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Foreword

The International Strategy for Disaster Reduction (ISDR) welcomes this report as a concrete
response to its call for work to promote understanding that: protection of vital ecosystem
services is fundamental to reducing vulnerability to disasters and strengthening community
resilience.

Although there is a growing recognition that natural habitats can help to mitigate disasters
caused by vulnerability to hazards, we still have a great deal to learn about how to maximise
the potential benefits and about what this means in terms of landscape-scale management
approaches. Clear evidence linking habitat degradation to a series of so-called “natural”
disasters have added urgency to the need for further research and monitoring efforts. These
problems are likely to increase as a result of the disturbance caused by climate change.
Research shows that the poorest members of society consistently fare worst when disaster
strikes.

At the same time, natural ecosystems continue to be degraded at an alarming rate, so that in
many countries we can no longer assume they exist in good enough condition to provide the
environmental services upon which many people depend. In response, governments and
local communities are setting aside and where necessary restoring natural habitats
deliberately for their protective role. Although protected areas such as national parks and
nature reserves are primarily designed to conserve biodiversity, most also supply important
environmental services, including disaster mitigation. Whilst this is understood and acted
upon by many protected area managers, it has never been systematically assessed and the
current report makes a first attempt to provide a global overview.

By focusing the case studies on major disasters in the new millennium, the authors have
deliberately chosen a fairly narrow data set rather than choosing “best case” examples. They
have found cases where protected areas clearly play a major role in disaster mitigation and
cases where the links are not so clear cut or where changes in management approaches
within protected areas are needed.

One clear result of this study is a need for specialists in disaster risk reduction, environmental
management and protected areas to work together far more closely than they have in the
past. There is already much that could be done through better collaboration to increase the
role of natural habitats in disaster mitigation and these opportunities will continue to increase
as we learn more. We call on both communities to develop talks and to take the necessary
steps to ensure that natural safety measures are maintained and enhanced.

Salvano Bricefio

Director, International Strategy for Disaster Reduc  tion
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Summary

This is the fifth volume in the WWF series of refsadeveloped as part of thAeguments for Protection
project which is assembling evidence on the s@aidleconomic benefits of protected areas to widen
and strengthen support for park creation and manage

In this volume we explore the increasing number sancerity of so-called natural disasters, review ho
environmental degradation is contributing to thént, look at how conservation through protect®n i
currently mitigating the impacts of hazards andsliers and discuss the options for further devetppi
the role of protected areas in disaster prevergimhmitigation strategies.

The 2 century has already seen the impact of some hrulsific and record-breaking disasters such
as the Indian Ocean Tsunami and Hurricane Katrirthé US. Are these really the ‘one hundred year’
events policy makers tell us they are, or is tleegasing destruction and fragmentation of bioditers
and the consequent decline in ecosystem servickmgide impact of such events more extreme?
After all, the Millennium Ecosystem Assessmentraates that approximately 60 per cent of the
world’s ecosystem services (including 70 per cémegulating and cultural services) are being
degraded or used unsustainably, and notes tGatriges to ecosystems have contributed to a
significant rise in the number of floods and maijeld fires on all continents since the 1946s

Economic losses from weather and flood catastrophes increased ten-fold over the past 50 years,
partially as the result of climate change. And witbre than half of the world’s population exposed t
at least one hazard that has the potential to be@odisaster this is a subject matter that nonss cin
afford to ignore. Disaster reduction strategiesehaany elements but this report focuses on twbef t
most important: prevention and mitigation.

At present, billions of dollars are spent on themmhath of disasters even though experience shuats t
spending on pre-disaster mitigation is a far betsdue that can lessen the enormous suffering that
disasters usually result in. The World Bank, foample, suggests that every dollar invested in
effective disaster reduction measures saves senlarsdin terms of reduced losses from natural
disasters. So, as in the other reports inAttgriments for Protectiorseries, we argue that investment in
a well-managed, ecologically representative, glelyatem of protected areas can produce benefits far
beyond the conservation of biodiversity. Therefmretected area professionals, need to consider the
role of protected areas in disaster mitigation wpkamning, managing, and advocating the contriloutio
protected areas make to society.

We recognise that there have been many interndtgnaements and declarations linking the
preservation of ecosystem services with the mitigadf disasters, but note that in many cases it is
only the permanent and well-managed setting aditind and sea as protected areas which can
provide the stability and protection so often dalfier.

We find that protected areas can play three diaes in preventing or mitigating disasters arising

of natural hazards:
Maintaining natural ecosystems, such as coastafjroaes, coral reefs, floodplains and forest that
may help buffer against natural hazards
Maintaining traditional cultural ecosystems thatdvan important role in mitigating extreme
weather events, such as agroforestry systemsgéeri@op-growing and fruit tree forests in arid
lands
Providing an opportunity for active or passive oegtion of such systems where they have been
degraded or lost



Specifically we find that:

Natural or semi-natural habitats conserved in gtettareas can help to mitigate flooding by:
Providing space for floodwaters to go without cagsinajor damage
Absorbing the impacts of floods with natural vegeta

Protected areas retain natural vegetation, paatigpulorests, which can in certain circumstances,
prevent and mitigate landslides and avalanches by:

Stabilising soil and packing snow in a way thapstthe slippage starting

Slowing the movement and extent of damage oncip ésslinderway

Protected areas help to retain natural vegetatémis and landforms that can help block sudden
incursions by seawater, with particular benefitsrfrthe stabilising effects of:

Coral reefs

Offshore barrier islands

Mangrove forests

Sand-dunes

Coastal marshes

Protected areas can provide barriers against thadta of drought and desertification by:
Reducing pressure (particularly grazing pressundaod and thus reducing desert formation
Maintaining populations of drought resistant plaotserve as emergency food during drought or
for restoration

Protected areas can protect against fire by:
Limiting encroachment into the most fire-prone area
Maintaining traditional cultural management systeha have controlled fire
Protecting intact natural systems that are betiler @ withstand fire

Protected areas can help address problems of Anescand typhoons through:
Their role in mitigating floods and landslides
Directly buffering communities and land against warst impacts of a storm events (e.g. storm
surge)

The main role of protected areas in the case tfigaakes is in:
The prevention or mitigation of associated hazardsiding particularly landslides and rock falls
Providing zoning controls to prevent settlemerthim most earthquake prone areas

Protected areas can also play a role in addressimg of the underlying causes of disasters through,
for example:

Stabilising climate change through carbon sequistra

Halting the loss of forest quality and quantity

Protecting against river fragmentation and wetlesg

Protecting coral reefs

However, discussing the role protected areas anipldisaster mitigation is, at least at preseot,a
wholly positive story. The under protection of sobniemes, for example, coastal mangrove forests,
and the exploitation rather than the conservatidorests and wetlands has left many areas extgemel
vulnerable to disaster; disasters which in reality not ‘natural’ at all but are the consequencauof
scant regard for the ecosystem services our naakalonment provides.



We thus conclude this report with a 12 pakation Plan for Integrating Disaster Mitigation
Planning into Protected Areascalling for:

Research

1.

A great deal is already known about the role ofirdtecosystems in mitigating disaster. Further
research should now focus on the scale of disafterghich natural ecosystems can provide
effective mitigation strategies. Appropriate natuessource management strategies should be
identified.

2. Additional tools are needed to help planners idgmitie most valuable places where natural
ecosystems need to be protected and/or restoymdvale disaster mitigation services — through,
for example, overlaying ecosystem data with hamseigping in an opportunity analysis.

Planning

3. At a national and regional/transboundary scale dppiy analyses should be used to identify
places where natural systems could mitigate disaated to develop associated protection
strategies, including the establishment of newaquteld areas.

4. At a protected area scale, some protected arearéigh may consider revising their management
objectives and management plans to better reflettanserve the contribution of their protected
areas in providing ecosystem services, includinggating disasters.

Policy

5. The links between protected areas and disastegatidn need to be made explicit when
implementing or revising the various disaster réiducnitiatives reviewed in Appendix 1.

6. Similarly, lending agencies and donors supportirajgrted area establishment and management
should consider the disaster mitigation role oft@cted areas in project planning and
implementation and facilitate the integration ofieonment and disaster management
professionals.

7. Protected area managers and agencies need tabuddking relationship with those working on
disaster management before disasters happen tonisaxgynergies and opportunities.

8. Effective examples of where land and sea-use mamagteare contributing to disaster mitigation
need to be identified, application of managemetibap field-tested and results disseminated to
help other protected area mangers and agencieslbasaisaster recovery agencies.

9. The underlying causes of the increase in hazardiemadter occurrence, such as climate change,
forest loss and hydrological disturbance, shoulddidressed as part of a preventative strategy.

Funding

10. Further development is needed on economic evahuafiprotected area contribution towards

disaster mitigation and to investigate funding opsi for maintenance of natural defence systems,
including innovative use of Payment for Environnadr8ervices schemes and use of insurance
premiums to maintain strategically important ectesysservices.

11. The effectiveness of protected areas in disastiégation is closely linked to management success,

so that some of the funds available for disastéigation should be allocated to improve
management effectiveness of protected areas.

Management
12. Once plans have been developed, protected areayaranseed to ensure that steps needed to

maximise disaster reduction potential are incluidediay-to-day work programmes and priorities
including relationship building with local disastesponse agencies.



Preface

Not only must we emphasize the importance of nataapital and the fact that it
is being overused, we must also make people uadhersiow nature’s capital contributes to world
stability and find ways to change the situation.
Klaus Toepfer former Executive Director of the @witNations Environment Programme

This has not been an easy report to write — mudheofiterature on disasters centres on the terribl
consequences of natural disasters on our fellowaimgmirhanks to the world-wide web and global
media network we can access first-hand accourtseadeath and injury wrought by natural disasters
and read vivid descriptions of the plight of théeske behind in the wake of often overwhelming
destruction. Despite the aim of researching antdngra report on environmental issues the stories o
the people caught up in these terrible events @amgellingly real, and provide what is often an
appalling human backdrop to our analysis.

The orphanage in Tegucigalpa, Honduras, was
stretched to the limit with children arriving every day
after the disaster following Hurricane Mitch in 1998.
Over 11,000 people died as a result of the Hurricane.

© WWEF-Canon / Nigel Dickinson

But this is not a report about the human suffevitngch results from natural disasters — although the
voices of those affected by disaster can be heznel Rather it is a discussion about why our
environment is becoming less effective in mitiggtthe effects of natural hazards, and how lack of
environmental protection is contributing to theiabeconomic and environmental costs of disasters.

It is still a depressing story to tell. And the m&ge is hardly new. In many parts of the worldlithie
between environmental management and disasteratiitighas been known and acted upon for
centuries. More recently environmental writers hbgen advising on the need for sound ecological
management to mitigate the impacts of a range tirakhazards for 30 years or more

This report repeats many of these calls, but cdnats on one specific conservation strategy,
protected areas. Of course, conservation througteqtion is only one piece in the jigsaw puzzle of
responses needed to ensure that when disastersrhtiygpconsequences are minimised. There will
always be impacts — but if the harrowing accoufisuéfering following disasters are to be reduced
then every piece in the jigsaw puzzle of disastenagement needs to be in place.

As the number of lives lost and the economic amig$toll rise, the focus on disasters has shamgene
Report after report, conference after conferenceagneement after agreement list the terrifying
impacts of natural disasters on our world andfoalbetter disaster management in the short-temn an
disaster reduction in the long-term. This repookspecifically at the latter issue and as sudh wi
contribute to the call from the 2005 World Conferemn Disaster Reduction to take a closer look at
“the environmental aspects of disasters, and pddituin the critical roles in disaster reductiorf o
managing and maintaining environmental systemgduce the impact of disastétsand provides
input to the UN'’s Inter-Agency Secretariat of tiernational Strategy for Disaster Reduction (ISDR)
note that Although the inherent links between disaster redacind environmental management are
recognized, little research and policy work hasrbeadertaken on the subject. The intriguing concept
of using environmental tools for disaster reducti@s not yet been widely applied by many
practitioners.
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Chapter 1: Natural Disasters: A Global Phenomenon

A healthy environment enhances the capacity oksiesito reduce the impact of natural and human-
induced disasters, a fact largely underestimated.
International Strategy for Disaster Reducfion

What is a natural disaster?

To discuss the impacts of disasters and the stestegailable to mitigate their impacts it is imamt
first to be clear about what we mean by the tersaster when linked to natural events (see box4). A
the ISDR points out:Strictly speaking, there is no such thing as aumat disaster, but there are
natural hazards, such as cyclones and earthquakésdisaster takes place when a community is
affected by a hazard ... In other words, the impath® disaster is determined by the extent of a
community’s vulnerability to the hazard. This vuhdslity is not natural. It is the human dimensioh
disasters, the result of the whole range of econpsucial, cultural, institutional, political andven
psychological factors that shape people’s lives armhte the environment that they live n.”

The literature on disaster management has incrgigsimde the links between disasters and natural
systems. Put simply if natural systems are degradddhe effectiveness of ecosystem services
reduced then the consequences of natural hazasbsastheavy rain, hurricanes, earthquake or drought
are likely to be exacerbated and can in some daadgo a disaster — hence the phrase “natural
disaster”. It is therefore likely that if naturglstems are compromised, either locally throughviiets

such as deforestation or wetland drainage, or $iglzhue to the impacts of climate change, the
impacts of the disaster are likely to increase.

Terminology
Hazard: A potentially damaging physical event, phenomenon or human activity that may cause the loss

of life or injury, property damage, social and economic disruption or environmental degradation.

Disaster : A serious disruption of the functioning of a community or a society causing widespread
human, material, economic or environmental losses which exceed the ability of the affected community
or society to cope using its own resources.

Disaster risk management : The systematic process of using administrative decisions, organization,
operational skills and capacities to implement policies, strategies and coping capacities of the society
and communities to lessen the impacts of natural hazards and related environmental and technological
disasters. This comprises all forms of activities, including structural and non-structural measures to
avoid (prevention) or to limit (mitigation and preparedness) adverse effects of hazards.

Disaster risk reduction (disaster reduction)  : Conceptual framework of elements which may minimise
vulnerability and disaster risks, to either avoid (prevention) or to limit (mitigation and preparedness) the
adverse impacts of disasters, within the broad context of sustainable development. The framework is
composed of a range of actions including:

Risk awareness and assessment including hazard analysis and vulnerability/capacity analysis

Knowledge development including education, training, research and information

Public commitment and institutional frameworks

Measures including environmental management, land-use and urban planning, facility protection,

application of science and technology, partnership and networking and financial instruments

Early warning systems including forecasting, dissemination of warnings, preparedness measures

and reaction capacities

Edited from the basic definitions on disaster developed by the UN’s ISDR Secretariat®
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Disaster prone

Results from a global analysis of disaster hotspptthe World Bank estimate that about 3.4 billion
people (more than half of the world’s populatiorg axposed to at least one hazard and that 2milli
km?, some 19 per cent of the Earth’s surface, is ptorezard One of the main reasons for the
increasing attention being paid to natural disasted their consequences is that there seemsao be
strong trend towards more numerous hazards becaifisagters leading to greater loss of life and
more serious economic impact. Given the amourtt@fstorld which faces such risks, the costs, in
social, economic and environmental terms, of anyease in hazards and resulting disasters arg likel
to be great.

Much of the information collated on disasters coifnes a few big insurance companies such as
Munich Re and Swiss Re. Such information focusedisasters linked to short-term events (i.e.
earthquakes, fire, storms or other extreme weathents) as opposed to long-term events such as the
effects of drought, and tends to provide the mestitbd information, not surprisingly, on insured
losses. But even given these limitations, insuraacepanies have been one of the first industrial
sectors to examine closely the trends in disasteiural and man-made.

Flooding in East Dongting Lake, Hunan Province,
China. Over 20,000 people have died due to
flooding in China since 1990 (source EM.DAT)

© WWEF-Canon / Yifei Zhang

Over the last 50 years the number of disastersleasly increased. Although some of this increase
may be the result of more accurate reporting, rdweds are hard to ignore. About 100 disasters per
decade were reported from 1900-1940, this increas680 during the 1960s, 2,000 in the 1980s and
reached almost 2,800 in the 1980#n 2001, one author predicted that ti®90s may go down in
history as the International Decade of Disasterstlee world experienced the most costly spate of
floods, storms, earthquakes, and fires &lfeBut this trend of increasing natural disasters e
impacts of disasters has continued into thé@htury, and now every decade seems to be the
‘International Decade of Disasters’. Table 1 belsts some of the most serious disasters since the
new millennium (in general, those disasters withtost victims and those accruing the most costly
insurance losses according to Swiss Re in tha).yaldhough by no means a complete list of all
disasters the world has seen during this periadlishserved as the basis for the choice of casbes
in this report (emboldened in the Table). It gdsovides an overview of the causes of some of the
most serious natural disasters between 2000 arl 200

Extreme weather
Due to the many different types of extreme weather events, there has been a corresponding proliferation
of definitions of extreme weather appropriate for different applications at different times and placeslz.

The U.S. National Oceanic and Atmospheric Administration (NOAA) uses a definition of extreme
weather based on an event's climatologically-expected distribution. An event is called extreme if occurs,
for example, only five per cent or less of the time. NOAA notes, however, that the exact choice of cut-off
of the climatologically probability value used in the definition is somewhat arbitrary.

A simple example of extreme weather is therefore when the temperature drops to a level which occurs
less than five per cent of the time, say below -20 C. Extreme events, by definition, are rare™.

12



Table 1: Natural disasters of the 21 %' Century

) Insured loss:
Cause Impact Loss of life o
(US$ million)
Ml4
Persistent rain in and around 10 million people affected by 919 Not available
Mozambique (6 t February) flooding (n/a)
Monsoon in India and Floods 1,200 n/a
Bangladesh (August)
Heavy rain in Tokai, Japan (10th Floods 18 990
September)
Storm Oratia in Northern Europe | UK'’s ‘hurricane’, widespread 16 747
(29th October) structural damage
M15
Earthquake in El Salvador, Numerous landslides 845 n/a
Guatemala (13th January)
Earthquake in Gujarat, India Major infrastructure damage. Felt 15,000 110
(26th January) across northern India and much of
Pakistan, and in Bangladesh and
western Nepal'®.
Hail storm and tornadoes in Considerable structural damage 0 1,900
Kansas City, US (6lh April) and floods
Tropical storm Allison in the US Serious flooding in the southern 33 3,150
(6th June) United States, primarily in Texas
Torrential rainfall in Algeria (11th Flooding 886 n/a
November)
Mﬂ
Earthquake in Afghanistan and Houses destroyed and landslides 2,000 n/a
Pakistan (25th March) blocked many roads. Felt in
northern Afghanistan, the
Islamabad-Peshawar area,
Pakistan and Tajikistan'®.
Spring storm in the US and Damage across east coast of US 6 1,675
tornadoes (27" April)
Heavy rain in the Elbe and Flood impacts in Germany, 38 2,500
Danube catchment (August) Czech Republic and Austria
m19
Tornadoes, hail and severe Infrastructure damage 45 3,205
storms in US (2™ May)
Earthquake in Algeria (May) Infrastructure damage — thousands 2,266 5,000
of homes destroyed
Heat wave in Europe (July- Forest fires (in Portugal costs 19 1,600
August) estimated at US$1.6 billion)
Heat wave in US (October) Drought and forest fires particularly 18 2,035
in California (housing cost losses
estimated at over US$2 billion)
Earthquake in Bam, Iran (26th Almost entire city destroyed and 41,000 1,000

December)

population buried under the rubble
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Cause

Impact

Loss of life

Insured loss:

(US$ million)
M20
Haiti and Dominican Republic Floods and landslides 3,344 n/a
heavy rain ( 23 May)
Hurricane Charley (11th August) | Significant infrastructure damage 24 8,000
after making landfall in south-west
Florida at peak intensity
Hurricane Ivan in the Caribbean | Catastrophic damage in Grenada 124 11,000
and US, (September) and heavy damage in Jamaica,
Grand Cayman, and western Cuba
Hurricane Jeanne in the Floods and landslides, with Haiti 3,034 4,000
Caribbean and US (13th worse affected
September)
Earthquake and tsunami in Major loss of life and 280,000 5,000
the Indian Ocean (26 t infrastructure in South Asia
December)
le
Hurricane Katrina in Gulf of Floods and coastal impacts 1,326 45,000
Mexico (24 g August) primarily in the US
Hurricane Rita in Gulf of Mexico | Most intense tropical cyclone ever 34 10,000
(20th September) observed in the Gulf of Mexico,
significant damage in US
Earthquake in Pakistan (8 g Landslides and floods 73,300 n/a
October)
Drought East Africa (failure of 11 million people faced with food n/a n/a
rains in later half of year) shortages throughout East Africa
and the Horn of Africa®
M23
Tornadoes and storms in the US | Infrastructure damage 12 1,282
(6™ April)
Tornadoes and storms in the US | Infrastructure damage 1 1,850
(13" April)
Earthquake in Indonesia (27th Destruction in heavily populated 5,778 40
May) areas of Java
Heat wave in Europe (June) Heat related deaths recorded in At least n/a
the Netherlands, Belgium and 1,900

France

The social impacts of disasters include loss @&diand livelihoods, injury and displacement, inseeh
risk of disease, interruption of economic actiatand loss of, or damage to, infrastructure,
communications and important cultural values amitdge. The World Health Organisation’s

Collaborating Centre for Research on the Epidergiplaf Disasters (CRED) has been maintaining an
Emergency Events Database (EM-DAT) since 1988. EN@&ntains core data on the occurrence and

effects of over 12,800 mass disasters in the wioolth 1900 to presefit From this data the major five
natural hazards by number of deaths are (startitigtihie highest death toll): drought; storms; flepd

earthquakes and volcandgs
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As Table 1 indicates, the number of people affebtedisasters remains staggeringly high; more
people are affected by disasters than by war;yabae time it is estimated that 25 million people a
displaced from their homes as a result of disaStéfhe estimated figures for the number of dead
provide chilling testimony to the devastating effetdisasters with over a million people beindddl
between 1970 and 1979; over 800,000 between 1980 2809; over 600,000 between 1990 and 1999
and already well over a million during the first siears of the new centufy But even using these
figures of lives lost to chart the rise in natuwteasters seems too simple as it fails to takeantmunt
the terrible suffering of all those displaced, widka or orphaned, of the livelihoods ruined, the Bom
lost and the environmental damage following digaste

Although few of us could be considered as totadlfieSrom natural disaster, some areas of the world
are more disaster prone than others. This vulnigsata disaster increases as populations rise,
urbanisation increases and more and more people madvgh-risk areas such as floodplains, coastal
areas, small islands and steep slopes. As welliag in areas vulnerable to natural hazards, ffece

of development on disaster impact is dramatic imgeof social costs: on average, 22.5 people die pe
reported disaster in highly developed countrie$, di¢ per disaster in countries with medium human
development, and 1,052 people die per disastastintdes with low levels of developméhtOverall
about 75 per cent of natural disasters between &8d997 occurred in the Asia and the Pacific
region, mostly in the poorest of developing cowsifiand more than 95 per cent of all deaths as a
result of natural disasters are in least develo@eidns’. The main reasons being that these areas are
more susceptible to natural hazards in generate tisdess planning control in relation to infrasture
development and countries are less prepared tgatetihe effects of disasters.

