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RESEARCH ARTICLE
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This paper describes the findings of a novel participatory geographic information systems (PGISs) methodology designed to
support vulnerability and disaster risk management (DRM) efforts in small Caribbean communities. The methodology
combines community vulnerability mapping with geo-referenced household data through a step-by-step approach to
record information on household vulnerability and community hazards. We used “partial” PGIS to demonstrate the
benefits of implementing a participatory mapping technique with an external facilitator who undertook the technical
geographic information system aspects of the mapping process. Results show that as a tool for knowledge co-production
and stakeholder engagement, PGIS can be useful to record local spatial knowledge on vulnerability and hazards whilst
supporting the development of risk and vulnerability reduction measures. By helping community members understand and
manage vulnerability, this approach has the potential to become an important mechanism to support vulnerability
reduction and DRM strategies in small Caribbean communities. Following the approach described in this paper, similar
activities can be easily replicated in other parts of the world.
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1. Introduction

Traditional efforts to manage risks through emergency
response are now facing a significant challenge as climate
change impacts intensify. This is particularly evident in
places with climate adaptation deficits – a lack of ability
to cope with current climate variability – caused by a
lack of (or skewed) development (IPCC, 2012; Ranger,
2013) and in regions periodically affected by hydrological
and meteorological extremes such as the Caribbean (CAR-
IBSAVE, 2012). In response to growing impacts from
climate-driven natural disasters, risk management strat-
egies are changing: from focusing primarily on post-
impact response to incorporating risk prevention and vul-
nerability reduction strategies in advance of threats
(IPCC, 2012).

Many development and government agencies working
in disaster risk management (DRM) (e.g. Red Cross and
UNDP) are now placing a stronger emphasis on building
the resilience and adaptive capacity of communities, as it
is at the community scale that most of the impacts of
climate change are experienced (Agrawal, 2008; Tompkins
& Adger, 2004). But there are difficulties in implementing
adaptation programmes, including the need for high-

resolution data on vulnerability and of tools and methods
to engage local actors (PROVIA, 2013).

Using participatory approaches to knowledge pro-
duction may facilitate the gathering of information and
the framing of risk and vulnerability reduction strategies.
Participatory community mapping is central to this type
of approach because it addresses the spatial and context-
based nature of vulnerability issues and respects local
knowledge. Maps are excellent communication and plan-
ning tools and one of the most widespread mechanisms
to gather information on vulnerability and risk (Preston,
Yuen, & Westaway, 2011). Because they integrate phys-
ical and socio-economic factors, they help to build a
shared understanding of vulnerability issues, and can
guide the prioritization of risk and vulnerability reduction
measures (Preston, Brooke, Measham, Smith, & Gord-
dard, 2009).

Vulnerability issues are often best understood and
addressed at the local scale (Cutter, Emrich, Webb, &
Morath, 2009; Turner et al., 2003) and are most effective
as decision support tools when applied at this scale
(Preston et al., 2011). However, there are many barriers
to the development of well-designed mapping processes
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capable of effectively engaging relevant stakeholders in the
collection and use of information (Preston et al., 2011).

With the overall aim of supporting the development of
well-informed risk and vulnerability reduction plans, this
paper illustrates how to integrate local knowledge into vul-
nerability maps using participatory geographic information
systems (PGISs). The methodology here described seeks to
engage relevant stakeholders through a well-designed and
targeted knowledge co-production process. The method-
ology was first designed and tested within the Grenada
Red Cross Society’s project “Multi-hazards: approach for
a sustainable disaster management in Grenada”, as part of
Red Cross efforts to reduce the vulnerability to natural dis-
asters in small Caribbean communities. In developing and
piloting this methodology in a small Caribbean community,
the study offered an opportunity to test the incorporation of
PGIS within existing vulnerability reduction and DRM pro-
grammes. In doing so, it explores the potential benefits and
challenges and evaluates whether (and how) PGIS vulner-
ability mapping processes can help communities to be
better prepared for climate-driven natural disasters.

2. Using PGISs

2.1. The potential benefits of PGIS

PGIS is a highly multidisciplinary mapping technique that
uses Geographical Information Technologies (GITs) to
elicit, represent and validate local spatial knowledge. It
uses principles from Participatory Active Research (PAR),
including a commitment to undertake research-informed
action, placing value to processes as much as to products,
and challenging the norms of insular academic research
through the construction of inclusionary approaches to
knowledge co-production (Pain, Kindon, & Kesby, 2007).

PGIS is one of the several counter-mapping techniques
developed to overcome the high levels of complexity that
can marginalize poor communities in many geographic
information system (GIS) approaches, and counters an
over-reliance on top-down and quantitative sources of
data (see Elwood, 2010). As a scientific tool seeking to
increase the legitimacy of mapping processes through the
incorporation of local actors, PGIS promotes the develop-
ment of user-generated and demand-driven information
(Elwood, Goodchild, & Sui, 2012). This can increase the
overall relevance and use of mapping outputs and makes
PGIS a valuable tool capable of supporting decision-
making processes grounded in participation and “knowl-
edge co-production”. This is defined as knowledge devel-
oped by scientists, decision-makers and other societal
actors who “cooperate in the exchange, production and
application of knowledge” (Hegger, Lamers, Van Zeijl-
Rozema, & Dieperink, 2012, p. 53).

