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A B S T R A C T

The Driver-Pressure-State-Impact-Response (DPSIR) framework has been applied to various environmental pro-
blems at multiple spatial and temporal scales and attempts have been made to conceptually improve the fra-
mework to encompass various stakeholder perspectives. However, recent literature experiences in the field have
challenged the inclusive character of the framework applications. In particular, the framework's inability to
incorporate the aggregated informal responses of people affected by changes in ecosystem service provisions has
not been fully addressed. This limits the framework's validity in categorizing and disseminating information for
addressing particular environmental challenges. Herein, we address this problem by analyzing a case study of
deforestation and its impact on non-timber forest product collections by rural residents in Cambodia. We in-
corporate the concept of maladaptive coping strategies into the DPSIR framework and then further elaborate Ness
et al.'s (2010) approach of merging the DPSIR framework with Hägerstrand's (2001) system of nested spatial
domains. This conceptualizes the incorporation of the aggregated informal responses into the system, as ex-
emplified in the case study.

1. Introduction

Environment and development discourses face serious and multi-
dimensional issues. Various questions, such as how changes in ecosys-
tems affect human well-being and what actions are required for the
sustainable use of ecosystems to enhance our quality of life, need to be
addressed in order to achieve sustainable development and eradicate
poverty. To address these questions, the Millennium Ecosystem
Assessment (MEA) focuses on the relationship between ecosystems and
human society (MEA, 2005). Based on the perspective that ecosystems
provide human society with several “services”, the MEA assessed the
status and possible changes of ecosystems' functions. This perspective is
currently broadly used by scientists and policy makers (Carpenter et al.,
2009; Daily and Matson, 2008).

Ecosystem services (ES) are defined as “the benefits people obtain

from ecosystems” and can be classified into provisioning, regulating,
supporting, and cultural services (MEA, 2005). These services can be
categorized based on their importance such as those that are funda-
mental for our survival, such as food and water, and those with a dis-
cretionary degree of importance depending on the societal and in-
dividual value of recreation and religion.

As ES are literally services, ES never exist without the people that
use them (Fisher et al., 2009). To examine the way for the sustainable
use of ecosystems to enhance our quality of life, it is essential to capture
not only the ecosystem's structure and processes, but also the interplay
between ecosystems and people who define them as services. In other
words, ES cannot be defined a priori by certain physical changes in
ecosystems but are context- and user-dependent. To understand the
interplay, increasing attention is being given to the Driver-Pressure-
State-Impact-Response (DPSIR) framework to facilitate communication
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among decision makers, policy makers, local residents, and other sta-
keholders.

The DPSIR framework (Fig. 1) allows us to describe and clarify the
relationships between a society and its ecosystem in a simple manner.
The DPSIR framework has been defined in various ways: “a conceptual
framework for the description of the environmental problems and of
their relationships with the socio-economic domain, in a policy mean-
ingful way” (Maxim et al., 2009); “a functional analysis scheme for
structuring the cause-effect relationships in connection with environ-
mental and natural resource management problems” (Ness et al., 2010);
“a means of structuring and organizing indicators in a way that is
meaningful to decision makers” (Tscherning et al., 2012).

According to the European Environment Agency (EEA), one of the
aims of the development of the DPSIR framework is “(to) structure
thinking about the interplay between the environment and socio-economic
activities” (EEA, 2014). EEA uses the framework “to help design assess-
ments, identify indicators, and communicate results and can support im-
proved environmental monitoring and information collection” (Stanners
et al., 2007). The framework concept comprises five components. Direct
pressure to the environment and society is triggered by social and eco-
nomic development labeled as drivers. Drivers and pressure are also referred
to as indirect drivers and direct drivers, respectively, under the MEA de-
finitions (Rounsevell et al., 2010; Maxim et al., 2009; Pintér et al., 2008;
Anastasopolou et al., 2007). Pressure causes changes in the state of the
environment. This state may refer to natural systems alone, such as a de-
scription of the quantity and quality of physical, biological and chemical
variables in a given area (EEA, 2014), or to ES and/or benefits (Albert
et al., 2014; Poppy et al., 2014; Carvalho-Santos et al., 2014), or to peo-
ple's livelihoods, socio-economic conditions, and societal system (Nassl
and Löffler, 2015; Suckall et al., 2014; UNCSD, 2001). This creates impacts
on people's health, ecosystem functioning, and the economy. Finally, so-
cietal and political responses affect the four components of the system,
directly or indirectly (EEA, 2014).

The DPSIR framework has its origins in the State-Response frame-
work developed by Statistics Canada in the late 1970s (Svarstad et al.,
2008). This was later developed into the PSR framework (Fig. 1) by the
Organization for Economic Co-operation and Development and the
United Nations Environment Programme (UNEP/RIVM, 1994;
Hammond et al., 1995). Because of the shortcomings in the PSR fra-
mework focused too heavily on direct anthropogenic pressures and
lacked consideration for their drivers as well as the dual aspect of im-
pacts (both positive and negative) on humans, it was further developed
into the DPSIR framework (Lin et al., 2009; Niemeijer and de Groot,
2008). Fuller mapping of DPSIR to this and other frameworks is given
by Cooper (2013).

The DPSIR framework is currently used for various environmental
issues with a wide range of spatial scales, such as in studies supporting
policy-making, development of interdisciplinary indicators for en-
vironmental problems (EEA, 2014; UNEP, 2012), conceptualization of
the system, assessment studies, and developing case studies
(Wolfslehner and Vacik, 2011; Bezlepkina et al., 2014), and urban
contexts (Kohsaka, 2010). The relevant indicators to monitor the re-
lationships between ecosystems and human society that are considered

in the DPSIR concepts can facilitate the communication among stake-
holders and their conservation activities (Uchiyama et al., 2015) in
different regions of the world, including Japan with the Satoyama rich-
biodiversity landscape (Kohsaka et al., 2013). The five strategic goals of
the Aichi Target under the Convention on Biological Diversity also re-
flect the DPSIR concepts (SCBD, 2010; da Silva et al., 2015).

