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It is with a definite sense of pride that I register another
first for the School of Applied Sciences - Komal Raj Aryal
and Zaina Gadema’s edited volume of the UK- South Asia
seminar held in Kathmandu in June 2008. 

The event itself focused on young scientists and
practitioners, providing a forum to share knowledge, good
practice and experiences of building pre and post
disaster planning capacity, with a specific reference to
climate change. A forum, which I hope will develop further
to provide and promote a lifelong collaboration in the
exchange of ideas to reduce vulnerability and increase
resilience to disasters.  Central to this work is the
collaboration between academics and “blue light” service
personnel who work at the front line of disasters; and I am
particularly grateful for the continued support and
collaboration of Tyne and Wear Fire Service and the
Nepalese Police and Fire Services.  I very much hope
these relationships are strengthened further in the future,
particularly as we widen out our partnerships to other
services both in the UK and abroad.  

What pleases me most about this publication is the
quality of the papers produced, which reflect the high
quality of presentations made at the event.  I can only

applaud your maturity and insight in both written and
spoken performance.  I would like to thank Professor Phil
O’Keefe and Dr Sam Jones for serving as the secretariat
at the meeting itself and for providing the support to
Komal and Zaina in the production of this volume.  Final
thanks go to the sponsors of the original meeting, namely
DelPHE programme of British Council, DFID and
ProVention Consortium.  I would also like to pay particular
thanks to our hosts: the Ministry of Local Development;
Dhankuta Municipality Risk and Resilience Committee;
and the Disaster Management and Sustainable
Development Centre, Kathmandu University.

With such a significant output from the first meeting, and
with the continued involvement of our sponsors and
hosts, I very much look forward to the next meeting, which
has much to live up to after such an effective and high
quality start.

Professor Julie Mennell
Dean, School of Applied Sciences 
Northumbria University
Newcastle, UK
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Recent climate predictions suggest a five
degree increase in temperature by 2080, that
50 million people may be at risk of hunger by
2020, that millions of people in South, South
East and East Asia will be flooded, and that
there will be an increased toll on countries
already with high burdens of poverty and
infectious disease1. Whilst precise
predictions on the impact of climate change
are far from secure, varied scenarios
consistently indicate that temperatures will
rise, and that climatic events will become
more variable and extreme over much of
South Asia. Little research yet specifies the
extent to which the development of coping,
adaptation and resilience will offset the
potential impacts of climate on environment,
people and institutions. The issues
associated with climate and disasters are
complex in that they engage changing
hazards, vulnerabilities and security contexts.
Specifically, we know that poverty,
marginalisation, environmental change
(social, economic, and physical), and conflict
comprise humanitarian emergencies.
Reversing negative trends in this field
therefore requires the knowledge and
perspectives of a wide range of specialist
and lay persons. Disaster impact reduction
becomes by necessity an integrated
approach and people centred. It seeks to
promote wealth and wellbeing, inclusion and
reduced vulnerability, manageable
environmental change, and conflict
mitigation. Some of the challenges are to
reduce the uncertainties in risk assessments
and identify implementable solutions at the
local level, with regard to systems of

governance that best facilitate these
processes.

This event focused on the link between
climate change and disaster impact
reduction. It was opened by a high level
representation from the Government of
Nepal, international development
organisations and university leaders. Its
purpose was achieved; to consider local and
regional perspectives on the climate threat,
share and stimulate ideas about how people
are reducing climate associated risks, and
further engage networks that can contribute
towards a more sustainable future.
Presentation contributions were made from
more than ten countries. The seminar
engaged with theoretical, methodological
and policy aspects of the subject area based
on original research and reviews. There was
a genuine sense that presentations were
made to a very high standard with a
stimulating level of varied and context
specific detail.

We engaged with a particularly strong set of
examples from South Asia, from the
mountain environments of Nepal to the
deltas of Bangladesh. Presentations and
discussion took place on physical hazards
ranging from varied types of flood, landslide,
fire and drought. These were addressed
alongside analysis of vulnerability, risk and
resilience. There have been models of good
practice for disaster mitigation from
community based protection strategies to
institutional responses in the mode of
emergency management. Education has
emerged as crucial, both formally and

Executive Summary 

1 IPCC (2007) Climate Change 2007: The
Physical Science Basis, Summary for
Policymakers, Contribution of Working
Group 1 to the Fourth Assessment Report
of the Intergovernmental Panel on Climate
Change, Geneva: WMO and UNEP.
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informally. The importance for universities to
engage in research, teaching and learning
activities in the climate and disasters field was
further demonstrated by this occasion.
However, education is for all and extends into
the communities, schools and other
institutions. Particularly good examples of
progress in this respect were presented from
Turkey, Japan and Bangladesh.

We frequently noted how climate and disaster
impact reduction issues are both global and
local, demonstrated also by presentation
showing recent flooding events in the United
Kingdom. Making distinctions between notions
of developed and developing worlds in this
respect are not always useful. The threats
identified are interrelated both in terms of
global climate, economies and political forces.
We are all in this together. Furthermore, on a
distinctly positive note, we witnessed how the
research agenda for both new and established
scholars has become and can become further
internationalised. We noted the particular
strength of contributions combining
environmental and social perspectives, in
many instances drawing in much wider
disciplinary influences. We exposed evidence
that climate change and disaster reduction is
well on the agenda of the academic
community in this region and elsewhere. It is
also on the agenda of NGOs, practitioners and
Government. However we have seen how we
are still in the early parts of a long road ahead
not only in terms of there being the political
will, but also in terms of building sufficient
knowledge and capacity, essentially both
specialised and accessible.

There is a need to further understand the full
nature of hazard, and the characteristics of
resilience that reduces climate change impact.
There are many ongoing questions, some of
which were posited at the start of this event
but which became clearer alongside the case
studies provided. How can we better invest in
research that will enable a wide variety of
concerned groups and civil society to risk
assess more fully and to manage risk
effectively?  What are appropriate forms of
governance at local and wider levels that
allows this agenda to be appropriately
supported?

We know that climate change is not all in this
agenda. In many instances a reduction of
poverty and marginalisation would reduce
climate impact significantly. We know that
appropriate preparedness and response
systems can prevent major environmental
events becoming a disaster. Linking to real
world situations, full on and applied, we can
make a difference rather than accepting a
fatalistic view of what is now inevitable
increases in temperature and unpredictability in
local and region climate systems. Some of the
students contributing to this event and more
established academics were associated with
the Universities organising the event. Others
came from beyond. It has been particularly
encouraging to note that a community of new
scholars is strengthening in this field. This in
itself spells significant hope for the future.

Dr. Andrew Collins, Director 
Disaster and Development Centre (DDC)
School of Applied Sciences
Northumbria University



Foreword i

Acknowledgements ii

Executive Summary iii

Introduction 1-7

Komal Raj Aryal and Zaina Gadema

Climate Change and Variability, Energy and Disaster Management: 8
Produced Risks without Produced Solutions – Rethinking the Approach

Geoff O’Brien, Professor Phil O’Keefe, Joanne Rose and Leanne Wilson

Climate Change and Pesticides in Nepal: Chronic Exposure and Environmental Health Effects 18

Zaina Gadema

Dendrochronological Analsyes and Climate Change Perceptions 
in Langtang National Park, Central Nepal 28

Parveen Kumar Chhetri

Integrated Forest Fires Management in Spain: Towards a More Resilient Model? 33

Laura Barba Villaescusa

Local Government Co-operation with Climate Change Training in Turkey 39

Nihan Erdogan

Two Approaches to Disaster Education 43

Hideyuki Shiroshita

Spatial Assessment of Risk of River Flood  in Dhaka City, Bangladesh 47

Animesh Kumar GAIN ,M. Mozzammel HOQUE and Martin J. BOOIJ

Contents



An Emerging Geospatial Database for Biodiversity and Climate Change Studies – Indian Preparedness 53

P.K. Joshi

A Changing Climate: Developing Community Resilience  in the UK 58

Robert Bell and Joseph McFarland

INVESTIGACIÓN SOBRE ENOS EN AMÉRICA LATINA: REFLEXIONES, APRENDIZAJES Y DESAFÍOS 66

Alonso Brenes

Improving Resilience:  Coping with Global Climate Change Locally 69

Dinanath Bhandari

Indigenous Knowledge and Modern Science Provide Environmentally Friendly 74
Shelter Solutions in Flood Affected Desert Regions of India

Mihir Joshi

Social and Environmental Vulnerabilities in the Face of Climate Change for 
the Semi-arid Area of Bahia – Brazil 79

Andrea Souza Santos

Climate Change and Education: Issues Arising 86 

Professor Fuad H Mallick

Additional Earthquake Risk from Climate Change and Preparation in Nepal 90

Binod Shrestha

Landscape, Livelihoods and Risk: A Study of Community Vulnerability to Landslide Events in Central Nepal 94

K.J. Oven, Professor D.N. Petley, J.R. Rigg; C.E. Dunn and N.J. Rosser.



1

Geoff O’Brien and Phil O’Keefe
explored the links between climate variability,
energy analysis and disaster management.
Accelerated climate change and increasing
climate variability is the single largest threat
to the international goals of sustainable
development, the Millennium Development
Goals (MDGs) and disaster risk reduction.
Global discourses recognise the need for
effective and sustainable responses tso
produced climate risks. The risk types likely
to occur are known, but only in broad terms -
their scale, severity, longevity and frequency
are not known. The challenge for
policymakers is developing an effective
framework within which sustainable
responses can be formulated. To address the
problems of produced risks a
comprehensive approach to risk
management is necessary. The mechanisms
within the climate change, sustainable
development and disaster risk reduction
discourses are not sufficiently effective or
integrated to respond to this challenge.
Fundamental reform to current modes of risk
reduction is needed, but this can only be
achieved through a shift in the dominant
perspective on formulating sustainable
responses. This requires a shift to an
enabling policy framework that encourages
bottom-up resilient responses. 

Resilience is argued as a tool for policy
development that can enhance adaptive
capacity to current climate risks and shape
energy policy to respond to mitigate future
climate risks. 

Zaina Gadema explored the link between
pesticide use and climate change in Nepal.
The pesticide usage scenario in Nepal is
typically characterised by highly toxic,
inexpensive and generic formulations that
frequently do not meet internationally agreed
standards.  Many are neurotoxic,
carcinogenic, tetragenic in nature, and/or are
suspected endocrine disruptors.  Rice is a
valuable cash crop, the principal staple food
and major source of nutrition in the Nepalese
diet. Increasingly, agricultural intensification
under climate change associated with
generic pesticides (often viewed by farmers
as a panacea to farming difficulty) is shaping
and driving food production of primary food
staples, essential for food and livelihood
security. In the context of chronic exposure,
widespread pesticide use is of significant
concern as adverse health consequences
through cumulative consumption of
contaminated food is likely to jeopardise
long-term health of the Nepalese population.
Additionally, an extensive review of literature
revealed a distinct paucity of peer-review
literature specifically quantifying and
evaluating pesticide residues in rice from
Nepal.

Rationale for this study stemmed from the
need to ascertain pesticide usage in food
production to assess chronic health
exposure in Nepal.  Samples of rice were
sourced from intensively farmed regions,
supplying much of the urban population of
Kathmandu and surrounding areas with
agricultural produce, extracted and analysed

It is with great pleasure to produce
this edited proceeding of ‘Climate
Change and Disaster Impact’ which
emerged from UK- South Asia 
young scientists’ seminar in Nepal 
in June 2008. 

Three dominant themes link the
papers. The first is an emphasis on
mapping natural hazard changes as
they impact both on natural systems
and social systems. The second
theme is one of building improved
pre-disaster planning capacity by
building national and local resilience.
The final theme is the role of
knowledge and education, including
the importance of understanding the
role of indigenous knowledge to
disaster risk reduction.

Introduction
Komal Raj Aryal and Zaina Gadema
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using liquid solvent extraction (LSE) and gas
chromatography mass spectrometry
(GC/MS) techniques.  Residue
concentrations and health hazard risks were
quantified and evaluated in terms of chronic
exposure using admissible daily intakes
(ADIs) and maximum residue levels (MRLs)
stipulated by the Food and Agriculture
Organisation (FAO) and World Health
Organisation (WHO).  

Pesticide residues were detected in all
locations. Additionally, 13 pesticides were
identified, including 2 classified by WHO as
extremely hazardous, being Methyl Parathion
and Aldrin, both of which are persistent
organic pollutants (POPs) and exhibit major
health implications even at low levels of
exposure.  91% of detected pesticides are
classified by WHO as moderately hazardous
or above although, 92% of contaminated
residues occur below ADIs and 73% of
residue concentrations occur below MRLs.
However, the pesticides detected have varied
toxicological effects to human health through
chronic exposure.  

Parveen Kumar Chhetri focused on 
tree analysis to interpret climate change in
central Nepal. Anthropogenic climate change
is increasingly linked with the rapid increase
in overall global temperatures over the last
five decades which are in turn, directly
attributed to a continual growth in the amount
and concentration of greenhouse gases,
such as CO2. However, lack of long-term
climatic data for local and regional areas can
present a major stumbling block in studying
climate change. Dendrochronology is a
valuable tool with which to study climatic

change, as it provides long-term climatic
pattern indices.  To determine climatic
variation patterns, this study involved using
120 tree cores from 60 trees of Abies
spectablies from two different sites,
Chandanbari and Cholangpati areas, of
Langtang National Park.  To ascertain the
extent to which climate change issues were
understood and perceived in the local area,
local people were interviewed. 

Analyses of increment cores from both sites
showed that the trees in questionranged from
100-300 years old. Trees from the
Chandanbari site were found to be older than
in Cholangpati. The mean tree ring width of
Chandanbari was 2.34mm and that of
Cholangpati site was 1.70mm. This illustrated
that growth rate was highest (2.34mm/yr) at
the Chandanbari and lowest (1.70mm/yr) at
the Cholangpati site. Series inter-correlation
and mean sensitivity were recorded at 0.457
and 0.223 respectively for Chandanbari, and
0.499 and 0.203 respectively for the second
site, Cholangpati. The high mean sensitivity
value indicated that high inter-annual
variability was present in the ring widths and
that chronological data was sensitive to
yearly environmental changes so that the
Abiesspecies was suitable for response
analysis. Response analysis for the tree-ring
parameter,together with recorded data of
climatic change, showed that the ring width
was negatively correlated with May minimum
monthly temperatures and positively
correlated with March and June total monthly
precipitation rates. 

Interviews revealed that people perceived
significant changes in weather patterns,
particularly in the form of lower snow fall

rates, irregular rainfall patterns, intense
rainfall events, the upward shifting of snow
lines, decline in productivity of rangelands
and early blossoming of rhododendron
species over the last decade. This study
recommends further studies to be
undertaken across more sites and tree
species, with greater numbers of samples to
enable the reconstruction and formation of
climate scenarios using regional climatic data
covering longer time periods. 

Laura Barba Villaesusa addressed the
issue of pre-disaster planning and response
in fire management in Spain. Forest fires in
Spain are a recurring problem.  Every year,
forest fires cumulatively cause significant
economic, environmental, material, health
and mortality costs. Traditionally wildfire plans
in Spain have been focused on the response
phase. Government funding has been aimed
mainly at institutional resilience.  

