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a  b  s  t  r  a  c  t

The  Driver-Pressure-State-Impact-Response  (DPSIR)  framework  was  developed  in  the  late 1990s  to  struc-
ture  and  organize  indicators  in  a  meaningful  way.  Since  then,  the  framework  has  increasingly  been  applied
in  research  projects  with  the  aim  of  supporting  decision  making.  A  number  of  attributes  of  the  framework
regarding  structuring  and  communication  issues  in research  further  strengthen  its  original  purpose  of
bridging  the  science  policy  gap.  We  reviewed  several  studies  that  were  mainly  concerned  with  criticism
and  drawbacks  of  the  DPSIR  framework.  Based  on  these  studies  and  our  own  experiences  in applying  the
DPSIR  framework  in  an  EU project  to  develop  a decision  support  tool,  we  developed  two  criteria  that  we
believe are  crucial  for  policy  relevant  research:  (a) the  development  of  conceptual  models  integrating
knowledge  from  different  disciplines,  specialists  and  policy  makers,  as  well  as  those  affected  by  their
decisions;  and  (b)  the  potential  to  explain  the  results  and  analysis  of  research  to  different  disciplines,
specialists,  stakeholders  and  the public  and  to demonstrate  alternatives  and  provide  decision  options.
We  analyzed  21  studies  using  the DPSIR  framework  with  regard  to  their  relevance  for  decision  making.
We  analyzed  the  definitions  of the five  DPSIR  elements  and  whether  specific  end  users  were  addressed
in  the  respective  studies.  We  found  that  in  many  studies,  the  DPSIR  elements  were  defined  in literature
review  or  by  researchers  and  that only  a  few  studies  targeted  specific  government  authorities  as users  of
research  results.  Eight  out  of  21 studies  applied  transdisciplinary  research  concepts  and  integrated  broad
ranges  of  stakeholder  opinions  and  values  into  the  research.  Nine  out  of  21  studies  presented  alternative
outcomes  to  decision  makers  and  used  the  valuation  of  these  outcomes  by stakeholders  to  add  further

support  to the  decision-making  process.  The  different  positive  and  negative  implications  of  the  DPSIR
framework  are  discussed  with  reference  to research  that  supports  policy  making.  Finally,  we  conclude
that  studies  employing  DPSIR  may  provide  effective  solutions  for  “real  world  problems”  by taking  into
account  additional  criteria  based  on  knowledge  integration,  stakeholder  involvement  and  the  provision
of  alternatives.  Therefore,  DPSIR  is  a  useful  tool  to  support  decision  making  by  means  of  showing  solid
evidence  with  alternatives  and  decision  options,  rather  than  by  presenting  predetermined  solutions.
ntroduction

The Driver-Pressure-State-Impact-Response (DPSIR) frame-
ork was developed in the late 1990s and proposed by the
rganisation of Economic Co-operation and Development (OECD,
003) as a means of structuring and organizing indicators in a
ay that is meaningful to decision makers. Built on previous

nvironmental frameworks, such as the Pressure-State-Response
PSR) (OECD, 1993) and the Driver-State-Response (DSR) (UN,

996), DPSIR was adopted as a conceptual framework by the Euro-
ean Environmental Agency (EEA) in 1995 (Gabrielson and Bosch,
003). DPSIR was promoted to show the cause–effect relationships
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between environmental and human systems. The framework was
introduced in a report by Smeets and Weterings (1999) to help pol-
icy makers to understand the meaning of the information in indicator
reports.

Drivers, which may  be social, economic or environmental devel-
opments, exert Pressures on a certain environment. As a result of
these Pressures, the State of the environment changes. This then
leads to an Impact (social, economic or environmental), which
may  lead to a societal Response. The response may  feed back to
Drivers, Pressures, States or Impacts (Smeets and Weterings, 1999).
For example, if a policy is introduced to subsidize bio-energy pro-
duction (Driver) farmers begin cultivating large areas of bio-energy

crops, which leads to Pressure on the land. The land use changes
from food production to bio-energy crop production; thus, the State
of land, the environment and outcome changes to being charac-
terized by lower food production and higher fertilizer use. The

dx.doi.org/10.1016/j.landusepol.2011.05.009
http://www.sciencedirect.com/science/journal/02648377
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hange of the State leads to Impacts in the areas of food security,
ealth and demography that need to be assessed. A way to address
ndesired Impacts is to create, as a Response, incentives for food
roduction.

Recently, DPSIR has been used for interdisciplinary indicator
evelopment, model conceptualization and the structuring of pol-

cy relevant research (Svarstad et al., 2008). The framework has
een applied in an increasing number of research projects funded
y the European Union with the aim of supporting decision making
Karageorgis et al., 2005; Helming et al., 2011a).  Kristensen (2003)
tated that DPSIR could be used as an entry point, alongside the
uestions of decision makers, to develop indicator sets. He noted
hat DPSIR may  be considered as a tool for structuring information
nd for demonstrating causal links between environmental indi-
ators to policy makers. Lundberg (2005) further noted that the
PSIR framework is an example of the integration of knowledge

rom several disciplines, and it is a way of explaining cause–effect
elationships between the environment and socio-economic fac-
ors.