Encroachment of housing on the mangrove
forest of San Pedro, Ambergris Cay,
Belize.

© WWEF-Canon / Anthony B. Rath

The economic impacts of disasters are experieriwedgh the damage or destruction to assets
resulting from the hazard itself, or from the natutisaster that follows many hazard events. The
insurance company Munich Re researched the treedarfomic losses and insurance costs over the 50
year period at the end of the last century. Théyarsaof ‘great natural catastrophes’ (a natural
catastrophe being defined by Munich Re as ‘gréalid ability of the region to help itself is distitly
overtaxed, making interregional or internationalistance necessdfyfound that between 1950 and
1959 there were 20 such catastrophes accountingS8$88 billion in economic losses (re-calculated at
1998 values), between 1990 and 1999 there were@2events, with economic losses rising to
US$535 billion. Disasters had thus multiplied faldf whilst economic losses were 14 times gréater

Although providing a useful indication of what disers are costing us, figures relating to insurance
losses do little to indicate the actual economipdnt of disasters. For instance, in 1999 at le2$ 4
per cent of the damage caused by the flooding istrda) Germany and Switzerland was covered by
insurance; in Venezuela during the same year, fonlyper cent of flood damage was insured.
Furthermore, the most expensive disasters in fiahnc economic terms are often very different from
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those which are most devastating in human termgs @aring the 1990s, on average earthquakes
accounted for 30 per cent of all damage, but oimg per cent of deaths, whilst famine was respdmsib
for 42 per cent of all recorded deaths, but acaifdr four per cent of damatje

As with the social costs the impacts of disasteed@t unevenly across countries; and disasters ca
have very significant effects on already vulneraienomies. Among the least developed countries,
24 of the 49 face high levels of disaster iskor example, in the US the economic losses 01 89¥-
1998 EI Nifio were US$1.96 billion or 0.03 per cehGDP; whilst the economic losses in Ecuador
were US$2.9 billion, which represented 14.6 pet oérountry’s GDF®. Hurricane Mitch caused
massive destruction and loss of life in Central Ainge Honduras was hardest hit with economic losses
estimated at US$3.64 billion or about 69 per cé@DP in 1998. In comparison, Hurricane Andrew
resulted in estimated damages of US$30 billiomenWS, but this accounted for less than 0.5 per cen
of the GDP in 199%. Overall the World Bank estimates that from 1990@, natural disasters resulted
in damage of between 2 to15 per cent of an affextedtry’s annual GDB. Comparing the economic
impacts of the 2000 flood in Mozambique with th®2@lood in Central Europe (see case studies)
illustrates the disparity in how national econonaes impacted by natural disasters. According ¢o th
World Bank, the Mozambique flood resulted in a 46 gent drop in GDP in 2000, whereas in
Germany, the 2002 flood is estimated to have calesscthan a one per cent drop in GbP

The economic costs of disasters are also far reg@mnd there can be a long period between thelactua
disaster and the economic impacts. For exampleréservoir levels resulting from long-term drought
and siltation linked to deforestation led to redtuts in hydropower generation in Kenya in 1999 and
2000. Water and power rationing followed, with theses from rationing alone being estimated at
US$2 million per day, and the cost of unmet eleitfridemand was estimated at US$400-630 million,
equal to between 3.8 and 6.5 per cent of DP

Dead cattle due to
drought in Gujarat, India

© WWF-Canon / Mauri
Rautkari
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Chapter 2: Causes of Disaster

Why does heavy rainfall in one area just resuét nather miserable day for anyone outside, while fo
others it leads to loss of life and infrastructanel massive environmental damage? There are many
natural hazards which can trigger disasters, lageltan be classified under two main types aseatkfin
by the ISDR Secretariat:
Geological hazardNatural earth processes or phenomena that mag ¢ha loss of life or injury,
property damage, social and economic disruptioeneironmental degradation.
Hydro-meteorological hazardNatural processes or phenomena of atmospheticplogical or
oceanographic nature, which may cause the losteadd injury, property damage, social and
economic disruption or environmental degradéfion

Whether these hazards turn into a natural dishstebeen summarised by the following simple
Pressure and Release (PAR) Modtaster Risk = Hazard + Vulnerabilityrhe likelihood of hazards
leading to disasters is thus primarily dependardmarea or people’s level of vulnerability. Many
issues can increase vulnerability but these temkpend upon:

root causes: e.g. limited access to resourcesaryaiitical or economic systems

dynamic pressures: e.g. lack of training, skillsigeistment, local institutions

macro-forces: e.g. rapid population growth or ursation, poor planning, deforestation, decline in

soil productivity

Together these issues can result in vulnerableitonsl (e.g. fragile physical environments or local
economies, or lack of preparedness to disastehaahen combined with a hazard can lead to
disastet’. The level of vulnerability, and thus the likeltof a hazard developing into a disaster, is
therefore in many cases in our control.

In this chapter we look at some of the issuesirggirimarily to environmental change which are
making us more vulnerable to natural disasterdudtieg climate change, forest loss, changing
hydrology, coastal developments and overall issfig®verty and governance. In the following
chapter we review the impacts that these fact@$aving.

Changing climes

Evidence of a link between climate change and ¢kmariability is mounting rapidly. According to
climate experts, as our climate changes the hydicdbcycle will intensify, in particular rainy ssans
will become shorter and more intense and droughitgrew longer in duration.

The Intergovernmental Panel on Climate Change ()PE&ies quite clearly that thevdrming of the
climate system is unequivocal, as is nhow evidem fobservations of increases in global average air
and ocean temperatures, widespread melting of smwhice, and rising global average sea 1&VEl
The evidence for change comes from the trends ekdeaver the last century. The IPCC states (all the
below have levels of confidence of above 90 pet)deat during the 20century:
Global mean surface temperature increased by @%&0Qwith land warming more than oceans
Surface temperatures in the Northern Hemisphereased more than in any period during the last
1,000 years
Cold days decreased for nearly all land areas
Continental precipitation increased by 5-10 pett @ethe Northern Hemisphere and decreased in
some regions (e.g. north and west Africa and pdrtise Mediterranean)
In some regions, such as parts of Asia and Aftleafrequency and intensity of droughts
increased in recent decades
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El Nifio events (i.e. the major temperature fludtuat of surface waters in the tropical Eastern
Pacific Ocean which affect the climate of the whed@ithern hemisphere) became more frequent,
persistent and intense during the last 20 to 3@sys@mpared to the previous 100 yéars

And we are to blame. As the IPCC stafEhére is new and stronger evidence that most ofviirening
observed over the last 50 years is attributablauman activities. Detection and attribution studies
consistently find evidence for an anthropogeniaaign the climate record of the last 35 to 50
years *°. Anthropogenic climate change, or ‘global warmirig’caused by increasing concentrations of
greenhouse gases which trap the heat in our atraosply preventing radiation from escaping into
spacé®.

The changes we are creating in our climate arengavidirect impact on the hazards which can lead to
disasters. Although geological hazards tend to tedaHe greatest loss of life per event, hydro-
meteorological hazards are affecting ever largenbers of people: an estimated 157 million people in
2005, up by seven million compared to 28/0dnd according to the World Water Council (WWC)
“Extreme weather records are being broken every yed&conomic losses from weather and flood
catastrophes have increased ten-fold over the pastears, partially the result of rapid climate

change™®

In many countries hydro-meteorological hazardslaeemajor cause of natural disasters. In Malaysia,
for example, most natural disasters result fronvieaing®. And whatever the reason, there is plenty
of evidence that climates are fluctuating. A revigvglobal changes in rainfall, for example, found
increased variance in precipitatiemerywhereln particular, there has been increased pretipitan
high latitudes (Northern Hemisphere); reductionpriecipitation in China, Australia and the Small
Island States in the Pacific; and increased vaeiamequatorial region%

Climate change thus has the potential to incre@ssdverity of all types of hydro-meteorological
hazards; for example flooding risks can increase mumber of ways: from the sea (higher sea-levels
and storm surges); from glacial lake outburst @bfam in countries such as Nepal); and from ralinfal
— for instance, heavier rainfall or rainfall thatmore prolonged than in the pasThe intensity and
frequency of extreme rainfall and the projectedidedn return period (i.e. an estimate of how lang
will be between rainfall events of a given magné)df extreme rainfall events are also likely tsule

in more numerous landslid8s

Although we are still only beginning to understdhd links between our climate and global warming,
climate change impacts, whatever the cause, ang liet all over the world. During the 1960s and
1970s, more than 90 per cent of the natural disastehe United States were the result of weabher
climate extremes, in particular due to increasettipitation; and the magnitude, frequency and obst
these extreme hydrological events in some regibiocth America are predicted to increase further

In subtropical South America, east of the Andesuahprecipitation has increased in some areasby a
much as 40 per cent since the 1960s China it was reported in 2005 thatisasters like typhoon,
rainstorm and flood and low temperature and freiepery were more severe than normal years

Data on the West African drought of the 1970s &980% showed that decreased precipitation of 25 per
cent lead to a 50 per cent reduction of water flmpwinto lakes and rivets

Even apparently natural weather patterns seem thdeging. The El Nifio events of 1997-1998 were

the most intense occurrences of this climatic ph@wn during the 20th century, leading to extensive
flooding, extended drought conditions and widespneédfires’’.
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Forest loss

Over the last century there has been a steep deanliglobal forest cover and a parallel, althouggs|
recognised, decline in the quality of much of theeét that remains. Deforestation, mainly conversio
of forests to agricultural land, continued at abt@imillion hectares per year from 2000 to 2005, a
slight lessening of the rate in the previous decaith most losses in the tropiésForest cover in
temperate regions is increasing, following histalrforest clearance, although much of this restored
forest is in heavily modified form. Around 3.8 peamt of the global forest is made up of plantafians
There is no worldwide survey of forest degradatiocommonly accepted definitions, but it is
increasingly acknowledged to be a problem. Lodem&st quality can include removal of key species
and simplification of composition and structure dradymentation.

The loss of forest quality and quantity has beeked with increasing vulnerability to a number of
hazards, including increased precipitation andnsteurges, and can thus be a major contributor to

floods, landslides and avalanches.

Forests provide a range of ecosystem servicesématlirectly or indirectly mitigate natural hazards
see Table 2 below.

Table 2: Hazard mitigation services from forests

Service Hazard

Protection of water catchments by forests Floods

Protection of coasts by mangroves and _Storms
coastal forests Tsunami

Sea-level rise

Soil stabilisation Landslip60

Desertification

Slope stabilisation Landsp
Avalanche

Rock-fall

Water interception by cloud forests® Drought

Shading canals and reservoirs to reduce Drought

evaporation

Windbreaks _Typhoonsandstorms
Snowdrift

Firebreaks Spread of fire

Non timber forest products Back-up food sources in the event of drought etc

Direct cause and effect linkages are difficult $sess and also vary depending on the particular
circumstances and the scale of flooding involvednilauthorities already consciously use forest
protection or restoration to help mitigate floodsl aeport positive results. Restoration of for@sthe
watershed above Malaga, Spain, centuries agoxéomple, ended the flooding that had been recorded
at regular intervals over 500 ye¥rs

There is less evidence that forest cover offersaptimn against major ‘once-in-a-lifetime’ floddsin
part this is because impacts of land use on hydicdb and landscape processes can only be verified
within small areas, and most research to date &éas bndertaken in small-scale watersheds. At a
larger scale, with complex natural processes,dtfficult to detect changes due to specific lasé,u
resource extraction or conservation practicesjqaarly on a short time scafk
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Linking deforestation and flood risk

The theoretical connection between deforestation and flood risk has been made as follows:
Removal of natural vegetation tends to reduce evapotranspiration losses
Exposure of soil surface to the full energy of falling rain causes the break up of soil crumbs,
clogging of pores and reduction of infiltration capacity
Sun baking the soil leads to cracks that can speed drainage
Vegetation thus reduces water loss through transpiration and interceptiones.

Thus as the amount of rainfall increases, it isl{ikhat the resilience offered by soil and plantar
diminishes as welf. Hurricane Mitch, for example, struck at a timeemtihe soils were already
saturated; it is argued therefore that the sevecoglihg that followed would have been inevitablerv
if the forest cover had been int{cHowever, even in this situation models develoged verified in
southern Honduras, based on data from the Namasigtegshed and validated in the adjacent El
Triunfo watershed, have suggested that sites cdugrehrub fallow and forests had relatively low
incidence of landslides regardless even of thegmghic featuré. This issue is examined in more
detail on page 39.

Destruction caused by the
flood-waters of Hurricane Mitch,
December 1998

© WWEF-Canon / Nigel
Dickinson

Examples of natural disasters linked with defortgmtainclude:
Much of the damage that followed the cyclone thatrdia’s Orissa coast in October 1999
occurred in the extensively-deforested new settigraseas along the coast. A storm surge
devastated a 100-km long stretch of coastlinenjlithousands of people. According to local
reports, illegal immigrants had been encouragesktite in the area by vote-seeking politicians.
The construction of homes led to the destructiosamfd dunes, mangrove and casuarina forests,
removing the traditional barriers to storm surged high wind§>.

In 2003 the Indonesian Environment Minister likerltghal loggers to terrorists, after devastating
floods on the island of Sumatra killed at leasp80ple. The North Sumatra governor, Rizal
Nurdin, blamed illegal logging for the disasterdaaid the central government was not doing
enough to tackle the probléfn

In the Philippines, flash floods and landslide2@94 left over 1,600 people dead or missing.
President Gloria Arroyo blamed the disaster oniridescriminate logging that has left the country
with less than six per cent of its original forésts

In October 2005, Tropical Storm Stan brought reamidimes of rainfall to El Salvador; it left 100
people dead and tens of thousands homeless. Regdlaltidslides in the mountain range of La
Cordillera El Balsamo, which crosses a large pa8advadoran territory, left many communities
without communication, electricity or water. Forays, environmental groups, such as Friends of
the Earth El Salvador, had warned of increasingenability to flooding due to deforestation and
wetland destructiofi.
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Changes in the Yangtze River basin in China haea lsdamed for the increasing severity of
floods. Upstream deforestation (85 per cent ofdhest cover in the Yangtze basin has been
cleared by logging and agricultdfe reduction in the area and number of lakes artthnes, and
encroachment on flood plains have all been citdtbhaig a detrimental effect on the river's
ability to mitigate the effects of heavy rain. 1998, severe floods of the Yangtze and Yellow
Rivers displaced tens of millions of people, kilkbbdusands, and caused about US$20 billion in
damagé’. Deforestation was believed to have had suchastlisus impact that during the height
of flooding China’s State Council issued an emecgesrder calling for immediate actibh
Logging was banned in forests on the upper Yangtzer, and the middle and upper Yellow
River, followed by a moratorium on logging acrosssiof the country’s natural foréStAlthough
some disagree on the exact role of deforestatioelation to this particular flood, there is gertera
agreement on the long-term link between deforestaind flooding in the regiéh

Coursing over a distance of 6,380 km, the
Yangtze is the longest river in China and the third
longest in the world after the Amazon in South
America and the Nile in Africa.

© WWEF-Canon / Michel Gunther

Changing flows

Fresh water fulfils our most basic needs — forkdrig, washing and watering crops and livestock.
Rivers can provide transportation links, power aattients. Natural wetlands have many ecosystem
values, but these are often the areas we choasédidrain for our agriculture. It is no wonder
therefore that so many of our settlements haveldped near large bodies of water.

But our relationship has hardly been symbiotic. Véetontrolled, drained, dammed and diverted our
water sources, often with little thought to theisiid function of rivers and wetlands. In Europay, f
example, the River Rhine has lost more than 8% eer of its natural floodplains to buildings and
agriculture over the past two centuffes

The River Thames, London, UK. Over seven
million people depend on the river for water and
124 sewage treatment works carry away the
sewage of the 11 million people who live in the
Thames Valley.

© WWF-Canon / Emma Duncan

Analyses of river fragmentation world wide, found @er cent of the 227 large river basins reviewed
were strongly affected by fragmentation and altdleas (i.e. with less than one quarter of theiima
channel left without dams) and 23 per cent wereermely affected. Although 40 per cent were found
to be unaffected, the only remaining large freevita rivers in the world occur in the tundra region

of North America and Russia, and in smaller coasdains in Africa and Latin Ameri€a

As figures on global wetland coverage differ widehere is no precise source for the extent ofameit!

loss worldwid&. In 1996, however, the OECD estimated that thindge of wetlands for agricultural
production, the principal cause of wetland lost &Hected around 60 per cent of available wetiand
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Europe and North America; 27 per cent in Asia,pgk cent in South America and two per cent in
Africa — making a total of 26 per cent wetland logsldwide™.

Of course many people argue that our need for ptaguagricultural land justifies our use of

wetlands. But wetlands also have great value tmaté natural hazards. A global assessment of the
value of wetlands estimates that the median ecanwvatue of wetland (at year 2000 values) for flood
control is US$464 per hectare per anfiumhe Netherlands, a country famous for its icdardscapes

of agriculture and windmills created by wetlandidage, is turning back the clocks for some of its
wetland habitats. With climate change threatenimgeases in sea-level and extreme river discharge,
the economics of maintaining dykes (artificiallynstructed embankments) are being re-considered. As
a result in areas which are not heavily developadulti-million Euro programme of river restoration

is being carried out including the broadening flplaihs, re-creation of water retention areas it
depressions, and reopening of secondary river eisifin

The famous windmills of Kinderdijk / Alblasserwaard,
Rotterdam, the Netherlands

© WWF-Canon / Chris Martin Bahr

In general, the drainage of wetlands and marshatsilsotes directly to changes in the timing of rtino
the amount of natural storage in the basin, andheerability of the channel to erosf8nTheir loss
increases the vulnerability of the watershed todiag. Thus all over the world our rivers and wedls
can no longer provide their full range of ecosystarvices. Without these services our vulnerabitity
hazard increases. Conversely, even our efforterttral rivers can increase vulnerability, as people
often settle in flood-prone areas as they beligslesrare lowered by protective structures suchaassd
dykes and diversions, or because fertile, but\atitherable land, is created by flow disruption.
Structures that prevent rivers from flooding offeovoke extremely damaging floods when water
eventually overflows (see Mozambique case sfliflghd in urban areas paving of surfaces
significantly reduces infiltration, natural storageeduced by improved drainage, and streams are
often constricted by development or crossifgs

Vulnerable coasts
When coastal processes are ignored and naturalggtain removed, the vulnerability to hazards is
increased .%’.

Coasts are dynamic, fluid places which can proaidémportant defence against hazards. However
human modifications of natural landforms and tHea$ of climate change are putting this mitigation
role at risk. Changes in sea-levels are a natandlgs a shoreline’s evolution. However, climate
change has been linked with rises in sea-levéddgond the normal evolutionary processes. Coastal
wetlands are already declining by one per cenypar to indirect and direct human activities. i se
levels rise by one metre more half of the worldastal wetlands could be 185tAnd according to the
IPCC this process is already underway sea“level rise and human development are together
contributing to losses of coastal wetlands and mawes, which is, as a resultjricreasing damage
from coastal flooding in many are48
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Wide beaches and high dunes act as dissipaterawe nergy and dunes can provide natural
protection between the ocean and inland propei®alt marshes, mangroves and other forested
estuarine wetlands act as the frontline coastardef against incoming storms breaking the force of
wind and wave¥. In particular mangroves can have a regulatingoefy protecting shores from storm
surges and waves and by preventing erosion. Bugfusan be seen in other forest types, mangroves
are losing quality and quantity. An FAO study ofngeove status concluded that the current mangrove
area worldwide has fallen below 15 million hectadesvn from 19.8 million ha in 1980 and that
mangrove deforestation continued, albeit at a glighwer rate in the 1990s (1.1 percent per annum)
than in the 1980s (1.9 percent per annum). ThiSreeim mangrove loss reflects the fact that most
countries have banned the conversion of mangraresquaculture purposes and requires
environmental impact assessments prior to largke-scaversion of mangroves for other Wes

There has been some computer modelling of wave fand fluid dynamics which suggests that tree
vegetation may shield coastlines from tsunami danfggreducing wave amplitude and energy; and
that 30 trees per 100°rim a 100-m wide belt may reduce the maximum tstirfanw pressure by more
than 90 per cefit A study in Thailand looking at the correlatioretleen disasters and mangrove loss
between 1979 and 1996 across 21 coastal provincesl that a one kidecline in mangrove area will
increase the expected number of disasters by @B6emt*. The same study calculated the resulting
economic impacts associated with changes in famest, for 1979-96 and for 1996-2004. During 1979-
1996, the estimated real economic damages perat@asint per year in Thailand averaged around
US$189.9 million (at 1996 values). For this peritidy marginal effect of a one kioss of mangrove
area is an increase in expected storm damage®of BI$$585,000 per KmOver the period between
1996 and 2004 the estimated real economic damagmpstal event per year in Thailand averaged
around US$61.0 million (at 1996 values). For thésigd, the marginal effect of a one -ktass of
mangrove area is an increase in expected stormgid about US$187,898 per K

Results from monitoring programmes indicate thattat30 per cent of the world’s reefs are seriously
damaged. It is possible that there are no pris@eés left in our oceans at all, and it has beedipted

that 60 per cent of all reefs will be lost by 283Mot only is the loss of reefs having major imgamn
biodiversity, but their role in mitigating sea-lévise is also being lost. In the Caribbean, a pathe

world particularly vulnerable to storms, more tHaH000 km of shoreline could experience a 10-20 per
cent reduction in protection from waves and stoby8050 as a result of coral reef degradafion
Modelling of changes in the Seychelles suggeststhgae energy has doubled as a result of sea-level
rise, loss of coral reefs due to bleaching, changesef make-up and the wave regime. The models
predict that, over the next decade, it will douldgin as a result of further damage to the teefs

Devastated
coastal area in
Aceh province of
Indonesia after the
2004 tsunami

© WWF-Canon /
Yoshi Shimizu
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Poverty and governance

“Well-managed ecosystems can mitigate the impanbsf natural hazards, such as landslides,
hurricanes and cyclones. In addition, productive®stems can support sustainable income-
generating activities and are important assetsgeople and communities in the aftermath of a
disastet *°.

As noted in Chapter 1, the term ‘disaster’ has liEdimed as: a serious disruption to the functigroh
a community or a society causing widespread humaterial, economic or environmental losses
which exceed the ability of the affected commupitysociety to cope using its own resources. Of
course, any natural event has the potentiabiwéed the ability of the affected community oretpto
cope using its own resourc¢e8ut generally the more vulnerable communitiesocieties are likely to
feel the worst impacts. This vulnerability to tinepiact of hazards is highest in developing countries
where consequently over 90 per cent of naturaktisa fatalities occf’. The poor suffer more from
the impacts of disasters and recover more slovigr &fie event.