The DPSIR framework has been used for various purposes due to its
simple and easy-to-understand characteristics. However, its practical
application has been criticized, particularly its inability to capture
complex interrelationships within the DPSIR (Rekolainen et al., 2003;
Maxim et al., 2009). The debate on the purpose of its usage and efficacy
is ongoing. For example, Rekolainen et al. (2003) questioned the effi-
cacy of the DPSIR framework as a cause and effect model because of its
inability to capture and handle system dynamics or to produce com-
plete cause–consequence relationships and suggested linear unidirec-
tional causal chains. Carr et al. (2007) argued that raising these points
as limitations of the DPSIR framework is misguided, given that the
original purpose of the framework was not to provide a cause and effect
model. They argued that the framework is useful as “a means of cate-
gorizing and disseminating information related to particular environ-
mental challenges” and to understand place-specific multiple concerns
of stakeholders (Carr et al., 2007). Carr et al. (2007), in agreement with
Karageorgis et al. (2006) and supported by Rehr et al. (2012), argued
that researchers must apply models to understand the links between
each of the categories of DPSIR. Given the fact that the framework has
already been applied to various environmental problems at multiple
spatial scales, our aim is to explore how to make this conceptual fra-
mework a better tool for “categorizing and disseminating information
related to particular environmental challenges” (Carr et al., 2007) for
decision makers and policy makers who seek tools for inclusive, logical,
and evidence-based policy process with wide spectrum.

To achieve this aim, the present study is structured into two parts.
First, we review the literature and argue that a) there are only a limited
number of studies that identify segments of society particularly vul-
nerable to pressure and associated changes in ES provisions, b) only a
few consider the maladaptive coping strategies of Suckall et al. (2014)
taken by local residents, c) there is a lack of studies that have applied a
short timescale such as five years for their analyses, and d) there are no
studies that elaborate further on the ideas of Ness et al. (2010) that
combine Hägerstrand's (2001) system of nested spatial domains with the
DPSIR framework.

Second, using a case study of forest conservation for sustainable
non-timber forest product (NTFP) collections in Cambodia, wherein
differentiated policy measures tailored for local residents who take
maladaptive coping strategies and those who do not, we describe the
method to conceptually incorporate the aggregated individual responses
into the DPSIR framework by identifying the social–ecological condi-
tions or the state to which people likely to be affected by changes in ES
belong. This incorporation will be achieved by merging two key ideas
that have been proposed by two author groups, as follows: maladaptive
coping strategies and the proposal of Ness et al. (2010) that combines
Hägerstrand's (2001) system of nested spatial domains with the DPSIR
framework.

Fig. 1. DPSIR Framework adopted from Smeets and Weterings (1999) and the Pressure-State-Response (PSR) Framework.

M. Ehara et al. Ecological Economics 149 (2018) 226–238

227



2. Reviewing the Major Theme of the DPSIR Framework as a
Communication Tool Among Stakeholders

2.1. Integration of ES with the DPSIR Framework

To address the conceptual ambiguity inherent in the DPSIR frame-
work and given the widespread adoption of the concept of ES among
scientists and policy makers, several papers have explored ways of in-
tegrating ES with the DPSIR framework for better communication
among various stakeholders. For example, Atkins et al. (2011) pre-
sented one way to link ES and societal benefits to the DPSIR framework:
adverse state changes and human impacts put the system on the path of
failing ES and societal benefit deliveries unless suitable responses are
developed to manage the adverse effects of the drivers and pressures.
Maxim et al. (2009) suggested linking the state changes to the changes in
supporting and regulating services (functions OF the environment) and
linking socio-economic impacts to the changes in provisioning and cul-
tural services (functions FOR humans). Cooper (2013) proposed that the
impact category should be replaced with the welfare category (i.e.,
DPSWR) to cover only information relating to changes in human wel-
fare (e.g., use and non-use values that people hold) caused by changes
in the state. Cooper (2013) argues that this allows us to avoid mis-
communications with stakeholders, such as natural scientists, who tend
to use the term “impact” for encompassing only ecosystem changes.
These proposals partially address the criticism of what Carr et al.
(2007) called the “scalar trap” inherent in the DPSIR framework ap-
plication for the evaluation of an ecosystem, in which “the use of pre-
determined (DPSIR) categories to describe a particular sustainable de-
velopment process can unintentionally subvert conceptualizations that
differ or compete with either this categorization, or the abstract sci-
entific paradigms of the Global North more generally” (p. 550).

Gregory et al. (2013) indicated that previous works in developing
DPSIR in practice have given relatively minor consideration to the
implications of the breadth of participation (who is or is not included)
and depth of participation (how to manage the participant's knowledge
and associated values). Similarly, Poppy et al. (2014) emphasized the
need for identifying different ES beneficiaries or disaggregation of the
ES beneficiaries; i.e., we need to determine who benefits from, and who
makes decisions about, different ESs in a given space and time.1 Thus, if
one tries to conceptually incorporate ES into the DPSIR framework, we
argue that the social–ecological conditions or states of the people likely
to be affected by changes in ES need to be identified by taking time and
spatial scales into consideration.

2.2. Aggregated Responses by Local Individuals and “Maladaptive Coping
Strategies”

For the DPSIR framework to be a useful communication tool among
stakeholders at macro levels such as nations and regions, Carr et al.
(2007) emphasized the importance of looking at local individuals af-
fected by the impacts and argued that more attention should be paid to
their informal responses to the impacts, which are lost in a conventional
DPSIR framework. Individual responsesmay be limited in their temporal
and spatial scales (with limited economic and socio-political scope) but
if the responses are aggregated, they may influence pressure or even
drivers informally (Carr et al., 2007). One of the main critiques by Carr
et al. (2007) on the DPSIR framework is that it lacked consideration of
such pressure (and drivers) resulting from the aggregated informal re-
sponses. Thus, they argue that the DPSIR framework has to incorporate
the aggregated informal responses of local people to their impact to make
the framework useful for the assessment of sustainable development at
larger scales such as at the national level.