Decision making should be based upon the best available evi-
ence from a wide range of sources, and a wide range of key
takeholders should be involved at an early stage and through-
ut a policy’s development (De Smedt, 2010). All relevant evidence
hould be available in an accessible and meaningful form. The role
f the researcher is to provide the best available evidence to the
ecision maker, to help monitor existing policies and to react to
nexpected events (Bullock et al., 2001).

The question we pose for this paper is whether and under which
onditions the application of DPSIR in research studies can sup-
ort decision making. We  first present a literature review depicting
he current state of the DPSIR framework employed in research
rojects. We  comparatively analyzed 21 studies that applied the
PSIR framework according to the criteria we developed. In the
ext section, we review various studies that are mainly concerned
ith criticism and drawbacks of the DPSIR framework. Thereafter,
e discuss our experience of the DPSIR framework as it was applied

n the EU project SENSOR,1 in which three of the authors of this
aper were involved in research and coordination activities.

These reviews, the study by Lundberg (2005) and our own  expe-
iences provided a basis for us to develop criteria for decision
upporting research.

tate of the art

he DPSIR framework and its application in research

After its adoption by the EEA in 1995, DPSIR became popular
n studies involving the management of nutrient fluxes in marine
nvironments (Turner et al., 1996; Newton et al., 2003; Scheren
t al., 2004), integrated coastal management (Bowen and Riley,
003), development in catchment areas (Cave et al., 2003), and off-

hore wind power generation (Elliot, 2002). The framework has
een applied worldwide, ranging from global (Odermatt, 2004) to
ational scales. Additionally, some studies have been carried out

1 SENSOR was  an integrated project funded by the 6th Framework Programme
f  the European Commission to develop “sustainability impact assessment tools for
nvironmental, social and economic effects on multifunctional land use in European
egions”. SENSOR, a four-year project, brought together teams of researchers from 36
nstitutes in 15 European countries, as well as China, Brazil, Argentina and Uruguay.
he  aim was  to develop Sustainability Impact Assessment Tools (SIAT) that support
x  ante assessment of new policies on six land use sectors: agriculture, forestry,
ature conservation, transport infrastructure, energy and tourism. By integrating
ross-sector knowledge at a European level, the project provided decision makers
ith scientifically sound information on regional impacts of land use changes and
olicy effects on sustainable development (SENSOR, 2009).
olicy 29 (2012) 102– 110 103

on a catchment scale (Karageorgis et al., 2005; Pirrone et al., 2005)
or on a regional scale (Holman et al., 2005). DPSIR has been used
for parallel assessments dealing with environmental and socio-
economic perspectives and impacts (Odermatt, 2004; Agyemang
et al., 2007; Mangi et al., 2007; Giupponi et al., 2006). In addition, an
increase in research on sustainable development broadened the use
of DPSIR because it enables integrative, multidimensional assess-
ments (Pintér et al., 2005). A number of DPSIR studies have dealt
with the agricultural sector and rural areas (e.g., Odermatt, 2004;
Pirrone et al., 2005; Borja et al., 2006).

The DPSIR framework identifies and visualizes, in a simplified
way, cause and effect relationships between factors in society and
the environment (Smaling and Dixon, 2006). It supports project-
related structuring and comprehension issues. Furthermore, it can
be used as a communication tool between researchers (including
those from different disciplines), policy makers, and stakeholders
(Svarstad et al., 2008). DPSIR is described as a reliable scientific tool
for tackling environmental issues (Karageorgis et al., 2005) and as
a starting point for both scenario analysis (Pirrone et al., 2005) and
participatory scenario analysis (Ledoux et al., 2005). Recent studies
have indicated that stakeholder values are the key to structured
policy making with public involvement (Lorenzoni et al., 2000;
Gregory et al., 2001). In real terms, Lorenzoni et al. (2000) found for
a case study in East Anglia that indicators that had been designed
to meet the practical needs of stakeholders worked best.

Bidone and Lacerda (2004) applied the DPSIR framework to inte-
grate natural and socio-economic indicators in the Guanabara Bay
basin in Brazil. They evaluated the losses and benefits from policies
by including cost-benefit analysis in their framework.

In 2005, Gisladottir and Stocking (2005) published a study using
DPSIR as a conceptual framework model, showing how land degra-
dation control could be made more effective. They noted that the
inclusion of processes and linkages into a conceptual model using
the DPSIR framework helped to interrelate impacts and societal
responses. The assessment of these impacts and responses resulted
directly in the development of degradation control measures.

An outstanding example of stakeholder integration is a study
carried out by Chung and Lee (2009),  in which they developed
an alternative evaluation index (AEI) concerning watershed man-
agement options. The watershed management alternatives were
subsequently ranked by residents of the region. This AEI based
on hydrological modeling additionally reflects residents’ demands
on watershed management objectives. This offers flexibility to
the decision maker through the presentation of alternatives and
through obtaining residents’ consensus for potential planning
activities.