Many of the environmental issues highlighted irs ttd@port are directly related to issues of povarny
governance. Around the world, the pressures of ggvpopulation growth and inequitable land rights
are forcing people to live or produce food in thestrvulnerable areas, such as steep hillsides and
unprotected riverbanks. Research suggests tha¢i8€ent of the poor live on marginal land in Latin
America, with 60 per cent in Asia and 30 per camirica’®. Much of this marginal land will be
relatively more susceptible to a variety of extreneather events. In Honduras, for example, 90 per
cent of the best agricultural land is owned by &0gent of the population. As a consequence 82 per
cent of the rural population in Honduras and ower thirds of rural populations in Guatemala and
Nicaragua live on the fragile hillsid®& Furthermore, migration to urban and coastal aneas
increased the number of people vulnerable to hasattat although seismic activity has remained
constant over recent years, the effect of earthegiak the urban population appears to be
increasing®™.

Although poorer people are more susceptible torahtlisasters, where resource rights are clearly

defined, equitable and verifiable, poor and margged communities are better equipped to survive
disasters and recover after tH8fn
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Chapter 3: Disaster Impacts

“Many ecosystems have been frayed to the pointevtiey are no longer resilient and able to
withstand natural disturbances, setting the stageunnatural disasters’ — those made more frequent
or more severe due to human actions. By degradirasfs, engineering rivers, filling in wetlandsdan

destabilizing the climate, we are unraveling thrarstls of a complex ecological safety net.”
Janet Abramovitz, WorldWatch Institut®

Unnatural disasters?

Our environment should provide us with some defexrgznst natural disaster, but as our activities
increasingly undermine the environment, our vulbiity to hazard increases as does the likelihobd o
disaster striking and the impacts of these disa$teing devastating. As UNEP statebtdtural’ can

be a misleading description for disasters suchhasdroughts, floods and cyclones which afflict much
of the developing world. Identifying human-inducedt causes, and advocating structural and
political changes to combat them, is long overdi§é

This refining of the terminology relating to sodeal ‘natural’ disasters is rooted in some worrying
data; while the number of geological disastersrbasined reasonably steady, the number of hydro-
meteorological disasters has increased. This chdpte concentrates on a range of hydro-
meteorologically linked disasters, including floodj hurricanes/typhoons, landslides, drought,
desertification and fire.

Woman standing in front of her home
destroyed by Hurricane Mitch, Los Juanitos
village, Choluteca, South Honduras,
November 1998

© WWEF-Canon / Nigel Dickinson

Hydro-meteorological events

Many of the natural processes linked to hydro-nretlegical events are critical to ecosystem health.
Floods, for example, perform a range of ecologycadluable functions by distributing large amounts
of water and suspended sediment over vast arestisckeng soil nutrients to agricultural lands and
replenishing water supplies. But, as the previdwapter discussed, a range of issues are incregsing|
affecting these natural processes and helpingtothem into the disasters that regularly hit hisgdl
around the world.

In the 1990s more than 90 per cent of those kiffedatural disasters lost their lives in hydro-
meteorological event¥. As noted earlier the world’s most vulnerable gapians — in particular those
living on fragile or degraded lands — are mostljike bear the brunt of ‘natural’ disasters. In 80tlf
the international disasters dealt with by OCHA, the Office for the Coordination of Humanitarian
Affairs, were related to climate; by 2007 nearlyvegre climate-related®.
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There has been a general upward trend in the nuoflbetural disasters in Asia and the Pacific due t
hydro-meteorological events in the redidnOther areas, such as Central and South Americalso
becoming increasing vulnerable:
“[Hurricane] Mitch was not a natural disaster. Thiisasters have been happening over the years
while we have been devastating the forests, burtiegoils, and leaving the watersheds
unprotected. Mitch was just a response to all thdisasters’ Raul Zelaya, World Neighbours
Area Representative, Central Amefia
“We expect the impacts of a changing climate tcemee, with a greater area of our country
becoming desert, more woods and jungle beingtostntial rains, hurricanes and greater
seasonal instability Asociacién Mexicana de Transformacién Rural ypata, Mexicd™

Flooding

UNEP has characterised five main types of flood:
Flash floods: which follow heavy rainfall in a shperiod over a relatively small area, they are
common in arid, hilly and steep areas, mountaimeg®ns and metropolitan areas.
River floods: which follow seasonal prolonged hesaain, melting snow or a combination of both.
River floods occur when water flow surpasses thpaciies of natural or artificial banks of a river
or when dams or dykes break. River floods are dfterresult of poor planning and design, either
in terms of river bank or floodplain managementdam/dyke building and maintenance.
Coastal and estuarine floods: caused as a ressdtaefevel rise beyond normal levels usually due
to ocean storm surges and tsunamis.
Glacial lake outburst: leading to floods in highumtainous glacial environments; an increase has
been attributed to global warming and the resuléingw and ice melt.
Ponding: when water accumulates in closed depressis a result of soil saturation or
impermeability, typically on manmade surfaces disawith slow percolation raté¥.

Flooding is of course a natural, and often benaffigirocess. However, floods can also become
disasters. Indeed, of all the natural disastepsdff have the greatest potential to cause sudden,
catastrophic damage and affect the greatest nuofilpeople worldwide. Every year flooding accounts
for two thirds of the people affected by naturaladiters between 1971 and 1995 floods affected
more than 1.5 billion people worldwitté During the ten-year period from 1986 to 199506s

caused a global economic loss of about US$195i8rii>.

Over 90 per cent of people affected by naturalsiésa worldwide live in Asia as many of the cowasri
in the region have large populations and are paaily prone to floodiny®.

Flooded areas of the Dongting Lake, Hunan
Province, China

© WWEF-Canon / Michel Gunther

There is evidence that the number of people affeatel economic damages resulting from flooding
are rising at an alarming raté Research released in early 2007 reported thads$lincreased by 57
per cent in 2006, compared to 26t§4ind the IPCC has predicted potential future irseean flood
peaks of approximately 15 per cent in temperatezaiue to increased storm activity and overall
increases in precipitatioil. Regional changes in water levels and floodindhacthese trends:
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Since 1998 floods in Europe have caused some 78Bsiaghe displacement of about half a
million people and at least Euro 25 billion in insd economic loss&S. The floodwaters of the
River Rhine at the French-German border, for examplse 7m above flood level approximately
once every 20 years between 1900 and 1977. Sin€g iitat level has been reached on average
once every other ye&t.

In 1993 the Mississippi River in the US submergBddivns, killed 48 people and cost US$10-20
billion in damages. Over the previous century modifons have resulted in the loss of up to 85
per cent of the river basin’s wetlands, and chaiyeiparian and in-stream habit&t Following

the floods the government bought out some floodipnesidents and moved them to areas outside
the 100-year flood plain, thus reducing future rolgt?>.

Hurricanes and typhoons

When cyclones develop sustained winds of 119 kimcam they become the most destructive storms
known on earth: the hurricanes of the Atlantic andheast Pacific or the typhoons of the western
Pacific. Concern about an increase in storm intgngas first raised in 1988 based on the theory

that in a warmer world, deeper depressions coudyme stronger winds, waves and storm surges. The
IPCC, for example, states that models indicate‘tiha likely that future tropical cyclones (typhoons
and hurricanes) will become more intense, with éargeak wind speeds and more heavy

precipitatiorf 1%, Although the debate about the impacts on climh#nge is far from over, there is
already evidence of more severe storm events.08,20r example, Latin America and the Caribbean
experienced 26 tropical storms including 14 hum&sa— one of the most destructive hurricane seasons
in history?®.

We do know that globally our seas are warming;esit@00 the mean surface temperature has risen by
approximately 0.2C. Cyclones are ‘fuelled’ by warm and humid air edtropical oceans which must

be at least 26°& and 50 m deep. It would thus follow that the warmur seas the more areas will
reach this critical temperature and more stormkdeivelog?’. Until recently, only two tropical

cyclones had been recorded in the South Atlantid,red hurricanes. But on 28 March 2004, the
southern coast of Brazil saw its first ever humiaHurricane Catarina. Twenty-three cities were
struck and 33,000 people were left homeless. Humds do not normally occur in the South Atlantic
because sea-surface temperatures are too low sédogeimtense weather systems; however, researchers
from Brazil's National Institute for Space Reseadbelieve that Catarina was related to warmer sea
temperatures. They warn that some areas rarelg\arrvisited by hurricanes may become vulnerable
to more frequent severe storms in the futtfre

At a time when the possibility of damage from stsiimincreasing, so is our vulnerability. The low
elevation coastal zone (the continuous area aloagaast that is less than 10 metres above seld-leve
represents just two per cent of the world’s larehdyut contains 10 per cent of its total populatien
over 600 million people) and 13 per cent of itsauripopulation (representing around 360 million
people). Almost two-thirds of the world’s largeie, i.e. those with populations of more than five
million inhabitants, fall at least partly withinighzone. The least-developed nations, on averaye, &
higher proportion of their total population in tlzigne than high-income nations, for example, half o
Africa’s 37 cities with over a million people arigher within or have areas that are within the low
elevation coastal zone and many of Asia’s largitigisémetropolitan areas are in the floodplains of
major rivers (e.g. the Ganges—Brahmaputra, the Mglemd the Yangtze) and cyclone prone coastal
areas (the Bay of Bengal, the South China SeanJapithe Philippines). And immigration is
increasing this trend. The coastal provinces oh@hior example, experienced a net in-migration of
about 17 million people between 1995 and 2000hé&irpressuring an already crowded &ea
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Climate change scenarios warn of rapid sea-lesekmwithin the next 30-50 years; with estimates of
the rise varying between 18 and 59 cm by the erideo€entury. If this proves to be the case the
number of people flooded by storm surges is boanddltiply. One estimate suggests that some 10
million people are currently affected each yeacbgstal flooding and that this number will increase
under all the climate change scendribs

Landslides

Two types of landslide are recognisetallow landslidesypically to a depth of one or two metres on
steep slopes where debris moves quickly deep-seated landslideghich usually extend to the
bedrock.

This landslide left 3,000 homeless in
West Papua, Indonesia (former Irian
Jaya)

© WWF-Canon / Alain Compost

It is generally agreed that vegetation cover cavenmt the occurrence of shallow landslfd&svhilst

large landslides on steep terrain are less infleéiy vegetation covEf. In the Pacific Northwest of
America, where hundreds of landslides now occunaliy, one study found that 94 per cent originated
from areas with clearcuts and logging rdats

Research into landslide hotspots by the World Bzaskindicated that countries most susceptible to
landslides (Central America, Northwestern South Acae Northwestern USA and Canada, Hawaii,
Antilles, the Caucasus’s, mountain ranges in Ifamkey, Ukraine, Himalayan belt, Taiwan,
Philippines and Celebes, Indonesia, New Guinea, Realand, Italy, Iceland, Japan and Kamtchatka)
tend to be those areas with high forest cover; wh@ems to argue against the theory that defoi@stat
is linked to landslide intensity’. However, what these figures probably suggestaslandslides
hotspots tend to be in areas with differing alt@sidnd high rainfall (i.e. hilly and mountainousas),
and are thus ideal areas for tree growth, as oppéseexample, flatter areas of lower rainfall wlni

are characterised by grasslands and steppe tyjtatsaldlso areas with high forest cover tend to be
areas with the most logging activity, and thusame cases increased slope vulnerability.

Natural hazards such as earthquakes or heavyrmawften the precursors to a sudden onset of
numerous shallow landslides. For example, the Rakisarthquake in 2005 (see case study) caused a
series of shallow type landslides occurring onpstepes and road ctis

Many thousands of people are affected by landskdesy year (see figure 1). This figure is likedy t
remain high as vulnerability is increased by sustability as a result of overexploitation of natur
resources and deforestation as well as growingnizhion and uncontrolled land-use. Furthermore, as
more marginal land is used for habitation and adftice and traditionally uninhabited areas such as
mountains are increasingly being used for recreatiand transportation purposes, people are
increasing their vulnerability to potentially hadaus terrains®.
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Figure 1: The number of people affected annualljaingslides in the 21Century

Drought and Desertification

Drought is a complex, slow-onset phenomenon; als gus often left out of the data on sudden
catastrophic disasters from sources such as insei@mpanies. However, drought has perhaps the
greatest long-term negative impact on human lieelds.

Although a range of hazards and vulnerabilitiestcan a drought into a disaster, the large numiber o
people affected by drought in the early'2&ntury is closely related to widespread, sevimneate
anomalie$®’. For example, global precipitation was below t861-1990 average in 2001, as a
consequence:

drought was experienced across Afghanistan, Pakéstd neighbouring countries

many areas in East Africa, much of Central Ameexgperienced drought during the middle part of

the year, which is traditionally the rainy seasamg

drought affected much of Western Australia andpafiQueenslarid’

Similar ‘peaks’ in drought disasters were expergghin previous decades with Africa experiencing
some of the worst droughts and famines in termauaiber of people affected in 1972-73 and 1984-85.
Indeed, 34 per cent of Africa’s population livesaitid areas compared to just two per cent of Eusope
population. The countries in Africa most regulaaffected by drought including Botswana, Burkina
Faso, Chad, Ethiopia, Kenya, Mauritania and Mozaomi where the impacts of drought and
subsequent famine are exacerbated by inadequatptm facilities to receive and distribute foodian
medical aid®. By 2020, between 75 and 250 million people inidsfrare projected to be exposed to an
increase of water stress due to climate ch¥fig&/orldwide, the increase in the range and sevefity
droughts is predicted to leave almost a third efglanet with extreme water shortages by the end of
this century*"

As well as the impacts of climate change, landpraetices are also contributing to vulnerability to
drought. The clearing of tropical forests in Ceh#iiad Western Africa, for example, has been blamed
for altering the local climate and rainfall pattgrand thus increasing the risk of drodéht

! Source: EM-DAT: The OFDA/CRED International Disaster Database, www.em-dat.net, Université Catholique de
Louvain, Brussels, Belgium. Graph created on 26/02/07
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Over millennia, Africa has evolved land-use systéonaccommodate natural variations in rainfall and
temperature. Climate change, however, is likelgdoentuate this variability. Modelling has indiahte
rapid, major shifts in climatic conditions in spa® timé*. Rapid change will disrupt long-held
agricultural practices which will have serious ifoptions for food security and long-term land-use
systems and productivity. Studies show that ecesystare stabilised by the symbiotic relationships
between humans, animals, soils, vegetation andcatdinin many areas arid environments have reached
an equilibrium preserving stability, however diftances caused by desertification can become self-
accelerating, with droughts promoting the processmdurthet*. Given the various factors which
could contribute to changing climates, it is thesh@aps not surprising that there are some indigstio
that droughts are becoming more prolonged and itmpiacts more severe. Recent research, for
example, suggests that droughts increased by 4@epein 2006 compared to 2062

And of course, it is not just Africa which is fegdi the effects of these changes in climate. Faaint,
over the past 100 years rainfall has decreaseddng than five per cent over much of the land
bordering the Mediterranean. In parts of Asia ldedradation, mostly in the form of desertificatien,
one of the region’s most serious environmental fgrols. Although desertification is clearly linked to
land use practices, drought can deepen the effielcextend the area of desertification with decrease
in plant covet*®.

Signs of desertification process in the Alentejo region,
Portugal.

© WWEF-Canon / Claire Doole

Fire

As noted above changes in climate are likely taddrier conditions; this along with more severe
storms will play a role in changing fire patterResearch into the links between climate and forest
change is being intensified with emphasis on tlesiased risk of fird’. In North America, for
example, fire severity is predicted to increasthanfuture due to higher numbers of lightning stsik
and the intensity and frequency of windstotfhsin 1989, fires in western Canada and the arasts e
of James Bay were caused by unusual weather comsglithcluding an unprecedented heat wave in the
Arctic and in 1995 fires which burned some 6.6 ignllha of forest in Canada, were attributed in part
due to unusually dry conditiolf€ Indeed, in recent years the area of Canadiarabfmeest affected

by fire and insects has doubled. With global wagmnoducing greater seasonal contrasts combined
with an expected 44 per cent increase in lightsiniges, the area of the Canadian boreal burned is
predicted to increase by 78 per cent in the nextes0s>°.

In many natural ecosystems fire is by no meansalywhegative phenomenon and in many dryland
habitats it is an essential component of regermralflany seeds have evolved to germinate only after
fire. The role of fire becomes more complex whembn societies get involved. Over-suppression of
fire can lead to long-term ecological changes adeiase the risk of more infrequent but more severe
fires as fuel builds up in forests. Conversely,s#ehuman occupation often leads to an increaseein f
frequency due to accidents or arson, which alsalhasaging impacts. Human-caused forest fires are
now a major contributor to global carbon dioxideissions™",
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The importance of natural fires for ecosystem heladigan to be recognised in the 1970s and policies
automatically suppressing fire were questioned.dlotving ‘natural fire’ is not without controversy
As with other hazards, many people make their hamaseas at risk from fire and are thus unwilling
to let natural processes take place if their hoondiwelihoods are affected. In 1988, for examplasts

of Yellowstone National Park in the US were allowedurn naturally after being struck by lightning.
The fires spreadapidly because of severe drought and mgids; and thus it was eventually decided
to suppresthe fires. This, however, turned out to be a hygeration and cost some US$120 million,
one of thecostliest fire-fighting events in US histdr;

Globally, 95 per cent of all fires are caused bgnhn activities, such as land clearing by farméses, t
burning of residues and waste, using fires for imgnor honey collection, as well as deliberate arso
(often in relation to contested land use claimsetating to natural resources) or simple carelessne
As ecosystems become more vulnerable to fire beaafuslimate change or land-use practice that
encourage the spread of fire, human-induced fieines increasingly likely to create natural
disaster§”. Evidence suggests, for example, that forest aneafor timber are at greatest risk of fire
because debris left behind dries out rapidly actimdtindling. In Indonesia during the fires of 1997
1998 and 1982-84, land clearance was the diresiecaimost of the firés". Overall, sub-Saharan
Africa suffers most from ‘unnatural fires’; of tlewer 170 million ha that burn annually and only som
ten per cent of fires are considered necessampéoecosystefr’.
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Chapter 4: Protected areas and disaster mitigation

“We must, above all, shift from a culture of reattio a culture of prevention.
The humanitarian community does a remarkable jolegponding to disasters.
But the most important task in the medium and lemoy is to strengthen and broaden programmes
which reduce the number and cost of disastersarfitht place.
Prevention is not only more humane than cure, @$® much cheaper
Former United Nations Secretary-General Kofi Anfian

Introduction: working with nature

The Swiss Alps are a haven for both walkers andibévsity. Bright yellow signs mark well-
maintained footpaths through forests still fulivafd boar Sus scrofaand chamoisRupicapra
rupicapra), up steep mountain slopes and onto the wildflomeadows of the high Alps. The forests
feel natural and, to the casual eye, ageless,dtitan is true. In fact, most of the trees werantad
comparatively recently. Around 150 years ago thésS@overnment recognised that over-exploitation
of trees was leading to serious avalanches, latedstind flooding and introduced a rigorous system o
protection and restoratibl. Stands are managed to help protect against edickaindslides and
avalanches®, Following a serious flooding event in 1987, fentisteps were taken to use forests as
protection against natural hazards, throughFeéageral Ordinances on Flood and Forest Protectidn
Four main elements of natural hazard managemer identified: hazard assessment, definition of
protection requirements, planning of measures ametgency planning’. Use of forests was
recognised as a major component of disaster preveahd today forests in the Alpine region, making
up 17 per cent of the total area of Swiss foresssmanaged mainly for their protective functiopa#
from the important human benefits, these protedoests provide services estimated at between
US$2 and 3.5 billion per yeat.

Interest in the use of ecosystems to mitigate ahtlisasters is growing all the time. Natural syste
are in most cases one of the most cost effectigonents of disaster preparedness strategies.
Disaster risk management needs a complicated reixtuactivities including measures to avoid
(prevention or to limit (mitigation andpreparednegsadverse effects of hazards (see terminology
below).

This report concentrates on two of these activitipsevention andmitigation; and looks aif and

how protected areas might contribute to disasternmakagement. We interpret ‘prevention’ to apply to
ways of ensuring that the potential causes of thsgsi.e. hazards such as storms or earthquades, c
take place without resulting in much damage. Famgxe in the case of floods prevention might be
because the ecosystem is able to absorb most efftas of floods. ‘Mitigation’ refers to actions
offset the effects, such as restoration of floougland forests in flood-prone watersheds.

Terminology
Prevention : Activities to provide outright avoidance of the adverse impact of hazards and means to
minimize related environmental, technological and biological disasters.

Preparedness : Activities and measures taken in advance to ensure effective response to the impact of
hazards, including the issuance of timely and effective early warnings and the temporary evacuation of
people and property from threatened locations.

Mitigation : Structural and non-structural measures undertaken in advance to limit the adverse impact of
natural hazards, environmental degradation and technological hazards.

162

Edited from the basic definitions on disaster developed by the UN’s ISDR Secretariat
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The limitations of artificial barriers to natural h azards

During the heyday of technical optimism in the laieeteenth and twentieth centuries, it was assumed
that we could engineer our way out of natural hdgaBome spectacular failures, coupled with a
greater understanding of ecology, have led toghegnition that poorly thought through attempts to
prevent natural hazards can do more harm than dosuppression, flood controls and landslip
barriers can sometimes fail to stop disasters vaudlding stress to the natural environment, disngpti
environmental services and, paradoxically, makieggbe more vulnerable by giving them a false
sense of security.

For example, nearly half of the 3,782 km long Misgipi River in the US now flows through artificial
channels, introduced in part to control flood sgrdgut this has simply moved the problem
downstream and blocked off natural floodplains thate absorbed excess rainfall. The 1973, 1982 and
1993 floods are thought to have been worse thanweld have been before structural flood control
began in 1927. After the 1993 flood, a federal faske recommended replacing the policies of
structural means for flood control with floodpla@storation and managem#&tt

Disrupting river flows can have unforeseen sidea# besides changing natural flood cycles. The
important inland fisheries of Bangladesh rely onwai flooding. Many fish swim upstream to spawn
and the monsoon flood connects rivers and statienmodies into a dynamic flood plain system,
providing rich feeding grounds for hatchlings anglfbr four to five months every year. When
floodwaters recede, the expanded fish populatiarisstnoving back into the rivers, wetlands, lakes
and pools, which are then used for fishing. Bubdl@ontrol embankments often cut across migration
routes, which, together with the gradual declin¢éhefdry-season water bodies, have damaged
fisheries. According to the Department of Fishebiesveen 1983 and 1989 fish production declined in
Bangladesh by 44,000 tonnes per year partly beazfuseorly designed flood contrdf.