Carr et al.'s (2007) notion of informal responses taken by local in-
dividuals resembles what Suckall et al. (2014) called maladaptive coping
strategies.2 According to Suckall et al. (2014), in agreement with pre-
vious studies (Adger, 2003; Smit and Pilifosova, 2001), societies have
inherent natural capacities to systemically adapt to and manage issues
such as climate change, poverty, human population increase, and re-
source depletion in the long term. However, these adaptation capacities
should be distinguished from coping strategies taken by local in-
dividuals. Suckall et al. (2014) presented a case study conducted in
three villages in Zanzibar, Tanzania, to examine the trade-offs made by
local people in their coping strategies with long-term development,
climate adaptation, and mitigation. Local residents who lost farmland
and forests to development try to shift their activities to more remote
areas and/or intensify their labor activities to mitigate these effects.
Similarly, local fishermen and seaweed farmers whose catches and
harvests are affected by tourism and associated marine recreation ac-
tivities shift their work to deeper waters or expand their plots to ensure
minimum productivity. These short-term responses taken by locals
could be maladaptive coping strategies (from terms used by Barnett and
O'Neill, 2010; Brown, 2011).

Ness et al. (2010) show a way of structuring DPSIRs at multiple
scales by merging them with Hägerstrand's “system of nested spatial
domains” (Hägerstrand, 2001). To understand their ideas, two terms
must be introduced: domain and symbolic transaction. A domain refers to
a “time-space entity within which things and events are under the
control of a given individual or given group” (Hägerstrand, 1970).
According to Hägerstrand (1970), the type of domain can be broadly
classified into two. The first type of domain is protected by power or
custom, such as a favorite chair and a place in a queue. The other type
of domain has a strong legal status, such as home, land, county, and
nation. In this study, the latter meaning of domain is used.

A symbolic transaction represents “a space-time flow of messages
through the human population” (Hägerstrand, 2001). For example, the
domain of a nation exerts formal controls to directly influence the be-
havior of lower-level domains such as provinces, companies, and
households. The formal controls, such as legislation, monetary bud-
geting, taxation, and information campaigns, belong to a family of
symbolic transactions. According to Hägerstrand (2001), legislation, for
example, is likely to be acceptable to local people affected by it only if
they can clearly understand its aim in their own environment and si-
tuation. If the people's activities are controlled by legislation for the
interest of wider, long-term goals, then it is much more difficult for it to
be accepted by these people. Symbolic transactions, such as education,
information, and value reorientations, are required to make the legis-
lation more acceptable (Hägerstrand, 2001).

A strength of the work of Ness et al. (2010) is that they showed a
way to capture and describe an environmental issue which should be
dealt with in multiple domains with DPSIRs across different spatial
scales in an integrated manner. Time scales are another component of
the system (Hägerstrand, 2001). Ness et al. (2010) did not fully take
time scales into consideration, but evaluated the interplay among dri-
vers, pressure, state, impact, and response as the recreation of time
component. This is insufficient to fully merge Hägerstrand's (2001)
concept of time with the DPSIR framework. Moreover, Ness et al.
(2010) did not satisfactorily explain the relationship among DPSIRs

1 Both benefits from source ecosystem and those of the flow of the service, e.g., fuel-
wood-harvesting and irrigation.

2Maladaptive coping strategies can be divided into three categories according to Suckall
et al. (2014). Category A is Relocation/extensification, which might result in resource
friction between original users and newcomers. Category B is Intensification, which is a
labor-led intensification (i.e., increased the time and effort invested in agriculture and
fisheries) stemming from equipment and input constraints. Category C is Diversification,
which was a route taken by men in the case study area and which deprived women of
livelihood options. Although tourism development increased employment opportunities,
the authors concluded that long-term development goals might be compromised by ma-
ladaptive coping strategies. Such strategies are conducted particularly by those who have
fewer employment opportunities owing to a low educational level. These trends can be
curtailed by policy interventions tailored to the local context.
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represented in each domain at the same spatial scale, namely, whether a
DPSIR is related or linked to the DPSIR next to it, and if it is, how. More
importantly, few of the previous studies have explored conceptual ways
of incorporating the aggregation of maladaptive coping strategies taken
by people affected by changes in ES provisions into the DPSIR frame-
work and the “system of nested spatial domains”.

2.3. Reviews of Recent Case Studies Applying the DPSIR Framework

After the literature started to identify these conceptual challenges of
the DPSIR framework, particularly following the work of Carr et al.
(2007), the question arose as to what extent these challenges are con-
sidered and addressed in case studies applying the DPSIR framework.
To examine this, we collected the academic literature using the Web of
Science and the keywords “DPSIR ecosystem service⁎” to search the
literature published from 2007 through January 2016. We analyzed the
literature and selected original articles that discussed case studies. In
addition, papers that were cited in the selected papers, but not found in
the search, were added to our list (See Supplementary material).

Our analysis revealed that only a limited number of studies identify
the segments of society particularly vulnerable to pressure and asso-
ciated changes in ES provisions. A common problem with most of the
published case studies applying the DPSIR is that only a few studies
have considered maladaptive coping strategies (“negative” responses)
taken by local residents and there are few attempts to discuss these
negative responses.

Most of these studies applied medium- to long-term temporal scales
such as a few decades for their analyses; furthermore, there is a lack of
studies that applied time frames shorter than seven years. Moreover,
there are no studies that elaborate further on the ideas of Ness et al.
(2010) that combine Hägerstrand's (2001) “system of nested spatial do-
mains” with the DPSIR framework.

Maladaptive coping strategies used by local people to mitigate short-
term impacts caused by changes in ES provisions might be a new
pressure. From the normative perspective and from the perspective of
strategically ensuring the effectiveness and feasibility of projects for
development and environmental conservation, it is fundamental to
identify local people who are particularly vulnerable to short-term
impacts caused by changes in ES provisions. It is also essential to ex-
amine the methods to conceptually aggregate their maladaptive coping
strategies or informal and negative responses using DPSIR.