Social prevention and rehabilitation have
largely been neglected. As a result, the
number of forest fires has risen sharply in the
last two decades. In Spain it is imperative that
a more holistic approach to the problem of
forest fires is adopted to increase resilience.
This article focuses on Spanish efforts to fight
forest fires and new approaches adopted that
aim to make the country more resilient.
Spain’s resilience and efficacy in dealing with
forest fires depends largely on whether
modern approaches consider social and
physical factors of implementation and
whether national policies are sufficiently
developed to cope with coordinating and
incorporating a combination of factors for
integrated fire risk management, via research,
prevention, response and restoration.
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Nihan Erdogan took the issue of
resilience further addressing building
capacity in local government. Turkey’s
complex topography and geographical
location makes it prone to many types of
geophysical hazard and when these occur in
or near areas where people live or rely upon
for food and livelihood security, particularly
prone to disaster. Weather related disasters
are thus high risk with the potential to
adversely affect the country at local, regional
and national levels.  Disasters can cause
high mortality rates and substantial economic
loss. Various studies have been undertaken
to learn more about climate change and its
effects in Turkey. Studies indicate the
potential for imminent and significant
changes in precipitation and climatic
temperature patterns.  These findings and
the Turkish Government’s recognition for the
need to mitigate adverse impacts of climate
change have led to the formation of the First
National Communication on Climate Change.
Many other actions have taken place in line
with the European Union. Numerous
stakeholders are now involved in working in
the sphere of climate change.  Climate
change as a stand-alone subject is now also
often delivered to students in schools as the
educational context is becoming more
prominent. This study gives an overview of
Turkey’s hazard profile and how climate
change is perceived. It also informs us how
Turkey deals with climate change within the
framework of education, how information is
delivered to students and of preventative
actions championed by the implemented
training programmes in question. This paper
concludes by outlining the strengths and
weaknesses of current training programmes
with a discussion of how these can be
improved for the future. 

Hideyuki Shiroshita provides an
international comparison of two very different
approaches to disaster education at school
level. His paper outlines two distinct
approaches to disaster education, namely
independent and holistic. It uses examples of
disaster education in Japan and the United
Kingdom. Based on these examples and in
light of the likely increase in the risk of hazard
events associated with climate change, the
paper explores how two very different
approaches might be applied to pre-disaster
planning and the mitigation of disasters.

Numerous internal and external factors drive
climate change.  Global warming, in the
context of ‘natural’, ongoing environmental
change, independent of human activity is
considered as an internal factor.  In contrast,
accelerated global warming resulting from,
for instance, industrialisation that leads to
increased levels of greenhouse gases
emissions (GHGs),is considered as an
external contributory factor. Relationships
between internal and external factors are not
always transparent, especially at the local
scale. It also remains difficult to project
impacts resulting from climate change,
although recently, the Fourth Assessment
Report of the IPCC suggests that an increase
in severe climatic events around the world,
especially, the frequency of heavy
precipitation events is likely.

There are significant differences between the
causal mechanisms of climate change and
natural hazards.  Anthropogenic
mechanisms triggering accelerated global
warming can arguably be mitigated.
Conversely, many natural hazards cannot be

easily mitigated, nor is an increase in natural
disasters necessarily attributable to peoples’
activities. In the global sense, climate change
is more open to effective pre-disaster
planning than other environmental hazard
risks.

Animesh Kumar Gain and Mozzamel
Hoque and Martin J. Booij examine
flood risk in Bangladesh. In Bangladesh,
flooding has a serious detrimental impact
upon livelihood and food security for millions of
people.  Adverse impacts of climate change in
Bangladesh have already been witnessed with
the increase of severe climatic events,
particularly flooding. The geographical and
topographical nature of Bangladesh means
that much of the land is at or below sea level.
Rising temperatures and sea levels are of
major concern, particularly as rapid changes in
climate heavily influence weather patterns with
the potential to cause catastrophic
consequences as a result of increased
flooding. Furthermore, Dhaka, the capital city
of Bangladesh is surrounded by a network of
rivers which makes the city vulnerable to
flooding. 

In this study, a flood hazard map using
Geographic Information System (GIS) and a
hydrodynamic model, HEC-RAS of the 
Balu-Tongi Khal River system, which lies in
the eastern part of Dhaka City (that has no
protection barriers against flood) has been
developed over a 100-year period. A risk
map of 100-year flood episodes is presented
which outlines a range of potential risks of
the study area in the context of economic
loss. In comparison to classical inundation
maps, the risk map developed as a result of
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this study generates more information about
flooding events because it brings into
account economic impacts of flooding. 

The map is a useful reference tool when
considering policy alternatives to minimise
loss of property brought about as a direct
consequence of floods in the study area.

P. K. Joshi explores building Geographical
Information Systems to be deployed in
preparedness planning. Spatial and temporal
variabilities of climate and anthropogenic
pressures on natural ecosystems are
complicated processes. Nevertheless, it is
essential to consider a holistic range of
impacts generated by these different
processes on the structure and function of
ecosystems.  Therefore, there is a real need
to develop baseline information for biosphere
and atmosphere dynamics in order to
facilitate greater capability to forecast
feedback loops in the context of land use and
land coverage change (LULCC) (habitat
fragmentation and invasion, species loss,
biogeochemical processes and so forth). A
range of geospatial techniques for database
creation, including remote sensing,
geographic information systems (GIS) and
grid and pervasive computing (GPC) can be
used upon which socio-economic, phyto-
sociological data and modelling techniques
can also be incorporated to provide more
comprehensive insights into often, complex
and overlapping issues.  

By taking this broad technological approach,
alternative approaches both to mitigate and
adapt to changes in LULCC can be made.
This paper discusses India’s national
initiatives that are in place for mapping and

characterising differences(at the landscape
level) in biodiversity across the country. The
database generated from this study
demonstrates the potential and limits of a
range of tools available to assess landscape
ecology.  The study illustrates the extent to
which these tools enable integration of
ancillary information (for example, social
inventory and climate data) for databases as
well as modelling techniques.  It also shows
the synergistic nature of these tools in the
context of information collation and how they
can be utilised to predict and assess
ecological trends and impacts of climate
change, especially with respect to
anthropogenic pressure on biological
richness. The work is summarised in the form
of a Biodiversity Information System (BIS);an
interactive Web GIS platform for information
dissemination, communication and collation
that derives information from a diverse range
of sources. 

Robert Bell, Joseph McFarland,
Laura Pole and Matt Innerd have a
similar focus on building vulnerability analysis
for pre-disaster planning. Natural disasters in
the United Kingdom (UK) are rare events.
However, over the past ten years the number
of emergencies caused by environmental
hazards has increased, the worst of which
have resulted in significant long-term effects
on communities. The UK has well established
and resourced response arrangements to
manage these emergencies but current
capabilities are no longer sufficient to deal
with the impacts of large-scale events. The
changing climate will affect an increasing
proportion of the UK population as the
frequency and severity of environmental
related incidents rise. There is need to

develop better individual and community
resilience to changing environmental
conditions. Providing comprehensive
understanding of the nature of individual and
community vulnerability will enable planning
and preparation to be accurately targeted to
achieve more robust resilience. 

Alonso Brenes introduced the work of La
Red and talked of building hazard trajectory
that could be used by actors and institutions
to strengthen pre-disaster planning. He
emphasised the research tradition of La Red
but also the importance of the exchange of
experience and implementation of building
resilience capacity across Latin American
and the Caribbean. He particularly
emphasised the diversity of studies available 

One major focus was changes in El Nino.
Trying to understand changes over time and
developing new methods to measure those
changes requires a strong technical applied
science. As the limits of the El Nino
movement are defined multiple adaptational
alternatives can be explored. 

Dinanath Bhandari explored the
relationship between global climate change
and local response. Communities in Nepal
are vulnerable to climate-induced hazards
such as landslides, floods and unusual
rainfall. These hazards impact adversely on
the livelihoods and assets upon which poor
people depend. This paper discusses how
the impacts of climate change are affecting
the lives and livelihoods of people living in the
mid-hills and Terai of Nepal and how people
are reacting to these adversities. Practical
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field experience has identified several
strategies that increase resilience to these
impacts and may be suitable for wider
replication.

Information collected through personal
interviews, group discussions, field
observations and reviews of relevant
literature show that the impacts of
meteorological events are real and adverse.
Erratic patterns of rainfall, increasing
frequency of hailstorms, dry storms and
prolonged drought are symptomatic of
climate change. Poor ecosystem health, due
to excessive exploitation of natural resources,
has increased the impact of climatic
variability. Weather-related disastrous events
have noticeably increased in frequency and
intensity in recent years.

Communities have traditionally adopted
different strategies to cope with the impact of
hazards but their success and future
sustainability is uncertain. Our study
concludes that awareness plays a crucial
role in building the confidence and capacity
of communities to adopt appropriate
strategies that allow them to adapt to the
impacts of changing climatic conditions.
Appropriate management of natural
resources strengthens the resilience and
adaptive capacity of ecosystems.
Diversification of options for income
generation and alternative livelihood
opportunities helps families to become more
resilient. Institutional and external support is
necessary for long-term sustainability of
adaptation measures.  

Mihir Joshi explored the development of
adaptive technologies in dealing with habitat
in India. In August 2006, unprecedented
heavy rains flooded several villages of the
otherwise drought stricken Barmer District of
the desert state of Rajasthan in western
India. Over one hundred hours of continuous
rain inundated several villages in up to thirty
feet of water. Such rains and floods had
never been witnessed in this region in over
200 years of recorded history.  The local
communities and administrative systems
were not prepared for such an emergency
situation. The floods took a toll of 139 lives
while almost 50,000 people lost their homes.
The impact of this damage was particularly
severe because houses in this region are
normally built in depressions between sand
dunes to protect from sandstorms rather
than flood.  These low-lying pockets were
flooded worst and due to the impervious
sub-soils, water flow was restricted and
stagnated for weeks.  Because the region is
sparsely populated and has little in terms of
infrastructural facilities, lack of access to
services for Barmer residents constrains
relief, recovery and rehabilitation phases of
the disaster cycle. 

SEEDS, a national NGO, immediately visited
affected areas and carried out a damage
assessment along with a study of the local
natural and built environment. The team
found that traditional construction practices
in the area were based on mud walls and
thatched roofs, with circular shelter designs.
Materials for house construction were
created with the minimum of ecological and
carbon footprints.  Houses were thermally
comfortable and conducive to extreme
weather conditions prevalent in the area. The
circular design protects structures from

strong winds and earthquakes, whilst
construction processes are simple and
suited to local skills.  

It was also realised that though traditional
practices were appropriate, the mud
structures did have certain shortfalls in water
resistance capacity due to which many
houses had suffered severe damage during
the floods.  While traditional wisdom had
provided a very high level of performance for
generations, support of technological
interventions were needed to help face the
challenges posed by unprecedented
disasters linked with climate change.

Research was carried out on appropriate
technologies for supporting traditional
construction systems, which led to the
Stabilised Compressed Earth Block (SCEB)
technology, wherein local mud was stabilised
with five percent cement, and compressed
into blocks that had high structural strength
and water resistant capability.  Blocks were
designed to be of an interlocking design so
that construction was easy for the local
population and provided additional strength
to resist earthquakes that are a distinct
possibility in the region. 

Andrea Santos provided a Latin
American example of mapping vulnerability
analysis in Brazil. Impacts of climate change
vary across regions and communities. In
general, these are more severe in regions
that show high vulnerability on account of a
number of factors including social and
climatic vulnerabilities. Droughts and
desertification processes reduce the
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availability of water, which adversely affects
agricultural practice and probably reduces
the quality of lives of populations in semi-arid
regions.

This work presents an evaluation of social
and environmental vulnerabilities in six semi-
arid districts of Bahia, Brazil. The
methodology was developed from the
assessment of scenarios from the
Intergovernmental Panel on Climate Change
(IPCC) and forecasts of the Instituto Nacional
de Pesquisas Espaciais (INPE) for regions of
Brazil.

The aim was to identify climatic,
socioeconomic and environmental indicators
to assess social vulnerabilities in the studied
districts. Subsequently, a socio and
environmental vulnerability index for each
respective municipality was developed.  As a
result, it was possible to identify which
municipalities in the semi-arid region of
Bahia, Brazil are more prone to social
vulnerability in the face of climate change.

Fuad Mallick explored the issues of linking
disaster education to development in
developing countries. Changes in climate
have occurred throughout the history. Climate
change is not new.  What is alarming is the
increased rate of change over a relatively
short period of time. Governments and
organisations over the last few years have
increasingly insisted that climate change is
an issue that requires urgent attention. Global
temperatures are on the rise as the natural
rate of change is compounded by human
activity (UNFCCC 2007). Melting ice caps

and retreating glaciers have caused further
eustatic effects and at the current rate of
change, there is risk of permanent inundation
across many low lying areas, particularly,
those defined as small island developing
states.  Consequences of climate change
coupled with increased global temperatures
are likely to have a greater adverse impact on
the poorest nations.  Lack of awareness, poor
technology capability and transfer from
Northern countries and vulnerability resulting
from poverty and exposure to disasters are
just some of the contributory factors that put
least developed countries (LDCs) at risk an
make them more vulnerable. One seemingly
indirect but important factor that makes
populations in LDCs vulnerable is the lack of
education, particularly, in the context of
issues arising as a direct and/or indirect
consequence of climate change. This paper
highlights the importance of equitable,
accessible and relevant education within
developing countries as it is argued that
education is a fundamental and essential
component in dealing with anthropogenically
influenced climate change, from local to
global scales.

Binod Shrestha focused on the problem
of glacial lake overflows. The Himalayas in
Nepal extends to 800kms.  Within this region
lie a number of lakes and tanks of glacial and
tectonic origin. Researchers are predicting
that the Earth’s temperature will increases by
2.3 to 5.6°C this century. A number of
geologists believe that glacial melting due to
climate change will unleash pent-up
pressures in the Earth's crust, causing
extreme geological events such as
earthquakes, tsunamis and volcanic
eruptions. Nepal lies in a very high seismic
region and its history is already full of

devastating earthquakes.  Climate change
multiplies the frequency and magnitude of
earthquakes occurrence. Increases in
temperature simultaneously increases the
melting of ice that amplifies lake enlargement
and landslides that ultimately cause greater
numbers of Glacial Lake Outburst Floods
(GLOF) and ice avalanches.  Traditionally,
essential infrastructure, principally dams and
reservoirs were built without assessing
climate change and its consequences.
However, in Nepal, tremendous efforts have
recently been initiated to reduce earthquake
risk.

Such efforts concern mitigation and
preparedness. Assessment of earthquake
hazard and risks form the basis of planning
and implementation of earthquake risk
management initiatives. Success of initiatives
largely depends upon a thorough
understanding of hazard and risk, by
stakeholders including communities, the
private sector and municipalities. For
example, the Municipal Earthquake Risk
Management (MERMP) and School
Earthquake Safety Program (SESP) are
benefiting a great deal from the provision of
training courses that were developed and
implemented for masons, technicians,
contractors, and engineers with joint efforts of
many organisations including community
representatives. Several Community Based
Disaster Management (CBDM) programs are
being undertaken in earthquake risk
management. Likewise, formal sectors are
involved in implementing the Program for
Enhancement of Emergence Response
(PEER). All these programs, implemented by
NSET, in partnership with local institutions
have significantly contributed in raising
earthquake awareness; enhancing local
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capacity and preparing communities to
better cope with earthquake emergencies. 

The Department of Geography team from
Durham University led by Katie Oven and
David Petley explored the relationship
between livelihoods and risk in the creation
of landscape. The occurrence of fatal
landslides in Nepal is increasing with time.
Possible explanations for this rising trend
include land-use change, population growth
and civil war, each of which affects
community vulnerability. The impact of
climate change on monsoon intensity, which
strongly controls landslide occurrence in
Nepal is poorly understood, raising questions
regarding future vulnerability. To address
these issues, the research presented here
takes an inter-disciplinary, bottom-up
approach and asks: 1. Who is vulnerable to
landslides? 2. Why do people occupy
landslide prone areas? 3. How is risk
perceived and understood? and 4. How do
people respond to landslide hazard and risk?