This is not to claim that all artificial barriedsyees, dykes, soil stabilisation schemes and alisaster
mitigation strategies based on civil engineeringtians are useless; such initiatives are and will
continue to be at the heart of attempts to prdtees and livelihoods. Effective artificial barrger
remain above some villages in the Swiss Alps fetance, despite a century of forest management
aimed at controlling landslip. But there is noweadagnition that some of the engineering solutions
have been over-used, or used in the wrong placeppied without due consideration of their wider
ecosystem effects.

Using natural ecosystems and protected areas to cou nteract hazards

Research shows that the cost of disaster reduistiosually much less than the cost of recovery from
disaster¥®. The World Bank and the US Geological Survey estinthat global economic losses from
natural disasters in the 1990s could have beerceedloy US$280 billion if US$40 billion had been
invested in a range of preventive meastifesPut simply, the Bank suggests that every dafleested

in effective disaster reduction measures savesnsgoiars in terms of reduced losses from natural
disaster¥”.

Disaster reduction measures include developingorespstrategies, avoiding settlements and other
activities in risk prone areas and increasing thedity of building infrastructure to withstand nedu
hazards. The question at the heart of this repavhiether or not protection of natural ecosysteams c
provide an effective component of such strate@ispter 2 has already argued that the loss ofadatur
ecosystems can exacerbate the impacts of natsestdrs, so in theory protection of such systems
should provide some level of protection againsastisr.
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The reality, as is so often the case, is thatpedds... The concept of ecosystem resilience is dk&fine
as the ability of a system to undergo, absorb asdand to change and disturbance, while maintaining
its functions®® Many ecosystems are adapted to withstand ndiazairds and such extreme events
may sometimes be needed to maintain health anktyitd For instance, fire can germinate seeds and
provide space for re-growth; floods can bring fitytiand even small landslides and avalanches can
open up the forest canopy and stimulate regeneatatiowever, this is not quite the same as saying
natural ecosystems buffer human societies agaissst@ér. The fact that a forest fire is an ecolaltyc
sustainable way of maintaining vitality on an eaisyn scale is not necessarily much comfort to
people who have had their homes burnt down. Fladpican often absorb floods but this will not be
looked on kindly by people who are living there eTéxtent to which natural ecosystems can absorb or
deflect natural hazards is complex and variablesditicsurprisingly poorly understood.

It is, for example, popularly assumed that majoriremmental degradation, particularly deforestation
will increase the impact of natural disasters dnisl has been widely reported with respect to major
floods. Yet there has also been criticism of tisistanption; in particular, publications from the @en
for International Forestry Research have questidinedinks between forest loss and major floods (se
page 39 for a more detailed discusst6h)It appears that at certain scales of hazardyalat
ecosystems are likely to be overwhelmed, so thagXample forests can and do help to reduce minor
floods but are less effective at mitigating, ontaicentury floods. In addition, if we want natural
ecosystems to mitigate disasters in ways that@meanient for ourselves, then this may require
particular management approaches and it therefdienfs that disaster relief aspects will need to be
reflected in management plans and budgets.

Ecologists, engineers and disaster relief spetdadie increasingly looking for the right balance
between development, conservation and disasteaprépess, often drawing on traditional approaches
used by indigenous peoples or local communities eikample, communities on the coast of Vietham
are very vulnerable to storm damage. Since 19% mmmmunities have been planting and protecting
mangrove forests in northern parts of the courgrg avay of buffering against storms. An initial
investment of US$1.1 million saved an estimated USillion a year in sea dyke maintenance; and
during typhoon Wukong in 2000 the project areasaiagd relatively unharmed while neighbouring
provinces suffered significant losses of life andgerty’’. Research in Indonesia calculated the
erosion control value of mangroves as being egeitab US$600 per household per y&ar

The protection or, if necessary restoration, osgstem services is increasingly seen to be an
important step in disaster preparedness stratag@snany governments and intergovernmental
organisations are linking disaster mitigation votter management of natural ecosystems. Some key
milestones in this process are listed in Appendixduding for example:

The Millennium Ecosystem Assessment estimatedaghatoximately 60 per cent of the world’s
ecosystem services (including 70 per cent of rémgand cultural services) are being degraded
or used unsustainably, and noted th&h&nges to ecosystems have contributed to a signffi
rise in the number of floods and major wild firesall continents since the 194087,

The Intergovernmental Panel on Climate Change bteirthat: The resilience of many
ecosystems is likely to be exceeded this centuay lynprecedented combination of climate
change, associated disturbances (e.g., floodingugint, wildfire, insects, ocean acidification),
and other global change drivers (e.g., land usengfea pollution, over-exploitation of
resources)*’.
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However, this process is by no means completelatSDR recognises thaht present,
environmental management tools do not systematiggkgrate trends in hazards occurrence and
vulnerability’*®. The hypothesis examined here is that protecteal management can play a useful
role in disaster prevention because intact ecosystan in some circumstances provide a natural
resilience — i.e. the ability to withstand shocWhich can in turn help prevent a hazard from beogmi
a disaster. Below we summarise what is meant tptégted area’ and then go on to look at how
protected areas can help prevent or mitigate tipaéts of disasters.

What is a protected area?

Although we think of protected areas primarily astiuments for nature conservation, the earliest
examples were focused on more immediate human nfsedsxample either maintaining hunting
grounds or grazing pastures, or buffering agaixiseme climate. We have seen that Switzerland
reacted to deforestation by protecting foresth@rtineteenth century and similar strategies oiccur
many European countries. But they are all newcomergpared with Japan, where protection of
forests was introduced back in thé"ihd 16' centuried’ to counter landslides caused by
deforestation. Today Japan has almost nine milieetares of protection forests; with 17 uses
including 13 related to reducing extreme climateres (see Table 3Y. In the Middle East, protected
areas calletiimawere established over a thousand years ago temprgvassland from erodit§

Many traditionally managed Community Conserved Araad Sacred Sites can be traced back to the
use natural vegetation to protect against extregrgghvet’>. There are many more examples, although
a complete history of the origins of the protecieela concept has yet to be attempted. It was dnly a
the end of the nineteenth century and gathering embam through the twentieth century that
protection of attractive landscapes, nature comgeny and most recently conservation of biodivgrsit
became the driving forces behind the huge exparisiaational parks, nature reserves and wilderness
areas around the world, which now occupy over ¥Qpat of the world’s land surface and less than 1
per cent of the ocealf&

Table 3: Classification of protection forests in Japan relat ed to disaster mitigation 181

Type of protection Details Area (ha)

Water source conservation Control of floods and drought 6,070,000
Soil erosion Control of soil erosion 1,958,000
Landslide prevention Protecting houses, farms and roads from landslip 46,000
Shifting sand Preventing sand from shifting 16,000
Windbreak Reducing wind speed by housing or farms 161,000
Flood control Reducing damage from river flooding

Sea damage Reducing damage from sea salt or tidal waves

Drought prevention Protecting irrigation reservoirs from drought

Snow-break Protecting roads and railways from snowstorms

Fog control Protecting farmland from fog drift

Avalanche prevention Blocking avalanches 21,000
Rock-fall prevention Blocking rock-fall

Fire prevention Blocking the spread of fire 400
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The term “protected area” covers a very wide randgerms of habitat type, size, condition,
management aims and governance. IUCN, the IntemaltUnion for Conservation of Nature, defines
a protected area aé area of land and/or sea especially dedicatetthégprotection and maintenance of
biological diversity, and of natural and associatadtural resources, and managed through legal or
other effective meahdUCN distinguishes six categories of protectegba defined by management
type'®

Category la: Strict nature reserve/wilderness protection areamaged mainly for science or
wilderness protectior- an area possessing some outstanding or refatigergcosystems, geological or
physiological features and/or species, availaliteamily for scientific research and/or environménta
monitoring.

Category lb: Wilderness area: protected area managed mainlyvididerness protectior- large
unmodified or slightly modified areas retainingurat characteristics and influence, without pernmane
or significant habitation, which is protected ananaged to preserve its natural condition.

Category Il: National park: protected area managed mainly foramystem protection and recreatien
natural area designated to (a) protect the ecabujitegrity of one or more ecosystems, (b) exclude
exploitation or occupation inimical to the purposéslesignation and (c) provide a foundation for
spiritual, scientific, educational, recreationadl afisitor opportunities.

Category Il : Natural monument: protected area managed mainly fanservation of specific natural
features— area containing specific natural or naturallzaltfeature(s) of outstanding or unique value
because of their inherent rarity, representativepesiesthetic qualities or cultural significance.

Category IV: Habitat/Species Management Area: protected area mged mainly for conservation
through management intervention area often subject to active intervention fonagement, to ensure
the maintenance of particular species or habitsgy

Category V: Protected Landscape/Seascape: protected area mahagenly for landscape/seascape
conservation or recreatior area where the interaction of people and natveetime has produced a
distinct character with significant aesthetic, egidal and/or cultural value and high biologicalatsity.

Category VI: Managed Resource Protected Area: protected area agma mainly for the sustainable
use of natural resources area containing predominantly unmodified natsyatems, managed to ensure
long-term protection and maintenance of biologiteérsity, while also providing a sustainable flofv
natural products and services to meet communitgisiee

IUCN has also identified a typology of differentvgonance approaches within protected areas, each of
which has various subs&ts

Type A: Government Managed Protected Areas (statesgnance) a national, sub-national or

provincial government body holds the authority aegponsibility for managing the protected area,. In
some cases, the state may delegate managemepdr@-statal organisation, NGO, private operator or
community.

Type B: Co-Managed Protected Areas (shared govemgncomplex institutional mechanisms and
processes that share management authority anchedisitity among many entitled governmental and
non-governmental actors. Co-management can raogedonsultation through to genuine joint decision-
making. Co-management is usually needed in tramstzoy protected are¥4

Type C: Private Protected Areas (private governangeotected areas under individual, cooperative,
corporate for-profit, and corporate not-for-prafitnership. Some forms of accountability may be
negotiated with the government in exchange forifipaéacentives (as in the case of Easements odLan
Trusts).

Type D: Community Conserved Areas (community gowaree) “natural and modified ecosystems
including significant biodiversity, ecological seres and cultural values voluntarily conserved by
indigenous, mobile and local communities througbt@mary laws or other effective meaf{a”
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Protected areas received an important additionagtia February 2004 when the Convention on
Biological Diversity (CBD) agreed Rrogramme of Work on Protected Areaswide-ranging and
ambitious plan for completing a global network obtected area®. This is the largest and most
binding commitment that governments have madeddibérsity conservation through protected areas,
with almost a hundred specific, time-limited acaninning to 201%". The CBDProgramme of Work
explicitly recognises the role that protected apdag in maintaining ecosystem services, by for
example suggesting that ecosystem services argigdtiwithin gap analyses when identifying
potential protected areas, developing relevant etarfor ecosystems services and encouraging
governments to undertake a full survey of the valuecosystem services.

Can protected areas help to prevent or mitigate dis  asters?
Protected areas might play a role in preventingaster happening if, for example, they can help to
stabilise climate through sequestering carbonfsge 47), but their most immediate role in disaster
risk reduction is to ameliorate the effects of tura hazards once it has taken place. In thisrckga
protected areas can play three broad roles in ptiengeor mitigating disasters arising out of natura
hazards:
Maintaining natural ecosystems, such as coastafjrogas, coral reefs, floodplains, forest, etc,
may help buffer against natural hazards
Maintaining traditional cultural ecosystems thatdvan important role in mitigating extreme
weather events, such as agroforestry systemscéeri@op-growing and fruit tree forests in arid
lands
Providing an opportunity for active or passive oestion of such systems where they have been
degraded or lost

We describe some examples of where protected apgeesar to have prevented or mitigated natural
disasters, looking at a range of disasters in faatding:

Flooding

Landslides, rock falls and avalanches

Tidal waves and coastal erosion

Drought and desertification

Fire

Hurricanes and typhoons

Earthquakes

Some of these overlap to a certain extent — impaEa@srthquakes often involve landslides for instan
— so that we cross reference where necessary. \Werneeare still debates about the effectiveness of
natural ecosystems in mitigating disasters we both sides of the story. These issues are exantined
more detail in the case studies that follow in Gbap. But they still add up to a series of snapsho
There has been no quantitative analysis of thethaleprotected areas could play in disaster
prevention, although there are some important &aioms of values of natural ecosystems that might
be used as the basis of such an analysis. Whileawe described how the original intent of protegtin
many areas was to maintain the environmental ss\itat they provided, today these services are
rarely described in the literature or in many casem recognised. Disaster mitigation seldom appear
explicitly in management plans and it seems likbbt opportunities are being lost in consequence.
The following therefore represents a preliminatgmpt to start considering these values.

38



Protected areas’ role in mitigating disasters

Flooding

Natural or semi-natural habitats can help to migdoding in two main ways, by:
Providing space for floodwaters to go without cagsinajor damage
Absorbing the impacts of floods with natural vegeta

Floodplains have evolved as a result of frequenténsion. They contain specialised ecosystems and
are often particularly fertile. In places whereoflis come regularly they are frequently used for
agriculture, such as the flood retreat sorghumvatlon along the Omo valley in Ethiopia, or as
pasture for livestock. However, the human tende@o@fter floodplains accelerated in the twentieth
century in ways that have sometimes backfired. As discussed above rivers have frequently been
dammed, canalised or dykes and levees have beemogistrain water and channel it further
downstream, destroying natural flooding patterns.

These efforts have often only been partially susitésit controlling water flow. Preventing flooding
upstream can simply add to the impacts further tdavthe sea; sometimes in neighbouring states.
Wrongly designed drains and culverts can obstheflow of water and increase flooded atéaghe
human impacts of flooding are increased if peoptdeson floodplains, transforming what were once
harmless or beneficial events into major disastersblems are exacerbated by climate change and the
resulting disruption in rainfall.

There is now increasing recognition that protectingvhere necessary restoring natural flows,
including flooding, can provide a cost-effectivethud of addressing flood problems. The science of
integrated river basin management (IRBM) — the gss®f coordinating conservation, management,
development and use of water, land and relatediress across sectors within a given river basin —
seeks to improve the planning within catchmentsiardiso a valuable tool for preventing disastrous
floods. Part of this simply involves setting asfli®d prone areas for uses other than industrypoy
housing; for example as temporary pasture or aegexd areas. In many cases this may also involve
restoring traditional flooding patterns and remagvitykes and barriers, to provide space for flood
waters to escape and reduce downstream imifa@sich approaches are being used on a wide scale.

In Indochina, The Mekong River Commission has
been set up to help to work out an integrated
management strategy for the whole river system

© Nigel Dudley

For example the Wetlands Reserve Program (WRPhaianal voluntary programme throughout the
United States aimed at restoring, enhancing anggting wetlands. By the end of 2006 nearly
750,000 ha of land was included in the prografifhin the case of long river systems that cross
national boundaries, such considerations also be@matter for political debate (see case study on
the Danube). In England, the state conservatiory btadural England has argued that the restoration o
peat bogs, natural floodplains and lowland marshesild be fot a replacement for, but a necessary
complement to existing flood deferi¢és Creating protected areas on floodplains, inclgdhtough

the restoration of natural flooding patterns, camena dual benefit, by restoring native wildlifedan
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providing space for floodwaters to disperse withoausing damage. Protected areas can in these cases
either be strictly protected nature reserves aildaape protected areas (e.g. IUCN category V) where
traditional cultural management systems such adrgyraontinue to take place.

In terms of reducing flood risk, establishing atpmted area can be a win-win option, by addressing
major gap in global conservation and reducing rteksuman populations. Inland waters are currently
badly under-protected (e.g. only 1.54 per centiké Isystems are in protected atédsnd floodplains
have been particularly modifi&d. Floodplains can be exceptionally rich habitats:example
Kaziranga National Park in Assam, India contairesléngest population of Asian Rhinoceros
remaining on the planet.

The UN-ISDRGuidelines for Reducing Flood Losseste that The best way to reduce future flood
damages is to prevent development from occurrinficmd-prone lands.Zoning of flood-prone lands
as ecological reserves or protected wetlands céndielp to meet broader environmental or
biodiversity goalsin addition, such lands often play an importantergl sustaining the fishery, and
they can also act as temporary storage and infilmaareag*®>. And they recommend thatlternate
use of flood-prone land should be considered whpessible. It is better to have the land zoned and
used for purposes such as parks, nature areasalogical reserves than to try and ensure that fetur
development is flood proofédAnd conclude that:The land along a river is highly desirable for
parks and recreational uses, as well as for ecalalgieserve’s™,

Wales, UK: Maintaining natural floodplains

Snowdonia National Park (IUCN Category V), YnyshirBird Reserve etc

The Snowdonia National Park cuts across half oy VValley in mid Wales, with the river as its
southern boundary. Several other more strictlygutetd areas exist on both banks of the river
including two state-owned protected areas and tbwaed and run by NGOs. The lower valley is a
natural floodplain for the Dyfi, a 40 mile rivernming from the mountains to the east. It floods
regularly several times a year across the wholeéhafithe floodplain, not infrequently blocking the
road to the town of Machynlleth at its head. Builgihas been controlled in the area and in all &t r
cases the waters stop short of any inhabitatiomeSaf the area is maintained for summer grazing of
cattle and sheep while elsewhere there are bircaldnarsh reserves, some of which have been
restored from areas previously used for timbertpkionsg®’.

Flooding across the natural floodplain of the Dyfi River,
Wales UK in the Snowdonia National Park

© Nigel Dudley

Europe: From transboundary co-operation to local ation

The River Rhine

The River Rhine runs from the Swiss Alps to thest@d the Netherlands, mainly through Germany
and France. The European Union has been develagimgments to protect the Rhine since the 1960s,
initially focusing on pollution reduction, such the 1963 Agreement on the International Commission
for the Protection of the Rhine against Pollutiangd subsequently on improving the river’'s ecosystem
and strengthening cooperation between the Europeammunity and the Rhine riparian States.

40



The 2000 Convention for the Protection of the Rlgimas to promote the sustainable development of
the Rhine ecosystei. Such protection is timely, as the Rhine hasdwsr 85 per cent of its natural
floodplains over the past two centursesl floods are increasing in frequency as a réduf line with

an ecosystem approach to river protection countid@® been cooperating in the restoration of nhtura
ecosystem functioning as part of flood control aotlution reductio™. For example, WWF-
Netherlands has been working in Gelderse Pooratdaicat the top of the Rhine delta, for severatyea
Flood protection has been a particularly importasiie in this region, and has increased in politica
significance after the floods of 1993 and 1995c8iA000, the Dutch government has been working on
a new flood management programme, ‘Ruimte voor idgeR (Space for the River), which aims to
create a safe and sustainable flood protectionrpnogne whilst respecting and enlarging natural and
landscape values.

Natural floodplain restoration in a tributary of
the River Rhine in the Netherlands

© Nigel Dudley

The opportunity to take a new look at land-use @id8rse Poort has come about in part because
agriculture is becoming less economically viabld atternative livelihood options are being
investigated. The whole process is taking placa waluntary basis, is market driven and is
independent of long-term subsidies.

In regard to flood prevention the main aim is teate areas where water can temporarily be retaned
minimise flood peaks. The protected area of Mikingaard, a 600 ha area on the river foreland, has
been the pilot area for the overall Gelderse Pomiject. Reconstruction of the river forelands to
increase the discharge capacity by clay miningsamtl mining started around 1990, natural grazing
systems (including beavers) for vegetation managémere introduced in 1991 and reconstruction of
the summer dyke was carried out in 28043

New Zealand Protecting diversity and mitigating floods

Protected Area Whangamarino Wetland, 5,690 ha, Ramsar site

The Whangamarino Ramsar site is the second labggsand swamp complex in North Island. The
wetland has a significant role in flood controlgtalue of which has been estimated at US$601,037
per annum at 2003 valif89 and sediment trapping. Values can rise in yedmsnhere is flooding

and it is estimated that flood prevention in 199&worth US$4 million alone. There have been 11
occasions when the wetlands have been neededdtbatsods since 1998 The site is also of
considerable biodiversity value and more botanjadiVerse than any other large low-lying peatlamd i
North Island. This diversity gives it an ability sapport a wide range of regionally rare commusitie
Some 239 wetland plant species have been recordexctiie area, of which 60 per cent are indigenous
and several are classified as endangered, rangmerablé®.

China: Protecting freshwater

Protected Area Nansi Hu Nature ReservelUCN V, 129,000 h&®

Nansi Lake in the Yellow (Huang) River is part oftein of permanent, shallow, freshwater lakes and
associated marshes. The lakes are an importaniiesuppwater for the local area and are used for
flood control, water purification and to supportiarportant fisher§’°. In general the Huang He Plain
contains relatively few areas of intact habitat arotected areas are mainly in the filis
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Sri Lanka: Valuing flood control in wetland protected areas

Protected area Muthurajawella I, 1,029 ha andMuthurajawella Il , 257 ha, both IUCN category IV
The two reserves form part of the Muthurajawellad$fia which covers an area of 3,068 ha near the
capital, Colombo. The economic value of these weehas been estimated at US$7,532,297 per year
(converted to 2003 values), including, for exampl&$5,033,800 of flood attenuatfdh

Mangrove forest in Merida, Mexico

© Nigel Dudley

The role of natural vegetation in absorbing thednip of flooding is more controversial and is ill
subject of active debate. Twenty-five years agavéew of 94 experiments on water balance and flow
routing found that deforestation tends to incraaseff and flood peaks. The authors noted thatis w
hard to develop management best practices or pigtidrom these studies as each catchment was
unique, and much depended on the type of the fooe&tr, climate and physical characteristics of the
area studied®.

Deforestation has long been anecdotally blamethfweased flooding in tropical or mountainous
regions and logging bans in Thailand in 1985 an@tima in 1998 were both in direct response to
disastrous floods. However, in the early'2&ntury there was something of a backlash, with
researchers casting doubt on claims that forests & impact on major floods. The public debate ove
this included a popular booklet from the Centerlfaernational Forestry Research (CIFOR) and FAO
that argued strongly against linking deforestatimmajor flooding and against protecting forests fo
this reasoff®. An accompanying article in thW&ashington Posbegan “Deforestation cannot be
blamed for widespread flooding’. The results were quoted almost immediately byiigpine

logging company in a full page advertisement inRhdippine Starpromoting logging within a
Philippines national pafk® (which it should be said was not the intentiofCtfOR and FAO).