3. Description of DPSIR Applying Hägerstrand's “System of Nested
Spatial Domains”: A Case Study of Deforestation and NTFP
Collections in Cambodia

In this section, we examine and elaborate further the relationship
between the concept of time and the domains at the same spatial level
based primarily on the ideas of three studies, Hägerstrand (2001), Ness
et al. (2010), and Suckall et al. (2014), using a case study of defor-
estation and NTFP collections in Cambodia. The study area and the
theme are selected first because of its increasing deforestation, and an
urgent concrete policy intervention tailored into local context is re-
quired by analyzing the in-depth relationships between local residents
and deforestation. Second, local people in the area depend on domestic
consumption of and some income from NTFP collections for sustaining
their livelihoods and there is little empirical evidence of applying the
DPSIR framework to deal with people taking maladaptive coping strate-
gies in NTFP collections caused by deforestation and selective cutting of
trees providing NTFPs. This case would also provide generally applic-
able lessons for other developing countries where the livelihoods of
rural residents often depend on ES provided by forests. We describe, as
an empirical evidence, a method of incorporating maladaptive coping
strategies taken by NTFP collectors who were affected by deforestation
that took place over a period of five years (2009–2013) into the DPSIR
framework and a method of aggregation using Hägerstrand's “system of

nested spatial domains”. With this incorporation, the DPSIR framework
shows the in-depth relationships between local residents and defor-
estation, which enable us to add a new case for the DPSIR case studies
and to support inclusive, logical, and evidence-based policy process
with wide spectrum.

3.1. Overview of the Study Area

All forest areas in Cambodia are owned by the state. Forest ex-
ploitation is permitted under various concessions for timber production,
the agri-business and residential areas, and farmland for the poor
(Schmidt and Theilade, 2010). Due to problems with illegal logging,
however, all logging concessions have been under a moratorium since
January 2002 (MAFF, 2010). Because of the moratorium and weak
alternatives for managing the past concession areas, the areas are in a
management vacuum (Hansen and Top, 2006; Nathan and Boon, 2012).

For local communities living within or near the Permanent Forest
Reserves, the state assures their subsistence consumption of forest
products and by-products, including the right to barter or sell forest by-
products, without a requirement to obtain permission as long as they do
not cause significant threat to the sustainability of the forest (RGC,
2002). In addition, local communities can manage part of the state
forest for both subsistence and commercial purposes in a demarcated
site under Community Forestry (CF) registered by the Forestry Ad-
ministration (FA) under certain conditions (RGC, 2002). FA registers
CF, based on the assessments and analyses of the community requesting
CF establishment with the involvement of local authorities or Commune
Council. This includes a mapping of the proposed area by FA officials
and a written application and a forest management plan developed by
the community with the FA support (RGC, 2003). CF members have
specific roles in the conservation of the forest, which includes both
protecting and planting (RGC, 2003).

The study site is located on the eastern side of a provincial town in
Kampong Thom Province (KT Province), which has an area of
12,447 km2, and covers 105°00′E–105°45′E, 12°20′N–13°10′N (Fig. 2).
In KT Province, the annual average temperature and rainfall are 27 °C
and 1300–1900mm, respectively, with a dry season from November to
February (Araki et al., 2007; Kabeya et al., 2008). About half of the KT
provincial area is forested, with four dominant forest types: evergreen,
deciduous, mixed (evergreen and deciduous), and inundated forest.
Most of the forest lies in lowlands or on plateaus< 100m above mean
sea level. In the study area, about 90% of forests are evergreen or
mixed. Hereafter, the two types are collectively referred to as forests.

Forest cover in the study area has been decreasing since the 2000s
owing to conversions to farmland by companies and local people
(Matsuura et al., 2013; Kurashima et al., 2014). For example, Sandan
District, located in the center of our study area, offered road access to
local people into the forest areas after the moratorium of logging con-
cessions in the early 2000s (Kurashima et al., 2015). Currently, the
forest areas, depicted as “un-owned” (Jiao et al., 2015), have been
managed informally by the local people. This situation resulted in ex-
tensive deforestation by small-scale farmers especially for cassava
production (Kurashima et al., 2015). A similar situation is reported
from a neighboring Stung Treng province wherein enforcement of ex-
isting regulations is weak and it is common for local people who per-
ceive environmental resources as being open access to claim land just
by cutting forests (Nguyen et al., 2015).

In 2016, the Prey Lang Wildlife Sanctuary (PLWS, 431,683 ha) was
established in four different provinces: Stung Treng, Kratie, Preah
Vihear, and KT (RGC, 2016).3 The Wildlife Sanctuary is considered as a
Protected Area (PA). Under the PA law, local community's uses of

3 Although the part of the PLWS is located in the northern to eastern part of our study
area with no villages within the PLWS, the area is not shown in the Fig. 1 to maintain
consistency with the status of forested area in 2013.
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NTFPs in the conservation zone and community zone to support local
ethnic minorities' livelihood are legal, provided that the access is al-
lowed only with prior consent of its administration body, and taking
impacts on biodiversity within the zone into account (RGC, 2008).

3.2. DPSIR Framework Embedded with Maladaptive Coping Strategies (M)
for Concrete Responses

The DPSIR framework embedded with maladaptive coping strategies (M)
was applied to the case and shown in Fig. 3. In the framework application,
first, a literature review was conducted to organize general information of
drivers, pressures, state changes, impacts, and responses in the study area.
Second, to gather knowledge of pressures, state changes, impacts, and re-
sponses in the area, a questionnaire survey was conducted in randomly
selected 161 households in purposively selected six villages4 within three
districts having varying degrees of forest cover changes per capita over a
period of five years (2009–2013) (For methods and materials used for the
survey and detecting the changes with satellite image interpretation, see
Ehara et al. (2016)). With the obtained findings, more concrete responses
will be explained at the end of this section.

3.2.1. Drivers (D)
The government has developed “Cambodia REDD+ Roadmap”, a

national plan for preparing REDD+5 implementation (hereafter, the
roadmap) (Cambodia REDD+ Roadmap, 2011). The roadmap has
identified general “indirect drivers” of deforestation and forest de-
gradation, which are relevant as drivers for our study such as population
increase, poverty, and large-scale agro-industrial developments. These
include Economic Land Concession (ELC),6 regional demand for re-
sources, economic benefits provided by sustainable management of
forests at the national level that often appear lower than alternative
land uses, low awareness of environmental roles of forests, and in-
adequate forest law enforcement and weak forest sector governance.
These challenges are also recognized in the National Forest Programme
2010–2029 of Cambodia (hereafter, the NFP) (MAFF Cambodia, 2010).
Jiao et al. (2015) reported that local communities in our study area
were not consulted nor aware of the ELC arrangements made at

Fig. 2. Deforestation at the study site. Adapted from Ehara et al. (2015, 2016) ⁎ Only CF sites at the stage of the CF agreement being contracted between the
community and the FA are shown referring Kurashima et al. (2015).

