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Coastal areas always have to confront with a rapidly growing impact of disasters, due to many factors that cause
an increase in the vulnerability of local communities combined with an increase in (hydrometeorological)

hazard events related to climate change. Based on the analysis using modified DPSIR framework, this paper
present the analysis of the pressures and impacts of the most important socio-economic driving forces, i.e.
population growth, agriculture, aquaculture, fishery and tourism, on the environmental state, of Quang Nam

coastal zone, one of the most vulnerable region in Vietnam. These undesirable environmental changes would be
potentially exacerbate by the impacts of climate change, such as increased tidal level and thus, increased rainfall
as well as increased frequency, magnitude and uncertainty of natural hazards. The paper presents a tailor made

set of vulnerability indicators that can be useful to enhance the awareness local communities about their
vulnerability (social, economic, environmental and morphological) to various types of disasters and therefore,

and to strengthen their resilience in the long term.
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1. INTRODUCTION

Disasters appear on the headlines of the news
almost everyday. Most events happen in far-away
places, and are rapidly forgotten by the media
while others keep the attention of the world media
for rather long period of time. The events that
receive maximum media attention are those that
hit instantaneously and cause widespread losses
and casualties, such as earthquakes, floods and
hurricanes. On the other hand, there are very
serious slow onset geomorphological hazards,
such as soil erosion, land degradation,
desertification, glacial retreat in mountains etc.
that may cause much larger impacts in the long
run but receive less media attention. It is
important to distinguish between the terms
disaster and hazard. A disaster is a function of
risk process. Risk results from the combination of
hazards, conditions of vulnerability and
insufficient capacity or measures to reduce the
potential negative consequences of risk. The
formal definition of these terms can be found in
many references. For example, UNISDR defines
natural hazard as “natural process or
phenomenon that may cause loss of life, injury or
other health impacts, property damage, loss of

livelihoods and services, social and economic
disruption, or environmental damage” and
disaster as “a serious disruption of the
functioning of a community or a society involving
widespread human, material, economic or
environmental losses and impacts, which exceeds
the ability of the affected community or society to
cope using its own resources” [Source:
http://www.unisdr.org/we/inform/terminology].
UNISDR (2004), therefore, defines disaster risk
as a combined function of hazard, conditions of
vulnerability and insufficient capacity or
measures to reduce the potential negative
consequences of risk. In past decades, experts
and scientists world-wide argued that no risk
occurs if no hazard exists or nobody lives in the
affected area and thus, they have involved
actively in developing a sound concept of
function combining these components. The
change was also from an approach that was
focused primarily on the hazard as the main
causal factor for risk, and the reduction of the risk
by physical protection measures to a focus on
vulnerability of communities and ways to reduce
those through preparedness and early warning.
However, as the hazard significance (magnitude
and frequency) is out of human control or could



be interfered by action at global level in the long-
run, to reduce the disaster risk, we have to reduce
vulnerability and improve capacity at national and
local levels. This paper is to present the result of
the study on an integrated vulnerability
assessment by developing a specific set of
indicators for Quang Nam Coastal Zone, one of
the most prone areas to various water related
hazards (typhoon, flood and drought) in Vietnam.
Apart from that, this area is projected to be
seriously affected by climate change and sea level
rise (MONRE Vietnam, 2012). To date, many
studies world-wide have been carried out to
develop vulnerability indicators for disaster risk
management practice. However, due to far
complex and unique characteristics, including
hydrological, environmental and social, it is
useless to adopt results of previous studies in
different regions for Quang Nam Coastal Zone.
Therefore, the authors applied the combination of
hydrological modelling and conception
framework of DPSIR (DRIVER-PRESSURE-
STATE-IMPACT-RESPONSE) with taking in
account specific impacts of climate change in the
study area.

2. STUDY AREA

This study selected Quang Nam coastal zone,
Central Vietnam for pilot application of DPSIR
framework in developing disaster vulnerability
indicators because this area is critically prone to
various types of water related hazards. Quang
Nam coastal zone is the downstream of Vu Gia
Thu Bon river system, which originates on the
eastern side of the Truong Son mountain range at
the elevation of 2,000m. Its upper part is short and
steep with a narrow riverbed, steep banks and
many cascades. The system meanders once or
twice. In the middle and downstream reaches, the
riverbed is rather wide and shallow. In the
downstream reach, the banks become low,
allowing overflow into fields and villages during
the flood season. The system is formed by two
main rivers, namely Vu Gia and Thu Bon. Both
rivers have many tributaries creating a dense and
complicated hydrological system.