Agyemang et al. (2007) used DPSIR successfully in Ghana to
organize complex environmental information and present it to pol-
icy makers. The authors reported that despite its use in Europe,
DPSIR is not well known in developing countries. The project team
began with the development of the State. The state of the envi-
ronment was described (observed land use and land cover change)
through remote sensing, Landsat TM imagery and by testing ground
truth. The remaining elements of the framework were collected by
three participatory research methods. As a first step, the team used
DPSIR to design the project, and then their research results were
overlaid on this structure. The Pressures were defined by the key
informants as being mostly small-scale legal underground mining,
illegal surface mining, quarrying and burning of scrub. The main
driving forces for the major impacts on the environment were:
national policies for economic transformation, population growth,
migration, poverty, and land tenure systems. Impacts were defined

as physical impacts from vegetation loss, cross-cultural tensions,
pressures on women, health risks and reduction in living stan-
dards. The research team offered four different policy options to
the participants with regard to improving the state of the envi-
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work by Adger et al. (2001) and Svarstad (2002, 2004) on the issue
of biodiversity. The researchers criticized that the conventional use
of the DPSIR approach implied the existence of neutral knowledge
04 K. Tscherning et al. / Land

onment. These options were defined as: business as usual, driving
orce reduction, preservation and conservation practices and, impact

itigation.  Preferences among the scenarios differed between the
articipatory groups, though the majority of the participants agreed
hat the ongoing deterioration of nature required policy options to
mprove the state of the environment and to halt the decline of
heir living standards. Thus, business as usual (i.e., the assumption
hat people will somehow adapt to the changing environmental
nd social circumstances) was predominantly rejected as unac-
eptable. The authors concluded that this application showed that
se of the DPSIR framework reduced the complexity of indicators
nd, thus, made the interrelations and connections between them
nderstandable.

Roura-Pascual et al. (2009) studied causal chain relationships
etween natural conditions, human activities and the spread of

nvasive species. At a workshop at local scale, participants described
ach component of the DPSIR framework and identified the respec-
ive linkages. Workshops were held in various regions with distinct
onditions. The DPSIR framework helped to elaborate a concep-
ual model understanding the invasion of species in these regions.
ubsequently, management options were discussed on the basis of
hese findings.

According to the definition and the intention of the EEA (Smeets
nd Weterings, 1999), one important purpose of the DPSIR frame-
ork is to overcome the communication gap between scientific

ystems with political systems and the public. Thus, indicators
lassified according to the DPSIR framework should enhance com-
unication between scientists, politicians, and the public about

nvironmental developments and issues.
DPSIR has been used with the objectives of identifying policy

olutions (Pirrone et al., 2005), linking EU policies to issues of bio-
iversity (Kuldna et al., 2009), and of analyzing socio-economic and
nvironmental issues with regard to policy responses (Mangi et al.,
007). Nilsson et al. (2009) used the DPSIR as a basis for a frame-
ork to follow-up Strategic Environmental Assessment (SEA). SEA

uns in parallel with the decision making process and assesses
olicies in respect to their impacts on the environment or on Sus-
ainable Development. Observing that methodological frameworks
o engage with SEA follow-ups are fairly missing the authors devel-
ped a framework based on programme theory framework and
PSIR.

riticism and drawbacks of the DPSIR framework

Criticism of the framework mainly refers to its implicit hierar-
hical structure. Carr et al. (2007) stated that this structure causes

 hierarchy of elements and, therefore, also of actors. Individuals
nd groups who  are actually affected by social and environmen-
al changes have only the potential to address impacts. Svarstad
t al. (2008) made the criticism that the conventional use of the
PSIR approach implies the existence of neutral knowledge of
nvironmental interrelationships. Thus, DPSIR excludes norma-
ive perspectives and concerns. DPSIR has also been criticized for
ocusing on causal chain, one-to-one relationships, rather than
ddressing complex interrelationships, which are found in reality
Niemeijer and De Groot, 2008).

Niemeijer and De Groot (2008) pointed out the importance
f the DPSIR framework with regard to causality. The approach
s useful because the connections between the identified and
elected indicators describe causality. Thus, the authors were of
he opinion that the approach was an effective means of structur-
ng and, thus, simplifying the causalities of environmental issues.

he approach has a valuable potential for serving as an information
asis for policy makers. Furthermore, it possesses the character-

stic of being able to implement standardized assessments with
ultidisciplinary and interdisciplinary qualities.
olicy 29 (2012) 102– 110

Nevertheless, Niemeijer and De Groot (2008) recognized a struc-
tural deficiency in this approach. Their criticism was that the DPSIR
framework implies single and unidirectional causalities between
indicators. To improve DPSIR’s ability to strengthen conceptual
model development, Niemeijer and De Groot (2008) suggested an
enhanced approach that actually focuses on the interconnections
between different indicators. To achieve this, the authors replaced
the unidirectional causal chains with multiple causal networks,
which should also provide a more reliable basis for indicator selec-
tion.