The findings to date highlight the impact of
infrastructure projects in rural Nepal.  Within
the Upper Bhote Koshi Valley a clear
transition has been seen over time in the
settlement pattern, rural livelihoods and thus
the occupation of landslide prone areas.
Households were seen to occupy these
areas through lack of choice as their fixed
assets tied them to a particular location; to
take advantage of a roadside location; or
through a lack of awareness of the risk
associated with slope failure. There was both
scientific and supra-natural reasoning

attributed as causes of landslide activity, with
responses reflecting Burton et al’s (1993)
behaviour patterns. These include risk
denial/rejection; passive acceptance of risk;
taking action to reduce further losses; or
considering drastic changes in land use or
livelihood.

Reflecting upon these findings, we argue that
it is necessary to step away from the
normative agenda to consider the role of
human agency and recognise alternative
framings of risk.  For the exposed
communities themselves these risks are
largely concerned with human security,
everyday needs and wellbeing.  This does
not mean we should negate the
management of landslide hazards but rather
that we should seek interventions which
reduce landslide risk whilst meeting the basic
needs of the exposed populations.  

We are extremely pleased that all authors
have responded quickly to ensure a prompt
publication. What is striking about the
contributions is that while they range over a
large series of contrasting case materials,
they are united by a common core to build
resilience. A striking feature of the
presentations themselves was the relative
youth of many of the presenters, indicating
that institutional capacity is being built within
the disaster community that, hopefully, will
provide stronger pre-disaster planning and
post-disaster response systems.  
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Climate Change and Variability,
Energy and Disaster Management: 

Accelerated climate change and increasing
climate variability present very serious global
risks that demand an urgent global response
(Stern, 2006). The risk types likely to occur are
known, but only in broad terms. That they are
produced by human action is accepted
(IPCC, 2007). But their scale, severity,
longevity and frequency are not known. The
risks generated by climate change and
increasing variability can be termed
‘produced unknowns’, driven by human
actions and, at this juncture, with unknown
outcomes.

Produced unknowns are a category of
‘wicked problems’ where answers are
incomplete, contradictory and set against
changing requirements (Richey, 2007). There

are no direct solutions to the problems of
produced unknowns. But there are
approaches that can build effective responses
to produced unknowns. That shift is to a focus
on preparedness which requires recognition
of the need for change and a change in
mindset and behaviour.  It is the nature of the
shifts and the principles needed to shape the
process that are evaluated in this paper. The
threat to global welfare is real and there is
recognition within the sustainable
development, climate change and risk
reduction discourses of their common interest
in risk reduction. What is lacking is a unifying
conceptual approach. Resilience can be used
as a tool for policy development for effective
and comprehensive responses to produced

unknowns. Resilience is not argued as a
paradigm but as a tool or common reference
point. Conceptually, resilience can be used to
develop a set of principles for building
responses to produced unknowns.
Adaptation is the starting point for this
process. 

Conceptualising the Argument 

Addressing climate change should be an
integral part of sustainable development
policies, as should disaster risk reduction.
This is not yet the case.  However, a common
feature of the sustainable development,
climate change and disaster risk reduction
discourses is doing things differently or
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change.  Change is advocated as being
purposeful and promoting positive outcomes,
for example, to the energy system to mitigate
climate change and within sustainable
development to enhance human well-being.
This argues that it is desirable to develop an
approach that provides a bridge among
disaster management, sustainable human
development and climate change mitigation
and adaptation. Change can often be
disruptive and, in such complex areas, there
may be fundamental barriers that do not allow,
or militate against, change. Conceptually,
resilience best captures the process of
purposeful change in challenging
circumstances, as at its core resilience
expresses the ability to respond to and
recover from disruptive challenges. In
geography resilience was first addressed with
reference to land systems (Blaikie and
Brookfield, 1987). The resilience perspective
as a response to disruptive challenges or
contextual change has emerged as a
characteristic of complex and dynamic
systems in a number of disciplines including
ecology, (Holling, 1973), economics, (Arthur,
1990), sociology (Adger, 2000) and
psychology (Bonnano, 2004). Resilience as a
concept is increasingly used within the
disaster management community as a
metaphor both to describe responses of those
affected as well as responding systems
(Manyena, 2006).  A resilient system responds
and adjusts in ways that does not harm or
jeopardise function. Resilience is not a
science, it is a process, using human capacity
and ingenuity to mitigate vulnerabilities and
reduce risks, both of which are socially
constructed. Resilience has its focus on
resources and adaptive capacity and acts as
a counter, or antidote, to vulnerability (O’Brien
et al., 2006).

Though the concept of resilience is articulated

in all three discourses, it is defined within the
disaster risk reduction discourse. The United
Nations International Strategy for Disaster
Reduction (UN/ISDR) defines resilience as:-

The capacity of a system, community or
society potentially exposed to hazards to
adapt, by resisting or changing in order to
reach and maintain an acceptable level of
functioning and structure. This is determined
by the degree to which the social system is
capable of organizing itself to increase its
capacity for learning from past disasters for
better future protection and to improve risk
reduction measures(UN/ISDR, 2004, 
Annex 1).

This definition does not advocate a solution
or outcome but a process of learning and
change. Conceptually resilience is seen as
the overlap between the three discourses as
shown in Figure 1.  

Resilience is not argued as a fixed concept
but as process. The shaded area in Figure 1
can be seen as the resilience ‘tool-box’ where
actors from different discourses are able to
draw on the principles established in this
submission for policy development. There is
also an implicit feedback mechanism. None
of the discourses are static and actors can
feedback their learning and experiences of
what works and why.   

Resilience building enhances adaptive
capacity through learning that enables
positive responses to change; a proactive as
opposed to a reactive approach. There is
knowledge of this process, but only at a
small-scale. Scaling-up is an urgent priority,
but local governance structures, in the main,
are designed to deliver top-down solutions,
not encourage bottom-up engagement.
Within the technological context of mitigation,
resilience building argues a different

Figure 1. Conceptualising Resilience
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structural approach to energy system
development, one that is not wholly source
and transmission focused, but has the
capacity to adapt to new sources while
meeting the objectives of improving energy
security and reducing energy poverty. The
challenge is not a lack of technological know-
how but whether or not there is sufficient
political will for purposeful interventions that
would shift the focus of energy system
development. 

Though resilience, conceptually, is being
argued within the sustainable development,
disaster risk reduction and, more recently, the
climate adaptation discourses, there is little
evidence of meaningful progress. There is
clear need for a policy framework built on
developing resilient social responses to cope
with future challenges. Resilience, as a bridge
building tool between the discourses, requires
an enabling framework that encourages
bottom-up responses. A focus on building the
capacity of people, communities and the
systems that support human well-being are
needed. What is lacking is a clear, cohesive
and comprehensive framework for resilience
building. The starting point for analysing this
problem is within the sustainable
development dialogue and this shows that the
pre-dominant approach to sustainable
development is governed by economic
considerations. Solutions are dominated by
technology, often without sufficient recognition
of technology as the cause of the problem.
This is a weak approach to sustainable
development with interpretations dominated
by the OECD (Organisation for Economic
Cooperation and Development) perspective
as shown in Figure 2.

(Giddings et al 2002; Hopwood et al 2005).
The dominant view OECD has influenced the
development of other global dialogues.   

Climate Change

The United Nations Framework Convention on
Climate Change (UNFCCC) approaches
climate risk reduction from two perspectives;
first, mitigation or reduction of greenhouse
gas emissions to stabilise concentration levels
at a safe level; second, adaptation, or
adjustment to, climate driven change.
Mitigation aims to reduce future climate risk.
Adaptation aims to reduce current climate
risk. Mitigation as a strategy has dominated
the climate debate, whilst adaptation has
received, comparatively, less attention. The
focus on mitigation is not surprising and,
similarly, focuses on technological solutions.
The dominant OECD world-view has clearly
steered the way in which the Convention
addresses the climate problem. 

Though TAR did bring about a shift in views of
many Convention signatories as shown by

arrow 1, the Fourth Assessment Report has
brought about a global consensus that a real
shift in thinking is needed as shown in arrow 2
(IPCC, 2007).  The culmination of this is the
Bali Roadmap agreed at COP 13 (Convention
of the Parties) (UNFCCC, 2007).  This is the
first hesitant step to finding a successor to the

Figure 3. Decision Grid

Figure 2. Mapping Sustainable Development
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Kyoto Protocol, but more importantly it
signifies a global consensus of the need to
fight climate change. The key areas in the Bali
Roadmap are recognition that deep cuts in
global emissions are needed to avoid
dangerous climate change, measures to
enhance forests, support for urgent
implementation of adaptation measures for
poorer nations along with disaster risk
reductions measures and consideration of
methods for removing obstacles and the
provision of financial and other incentives for
scaling up the transfer of clean technologies.
A more detailed agreement is expected for
the 2009 UN summit in Copenhagen.

Learning the Lessons

There are questions surrounding institutional
willingness to change that will need answers
in the run up to Copenhagen. Using energy
as an example it is clear that fundamental
reform is needed. The dominant energy
model is technically complex and capital
intensive and has inherent technical
vulnerabilities (Perrow, 1999; Lovins and
Lovins, 1982). This is compounded by
geopolitical uncertainties of security of supply
and more recently to instrumental threats
(O’Brien & O’Keefe, 2006).   

Renewable resources are diffuse and
intermittent and usually have lower energy
densities. As opposed to supply on demand,
a renewable approach requires “capture-
when-available” and “store-until-required”
strategies.  There are exceptions, such as
hydro-electric schemes, but typically
renewable systems function best at small-
scales near to point of use. They are not
focused on a particular fuel type but use
indigenous resources (O’Brien et al, 2007).
Though a renewable approach is vulnerable 

to source intermittency, its does not have the
same system vulnerabilities associated with
the dominant model.  For example top-down
interconnected electrical systems are
vulnerable to cascading faults, a regular
occurrence in Europe and North America.
Small-scale and distributed systems can be
interconnected but the direction is typically
horizontal, a structure not prone to cascading
faults. Use of indigenous resources
minimises geopolitical risks. This implies a
very different structure to the current system
as shown in Figure 4.

As Figure 4 suggests, there is considerable
opportunity for a mix of scales and there is no
suggestion of total abandonment of large-
scale systems provided they are appropriate.
But what is clear is that technological
innovations are driving the development of

smaller and more flexible energy technologies
and users are increasingly using them driven
by fears of the vulnerability of sensitive
systems to power failure interruptions or
prolonged failure (O’Brien et al, 2007). There
are many renewable technologies and new
technologies being developed and it is
possible that a new energy carrier such as
hydrogen will become commonplace. The
question however, is what is needed to shift
the direction energy system development to a
more sustainable basis?  

Without a shift in public attitudes towards the
environment then technology cannot solve
the interrelated problems of energy and
climate change (IEA, 2003). Addressing
energy system development requires
purposeful intervention to guide the
development as well as re-connection of the

Figure 4. Contrasting Models of Energy System Structure
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user with the energy system. Where such
interventions have been used the results have
been impressive (O’Brien & O’Keefe, 2006).
Reconnecting users encourages active
participation in tackling the problems we face.
This is best realised in a top-down enabling
environment that encourages bottom-up
innovation. This embeds resilience. 

Disaster Management 

To respond to current and ongoing risks
requires building resilience into adaptation
and disaster response and preparedness
platforms. The Hyogo Declaration of the
United Nations International Strategy for
Disaster Reduction (UN/ISDR) recognises the
linkages between disaster risk reduction and
sustainable development (UN/ISDR 2005).
The Hyogo Framework for Action (HFA) posits
resilience as a key attribute in building
communities able to withstand and cope with
adverse events. The starting point for
resilience building is vulnerability (Hyogo,
2005). 

Within the global discourses of reducing the
risk of produced unknowns, resilience
building, particularly for poorer and vulnerable
communities, is seen as a means of helping
them to help themselves. At the core of this
discourse is recognition, though not stated,
that in the event of multiple simultaneous
disaster occurrences, response capacity
would be overwhelmed. The international
disaster community has called for resilience
building along with the establishment of
disaster management platforms. The focus of
disaster management is risk reduction of all
hazard categories; a generic or “all-hazards”
approach (Quarantelli, 1992; Sikich, 1993;
Alexander, 2005).  This generic approach is a
feature of disaster management in the

developed world and is effectively the
dominant model. There is a considerable
literature describing this approach to disaster
management. It can be characterised as
legally based, professionally staffed, well
funded and organised. It aims for a return to
normality, that is, to re-establish conditions as
they were prior to the event (Perry and
Peterson 1999; Alexander 2000, 2003;
Schaafstal et al 2001; Paton and Jackson
2002; Cassidy 2002; Perry and Lindell 2003).
Table 1 typifies the dominant model. Though
resilience and preparedness are embedded
within the terminology of the dominant model
the reality is that the focus is on institutional
resilience and preparedness (O’Brien & Read,
2005). This top-down structure is
incompatible with the notion of resilience
building. Furthermore, in many cases, it will
not be appropriate to promote a return to
‘normal’ conditions, for example where people

are concentrated in unsafe slum areas that
are vulnerable to a range of hazards.

Recently the approach in Europe and North
America towards disaster management has
been skewed towards a securitisation agenda
stemming from the September 11th 2001
terrorist attacks and in the USA and the
London (2005) and Madrid (2004) bomb
attacks (O’Brien & Read, 2005; O’Brien 2006).
It is the duty of government to protect the
public. But too great an emphasis on one
source of threat can divert attention, both of
government and the wider public, from other
pressing problems. The current focus and
emphasis needs to change to reflect the wider
agenda of preparedness. It is this aspect of
raising awareness, public education and risk
communication that is lacking in the way the
dominant model as typically practised. In the
UK, for example, little has been done in this
respect (O’Brien & Read, 2005). In terms of

Dominant Paradigm Comment

Isolated event Disasters usually regarded as unusual or unique events that 
can exceed coping capacity

Risk not normal Risk is socially constructed and risk management aims to 
reduce risk to within proscribed levels realised through 
governance structures

Techno-legal The legislative framework, regulatory system and the 
technologies used for risk reduction and disaster response

Centralised Realised through a formal system such as a government 
department or state funded agency

Low accountability Typically internalised

Post event planning Internal procedure for updating and validating plans based on 
lessons learned

Status Quo restored The overall aim – a return to normal

Table 1. Technocratic Model of Disaster Management

Source: Adapted from O’Brien & Read, 2005
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the risk management chain an important
actor, the public, has been distanced. This is
the antithesis of resilience building.

Linking Disaster Management 
and Adaptation

Effective preparedness is a partnership
between government strategies and
individual and societal behaviours (Berman
and Redlener, 2006).  Effective preparedness
is the key to resilience building. Essential to
effective resilience building is an enabling
environment that assigns local communities
an active role as agents of change in their
own right such as assessing priorities,
scrutinizing values, formulating policies and
carrying out programmes (Sen, 2005). 

Applying this rationale more broadly to
disaster policy response to climate change
depends on a number of factors, such as
institutional and social capacity and
willingness to embed climate change risk
assessment and management in
development strategies. These conditions do
not yet exist universally. Reducing vulnerability
is a key aspect of reducing climate change
risk. To do so requires a new approach to
climate change risk and a change in
institutional structures and relationships
(O’Brien et al, 2006). A focus on development
that neglects to enhance governance and
resilience as a prerequisite for managing
climate change risks will, in all likelihood, do
little to reduce vulnerability to those risks. 