PGIS has been applied as a mapping method and a form
of stakeholder engagement in many fields, including

natural resource management (McCall & Minang, 2005),
land-use change monitoring (Aynekulu, Wubneh,
Birhane, & Begashawl, 2006), land-use conflict resolution
(Kyem, 2006) and cultural heritage preservation (Ram-
baldi, Tuivanuavou et al., 2006). More recently, it has
been used in the management of urban and suburban
areas, in the identification of ecosystem services (Brown,
Montag, & Lyon, 2012), national park planning (Brown
& Weber, 2011) and to map human geographies (Bosch-
mann & Cubbon, 2013). Based on an extensive review of
PGIS applications, McCall (2008) observes that few
studies have used PGIS in hazard identification and in
climate risk and vulnerability mapping, suggesting that its
application in these fields remains largely unexplored.
Some exceptions, however, provide successful attempts
to embed GIS science in community disaster risk reduction
programmes. These early efforts are proving how commu-
nity mapping processes can be used as a tool for raising
awareness on community hazards and risks in DRM pro-
grammes (Kienberger & Steinbruch, 2005; Kienberger,
2014b).

One of the main advantages of using PGIS is the possi-
bility of integrating top-down (e.g. remote sensing) and
bottom-up (e.g. local oral history) information, combining
the vulnerability perceptions of local actors with exogenous
and technical sources of data (O’ Brien et al., 2004; Jones &
Preston, 2011). As noted by Chambers (2006), PGIS is
“excellently suited to the needs for incorporating local
knowledge, participatory needs assessment & problem
analysis, local prioritizing, and understanding responses
and coping strategies” (p. 1). It allows policy-makers to
better account for citizen inputs (Forrester, Potts, Rosen,
& Cinderby, 2003) and provides a suitable and effective
approach to engage and empower communities (Chapin,
2006; IFAD, 2009). These characteristics offer distinct
advantages when applying PGIS to the mapping of vulner-
ability and risks, especially when trying to work in areas
where high-resolution data are missing. Additionally, by
helping to uncover underlying vulnerabilities through sta-
keholder dialogue, PGIS vulnerability mapping may facili-
tate the development of community-based vulnerability and
risk reduction processes.

As noted by Preston et al. (2011), most vulnerability
mapping and assessment processes are undertaken with
the goal of supporting stakeholders to make more informed
decisions, yet they rarely promote the direct engagement of
relevant actors. By using GIS to record local perceptions of
risks and vulnerability, PGIS enables the creation of com-
munity vulnerability maps, raising the legitimacy and
usability of vulnerability studies. By sharing information
effectively, incorporating different knowledge sources and
generating a common and comprehensive understanding
of vulnerability issues through open dialogue, PGIS can
support local communities managing risks and reducing
vulnerability.
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2.2. Barriers to participatory approaches in
vulnerability and hazard mapping

The use of GITs has been extensively criticized. Some
believe that by relying on quantitative sources of infor-
mation, GITs lead to reductionist and technocratic forms
of understanding (Crampton & Elden, 2006; Pickles,
2006; Sheppard, 1995). For example, Wainwright and
Bryan (2009) note the potential cartographic limitations
posed by GITs when representing cultural and traditional
knowledge. Additionally, GITs have shown to reflect and
affect power relations. This is partly attributed to a colonial
legacy in regions such as Latin America, which sees the
creation of maps as a medium to appropriate land and
resources (Sletto, 2009). Technical or expert-led GIS tech-
nologies are seen as an impediment to “democratic”
mapping practices. Limited financial resources and a lack
of technical skills have also been recorded to be major bar-
riers for the use of GITs, especially in developing countries
(Herold & Sawada, 2012). Studies have also shown that
mapping processes may have unintended negative conse-
quences by exposing, either deliberatley or inadvertently,
the private, political and even spiritual knowledge of
local communities, resulting in the further marginalization
or exploitation of vulnerable peoples (Rambaldi, Chamber,
McCall, & Fox, 2006).

Maps are very powerful tools and their capacity to
shape planning agendas and define power relations
should not be underestimated (Wood, 2010). Even
without the use of GIS, mapping exercises can enhance
the power of existing educated elites and work against
the interest of marginalized communities (Fox, Suryanata,
Hershock, & Pramono, 2006; Rambaldi, Tuivanuavou
et al. 2006). The unintended and negative consequences
stemming from mapping do not necessarily stem from the
use of GITs per se, but because of the process of top-
down mapping without local engagement, whatever the
technology (Reyes-García et al., 2012). Poorly designed
stakeholder engagement processes may upset local people
irrespective of what technologies are being used, as they
can always be structured in ways that do not empower par-
ticipants and take account of their interests.

GIS practices are continuously changing to respond to
the rising need for engaging stakeholders and ensuring
ethical and democratic approaches to mapping (Elwood,
2010). The creation of sub-disciplines such as “critical
GIS” and PGIS demonstrates advances towards more
inclusive and simpler forms of GIS (Boschmann &
Cubbon, 2013; Elwood, 2011). These new forms of knowl-
edge production can also be criticized. The credibility of
PGIS outputs is sometimes questioned due to the influence
of individual biases and inexpert techniques during the col-
lection and interpretation of data, which raises doubts over
the geographic accuracy and precision of PGIS outputs
(McCall, 2006). Some social scientists have argued that

despite being considered a “participatory” technique,
PGIS marginalizes poor communities and non-educated
actors due to its high levels of technicality and the costs
associated with the learning and use of GIS software
(Crampton & Elden, 2006; Dodge & Perkins, 2008; Shep-
pard, 1995).