The “enhanced” DPSIR framework devised by Niemeijer and De
Groot (2008) helped to identify and specify indicators and reduced
their number. Furthermore, this would enable policy makers and
managers to determine precise and, thus, effective starting points
for monitoring. Finally, the enhanced framework was  useful for
integrating both cross-sectoral and environmental issues. This led
to clear proposals before political decision making took place. In
several studies, causal webs were transformed into conceptual
models to incorporate research objectives (e.g., Haberl et al., 2009;
Bianet Jago-on et al., 2008; Holman et al., 2008; Kuldna et al., 2009).

Similarly, Carr et al. (2007) characterized the DPSIR frame-
work’s structure as deficient because it does not deal with different
level drivers and responses. In most studies, global or at least
national level drivers and response actions are analyzed thereby
disregarding local responses, or responses of certain social groups,
which influence impacts but do not influence drivers or pres-
sures. This marginalization of the aggregated practices of local
groups and individuals inevitably leads to sub-optimal outcomes
of sustainability development initiatives. Thus, the DPSIR’s struc-
ture marginalizes aggregated and informal responses on Pressures
and Drivers and favors the perspectives of a limited number of
organizations and agencies that act at the global or national
level. Analysis of problems and potential responses to Drivers and
Pressures rests in the hands of a policy network, which consists
of international, regional or national experts, organizations and
authorities. On such a basis, knowledge construction and policy
making may lead to unintended and negative consequences for
development. Moreover, there is a tendency for biased perspec-
tives and practices to become self-referential and self-reproducing.
Thus, local and alternative views and knowledge remain unconsid-
ered. Consequently, potential policy options are marginalized, and
the existing hierarchies are reproduced automatically (Carr et al.,
2007).

Carr et al. (2007) did not propose a solution for the shortcom-
ings of DPSIR that they described; rather, the authors asserted that
the addition of a further element would not be sufficient to repair
its structural defects. However, they assumed that another tool
could be developed to correct the unequal power hierarchy itself
and not merely its consequences. Thus, assessments applying the
DPSIR framework would be possible if the impacts of aggregated
and informal responses on driving forces and pressures were inte-
grated structurally. Nevertheless, Carr et al. (2007) also pointed
out that the DPSIR framework was  useful for local-scale analysis
if implemented at that level. Local interests, concerns, positions,
developments and their connections with environmental changes
could then be assessed realistically.

Svarstad et al. (2008) applied a discourse perspective2 to ana-
lyze the DPSIR framework. They based their analysis on existing
2 Svarstad et al. (2008) applied the “discourse analysis as one way to under-
stand shared ways of social phenomena. That is, discourses constitute systems of
knowledge and belief”.
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f environmental interrelationships. Thus, DPSIR excludes certain
erspectives and concerns. This exclusion leads to a discourse-
elective understanding of issues.

To examine their hypothesis, Svarstad et al. (2008) used a
erspective that combined the assumptions of social construc-
ivism and discourse analysis. The authors defined four different
ypes of discourses: preservationist, win-win type, traditionalist
ype and promethean type. Three aspects were used to char-
cterize these types: the degree of conservation or protection
f biodiversity, the degree of integration of the interests of
ocal people and the grade of partnership with local or external
ctors.

The preservationist discourse sees the enforcement of law
hat protects biodiversity as the only possible response option.
ndustrialization, urbanization, economic and extractive activ-
ty are considered to be the main pressures. Population growth
nd economic development are identified as the major driving
orces. The authors concluded that the DPSIR framework may  be

 useful tool to analyze the different issues of a preservationist
iscourse.

The win–win discourse type also defines the protection of habi-
at and species as the main issues and concerns. However, this
mpact category additionally considers social and economic effects
ecause disregard of these effects could cause harmful behavior,
hich again could lead to environmental degradation. Measures

f protection are considered to be the most important responses.
owever, these measures should also address the social and eco-
omic concerns of local people. Thus, their implementation is seen
s a common goal. Drivers and pressures are similar to those in
he preservationist discourse, but driving forces that cause social
ressures are also considered. Svarstad et al. (2008) noted that
he conventional application of the DPSIR approach may, however,
gnore social concerns.

The traditionalist discourse is focused on local actors and rejects
nterventions by external actors in environmental and natural
esource issues. Consequently, impacts on local groups are of cen-
ral importance. Policy options that focus on social and economic
oncerns have to be implemented locally. The conventional appli-
ation of DPSIR most likely does not allow for the concerns of many
eople to be taken into account with perceptions of a traditionalist
iscourse (Svarstad et al., 2008).

The promethean discourse type considers changes in the envi-
onmental state as unimportant. Driving forces or pressures that
mpact biodiversity do not fit into its perception, and any nature
onservation option is regarded as causing problems to people.
onsequently, activities (Responses)  related to nature conservation
re rejected. Svarstad et al. (2008) concluded that the conventional
pplication of the DPSIR framework is not able to represent the
romethean discourse type.