Where there has been a willingness to re-
think responses to disastrous events the
results have been positive. For example
storms in 1970 and 1991 in Bangladesh
resulted in deaths of 500,000 and 138,000
respectively. Following the 1970 disaster, the
government along with agencies initiated the

Bangladesh Cyclone Preparedness
Programme, a bottom-up programme aimed
at reducing the vulnerability of communities
and resilience building through social learning
processes. This strengthened self-help
capacities based on indigenous knowledge
of vulnerabilities and using participatory
methods to develop programmes such as
community training in disaster preparedness
(Yodmani, 2001). This exhibits willingness at
the institutional level to undertake a new
approach and to learn from experience. This
is institutional learning. Examples of the
measure implemented are Early Warning
Systems, evacuation procedures and shelter
provision. In the 1991 cyclone fatality rates
were 3.4 percent in areas with access to
cyclone shelters compared to 40 percent in
areas without access to shelters. Because of
improved preparedness during another

strong storm in 1994, three quarters of a
million people were safely evacuated and
only 127 died  (Schultz et al, 2005; Akhand,
2003). 

Institutional learning explores how learning
takes place in response to changing
conditions. There are two forms of learning
that are applicable to disaster management;
single-loop and double-loop (Argyris and
Schon,1996). Single-loop learning or
adaptation is the adaptation of new
knowledge to existing frameworks of
objectives and causal beliefs. In essence, this
is learning to do something better. Double-
loop learning includes single loop learning
but also questions the framework of beliefs,
norms and objectives. It is about re-thinking
the way things are done.

Single-loop learning is a predominant

Adaptation Paradigm Comment

Part of development Adaptation is not an add-on but should be an integral part of 
societal development

Risk of disaster is an Climate change and variability is a known category of natural 
everyday condition hazards amplified and accelerated by anthropogenic 

activities that will occur

Social capacity Enhancing the ability of societies to both respond to hazards 
and adjust to change

Participatory Learning to enhance capacity

Transparent Undertaken in an enabling environment

Pre disaster plans Aimed at prevention

Transformation Move society to a new set of conditions – enhance coping 
capacity and improve baseline condition, for example, 
decrease levels of poverty

Table 2. Characterising Adaptation as Disaster Risk Reduction

Source: Adapted from O’Brien, 2006
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characteristic of disaster management within
the developed world (O’Brien, 2006; O’Brien
& Read, 2005). Whilst this embeds resilience
within the disaster management function and
acts to improve response capability and
institutional capacity, there is a danger that
this internal focus will not challenge culturally
accepted beliefs, associated precautionary
norms set out in laws or codes of practice and
custom and practice. Failure to make these
changes contributes to disasters (Turner and
Pidgeon, 1977).  

Learning can change the way in which
responses to threats are constructed.
Adaptation to current and ongoing climate
risks can be more effectively developed within
an enabling framework that recognises that

local knowledge of vulnerabilities is the
starting point for developing effective
responses. Resilience building not only
strengthens self-help capacity to respond to
threats but also the capacity to plan for and
undertake changes that will reduce risks.
Planning prior to disaster occurrence can use
adaptation to construct an effective response
paradigm. This is illustrated in Table 2.

Constructing a global response model to the
challenges of adaptation that embeds
resilience argues for both top-down and
bottom-up perspectives. The starting point for
planning adaptation responses is vulnerability.
Embedding resilience argues for a pre-
disaster focus to ensure that effective
responses are developed and that societies

are able to adjust to change and recover from
disruption. 

Adaptation will be challenging. It is a long-
term and costly process likely to result in
disruption, for example, the relocation of
people and infrastructure away from
hazardous areas. In terms of scale adaptation
requires decisions from individuals, firms and
civil society, to public bodies and
governments at local, regional and national
scales. Building adaptive capacity will include
communicating climate change information,
building awareness of potential impacts,
maintaining well-being, protecting property or
land, maintaining economic growth, or
exploiting new opportunities. Table 3 brings
together those aspects of the dominant and
adaptation paradigms and develops a set of
principles for adaptation planning and
resilience building. 

Failing to build a meaningful global response
to climate change risks an unbalanced global
response. Figure 5 illustrates that linking
vulnerability, societal resilience and burden-
sharing provides a framework for learning at
all levels that has the potential to lead to a fair
and equitable climate agreement. 

Concluding Comments

There is a considerable evidence base that
disaster risk is increasing and impacting the
most vulnerable. However the ‘democratic’
nature of climate change and variability
means that all populations throughout the
world will be impacted in one way or another.
Adaptation to the consequences of climate
change and variability is an urgent priority for
public policy. The challenge for public policy
is on many levels; nationally within the
developed world to develop sustainable
responses; within the developing world to

Table 3. Pre-Disaster Planning Principles for Adaptation

Pre-Disaster Planning Principles Comment

Sustainable Development An approach that focuses on reducing risk both now 
and in the future

Risk Avoidance Developments should be evaluated from a risk 
reduction perspective

Embedded in Policy and Practices Adaptation should be normalised

Distributed to the appropriate level It is both top down and bottom up

Shared responsibility The basis for renewing the preparedness partnership 
between government and people

Learning from scientific evidence, All knowledge is important, but of equal 
indigenous knowledge and importance is effective communication
experience and dissemination

Adjusting to changes A recognition that the future may be very different

Organisational and Thinking differently and learning about how we 
Social Learning approach problems related to adaptation should be 

the norm

Source: Adapted from O’Brien, 2006
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enhance institutional and social capacity for
disaster risk reduction; and for the
international community to ensure that
developmental policies are aimed at working
to meet internationally agreed goals both for
poverty reduction and climate risk reduction.  

The agreement between UN/ISDR and
UNFCCC to collaborate is welcome. Though
there are concerns about the appropriateness
of the dominant model of disaster
management as an appropriate vehicle for
resilience building, recent changes in UK
government thinking in the National Security
Strategy, indicate the potential for positive
change (BBC, 2008). The new approach
involves improving local resilience, building
and strengthening local capacity and
engaging households in preparedness
strategies. This is the right rhetoric and is

welcome.  The challenge will be turning the
rhetoric into reality. 

Responding to produced unknowns driven by
a changing climate requires resilience
building. Resilience building is needed in pre-
disaster planning and sustainable
development in order to develop the social
and institutional capacity to respond to
produced unknowns. Resilience building is a
process that aims to reduce harm, both now
and in the future. The focus of resilience is on
well-being. Resilience building is a learning
process at all levels. Institutional learning
empowers at the local level and strengthens
governance. This is negotiation not
imposition. Responding to the threat of
produced unknowns require both current and
future strategies. Strategies are needed to
adapt to disruptive challenges generated by a

changing climate. Strategies are needed to
shape energy policy to minimise future risks.
A focus on resilience recognises that there is
no steady-state or end result. It is process
without end that has, at its core, the notions
of entitlements and governance. 

Figure 5. Linking Concepts for Climate Risk Reduction
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Climate Change and Pesticides 
in Nepal: Adverse Effects?

This paper outlines an initial study on the
impact of pesticide use in Nepal.  It focuses
on rice production from 6 different farms in
the Panchkhal Valley.  It outlines the results of
this initial survey and relates the results to
agricultural intensification under climate
change in Nepal.  It must be emphasised that
this is a preliminary study.  

In this study, ‘risk’ is considered in the context
of pesticide residues found in rice.  It
incorporates hazard as the toxicity of residues
and exposure through consumption.  These
are assessed via a comparison of residue
levels and maximum residue levels (MRLs) ,
followed by calculating admissible daily
intakes (ADIs).  Unless stated otherwise,
residues were assessed using the average
concentration level across all samples in
order to provide an overall view of the
pesticide usage scene in this study.  

Rice is the primary staple food group of the
Nepalese population, providing at least 50%
of the daily calorific intake supplied by cereals

to individuals (Pokhrel, 1997).  Nepal is
characterised by a predominantly agrarian
society.  This is reflected in the fact that
agriculture is Nepal’s primary economic
activity (Atreya, 2006), contributing
approximately 41% towards the total gross
domestic product (GDP) per annum (Pokhrel,
1997).  Over the last couple of decades,
agricultural practice in Nepal has shifted from
traditional labour-intensive pest control
towards a growing trend of synthetic pesticide
application to boost yield outputs (Atreya,
2006; Atreya, 2007; Palikhe, 2005; and Blaikie
et al., 2001).  Types of pesticide used,
however, are often significantly more toxic
than those used in Western countries and
more likely to adversely affect the environment
and human health (Palikhe, 2005).   

Extensive investigation of literature has
exposed a severe lack of epidemiological
research specifically concerning public health
in Nepal related to diseases resulting from
chronic exposure to pesticide contaminants in
rice.  An in depth literary review also found a

distinct paucity of peer-review literature
specifically quantifying pesticide residues in
rice from Nepal to assess chronic health
exposure risks to the general population.  This
is probably a result of a complex range of
factors, including ongoing political instability
and lack of access to many of the rural
regions due to conflict (Economist, 2008;
Economist, 2007; and Deraniyagala, 2005).
The alarming rate at which highly toxic
pesticides are being used within farming
(Palikhe, 2005), indicates a real need for
research into the toxicity of residues, likely to
be consumed by the majority of the
population over the long-term.

In the global context, synthetic pesticide use
in farming practice since the 1950s has led to
chemical dependence in agricultural
production of unprecedented proportions.
Modern agricultural production methods
based on chemical inputs are simultaneously
associated with high outputs.  Chemicals used
to enhance food production and their adverse
impact on human health as well as to the
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environment, have gained increasing
prominence in the public sphere (Carvalho et
al., 2006). 

Nepal, one of the poorest countries in the
world, classified as a least developed
country (LDC) and often thought of as
harbouring some of the world’s most pristine
environments, is witnessing a growing trend
in pesticide use (Atreya, 2006; Atreya, 2007;
Palikhe, 2005 and Blaikie et al., 2001).  As
Nepal is predominantly an agrarian society
(ADB, 2004 and Blaikie et al., 2001),
pesticide use in Nepal gives reason for
significant concern regarding the potential
impact to health of the general population
consuming contaminated produce and
quality of the environment on which farmers
rely to maintain food and livelihood security. 

The heterogeneous nature of Nepal’s
topography limits access to resources and
basic infrastructure (Pandey et al., 2001).
Many subsistence farmers in Nepal have also
been limited by conflict, poor infrastructure,
and need to reduce risk and vulnerability to
environmental disasters associated with
climatic change in order to maintain
sustainable livelihood security
encompassing, most urgently, food security
(Erenstein et al., 2007; Bhandari and Grant,
2007 and ADB, 2004).  

Both China and India are the largest
producer countries of synthetic pesticides in
Asia (many of which do not meet
internationally recognised safety standards)
(Atreya, 2007; EJF, 2003, EJF, 2002;
Ecobichon, 2001; IOMC, 1998).  Pesticide
use in agricultural production within the Terai
and neighbouring Mid-Hills is prevalent due
to a number of factors, including proximity to
India.  Furthermore, an open and porous
border with India facilitates lucrative trade in
unregulated generic pesticides.  Greater

road infrastructure in comparison to other
regions and the presence of the majority of
private pesticide resellers (IOMC, 1998) also
contribute to considerable economic trade of
pesticides in the Terai and Panchkhal
regions.  Pesticides from India are not
subject to import license regulations raising
concerns as to the quality, volatility of active
ingredients and toxicity of many of chemical
formulations (IOMC, 1998).  

The attraction of ‘quick-fix’ solutions for pest
eradication in farmer fields and ‘miracle’,
high-yield seeds has significantly
transformed the way in which many farmers
cultivate their crops (Atreya, 2007 and
Paudyal, 2007).  Poor regulation, lack of
governance and education in the dangers
and need of appropriate application of
chemical pesticides have cumulatively
assisted sustained unregulated trade of
pesticides across the reasonably porous
borders of India and China (ADB, 2004). 

Agriculture in Nepal

Nepal has a nascent industrial base
dominated by the agro-processing sector,
coupled with widespread dependence on
subsistence farming for livelihood security.
Subsequently, Nepal is often characterised
as a predominantly isolated agrarian society,
reliant mostly on subsistence orientated
farming with low productive agricultural
output (NSSD, 2001 and New Agriculturalist,
2007). 

There are 3 distinct agro-ecological zones
dividing the landscape of Nepal that run in
parallel bands from east to west.  These
distinctive landscapes and differing
elevations mean that climatic variation and
crop diversity in Nepal is high.  Only about
25% of the total area is cultivable; another

33% is forested; most of the rest is
mountainous (Pariyar et al., 2001). 

The Terai is the southern most agro-ecological
band, bordering India.  Its topographical
nature is shaped by low-lying, flat land, with
elevation not above 750m, forming an
extension of the Indo-Gangetic Plain.  As
such, the Terai has the greatest agricultural
potential in Nepal. However, recently, due to
severe inundation, deforestation, and
subsequent episodic droughts, the Terai
Plains have experienced a series of poor
harvests, leading to food aid reliance (WFP,
2007).   

The Panchkhal Valley lies within the densely
populated Mid-Hills region, forming part of the
Kathmandu Valley, home to fertile valleys,
predominantly utilised for agricultural
production, growing a wide variety of crops,
including staples such as rice, maize, millet
and root vegetables.  These subsistence
crops are increasingly grown as cash crops.
Rice is grown as the main food crop, rice,
being the staple food of the Nepalese diet.
Agricultural surpluses are marketed widely,
particularly, to the urban Kathmandu
population and surrounding provinces.  Some
rice outputs are also supplied to food-
deficient hill areas (ADB, 2004).  Land parcels
are small, used primarily for subsistence
farming, typically being smaller in the Mid-Hills
(0.5 hectares) than in the Terai (around 1.5
hectares) (NSSD, 2001). 

The Challenge of Pesticide 
Use in Nepal

Since Nepal is not a producer of pesticides,
all products are imported.  Despite lack of
data, it is thought that a steady increase of
pesticide use has entered the agricultural
sector (Bhakat, 2005) with an increase of
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imported costs equating to an annual growth
rate of U.S.$2.1 million, the greatest use being
on vegetables and cash crops in the
Kathmandu Valley areas, served with a good
road network and infrastructure, enabling
access to markets (Kansakar, 2002).   

In Nepal, farming of crops is widely
understood to be subject to non-judicious use
of pesticides:

“All types of pesticides are not only repeatedly
used but also carelessly used.”
Source: (Bhakat, 2005, p.6)

Non-essential use of pesticides is becoming
increasingly common, exacerbated by the
advertising of pesticides as a panacea to
agricultural difficulty, farmers fearing crop
losses and the demand for more attractive,
immediate and prolonged results in crop
quality (Atreya, 2006; Bhakat, 2005 and
Kansakar, 2002).  Presently, approximately
319 types of pesticides have been registered
for use under the Pesticides Act (1991) and
Rules (1993) of Nepal.  A total of 3450 trained
resellers, of which, 2543, are licensed
resellers have been recorded (Bhakat, 2005).  

Pesticides sold in Nepalese markets include
insecticides, fungicides, herbicides,
rodenticides and acaricides, often sold under
different trade names. OCs, OPPs, synthetic
pyrethoids and carbamates are widely used
insecticides, with common forms traded as
Endosulfan, Acephate, Chlorphyrifphos,
Quinalphos, Dichlorovos and Phorates
(Paudyal, 2007). A study by Paudyal (2007)
found almost all the fungicides, herbicides,
bactericides, acaricides and seed treatment
pesticides sold were fell under the WHO non-
hazardous category (Paudyal, 2007).
However, one in five insecticides used in
Nepal are categorised as highly hazardous,

having a high oral or dermal lethal effect and
less than half are categorised as moderately
hazardous, see Figure 1, (Paudyal, 2007). 

Over 71% of the population is employed in
agricultural production, which as a stand-
alone sector contributes approximately 38% of
the total annual GDP (WHO, 2005).
Approximately 75% of the population is
involved in rice farming for at least six months
of the year (Pokhrel, 1997).  Many
smallholders are women, the proportion of
which is growing as men increasingly migrate
to urban areas to generate income.  In Nepal,
remittances, cash crops, and urbanisation are
significant factors shaping food, livelihood
security, and poverty alleviation (HMG, 2005).