In the absence of best practices and standard method-
ologies for vulnerability mapping, it becomes crucial to
assess the validity and credibility of vulnerability
mapping processes in the context of their purpose and
use on the ground (Preston et al., 2011). The potential limit-
ations created by data inaccuracies may be overcome when
mapping processes are designed with a clear understanding
of their purpose and of their utility to end users (Rambaldi,
Tuivanuavou et al., 2006). When mapping vulnerability
and risk with PGIS, minor inaccuracies may become less
relevant if the ultimate purpose of maps is to support the
general prioritization of actions to reduce risk and vulner-
ability or to increase the adaptive capacity and prepared-
ness of communities. Ultimately, the PGIS mapping
process should be assessed against the quality of the pro-
cesses it generates and its outputs (Kienberger & Stein-
bruch, 2005) and not only by the accuracy of the spatial
information produced. And as Elwood argues (2006,
2010, 2011, 2012), new GIS technologies such as PGIS
should be appraised on the basis of the processes they gen-
erate, the new knowledge and capacities they bring and
their ability to instigate and direct action.

Vulnerability generally refers to the degree to which a
system is unable to cope with, or adapt to, the negative
effects of external shocks. Measuring, delineating and com-
bining different elements of vulnerability into a unified fra-
mework are nonetheless a difficult task (Cutter, & Finch,
2008). The diversity of dimensions and characteristics of
socioecological systems that are now embedded in and
related to the concept make it even more challenging to
find assessment and monitoring metrics and models that
are able to fully capture the vulnerability of a given unit
(Adger, 2006), while making it comparable among time,
places and scales (Cutter, & Finch, 2008). Most attempts
to characterize vulnerability build on three main dimen-
sions: (i) exposure to hazards and/or effects of climate
change, (ii) sensitivity and (iii) response capacities (Birk-
mann, 2007). In this study we focus our efforts on
mapping factors that affect different dimensions of vulner-
ability, accounting for elements present at the household
and community level and prioritizing vulnerability indi-
cators that the target group are most likely to be familiar
with on the basis of information they have been previously
exposed to through Red Cross Community Disaster
Response Team (CDRT) training.

With these considerations in mind, this paper empha-
sizes the processes of PGIS and evaluates PGIS against
its ability to produce relevant information capable of
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steering stakeholder action to reduce their vulnerability and
exposure to hazards.

3. Methodology

3.1. Case study selection

Grenada is a small mountainous island in the southeastern
Caribbean with a population of about 110,000 people, per
capita GDP of about $7000 per annum, with almost 40%
of the population below the poverty line and a tropical
climate. At the southern edge of the Caribbean hurricane
belt the country is periodically affected by tropical storms
and hurricanes. Hurricane Ivan in 2004 and Hurricane
Emily in 2005 caused substantial damage estimated at
$890m, bringing economic growth to a halt, affecting
half the population and killing 40 people (PreventionWeb
2014). Hurricane Ivan destroyed Grenada’s agricultural
exports, which are based on tree crops of nutmeg,
bananas and cocoa, and although there has been some
recovery, the economy is now mostly dependent on
tourism (http://www.gov.gd/economy.html). Exposure to
hurricanes and storms, a population concentrated on
coasts combined with poverty and an economy dependent
on tourism and agriculture make Grenada vulnerable to
climate risks.1

Two key agencies working in the country, the National
Disaster Management Agency (NaDMA) and the Red
Cross, focus their efforts in reducing local vulnerabilities
by increasing the self-sufficiency of communities in the
early stages of response to disasters and reducing their sen-
sitivity (i.e. their proneness to harm). This approach is con-
sidered the best due to the limited capacity of the in-country
personnel of both agencies to provide rapid response at the
country level during major natural disasters.

Beausejour, a small community of 120 households and
395 inhabitants located in the central eastern side of the
island (Figure 1), is perceived to be particularly vulnerable
to natural disasters and climate change due to a number of
factors, including the steepness of its hills, the high inci-
dence of landslides, bad drainage, poor quality of construc-
tion materials, high rates of unemployment, and high
proneness and sensitivity to the impacts of heavy rains
and hurricanes (pers. comm. Red Cross and National Dis-
aster Management Agency, July 2012).

Since May 2011 the Grenada Red Cross has undertaken
a series of Community-Based Disaster Management
(CBDM) projects, including vulnerability capacity assess-
ments (VCAs), safer house training and disaster awareness.
Additionally, they have trained a group of individuals –
know as the Community Disaster Response Team or
CDRT – in risk preparedness, radio use and techniques
for seek and rescue. The role of the CDRT is to help the
community prepare and respond to disasters such as
floods, landslides and hurricanes by using the skills

learned through Red Cross programmes and help the com-
munity organize before, during and after environmental-led
crises.