Two years later a counter report came out, congjsif an analysis of flood data from 56 developing
countries, which found a significant link betweeneist loss and increased flood risk. The authors
wrote: “Unabated loss of forests may increase or exaceth@&t@umber of flood-related disasters,
negatively impact millions of poor people, andiatftrillions of dollars in damage in disadvantaged
economies over the coming decad¥s The paper was the subject of a simulateous autidlature
that put it into context by estimating that flodusd cost approximately 100,000 lives and US$ianill
during the 19933 It also drew an instant response from other reseas who argued instead that the
risk of flooding was related more to land use attterforest loss rather than forest loss itself
Overall, the scientific literature seems to conflirat removal of forest cover leads to a decrease i
evapotranspiration losses and runoff concentratinas’®, the net effect being of greater water
surpluses and more rapid runoff thus increasingdfldsié!’. Although there is still no complete
consensus on the issue, most researchers apmgretmthat forests can in certain circumstances
reduce the impact of minor or medium flooding bngt anlikely to be able to prevent significantly the
impacts of occasional, once in a century catastedjdoding.

In practice, as in the example in Malaga, Spaiteg earlier, regional authorities are to an insirgn
extent using forests in an attempt to control fleednts with success. This was explicitly recoghise
by the UN Task Force on Flood Prevention and Detectvho submitted a report to the UN Econonic
Commission for Europe stating thaNdtural wetlands, forested marshlands and retendéimas in the
river basin should be conserved, and where possisiored or expandéd!®. The following example
describes a protected area where the role of fgresflood mitigation has been well studied.
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Madagascar: coping with storm flow

Mantadia National Park, IUCN Category Il, 15,456 ¥

According to one study there is mounting conceuppsrted by additional evidence from local
communities, that increasing rates of deforestati@ncausing greater flooding in the eastern Half o
the island of Madagascar where the monsoon rampaticularly sevefé’.

Mantadia National Park, established in 1989 asuaoome of Madagascar’s National Environmental
Action Plan, includes the watershed of the VohRiger. A productivity analysis measured the
economic benefits of the park due to reduced flogdas a consequence of reduced deforestation, to
farmers in the region. Modelling assessed theiogighip between land use and storm flow. The
results indicated that conversion from primarygoadary forest caused a three-fold increase imsto
flow, and conversion from secondary forest to switdaused up to 1.5-times greater flow. Thus, the
scientists concluded that conversion from primang$t to swidden can increase storm flow by as
much as 4.5 times. The study quantified the ben&fitm forest protection within upper watersheds in
terms of reduced crop damage from floods in agnical plots in lower basins and concluded that the
net value of watershed protection (in 1997) was 128$700 (to put this figure into perspective the
authors note that in 1991 Madagascar had per c@pifa of US$207). This represented the benefits
gained from alleviation of flood damage thanksh® watershed protection function of the P&rk

Landslides, avalanches and rock falls
Protected areas retain natural vegetation, paatipdorests, which can in certain circumstances,
prevent and mitigate sudden earth and snow movenbgnt

Stabilising soil and packing snow in a way thapstthe slippage starting

Slowing the movement and extent of damage oncip ésalinderway

As mentioned at the beginning of this chapter cihrecept that at least a proportion of landslides,
avalanches and rock f&ifé can be effectively controlled by maintaining vegiein on steep slopes has
been recognised and used as a practical managessponse for hundreds of ye&fsConversely,
forest clearance can dramatically increase theufreqy of, for example, shallow landsliding on steep
sloped?”. Research shows that in Switzerland increasedliafedactivity can be linked to periods of
deforestation over a period of several thousands§/@aln a review of landslips in Europe for the
European Commission, the authors noted tie“reforestation of hill slopes can help to redtiee
occurrence of shallow but still dangerous landsdigamainly mud flows and debris flovwand again
that “excessive deforestation has often resulted in dslioe’ #2°.

The potential of vegetation is not unlimited andlggy, slope and weather patterns are all major and
often dominant criteria. Benefits of vegetation litely to be strongest in the case of small oillsha
landslides and mud and snow slips; huge, catast@yents will not be stopped. Similarly, forests
have only limited potential to stop or divert araknche or landslide once it is in motion. Rese#@rch
New Zealand found that deforestation increasedhtimber of landslides but not necessarily the impact
of those landslides that do oct@ir The principal function of an avalanche protecfiorest appears to

be to pin the snowpack to the ground and to pretenstart of an avalanche.

The extent to which protected areas play a rotointrolling earth movements, as compared to other
forms of protective management, has never beenlaesdd. But given that earth and snow movement
are most dangerous when they happen next to settlsmwvhere the incentive to clear vegetation is
also often strongest, the survival of natural vatien usually implies some form of protection, wiest
or not it is officially a “protected area”. Indeatthough we found few explicit references to the ok
protected areas in avalanche control, there malbgedn opportunity in some countries to combine
current landslide and avalanche control policigh Wiodiversity conservation.
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China: Preventing landslides

Jiuzhaigou Nature ReservelUCN Category V, 72,000 A&

The reserve forms the core of the Jiuzhaigou Valleyld Heritage site in Sichuan. Some 140 bird
species are found, as well as several endangesatignid animal species, including the giant panda
(Ailuropoda melanoleudaand the Sichuan takiB(dorcas taxicolof?’. Government policy has
focused on accelerating development through tirektraction and tourism. However, a combination
of lack of downstream irrigation water and majaofliing led to a ban on commercial logging in 1998
along with the adoption of sustainable forestryigge$ (although in fact it is doubtful if healthier
forests would have prevented this particular flood)

In 1996 a plan was agreed to reduce agricultural Ia the buffer zone and plant trees on steepeslop
Initially this was mainly fruit trees, which hadrited impacts on soil erosion, but a WWF project
helped to develop landscape-scale polféfeMost of the 31 mud and rock flows and landsliftesd

in 1984 have been brought under effective conRebidents have received compensation for giving up
farmland and many of the remaining thousand Tibeiltagers work as hotel-keepers, craftsmen,
guides and entertainers. A tourism boom has broogheéfits to communities although there are
concerns about impacts of tourism on the naturafrenment®.

Nepal: Protecting against floods and landslides

Shivapuri National Park, IUCN Category Il, 14,400 ¥

Floods and landslides are the most frequent nabazdrds in Nepal, claiming an average of 200 lives
a yeaf*® Shivapuri National Park in the Kathmandu Vallsytie main source of water for domestic
consumption in Kathmandu and a major recreatiotafer both local people and visitors.

The area was first protected in 1976, became afdretd and Wildlife Reserve in 1984 and a National
Park in 2002. Over 50 per cent of the watershédrested, but forest patches are fragmefifed@he

main conservation objectives of the protected arelade: ‘to protect the natural environment, ensure
a reliable and high-quality supply of drinking wafer Kathmandu and local people, minimise
degradation of land by applying appropriate corigetmeasures’..And as part of the protected areas
management landslide protection measures haveitmgpdgmented in 12 localitié¥.

Tidal waves and coastal erosion
Protected areas help to retain natural vegetatimis and landforms that can help block sudden
incursions by seawater, with particular benefitsrir

Coral reefs

Offshore barrier islands

Mangrove forests

Sand-dunes

Coastal marshes

The 2004 Tsunami in the Indian Ocean drew worldvaitiention to the potential role of coastal
mangrove forests and intact coral reefs in mitigasudden sea-water surges. A paper published in
Scienceadrawing on research in India concludeddt mangroves and Casuarina plantations attenuated
tsunami induced waves and protected shorelinesnagdamag®® and these findings were repeated
elsewhere in Indfd’. However, in common with many other situations reheatural vegetation is

linked to protection against natural disaster,d@herconsiderable debate with criticisms of the
findings’®. These issues are addressed in greater deth# iceise study on page 78.

The role of mangroves in providing coastal deferaggsinst surges, rough seas and other abrupt forms
of coastal activity is however increasingly beiegagnised. Since the early 1990s, many countries in
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Asia have been attempting to calculate the econealige of their mangrove resources, as in the case
of Sarawak, Malaysfa’ and Thailan&®, and introducing restoration programmes in redigmiof

their coastal protection role as in Banglad&siSuch restoration efforts are being repeated artha
world®*% For example, the value of maintaining intact nramg swamps for storm protection and
flood control in Malaysia has been estimated at308$000 per km, which is incidentally the cost of
replacing them with rock wafl§ (a barrier that needs to be replaced periodicailike mangroves).

Similarly, healthy and intact coral reefs are ba@gognised as providing protection from storm surg
and exceptional sea conditiéffs and from more regular erosfnh while mature sand-dunes and
coastal wetland areas also provide valuable buffecapacity. Unfortunately, a large proportion of
coral reefs have suffered high levels of damage fower-exploitation, and are also now facing severe
threats from bleaching as a result of global wagwifithe seas. Coral reefs and other shoreline
systems are therefore high on the list of habigsiiring protectiofi® and marine protected areas are
often considered as ‘ecological insurance’ againste and chronic disturbané¥sOffshore barrier
islands also offer important protection from sta@unges; as the shallow water around the islandaésslo
the surge of water, reducing its strength as ithiea shore.

Honduras: Reducing coastal erosion

Rio Platano Biosphere Reserve and World Heritage Sif IUCN Category Il, 525,000/%

Ibans Lagoon is located within the Rio Platano Mad Biosphere Reserve in the Mosquitia area of
Honduras. The reserve is home to three indigenougpg — Miskito, Pech and Tawahka — as well as
members of the Garifuna ethnic group and Ladinm® fother parts of Honduras. One of the pressing
concerns for these communities is the erosionef#rrow coastal strip caused by the waves from
both the lagoon and the sea, particularly durindjweather. This erosion has been exacerbated by the
removal of shore vegetation, including mangrovesfifewood and house building or to provide easier
access to the lagoon for boat landings and washikg.much of the Caribbean, Honduras can be
affected by tropical storms and hurricanes, whiciiease the risk of erosion and flooding. In 2002,
MOPAWI, a Honduran NGO, began working with the commities of the coastal strip to identify the
scale of the environmental problems and ways tkéabem. During a series of workshops involving
men, women and children from 15 different commaesitiparticipants developed a community action
plan for the management and protection of the lagoal its associated ecosystems. Workshop
participants gave highest priority to reforestihg tagoon shore with mangrove and other species to
reduce erosion and improve fish habitats; and iiewelated to this have subsequently taken pface

Jamaica buffering against floods and sustaining local ecamies

Black River Lower Morass, Ramsar site, 5,700 74

The Black River Lower Morass is the largest frestawavetland ecosystem in Jamaica. It occupies the
southern portion of St Elizabeth parish and cossistwo separate wetlands, the Upper and Lower
Morasses. The Morass lies on the coastal floodplathprotects the lower reaches of the Black River,
the island’s largest riv&t'. The marsh acts as a natural buffer, both agéats waters from the rivers
and against incursions by the $8and is an important economic resource for som@@0peopl&>

India: Planning to protect coastlines

The Indian Coastal Regulation Zone (CRZ) Notifioatis an example of a national attempt to protect
sensitive coastal ecosystems legally, formulatdejiries for coastal activities, and demarcate digas
conservatioft®. There are four categories in the coastal reqnatone, which is defined as the
boundary from the high tide mark up to 500m inlafke first category (CRZ 1) includes areas that ar
ecologically sensitive and important such as ptettareas, wildlife habitats, mangroves, coralsicor
reefs, areas close to breeding and spawning graafrfdsh and other marine life, area rich in geaeti
diversity and areas likely to be inundated dudge in sea-level consequent upon global warfiihg

All activities in the various zones are subjecttte conditions set out in the legislative frameviditk
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Drought and desertification

Protected areas can provide barriers against thadts of drought and desertification by:
Reducing pressure (particularly grazing pressundaod and thus reducing desert formation
Maintaining populations of drought resistant plaotserve as emergency food during drought or
for restoration

Droughts cause immediate problems of their ownaisd, in combination with factors such as changes
in grazing pressure and fire regimes, cause arased tendency to desertification, even in partseof
world where this has not previously been the céke.disasters associated with drought and
desertification are usually slower-moving than shdden calamities associated with sudden influkes o
earth or water but may have an even higher castatky

Desertification in campos grassland in Rio Grande
do Sol, Brazil

© Nigel Dudley

The role of protection strategies in providing ir@ce against drought has been utilised for ceaguri
and, for example, is the basis of timasystem that set aside land to protect grazingenrabian
Peninsula and was formalised under I€&nToday, there is increasing recognition that priooe of
natural vegetation may be the fastest and mosteftesttive way of halting desert formation. The
Kingdom of Morocco is basing the establishmentighenational parks on the twin objectives of
nature conservation and desertification contrak tteveloping co-management governance structures
so that local stakeholders can be involved in dewimaking® and the need to protect dunes and other
slopes to stop soil erosion is more generally raisegl by local peopf&’. In Mali, the role of national
parks in desertification control is recognised, pratected areas are seen as important reservoir of
drought-resistant specf$ In Djibouti the Day Forest has been made a ptetearea, with

regeneration projects initiated, to prevent furtless of this important forest area and attendaserd
formatiorf®’. Many effective management systems may be traditicommunity conserved areas
rather than formal protected areas. For exampéendétive people of the Thar desert in India have a
tradition of preserving village grazing lands cdllgochars, and green woodlands calledrans to

reduce erosiorpransare in additional sacred natural sffés

However, protected areas also come with costsrmessituations, for example if they deny access to
local people of the natural systems that they tiaditionally relied on during periods of drought.
addition, protected areas will only be effectivéhiéy agree and implement the right management
policies. Use of off-road vehicles for examplehie Canyonlands National Park in the United States
increases soil disturbance thus reducing vascldatgand increasing albedo, which may in turn
reduce rainfaff® all these factors are likely to increase desediion.

Jordan: restoring vegetation cover through restrictng grazing

Dana Nature Reserve: 31,000 ha wildlife reserve, ILN Category IV and MAB biosphere reserve
Jordan has undergone desertification over centaridgpressures on land are increasing. In Dars, thi
tendency has been partially reversed, by reachirageeement with local farmers and herders to
reduce stocking densities of goats by 50 per ceshipaoviding alternative livelihood options through
ecotourism and craft developm@&Ht Despite continuation of grazing, the area ofréserve has
undergone major natural regeneration, stabilisoigasd providing important wildlife habitat.
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Fire

Protected areas can protect against fire by:
Limiting encroachment into the most fire-prone area
Maintaining traditional cultural management systeha have controlled fire
Protecting intact natural systems that are betier ® withstand fire

It should be noted however that badly managed gtedeareas (e.g. those with long-term fire
suppression regimes) can almost certainly incréeseisk as compared to some traditional
management systems.

Incidence of fire is increasing around the worlayged by a combination of warmer climates and
human actions. The role of protected areas is aft@nplex (see case study on Portugal) and depends
more than in most other issues discussed hereegpattticular social and ecological circumstances as
well as on management choices and implementation.

In fire-prone areas, where natural fire is an elgxband necessary part of ecosystem functioning,
protected area management may have to be a trabletafeen what would be ideal for nature and

what is acceptable for neighbouring human commemitiMany protected areas in savannah grasslands
and dry tropical forests use prescribed burningfitoulate some of the impacts of wildfire without
allowing the hottest and most dangerous fires t@kigr®. In other cases, control of grazing pressure
by livestock can help to maintain frequent “cooé§” on grassland, which prevent the build-up of
inflammable material, thus reducing the threatesfaus fires. Co-management systems can also
sometimes enable local communities to be involweliré management within and around protected
areas, thus creating important buffers for settl@sand agricultural land.

In fire dominant areas there is often a trade-effl@en managing for biodiversity elements (which
will include leaving forests to attain old-growtharacteristics and support deadwood species) and
managing to reduce fire risk. In countries like #aba protected area managers often use prescribed
fire in protected areas to reduce threats of |aagde fires developing and moving out into surréngd
farmland and settlements.

Indonesia Protecting against forest fire impacts

Kutai National Park, 198,629 ha, category %

Although the forest fires of 1982-3 had major imisaan Kutai National Park, studies of the area ¢bun
that fire killed more trees in secondary forestnthaprimary forests, and that selectively loggede$ts
suffered comparatively more damage due the oparpraf the canopy creating a drier climate and the
logging debris providing fuel for fires. In the neamature protected forests fire swept through the
undergrowth only affecting larger trees were firept up trees covered in liaf&'s

Philippines: Community protection of natural forests

Mount Kitanglad National Park, Mindanao, Philippine s

Kitanglad Integrated, a local NGO, worked with tepartment of Environment and Natural
Resources and other NGO partners to establishitaaddad Volunteer Guards, made up of volunteers
from different ethnic communities in the area wimnlertake fire watching duties. Being members of
volunteer guard initiatives fits well with traditial ideas of land stewardship and a council o&trib
elders endorses their appointment. Training is igiexy along with transport and a headquaftérs
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Hurricanes and typhoons

Protected areas can help address problems of Anescand typhoons through:
Their role in mitigating floods and landslides
Directly buffering communities and land against warst impacts of a storm events (e.g. storm
surge)

Extreme storm events are an annual hazard in sant @f the world, and are anxiously tracked by
citizens in regions such as the Caribbean whenrelhee wreaked increasing destruction over the last
few decades. Some of the side effects of hurricandgyphoons, such as flooding, landslides and
coastal damage, are described separately in thjgeh

As with the other disaster-related discussion thasebeen a debate about whether or not natural
vegetation, including forests, can help absorinth& impacts of such storms and thus reduce effects
on people, crops and property, in particular iatieh to Hurricane Mitch that caused huge damage in
1998 and Hurricane Jeanne in 2004.

Hurricane Jeanne hit several Caribbean islandboAlih rainfall was similar across the islands, its
impacts were very different. Storms resulted ireseflood-related deaths in Puerto Rico, 24 in the
Dominican Republic and over 3,000 in Haiti. Reskars concluded that the main reason for the
difference was related to rural-urban migration #relconsequent change in forest cover, partigularl
in mountain regions. Forest cover in Haiti has besluced through planned and unplanned
deforestation to less than three per cent. Sewar#ys ago, forest cover in Puerto Rico was simyilarl
degraded and severe erosion and floods were contmbtpday forest cover has increased to almost
40 per cent and a similar process of forest regoigennderway in the Dominican Repubfit The
percentage of land cover in protected areas isedaridifferent as well, with Haiti having only Op&r
cent cover whilst the Dominican Republic has 246qent™. It is possible that the human tragedy
that unfolded in the wake of Hurricane Jeanne cbalkk been substantially avoided if forest cover an
protection had been in place. Perceptions in theties involved seem to attest to these theories.
Jean-Baptise Anthony Rabel, a resident of Mapounf d¥aiti lost his family and livelihood in the
2004 flooding; his analysis of the causes of thedk is clear:We are facing serious environmental
problems in our hometown. A lot of trees are cutiléo make charcoal and our government is not
upholding its responsibilities. We pay the consegas: the place is turning into a desert and ttisre
nothing to keep the water when it raifis. However, there were dissenting voices. David Kaiiitz,
former director of CIFOR, argued strongly agaihst tole of forest loss in Haiti being linked to
increased risk€? and against the mitigating role of forests in tiame Mitc”>. Other researchers
differ, pointing to the greatest landsliding asatei with deforested slogé$ a phenomenon that has
been recorded in many other aféas

In general, opinion is tending towards the arguntieat intact forest cover, along with other natural
ecosystems, can help to ameliorate the impactsimicanes and storms, even if such natural defence
systems may be overwhelmed by the most intensd®wes Salvano Briceno, Director of the ISDR,
stressed: Environmental degradation has been the main cafifieeodevastating floods, which
occurred last year in Haiti and the Philippines.eTéntire United Nations system, together with
member states, national and regional organizatidrasie to commit themselves fully to disaster risk
reduction policies if we want to avoid a re-emerggenf such events there or anywhere else in regions
often prone to natural disasters®.

However, maintaining forest cover includes consitlen of both the area under trees and the quality
of the forest that remains. “Loss” is by no medmgags absolute and different forms of forest
degradation may lead to incremental loss of tHeilitp to mitigate natural hazar8f$. For example in
Dominica five factors have been identified as mapmtributors to vulnerability of forests in thecéa
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of hurricanes: forest structure, species compasitieforestation, forest gaps and logging damage.
Although maintaining forests in particular situatsocan have immediate impacts on disaster
mitigation, protecting high quality forests overadin help to address both these and the underlying
causes of disasters (as highlighted in chapter 2).

Brazil: Valuing ecosystem protection

Protected area The Pantanal Conservation Complex and World HeritageSite (which includes the
Pantanal Matogrossense National Park (IUCN cateldpriporoché Private Reserve, Acuziral Private
Reserve and Penha Private Reserve (all IUCN catdgpr 187,818 ha

The Pantanal is one of the world’s largest wetlaitds situated mostly within the Brazilian states
Mato Grosso and Mato Grosso do Sul. Its vast alyslain covers around 140,000kand includes a
variety of important habitats, including river dodors, gallery forests, perennial wetlands anddake
seasonally inundated grasslands and terrestrie$t®?. The environmental resources of the Pantanal
ecosystem have been valued at over US$15.5 bjilsryeat’®. More specific annual values have been
estimated at: US$120.50 million in terms of climeggulation, US$4,703.61 million for disturbance
regulation and US$170.70 million in relation to siom controf®®.

Earthquakes

The main role of protected areas in the case ofigaakes is in:
The prevention or mitigation of associated hazardsiding particularly landslides and rock falls
Providing zoning controls to prevent settlemerthim most earthquake prone areas

The role in landslides has been discussed abovisdhd subject of the case study on Pakistan.
Protected areas might also have a potential rahesiimtaining particularly vulnerable areas free of
settlement: as discussed earlier the impact ofieaatkes depends largely on the number of people
living in the region, the strength of built struata and the effectiveness of response stratedies. T
association between the earthquakes and protectad has not been carefully studied.

Earthquake destruction in Afghanistan,
March 2003.

© WWEF-Canon / Biksham Guijja

Protected areas helping mitigate the causes of disa __ sters

Can protected areas help in reducing the underlyguges of disasters as well as providing “firdt ai
in cases where disasters occur? In Chapter 2 viedbat some of underlying causes of “natural”
disasters that were directly relate to loss of r@tsystems and the ecosystem services the provide.
Perhaps the most pervasive of these is climategghan

Climate change plays both ways in protected afegseme climate change could result in the whole

philosophy of protection needing to be revised ekample because endangered species can no longer
survive in the protected areas originally set upttfieir conservation. Some protected areas may
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literally need to be relocated, or will require oraghanges in management to counteract additional
stresse$”. Physical links between protected areas will bezamreasingly important if plant and
animal species have to migrate quickly to keep ith ehanging ecological conditioffd Many
researchers believe that they are already findimgacts of climate change on protected &féas

On the other hand, protected areas offer possdsiliioth for addressing some of the effects ofatén
change and for mitigating climate change itselsbguestering carbon. Carbon sequestration is one of
the most important steps that can be taken in tefraddressing the root causes of disasters. Ibean
divided into two closely related phenomena:

Carbon storage — whereby previously ‘captured’ caris stored over the long-term in plant

biomass and the soll

Carbon sequestration — whereby ‘new’ carbon is astgued from the atmosphere

The early debate about carbon and forests focusdideorole of afforestation and forest restoration
capturing carbon from the atmosphere and thus neguwerall carbon dioxide levels. Whilst it is
comparatively simple to calculate the amount oboarthat will be stored by a given plant species
under a particular set of conditions, it is muchrendifficult to be certain about how long the carbo
remains in storage. Carbon sequestered by plansatibfast growing trees that are then used foepap
and pulp may be back in the atmosphere in a fewsyi€the paper materials are burnt or decay.
Although carbon sequestration by growing trees resna significant strategy for addressing climate
change it has also attracted vociferous critics.