4 Total number of sampled households is about 15% of the number of all households in
the six sampled villages.

5 To tackle climate change, the government of Cambodia has been developing a
strategy for implementing what is called REDD+ (i.e., reducing greenhouse gas emissions
from deforestation, forest degradation, as well as sustainably conserving, managing, and
enhancing forest carbon stocks).

6 The arrangements of Economic Land Concessions (ELCs) under which forest ex-
ploitation is permitted for the agribusiness of private companies within a maximum area
of 10,000 ha for the benefit all sectors and society (MAFF Cambodia, 2010; Schmidt and
Theilade, 2010) are made at the levels of national and provincial governments.
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national and provincial government levels before concessionaries ar-
rived to the field.

3.2.2. Pressures (P)
The roadmap and the NFP list general pressures on the forest, such as

unsustainable and illegal cutting, fire, unsustainable firewood collec-
tion, clearance for agriculture, expansions of settlements, and infra-
structure development. One of main pressures in the study area is forest
clearance by households within 10-km distance from sampled house-
holds for agriculture. 65.8% (n=106) of our sample households have
ever clear cut the forest for their farmland. Among them, 94%
(n=100) of households use farmland located within 10-km distance
from their households (Fig. 4).

The period of deforestation used in this study is during 2009–2013.
During the period, we confirmed that at least 29 sampled households
clear cut the forest (Table 1). The sampled households can be divided
into two groups: those who were affected and those who were un-
affected by the deforestation and selective cutting of trees providing
NTFPs during the same period (see paragraph Impacts below for
methods and definition of identified “affected” households). Among the
unaffected households that have clear cut the forest since 2009
(n=19), nine households used the clear cut land to increase their in-
come by planting new crops, mainly cassava and/or rice (Table 2), and
seven households simply expanded already existing farmland. One
household answered that they have clear cut the forest and sold the
land in order to purchase a hand-tractor. The remaining two households
did not offer us clear answers regarding their reasons to clear cut the
forest. Among the unaffected households, those with a total area of
farmland in 2008 smaller than that of all samples' median had higher
rate of clear-cutting during 2009–2013 (chi-squared test, p < 0.01).

These results indicate that the forest area within 10-km radius of the
sampled villages was exposed to the deforestation pressure of local
people with relatively less farmland in order to improve their income.
Forest clear-cutting by companies and illegal cutting by local people are
also significant pressures in the study area (explained later), but the
exact agents and quantity could not be obtained because of security
reasons in conducting the field survey.

Drivers (D)

• Popula�on increase
• Poverty
• Large-scale agro-industrial developments
• Regional demand for resources
• Economic benefits provided by sustainable 

management of forests at the na�onal level o�en 
appear lower than that obtained by alterna�ve land 
uses

• Low awareness of environmental roles of forests
• Inadequate forest law enforcement and weak forest 

sector governance

(Cambodia REDD+ Roadmap, 2011; MAFF Cambodia, 
2010)

Pressures (P)

• Clear cu�ng forest by companies and households 
(effec�ng households) for farmlands and 
planta�ons within 10-km radius of villages  
(See Fig. 2 and Fig. 4)

• Selec�ve cu�ng of trees by local people providing 
resins and bee honey

State changes (S)

• Change in the forested area per capita (ha) during 2009–2013 within 10-km 
radius of villages  (See Fig. 2)

• Change in the importance of NTFP collec�ons in the households’ primary 
occupa�ons during 2009–2013

(Ehara et al., 2015, Ehara et al., 2016)

Impacts (I)

• NTFP collec�on(s) was (were) affected or strongly affected by deforesta�on (affected 
households) (See Fig. 5)

� Lost or decreased incomes from NTFP collec�ons

� Lost or decreased food and medicinal plants for self consump�on

General responses (R)

• Cau�ous alloca�on of ELCs

• Jus�fica�on of forest programs’ 
substan�al economic and social 
benefits’ delivery

• Sustainable domes�c consump�on 
of NTFPs and commercializa�on of 
marketable NTFPs

• Recrui�ng forest dependent 
residents as CF guards

(MAFF 2010; Boissière et al., 2013; 
Persson and Prowse, 2017; 
Cambodia REDD+ Roadmap, 2011)

Local residents’ nega�ve responses (maladap�ve coping strategies) (M)

• Clear cu�ng forest by affected households to compensate their income losses 
from NTFP collec�ons caused by deforesta�on within 10-km radius of villages 
and/or by selec�ve cu�ng of trees providing resins and honey (See Table 3)

Concrete responses (R) for addressing maladap�ve coping 
strategies (M)

• Avoiding ELC alloca�ons that will be located in a 10-km radius of
the villages in forested area and close to the priority area

• Es�ma�ng the number of avoided households or popula�on from 
being affected by deforesta�on and selec�ve cu�ng by 
implemen�ng forest conserva�on

• Priori�ze NTFP marke�ng in the areas wherein alterna�ve income 
sources to NTFP collec�ons are less available

• Priori�ze managing CF located in areas wherein alterna�ve jobs 
to NTFP collec�ons are less available to CF located in areas 
wherein the alterna�ve jobs are more available

• Recrui�ng resin collectors as guards for the priori�zed area 
including CF

Fig. 3. The DPSIR framework embedded with maladaptive coping strategies (M) for sustainable NTFP collections.

Fig. 4. Distance from a sample household to its farthest farmland that has ever
been clear cut (n= 106).
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3.2.3. State Changes (S)
These drivers and pressures have resulted in the rampant conversion

of forest for other land uses and illegal cutting. From 2006 to 2010, the
country lost 366,993 ha of forest (Forestry Administration Cambodia,
2011). In the study area, the six sample villages' deforested area per
capita (ha) between 2009 and 2013 are: village one, 0.13; village two,
1.67; village three, 0.00; village four, 1.04; village five, 1.80; village six,
1.30 (Ehara et al., 2016). 86% of NTFP collectors traveled within 10 km
of their villages in 2009 and 91% did so in 2013, except when collecting
resin. Distances of more than 10 km were traveled by 0.5% of the po-
pulation (n=8) in 2009 and by 0.2% (n=4) of the population in 2013
to collect resin.