The Red Cross was very interested in the potential of
PGIS to map vulnerability in the CBDM programme in
Beausejour and this offered an excellent opportunity to
explore the benefits and challenges of incorporating PGIS
in ongoing vulnerability and risk reduction efforts and to
determine if (and how) this methodology can help commu-
nities to be better prepared and respond to disasters.

3.2. Selection of PGIS methodology

The PGIS methodology developed for this study combined
sketch mapping of community hazards with geo-referenced
vulnerability household data using Quantum GIS (QGIS).
We selected QGIS over other available GIS software (e.g.
ArcGIS) for being more user-friendly and free of charge
and having all the GIS functions required. We used a
hybrid approach to PGIS – “partial participatory GIS”
(PPGIS) – a process where all computerized aspects of
GIS are undertaken by a technical expert (Corbett et al.,
2005; Poole, 2006). In this project the technical experts
were Red Cross personnel and were referred to as the
“facilitators”. Our process was also “partial” in that we
did not include all community members, or even a repre-
sentative sample, in the mapping exercise. We worked
with the CDRT who have been trained to help the commu-
nity reduce risks and respond to hazards.

Although the initial idea was to train community
members as facilitators, it was decided in conversation
with the Red Cross that the country programme would
benefit more from training of Red Cross personnel, who
could reuse acquired skills in other community pro-
grammes. This approach can promote further expansion
of acquired GIS skills and support a continued and iterated
relationship between local actors and management agencies
for the collection, sharing and update of information.
Unfortunately, due to the time and financial constraints of
fieldwork, it was not possible to complete the training of
Red Cross staff. Consequently, the lead author of the
paper (who is trained in GIS) was assigned the task of facil-
itating the processing of GIS information and delivering the
mapping outputs. The project did allow the development of
a training manual for future training of Red Cross
personnel.

. Following some of the key principles in PAR, our
PGIS methodology began with the formulation of
two key questions prior to the beginning of the
mapping process:

. Who is this map for and how will it be used?

. How will the map assist in making decisions and
which types of decisions?
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As noted in a recent analysis of vulnerability assess-
ment methodologies (see Preston et al., 2011), these ques-
tions are central to the development of successful PGIS
processes. They help frame the mapping process around a
specific set of objectives, articulating who needs to be
involved and focusing on maps as planning and decision-
making tools.

We also considered the principles developed by Brewer
and Stern (2005) for user-relevant climate research, includ-
ing the following:

. Beginning with user needs;

. Giving priority to processes over products;

. Linking information producers and users;

. Building connections across disciplines and
organizations;

. Seeking institutional stability;

. Designing for learning.

Finally, in order to account for potential power inequal-
ities that may emerge during participatory approaches to
knowledge co-production, we took account of the ethical
principles for PGIS practitioners first introduced by Ram-
baldi, Tuivanuavou et al. (2006, p. 108). Framed as a set
of Who? And Whose? questions, these principles highlight
the potential dilemmas and issues around empowerment,
ownership and potential exploitation that may arise as a
result of participatory mapping processes. They ask: Who

Figure 1. Map of the area of study.
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participates and whose voice counts? Whose reality is
expressed? Who owns the outputs and who benefits from
them? Who is empowered?

3.3. Framing of methods

Because this study responds to a request from the Red
Cross, they were asked key questions at the beginning of
the study. First was to ask who was the map for and how
would it be used. We decided that the process and final
maps were to be owned primarily by the CDRT and
would be used by them to support their risk prevention
and vulnerability reduction activities in the community.
Second, we asked how the map might assist in making
decisions led to the expression of goals for the mapping
exercise that included raising awareness, identifying poten-
tial mitigation actions and facilitating community prepared-
ness. This question was also asked during one of the
community sessions undertaken as part of the mapping
process, and results from this discussion are presented
below.

3.4. Application of partial PGIS in Grenada

The overall steps in implementing partial PGIS are shown
in Figure 2. The steps carried out resemble to a certain
extent those provided by Kienberger (2008) in his hand-
book Mapping the vulnerabilities of communities.
However, while Kienberger (2008) has focused on
mapping vulnerability at the community level, our method-
ology combines vulnerability data at the household level
and mapping of hazard areas at the community level. We
briefly discuss each step below.

3.4.1. Household survey

The location of each house in the community (n = 120) was
digitized in QGIS using a satellite image of the area (using
Google maps, available orthophotos and field verification)
and attributed a unique ID number. In collaboration with
hazard shelter managers from the Red Cross and the
NaDMA, we developed a household survey to gather infor-
mation on social and physical vulnerabilities at the house-
hold level (see Table 1 for the main variables collected).
The indicators incorporated in the survey were thus
chosen with support from these actors. While trying to
reflect all different dimensions of vulnerability, elements
that were more likely to be recognized by the CDRT
were prioritized, for example factors that they had gained
familiarity with through prior Red Cross training. This
was considered to be important to ensure rapid appropria-
tion over the mapping process.

With the support of a “house ID map”, CDRT volun-
teers were instructed to undertake household surveys
across the entire community, making sure to record the
house ID in each survey sheet so that household data
could be geo-referenced and displayed in QGIS.

3.4.2. First community mapping session

Following the collection of household data, two commu-
nity sessions with CDRT members were organized to
gather information at the community level and to discuss
the use of information collected. At the end of each
session, participants were handed a short feedback form
to record their views and their perceptions on the difficulty
and value of the activities undertaken.