The role of mature forests in providing carbon ater has also increasingly been investigated, in par
because it is recognised that in some circumstahegsmay continue to sequester cafBomut also
because the potential of “avoided deforestatiors’ theen recognised and funding is becoming
available. Commercial companies and others arengdwi store carbon to “offset” carbon dioxide that
they emit through energy use, transport etc. Thieaefy of offsets is still subject to debate, wattitics
claiming that it is little more than buying indulyzes, with a negligible impact on the rate of cliena
change. Others see avoided deforestation as amtapity to bring fresh money into conservation and
avoid further deforestation losses. There have bfferts to agree codes of practice to protectlloca
peoples’ rights and to maximise conservation besteti

More broadly, an increasing number of protected atghorities have started to see carbon storage as
key function of many of their protected areas, Wtshould be recognised in assessments of their
overall worth and political importance. Carbon atye is being promoted as a way of financing
protected ared¥ and of persuading governments that avoiding defatien is a legitimate and
important political priority. As part of this prog® protected area practitioners are calculatiay#hue

of carbon sequestration and storage and somereatlits are summarised in Table 4 below.

Table 4: Examples of carbon sequestration by protected areas

Country 287 Amount of carbon sequestered
Argentina Sustainable forest management over 70,000 ha including Baritu and Calilegua
National Parks, expected to sequester 4.5 million tons of carbon over 30 years
Belize?®® The Rio Bravo Conservation project aims to protect 61,917 ha, thus mitigating 8.8
million tons of carbon dioxide over 40 years
Bolivia®®® Over 800,000ha added to Noel Kempf National Park, estimated to sequester 7

million tonnes of carbon over 30 years

Canada®®

4.43 gigatonnes of carbon in 39 national parks, at a value of US$72-78 hillion
(although figures range from $11 billion to $2.2 trillion depending on valuation of

carbon sequestration)
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Country 2%

Amount of carbon sequestered

Czech Republic

Replacement of monocultures with mixtures of indigenous species in the Kroknose
and Sumava National Parks, expected to sequester 1.6 million tons over 15 years

Ecuador Purchase of additional 2,000 ha of the Bilsa Biological Reserve, expected to
sequester 1.2 million tonnes over 30 years
Madagascar291 A project to reduce forest loss in 350,000 ha of the Makira Forest to the same rate

as in nearby national parks is expected to sequester 9.5 million tons of carbon
dioxide over the next 30 years

Philippines®*

Protection and restoration of 12,500 ha in the Sierra Madre Quirino Protected
Landscape, to sequester an expected 126,000 tons of carbon dioxide over 25

years

293

Uganda Calculation of carbon sequestration in the national park system which is worth
US$17.4 million a year

Uganda Reforestation of 27,000 ha in Mount Elgon and Kibale National Parks: expected to
sequester 7.1 million tons

USAZ The 16,000 culturally and ecologically significant trees in Washington, D.C.

managed by the National Parks Service store 4000 tonnes of carbon and
sequester 90 tonnes each year

Overview: how protected areas can mitigate against

natural disasters

The preceding sections have discussed the evidenaead against the mitigating role of protected
areas in a range of disasters. As a rapid referentdor protected area managers and others, we
summarise the key findings in Table 5 below.

Table 5: Mitigating role of protected areas against natural disasters
Disaster Mitigating Protected area Examples Notes and
role of habitat type management
protected implications
area
Flooding Providing Marshes, coastal Snowdonia National Park,
space for wetlands, peat UK
overspill of bogs, natural Whangamarino Wetland,
water / flood lakes New Zealand
attenuation Nansi Hu Nature Reserve,
China
Absorbing and | Riparian and Mantadia National Park, Still debate

reducing water
flow

mountain forests

Madagascar

The protected areas being
created in the Lower
Danube in Europe

about scale of
effect

Landslip, rock
fall and
avalanche

Stabilising sail,
loose rock and

Forest on steep
slopes

Jiuzhaigou Nature Reserve,
China

snow Shivapuri National Park,

Nepal
Buffering Forests on and Protected areas in Less effective
against earth beneath slopes Switzerland than
and snow stabilisation
movement
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Disaster Mitigating Protected area Examples Notes and
role of habitat type management
protected implications
area

Tidal waves Creating a Mangroves, Rio Platano Biosphere Still debate

and storm physical barrier | barrier islands, Reserve, Honduras about scale of

surges against ocean | coral reefs, sand Coastal protected areas in effect
incursion dunes Sri Lanka such as Yala and
Bundala National Parks
Providing Coastal marshes Black River Lower Morass,
overspill space Jamaica
for tidal surges

Drought and Reducing Particularly Dana Nature Reserve, Can include

desertification | grazing and grasslands but Jordan managed
trampling also dry forest areas (e.g.
pressure category V)
Maintaining All dryland Protected areas in Mali Both as feed
drought- habitats and as stock
resistant plants for restoration

Fire Limiting Use of strict Through
access to fire- | management agreed zoning
prone areas (e.g. category la) policies
Maintaining Savannah, dry Mount Kitanglad National Often
management forest, temperate Park, Philippines Community
systems that forests, Conserved
control fire Mediterranean Areas

scrub
Maintaining Fire refugia in Kutai National Park,
natural fire forests, wetlands Indonesia
resistance

Hurricanes Buffering Forests, coral The protected areas of the

and storms against reefs, Sundarbans in Pakistan
immediate mangroves, and India
storm damage | barrier islands
Buffering See above
against floods
and landslips

Earthquake Zoning to Low population Through
control access | earthquake agreed zoning
to high risk prone areas policies
areas
Buffering See above
against
landslides
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Chapter 5: Could protection have helped?

The previous chapters have highlighted the trecaisses and impacts of natural disasters and we have
offered some evidence of how protected areas douhd part of disaster prevention and mitigation
strategies. But what really happens when disasteke? Rather than simply develop case studies
looking at well known examples of protected arehgtvprovide benefits in terms of stability, the
seven case studies presented here take as thirgstmint some of the most costly disasters seen
far in this new, but already record-breaking cepteither in terms of human-lives lost or economic
impacts, or in most cases both (as identified ibl&d on page 10). The case studies discuss the
environment-related issues that contributed to naliese such terrible disasters and where the
advantages in using environmental management anegion in particular could have, or in a few
cases did, reduce vulnerability to the impactdefdisaster. Of course, we also recognise thaighi
only part of the story, and many of the impactthese disasters were caused by a multitude of other
factors such as poverty, poor land-use planningrlpduilt or maintained infrastructure and
inadequate warning and response systems. ThestaBes are:

The Mozambique floods of 2000 and 2001

The 2000 floods in Bangladesh

Central and Eastern Europe flooding in the Lowenuee in 2006

Heat waves and forest fires in the summer of 26(3artugal

The Indian Ocean Tsunami in 2004

Hurricane Katrina in the USA in 2005

The Pakistan Earthquake of 2005

All these events were extraordinary, and many @addscribed as ‘once in a hundred year’ events. But
were they really? Five of the seven case studitirdted to hydro-meteorological hazards — which as
we have already discussed are likely to increaskeasnpacts of global warming take effect. The two
disasters linked to geological hazards althougheeng highlight vulnerabilities which could turn a
range of hazards into disasters in the future. & ieeclear evidence, as discussed in the previous
chapter, that environmental protection throughgxted areas can help prevent and mitigate theteffec
of more regular and less dramatic hazards, whicifddoave become disasters; but what role can
protected areas play in these ‘once in a lifetimasnts?

All the case studies clearly catalogue a rangssfas that have contributed to increased hazard
vulnerability; with the lack of effective environmi&l protection being a major contributing factor i
creating such record-breaking disasters. The patente of conservation through protection could
play in future disaster mitigation is thus an utgeme which runs through these case studies, but
which has to date elicited a wide range of respanBke case study on the Danube floods presents
perhaps the most optimistic scenario with contineide agreements, such as the EU Floods Directive,
calling for protection and restoration of floodpisiand the more specific Lower Danube Green
Corridor Agreement bringing four countries togetteeincrease protection and restore degraded
habitats across the floodplain. Regional transbhagndpproaches are also developing in Mozambique.
But here the links between conservation proposaldenin the Protocol on Shared Water Course
Systems under the auspices of the Southern Affiearelopment Community and the major
transboundary protected area initiatives whichuen@erway in the region are only slowly being made.
As the case study reports protection and rehatidiitaof the major rivers catchments which flow
through Mozambique could play a role in reducing flbods which are now becoming a frequent
occurrence in this country which is more usuallpwn for the devastating impacts of droughts. But
resources need to be made available to fully stelyole protection could have in disaster mitigadi
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The case study from Bangladesh also looks at thadtrof flooding. Here the great mangrove system
known as the Sundarbans has a well documentedhrotestal protection. However, although some of
the area is protected, the mangrove forests inrgeoentinue to be lost and even those which are
protected are severely threatened by sea-levelRretection and management strategies are thus
urgently needed to ensure the effective consenvatichis vital ecosystem and its role in disaster
prevention and mitigation. The role that mangroaes] coral reefs, play in mitigating disasterds®a
discussed in the case study on the Indian OceamahsiuHere there does seem to be real evidence
emerging of the importance of intact ecosystemd,mntected areas in particular, in mitigating ttida
surges. But clearly there are far too few suchsapeatected in the region to provide more thantéohi
protection to areas under threat. A similar coriolusan be drawn from the case study on Hurricane
Katrina, which has also resulted in calls for meffective protection and conservation strategies
aiming as much at hazard mitigation as at biodityec®nservation.

Whereas all the case studies on flooding inclufreace to at least policy level, if not alwaysgnd-
level, recognition that environmental issues hadl@to play in the reported disaster, two of theec
studies have a less positive story to tell. Theaiatp of environmental degradation are at the luart
the case study on the earthquake in Pakistan. édth@ geological event, much of the devastation was
caused by the large number of shallow landslidasiwvere probably exacerbated by major forest
loss in the region. At present there is no evideghaethe reduction of forest cover is seen asjama
issue in relation to disaster mitigation in the oy and local rebuilding efforts are probably leapto
increased deforestation. And finally the forestdithat struck much of the Mediterranean in the3200
heat wave are examined in relation to Portugal,afribe areas worse hit by the fires. Here theeernse
to be no obvious links in terms of disaster mitigatbetween the protected areas and the rest of the
landscape affected by fire. The reason being ttwepted areas, which are primarily managed as
Category V landscape areas, are suffering the $atm@s areas without protection, that is to say,
major land use change as centuries old land maregesystems are abandoned. This is leading to
increased fuel loads which are susceptible to Tite lesson here is thus perhaps one of effective
management. Protected area management regimesiagetg have to take more heed of land use and
fire hazards to maintain values and thus contributeazard mitigation.

Overall the messages from these case studies belddmmarised as:

- Environmental degradation played a major role itkingrall disasters reviewed here so extreme;

- Although there is evidence that protected areadefmmitigate impacts, in these disaster prone
areas protection levels are generally low and daftese areas which are protected are not
effectively managed with disaster mitigation aeg klement;

- There is a need to make more explicit the linksvben protected area and disaster mitigation
strategies, both in terms of designating new ptetkareas and in the management of existing
areas;

- Protected area management needs to consider dusedff climate change and land use patterns in
relation to disaster mitigation strategies as waslin relation to biodiversity impacts;

- Transboundary conservation and restoration prgjedtieh include the development of protected
areas, offer the potential to be particularly effecin hazard prevention and mitigation .

As we will go on to discuss in the final sectiortloit report there is an increasingly urgent need t
both recognise the role that protected areas @nipldisaster mitigation and to include disaster
mitigation functions into protected area systermpiag. Only then we will really be able to analyse
the role protected areas can and, when disastiés, sto play in mitigating the impacts.
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Mozambique Floods: 2000 and 2001

Introduction

Mozambique is vulnerable to a range of naturalsiess, in particular floods and droughts, becatise o
its geographical position and tropical climate. tHeginfall can be triggered by cyclones and trapic
depressions from the Indian Ocean and cold fraots the southi®>. Between 1965 and 1998, the
country experienced twelve major floods, nine digegnd four major storms. But these events were
overshadowed by the massive floods which took pila@900 and 20G1°.

In February 2000, heavy and persistent rain agosthern Africa resulted, for the first time onoet;

in the simultaneous flooding of all of the majoren systems that flow into the sea through the
southern half of Mozambiq@¥. The floods resulted in the loss of some 800 Jivéth millions being
displaced and infrastructure loss and damage estitad a value of over US$450 milliSh As if the
devastation of 2000 had not caused enough prolftemtise country, 2001 saw further floods, this time
focussed on the Zambezi River. Over 500,000 pewple affected by the floods and damage has been
estimated at some US$36 millfdh

Mozambique has a comparatively good history ofsliesamanagement; in the 1980s the Department
for the Prevention and Combating of National Catasiwas established with the objective of
promoting early warning and mitigation activitiesdain the 1990s a variety of mitigation measures
were instituted®. However, most of the studies and efforts relatinthe management of extreme
weather events focussed on drought with relativel - :
little attention being paid to floods and other R -
natural disasters. There is, for example, a World | ortealE
Meteorological Organization (WMQO) Drought

Zambia

{ .('I § i . ;J

Malawi i e
Monitoring Centre in Harare but no centre for < ) \.f.-._-,:if_;_ 2
monitoring floods in the regidf. But flooding is l"’""'*%ﬁ; P -
a serious risk. The impacts of climate change, lanfl \ > '@’“E:éi‘,“;q"‘;’;:’.‘a“sﬁig*’“”
use changes and the disruption of river and wetlapgmbabwe L g Pexstns affected by 1* Flooding 350,000

Fersons affected by 2 Flooding 600,000

systems, primarily through dam construction, are
changing the ecosystem’s ability to deal with _
sudden climatic events such as storms and Souan

cyclones. As some 20 million people, more than 50 ...
per cent, of the population of the Zambezi basin af
concentrated around its wetlands the need to
review wetland use and flood management is

becoming increasingly urgefit Areas affected by 2000 flooding

IDF’ s in Shelters 250,000
“ulnerable Persons 950,000

PP s tos
A5 0t Mach 2m0

Rivers g
[ Provinces Affected -

Swaziland
N 100 0 100 Kilomaters
e

The causes of the disaster

“A wetland is a sponge which soaks up extra watdrthaen releases it slowly into a watershed or river
system. When you remove it you remove this safbtg' v

Richard Boon, Wildlife and Environment Society @ush Africa

Mozambique shares borders with South Africa, Zimb@kZambia, Malawi and Tanzania. About half
of the country is made up of flat coastal plaire(this 2,500km of coastline) and many sizeablasive
flow through Mozambique to the Indian Ocean. Mdrant 50 per cent of Mozambique’s land area is
part of an international river basin; with nine orajivers passing through the country — the Maputo,
UmbelGzi, Incomati, Limpopo, Save, Buzi, PungoénBazi and Rovuni&’, all with their origins in
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other countries further upstream (see box). Thiamaehat decisions made about river waters and
catchments beyond the borders of Mozambique ca@ &awmajor impact within the countf¥;

Shared resources — major rivers and countries:
Maputo: formed by the confluence in southwestern Mozambique of the Great Usutu River (flowing
from Swaziland) and the Pongola River (flowing from South Africa)
Umbeluzi: Swaziland
Incomati: South Africa, Swaziland
Limpopo: Botswana, South Africa, Zimbabwe
Save: Zimbabwe
Buzi: Zimbabwe
Pungoé: Zimbabwe
Zambezi: Angola, Botswana, Malawi, Namibia, Tanzania, Zambia, Zimbabwe*®®
Rovuma: Tanzania, Malawi

The majority of the country can be described im&of four main vegetation types: flooded savannah
consisting of open grassland and mixed freshwatang forest®® coastal mangrove foredt§

coastal forest® and miombo woodlaritf. Although the climate of the region is predomimatiry,

about 80 per cent of annual precipitation fallsisetn October and March making seasonal flooding a
natural part of the country’s ecosystems. Majoodi® have been recorded in all the internationakriv
basins shared by Mozambique, with the exceptich@Rovuma'°.

2000 floods

The flooding of 2000 was an extreme and disastevest. The rains far exceeded levels normally
expected during the rainy season. For exampleadbemulated rainfall over a three-day period in

Maputo Province alone was only a little less tHamtbtal rainfall experienced between September
1998 and January 1994

The 2000 event began in late January when torteati#all caused some flooding of the Incomati,
Umbeldzi and Limpopo rivers in Maputo and Gaza Rroes. This was followed by two periods of
heavy rainfall in early and late February 2000 tita rains falling on land that was already soadked
unable to absorb further moisture. A cyclone, Eamiso hit Inhambane and Sofala Province frofh 21
to 22" February*? and at the same time further heavy rains occun&@mbabwé™®. The

combination of these weather systems on alreadyatet! soil resulted in extensive floodig The
volume of water in the Limpopo River increased dipiWaves of water, reaching up to three meters
high, descended the river, flooding the city of i and the commercial area of Xai-Xai City both in
Gaza Provincg®. From 5" to 8" March another cyclone, Gloria, sat off the Mozazahi coast bringing
strong wind and further heavy rains for the nexd tmeeks. The Buzi River, which had flooded in early
February, flooded again on'1%larch 2000, in part as a result of water release the Chicamba

dam. Save River, which had also flooded in Febru#sgded again on #6March and the Pungue
River flooded on 18 March™®,

This was clearly an extraordinary series of evantsthe accompanying disaster was unfortunately an
almost inevitable result — but could this floodimve been made worse by a decline of ecosystem
services in the regidh? To discuss these impacts a combination of fadiwked to the interruption
of the ecosystem services need to be consideradling:

wetland destruction

overgrazing in the upper watershed

forestry operations

dam construction

land use planning
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Wetlands

Africa’s wetlands play a vital role in the ecosystby holding rainwater and runoff, but analysis
of the causes of floods often point to reclamatibthe wetlands around lakes and rivers for
cultivation, reducing their flood absorption capgtf. Wetland degradation has occurred on the
Mozambican side of the floodplain-delta area adamels are extensively used for agriculture and
hence their capacity to hold water has been comigexin

Receding coastal
wetlands Mozambique

© WWF-Canon / Meg
Gawler

Grazing

Following the 2000 floods, conservationists in tegion stated that the overgrazing of grasslands
in the upper watersheds of the Limpopo River insBatna, Zimbabwe and South Africa had
played an important part in disrupting the systeatisity to absorb heavy rainfall, and were a
contributory cause to the disastér Grasslands that are overgrazed or damaged bybpooing
practices are hardened, this lead to more watesiriipover the ground and into rivers instead of
seeping into the sAf. In the 1990’s the first Global Assessment of B@ifradation (GLASOD)

by UNEP reported on land degradation in the LimpBpger Basin. Although human-induced soll
degradation was considered low in Mozambique, naidetegradation was reported in northeast
Botswana and in adjacent areas of Zimbabwe, asasefl northeast South Africa and the southern
tip of the catchment. High degradation was repainetie southwest upper catchment in Botswana
and extreme degradation in three areas in Limpapuifce in South Africa, corresponding with
densely populated communal aréasBefore the flooding, the Rennies Wetlands Proecteyed

the upper catchment of the Sand river in Mpumalargaince, South Africa, and found that 80

per cent of the wetlands and grasslands had bieshftr subsistence farming or were
overgrazetf>

Forestry

Another catchment study of the Sabie River in Sd\ftita suggested that the reduced return
period of runoff relative to rainfall is the resoltthe extensive forestry operations impacting on
the upper reaches of the catchment, and may h#luericed the severity of localised flooding
within the catchmert. Although almost half of the Sabie-Sand River Bdalls within the

protected areas of the Kruger National Park, thees8and Game Reserve and four smaller nature
reserves, some 20,000 ha of the upper catchmeueeasscleared of natural vegetation and
replaced with exotic forestry species which is Ilngdo degradation of the river within these
conservation are&s.

Dams

The rivers that flow into Mozambique have been scigjd to considerable alterations in their flow.
The negative role played by dams in the 2000 fisdd/o-fold: immediate effects during the flood
crisis and the long-term environmental effects. fdlease of water from dams during periods of
excessive rain is often a major contributing fagodownstream flooding. In 2000, water was
released from several dams during the crisis, @ioly the Pequenos Libombos dam on the
Umbeluzi River (which exacerbated floods around Mapn February); the Macarretane dam
released water from the Limpopo River (causing &remése in water levels during the night of
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26"/27" February), the Chicamba dam (causing the BuzimRivélood); and the Massingir dam

on the Elephants River (resulting in higher watethie Limpopo and thus increasing the flooding
in the town of Chokwe). Much of the subsequentuis@n around the roles that the dams played
in the disaster has revolved around issues priynagited to dam management (e.g. emergency
planning, timing of water release, dam maintenammkoverall water level&Y. There are

however equally important longer-term effects omithle of dams and flooding in relation to
changes in river flow, vegetation and human setileinisee section below on the 2001 floods).

Small dams, for agricultural purposes, can havéairaffects. A study of the Kolope-Setonki
subcatchment of the Limpopo river, for example nivthe area effected by small dams rising
rapidly, from two to 50 per cent between 1955 a@87] leading to reduced water flow, loss of
forest quality (for instance the fast growing An@d Eaidherbia albidd was suffering
considerable die back in the subcatchment) aneased grasslantfd

Land use planning

Since independence in 1975, the Limpopo river bhagbeen the region in Mozambique most
devastated by floods. Although in part this is twéhe natural characteristics of the basin and the
climate in the region, the Limpopo is the Mozamhitasin which has seen most development
within its flood plain®’. This utilisation has been poorly planned and setacexacerbate the
damage caused by the floods. Some areas affectn lnysaster in 2000 did have land use plans,
however these were not adhered to due to inadegunédecement. For instance in some areas,
roads were built in unsuitable locations leadingd erosion and landslides. In Maputo durin the
flood gully erosion inundated the Matchikitchikiearleaving 800 families homelé€s

2001 floods

Although analysis in South Africa indicated thas fltoods experienced during February 2000 were the
result of extremely rare weather patterns, theueegy and intensity of cyclones are expected taltres

in an increase in floods in part due to the impatilimate chang®®** The 2001 flooding of the
Zambezi River are thus perhaps a better indicdttireoimpacts and consequences of the flooding
which Mozambique is likely to suffer with increagifrequency in the coming years. In this case the
floods were the result of consistent and heavy, mfiar less extreme and rare event in Mozambique
than the accumulated weather event which leadat@®@90 floods. This heavy rainfall resulted in wate
levels beyond the coping capacity of the variounslan the river forcing water to be released which
lead to flooding in large areas beneath the dams.