Cash crops make up 30% of agricultural
production (New Agriculturalist, 2007).  Both
the large proportion of agricultural production
towards total GDP and high employment
within the low productive agricultural sector
are two key indicators of development.  Based
on given criteria, Nepal has some of the
highest figures in terms of poverty even

among poorer countries of the world (WHO,
2005).  

Dependency by rural people on traditional
subsistence farming methods is thought to be
the chief cause of poverty and environmental
degradation (Bhandari and Grant, 2007).
Additionally, overpopulation and growing
population rates are contributory factors
attributed to the degeneration of scarce land
resources, high unemployment, greater
poverty and overall economic decline.  These
elements in turn, lead to livelihood insecurity,
a primary cause of socio-economic
deprivation and political instability
(Deraniyagala, 2005 and Seddon and
Adhikari, 2003).

Figure 1- Hazard Level of Registered Insecticides in Nepal

Source: Adapted from (PRMD, 2004), cited by Paudyal (2007)
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Methodology

Collection of primary matter (rice) was
undertaken at the end of the harvest period in
Nepal (October, 2007) as the majority of rice
is sold to the general population during the
final stages of harvest.  All samples were
taken from different locations in the
Panchkhal Valley (see plate 2), which serves
much of the urban population of Kathmandu
and surrounding areas with agricultural
produce.  Assessment of chronic exposure to
the general population was then made
possible by analysing pesticide residues
detected in rice samples.  

The methodological approach for residue
extraction and analysis encompassed 7
broad steps, outlined in Figure 2 
(Gadema, 2008).

Main Findings

Pesticide residues were detected in all 6
locations, translating to 95% of rice samples
(18 out of 19) comprising pesticide residues,
varying in toxicity classification from not
acutely toxic to extremely hazardous.  2 highly
persistent and equally toxic insecticides,
Methyl Parathion and DDT, which regularly
featured in both the literature review and
Nepalese Government studies of food
commodities, were detected.  In total, 13
different pesticides, including broad-
spectrum fungicides and insecticides were
found.  These encompassed, Cypermethrin,
Deltamethrin, Maneb, Myclobutanil,
Pentachloroanisole, Aldrin, Chlorpyrifos,
DDE/DDT, Edifenphos, Endosulfan, Firponil,
Monocrotophos, and Methyl Parathion.
Information regarding each of the detected
residues in terms of environmental behaviour

and persistence, class, and toxicity to health,
is outlined below in Box 1.  With respect to
LD50 values (lethal dose for 50% of a rat
population), all refer to oral intakes and
mg/kg body weight unless otherwise stated,
stipulated by WHO/FAO (2001) and (2005).
Toxicity classifications refer to WHO (2005)
evaluations.

Plate 1 Map of Nepal

Source:  (SANOG, 2004)

Panchkhal Valley:
Intensively
farmed area
supplying the
local and urban
population of
Kathmandu

Figure 2

7 Step Methodolgical Approach
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Box 1 Details Characterising Toxicity, Action and Persistence of Detected Pesticide Residues

Cypermethrin: Cypermethrin is a broad-spectrum synthetic pyrethroid, moderately toxic and acts as a stomach and contact
pesticide by interfering with receptors in the nervous system.  It is photostable (not volatile) and quickly degrades
within the environment with a half-life of 2-4 weeks.  Chronic exposure includes brain and locomotory symptoms,
polyneuropathy and immuno suppression.  In terms of acute toxicity, LD50  is 82.  Views differ as to the
carcinogenicity of Cypermethrin, however, it is classified by the U.S. EPA as a weak category C, carcinogen.

Deltamethrin: Deltamethrin is a moderately toxic broad-spectrum pyrethroid that acts through ingestion and by contact.  It is not
volatile, and can persist from 1-2 weeks within the environment, less if in direct sunlight.  It is a suspected endocrine
disruptor.  Especially characteristic of Deltamethrin poisoning (unlike other pyrethroids) are rolling convulsions.  The
sequence of signs of Deltamethrin poisoning is clearly identifiable, progressing from chewing, salivation and pawing,
to rolling convulsions, tonic seizures and death (ETN Deltamethrin, 1995).  LD50 is <5000 in aqueous solution.
Symptoms of poisoning in humans include: ataxia (loss of coordination); convulsions; muscle fibrillation (twitching);
paralysis; and diarrhoea.   

Maneb: Maneb is a broad-spectrum dithiocarbamate, often available as a wettable powder, flowable concentrate, and in
ready to use formulations.  It is easily broken down within the environment (with a half-life of 12-36 days) and has very
low persistence.  It has low acute toxicity (LD50 is >5000) and is not easily accumulated in the human body.
However, target organs affected by Maneb are the heart, kidneys and thyroid gland.  In the context of chronic
exposure, Maneb is carcinogenic, tetragenic and a suspected endocrine disruptor.  

Myclobutanil: Myclobutanil a broad-spectrum fungicide pyrethroid with low persistence in the environment.  In humans,
Myclobutanil is classified as not slightly hazardous (LD50 is 136->4.42 g/kg in corn oil), but it is neurotoxic, tetragenic
and a suspected endocrine disruptor.

Pentachloroanisole: Pentachloroanisole is a fungicide and POP, an aromatic chlorinated compound that is highly persistent within the
environment.  Human health effects are not known, although, toxicity via bio-accumulation in fatty tissues has been
confirmed in studies of Channel Catfish (Ictalurus punctatus) and Rainbow Trout (Oncorhynchus mykiss).

Aldrin: Aldrin is an OC, highly persistent within the environment with high potential for bio-accumulation.  Toxicity to humans
includes carcinogenesis, reproductive and developmental toxicity.  It is highly neurotoxic and extremely hazardous in
terms of acute toxicity with an LD50 of 37-167.

Chlorpyrifos: Chlorpyrifos is an OPP insecticide with broad-spectrum effects, is moderately toxic, acts as a contact poison, with some
action as a stomach poison, is neurotoxic (causes cholinesterase inhibition) and is a suspected endocrine disruptor.
LD50 is 2000.  It is available in granule, wettable powder, dustable powder, and emulsifiable concentrate form.  It is
carcinogenic, tetragenic, and neurotoxic, acting as a cholinesterase inhibitor.  It is moderately persistent within the
environment with a half-life in soil between 60 and 120 days, although, this is dependent on pH, soil type and climate.   

DDE/DDT: DDE/DDT is an insecticide and POP, highly persistent with the environment, with a half-life of around 15 years.  It is a
contact toxin but can affect non-target species.  DDT is moderately toxic but can bio-accumulate within fatty tissues
and biomagnify, becoming more toxic over time with an LD50 of 150-420.  It is carcinogenic, highly neurotoxic, a
suspected endocrine disruptor and tetragenic.  It is a cheap, easily manufactured and an effective toxic insecticide. It
is widely available in developing countries, although it is banned or restricted for use in 56 countries due to its highly
toxic and persistent characteristics.
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Box 1 Details Characterising Toxicity, Action and Persistence of Detected Pesticide Residues.. cont

Edifenphos: Edifenphos is an OPP insecticide with low persistence in the environment, classified as highly hazardous with an
LD50 of 150.  Edifenphos has been found to have accumulation properties and high mortality in mammals, acts as a
cholinesterase inhibitor, is highly neurotoxic and is a suspected endocrine disruptor as well as a suspected tetragen.
It is not registered for use or manufactured in the U.S.

Endosulfan: Endosulfan is an insecticide and POP, highly persistent within the environment, has an LD50 value of 80 but
classified as moderately hazardous.  It is highly neurotoxic, carcinogenic, is a suspected endocrine disruptor and
tetragen.  It is banned for use and severely restricted in many countries.  Although classified as moderately toxic, in
1991, 31 people died in Sudan after consuming food contaminated with Endosulfan (EJF, 2003).

Fipronil: Fipronil is a persistent OC insecticide, however, is not volatile within the environment.  It has significant
bioaccumulation potential and has high neurotoxicity in rats and dogs with an LD50 of 92.  Fipronil is a ‘new
generation’ broad-spectrum insecticide, acting by disrupting normal nerve influx transmission (Hainzl et al., 1996).  It
is a suspected endocrine disruptor, possible carcinogen and potential ground water contaminant.

Monocrotophos: Monocrotophos is an OPP, broad-spectrum insecticide, not specifically persistent within the environment (a short
half-life between 7-14 days).  Monocrotophos is a cholinesterase inhibitor, possibly carcinogenic, tetragenic and a
possible endocrine disruptor.  It is classified as highly hazardous due to its acute toxicity (LD50 is 14) and neurotoxic
properties, is banned for use in many countries and included in PIC procedure of the Stockholm Convention.

Mehtyl Parathion: Methyl Parathion is a commonly used insecticide in LDCs, often known by the trade name Folidol.  It is a non-
systemic OPP, broad-spectrum insecticide, extremely hazardous (LD50 is 3), acting by killing insects upon contact,
respiratory, or digestive action (EJF, 2002).  Persistence within the environment varies, ranging from 100%
degradation within 2 weeks to a half-life of 175 days (EJF, 2002).  It is a cholinesterase inhibitor with chronic health
effects likely to be neurotoxic in nature.  In humans, cumulative effects through exposure to Methyl Parathion are
probable.

Hazard and Exposure

In terms of toxicity to the general population,
dose is a significant factor as single
exposures to residues above MRLs is
unlikely to result in long-term health effects.
Frequent exposure to residue concentrations
exceeding MRLs and ADIs, (particularly, low
ADIs with high exceedance of certain
pesticides) are more likely to adversely affect
human health (Low et al., 2004).  MRLs are
widely used in peer-review literature, national
and international reports, to determine
maximum concentrations of certain 

pesticides legally permitted within various
food commodities to reflect whether
regulatory standards are breached or not.
Thus, those pesticide residues that occurred
at levels above MRLs, being Aldrin,
Cypermethrin and Maneb, are of regulatory
concern. Table 1 showshow toxicity relates to
humans, outlines the principal health effects
of all detected pesticides and highlights
above/below MRL and ADI levels (based on
mean residue concentrations across all
samples)in this study.

Source:  (INCHEM, 2007 and PAN, 2007)
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Table 1 Pesticide Residues Detected, Toxicity Hazard, and Chronic Exposure

Detected Pesticide
(f) = fungicide
all others are insecticides WHO Toxicity Hazard Class Toxicity to Humans Above/Below MRL Above/Below ADI

Cypermethrin (f) Moderate Possible carcinogen Above Below

Deltamethrin (f) Moderate Suspected Endocrine Disruptor Below Below

Maneb (f) Not Acute Carcinogenic Above Below
Tetragenic

Myclobutanil (f) Slightly Tetragenic
Suspected Endocrine Disruptor Below Below

Pentachloroanisole (f) No Info Bio-accumulation
Possible carcinogen No MRL NO ADI

Aldrin Extremely Carinogenic
Possibly Tetragenic
Suspected Endocrine Disruptor Above Above

Chlorpyrifos Moderate Possibly Tetragenic
Suspected Endocrine Disruptor
Cholinesterase Inhibitor Below Below

DDE/DDT Moderate Tetragenic
Carcinogenic
Suspected Endocrine Disruptor Below Below

Edifenphos Highly Cholinesterase Inhibitor Below Below

Endosulfan Moderate Carcinogenic
Suspected Endocrine Disruptor
Possibly Tetragenic Below Below

Fipronil Moderate Possible Carcinogen
Possibly Tetragenic
Suspected Endocrine Disruptor Below Below

Monocrotophos Highly Cholinesterase Inhibitor
Possible Endocrine Disruptor
Possibly Tetragenic Below Below

Parathion (methyl) Extremely Cholinesterase Inhibitor
Possibly Tetragenic
Suspected Endocrine Disruptor Below Below

Source: (PAN, 2007)
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Continuous consumption of pesticides
detected in this study, even at low levels can
accumulate in the receptor’s body, potentially
causing a range of chronic health effects to
the human population over the long-term.
Paradoxically, mean concentrations across
all samples revealed that 92% of detected
pesticides with ADIs were lower than advised
levels and 73% of pesticides with MRL
benchmarks were lower than recommended
limits. 

Confounding these results is that overall
average concentrations of pesticides
illustrated that 1 pesticide, Aldrin, an
extremely hazardous insecticide, is 2.8 times
higher than the WHO/FAO MRL.  This
however, might well be a very isolated issue
of over contamination, which is difficult to
validate without return to the field.  Similarly,
when comparing daily intakes against overall
average pesticide occurrence, Aldrin alone
exceeded ADI levels but by 17.5 times,
indicating that in the context of samples in
this study, potentially, people consuming
samples containing Aldrin over the long-term
would be at higher risk of chronic exposure.
Again, the issue of super exposure can only
be validated by more field-work.

Conclusion

Results show 92% of detected pesticide
residues occur below ADI thresholds and
73% below MRLs, possibly belying harmful
implications to public health through chronic
exposure due to the prevalence and variation
of detected residues.  If this study were
wholly representative of long-term rice
consumption patterns, potentially, a diverse
series of adverse long-term health effects
resulting from exposure through
consumption would theoretically, be

increased for the populace of Nepal. 

Assessing potential health risks through
chronic exposure using ADIs and MRLs
needs to account for pesticide frequencies,
type and toxicity hazard of residues, as well
as their associated adverse health effects, if
any.  Given this premise, overall
concentration levels, frequencies and
prevalence of different pesticides across
detected samples, give reason for concern
including: 

(i)  Occurrence of these pesticides
indicates ubiquitous use; 

(ii)  Proportionally, at least 61% of all
detected pesticides are OCs and
OPPs, some of which readily persist
within the environment, bio-
accumulate, easily volatilise and
breakdown into a series of toxic
byproducts; 

(iii) Over 50% of detected pesticides are
illegal to import, are heavily restricted
for use, included in the PIC Procedure
of the Stockholm Convention, banned
in countries of origin and in many LDCs
(including Nepal) via international
agreements and/or are obsolete (e.g.,
DDT); 

(iv) 69% of pesticides found, even at low
levels are known to be neuro-toxic and
are, at the very least, suspected
endocrine disruptors; 

(v) Cumulative effects of different
pesticides are likely to have a diverse
range of adverse health impacts
dependent on the prevalence of
pesticides, whether they occur
individually or in a group within any one
sample; and

(vi) Long-term health effects as a result of

chronic exposure, through
consumption, present an unnecessary
risk to the general population regularly
consuming contaminated commodities.  

Pesticides found in this study exhibit
numerous aspects outlined above, many of
which have the capacity to potentially trigger
catastrophic toxicological effects through
chronic exposure.  Should samples not be
representative and only be
consumed/ingested over the short term,
health hazard risk and chronic exposure will
be significantly reduced and unlikely to
adversely affect long-term health outcomes
of the general population.  

Discussion

Findings of this study demonstrate that with
19 samples, it is only possible to determine
the pesticide usage and chronic exposure
scenario in Nepal, by contextualising results
in the form of a ‘snap shot’ analysis of a
representative, staple food type.  Further
research would be necessary, preferably with
a larger set of around 100 samples to
provide a broader and more comprehensive
assessment.  

Whilst recognition is given for the need to
conduct futher research, acceleration of
chemical use within agriculture in Nepal is
beginning to mirror the previous experience
of India’s Green Revolution.  Climate change
in Nepal probably means higher
temperatures at higher altitudes coupled with
decreased precipitation.  These factors have
implications, particularly for water storage
and pesticide reservoirs.  Increase of
extreme weather events, especially
associated with flooding probably means
augmented numbers of catch crops, which in
turn, means an increase in the use of
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Dendrochronological Analsyes 
and Climate Change Perceptions 

in Langtang National Park, 
Central Nepal

Analyses of temperature and precipitation
records in Nepal show that temperatures in
Nepal are increasing at a higher rate than
those of other mountaine regions around the
world (0.060C/yr) (Shrestha et al. 1999, p.
2778). The warming seems to be consistent
and continuous after the mid-1970s and more
pronounced at higher altitudes. These
changes cause rainfall to increase and rainy
days to decrease, suggesting that rainfall
events are becoming increasingly sporadic.
The warming has resulted in the marked
retreat of glaciers with a reduction in both
area and ice volume (Agrawal et al. 2003, p.
29). These changes not only threaten the
large stores of fresh water in the form of ice
and glaciers situated at high altitudes of the

Himalaya, but have also intensifiedthe rate
and ferocity of GLOFs, flooding, landslides,
erosion and sedimentation (MOPE 2004, p.
153).