Below is the summary of main issues of the study
area which are used as input of DPSIR framework
application:
Issue of topography and geology: Quang Nam
province is located in the narrow Central region
of Vietnam with a total area of 10,408 km2. The
province’s topography is flat land along a long
coast line of more than 80 km and increasingly
high elevation towards the west.  Such large
surface slope strongly influences the overall

hydrological regime of local river systems which
is to be discussed in the next paragraph.
Issue of annual rainfall and typhoon. The
annual rainfall in Vu Gia Thu Bon basin is highest
compared to other parts of the whole country
Average annual rainfall is approximately 3000 –
4000mm and 2000mm in the upper area and in the
coastal zone, respectively (see Figure 1).
Torrential rain for many days is a typical weather
characteristic in this region during wet season.
Another issue of concern caused by rainfall is
extreme fluctuation in annual precipitation. The
wettest years bring approximately 4-6 times more
rainfall than the driest years. The maximum
monthly rainfall occurs during September –
November. The driest months are February and
March and have about 15 times less rainfall than
wettest months. Moreover, maximum monthly
rainfall can be caused by typhoons but can also
occur without typhoon. Every year, 2 -4 typhoons
make landfall in this region bringing huge rainfall
and whirlwind. Consequently, these climate
characteristics result in extreme hydrological
regime of Vu Gia – Thu Bon rivers which is to be
discussed in the next parts.

Issue of flooding and maximum flows. As a
result of characteristics of high geographical slope
and torrential rainfall for days the Vu Gia Thu
Bon river system experiences extreme flash
floods in mountainous area and deep inundation
in the downstream plain and coastal area.
Especially, during wet season, the rivers are
flashy, meaning that there are rapid variations in
flow, hourly, daily and weekly. For example,
long-term average maximum monthly and daily
flows for Vu Gia river at Thanh My gauging
station are 350m3/s and 3,400m3/s. The largest
daily flow recorded at this station was about
7,000m3/s on November 20th 1998. Similarly,
long-term average maximum monthly and daily
flows for Thu Bon river at Nong Son gauging

Fig 1. Topographic map and rainfall distribution over Vu Gia
Thu Bon basin (not to scale) (Adopted from Ho L.T.K, et al,
2010)



station are 700m3/s and 5,700m3/s. According to
local water experts in Quang Nam Hydro-
Meteorological Center, the discharge of 400m3/s
results in the flooding of emergency level II in the
downstream plain and coastal zone. As shown in
Figure 2, almost every year, Quang Nam province
is stroke by damaging flooding.
Issue of drought and salt intrusion. Another
type of water related hazard faced by local
communities living in Quang Nam coastal zone is
critical water shortage and salt intrusion in dry
season. From Figure 5 it is noticed that most of
annual flow concentrates during a few months,
from September through November. For the rest
of the year, the river flow is rather low: the flow
during 6 dry months, from February through July,
accounts for only 7% - 12% of total annual flow
[ADB, 2008].  Furthermore, such low flow results
in serious salt intrusion: even in the years of
historical flooding during 2007 and 2008, the
salinity at Duy Thanh barrage located 10km from
Dai river mouth is of about 19.2%o [ADB, 2008].
Therefore, the damaging flood during half year
and right after that, critical water shortage and salt
intrusion during another half year cause high risk
for human safety and livelihood as for natural
ecosystem integrity.
Issue of climate change. In August 2012,
Vietnam Government has issued the official
report on climate change projection for different
regions of the country based on the IPCC
scenarios. This report again emphasizes that
Vietnam is one of most countries affected by
global climate change.  According to the main
findings  of that report based on medium emission
scenario (B2) by the end of 21st century, the study
area in located in the region with  an increase,
averagely, in temperature by 2–3oC, in sea level
by 57-73cm and in annual rainfall by 20%
[MONRE Vietnam, 2012]. The latter is
considered as most critical issue of concern as
it would exacerbate vulnerability of whole
downstream and coastal areas due to
devastating flow discharge and long
inundation.
Issue of aquatic biodiversity. Quang Nam
coastal zone has extensive environmental
resources. There is highly diversified fish
population with about 2470 species, including at
least 268 species of native freshwater and
brackish water fish, including 7 species listed in
the National Red Book (Clupanodon punctatus,
Onychostoma laticeps, Bangana lemassoni,
Spinibarbus hollandi, Tor tambroides,
Cranoglanis sinensis and Bagarius bagarius)
[ADB, MONRE Vietnam, QuangNam DONRE,
2008]. Especially, sea grass and coral reef are