Figure 2. PGIS step-by-step methodology.
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During the first community session, plastic transparen-
cies were laid over a printed base map (a geo-referenced
MODIS satellite image at scale 1:500 on an A0 paper)
and pinned to a wall. A second map with the names of the
houseowners was also displayed as a reference, to allow the
participants to familiarize themselves with the scaled map.
The community CDRT had already created a hand-drawn
sketch VCA map with the assistance of the Red Cross in
2011. This map, also pinned to a wall during the session,
illustrated the main communal infrastructural features
including access roads, footsteps and drainage lines. After
explaining the purpose of the session, markers were distrib-
uted to the 11 participants (5 female and 6 men), who then
engaged in three different activities.

On the first plastic transparency, participants were
asked to remap the spatial features identified on this VCA
non-scaled map and to add any extra features they per-
ceived as relevant but were absent in the original sketch
map. On a second transparency, participants were asked
to identify areas prone to flooding or landslides based on
historical or recent observational records. In the final exer-
cise, we gave the participants a list of adaptation and miti-
gation measures that had been previously generated with
the Red Cross, asking to identify the locations where
these activities should be undertaken (for example, where
should trees be planted for land stability and blocking
strong winds).

The exercises undertaken as part of this session enabled
the collection of information on vulnerability factors at the
community level. In addition to the mapping exercises, the
session was accompanied by facilitated discussions where
participants were encouraged to debate on the geographical

and social features that make their community vulnerable.
This technique has proven to be successful in communities
in Mozambique where PGIS has been used for community
risk hazard mapping (Kienberger, 2014a).

3.4.3. GIS data processing

The information collected through the household surveys
was incorporated into QGIS by joining the excel sheet
with survey information linked to the house ID GIS layer.
Similarly, the transparencies generated in the first commu-
nity session were photographed, geo-referenced against a
satellite image (MODIS, UTM Zone N20 – WSG_87)
and the information they contained digitized (Table 2).

Using the information from the household survey about
exposure to landslides and flooding, and based upon the
expert advice of Red Cross personnel and shelter managers,
we generated a buffer of 3 m around each of the properties
affected by either or both these hazards. The selection of a
3 m buffer, although arbitrary, provides a medium range of
the extent of impact caused when houses are directly
affected by these hazards and it is just an approximation
to the actual area that would be affected. We then combined
the outputs from the buffering analysis with the areas ident-
ified as prone to flooding and landslides during session 1,
hence determining the total extent of land vulnerable to
flooding and landslides.

3.4.4. Second community mapping session

Using a laptop and a projector, we presented the processed
GIS results from the first session, and highlighted some

Table 1. Information collected through the household survey.

Information on the property
• The physical characteristics of the property: terrain steepness, frequency of landslides and flooding;
Information on the house
• The physical characteristics of the house: construction materials, presence or absence of foundation pillars, bracing in the building
corners and presence or absence of hurricane straps

Social data
• Number of males, females and children in each house; age; occupation; disabilities and health issues

Table 2. Information mapped during first community session (three exercises).

Infrastructure Main road, dirt roads, footpaths and concrete steps

(First exercise) Drains and blocked drains
Bridge

Risk areas Communal areas prone to flooding
Communal areas prone to landslides
Electric posts dangerously installed in close proximity to houses

(Second exercise) Slippery areas
Areas with loose boulders and large rocks
Dangerous overhanging trees

Mitigation measures Wind breaks and planting of trees
(Third exercise) Construction of a bridge to link the main road and the beach to facilitate mobility and evacuation
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clearly identifiable patterns to generate discussion among
participants (see Section 4 on results for details on
mapping outputs).

Participants were then divided into three groups of four
people each and given the same 30 flashcards per group.
Each flashcards contained a household vulnerability par-
ameter taken from the household survey (see Table 1).
Groups were asked to select the four criteria that better
characterize a house with “high”, “medium” or “low” vul-
nerability to flooding, landslides and hurricanes, respect-
ively. After 15 min, a representative from each group was
asked to present the group’s selected criteria. With a com-
puter and a projector we used the SQL query on QGIS to
visualize the information in real time and show the way
the map would change depending on the criteria selected.
This helped in facilitating a discussion among CDRT
members, allowing them to identify “hot spots” or areas
where several houses are highly vulnerable and reaching
a final a consensus on the parameters that are most likely
to affect house vulnerability.

Combining the information digitized after the first com-
munity session and the data on perceived vulnerability, we
then displayed the final community vulnerability map. Par-
ticipants were then asked the question “How would you use
the information from this map before, during and after a
disaster?”

Finally, we displayed the survey data collected on
social vulnerability, namely number of males, females
and children in each house; age; occupation; disabilities
and health issues. The participants were asked to consider
how they could use this information to prepare and
respond to natural disasters. In their response, they stressed
the potential use of this information during evacuations to
prioritize how to assist different houses depending on the
ratio of adults, children and elderly.

3.4.5. Evaluation of process

We decided to carry an evaluation of the tool to assess its
current effectiveness and ease of use in order to advance
its future use drawing on four main sources of information.
First, we recorded comments provided by the participants
during the community sessions. Second, we collected feed-
back forms at the end of each session. Third, we have
responses received during interviews with the directors of
NaDMA and the Grenada Red Cross. Finally, we reflected
on our own views of the process and considered improve-
ments of the tool.