Studies of climate change are urgently
needed in order to better understand linkages
between changing climatic patterns, the
increase in natural hazards and their
combined effects upon livelihoods at the
local level.  However, climatic records in
Nepal are limited. Most meteorological
stations are located at low elevations
(<2000m).  Therefore, time series analyses of
recorded climate data for the assessment of
climate change at higher altitudes is not
possible. We need to identify alternative
waysto study climate change. One such

alternative is dendrochronology. Due to the
prevalence of fur and pine tree species at
higher altitudes of Nepal, dendrochronology
can be used to pin-point climatic variation in
the absence of climatic data. Hence, the
present study was carried out with the
following objectives: 

• To study the growth pattern of tree ringsand
develop tree ring chronological data of
Abies. spectabilis.

• To compare responses of A. spectabilis ring
widths with climate (temperature and
precipitation).

• To ascertain perceptions of climate change
from local people in the Langtang region.

Mr. Parveen Kumar Chhetri

Central Department of Environmental Science, TU, Kathmandu, Nepal

*Corresponding author email: parveenchhetri@gmail.com
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Methodology

This study was undertaken from June to July,
2007 at Chandanbari (Site I) and Cholangpati
(Site II) of Langtang National Park (LNP). LNP
is located in the Central Himalaya of Nepal
and is one of the parks nearest to
Kathmandu. 60  A. spectabilis trees from the
pure stand forest of Site I and 60 trees from
Site II were cored with a Swedish increment
borer and two samples from each tree were
collected from a north-facing slope. After
being air dried, samples were fixed on wood
supports using glue with the cross section
facing upwards. Samples were polished
using a rotary electric belt sander to make
tree rings visible with progressively finer
grades of sand paper (60- to 320-grit).  

An accurate machine with a precision of
0.001mm was used for measurement.
Standard dendrochronological
procedures(Fritts 1976; Cook et al., 1990)
were followed to develop chronological data
sets.A computer programmeknown as
COFECHA (Holmes 1983) was then used to
detect measurement and cross-dating errors
and ARSTAN (Cook 1985) was used to
reduce the non-climatic variations presented
in series of tree-rings. Response-function
analysis (program DendroClim 2002- Biondi
and Waikul 2004) was utilised to assess the
impact of changes in monthly mean
temperatures and monthly precipitation
levels from the September of previous years
until October of the observed year on the
annual variation of tree-ring width. Since,
long-term meteorological records at high
altitudes near sampling sites were not
sufficient, we selected the meteorological
data of Kathmandu Airport (27o42’N,
85o18’E, 1336 m), located about 50km away
from sampling sites for analysis.

Household surveys and group discussions

were conducted to find out perceptions of
climate change within LNP communities. A
total of 31 households were selected
randomly and questionnaires administered to
selected heads of households. Similarly, two
group discussions of key informants were
organised. The number of participants in the
group discussion ranged 5 in Cholangpati to
6 in the Polangpati area of LNP.

Results and Discussion

Chronology

Almost 250 years of tree ring chronological
data was developedusing samples of A.
spectabilistrees (Figure 1). Tree ring
chronology curves exhibited similar growth
patternsfrom both sites. This means that
there is no real difference in the way the
sampled trees react to environmental factors.
This chronological data set is comparatively
short in comparison to other studies from

Nepal (345 years Khanal & Rijal 2002, p.14
and 436 years of Langtang Chronology in
Cook et al., 2003, p. 709). Tree ring
chronologies were limited by butt rot in most
of the oldest trees. Another study that
focused on sites in Western Nepal by Sano
et al. (2005, p. 84) revealed comparable
challenges.

Analyses of increment cores from both sites
revealed that trees in these stands ranged
from 100-300 years old. Trees of the
Chandanbari site were found to be older than
Cholangpati. The mean tree ring width of
Chandanbari was 2.34mm and that of
Cholangpati site was 1.70mm. This showed
that growth rate was highest (2.34mm/yr) in
Chandanbari and lowest (1.70mm/yr) in
Cholangpati. Series inter-correlation and
mean sensitivity were recorded at 0.457 and
0.223 respectively for Site I, and 0.499 and
0.203 respectively for site II. The high mean
sensitivity value indicated that high inter-
annual variability was present in ring widths.

Figure 1 Master and Individual Site Chronologies of A. spectabilis 
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Additionally, chronologicalinterpretations
proved valuable in illustratingyearly
environmental changes and proved that the
Abiestree species were indeed useful
forresponse analysis.

Response Analysis

Tree growth of the Himalayan region is
primarily limited by moisture availability in the
pre-monsoon season (March-May) with a
negative association to temperature and a
positive association with precipitation
(Borganokar, Panta & Rupa Kumar 1999). It
was found that tree ring parameters of Site II,
and master chronology positively correlated
with March’s total precipitation but negatively
correlated with May’s monthly minimum
temperature. This result indicated that ring
width is primarily controlled by pre-monsoon
temperatures and precipitation. Similar
results were found in response analyses of
tree-ring parameters of A. spectabilis with
climate records from Western Nepal (Sano et
al., 2005, p. 83) and Central Nepal (Khanal &
Rijal 2002, p. 15). The strong correlation
between radial growth and March
precipitation suggests that the month of
March should be active in photosynthate
storage that contributes to growth later in the
active season. Negative correlations with May
monthly minimum temperatures were
attributed to water stress. This means that
theAbies species from these sites are ideal
for past climate reconstruction.

Past Climate Reconstruction

The value of chronology statistics and results
of response analyses show that present
chronologies can be used for climatic
reconstruction. One of the major difficulties in

undertaking thorough dendro-climatic
research in Nepal relates to the dearth of
long-term meteorological records for
statically calibrating tree rings
(Bhattacharayya, LaMarche and Huges 1992,
p. 60; Cook et al., 2003, p. 710 and Sano et
al., 2005, p. 85). This study was limited by
factors including poor climatic data
availability and sample sizes. A recent
studyby Cook et al. (2003, pp. 727-729) was
based on a dense network of 32 ring width
chronologies across Nepal wherein two
reconstructions of February–June and
October–February temperatureswere
analysed and presented back to AD 1546
and 1605 respectively.  These were the first
dendro-climatic reconstructions developed
specifically for Nepal. However, only the
October to February reconstruction revealed
any indication of unusual late 20th century
warming. 

Perceptions and livelihoods

A total of 93% of respondentshad noticed
abrupt climatic phenomena recentlyand
believed that climate change was happening.
Unusual climatic events over the last few
years,such as sporadic bursts of rainfall
andlower snowfall rates during winter
seasons had beennoticed by 80.4% of
interviewed respondents. The same
respondents were unaware of global warming
or reports of rapidly receding Himalayan
glaciers. Most respondents believed that
times are changing in the sense that rainfall
and snowfall events were evidently and
increasingly more erratic, variable and
unpredictable. A total of 90.3% of
respondents believed productivity of
grassland had been decreasing and people
thought that itmight be due to untimely and
lower snowfall rates.  Other people attributed

lower grassland productivity to increased
numbers of cattle and grazing pressure. 

Livestock farming in Nepal is a major
economic activity.  For example, yaks graze
above 2000m throughout the National Park.
As such, communities lying within the LNP
have serious concerns over declining grass
production in the Himalayan grasslands. A
total of 58% of respondents believed that
blossoming seasons of wild flowers including
rhododendrons have changed markedly over
the past few years.  For instance, it was
highlighted that rhododendrons initially
blossomed during the months of Baishak
(mid April-mid May), but now they flower
during the Chaitra period (mid March-mid
April) too. Local people also noticed marked
changes in snowfall patterns over mountains.
Villagers explained that once mountains were
generally covered with snow all year but that
this had declined to a stage that snow
coverage now occurs primarily during winter
months.A total of 64.5% of respondents also
noticed invasion of exotic species on grazing
land and agricultural land. Species ordinarily
found in lowland areas, are now becoming
commonplace in highland areas too. People
from the Thulo Sayfru area (situated at a
height of 2500m) pointed out unknown
foreign species and attributed these solely to
climatic change. For instance, Cercium sp.
was not commonly found in the area
previously,yet this species is now prevalent
within Thulo Sayfru.

Additionally, local people and senior scouts
of LNP noticed a significant increase in
landslides over the past decade. These have
been linked witha parallel increase in
permafrost melting. Productivity rates of
crops including wheat, maize and potato are
rapidly becoming more adversely affected
due to changes in frequency and levels of
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precipitation.  Local people also attributed
sharp increases in pest occurrences in
maize(a staple food crop) directly to unusual
rainfall patterns. Traditionally, apple farming
was a primary economic activity in this area.
However, apple productivity is also
decreasing.  Again, local people blamed
higher than average temperatures.  Much of
the industrial base surrounding apple
production has declined. If local peoples’
perceptions and observations of climate
change are accurate, continued physical
changes in the environment will surely
continue to adversely affect livelihood and
food security.  Strategies for adaptation to
climate change with a range of inclusive and
integrative policies are needed with an
emphasis onlocal level, people-centred
approaches.

Conclusion

Major international efforts are underway to
reconstruct past climates at high-elevation
sites to address uncertainties in predicting
physical and biological responses to climate
change at decadal timescales in these
ecologically significant environments
(Beniston 1994, p. 492). In this study we tried
to explore the potential of tree-ring records
from the high elevation Abies forest of Nepal
for identifying major patterns of climatic
variability. Results of the present study show
that Abies trees can be used in
dendroclimatological studies and the
construction of past climate scenarios.  This
study illustrated that dendrochronological
study isuseful in the reconstruction of
monthly temperatures. Although tree ring
data derived from this study is unable to
singularly build a vast,chronological climatic
record, the data set can easily be extended
by collecting samples from older growing

tree stands. Temperatures reconstructed by
Cook et al., (2003, p. 728) indicated winter
temperatures increased at unprecedented
rates overthe last half of the 20th Century. 

Communities of the Cholangpati and
Chandanbari areas are already starting to
feel the impacts of climate change in their
day-to-day activities. Local people remain
unaware of climate change and its impacts.
As such, it is recommended that further
research utilising dendrochronological
methods and implementation of awareness
programmes regarding climate change,
especially for local communities in isolated
mountain regions be undertaken at the
earliest opportunity. 
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Spain has traditionally been an agrarian
society.   Landscapes were formerly shaped
with a mosaic of agricultural, pastoral and
forest patches. Following Spain’s democratic
transition during the 1980s, and as a
consequence of uneven development
policies aimed to foment the importance of
coastal cities; rural populationsabandoned
traditional livelihoods and migrated to urban
areas in search of employment opportunities.
As a result, wild revegetation has invaded the
understory of forests, agricultural areas and
pastures. These overly dense structures of
small trees with stagnated growth
provideperfect conditions for the propagation
of fire as they form continuous bands of
particularly flammable forest fuel per square
meter. In addition, this type of vegetation is
increasingly prone to combustion as a result
of higher temperatures, stronger winds and
lower rainfall registered in Spain (IPCC,

2001). Under these conditions, any spark
could easilytrigger the onset of a fire that in
all probability couldbe difficult, if not
impossible, to control.  Thus what is of
concern is how and why fires are initiated.

Only 4% of forest fires in Spain are produced
by natural causes such as a lightning strike.
It is estimated that 95% of fires are caused
by human action: either through neglect or
are intentional (WWF, 2006). Abandonment of
rural areas is also tied in with the
abandonment of positive feeling and
affection or care that rural people have for
their environment. Among those who remain
near to or in forest communities, the
traditional slash and burn culture to maintain
pastures and agricultural land is still
practised. Without knowing current risk
conditions for the propagation of fire, fire
when it occurs, has the potential of
becoming out of control. The use of fire to

establish commercial forest plantations and
the conflict between different users is usually
behind the origin of a considerable
percentage of forest fires (TVE, 2005). 

As a result, Spain is affected by an average
of 20,000 forest fires every year, mainly
concentrated in the three summer months
(mid June, July, August and mid September).
This equates to an average of 150 fires a day.
Half of all forest fires in the European Union
are made up of those that occur in Spain.
This figure exceeds the number of fires that
occur in other Mediterranean countries
including Portugal, Italy, Greece and France
(ISTA, 2005). This paper outlines how current
Spanish forest fire fighting strategies are a
result of a process of learning aimed to make
Spain more resilient to this serious problem
that threatens not only the environment but
also the national economy and human lives. 

Integrated Forest Fires
Management in Spain: 

Towards a More Resilient Model?

Laura Barba Villaescusa

*Corresponding author e-mail: lbvillaescusa@hotmail.com

Introduction: The Spanish Reality



34

Organisational model: Sharing of
Responsibilities

Spain is divided administratively into 17
Autonomous Regions (Figure 1). Each
region is divided into a number of provinces.
During the 1980s, the decade of democratic
transition, the management of forest fires
transferrd from centralised control to
administrative regions. Thus, systems and
frameworks of fire management are generally
managed, administered and operated at the
regional scale (DGB, 1997). 

Individual regions haveautonomously
designed regional forest fire plans and
developed human and technical meanssuited
to their own environmental, social and
economic conditions. Therefore, there is not
a common model of organisation at the
national scale. In the case of regions with
more than one province, Regional
Coordination Centres have been created in
order to facilitate and coordinate the mobility
of their own means throughout its territory
and to channel requests for assistance to the
Ministry of Environment and other regions.

Alarge number of differing regional plans
have led to the nature of forest fire fighting
becoming a complex, cross-cutting
administrative task, which requires a high
degree of coordination between
administrations. The State is ultimately
responsible for the efficient functioning of the
nation overall.  As such, it supports and
facilitates regions by providing a legislative
framework, meteorological information and
promoting the inter-institutional and
international agreement between
neighbouring countries.

In the context of the international arena,
climate change which has increased the
probability, verocity and number of fireshas

led to greater awareness of the need to
provide funding to support international
programmes that focus on investigation,
prevention and reduction of the effects and
impacts of forest fires.

Forest Fire Fighting in Spain: A
Resilience Model?  

Resilience is increasingly featured in global
debate in terms of reducing the impacts of
disasters. There are a number of definitions
for resilience. The United Nations

International Strategy for Disaster Reduction
(UN/ISDR) has adopted the term resilience
and defines it with reference to natural
hazards:

The capacity of a system, community or
society potentially exposed to hazards to
adapt, by resisting or changing in order to
reach and maintain an acceptable level of
functioning and structure is crucial. The level
at which systems, communities and/or
societies can build resilience is determined
by the degree to which a social system is
capable of organising itself to increase the
capacity for learning from past disasters for

Figure 1 Administrative Division Map of Spain’s Autonomous Regions (Cartomapas, 2002)
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better future protection and to improve risk
reduction measures (UN/ISDR, 2004, p.430). 

The term resilience brings together
components of the disaster cycle –
response, recovery, preparedness and
mitigation that essentially utilise a range of
structural and non-structural approaches
(O’Brien and Read, 2005). However, the
current Spanish forest fire-fighting model has
focused on particular areas undermining the
concept of resilience.