The Zambezi River (2,574 km) is the fourth largéstdplain in Africa and the largest system flowing
into the Indian Ocean. Rising in Angola it has &lement area of over 1.5 million Knencompassing
the Democratic Republic of Congo, Botswana, Zambiimbabwe, Tanzania, Malawi and
Mozambique. The river makes it final journey to #ea in Mozambique through a mosaic of grassland
and swamp forest, the Marromeu Complex, some 10thkand from the ocean and a system of
mangrove forests and deltas along nearly 300 kMazfambique’s coadt.

The Zambezi provides many benefits for the cousitilows through, and in Mozambique in

particular its power has been harnessed to praletericity. However hydro-electric dams can bring
problems as well as benefits. Overall, dams tenddace small flooding events which are

characteristic of rivers in areas of concentratedfall, such as those in Southern Africa. Althoulgis
reduction in floods may seem beneficial there igewce that these can exacerbate the damage caused
by major floods. Small floods wash away sedimeidt glant material on banks; without these

regulating activities rivers get smaller (flow wéllready have been reduced though damming), banks
become more stable and settlements are constrimcéedas which are no longer seen as being
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threatened by flooding. When major flood eventspeampthere is less space for the water to flow
through and more sediment, vegetation and buildionde washed away, which also cause further
problems downstream of the flood.

The construction of Kariba (in Zimbabwe and Zamlia)l Cahora Bassa (in Mozambique) dams as
well as other large dams in the Zambezi system pasfoundly altered the hydrological regime of the
Delta. Prior to the construction of Kariba Dam, lpéaods spread over the 12,000 kBelta.

Floodplain grasslands were inundated for up to ninaths of the year, and many areas were saturated
throughout the dry season. With the completiorhefKariba Dam in 1959 and Cahora Bassa Dam in
1974, nearly 90 per cent of the Zambezi catchmeoaime regulated and the natural flood cycles of the
lower Zambezi River permanently interrupt&dOnly runoffs from tributaries of the Moravia-Angja

and Manica Plateaus in the Lower Zambezi catchmeenain unaffected by river regulatih

The ecological effects of the dams are many fahdi @nvironmentalists are concerned that natural
disasters, such as the floods in 2001, are beirefaa worse due to dam construction and
management. Detailed survey and research worledapit by the International Crane Foundation
concluded that vegetation changes are directi@thér than cyclical and are resulting from the
hydrological degradation of the delta system. Thedfeets include:

Changing plant species

Species of flora characteristic of higher areatherfloodplain and surrounding escarpment are
establishing in relatively low-lying areas; thiclegtecies are increasing in frequency and biomass
in areas of open woodland; savannah and savaneafesgre increasing in frequency and
biomass in areas of open floodplain; along the tteagcies characteristic of saline grassland
communities are increasing in frequency and bioriraaseas occupied by freshwater grassland
species; and mangrove species are decreasingiatahd margin of the coastal mangrove
associations.

Open floodplain decreasing
The composition of large expanses of floodplaichanging from species characteristic of long-
duration, deep-flooding conditions to short-duratishallow flooding conditions.

Increasing fire
As much as 95 per cent of the delta burns duriegitly season which is almost certainly due to
the drying of floodplaiff*.

Declining wildlife numbers and carrying capacity

Drying conditions have facilitated access to tl@dplain for commercial hunting of large
mammal populations, e.g. African buffa®yncerus caff¢rand waterbucki{obus
ellipsiprymnu$, and other species, e.g. Vulnerable Wattled Gr#&eus carunculatuys are
affected by reduced carrying capacity related &ngdes in the timing, duration and extent of
floodplain inundatiof>.

Land use change

The social changes bought about by the altered@mwvient of the Zambezi delta are also
profound. Newly formed islands and stabilised aafabe lower river are being inhabitédlas the
fertile soil found in floodplains makes these angagicularly desirable places for human
settlement. Although the creation of agricultueald may seem a bonus for countries with
important agricultural economies and high levelpaferty such as Mozambique, these changing
patterns of settlement constrain the options abilfor managing floods in the lower Zambezi
when disasters strike.

59



Historically, the annual spread of floodwatershia Zambezi restricted settlements to terraces
above the active channel. After peak flooding, frsrmoved on to the floodplain to cultivate the
fertile soils. Over the past forty years, howe¥iegdplain farmers have adjusted to the reduced
threat of flooding by encroaching onto historicdltyod-prone areas along the Zambezi River,
including sandbars’.

Thus following weeks of heavy rain in the earlytpHr2001 flooding in the Zambezi River began
to reach critical levels and many people were pus&. By early March the Mozambique Institute
for Disaster Management was estimating that at [Eapeople had been killed by the floods,
about 89,000 had been displaced and overall up@g80 were affected. The Cahora Bassa Dam
was pouring out water, releasing an average ofrllibn litres of water per second, while the
Kariba Dam was discharging at about half that*fateBy late March the floods had claimed 81
lives and affected 635,000 people, of whom more 220,000 were displac&d

Impacts on human well-being

Mozambique is one of the poorest countries in tbddvfollowing years of political instability. Uriti

the 2000/2001 floods however the country was makiagpr economic progress, with GDP increasing
and inflation rates falling from 705 per cent iB4%o just 6 per cent in 1997. The floods were
however a major set back to this developrifénts well as the loss of life and shelter thereaver
major losses to agricultural production and natuegjetation cover. Environmental degradation
included soil erosion, water pollution and defoaéist*.

In Mozambique 80 per cent of the population isaralion subsistence agriculture and on the erratic a
unpredictable rainfall. The repetitive cycle ofdtts and droughts can thus have serious consequences
for well-being*. Following the floods in 2000, for example, ovérfer cent of productive land was
lost as were about 40,000 head of cattle, somatiill®n people were directly or indirectly affecte

by the disaster, nearly two million were put in seveconomic difficulties, one million were in unge
need of nutritional and/or medical assistance &@W®0 were displaced and left homet&s8ut of
course floods are also ecological important andaidproductivity. Thus, for example, the 2001
Zambezi floods bought some important benefits, fessheries were significantly improved for the next
years; the deposition of sediments on the floodghaproved agricultural productivity (especially
considering that sediment is usually trapped ind€alBassa Dam) and, although data is not available,
it is likely that the floods were also beneficialthe prawn industry on the Sofala Bak

The future — what role can protected areas play in hazard mitigation?

The land-use changes bought about by dam constnuatid changes in water flow were clearly a
contributing factor in the floods of 2000 and 20B1key recommendation to lessen the impacts of
floods in the future would therefore be to restemgironmental flows on the Zambezi and other rivers
affected by large dams thus redistributing floah# to the early wet season and reducing the impact
of large floods caused by reaching reservoir marirstorage level as occurred in 2661

In response to these disasters a process of integgmal cooperation has begun, focusing mainly on
improved technical collaboration including antidipg, mitigating and responding to sudden-onset
natural hazards, such as cyclone-triggered transdsry floods, and allocating more resources to ris
reduction. For a long time, the water sector hassed on the development of cooperative agreements
on shared river basins and water resource, butdabes of the 21 century have underlined the need to
pay greater attention to regional flood risk, imli@idn to recurrent drougfff.
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In 2000, the Mozambique government requested thieetNations Environment Programme (UNEP)
and United Nations Centre for Human SettlementsQHIS Habitat), to assess the impact of the floods
on the environment and human settlements and moulate recommendations for environmental
restoration and vulnerability reduction.

Recommendations relevant to the focus of this tepotude:
Assess the land use practices, which affect fl@mbassist in capacity building. An assessment of
the land use practices in the river basin (inclgddimbabwe, South Africa and Botswana where
applicable) should be carried out. This should $oon the practices, which affect floods such as
draining of wetland, deforestation and recommendsuees for mitigation (Recommendation 10).

Habitats such as wetlands, mangroves, coral raefsmarine should be assessed. The possibilities
and implications of the destruction and poor manasg of ecosystems which act as flood sinks
(wetlands, woodlands, forests, grasslands etdjenmdgion should be investigated. An
interdisciplinary team should carry out the assesgnThe effects of floods on forestry should be
assessed taking into account the needs of the etthersents, accommodation centers and the host
communities and prepare a plans for mitigation.sehmight include adopting policy for the
management of forests and reforestation (Recomntiendkl }*’.

Since the affected areas are transboundary riveéngdJNEP and UNCHS also suggested that
recommendations could be adapted within the framlewbthe Southern African Development
Community (SADC). Indeed article 2.3 of the Profamo Shared Water Course Systems states that:
“Member States lying within the basin of a sharedescourse system shall maintain a proper balance
between resource development for a higher starafdieng for their peoples and conservation and
enhancement of the environment to promote sustaimiyelopment*®.

This transboundary theme is also being taken womservation management and could provide an
important impetus for helping protect the watershatlich so greatly impact Mozambique ability to
deal with extreme weather conditions. The 35,000 tkansboundary area known as the Great
Limpopo Transfrontier Park (GLTP) was agreed betwdezambique, South Africa and Zimbabwe in
2000, and confirmed by an Establishment Treaty0id32 GLTP includes Kruger National Park in
South Africa, Limpopo National Park in MozambiquelaGonarezhou National Park in Zimbabwe as
well as the Sengwe communal land. These areasnalle up the core area of a much larger, nearly
100,000 krf, Greater Limpopo Transfrontier Conservation A@aTFCA) to include the Banhine

and Zinave National Parks in Mozambique as wel asmber of private nature reserves and
conservancies in South Africa and ZimbaBtten addition, it is proposed that through a Bicsgh
approach the area could be extended east to tisé lbetaveen Xai Xai and Inhambane, and south
towards Coromane Dam, cross the Komati, and fotlesv.ebombo Mountains to Swaziland, Mlawula
Game Reserve and the Pequenos Lebombos to linkhvéthlaputo Transfontier Conservation Area
and the Lebombo Spatial Development Initiative auth Africa®.

Transboundary initiatives are thus developing ettiver management and conservation strategies,
and together these issues are being consideredNE®R/GEF medium sized project on: sustainable
land use planning for integrated land and wateragament for disaster preparedness and vulnerability
reduction in the Lower Limpopo Basin. Being implertedd in Mozambique, South Africa and
Zimbabwe the project aims to develop an integréiteti management programme in the three lower
Limpopo Basin countries that stresses disastergpegpess and mitigation techniques and includes
sustainable land use plannify
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Monsoon in Bangladesh 2000: A discussion on climate
change

“Bangladesh is one of the countries most likelguffer adverse impacts from
anthropogenic climate change”
Saleemul Hug, Chairman, Bangladesh Centre for AceauStudies, DhaR&

Introduction

Bangladesh, China and India are the most flood-@ummuntries in Asia due to their geography and
climate®™® One of the disasters highlighted in Table 1 atlibginning of this report was the monsoon
flooding which affected India and Bangladesh in@0Drought followed by extensive floods killed
thousands, displaced millions (over 30 million pleopere affected by the floods in north and north
eastern India alone), destroyed crops leadingdd &hortages and damaged infrastructtire

This disaster was unfortunately not an unprecedeswent. Bangladesh, in particular, is a country
vulnerable to a number of hazards including cycdomieoughts and earthquakes as well as floods.
Indeed, Bangladesh has the dubious honour of tggpmlist of countries facing the highest monalit
rate from multiple hazards identified by the WaBenk®>* whilst in contrast ranking low on just about
all measures of economic developnight

Unlike the other case studies presented in thigrtethis study takes it lead from the floodingaditer

of 2000 to discuss in more depth the implicatiohslimmate change in Bangladesh. Because
Bangladesh as well as being vulnerable to a rahgataral hazards, is, due to its geographical
location, low and flat topography and high popuatdensity, one of the most vulnerable countries in
the world to the effects of climate change andleeal ris€””. The most recent projections of impacts
in Bangladesh include sea-level rise, increasedsommrains and an increase in air temperatureein th
Bay of Bengal®. The relationships between these projectionsrabliazards and potential disasters,
as well possible mitigating factors, are discudedtiis case study.

Bangladesh’s 700 km coastline is home to 35 milfieonple — over a quarter of the national population
— and this is projected to reach 40-50 million BB@E>°. Overall the country has one of the highest
population densities on earth, some 1,000 peopl&mein most areas and even higher along the
coasts. It is one of the wettest countries in tbedy and most of the land area is low-lying corajng
mainly of the delta of the Ganges-Brahmaputra-Megtivers which converge at the Bengal
Basin/Bay of Bengal; 80 per cent of the countrglésssified as floodplaii®. Normal flooding

(barshg affects about 30 per cent of Bangladesh each {gat use (i.e. cropping patterns and
varieties) and settlement are well adapted to teeds which provide major benefits in terms oil so
fertilisation and the provision of breeding grouridisfish. Abnormal floodinglfonyg can submerge
more than 50 per cent of the total land area, ancbe very destructive.

Three main flooding hazards stand out:
Coastal and estuarine flood§he Bay of Bengal suffers significant and frequandfall of
tropical cyclones and the extensive coastal lowkeds exacerbate the impacts of the storm
surges associated with cycloffés
Flash floods More than 80 per cent of the country’s annuatimitation occurs during the annual
monsoon period, between June and September, waitlead to floods mostly in the Northeast
and Eastern Hills regioffs.
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River Floods The combined discharge of the three main riverielvcross Bangladesh to reach
the ocean is among the highest in the world. So/h@51612 km?3 of water crosses the borders of
Bangladesh every year, 85 per cent of it betweer and October. Nearly 93 per cent of the
surface water resources originate outside Bangtéslesrders making it is difficult to predict and
control flood$®*

The most disastrous floods, in terms of lives anelihoods lost, occur in the coastal areas wheh hi
tides coincide with the major cyclorfi&s Although the flooding in 2000 was serious in Baxdgsh,
previous flooding events (as highlighted in Tableeow) have unfortunately been worse. In 1998, for
example, the worst flooding in living memory lastager a 10 week period, affected more than 17
million people and 68 per cent of the country. Rgrihe 2004 monsoon season, Bangladesh again
experienced severe flooding across 33 districtisafiacted approximately 36 million people andddll
nearly 800 peopf&".

Table 6: Top 10 recent natural disasters in Bangladesh in terms of numbers of people affected

Disaster type Date Number Affected
Flood August 1988 73,000,000
Flood July 1974 38,000,000
Flood 20™ June 2004 36,000,000
Flood May 1984 30,000,000
Flood 22" July 1987 29,700,000
Drought July 1983 20,000,000
Flood July 1968 15,889,616
Wind Storm 11™ May 1965 15,600,000
Wind Storm 29" April 1991 15,438,849
Flood 5™ July1998 15,000,050

Source:EM-DAT: The OFDA/CRED International Disaster Databawww.em-dat.net, Université
Catholique de Louvain, Brussels, Belgium

The causes of the disaster

Bangladesh is one of those poor countries which faeg the irony of being forced to adapt to and
mitigate the consequences of man-made global wagrarid climate change, which are largely not of
their own making; while they have little human,istad, technological, or financial capability foush
adaptation and mitigatiofi’.

Bangladesh’s climate is influenced primarily by rmoan and the mean annual rainfall is about 2300
mm; although there is a wide spatial and tempasdtidution with annual rainfall ranging from
1200mm in the extreme west to over 5000mm in tis¢ @&ad north-east. Its low lying costal zone is
placed between the extensive drainage networkeoGidnges-Brahmaputra-Meghna river system on
one side, and tidal and cyclonic activity from Bey of Bengal on the oth&F.

Predictions for the country’s future climate wetedsed by the OECD in early 2000. The results found
that all climate models estimated a steady incrgatEmperatures, with little inter-model varianaed
that most models estimate an increase in raintalhd the summer monsoon, because the air over the
land will warm more than air over the oceans inghmmei®. More specific climate change
predictions and impacts relating to flooding inaud
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Increased flooding

The IPCC projects that by the middle of this cepthie annual average river runoff and water
availability will increase by 10-40 per cent in hiatitudes and in some wet tropical aféas
Analysis of global climate models suggest a fivieHiacrease in rainfall during the Asian
monsoon over the next 100 years, with major imgbiees for flooding in Bangladedf.

Reduced natural drainage

The combined effect of sea-level rise, subsidesittation of estuaries, higher riverbed levels and
reduced sedimentation in flood-protected areasgaldth infrastructure developments will
impede drainage and increase water-logging, impgetgriculture and increasing the potential for
water borne disea¥é

Increased cyclones

As noted above Bangladesh is very vulnerable ttoogs — between 1797 and 1991 it was hit by
60 severe cyclondS. Although the IPCC has noted that climate modedsnat particularly
effective in predicting the influence of climateatiye on cyclones, their Third Assessment
concluded: *. there is some evidence that regioftfajuencies of tropical cyclones may change
but none that their locations will change. Theralsoevidence that the peak intensity may
increase by 5% to 10% and precipitation rates nmayéase by 20%o 30%""*,

Increased storm surges

Storm surges are temporary extreme sea levels bguseusual meteorological conditions and
often result in coastal flooding. Cyclones origaat the Indian Ocean and track through the Bay
of Bengal where the shallow waters contributedaltsurges when cyclones make landfall. These
surges are likely to be exacerbated by the effgfotimate change, as induced sea-level rise will
raise the mean water level, and are likely to célosels of greater depths and increased
penetration inlantd®. In terms of fatalities, Bangladesh is alreadydbeninant storm surge hotspot
globally*™.

Reduced mitigation functions of coastal wetlands

Wetlands are not impacted by short-term fluctuationsea-level such as tides and surges, but they
are susceptible to long-term sea-level rise. Evddeshows that coastal areas with a small tidal
range are more susceptible than similar areasanlinge tidal rang”.

Changes in river flow

Temperature changes may affect the timing andafsdeaow melt in the upper Himalayan reaches,
thus altering the flow regimes of rivers that riis¢he Himalayas and flow through Bangladesh’s
river network™®,

Loss of land

According to the IPCC, the rise in sea-level cdddin the range of 15 cm to 95 cm by 2100. Even
a cautious projection of a 10 cm sea-level risachvivould most likely happen well before 2030,
would inundate 2,500 khor two per cent of the countries total land &fe# one m rise in sea-
level would inundate 18 per cent of the total ladidectly threatening 11 per cent of the country’s
population and affect some 60 per cent of the agimpopulatiorf®®. This may result in the total
loss of up to 16 per cent of the land area andestienate suggests a resultant 13 per cent
reduction in GDP*X. Any such loss of land would increase populatiengities in coastal areas as
more people were forced to live in ever smalledlareas, and would have profound effects on
coastlines (see discussion below in relation ta3hederban forest).
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Increased drought

Although Bangladesh is a predominantly wet courdrgught is a recurring problem: with 19
droughts occurring between 1960 and 1991. Climatdats tend to show small decreases in
rainfall in the winter months of December to Feloyu@lthough winter precipitation accounts for
only a little over one per cent of annual preciypita, this combined with higher temperatures and
increasing evapotranspiration may increase drdtfghiand compacted by drought can also
increase the impacts of flood.

This is clearly a worryingly long list of hazardsd when combined together these hazards are likely
to increase the possibility of disaster. Indeed, 1898 floods mentioned in the introduction to ttase
study, were in part so bad and so prolonged bedhagevere the result of a combination of multiple
factors: 1) heavy rainfall and snowmelt in India &tepal, 2) increased rainfall, between 20 andé&0 p
cent depending on area, in Bangladesh and 3) ekvales in the Bay of Bengal from the monsdn

The potential of hazards to become disasters has foether affected by human actions through flood
control measures and coastal development impattimgbility of ecosystems to adapt to climate
change. During the later half of the twentieth ceynt series of coastal embankments were constructe
to protect low lying lands from tidal inundationdasalinity penetration. The land created behind the
embankments has been converted to highly valuavleudtural land. The embankments however
block the drainage of freshwater from the landtendther side of the barriers after excess raiafadl
/or riverine flooding. If sea levels rise as preeithigher storm surges could also result in ogpping
of saline water behind the embankments. As the OE@1igludes, ¢limate change could be a double
whammy for coastal flooding, particularly in areémat are currently protected by embankments

The causes of natural disasters also have interrtilimension. The 57 rivers flowing through
Bangladesh are all trans-boundary. Upstream defdies, melting glaciers, soil erosion and water
withdrawal (i.e. the Farakka barrage across theg€am India) all contribute to the quantity and
quality of the water reaching the country, somesireacerbating either flood or drouijht

Mitigating the Impacts

“We have three adaptatigto climate changedptions: retreat, accommodation and protection. In
view of high population density and shortage ofilamtreat is not possible. We should pursue thee tw
other options. Some of the adaptation options eaising of forest all along the coast, protectiohn o
mangrove forests, changing cropping pattern andeggiin the coastal area, construction of
embankments where feasible, construction of '$afltess' for emergency situations like extreme
events, etd®. Anwar Ali, Bangladesh Space Research and Renwisil®y Organization

Natural forest covers an area of about 10 per @kthte total land area in Bangladesh, but onlyf&e8
cent of this has good canopy cover. About halhefd¢ountry’s forests have been lost in just thed@s
years, affecting topsoil and causing land erd$ipthe loss of mangrove forest has been particularly
rapid — as discussed below 50 per cent of the nogedorests of the Sundarbans has been lost in the
last fifty years. To mitigate the scarcity of faressources and their fast deforestation, the gwent
has decided to raise forest area to 20 per camtainal area, and to increase extent of protested
network from 5 per cent of total forest area tqp® cent™®.

In the 1960’s Bangladesh experienced severe cysland tidal bores. To protect lives and property
from future disasters, the Forest Department begaaiforestation programme to mitigate future storm
impacts. The Coastal Embankment Rehabilitationdetpfor example, reforested embankments to
facilitate land stabilization and coastal mangrosesr an 85,000 ha stretch along the south-eastern
coast. It has been estimated that the resultsegbthject could reduce mortality from cyclonic sesg

by 50 per cent within a 10 year perittIn total over 142,000 ha coastal has been refef&s
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however, it is reported that about 39 per centiafitations have not survived due to erosion mainly
from to sea-level risé".

Mangrove forests are considered to be of importéméee protection to life and property against
cyclones and storm surd&s The Sundarbans are the largest mangrove foréiseiworld®, and
represent about 43 per cent of the total naturastdn Bangladesf. They provide a subsistence

living to 3.5 million people and offer protectiorof cyclones in southwest Banglad&ahrhe
Sundarbans are formed from sediment depositec atahfluence of the Ganges-Brahmaputra-Meghna
Rivers. They are not a single place, but a conlgtahanging land and seascape, of estuaries, tidal
rivers and creeks, low-lying alluvial islands, madks, sandy beaches and diffe3he Sundarbans
extend across southern Bangladesh and India’s B&gjal state; the inter-tidal area is approximately
26,000 kni of which some 40 per cent is in India and the ire&angladesti’.