For socioeconomic state changes, the questionnaire survey asked the

households about their members' three primary livelihood activities
before (2009) and after deforestation (2013) and ranked them in the
order of first, second, and third importance in each year. We then
checked whether each household has the NTFP collections in the three
primary livelihood activities and whether the ranked importance has
changed after the deforestation. In 2009, 45% (n= 73) of sample
households had the NTFP collections in the three primary livelihood
activities. Among the 73 households, however, 42 households answered
that they lost NTFP collections in their primary occupations and seven
households answered that the occupation ranked down in 2013 com-
pared with 2009. These findings indicate that the change in the forested
area per capita (ha) during the five years within ten km radius of vil-
lages has consequent impacts on NTFP collectors, which will be ex-
plained in the next paragraph.

3.2.4. Impacts (I)
For defining affected households based on the impacts of defor-

estation and selective cutting of trees providing NTFPs, we took the
following two steps. First, the questionnaire survey asked the house-
holds' subjective judgment about whether they have been affected by
deforestation/selective cutting in the five years in terms of NTFP col-
lections. The degree of the impact was measured on a 1–4 Likert scale
(Likert, 1932), where a score of 1 indicates unaffected, 2 slightly af-
fected, 3 affected, and 4 strongly affected. These impacts of changes in
availabilities were then categorized as either low (1–2) or high (3–4)
(For detailed NTFP categories used in the questionnaire, see Ehara et al.
(2016)). Second, from the high group, households whose incomes from
NTFP collections were lost or decreased, or whose NTFP collections in
their primary occupations vanished or ranked down, were defined as an
“affected household” in this study. By applying this definition, 42 and
119 households were identified as affected and unaffected households,
respectively. Detailed reasons for being affected answered by the 42
affected households were related to lost or decreased incomes, parti-
cularly from rattan (others including lianas and vines) and resins
(n= 48), and lost or decreased food for self-consumption (n=22)
(Fig. 5).

Table 1
Number of households who reported that they have clear cut the forest during
2009–2013.

Clear cut the forest during 2009–2013

Yes⁎⁎ n=29 (18%) No n=132 (82%)

Unaffected
households

Affected
households

Unaffected
households

Affected
households

Total area of
farmland
of a
house-
hold in
2008⁎

>2.3 ha 3 4 52 23
<2.3 ha 16 6 48 9
Total 19 (11.8%) 10 (6.2%) 100

(62.1%)
32 (19.9%)

⁎ Total area of farmland managed by each sampled household (n= 161) has
a median of 2.3 ha and an average of 3.02 ha.

⁎⁎ The number could be higher because respondents who understand the
importance of forests as NTFP sources were unwilling to disclose potentially
illegal forest clearance experiences in the interviews conducted by the authors.
There was no significant difference in the rate of clear cut between unaffected
households and affected households (chi-squared test, p= 0.25).

Table 2
Nine unaffected households' economic rationale for planting new crops in the new farmland or clear-cutting.

ID Total area of farmland used in
2008

Crops planted in the new farmland (ha) claimed
since 2009

Unaffected households' economic rationale for planting new crops in the new farmland
and/or clear-cutting

Distance⁎

8 • 0.0 ha • Cassava (2 ha)

• Rice (0.5 ha)

• 3.5 km

Cassava produces more yield than rice.

20 • Rice (1.0 ha) • Cassava (1.5 ha)

• 4 km
Cassava makes livelihood better than rice.

27 • 0.0 ha • Cassava (1.0 ha)

• Soy bean replaced by rice (1.0 ha)

• 6 km

We changed from soy bean to rice because soybean's yield become lower than rice.

45 • Rice (2.0 ha) • Cassava (1.0 ha)

• 2 km
(In addition to rice, we started to plant cassava.) We wanted to improve our family's
livelihoods.

47 • Rice (1.5 ha) • Cassava (5.0 ha)

• 2 km
(In addition to rice, started to plant cassava.) We want to improve our family's livelihoods.

52 • Rice (2.0 ha) • Cassava (1.0 ha)

• 6 km
(In addition to rice, started to plant cassava.) We want get more money for our house
construction.

119 • Rice (2.0 ha) • Rice (2.0 ha)

• Cassava (1.0 ha)

• Others (2.0 ha)

• 10 km

(In addition to rice, started to plant cassava.) Our parents wanted get more money.

137 • Rice (1.0 ha) • Cassava mixed with other crops (2.0 ha)

• Other crops (2.5 ha)

• 1.5–4 km

(In addition to rice, started to plant cassava and soy bean.) We wanted get more money to buy
something. Now our livelihoods are better than before.

139 • 0.0 ha • Cassava (2.0 ha)

• Rice (1.0 ha)

• Cashewnuts (1.0 ha)

• 1.5 km

We wanted to get more money to improve our livelihoods and become independent from our
parents.

⁎ Distance indicates the distance from his/her household to the new farmland claimed by clear-cutting.
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3.2.5. Negative Responses or Maladaptive Coping Strategies (M)
Among the affected households, 23.8% (n=10) of households have

cleared the forest by themselves during the five years (Table 1). Table 3
shows some of their causal links between impacts and negative re-
sponses. Among the affected households, three households reported that
they had clear cut the forest inside the CF. The clear-cutting and re-
location/extensification by the affected households to mitigate their
own income losses from the NTFPs are considered to be maladaptive
coping strategies (M) since they create conflicts and competition with the
original NTFP collectors of CF and other forests.

Forest conversion to farmland considered as a pressure for people
collecting NTFPs in the forest, which causes state change of forest en-
vironment. However, this state change is further driven by maladaptive
coping strategies (M) taken by affected households (see Fig. 3 and
Table 3). Thus, the DPSIR is framed in a domain where both effecting
and affected people exist. Thus, maladaptive coping strategies (M) are
emphasized and described as shown in Fig. 3.