Response

Forest fire fighting has traditionally been
identified with the “response” phase in Spain.
Other components of the disaster cycle are
marginalised andre main focused on favouring
the work of emergency services teams to
detect, respond to and suppress fires. Taking
into account data from the last 3 decades
(Figure 2), efforts in this area have achieved
positive results in terms of reducingthe total
area sizeof fires when they occur. On average,
63% of fires in Spain are extinguished before
spreading to more than a hectare in size. Over
the last three decades it has been
demonstrated that there is a developing and
enhanced capacity to detect firesat the early
stagewith increasing capability of dealing with
the area in question with sufficient enough
speed in whichto extinguish fires.

Despite the fact that less than 1% of fires
exceed 5000 ha (complex forest fires), the
number of hectares affected by fires is of
concern. In other words, only a few fires
(0.18%) consume large area sizes. In terms
of coordination, these large fires require
assistance between regions, the government
and other affected countries. The Spanish
response to large-scale fires is not as
effective as it could be.

Figure 2 Total Number of Fires and Affected Areas, 1978-2007 
(Ministry of Environment, 2007)

Figure 3 Total Number of Fires, 1978-2007 (Ministry of Environment, 2007)
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At the same time, emergency response
services are also vulnerable to waivering
public support. Every year Spain has more
than 20,000 people working in forest fire
response. In order to reduce the high level of
unemployment in rural areas, land teams
recruit people from the emergency service
sector. However, those dependent upon the
existence of forest fires are generally those
that are employed to manage them.  Thus, it
is not strange to find forest fire fighters as the
perpetrators of fires in recent years. These
cases are relatively few and far between but
are difficult to prove.  Consequently,the topic
has become especially controversial, having
triggered polemic debate in the media and
society about the reliability and truthfulness of
the emergency response services.

Prevention

According to Figure 3, the number of
incidents continually rising each year gives
cause for concern. It is clear that Spain is
addressing the response to fires but is not
preventing their occurrence.

It is estimated that 95 % of fires are caused
by human action. 60% of fires are intentional
and 17% unknown (Figure 4). Approximately
84 % of complex fires (those that produce
major damage) are thought to be intentional
(WWF, 2006). Despite these statistics, only
33% of the total national forest fire-fighting
budget is allocated to social prevention.

Official statistics in Spain show that only 1%
of forest fires in Spain involve arrest(The
Guardian, 2005). This poor performance in
terms of arrest of those responsible for for
forest fires indicates widespread apathy in
the investigation and prosecution of crimes
related to forest fires (ISTAS,
2005).Meanwhile, authorities face real

challenges in establishing blame and
securing convictions.

Recovery

The concept of resilience was initially used in
ecology to describe the ability of ecosystems
to resist and recover from external negative
impacts (Blaikie and Brookfield, 1985).
Mediterranean vegetation has successfully
adapted to fires and. However the problem
arises when fires are repeated with
successive frequency. At this stage, forests
are unable to fully recover adequate vitality
and the process of soil degradation begins.
The importance of reforestation programmes
is vital in terms of resilience.Without
reforestation programmes, the soil, without
roots or with dead roots, would be exposed
to increasing soil degradation that would
adversely impact upon rural peoples’
livelihood security. Despite this, the number

of hectares under reforestation programmes
has declined in the last decade (REF). 

Generally, land-ownersand/or rural people in
forested regions are benefiting from
agricultural insurance, which covers damage
according to what was agreed in the given
contract in question. The State has a subsidy
programme to finance up to 50% off initial
subscriptions.  As well as these significant
subsidies the State allocates economic
support to repair or replace damaged
property, compensates personal injury,
andfarm damage, including commercial,
livestock, industrialand tourist
establishments.  According to Emergency
Management Australia “resilience is a
measure of how quickly a system or
community recovers from failures” (O’Brien
and Read, 2005).  However, with respect to
forest fire incidents, often, decades are
needed before rural communities can recover
their forest-based livelihoods. 

Figure 4 Causes of Forest fires – 1997-2007 (Ministry of Environment, 2007)



37

Rethinking Forest Fires in Spain

The Spanish government and regional
authorities have made considerable changes
to fire fighting response strategies in recent
years. Forest fire planners have recognised
the role of society in Spain and the
importance of involving societies with the
development of building resilience to forest
fire events. Resilience requires capacity
building of governance structures,
communities and individuals to mitigate and
adapt to forest fires. Therefore, new forest fire
fighting approaches in the last 3 years have
been given top priority in:

• Coordination: In order to improve the
coordination in complex forest fires
(>500ha), Military emergency units (UMEs)
using the military’s proven organisational
and operational skills have been created
under the responsibility of the Ministry of
Defence to deal with environmental and
civil protection. However, there are
concerns that in times of crisis, the single
chain of command and control that these
structures follow could undermine civil
protection and local efforts built on
collaboration (Alexander, 2002).

• Cooperation between competent regional,
state and international bodies is being
encouraged to prevent these fires through
national meetings and increased cross-
border agreements. As forest fires
contribute greatly to the emission of
greenhouse gases (mainly CO2),
agreements also form part of the national
global warming policy.

• Preventive legal framework. The old “Ley
de montes” (Countryside Act) in 1973 was
changed in 2003 in order to prevent burnt
land from being reclassified as suitable ‘for
housing' for at least 30 years after a fire

event. This attempts to put a stop to many
scams surrounding deliberate fires. Recent
punishment measures have also been
adopted to ensure the detention of
perpetrators.

• Active participation of citizens. Focus on
forest groups living in “high risk” areas via
forest fire committees can share
information and explore various steps that
could be taken at an individual level to deal
with fire. The formation of local forest fire
committees is increasingly included in
regional plans.

• Besides,”Specialised integral prevention
teams” (EPRIF) have been created in order
carry out the burnings that farm and
livestock owners require to reduce
accumulated fuel in their lands in a
controlled way. This measure enjoys
considerable popularity among rural
people.  These teams also educate rural
people about fire and the potential risks. 

• Investigation of causes and data
gathering. “Cause investigation teams”
have been created to move to affected
areasfollowing fire events. Inch by inch,
undertake investigations by gatheing
information with the purpose of finding
answers to such important questions as:
"Who burns the forest, why and for what
reason?". Only then, can effective
measures to punish the perpetrators and
solve underlying social conflicts can be
proposed (WWF, 2006).

• All collected data is integrated and
recorded on a national database in order to
make periodical evaluations and learn from
identified failures and successes. Final
national yearly data is provided to the
European Commission to be incorporated
within the "socle commun" data, the EU

data bank (DGB,1997) that enforces the
identification of risk at a broader level.

• New agreements with universities have
initiated to enhance existing research and
promote new research projects to improve
knowledge regarding the underlying
causes of fires and the development of
new satellite and remote sensing
technologies that inform on forest fire risk
identification.

• Autocton species reforestation
programmes. Pilot projects with a mix of
alocton and autocton species are being
carried out in the last decade in order to
support afforestation and reforestation
initiatives. Supported by European
projects, FEDER and FEOGAR, their
implementation has resulted in effective
monitoring and better rates of cooperation
with farmers as these initiatives represent
net incomes for farmers (UN, 1996).
However, there are still concerns regarding
the increasing area designated to
commercial plantations to prolific and
problematic species such as eucalyptus.

The Spanish Government and regional
authorities are making great progress in
implementing pathways to eliminating the
number of forest fires to reduce disaster risk.
However, despite the growing number of
positive initiatives, the role of individuals is
essential in the process of forest-fire
reduction.  

Conclusion

Traditionally, wildfire plans were focused on
the phase of “response” in Spain. Only 33%
of the total forest fire budget in Spain has
been aimed at prevention.  Studying causal
factors and theintroduction of rehabilitation



38

programmes has declined. These
approaches have not yet managed to stem
the annual growth in the number of fires.In
recent years, a more holistic approach to
resilience is taking hold,with an evolution
towards more global strategies that address
the underlying causes of forest fires. Greater
effort has been madeto enhance the
institutional coordination of emergency
response to fires.  Additionally, research into
the reasons behind deliberate forest fires in
order to better understand, resolve and
reconcile social and economic conflicts in
rural areas is growing. Although it has not
been the main objective of this report, it is
important to highlight that the problem of
forest fires in Spain is now also a global
concern that requires both national and
international measures to mitigate the
negative range of impacts upon forests.

Recognition needs to be given to the welfare
of rural populations as well as the
environment upon which many rural
communities rely for livelihood security and
quality of life. The resilience concept has
helped to identify key elements, principally,
that the problem cannot be solved without
social cooperation in prevention, cause
investigation and crime prosecution. 
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Turkey and its Hazard Profile

To better understand the relationship between
the national education system, climate
change training and the local government
structure in Turkey, it is necessary to
comprehend to a certain extent, the national
profile of the country.  Hence, this paper first
provides information on population,
government structure and geography. It then
provides an overall picture of Turkey’s hazard
profile and explains the role of climate
change. 

Turkey is located in the southeast of Europe.
It has a unique geographical location as its
borders liewith countries in Europe, Asia and
the Middle East. The political system is a
Parliamentary Democracy.  Although a secular
country, Turkey’s population is mostly Muslim.
The country is subdivided into 81 provinces
for administrative purposes.  These provinces
are grouped into 7 geographical regions with
each province divided into districts. 

Turkey is a member of the United
Nations,NATO and OECD and is an associate
member of the European Community (Central
Intelligence Agency, 2008). Although Turkey’s

economy is growing, the gross domestic
product (GDP) is one of the lowest in Europe
(TurkStat, 2007). Economic growth is largely
buoyed by, andprimarily dependent upon,the
private sector, including principally, heavy
industry and trade sectors, whereas,
transport, communication and agricultural
sectors lag behind in terms of overall
economic input. 

The demographic profile of the country shows
that there are 70.5 million people in
Turkey(based on statistics from 2007) and the
country’s population is one of the youngest in
comparison to other countries in the nearby
geographical region (TurkStat, 2008). 24.4% of
the population is aged between 0 and 14
years old. 68.6% of the population is aged

between 15 and 64 years old and only7% of
the population is aged65 years and over. 

School education in Turkey is compulsory.
Children between 3 and 5 years old may
attend pre-primary education, which
isoptional. Compulsory education begins with
children at the age of 6 through to 14.
Secondary education follows on from primary
education and as in primary education, is
provided for four years. Higher education is
given overtwo years. In Turkey, there are
10,870,570 students enrolled in primary
education, 3,245,322 students in secondary
education and 2,291,762 students at faculties
of higher education as shown in Table 1
(Ministry of National Education 2007). 

Local Government 
Co-operation with Climate Change

Training in Turkey
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Primary Education Secondary Education

Number of Number of Number of Number of
Schools Students Schools Students

Turkey 34,093 10,870,570 8,280 3,245,322

Istanbul 1,576 1,826,075 982 596,400

Table 1 Number of Students enrolled in Primary and
Secondary Schools in Turkey and Istanbul
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Turkey is a disaster prone countrywith
elevated potential fora wide range of
geophysical hazards (Eryılmaz et al., 2006).
Earthquakes are the principal type of disaster
(�skender & Erdoğan 2007).In fact, direct and
indirect economic losses due to natural
disasters in Turkey cost approximately 3-4%
of country’s GNP (Şengezer & Kansu 2001). 

Statistics show that between 1940 and 2000,
out of 30% of all hydro-meteorological
disasters,27% were due toflood, 27% strong
winds, 8% linked to snowfall,2%
tothunderstorms and1% attributed to heavy
fog. Other disasterswere linked to a range of
other catastrophic weather related events
(Ceylan 2007).Overall, Turkey’s highest risk
lies with the potential for severely damaging
earthquakes.  Lossof life and property is
commonplace when earthquakes occur,
particularly in urbanised areas. Between 1900
and 2000, 130 earthquakes with a magnitude
equal to, or greater than 5.5 on the Richter
scale were recorded.  More than 110,000
people died, 250,000 people were
hospitalised and 600,000 buildings badly
damaged or collapsed entirely (Erdik 2006). 

Climate Change and Turkey

From the mid 1990s,various studies exploring
arange of possible effects that could be
triggered or exacerbated by achanging
climate were undertaken in Turkey. In
response, the Government of Turkey formed
the First National Communication on Climate
Change. Based on the first set of published
findings from the First National
Communication on Climate Change (Ministry
of Environment and Forestry 2007),
precipitation was predicted to decrease
along the Aegean and Mediterranean coasts
and increase along the Black Sea coasts with

widespread increases in summer
temperatures in the near future. Most affected
areas were pointed out as being those
located in western and southwestern parts of
Turkey. Coastal erosion, flooding and
inundation along Turkish shorelines were
noted aspotential hazards, particularly in the
middle and eastern Black Sea region. 

In Turkey, greater emphasis is often placed
upon the reduction of greenhouse gases
rather than the underlying causes of climate
change. To address this, various legislative
changes have been made.  Many educational
activities have recently been advocated and
implemented throughout schools. The
Ministry of Environment and Forestry are
responsible for legal arrangements with
respect to the environment at the central
level, whereas other ministries have roles
related to climate change in their own
municipalities.  At the national level, policies
for the environment and climate change are
produced in the form of “Five Year
Development Plans”, prepared by the Prime
Ministry State Planning Organization. The last
development plan included the setting up of
an Environmental Special Expertise
Commission and the recommendation of
forming a national operation plan in line with
the UN Climate Change Operation Plan,
which focuses on pollution prevention rather
than pollution control (Ministry of Environment
and Forestry 2007). 

The importance of mitigating climate change
and provision of climate changeas an
educational subject has increased since the
early millennium. This is largely due to the
amendment and adaptation of environmental
laws in line with European Union practices.
Various training schemes, workshops,
seminars and other activities have been
carried out to increase awareness of climate

change among the community. There have
also been many meetings and other types of
events to reach all concerned stakeholders in
Turkey. Unfortunately, the number and type of
public awareness campaigns were
constrained by various limitations including
funding. 

Nevertheless, the Ministry of National
Education has undertaken the role of
promoting environmental education.
Environmental education has been included
in the National Curriculum at various levels of
the national education system. At the
secondary education level,environmental
education in the context of climate change
has been included and at the primary
education level, a compulsory one-hour a
week lesson has been incorporated.  Climate
change has also been a subject explored and
advocated via vocational training
programmes. For teachers, some in-house
training courses have been conducted.
Additionally, some non-governmental
organisations serve as stakeholders in
teaching environmental issues in schools.
Non-governmental organisations also work
not only with the Ministry of National
Education but also with local governments at
the district level. They deliver training and
seminars to students and teachers and
distribute a range of support materials for
teaching, including storybooks, painting
books and games. 

Conclusion

In Turkey, many progressive steps have taken
place over the last few years with respect to
raising awareness of climate change.
However, despite positive moves forward and
Turkey’s increased adoption of EU standards,
many challenges lie ahead. Climate change
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in Turkey is a relatively modern issue that has
recently gained increasing prominence,
particularly, in the context of a stand-alone
subject within the national educational
system.  Climate change is also becoming a
popular issue among communities, which
has its advantages and disadvantages.
Principal advantages arisewhen primary
stakeholders (for example, a
community)become more open to
participation within educational programmes
that children are taught.On the other hand,
various projectsimplemented without
engaging primary stakeholders, have been
hampered by top-down, non-participatory
delivery of climate change education to
students. 

Animportant factor is that in certain parts of
Turkey, other types of hazards are considered
by communities to have greater priority than
climate change. Thus, it might be difficult
toinvolve and engage with some
communities. Integration of climate change
issues within hazard training and/or
educational programmes may provide a
solution in the short term.  The involvement of
all stakeholders, as well as the cooperation
and coordination of all, is crucial in ensuring
the efficacy of climate change education.  As
such, it should be questioned whether
enough cooperation and coordination exists
among all stakeholders within the realm of
climate change education. 