4. Results and feedback

Information collected through the household survey is
shown in Table 1. The survey included information on
the physical characteristics of the property, information
on the house and key social data. Information mapped

during the first community session is shown in Table 2. It
includes critical information on the infrastructure, areas
prone to hazards and potential location of mitigation
measures within the community.

The main map created as a result of the integration of
data collected during the two community sessions and the
household survey is shown in Figure 3. Results show that
a majority of the houses have high to medium vulnerability
scores. These are properties mostly characterized for
having flat roofs, not being well attached to the ground
and being located within areas prone to flooding (towards
the lower edges of the mountain) or to landslides (primarily
in the higher grounds). Access to evacuation routes in case
of a hurricane is generally good, but some of the routes are
not in good condition, or present evacuation obstacles such
as boulders and steep stairs.

There is a strong difference between the perception of
risk shared by community members when mapping com-
munal areas and the results obtained when information
from individual private properties are included (Figure 4).
In the transparency created during the first session, the
areas highlighted as prone to flooding and landslides
were large, but appeared few and mostly concentrated
around public spaces (Panel A, Figure 4). But when a
buffer is added to the individual properties affected and
included in the map, the total area exposed to flooding
and landslides is much larger (Panel B, Figure 4).

In terms of the perceived utility of the mapping
outputs, the CDRT were able to identify clear uses for
map as part of the second community mapping session.
Before a disaster, CDRT members suggested they could
use the map to monitor flooding and landslide areas, ident-
ify and allocate tasks for undertaking preventive actions (e.
g. cleaning up of drains, cutting down of dangerous trees)
and identify needs to be communicated to the Red Cross
and NaDMA, particularly prior to the hurricane season.
During a disaster, they felt that the map could help in
search and rescue and to identify hazardous areas to be
avoided during evacuation procedures. After a disaster,
the CDRT thought they could use the map to plan the div-
ision of tasks and survey areas to gather information for
the Damage and Needs Assessment that each community
needs to submit to the Red Cross within 24 h of a
natural disaster.

At the end of the second community mapping session,
the CDRT members strongly advocated the need for a sep-
arate field map displaying this information. In response to
this request, we developed a stand-alone map displaying
the social parameters they felt were most valuable during
evacuation and search and rescue (Figure 5). We thus pre-
pared three supplementary field maps containing this infor-
mation, which were handed to the CRDT along with the
main map.

The final maps were provided to CDRT members who
then presented them to the rest of the community in an
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open event, announcing they would post the main map on
a notice board at the entry of the community and indicating
the custodians of the three supplementary maps. Finally,
the results from the exercise as well as the feedback
received from the community were subsequently shared
and discussed with the directors of NaDMA and the Red
Cross at private meetings.

4.1. Results from the evaluation

4.1.1. Comments collected during community sessions

When asked how the final maps could be used, participants
mentioned uses primarily as a planning tool, capable of
supporting the CDRT’s plans for preventive actions, eva-
cuation, post-disaster search and rescue procedures and
information collection on damages and needs.

Figure 3. Household vulnerability map. Provides information on community infrastructure, risk areas, hazards and household vulner-
ability. Information on household vulnerability presented is the result of integrating the criteria established by CDRT participants
during the second community session with shelter expert’s judgement.

Figure 4. Community areas prone to flooding and landslides. Comparison of the results obtained from the community mapping session
against the map incorporating community mapping session outputs and household survey data.
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Some of the members requested a second field map
containing social data from the household survey
(Figure 6). They claimed this would support evacuation
and search and rescue procedures by providing timely
information on the social structure of each household
(i.e. number of adults, children and elderly in each).

Their request shows that participants were able to con-
ceive and request a new map on the basis of their knowl-
edge and needs and their basic understanding of GIS.
This suggests that our PPGIS methodology is user-
friendly and can be used and owned by non-technical
experts.

Figure 5. Supplementary field map. Includes household information on the number of people living in each house and information on
potential hazards.

104 L. Canevari-Luzardo et al.



4.1.2. Community feedback forms and comments from
Red Cross and NaDMA

At the end of both community sessions, a short form was
provided to the participants in order to gather their feed-
back and comments on the session’s process and
outputs. Thirteen feedback forms were received after the
first session and fifteen after the second. Comments
suggest that the PGIS mapping process was perceived as
interesting, useful and not too technical. For example,
one participant stated that “it is useful because it teaches
you where hazards are and what to do if a situation gets
worse and how to cope with it”. Several of the respon-
dents said that they found the process to be very edu-
cational and empowering, helping them to communicate
and better organize as a group, and they mentioned the
visual power of GIS as key in learning about the commu-
nity vulnerability. As noted by one of the participants:
“based on what we have learned in the session we can
educate other people in the community”. Some observed
that the final maps can be used as a planning tool, to
help them organize more autonomously and efficiently
to respond to natural disasters.

Even though no GIS training was provided, some par-
ticipants regarded the sessions as a training experience
because, as noted by three of the respondents, it helped
them understand the spatial characteristics of the commu-
nity and the social aspects of each household in ways that
could help them to prepare for disasters. When asked
about any difficulties experienced, none of the respondents
mentioned the use of GIS as confusing or problematic.
Conversely, some declared to have enjoyed the second

session more, with its more technical aspects and its
visual interactive maps.