3.2.6. Responses (R)
There are two groups of responses. One would be useful as general

measures to address the causal link. The other would provide more
concrete measures, particularly designed to break the other causal link
between the affected households and those who take maladaptive coping
strategies (M) in the targeted area.

For addressing the drivers and the pressures at the national or state

level, as general measures, the NFP considers the need for reviewing and
cautious allocation (emphasis added by the authors) of ELCs. However, it is
not until the characteristics of the affected households and those who
take maladaptive coping strategies (M) are identified that the framework
results in concrete responses. For concrete responses in the studied area,
this cautious allocation can refer the results and avoid the allocation in
the forested area located within ten km radius of the villages to mini-
mize the number of affected people and those who take maladaptive
coping strategies (M). The roadmap indicates the need for justifying
forest programs by demonstrating that forests can deliver substantial
economic and social benefits to Cambodia (Cambodia REDD+
Roadmap, 2011). As concrete responses, if the number of the potentially
affected households or the population becomes known as business as
the usual case, then this justification would be further strengthened by
showing the number of avoided households or population from being
affected by implementing forest conservation of the area.

To address the pressures and the impacts particularly on the field,
earlier studies have proposed recruiting forest-dependent residents as
CF guards (Persson and Prowse, 2017) and improving the management
of commercial NTFPs by developing processes and products from NTFP
raw materials with minimum negative impact on the forest and by
planting NTFPs identified as depleted and as important to the local
economy (Boissière, 2013). The sustainable domestic consumption of
NTFPs and the commercialization of marketable NTFPs are also en-
couraged by the NFP for people's livelihood development (MAFF

0 5 10 15 20 25 30 35

Lost or less medicinal plants for 

self consumption

Lost or less foods for self 

consumption

Lost incomes from other NTFPs

Lost or less incomes from resins

Lost incomes from rattan, lianas 

and vines

Total numbers of reasons*

Fig. 5. Reasons for being affected in the NTFP collections.
⁎A sampled household may answer multiple reasons.

Table 3
Affected households' reasons for clear-cutting the forest (negative responses: maladaptive coping strategies).

ID Primary NTFP loss
(distance⁎)

Negative responses (clear cut forest): maladaptive coping strategies (M)

• Total area of farmland used in 2008

• Area clear cut for new farmland as M
(distance⁎⁎)

Reasons for clear-cutting

11 Dry resin (6 km)
Rattan (6 km)

• 1.5 ha

• 3.0 ha (3 km)
Because of the deforestation by a company, resin & rattan have gone. So, we had to change the job.

15 Dry resin (5 km) • 0.0 ha

• 5.0 ha (6 km)
A private company clear cut the forest so change the job of dry resin collection to farming.

29 Dry resin (4 km)
Rattan (3 km)

• 3.0 ha

• 6.0 ha (3–4 km)
We lost incomes from NTFP collections because a private company clear cut the 90% and local
people 10% of the forest.

76 Liquid resin (12 km) • 2.7 ha

• 1.0 ha (3 km)
Lost 1200 resin trees in 2010 to selective cutting by local people. So changed the job to planting
cassava.

92 Liquid resin (10 km) • 6.0 ha

• 1.0 ha (10 km)
We had to clear cut because we have lost about 200 trees of resin collection to conversion of rubber
plantation by a company.

122 Bee honey (2 km) • 1.7 ha

• 1.5 ha (1 km)
We had to deforest and plant cassava because of income loss from bee honey: The trees providing bee
honey were lost to selective cutting by local people.

⁎ Distance means distance from his/her household to the NTFP collection site.
⁎⁎ Distance means distance from his/her household to the new farmland.
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Cambodia, 2010). These general measures can be tailored into the study
area as concrete responses, particularly to break the causal link between
the affected households and those who take maladaptive coping strategies
(M). For example, the recruitment of CF guards may prioritize re-
cruiting resin collectors as guards because they are the primarily af-
fected people who would take maladaptive coping strategies (M) and they
would have more motivation to be guards than those who do not de-
pend for their livelihoods on NTFP collections. Similarly, commercial
NTFP marketing with CF management can also be prioritized in the
areas where alternative income sources to NTFP collections are less
available. These responses may be ineffective, however, for non-NTFP
collectors. Rather, different sets of concrete responses would be neces-
sary, such as increasing the productivity of the farmland to reduce the
incentives of expanding their farmland into forest coupled with tenure
arrangements, particularly for the area with high rate of deforestation
by households with relatively less farmland (see Pressures (P) above),
diversifying livelihood options including the creation of off-farm live-
lihood opportunities, strengthening of related law enforcement (Ehara
et al., 2016) and raising awareness regarding forest conservation
through symbolic transactions.

3.3. Nesting the DPSIR Frameworks in Each Domain to Conceptually
Aggregate Their “Maladaptive Coping Strategies (M)” or “Informal
Responses”

The DPSIR frameworks with emphasis on maladaptive coping strate-
gies (M) are nested by applying “a system of nested spatial domains” as
proposed by Ness et al. (2010). This is further elaborated by taking the
system's original time concept (Hägerstrand, 2001) into account as
shown in Fig. 6. The timescale between time and time′ is five years.
During this period, each component of DPSIR changes to D′, P′, S′, I′,
R′, and M′. Some of the affected people in a given village would take up
M, which contributes further changes in S′ of the forest, not only in the
village in question but also in the adjacent villages.

3.3.1. Domains and Symbolic Transactions
Production forest areas close to X and Y villages are FA's domain (see

Fig. 6) and controlled through symbolic transactions. For example, FA
has the duty to develop management plans for Production Forest not
under concession, and to take appropriate measures to investigate,
prevent, and suppress forest destruction, forest fires and forest clearings
to ensure effective law enforcement (RGC, 2002). Thus, FA's staff has
the authority to control the harvesting of forest products and by-pro-
ducts in the area as well as to control any transportation of the products
(RGC, 2002).