Thus, the conventional use of the DPSIR approach only satisfies
he preservationist discourse and, in part, the win–win discourse.
hus, the framework favors or excludes certain perspectives, con-
erns and affected groups, i.e., it leads to a discourse-selective
nderstanding of issues. Research results are considered to be
iased and irrelevant by actors whose concerns, opinions or knowl-
dge are ignored. Svarstad et al. (2008) called for further research
o incorporate social and economic concerns into the framework, in
ddition to environmental concerns. Svarstad et al. (2008) proposed
hat researchers may  base their research on “various narratives”
llowing for various discourses of stakeholders.

ur experience in applying the DPSIR framework
SENSOR was designed to develop tools for a “sustainability
mpact assessment of the environmental, social and economic
ffects on multifunctional land use in European regions” (Helming
olicy 29 (2012) 102– 110 105

et al., 2011a).  The scope and aim of the project were predefined
by the research funding directorate in the European Commission.
SENSOR followed the EU impact assessment guidelines introduced
in 2002 (CEC, 2005) (Tscherning et al., 2008), representing a for-
mal  procedure for analyzing potential impacts of policies before
their implementation. The objective of SENSOR was  to link policy
options to land use change and its environmental, social and eco-
nomic impacts. SENSOR research results had to be translated into
an information format for policy support. To satisfy the demands of
producing policy relevant results, policy makers participated and
were consulted during the entire project duration (Thiel, 2009). At
an early stage, it became clear to us that decision makers did not
want Responses to be dictated suggested by the research; rather
they preferred a large number of scenarios for cause–effect chain
relationships leading to potential decision options from which they
could choose. These options needed to show potential future land
uses and their respective impacts on sustainable development in
Europe.

The DPSIR framework was  applied to structure the research in
SENSOR. DPSIR was chosen because of its proven capability in the
context of describing linkages between human pressures and envi-
ronmental issues and its usefulness in multidisciplinary tasks. Land
use change was defined as a Pressure that was influenced by two
sets of Drivers: future socio-economic trends, including technolog-
ical development, and policy drivers, which were to be assessed.
As policy drivers, a number of policy scenarios were defined by
SENSOR researchers and decision makers together. The role of the
State was  filled by more than thirty environmental, social and
economic indicators that were related to land use changes and pro-
vided an estimation of impacts on land use. This large number of
indicators was  aggregated into nine categories of land use func-
tions (Perez-Soba et al., 2008) exhibiting changes induced by land
use policy. The concept of land use functions was derived from
the ecosystem service concept (MA,  2003) and further adapted
to the case of land use (Schößer et al., 2010). Alternative pol-
icy outcomes (Response options) could be compared in a way
that was comprehensive and readily interpretable by stakehold-
ers (Helming et al., 2011a).  One of the SENSOR scenarios settings
addressed the reform of the Common Agricultural Policy (CAP):
complete discontinuation of both agricultural market support and
direct farm income support was  compared to a baseline scenario
(no change in CAP) for the target year of 2025 (Helming et al.,
2011b). Each scenario led to different shares of land use in Europe.
Based on the DPSIR framework, the land use change was linked
to indicators (social, economic and environmental) to obtain the
impacts. The resulting scenarios and their impacts were discussed
and evaluated by experts and decision-makers at a sub-national
scale. We  observed that the DPSIR framework created a common
basis for participating researchers (approximately 80, from dif-
ferent countries and disciplines) and stakeholders (policy makers,
desk officers from environmental, agriculture, rural development,
research backgrounds) during the whole duration of the project
(four years). Through the integration of knowledge from experts
at the sub-national level, region-specific impacts and outcomes
of political decisions could be presented. The framework offered
the potential to provide a variety of decision options to policy-
makers that were comparable because of its similar indicator base.
Through the use of the DPSIR framework, a common understanding
between very contrasting groups of stakeholders could be created,
and consequently, a large amount of stakeholder knowledge, as
well as validation by stakeholders could be integrated into deci-
sion support. Through the combination of model-based results with
stakeholder knowledge, the SENSOR consortium was  able to fine-
tune scenarios at a sub-national level. This additionally augmented

the acceptance of the project outcomes at a sub-national level
(Helming et al., 2011b; Morris et al., 2011).
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evelopment of criteria for decision-supportive research
mploying the DPSIR framework

Lundberg (2005) characterized relationships and functions
etween the sciences, politics and the public. According to Lund-
erg, the task of the sciences is to identify relevant environmental

ndicators thereby enabling an effective monitoring system to be
stablished. To achieve this, function-relevant data must be han-
led effectively to link them with management structures and
rocesses. Effective monitoring keeps policy makers and manage-
ent informed about connected environmental developments and

nables scientists and policy makers to react to unexpected or unin-
ended management impacts (Lundberg, 2005).