particularly important features, for which some
marine conservation areas have been assigned.

The sea grass beds composed of at least 7 species
are located mainly around Cu Lao Cham island
(500ha) and An Hoa lagoon of Thu Bon estuary
(around 10ha)… Coral reefs are observed in the
headland of Nui Thanh district and Cu Lao Cham
islands over an area of 150 hectares with more
than 35% coverage and 135 identified coral
species. Coral reef and sea grass are critically
vital ecosystem for the local area as it provides
habitat more fishes and shrimps and help break
the wave attach.

As all the issues described above will be taken
into consideration for integrated vulnerability
indicator assessment and correspondingly, a rang
of the data and information has been needed, such
as: water level, discharge, salinity, social and
economic production information, past disaster
event record…

3. DPSIR FRAMEWORK FOR
DEVELOPMENT OF DISASTER
VULNERABILITY INDICATORS

DPSIR, Driver – Pressure – State – Impact –
Response, framework is a conceptual model to
understand the connections among the different
indicators of both, environmental and social
systems. The DPSIR framework, firstly developed
by the European Environmental Agency, has
being suggested as an advantageous method to
define cause – effect relationship, highlighting the
connection among the causes of environmental
problems, their impacts and the society’s response
to them, in an integrated way. As shown in Figure
3, the framework structures the indicators of
environmental and human systems in five groups
connected by two types of links: a direct causal
chain (Driver, Pressure, State, Impact and
Response); and feedback links between the
Responses and their targets (Drivers, Pressure,
State and Impacts) [EEA, 1999].

Fig 2. Monthly mean discharge at Nong Son station during
2000-2009 (Source: Nong Son gauging station, Quang

Nam province)
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The advantage of this DPSIR is being able to
clarify and analyse complex multi-sectorial
inter-relationship. Therefore, it can also be
applied in coastal vulnerability assessment. The
coastal zone, a transitional zone between the
land and the sea, is usually characterized by
complex and diversified features, such as
estuaries, coastal lagoons, sand dune... that are
recognized as far important component in terms
of their ecological values and utilization by
humans (Clark, 1996). Such threat seems to be
exacerbated due to climate change, which is
reality and its impacts have been experienced in
many parts of the worlds, such as increased
disaster magnitude and uncertainty, fresh water
shortage due to increased salt intrusion, tidal
inundation in coastal cities... As original DPSIR
framework used mainly for environmental
management, this study has carried out the
modification to apply this framework for disaster
vulnerability assessment in the context of climate
change which is to be discussed in next part.

4. RESULT AND DISCUSSION

This part is to discuss the result of application of
modified DPSIR framework for Quang Nam
coastal zone, Central Vietnam. To select the main
drivers for this assessment, an overview of
existing socio-economic stressors is needed. As
described earlier, Quang Nam has a coast of
125km, stretching along 5 districts named Dien
Ban, Duy Xuyen, Que Son, Thang Binh and Nui
Thanh and a city of Hoi An, UNESCO World
Heritage with a population of 100,000 people and
a density as high as 1,000 people/km2 [ADB
2008]. The living standard and average income of
local people is rather low and unstable compared
to other regions of Vietnam. The  major economic
activities in Quang Nam coastal zone include
agriculture, aquaculture, fishery and tourism,
which all strongly depends on natural resources
and be influenced by natural conditions and thus,
highly vulnerable to natural hazards.

Based on these factors, there are 5 DRIVERS to
be included in the modified DPSIR assessment for
Quang Nam coastal zone, namely DENSE
POPULATION, AGRICULTURE,
AQUACULTURE, FISHERIES and TOURISM.