CF area close to Y village is considered to be CF members' domain
partly controlled by FA through symbolic transactions. According to
Nathan and Boon (2012), who analyzed the extent to which CF mem-
bers have discretionary power in forest management, formal decisions
in the Cambodian Forest Law and the Community Forestry Sub-decree
tend to foster upward accountability towards the FA. For example, the
important duties and functions of the CF groups are following the in-
structions of FA, managing the forest in accordance with the forest
management plan developed by CF members and approved by FA,
patrolling, reporting any irregularities to the FA, and paying royalties
from the products they harvest. In general, Cambodian CF has been
criticized as “means to make communities a cheap workforce for pa-
trolling forests” for the government (Lambrick et al., 2014). However,
Nathan and Boon (2012) reported that the domain arrangements
worked in the other area, where CF members supported by the FA and
an NGO filed a court case that regained control over the CF that had
been intruded upon by powerful outsiders.

Newly established Prey Lang Wildlife Sanctuary is under PA cate-
gory and PAs are MoE's domain. MoE has the duties of developing
strategic plans and action plans for managing the PAs as well as taking
action to investigate, control, and crackdown on natural resource

offenses in the area (RGC, 2008).

3.3.2. Applying Hägerstrand's “System of Nested Spatial Domains”
In the reality of study area, however, these sets of symbolic trans-

actions are not sufficiently working at the moment as illustrated in the
earlier findings (see Sections 3.1 and 3.2), i.e., the forested area was
managed informally by small-scale farmers which resulted in extensive
deforestation and selective cutting of trees providing NTFPs. Applying
Hägerstrand's “system of nested spatial domains” for nesting the DPSIR
frameworks embedded with maladaptive coping strategies (M) in each
domain adds to understanding the causes of the deforestation in more
detail and this makes symbolic transactions more effective not only
among FA, MoE, and CF members but also with those who control
higher domains in determining the causes. Staff of FA, MoE, and CF
members in each domain can develop their DPSIR frameworks em-
bedded with maladaptive coping strategies (M) within their domains re-
spectively with an appropriate time scale. In the development of the
study area, particular attention should be given to information collec-
tion about households with relatively less farmland and who depend on
NTFP collections as their income source, especially those households
with resin collections. Analyzing the spatial distributions of such
households in each domain enables the staff or CF members of each
domain with DPSIR frameworks to identify households who tend to
create pressures, and those who take maladaptive coping strategies (M
contributing S′) in Y village and CF area (see Fig. 6). These web-like
causal links help to identify agents of deforestation not only within its
domain but also within neighboring domains.

The system of nested spatial domains with DPSIR frameworks em-
bedded with maladaptive coping strategies (M) makes the distinction of
expected concrete responses clearer. This allows the entities responsible
for each domain's forest and environmental management, such as the
FA, CF members assisted by FA, and MoE have concrete pictures on
what responses should be prioritized in which domain. As a response to
driver, while the review of ELCs should be cautiously done by those at
provincial or higher level, data and information necessary for the re-
view and allocation should be both collected and analyzed at the local
or division level. For the government entities constrained with budget
and human resource for law enforcement with forest patrolling on the
ground (Cambodia REDD+ Roadmap, 2011), the system of nested spatial
domains with DPSIR frameworks embedded with maladaptive coping
strategies (M) enables them to identify priority jurisdictions or domains
for providing limited human resource for law enforcement and im-
mediate relief measures or concrete measures such as discussed in
Section 3.2. The shared information of each domain nested with the
DPSIR frameworks embedded with maladaptive coping strategies (M) can
facilitate the vertical and horizontal communications among entities
responsible for each domain and make their symbolic transactions be
more effective at constructing and budgeting concrete responses. This
would mitigate the pressures and the maladaptive coping strategies (M
contributing S′) and eventually reduce displacement of their aggregated
activities to neighboring domains.

4. Conclusions

The concept of ES is often used as a lens by scientists as well as
policy makers in ecosystem management and environmental issues in
general. It is essential that the complex relationships between humans
and ecosystems are better understood for policy formulations to become
a more socially inclusive orientation. To make these systems more
sustainable in the long term, social groups likely to be affected or al-
ready affected by changes in ES provisions and policies must be re-
cognized by policy makers and decision makers. For facilitating this
recognition, the DPSIR framework would be a more effective tool if
certain shortcomings in its implementation were addressed.

The primary issues are that the DPSIR framework alone does not
fully capture the informal responses of local individuals affected by the
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changes in the ES provisions and it is unable to address the pressure
resulting from their aggregated informal responses when taking time
and spatial scales into consideration. Haphazard application of re-
sponses derived from insufficient analyses of the characteristics and
number of populations vulnerable to changes in ES provisions would
have little effect on the ground. In a case study of DPSIR application for
describing the in-depth relationships between deforestation and non-
timber forest product collections in Cambodia, we showed that ad-
dressing these issues is empirically possible by incorporating Suckall
et al.' (2014) concept of maladaptive coping strategies (M) into the DPSIR
framework. The DPSIR was then embedded in Hägerstrand's (2001)
“system of nested spatial domains”, guided by the work of Ness et al.
(2010). The framework, as exemplified in the case study, enables us to
capture the informal responses or the maladaptive coping strategies (M)
and with the component allows the framework to deal with more than
one to one causal chain. This, in turn, enables us to discuss more con-
crete or tailored responses to address the maladaptive coping strategies
(M) and have a better picture of the reality for developing and bud-
geting concrete and cost-effective measures according to each admin-
istration levels.

As a limitation of the case study, the study did not look at other
values of forest that local residents may hold, such as grave forests and
spiritual forests. As Poppy et al. (2014) argued, prioritized ES provi-
sions need to be determined by clarifying and considering the trade-offs
as well as the synergies of ES benefits perceived by disaggregated
beneficiaries. Ideally, such values could be juxtaposed through multi-
objective or cost–benefit analysis at an appropriate scale, and we con-
sider that analyzing these values could provide scope for further

research. In this regard, Meyfroidt (2013) offers an insight, “forest
scarcity or degradation had to be perceived, interpreted and evaluated
before inducing a possible feedback on the land use practices of local
actors and a forest transition”. The DPSIR with maladaptive coping
strategies (M) embedded in Hägerstrand's “system of nested spatial do-
mains” facilitates symbolic transactions among the policy makers and the
affected people for influencing the prevailing social perceptions to-
wards an environment for a more sustainable society.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ecolecon.2018.03.008.
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