Based on the studies used in our analysis outlining the draw-
acks of the framework in relation to decision making, as well as
he study by Lundberg (2005) and our own experience in applying
he framework in a research project, we developed two criteria that
e believe are key for policy relevant research: (a) the development

f conceptual models integrating knowledge from different disci-
lines, specialists and policy makers and those affected by their
ecisions, in short “Outreach”; and (b) the potential to explain the
esults and analysis of research to different disciplines, specialists,
takeholders and the public and to demonstrate decision options
n short “alternative Responses”

riterion (a) “Outreach”
We  assessed whether conceptual models integrating the knowl-

dge of different disciplines and stakeholders were developed
y checking the relevance of the indicator framework as a basic
lement for model development and the degree of stakeholder par-
icipation in the process of defining DPSIR elements. We  assumed
hat elements defined by or in conjunction with stakeholders
nabled the development of conceptual models that were related
o the “real world”. DPSIR applied in transdisciplinary3 studies,
esulted in the development of conceptual models with a higher
egree of “real world” relevance. It was postulated that studies
hat defined the elements through a literature review or by the
esearch team itself were primarily disciplinary, interdisciplinary
r multidisciplinary. Studies that defined elements in consultation
ith private and public stakeholders and through legislation were
rimarily transdisciplinary. We  assumed that studies using a trans-
isciplinary research concept were more transparent with regard
o the desicion making process than studies using inter- or multi-
isciplinary approaches.

riterion (b) “alternative Responses”
We assessed this criterion by checking the overall participation

f stakeholders in research, the manner in which the Response ele-
ent was presented and to whom it was addressed. We  considered

hat studies that produced a set of alternative Response options and
howed the potential consequences of these Response options were
ore transparent than studies resulting in only one proposition

r solution. We  assumed that scenario analysis depicting various

torylines and integrating stakeholder views and values through
articipatory approaches further supported transparency and flexi-
ility. These requisites often lead to the presentation of alternatives

3 Tress et al. (2004) suggested the use of the term multidisciplinary for research
of  different disciplines that relate to a shared goal, but with multiple disciplinary
bjectives. Participants exchange knowledge, but they do not aim to cross sub-
ect  boundaries in order to create new integrative knowledge.” “Transdisciplinary
esearch is defined as projects that involve academic researchers from different
nrelated disciplines as well as non-academic participants, such as land managers,
ser groups and the general public to create new knowledge and theory and research
ommon question”. “Interdisciplinary research creates new knowledge between
cademic disciplines which are not related to each other”.
olicy 29 (2012) 102– 110

and decision options to the policy maker. Thus, referring to the
study by Svarstad et al. (2008),  we concluded that Response options
representing “various narratives” allowing for various discourse
types could lead to a greater understanding of perspectives and
concerns. The inclusion of alternative views and values into deci-
sion support may  prevent potential conflicts in advance.

Analysis of 21 studies applying the DPSIR framework: methods

First, we assessed 21 studies that were reported between 2003
and 2009 (Table 1) that used DPSIR and were published in peer-
reviewed journals and books. We  used the analysis and methods
included in the 21 studies to check for trends over time. We  found
that the authors of the analyzed studies used DPSIR for structuring
exercises, setting starting points for scenario development, as well
as in participatory approaches, modeling, or indicator framework
development.

Subsequently, we  carried out an analysis of the methods that the
authors of the 21 studies used to define the studies’ DPSIR elements.
Some of the DPSIR elements were defined by literature reviews or
were developed by the research teams; others were defined by
experts or stakeholders or through consultation with legislative
entities (governmental and non-governmental).

Special emphasis was  given to the Response element to assess
the political relevance of the 21 studies.

We analyzed the Response element separately:

• According to the type of response, such as the implementation
of effective management structures and monitoring, the enact-
ment or enforcement of regulatory policies, the implementation
of technical arrangements, the provision of public information,
or private management solutions and subsidies.

• According to the target group, to which the response was
addressed: government (specified4 or non-specified), scientific
community, stakeholders or the general public.

Analysis of 21 studies applying the DPSIR framework: results

The 21 studies published between 2003 and 2009 reflected
diverse uses of DPSIR. Six of the 21 studies applied DPSIR in rela-
tion to participatory research and scenario development, and five
studies used it to structure modeling exercises. Furthermore, DPSIR
was  applied in three cases for indicator framework description. It
was  used in Europe, Sub-Saharan Africa, Asia and Latin America or
at a global level. A slight temporal trend was  observed, indicating
that while in earlier studies (2003–2006) DPSIR was predominantly
used for water management purposes (at watershed, coastline, sea
and estuarine levels), the focus changed to land degradation, farm-
ing systems, climate change and biodiversity from 2007 onwards.
This determined the choice of journals in which the studies were
published (Table 1).

The definitions of DPSIR elements in the analyzed studies were
derived by the following methods or combinations thereof: con-
sultation of the literature (77%), development by the research team
itself (23%), expert consultation (36%), use of participatory meth-
ods that integrated relevant stakeholders (27%), and consultation
of legislation (23%) (Table 2; for details concerning the Response
element see Table 3).

These studies developed a wide variety of instruments and tools

to support desicion making. The Response elements proposed a
large diversity of actions and policies, from monitoring to technical
provisions and regulatory policies. However, 64% of the Response

4 Government bodies could be considered specified if responses were directed
specifically to certain policy making processes or governmental authorities.
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Table 1
Studies analyzed according to the purpose of DPSIR application.