The directors of NaDMA and the Grenada Red Cross
seemed to regard the mapping exercise as very valuable.
The director of the Grenada Red Cross observed:

It is not just technical for the experts, but the man on the
street can look at it, can understand it and can also see
his or her vulnerability better and be able to figure out
what move to make if there is a hazard coming. It can be
use top to bottom, bottom to top and everybody would be
able to speak and understand the language.

They saw the partial PGIS and the process as a practical
and feasible way to gain a better understanding of house-
hold vulnerability and as a new complementary instrument
to mobilize communities. Both directors recognized the
tool’s value as a practical mechanism for storing and
sharing information on communities.

4.1.3. Evaluation by research team

During the process we identified several areas for improve-
ment. First, we feel it would have been useful to incorporate
biophysical data sets in the GIS. Biophysical data on slope
steepness or landslide risk could prove particularly valu-
able as a source of validation for community-based infor-
mation. We also wish we had collected more information
in the household survey and during the first community
session, including on the location of recovery resources
(e.g. first-aid kits and construction tools) and financial
data (e.g. income or foreign remittances per household)

Figure 6. Precision in PGIS applications, adapted from McCall (2006).
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and on economic activities such as farming and fishing and
their location. This information could be used to assess the
recovery and adaptive capacity of a community after
extreme weather events and to evaluate not only the risks
and vulnerabilities of houses and households, but also the
risks posed to livelihoods.

The PGIS methodology could be further refined with
the incorporation of map validation exercises. Map vali-
dations could be done with community members (e.g.
with GPS) to evaluate the accuracy of the information
they have provided, particularly with regard to fixed
assets such as roads, trees and telephone poles. Another
mechanism to validate information is using other data, for
example overlaying household data with a digital elevation
model (DEM) to validate information recorded on the
steepness of slopes.

We also recognized that for future planning there is a
need to take account of climate change and future socio-
economic development. We were only able to identify
areas at risk or that are vulnerable based on historical or
observational information. Future studies could account
for threats that may emerge under a changing climate and
could include scenarios for future social and economic
development as this may affect the vulnerability of the
communities to hazards. This may facilitate a better inte-
gration of disaster risk reduction and climate change adap-
tation actions in planning activities; an integration that is
vital to the sustainability and effectiveness of vulnerability
reduction efforts (Gero, Méheux, & Dominey-Howes,
2011).

We also identified a need for methods to combine par-
ticipants’ perceptions of key vulnerability factors with
shelter managers’ criteria. During the second community
session, participants were requested to select the key
factors that make a house vulnerable to flooding, landslides
and hurricanes and these appeared to be somewhat different
from those of the shelter managers.

5. Discussion and conclusions

This study set out to explore the applications of PGIS in
community risk and vulnerability mapping. Our results
suggest that PGIS can be used as a mechanism to record
local spatial knowledge on climate hazards and vulner-
ability and to support communities developing risk preven-
tion and vulnerability reduction measures. Using
geographic information technologies through PGIS
requires well-designed and well-targeted knowledge co-
production processes. With a clear idea of who the map is
for and how it is going to be used, facilitated PGIS exercises
can bring to light important local knowledge on vulner-
ability factors, helping to steer decision-making processes.

Due to the diversity and flexibility of climate vulner-
ability research methodologies, there is an opportunity to

reframe vulnerability issues with a different vision: one
centred in user-minded and participatory approaches that
encourage knowledge co-production. As noted by Kienber-
ger and Steinbruch (2005, p. 1),

P-GIS methods and methods addressing vulnerability
assessments are currently merging at an interesting focal
point. Both terms and fields are under discussion in the
scientific world as both concepts ask for clearer definitions,
review of its relevance and deeper exploration of
methodologies.

This PGIS study illustrates mechanisms to engage com-
munities and support risk and vulnerability reduction
efforts through assisted GIS-based vulnerability mapping
processes.

While PGIS may not be suitable for all types of vulner-
ability assessments, our study provides some evidence of
the type of benefits it can offer and on the credibility, legiti-
macy, relevance and utility of PGIS in vulnerability
reduction and DRM efforts.

In terms of the accuracy and precision of PGIS, we are
aware of some inaccuracies in our maps generated through
participatory mapping – especially in terms of mapping
skills and spatial perceptions. However, all vulnerability
mapping processes, even the most quantitative and techni-
cal, are affected by value judgements and biases, which can
be embedded in the ways researchers frame vulnerability
issues (Preston et al., 2011). A well-documented step-by-
step process such as the one proposed in this paper can
help tracking and recording any biases stemming from
the mapping process, helping to promote its use and credi-
bility. Evaluating the accuracy and precision of our meth-
odology in the context of McCall’s (2006) evaluative
framework for PGIS applications (Figure 6), it can be
noted that using scale maps and GPS field validation can
increase the accuracy of mapping outputs. Incorporating
geo-referenced household vulnerability data helps to
develop high-resolution information, especially if those
conducting household surveys are trained to gather good
data.

We also observed that slight inaccuracies in the maps
do not prevent key stakeholders from using the map as a
decision support tool to prioritize actions, allocate respon-
sibilities and organize efficiently. In our case key stake-
holders from the community and disaster response
agencies did not seem to want more precision to achieve
the overall goals of the project.

