as the USFS, compared to nongovernmental socio-economic development institutions that have had prominent roles in VAAs in
SE Asia. Moreover, VAAs in both regions are increasingly assessing joint ecological and social
impacts and identifying opportunities to increase adaptive capacity through institutional change.
Assessing vulnerability and developing effective adaptation plans will require a skillful combination
of perspectives, including relatively standardized, quantitative measures of future risk along with
more locally customized assessments of community vulnerability and adaptive capacity.
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