Authors Year Issue of Analysis Scenario
analysis

Participatory
approach

Modeling Indicator
approval

Framework
development

Continent

Newton et al. 2003 water management x EUa

Bidone and Lacerda 2004 water management LAb

Odermatt 2004 sustainable development global
Scheren et al. 2004 water management x SSAc

Gisladottir and Stocking 2005 degradation of land global
Ledoux et al. 2005 water management x x EU
Lundberg 2005 water management x EU
Pirrone et al. 2005 water management x x EU
Borja  et al. 2006 water management EU
Karageorgis et al. 2006 water management x x EU
Smaling and Dixon 2006 farming systems/soil SSA
Agyemang et al. 2007 degradation of environment x x SSA
Holman et al. 2008 climate change x x EU
Bianet Jago-on et al. 2008 degradation of subsurface Asia
Henriques et al. 2008 marine habitat x EU
Mangi et al. 2008 water management x SSA
Chung and Le 2009 water management x x x Asia
Haberl et al. 2009 biodiversity EU
Kuldna et al. 2009 biodiversity EU
Nilsson et al. 2009 SEA follow up x x EU
Roura-Pascual et al. 2009 biodiversity x x x SSA

e
t

t
l
o
n
T
s
p
g
f
(

T
S

a European Union.
b Latin America.
c Sub-Saharan Africa.

lements were defined only by researchers without the participa-
ion of policy makers and stakeholders.

A majority (82%) of the studies targeted government authori-
ies in general or referred to political decision making. However,
ess than half of them (45%) specified a political target or end-user
f the research results. The results of the studies were predomi-
antly addressed to specific government institutions alone (68%).
welve studies addressed more than one target (55%). Only five
tudies were directed to private stakeholders and/or the general
ublic (23%). More than half (68%) of the studies additionally tar-

eted research institutes and the scientific community (68%), and
our studies (18%) were directed exclusively to scientific end-users
Table 3).

able 2
tudies analyzed according to DPSIR element definition.

Authors Year Definition of elements by

Literature review Research

Newton et al. 2003 x
Bidone and Lacerda 2004 x x
Odermatt 2004 x
Scheren et al. 2004 x
Gisladottir and Stocking 2005 x
Ledoux et al. 2005 x
Lundberg 2005 x
Pirrone et al. 2005 x
Borja et al. 2006 x 

Karageorgis et al. 2006 x
Smaling and Dixon 2006 x
Agyemang et al. 2007 x 

Holman et al. 2008 x 

Bianet  Jago-on et al. 2008 x 

Henriques et al. 2008 x
Mangi et al. 2008 x 

Chung  and Le 2009 x 

Haberl  et al. 2009 x
Kuldna et al. 2009 x 

Nilsson et al. 2009 x x
Roura-Pascual et al. 2009 x 

Research concept inter- or multidisciplinary transdisc

a Through expert consultation or elaborated with participatory methods integrating st
Criterion (a) “Outreach”
With regard to the identification of indicators or the structur-

ing of complex environmental information, no criticism of DPSIR
was  discovered in the literature. In contrast, studies included
in our analysis (as examples: Odermatt, 2004; Lundberg, 2005;
Karageorgis et al., 2005; Agyemang et al., 2007; Holman et al., 2008;
Bianet Jago-on et al., 2008; Henriques et al., 2008; see also Table 1)
explicitly concluded that the framework fulfilled the expectations
concerning the structuring of complex cause–effect relationships
related to environmental issues.
Eight out of 21 studies included stakeholders (e.g., laymen or
experts) when defining their elements (Table 2). It was assumed
that through the integration of stakeholders into the definition of

ers Stakeholder participationa Consultation of Legislation

x

x x
x x
x x

x x
x x

x

x

iplinary

akeholders.
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Table 3
The element Response analyzed according to type of response, element definition and targeted actors.

Criterion author Year Response constitutes of Element defined by End user addressed

Newton et al. 2003 regulatory policies researchers government (not specified), science
Bidone  and Lacerda 2004 implementation of public management

structures, technical provisions
researchers government (not specifieda)

Odermatt 2004 public information, regulatory policies,
subsidies, technical provisions

researchers science

Scheren et al. 2004 regulatory policies researchers government (not specified)
Gisladottir and Stocking 2005 implementation of effective monitoring,

public management, regulatory policies,
technical provisions,

researchers government (not specified)

Ledoux  et al. 2005 regulatory policies, subsidies, technical
provisions

researchers, public and
private stakeholders

government (specifiedb)

Lundberg 2005 further research, implementation of
effective monitoring, public management,
public information

researchers government (not specified), science,
general public

Pirrone et al. 2005 implementation of effective monitoring researchers government (specified), science
Borja  et al. 2006 – researchers government (specified), science
Karageorgis et al. 2006 implementation of public management

structures
researchers, public and
private stakeholders

government (not specified), science

Smaling and Dixon 2006 regulatory policies, individual
management options

researchers government (specified), private
stakeholders

Agyemang et al. 2007 regulatory policies, subsidies researchers, public and
private stakeholders

government (not specified)