Although agriculture does not bring much income
for local farmers, it is a traditional livelihood to
engage large rural population, especially woman.
Therefore, it is quite important activity to
maintain food security. However, during a field
survey, the local farmers reveal that in the recent

years, they have been experiencing decrease in
crop production because of insufficient irrigated
water and increased salinity as well as increased
damaging floods. Being different from agriculture,
fisheries and aquaculture activities have been
extended rapidly during past years. In 2011, total
area of agricultural lots is about 7,500ha
occupying most surface of estuary, coastal lagoon
and even sand dune which result in undesirable
changes of morphological features and
consequently, high vulnerability to flooding and
erosion [VAST, 2011]. Similarly, offshore fishery
has been expanded in terms of number as well as
capacity of vessels and become one of the most
dynamic activities in Quang Nam coastal zone
because of its significant contribution to poverty
alleviation and employment promotion [ADB
2008, VAST 2011].

The PRESSUREs exerted by these booming
economic activities are subsequently transformed
in a variety of natural processes that may result in
changes in the STATE of the environment. This
causal-effect relationship is analysed in modified
DPSIR framework (see Figure 4). Moreover, as
described earlier, Quang Nam coastal zone is
projected to have an increase of sea level by 57-
73cm and of rainfall by 20%, according to IPCC
scenario B2 and consequently, this area is
vulnerable to increase of all types of coastal
hazards, i.e. typhoon induced whirl wind and
storm surge (sea flooding), river flooding, drought
and salt intrusion. Except degradation of water
quality, all other changes of state would accelerate
the vulnerability of local communities to natural
hazards. Figure 4 also presents four groups of
vulnerability indicators, namely social, economic,
environmental and morphological.

The usefulness of this tailor made set of indicators
is that the local managers can have answers to

The DPSIR Framework

PRESSURES
e.g., effluent,

overexploitation…

DRIVERS
e.g., aquaculture, industry…

STATE
e.g., water and soil quality,

morphology, biodiversity,…

IMPACTS
e.g., economic loss, uncertain
livelihood, health problem…

RESPONSES

e.g., policy, awareness
raising, advanced technology

application…

Fig 3. The DPSIR Framework (Source: EEA, 1999)



several questions, like: which type of
vulnerability that local people have to cope with?
what are the main societal driving forces that
cause pressures to lead to the generation or
increase of vulnerability? What are the
consequent changes of environmental status at
present and its trends in the future, especially in
the context of climate change? What are the
necessary responses or counter measures to
reduce vulnerability and thereby, to reduce
disaster risk and to enhance resilience capacity of
local community.

5. CONCLUSION AND
RECOMMENDATION

Quang Nam coastal zone has been subject to
numerous studies that touch upon the complexity
of its physical, environmental, social and
economic issues. The diversity of these studies
serves as a knowledge base for the area. However,
the potential impacts of climate change and
especially their influences on the disaster
vulnerability have not yet been addressed
explicitly. This paper has attempted to apply an
integrated assessment approach by using modified
DPSIR framework to assess the vulnerability of
the study area to natural hazards which are
projected to be exacerbated due to global
warming and sea level rise. This approach
produces the tailor made set of vulnerability
indicators defining the social, economic,
environmental and morphological (physical)
vulnerability, which can be an useful tool for
community based disaster management in a
developing country like Vietnam. Moreover, as
noted from the analysis, the factors increasing
vulnerability are closely related to national level
policies and management strategies. Moreover,
actions taken to alleviate sources of vulnerability
are mostly on the local level and thus, the scale of
assessment used in this paper can be helpful in
planning and undertaking mitigation measures.

Nevertheless, the approach is not without its
weaknesses. In particular, it relies on range of
data sources that might not be adequate quality
and of not complete coverage. The analysis might
suffer from gaps attributable to a lack of
comparable data on a number of high priority
issues, such as the lack of time series data on
salinity and tidal regime and lack of long term
biodiversity record. Furthermore, the process of
reviewing and screening the various indicators
used in assessing vulnerability to select those best
suited for the study area is of subjective nature.
The use of a panel of experts or relevant
stakeholders to select the most suitable indicators
can be a less subjective approach in future studies.
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Fig 4. Application of modified DPSIR framework for vulnerability assessment in Quang Nam coastal zone, Central Vietnam