Another challenge is the level of consistency
in terms of what students are taught and
whether learning is consolidated at home,
supported or abandoned. For instance,
students generally learn about a host of
preventative actions and fundamental
measures that can be applied to mitigate
climate change.  However, at home students
may be discouraged in the application of

newly acquired knowledge,as parents, for
instance, may not have the same level of
awareness as children. 

To conclude, it can be said that although
many steps have been taken to standardise
and improve the delivery of climate change
education for students, it remains a new
topic and still has room for improvement.
Established, effective and well-delivered
subjects, particularly earthquake
education,can be used as models of good
practice for improving the design and
delivery of climate change programmes. 
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This paper outlines two distinct approaches
to disaster education, namely independent
and holistic. Ituses examples of disaster
education in Japan and the United Kingdom.
Based on these examples and in light of the
likely increase in the risk of hazard events
associated with climate change, the paper
explores how two very different approaches
might be applied to pre-disaster planning
and the mitigation of disasters.

The Challenge of Climate Change

Numerous internal and external factors drive
climate change.  Global warming, in the
context of ‘natural’, ongoing environmental
change, independent of human activity is
considered as an internal factor.  In contrast,
accelerated global warming resulting from,
for instance,industrialisation that leads
toincreased levels of greenhouse gases
emissions (GHGs),is considered as an
external contributory factor. Relationships

between internal and external factors are not
always transparent, especially at thelocal
scale. It also remains difficult to project
impacts resulting from climate change,
although recently, the Fourth Assessment
Report of the IPCC suggests that an increase
in severe climatic events around the world,
especially, the frequency of heavy
precipitation events is likely.

There are significant differences between the
causal mechanisms of climate change and
natural hazards.  Anthropogenic
mechanisms triggering accelerated global
warming can arguably be mitigated.
Conversely, many natural hazards cannot be
easily mitigated, nor is an increase in natural
disasters necessarily attributable to peoples’
activities. In the global sense, climate change
is more open to effective pre-disaster
planning than other environmental hazard
risks.

Two Approaches to 
Disaster Education

As mentioned above, there are two
distinctively different approachesto disaster
education, one being independent and the
other, holistic. The independent
approachfocuses onan individual hazard risk,
which is taught separately.  This is
particularly common in Japan and the United
States where, for example, dangers of
hurricanes and typhoonsare generally taught
as separate subject matters.  Earthquake
training is also delivered separately. 

The holistic approach, in contrast, is when
the issue of risk is presented as arange of
issues that people may face.  In doing so,
this approach aims to bring together a range
of aspects that may affect livelihood security
in any given disaster situation, within a broad
and inclusive framework.  Consequently, the
spotlightis placed upon vulnerability of socio-
economic systemsin that consideration is
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given to the rate of exposure to, and the risk
of, a wide range of hazards. Thus, risk can be
viewed as a consequence of natural and/or
technological hazards.  For example, an every
day risk such as a traffic accident,though
considered a technological hazard, when
considered within a holistic framework, is
considered in parallel to a range of factors.
This is because an accident may be
exacerbated by either a singular factor, or any
numberof factors including perhaps,road
conditions to road type. The contextualisation
of risk as a holistic problem is organic in that it
develops over time, being both pre-emptive
and responsive.  Pre-disaster planning that
includes the role of emergency services(also
known as Blue Light Services) is common
when using the holistic approach.  This kind of
pre-disaster planning is operational in the
United Kingdom and generally includes
awareness training,is integrated within
educational programmes as well as business
continuity planning.

In Japan, most schools have an independent
approach to risk that emphasises risk in the
form of singular events.  For instance,disaster
training is often provided in the form of
evacuation drills. Some schools are trying to
adopt a more holistic approach as exemplified
by the “Ozone Rescue Troop”. 

Ozone Rescue Troup, Japan

What is the “Ozone Rescue Troop”? Ozone is
a local name given to the city of Nagoya.
Nagoya is currently under threat of a large
earthquake, widely predicted to strike in the
near future. The Ozone Rescue Troop delivers
disaster educational programmes to junior
high schools in Ozone/Nagoya on earthquake
dynamics.  However, lectures differ from
traditional training programmes in that counter-

measures in pre-disaster planning, discussion
of post disaster relief, rehabilitation and
reconstruction are thoroughly explored.
Lessons involve a series of learning tasks,
whichare undertaken in participation with the
local community.  Educational practice using
the Ozone approach includes mapping
household vulnerability, disaster reduction
mapping, demonstration of rescue
procedures, and briefing on resources,where
evacuation centres are, as well as when and
how to use them. 

Household vulnerability mapping entails
conducting safety assessments of houses
and providing recommendations to reduce
any identified risk/s. Household resources
including water, food and portable lighting are
also assessed with a view to finding the best
possible way to preserve essential resources
and access in the case of an emergency.
Self-help is advocated.  For instance, the
practice of building ‘safety-hoods’ on homes
that protect people from falling masonry is
actively encouraged. Additionally, disaster
reduction mapping (which involves identifying
and quantifying levels of risk)looks at entire
communities rather than relying solelyon
individual households.

Training delivered to rescue groups has a
great emphasis on life saving intervention.
Aside from training given to save lives,
training is also provided in terms of
operational logistics, how services are
provided in hospitals and other emergency
institutions.  Students are thus exposed to a
range of scenarios and trained in aspects
including:conducting patient logs,first aid,
reducing trauma levels of individuals and
communities, through to wide scale,
community epidemiology.Students are given
the opportunity to familiarise themselves with
the layout and provisions available at existing

evacuation centres.Students in each local
authority also survey and conduct appraisals
of evacuation centres available to residents.

The Holistic Approach – 
A UK Case Study

The holistic approach to disaster education
was explored in a series of seminars held in
Edinburgh, Newcastle and London in 2007. It
was shown that in the United Kingdom,
generally, a cohesive and generic approach
had been adopted by both teachers and
external representatives of the Blue Light
Services, particularly, the Fire Service in the
delivery of risk-training programmes.

A case study of St David’s Primary School,
Edinburgh,revealed that courses were
designed to meet specific learning outcomes
for different age groups.  The main themes,
learning objectives and outcomes of
educational programmes delivered to
students of St David’s are detailed below.

For P1/ P2 (5/6 years old) a range of issues
were raised including:

• What causes fire? 

• How can matches be dangerous? 

• What should we do if our clothes go on
fire? 

• What action should be taken in the event
of a fire? 

For P3/P4 (7/8 years old)a different set of
questions were raised which implied that
children at this age were better equipped to
comprehend and follow through a range of
actions that should be taken in the event of a
fire. Questions included:



• Where should we go if fire strikes? 

• What can help us get out of a building? 

• How can we detect smoke quickly? 

For P5/P6 (9/10 years old) discussion moved
from a focus on fire in school to outside,
including the home. The aim of exploring
incidents that could occur outside the school
environment was to better equip students to
deal with and think of a range of alternative
evacuation procedures. At this level,
exploration of a range of options is
undertaken with a typical question being:

• What would we do in the event of a fire in
our home? 

Plate 1 shows P5/P6 children exploring a
range of hazards that couldpotentially
generate significant fire risks.

At P7 (11 years old) focus is on learning by
doing. By visiting the Risk Factory, students
learn about both general risk and evacuation
procedures but also about specific hazards
related to individual commercial activities.
The range of scenarios investigated includes:
Police, Home, Water, Electricity, Building Site,
Farmyard, Fire, Railway, Transport, Road 
and Internet.
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Plate 1 A Firefighter Addressing
School Children

Plate 2 The Risk Factory Building

Plate 3 Road Safety Instruction



Plates 2 to 4 show the Risk Factory visited
by P7 students.

How Can weReduce Impacts of
Climate Change through Disaster
Education?

It has been demonstrated that a holistic
approach to disaster education may 
involve exploring vulnerability by location
demographic profile assessments and
appraisal of the socio-economic status of an
area in question,using both adaptation and
mitigation measures.  In developed
countries, retrofitted technologies can be
used in disaster education programmes to
illustrate how the impact of climate change
can be reduced.

Although the Kyoto Agreement focuses on
techno-centric approaches in dealing with
environmental risk, considering the
increasing likelihood of disasters as a result
of anthropogenic climate change, the need
to raise awareness of adaptation processes,
including coping mechanisms at the local
level,is as essential as mitigating hazard risks
at local and national levels.  As mitigation,
generally requires technological input, which
is typically out of the reach of developing
countries reliant on knowledge transfer from
the North, there is an urgent need to explore
adaptation planning within a structuralist
framework of disaster education. 
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Plate 4 Demonstration of High Risk Wiring
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Bangladesh is one of the most seriously
affected developing countries in the world in
terms of flooding.  Frequency of floodingis
likely to rise and become increasingly
hazardous with the onset of climate change.
Until recently, many assumed that floods
could be prevented by building higher and
stronger embankments. In the past, flood
inundation maps were used as a basis upon
which safety levels were defined.  A
methodology based on the recurrence
periods of floods resulted in the creation of
flood maps. Presently, water management
begins by lookingat where flooding occurs
and uses this informaiton as a foundation for
predicting where and to what extent flooding
may occur in the future.  

Providing complete protection against
flooding in Bangladesh is not socially
justifiable (as it would involve the resettlment
of thousands of poeple), and due to the low-
lying nature of land, itis not technically or
economically viable.Investments in water
policy are still necessary but water
management is no longer limited to flood
prevention at anycost. 

Modern water management approaches aim
to limit damage by ascertaining risk. Dhaka,
the capital city of Bangladesh is surrounded
by a network of rivers, which makes the city
vulnerable to flooding.  After the 1988 flood,
the western part of Dhaka City was protected
from river flooding by new embankments and

raised roads (JICA, 1991; Khan, 2006).
However, despite protective measures for
Dhaka West, catastrophic floods in 1988 and
2004 affected both the protected western
area and the unprotected eastern part of the
city. The situation continues to deteriorate. In
designing flood control measures reliant
solely on old flood inundation maps, the
absence of flood risk maps for reference and
information provision generally constrains
theefficacy and design of existing flood
control systems.

To address the need to close theidentified
gap, thisstudy aims at assessing flood risk
caused by the Balu-Tongikhal river system in
the eastern part of Dhaka City, which is

Spatial Assessment of Risk of River
Flood in Dhaka City, Bangladesh

Animesh Kumar GAIN – Institute of Water & Flood Management, Bangladesh University of 
Engineering & Technology, Dhaka 1000, Bangladesh.

M. Mozzammel HOQUE – Institute of Water & Flood Management, Bangladesh University of 
Engineering & Technology, Dhaka 1000, Bangladesh.

Martin J. BOOIJ – University of Twente, Faculty of Engineering & Technology, Water Engineering 
and Management, PO Box 217, 7500 AE Enschede, The Netherlands.

*Corresponding author e-mail: animesh.gain@gmail.com

Introduction



48

unprotected from river flooding. We present
an approach combining flood frequency
analysis, hydrodynamic modelling and GIS to
assess the risk of flooding in the study area.
Finally, damage risk costs of the study area
for different return period floods have been
calculated and outlined in this paper.

The Study Area

The focus of this study is the Balu-Tongi khal
river system of the eastern part of Dhaka City.
See Figure 1. The area of the basin stands
124 km2 within the study area and is
bordered by Old Demra Road to the south,
Progati Sarani-Airport road to the west, Tongi
to the north and Purbachal to the east. Land
elevation ranges between 0.5m and 7m
(Public Works Datum). 

Methodology

The method was developed based on the
use of hydrodynamic modelling (HEC-RAS)
and Geographic Information Systems (GIS). It
involves several steps: (1) flood inundation
mapping using geo-informatics tools; and (2)
the estimation of expected damage and risk
in order to map flood events using GIS. 

Data collection and pre-processing

Sources of information used for this study
include water level and discharge records,
topographic and land use maps, indicators of
vulnerabilityand wealth(in the form of
formulas) and given monetary valuation
figuresfor land and property. Water level and
discharge data was collected from three
gauging stations managed by the
Bangladesh Water Development Board

Figure 1 Study Area
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(BWDB). Spatial topographic data was
obtained from a wide variety of sources. A
Triangulated Irregular Network (TIN) was
developed using topographic data. By utilising
bathymetric surveys, river cross sections of
several locations were also digitised and
used in the development of TIN. Ascertaining
vulnerability via a formulaic function used by
JICA (1991) which happened to be
specifically applicable to and appropriate for
the study area,was developed
andincorporated into the study. The
monetary value of specific land and property
was collected from secondary sources. A
primary survey was also conducted to collect
data on the economic value of property.

Flood Inundation Mapping

All inundation mapping was accomplished
using hydrodynamic model HEC-RAS,
Geographic Information Systems and HEC-
GeoRAS. In the study, HEC-GeoRAS created
an import file from TIN, referred to herein as
the RAS GIS Import File, containing river,
reach and station identifiers; cross-sectional
outlines; downstream reach lengths for the
left overbank, main channel, and right
overbank. After importing the GIS processed
file into HEC-RAS, water surface profile
calculations for unsteady flow were carried
out. Standard hydrographs at upstream
boundaries for various return period floods
that were generated by means of non-
dimensional or normalised hydrographs in
combination with cluster analysis (Apel et al.,
2006). In the unsteady flow calculation, these
hydrographs were provided as an upstream
boundary. In the downstream boundary, the
rating curve was provided. For the subcritical
flow with a small change in cross-section
coefficients of contraction and expansion,
assumed as 0.1 and 0.3 respectively. An

initial flow value has been given at the
upstream boundary of the channel Balu River
and Tongi Khal. 

The focus of this study is the calibration of
Manning’s roughness coefficients. Starting
with roughness value estimates given in
Chow (1959), flood data of 1988 was used
for calibration of Manning’s n. After several
trials the best-fit between simulated and
observed water levels was achieved using
Manning’s values of 0.040 for the left bank,
0.036 for the main channel and 0.041 for the
right bank.

Using the calibrated roughness, HEC-RAS
was run for thirty days with computational
time intervals of 30minutes and detailed
output intervals of one hour. The flood water
levels obtained by the HEC-RAS model for
various return periods were exported and
overlain onto each cross-section of TIN for the
study area. By using HEC-GeoRAS, extension
of ArcGIS, raster based flood inundation
maps of various return periods was possible
via a cell size of 20m. The flood inundation
map of 100-yr flood is shown in Figure 2.

Estimation of Expected Damage of
Designed Flood Event

In the final step of risk assessment, the
expected damage rate of inundated land
types based on land use was estimated
using Equation 1. 

Where D is the total direct property damage
per cell of raster map, T is the return period

of a flood event, Vul is the vulnerability value
per cell which is function of Depth (DP) in
metres and Duration (DR) in days of
inundated land use categories, A is the area
of each cell in m2 and P is the property value
in monetary terms of each cell. For the
vulnerability function,Vul, is the depth-
duration-damage function of the study area
developed by JICA (1991) which was
incorporated into the study. The function is
shown in Equation 2.

Where a, b1, and b2 occur, these are the
regression coefficients of the JICA (1991)
study. Land use and property value, P was
collected from respective Government and
Non-Government authorities for the study
area. For validating property value, a quick
survey was conducted in the study area and
finally land useP was selected. For area A,
400m2 was given as every grid size being
20m. For each coefficient of the function,
grid-based raster map was produced in the
extent of flood inundation map. Then using
the vulnerability function in raster calculator
of ArcGIS, a vulnerability map for designed
flood was produced. Using Equation 1,
raster-based expected damage map or risk
map was also prepared with the help of the
raster calculator of GIS. For a risk map, see
Figure 3. Finally, expected annual damage
cost was found by taking the product of the
probability that an event of magnitude will
occur in any given year, and the damage that
would result from that event, and integrating
both for the design level. Then, damage risk
costs for different design return floods were
calculated and shown in Figure 4.
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Figure 2 Flood Inundation Map of 100-yr Return Period  Figure 3 Expected Damage Map of 100-yr Return Period Flood