Bianet  Jago-on et al. 2008 technical provisions, regulatory policies,
public information, further research

researchers government (specified), science,
general public

Henriques et al. 2008 monitoring, technical provisions researchers government (specified)
Holman et al. 2008 regulatory policies, subsidies, technical

provisions
researchers, public and
private stakeholders

government (specified), science

Mangi  et al. 2008 further research, monitoring public
information, regulatory policies, public
management

researchers, public and
private stakeholders

government (not specified), science,
general public

Chung and Le 2009 – researchers, public and
private stakeholders

science

Haberl et al. 2009 – researchers science
Kuldna et al. 2009 further research, private management,

regulatory policies, subsidies
researchers government (specified), science,

private stakeholders
Nilsson et al. 2009 researchers science
Roura-Pascual et al. 2009 public management structures, regulatory

policies
researchers, public and
private stakeholders

government (specified), science

tical a
al acto

D
e
t
o
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i
t
t
v
m
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R
t
F
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c
r
a
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a Responses which are not explicitly related or directed to policies or certain poli
b Responses which are explicitly related to policies and or address certain politic

PSIR elements, conceptual models would become more policy rel-
vant. As per definition by Tress et al. (2004),  these studies applied a
ransdisciplinary research concept. Continually from the initiation
f these studies, they integrated experts from other fields, laymen,
nd legislators into the research framework. In those studies, the
ntention of applying a transdisciplinary approach to the concep-
ualization of DPSIR was to improve the “real world relevance” of
he study. It was considered that this approach was  more rele-
ant for actual decision making than those that used inter- and
ultidisciplinary research concepts.

riterion (b) “alternative Responses”
Nine out of the 21 used DPSIR applications via scenario devel-

pment and modeling exercises, or as the starting point for
articipatory approaches (Table 1). As these studies produced
esponse options rather than single solutions, it was considered
hat they offered a set of policy options to the decision maker.
ew authors (Agyemang et al., 2007; Roura-Pascual et al., 2009)
ook local Response options as Drivers to describe an iterative DPSIR
ycle. In cases where this was done, especially at the local level, it
evealed to policy makers and stakeholders the effects, influences
nd responsibilities of local processes or activities.

Few studies clearly stated to whom they were directed (Table 3).

olicy makers and stakeholders (experts, laymen) may  have partic-
pated in the research, but decisions based on their results will very
ikely be considered by different end-users, who do not necessarily
orrespond to the participating stakeholders.
ctors.
rs.

Because we  analyzed studies that were published in peer-
reviewed journals, it was  not possible to state whether the project
outcomes were actually used to support decision making.

Discussion and conclusion

The aim of this study was  to ascertain whether the application of
the DPSIR framework in research can support decision making. We
found that most of the analyzed studies were addressed to politi-
cal and administrative systems, but only a few studies integrated
decision makers into the participative process. Holman et al. (2005,
2008) developed an integrated regional assessment tool. The users
of the tool, in this case decision makers, were asked to integrate
their requirements and knowledge into the development process,
especially during the development of the tool interface. Addition-
ally, based on our experience in the SENSOR project, we found that
the participation of the end users of a model or tool is of major
importance to achieve its acceptance and to guarantee demand and
usefulness with regard to the project product. This finding is in line
with the conclusion drawn by De Smedt (2010) who, from a pol-
icy making perspective, analyzed the relevancy and legitimacy of
research based studies and tools for decision making.

We reached the conclusion that the integration of stakeholders

from a variety of fields into the definition of DPSIR elements avoided
reliance on single, unidirectional causalities, which was particularly
criticized by Niemeijer and De Groot (2008).  Through the partici-
pative integration of politicians, environmental managers, experts
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rom other disciplines, journalists, and the general public, “real
orld” knowledge was integrated into conceptual models, and
ultiple cause–effect relationships were adopted in many studies.
The example presented in the study by Agyemang et al. (2007)

nd our own experience showed that experts at a local or regional
evel may  provide highly relevant input for decision options (sce-
arios), assuming that they are presented in a comprehensive and
eaningful way. Similarly to Agyemang et al. (2007),  we concluded

hat the DPSIR framework is an effective approach for structuring
ata to provide information and allow consultation for the formu-

ation of policy.
We  identified the importance of the integration of stakeholders

rom different levels and end-users of research results into research
ctivities throughout a project’s duration. A realistic assessment
f concerns, interests and positions may  be achieved by asking
ocal stakeholders, as well as outsiders and newcomers, for the
ntegration of their knowledge into cause–effect relationships. The
xclusion of local-scale analyses was mentioned as a major draw-
ack of the application of this framework by Carr et al. (2007).  A
imilar criticism presented by Svarstad et al. (2008) may  be atten-
ated by including “various narratives” into the DPSIR cause–effect
hain.

Finally, we confirm the considerable potential of DPSIR and the
sefulness of its application in research studies by providing policy
akers with meaningful explanations of cause and effect relation-

hips. Its application provides a basis for policy relevant research
f some further criteria are taken into account. Decision making
hould be based on solid facts and evidence, which are often rigid,
nidirectional, difficult to understand and difficult to communi-
ate. We  conclude that the DPSIR framework offers the chance to
ink scientific findings with “real world” issues and, therefore, may
erve as a means of bridging the gap between research and deci-
ion making. We  found that the application of DPSIR may  allow for
olicy relevant research because it supports the explanation and
ommunication of research results in an accessible and meaning-
ul way to decision makers. It further leads to the presentation of
takeholder values and alternative decision options, rather than to
igid and predetermined solutions.
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