In our study, we did not include all members of the
community in mapping but invited a subgroup of the com-
munity (the CDRT members) to participate in the mapping
exercises. This group, while small (an average of 11 people
equally divided between female and male attended the ses-
sions), has extended reach into the community and legiti-
macy based on its efforts to protect the community from
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disasters. We intend that lessons, tools and experiences
acquired by the CDRT will enhance their ability to
support the broader community disseminating knowledge
on risk preparedness and vulnerability. Certainly, working
with a subgroup in PGIS raises the question of how partici-
pative should a PGIS be to help achieve the objectives of a
mapping project and be seen as legitimate by a community.

We also suggest that some of the technical challenges of
using GIS software in a participatory process can be over-
come by using facilitators to do the GIS work, without dis-
empowering community members or altering power
relations. If the facilitator takes a subservient approach to
the process, and is seen as someone who is recording the
community’s views and knowledge, participants can
express their opinions, determine their priorities and
engage in the discussions without any prior technical train-
ing. The visual power of GIS clearly helped to highlight
certain community issues and instigate discussion. Partici-
pants’ perceptions of how to use mapping outputs show
that they saw the utility of the map as a planning tool,
this despite their lack of understanding of the technical pro-
cedures undertaken to digitize and geo-reference spatial
information. When the participants requested the facilitator
to prepare a second field map containing social data from
the household survey to be used during assisted evacuation
or search and rescue (Figure 5), they prove to understand
the capabilities of GIS software, taking ownership of the
mapping process asking for new maps and manipulation
of the GIS data.

As noted earlier, the feedback evaluation suggests the
exercises were perceived as interesting, useful, not too
technical as well as educational and empowering. Of par-
ticular note were the positive responses about how the
GIS helped people understand the spatial characteristics
of their community and the social needs of each household
when preparing for disasters. None of the participants men-
tioned the use of GIS as difficult, and the directors of the
NaDMA and Red Cross directors perceived the mapping
exercise as being very valuable.

People saw the mapping outputs as useful in several
risk prevention and vulnerability reduction activities,
including longer term periodic efforts to reduce risk (e.g.
cleaning blocked drains and cutting overhanging trees);
supporting the division and monitoring of tasks; guiding
search and rescue or assisted evacuation procedures and
facilitating the gathering of information on damages after
a disaster for communicating needs and problems.

Because vulnerability information needs regular updat-
ing, the PGIS process could also promote a continued and
interactive relationship between communities and risk
management agencies. The agencies in many cases
already collect regular information from communities, but
not in the form of GIS data. By incorporating GIS into
their jobs, information can be integrated with other social
and scientific data (e.g. downscaled climate change

scenarios, DEM and annual census). This can help manage-
ment agencies and communities not only understand vul-
nerability processes at the local scale, but also generate
larger data sets on vulnerability variables that can be
helpful in requesting support for projects or international
assistance. For this purpose a GIS database could prove
extremely useful to the Red Cross and other agencies, as
it would provide a platform for storing and analysing
important spatial information.

By introducing GITs in risk and vulnerability reduction
programmes, organizations such as the Red Cross and the
NaDMA are better equipped to store and update infor-
mation on a community’s vulnerabilities. Similarly, com-
munities are provided with other mechanisms to record
their views and are presented with a tool to help them
make decisions that could further increase their ability to
cope with weather-related crises.

One reason for the relative success of our PGIS project
was that it was part of ongoing vulnerability and DRM pro-
grammes. The support of other institutions such as the
Grenada Red Cross and NaDMA helped to design and
implement legitimate mapping processes. Also, commu-
nities with ongoing DRM efforts tend to have a greater
shared level of understanding of vulnerability issues, may
already be familiar with sketch mapping techniques and
are more accustomed to facilitated workshops.

In the case of Beausejour, the fact that the community
had interacted with facilitators from the Red Cross made
them more open to dialogue with our project. These con-
ditions facilitated the mapping process and gave the PGIS
pilot project more credibility among the community.
Cooperation with institutions such as the Red Cross for
the use of PGIS vulnerability mapping can be further
enhanced through the development of training activities
that introduce institutional staff to scientific methodologies
and GIS for vulnerability assessment.2

The value of the partial PGIS methodology presented in
this paper can extend beyond its immediate mapping
outputs to empower a community to make decisions, take
action and demand resources to reduce their exposure and
vulnerability. Co-production in climate vulnerability
research through PGIS has many benefits and PGIS has
the potential to respond both to the increasing need for
high-resolution information at the local level and the
need to help mobilize communities to understand and
manage their climate vulnerabilities and adapt.

Disclosure statement
No potential conflict of interest was reported by the authors.

Notes
1. This participatory GIS project was conducted through an

internship that the lead author was invited to experience
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with the Grenada Red Cross in the summer of 2012 as part of
the regional project on “Caribbean Red Cross Societies:
Saving Lives, Enabling Healthy and Safe Living”, funded
by the European Commission Office for Humanitarian Aid
(ECHO).

2. The French Red Cross will publish a manual to operate the
PGIS tool on QGIS with the help of the first three authors
of this paper. The training of NaDMA project officers on
GIS techniques is under consideration.
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