The Sundarbans are named after the large numisarrafari treesHeritiera fome} that grow in the
brackish coastal waters. The trees’ extensivesgstems and the mineral-rich waters they grow in
support a large variety of species and are critwéthe survival of local fisheries. These rootteyss
also help stabilise wet land and coastlffeand contribute to the Sundarbans role of buffeiitand
areas from the cyclon®8 The mangroves in the Sundarbans break up storasithat exceed four
metres in height®, and result in the area suffering less from wind wave surges than those areas
with less or no mangrov&s,

The role of the Sundarbans as a vast natural givddmelt against storms is however under thrdat, a
the very time when storm damage is predicted toease. Due to deforestation, the width of the
mangrove belt is being rapidly diminisi&d These changes began some two hundred years ago as
result of forest tracts on low-lying islands betigared and gradually claimed for cultivation; the
reclamation of the broad transitional belt of habfor agriculture; and an increase in salinityutisg
partly from the large-scale irrigation schemeshia tipper reaches of the Garfjé$-uelwood and

other natural resources extracfi¥nunplanned construction, unsustainable use otabas
embankments and increase of coastal shrimp aquaetiave all contributed further this decfifteAs

a result some 50 per cent of the forests has los¢over the last fifty yeal®.

Mangrove forest on an island in the Sundarbans
Tiger Reserve, Ganges Delta

© WWF-Canon / Gerald S. Cubitt

Although some efforts are underway to protect anberve the Sundarbans (e.g. the Ganges Water
Sharing Treaty signed with India in 1996 which abtmincrease dry season fresh water flows and
decrease salinity in the Sundarbans), there adigbi@ns that one of the most dramatic impacts of
climate change in Bangladesh and India could béotseof the Sundarbans ecosystem. The possible
impacts of climate change are, however, not easgsess. There is a difficult balancing act between
predicting the effects of sea-level rise on the loaed, and thus increasing levels of salinity idlaand
increasing rainfall and river flow on the other,igfhcould push the ‘saline front’ further towartie t
sed”’. Taken on its own a 25 cm sea-level rise couldlrés a 40 per cent mangrove 18%¥sa 45 cm
sea-level rise would inundate 75 per cent of thed&tbans, whilst a 67 cm sea-level rise could
inundate the entire ecosystem. The natural reggoeraf vegetation and forest succession however
depends on the salinity regime. The freshwater &timdangroves are already experiencing a decline
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probably due to increases in salinity, and somdiptéurther decline or complete loss under climate
change with the forests being replaced by infegiality trees or shrub spec®s Such changes in
forest quality could have a major impact on disastiéigation as the forest attributes which conité
to mitigation of natural hazards are lost.

The future — what role can protected areas play in hazard mitigation?

Many millions more people are projected to be fled@very year due to sea-level rise by the 2080s.
Those densely-populated and low-lying areas whdeptive capacity is relatively low, and which
already face other challenges such as tropicalrsor local coastal subsidence, are especially at
risk...”, Intergovernmental Panel on Climate Change, Foustessment Rep4it

Bangladesh is clearly a country facing major clmagéss in terms of disaster management, as welleas th
increased impacts of disasters due to climate @hante reduction of vulnerability to extreme weathe
hazards, good disaster management and adaptagi@idte needs to be part of any long-term
sustainable development planritigAnd such a shift has indeed been taking place.éfhphasis has
moved from only dealing with the aftermath of disas to planning for managing hazards and
disasters. Thus the 2003 Comprehensive Disasteaddament Programme (CDMP) advocates a policy
and management shift from relief and recovery dpmra to a more holistic approach of forecasting
and community preparedné¥s

In relation specifically to flooding, after decad®slood control measures based solely arouncelarg
scale structural interventiod the 1999 National Water Policy emphasises the tedive with

floods’ rather than controlling them. Flood plarmin the policy is therefore based on flood-progfin
developing agriculture based on flood-adapted tiaseminimal disruptions to the drainage networks
and fish migration patterns, and improved floodnirzg and preparedness. The new policy is based
around the use of existing resources with publitigpation and has an emphasis on management and
knowledgé™.

One obvious outcome of this change in emphasisldhmmua renewed effort to conserve the natural
disaster defences already available. Given the iitapoe of the Sundarbans for livelihoods, as well a
disaster mitigation, the need for conservationteariion and restoration of the ecosystem has been
recognised. Protected areas include, in IndiaStidarbans National Park (IUCN Category 1a,
133,010 ha) which includes the core area of Sursateriiger Reserve (258,500 ha), plus the
Sajnakhali Wildlife Sanctuary (36,234 ha) whictsligithin the buffer zone, to the north of
Netidhopani and Chandkhali forest blocks, Hallidsignd (583 ha) and Lothian Island (3,885 ha)
wildlife sanctuaries in the west; and the wildi@nctuaries of Sundarbans East (5,439 ha), Sundarba
West (9,069 ha) and Sundarbans South (17,878 Bgrigladest®. Both the Indian and Bangladesh
Sundarbans have been declared World HeritagelsiteeNESCO. The three sanctuaries in Bangladesh
conserve three main habitat types (high mangrorests, low mangrove forests, and grassland and
banks) and contain a high floral diversity (somepl&ht species of more than 53 genera have been
identified to datef'® However, these areas only represent 15 per é¢ne Gundarbans ecoregion

only Sajnakhali is large enough to adequately ptateosystem functions and many of the protected
areas lack trained and dedicated personnel arakinficture to adequately manage tHém

The challenge to adequately protect the Sundarbersystem is complicated further by the need to
address the impacts of climate change. As yet, liery¢here is no national policy in place to addres
climate change risks comprehensively; and althdagladesh receives something like one billion
dollars of aid a year, donor country strategies anoject documents generally lack explicit attemtio
climate chang®®.
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Mangrove ecosystems can adapt to the impactsroftdi change, but much will depend on local
conditions. For instance, mangroves should betal@turally expand their range despite sea-level
rise if the rate of sediment accretion is suffitienkeep up with sea-level rise, however this will
depend on existing infrastructure and topographgi,thus planning should take this into accétint
Advice in relation to the management of mangrovihénface of climate change is available (as an
example see box the below) and should be consider@tifuture strategies to help mitigate the
impacts of flooding in Bangladesh.

Management of mangrove in the face of climate chang e
IUCN suggests ten strategies that managers could apply to promote the resilience of mangroves against
sea-level rise*?’:
Apply risk-spreading strategies to address the uncertainties of climate change.
Identify and protect critical areas that are naturally positioned to survive climate change.
Manage human stresses on mangroves.
Establish greenbelts and buffer zones to allow for mangrove migration in response to sea-level rise,
and to reduce impacts from adjacent land-use practices.
Restore degraded areas that have demonstrated resistance or resilience to climate change.
Understand and preserve connectivity between mangroves and sources of freshwater and
sediment, and between mangroves and their associated habitats like coral reefs and seagrasses.
Establish baseline data and monitor the response of mangroves to climate change.
Implement adaptive strategies to compensate for changes in species ranges and environmental
conditions
Develop alternative livelihoods for mangrove dependent communities as a means to reduce
mangrove destruction.
Build partnerships with a variety of stakeholders to generate the necessary finances and support to
respond to the impacts of climate change.
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Central and Eastern Europe: Flooding in the Lower D anube?

“Restoration and preservation of floodplains mustdbkey component of the EU flood risk
management directive”
Dr. Christine Bratrich, WWF International Danuber@athian Programni&'

Introduction

Flooding in Europe, as in the rest of the worldhégoming an increasingly costly issue. Lives asg, |
people made homeless, livelihoods disrupted amdstriicture damaged. Some of the most devastating
European floods in the 2Lentury have taken place in the lower reachebefast Danube River and
watershed, an area of relatively high populationsitg (103 people per Kihand significant
modificatiorf?

The Danube is a truly European river. The contilsesgcond-longest river originates in the fore$ts o
Germany and then flows eastwards for a distansemie 2,800 km before emptying into the Black Sea
via the Danube Delta in Romania. The river flowstigh, or forms a part of the border of, ten
countries: Germany, Austria, Slovakia, Hungary,afiay Serbia, Bulgaria, Romania, Moldova and
Ukraine; in addition, the drainage basin includegsgof ten more countries: Italy, Poland, Switzed,
Czech Republic, Slovenia, Bosnia and Herzegovimant®hegro, Republic of Macedonia, Moldova
and Albania. The Danube’s tributary rivers reacéremore countriéé®

The Danube’s watershed covers more than 800,080d€mvhich only about seven per cent is
protected®*. A comparison of former natural floodplains (tlee floodplains as they were about 300
years ago) and the recent floodplains (i.e. the egmaining between flood protection dykes and/or
natural terraces) of the Danube and some of listiries indicates a dramatic loss of water retenti
areas, which is contributing to the increased floodurrence. Overall the middle and lower Danube
has lost about 70 per cent of its former floodaand its tributary rivers the Tisza and Sava haste
nearly 90 per and 70 per cent of floodplains retpely*?. Agriculture and foresty dominate the
watershed (67 per cent and 20 per cent respedtiaaty over 10 per cent of the watershed is
developed. Wetlands represent only one per cetiieofvatershed®.

This case study concentrates primarily on the Iddemube area which covers approximately 600,000
ha in Serbia, Romania, Bulgaria, Moldova and Ule@aklooding has become an unfortunately regular
event in the region this century. The first serilasding event this century was in the summer of
2002, following a period of unusually low pressameoss much of Europe. The Danube, along with
many other rivers in Central Europe, flooded andrd00 people lost their lives. The estimated
economic costs were huge, some Eurol10 billion im@ay, three billion in Austria and two billion in
the Czech Republf¢’. In 2005, heavy rainfalls affected the upper Aépaatchment of the river, and
the main flood wave which reached the middle Danuas only as a negligible 3-5 year event, failing
to reach the lower Danube at all. Neverthelesshfféoods in Bulgaria and parts of Romania that yea
affected Balkan and Carpathian foothill valleys dedtroyed many villages. In 2006 flooding along
the lower Danube nearly reached the level of a @ameel00-year event. In the entire Danube basin at
least 10 people lost their lives and up to 30,080pte were displaced, with overall damage estimated
at more than half a billion Euros. The floods wimgted to the middle and lower Danube and, mostly
driven by snowmeft®

% This case study is an edited version of WWF Danube Carpathian Programme working paper: Floods in the Danube
River Basin: Flood risk mitigation for people living along the Danube and The potential for floodplain protection and
restoration written by Ulrich Schwarz, Christine Bratrich, Orieta Hulea, Sergey Moroz, Neringa Pumputyte, Georg
Rast, Mari Roald Bern and Viktoria Siposs
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The causes of the disaster
“We are in a situation where we are paying the patthe works made against natlre
Calin Popescu-Tariceanu, Romania’s Prime Minféter

Since the 1970s the lower Danube has been lariggdgrhected from its large floodplains and many
side channels have been closed, in particular @®Rtimanian side. This has considerably reduced the
discharge capacity of the river system forcing laters to overflow and break the dykes as during
the spring 2006 flood evetil

‘Iron Gate’ hydro electric power station in
Romania/Serbia. The construction of this dam
caused a 35 m rise in the water level of the river
near the dam.

© WWEF-Canon / Michel Gunther

During the last 150 years more than 80 per cettieformer natural floodplain area in the Danube
river basin has been lost due to intensive highkemagulation works and construction of flood
protection dykes. The percentage of loss alondpdmeube and its main tributaries varies between 28
per cent (i.e. the Danube delta, much of whichr@ggrted and designated as a biosphere reserve) to
over 95 per cent near settlements. Overall ongwadreas in the middle and lower Danube still doanta
large natural floodplain complexes that are capablaitigating flood risk. These areas include the
Drava-Danube confluence (Kopacki Rit), the Lonj§lalje or Obedska Bara areas along the Sava, the
small Braila Island along the Danube and the Daridiéa.

The winter of 2006 was long and snow-rich and wasacterised by an extended period of lower than
average temperatures in the Alps and the Westema@aans. The eventual increase in temperatures
led to intensive snowmelt, accompanied by heawyfadiat the end of March. These factors caused
long-lasting high discharges into the Danube antiib most important tributaries, the Tisza and the
Sava. These high discharges led to floods affe¢tiad>anube starting in Bratislava and around
Belgrade, and subsequently affecting the whole tdanube in Romania, Bulgaria, Moldova and
Ukraine. In some places the river level reachechtbbest levels in 100 years. The floods startettieat
end of March in the upper catchment and lasted dumie 2006, when several areas were flooded along
the lower Danube in Romaffa The flooding led to states of emergency beindaded in Hungary on
3 April, Bulgaria on 12 April and by the Serbian Government of"&hd 14" April in those areas
affected.

Satellite images and GIS-measurements show thdlothds were restricted to the rivers former
floodplaing®. Although the immediate cause was rapid snow areltheavy rain, the disaster was
really the result of years of ill conceived plargiind investment which placed property, agriculture
and industrial development in the path of the fleaders. The Romanian Prime Minister, Calin
Popescu-Tariceanu, publicly blamed the floodindhencountry’s system of dykes, built in the 1960s
and 70s under communism in order to reclaim lam@gpiculturé®. The cutting off of side-channels,
riverbank enforcement and constructions of dykekdrainage of wetlands for agricultural purposes
has altered the dynamics of the floodplain andamets. Consequently, their ecological value and
ability to mitigate natural hazards decreased dtimaiéy*>*.
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Impacts on human well-being

The areas most heavily impacted by the 2006 fleeat® mostly in the agricultural polders (i.e. low-
lying land enclosed by dykes) in Romania; e.g.Bh#as of Bistret, Potelu, Calarasi and the island
Calarasi-Raul. Overall thousands of hectares weogléd and some 10,000 people lost their
livelihoods. Along the Romanian Danube, a totab®D houses were totally destroyed. In just one,area
the Balta Bistret (villages of Bistret and Rast)ein8,000 people had to be evacuated during the
flood*®. Regionally, agricultural land was flooded andpsréost. In Hungary 138,000 ha of fields were
submerged, 64,000 ha of which were grain fieldmes@25,000 ha, five per cent of Serbia’s 4.5

million ha of arable land, were submerged by floaith damage estimated at Euro 35.7 millions; in
Romania wheat crops were lost on 10,000 ha, 0.8querof the total wheat acre&tfe

S e = Ak
Apil 3, 2006 March 24, 2006

Images from NASA’s Terra/MODIS satellite of the border region between Hungary, Croatia and
Serbia and Montenegro: the image on the left was taken on 3" April 2006, the image on the right
was acquired ten days earlier and shows the river under normal conditions

© visibleearth.nasa.gov/view_rec.php?id=20573

Mitigating the Impacts

“Lower Danube Green Corridor aims to make the Lowanube a living river again, connected to its
natural flooding areas and wetlands, reducing tfs& of major flooding in areas with human
settlements and offering benefits both for localneanies - fisheries, tourism - and for protecteelaar
along the river.”

Orieta Hulea, WWF Lower Danube Green Corridor Paogné®’

Flooding in the Danube and it tributaries may In&dd to factors associated with climatic change.
Recent studies show that the frequency and inteatftood events will increase in the futéif® This

will be closely related to changes in the patterfngrecipitation and river discharge, and therelsp a

to other long-term changes in the climate. Thougteatainties are high in many of the projections,
scientific confidence in the ability of the climat®dels to estimate future conditions is increasing
Over the twentieth century, river discharge dea@dawonsiderably in many southern European basins,
while large increases occurred in Eastern Eurdpe very likely that these changes were due lgrgel
to precipitation changes, although discharge is affected by various other factors such as larad-us
change or the straightening of rivers. The combieféetts of projected changes in temperature and
precipitation will in most cases amplify the chasgeannual river discharge. By 2070, river disglear
is estimated to increase by up to 50 per cent genmomany parts of northern or northeastern Europe
Clearly issues of human-induced climate change tebé addressed, but more immediately the
restoration of floodplains could have a dramatfe@fon the regions ability to mitigate the worst
impacts of flooding. WWF has therefore been stregsi a number of fora’s that mitigation of flood
damages and the protection and ecological restorafifloodplains must go hand in hand. However,
to date this has not been the common pratfice
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WWF analysed in detail the impacts of the 2006d®m four of the most effected areas in Romania
(the Baltas of Bistret, Potelu, Calarasi and theni$ Calarasi-Raul), which together comprise atlea
75 per cent of the area flooded in the lower Dardiréng April/May 2006. If restoration activities
were carried out in these areas and a relatedof&20 million m3 and the capacity of the river
increased through reconnected side channels arehimigl of the riverbed, it is predicated that the
flood level would have been lowered by up to 40amirgy the flood. For the Danube as a whole it is
estimated that a reduction of about 10-40 cm iksteaif about two billion m3 along the lower Dale
could be restored. With higher values (up to 40fanjpareas close to restoration sites where theslyke
need to be opened and lower values (10-20cm) &asaoetween potential restoration sites without
dyke removal. In addition, the flood risk could iaéigated by reconnecting side channel systems and
widening of the floodplains upstream of settlem&fits

The short-term devastating impacts on infrastrecturd livelihoods of floods can sometimes divert
attention from the range of other values that tge last as the consequence of river fragmentatiah
alteration. Floodplain ecosystems provide a breagie of services such as the provision of fistgsee
wood, drinking water, nutrient reduction/storaged ot course, flood risk mitigation among others. |
the lower Danube WWF has estimated the added wdlaeestored floodplain using a range of
parameters for economical values (i.e. fish, reedture/cattle) and ecological values (i.e. water
storage, nutrient removal, sediment retention,taabor birds and fishes, aesthetic value). Theebien
of restored floodplains were calculated as havimg\erall value of about Euro 40 per ha per $/éar

The future — what role can protected areas play in hazard mitigation?

Clearly the impacts of floods already seen in trat few years of the Zicentury can be greatly
mitigated if the existing floodplains are used etention areas, and main and side-channels caidprov
additional capacity. However, the restoration obtlplains along the Danube and its tributaries will
only effectively reduce the risks of future floogiif it is accompanied by wetland restoration and
improvements in the disconnected parts of the sy&teThe river in 2006 reclaimed its former
floodplain during the flooding, so logically thesteration of this floodplain will help lead to
sustainable and sufficient solutions to floodingha future.

Wetland along the Danube River, Portile de
Fier Nature Park, Romania

© WWF-Canon / Michel Gunther

Proposals for increased restoration of degradeiidtaland protection of floodplains are already
underway. Foremost among these is the Lower Da@Guben Corridor Agreement facilitated by WWF
and signed by Bulgaria, Moldova, Romania and Ulgam2000. The signing parties pledged to
establish a Lower Danube Green Corridor (LDGC) cosel of a minimum commitment of 773,166
ha of existing protected areas, 160,626 ha of mepomew protected areas and 223,608 ha to be
restored to natural floodplain; with managemengag from:

Areas with strict protection

Buffer zones with differentiated protection, in whihuman activities can be permitted and

degraded areas restored

Areas where sustainable economic activities coalddvelopelf®
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One major outcome is the development of a netwbpkatected areas (including Natura 2000 sites),
representing 70 per cent of the total LDGC arethénfour countrie$”. The mosaic of protected areas
includes Ramsar sites, Biosphere Reserves, a \Weridage Site (Srebarna Lake) and National/Nature
Parks (e.g. Balta Mica a Brailei). However, sodaly 6 per cent of the restoration commitment has
been accomplished, and the largest wetland araabdlire been converted to agricultural polders are
still waiting to be reconnected to the river, irdihg those at Potelu, Belene, Seaca-Suhaia-Zimnicea
Gostinu-Prundu-Greaca, Kalimok-Tutrakan, Pardirth Sineas”.

The area suggested for restoration in the lowembararea includes relatively few settlements and
very little infrastructure. Since the Danube seragshe border between Bulgaria and Romania, large
areas in the ‘Baltas’ are still publicly owned, wihishould facilitate their restoration and furthee for
flood mitigation purposes. Both the ecological andio-economic analyses of the sites most affected
in 2006 show clear advantages for restoration pelter management. The involvement and support
of local people is particularly important when lahing restoration activities. The combination of
sustainable land use, river protection and restoraand flood protection must be considered right
from the beginning of the planning processes. Ehisucial to generate both economic values and
ecological benefifé®.

Restoration projects, however, will only take pl#aglevant and effective national and internaséibn
policies and national legislation are in place p@fticular importance therefore is the EU Water
Framework Directive (WFD) which provides an impattanechanism for managing the Danube river
basin as a whole. The EU Floods Directive requinas Member States take a long-term planning
approach to reducing flood risks in three stagastli Member States need to undertake a prelirginar
flood risk assessment of their river basins and@ated coastal zones; secondly, where real risks o
flood damage exist, they must develop flood hamaag@s and flood risk maps; and finally, flood risk
management plans must be drawn up for these zZbheplans required by the Floods Directive are to
include measures to reduce the probability of flogdind its potential consequences. They will
address all phases of the flood risk managemete oyt focus particularly on prevention (i.e.
preventing damage caused by floods by avoidingtoection of houses and industries in present and
future flood-prone areas or by adapting future tyments to the risk of flooding), protection (by
taking measures to reduce the likelihood of floadd/or the impact of floods in a specific location
such as restoring flood plains and wetlands) arggredness (e.g. providing instructions to theipubl
on what to do in the event of flooding).

The overall purpose of the WFD is to establisheafework to protect all waters (inland, transitignal
coastal and groundwater), with the aim of achieviyugpd status’ in all European waters by 2015slt i
an innovative legislation, which brings a holistjgproach to water management across the EU through
Integrated River Basin Management (IRBM) on a rivasin scale. IRBM is based on the natural
functioning of freshwater ecosystems, includinglareds and groundwater. It considers the joint
assessment of the needs and expectations of &t stakeholders at a basin-wide level and is agént
towards the proper and long-term functioning ofssstems and maintenance of the associated socio-
economic benefits for people. Under the provisioithe Directive, a Danube River Basin
Management Plan should be prepared by 2009 addgdssy water management issues including
hydro-morphological alterations, flood risk managatrand floodplain/wetland restoration among
otherd’. If the lessons learned from the flood events ¢kistury and pioneering work being carried

out as part of the LDGC are properly acted uporltheube River may once again provide a vast array
of benefits, including flood mitigation, for millis of people in Europe.
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Heat waves and forest fires: Summer 2003 in Portuga |

"We are facing an exceptional situation. It's bessulght about by absolutely exceptional weather
conditions, so we have to respond with exceptioredsure’s
Portuguese Prime Minister, Jose Durao Barfé%o

Introduction: Heat wave hazard

Extreme temperatures are part of nearly every téroa Earth, representing one of the most common
natural hazards facing human societies. Portugalgraphic location and climate makes it especially
vulnerable to extremely high summer temperaturégnacirculation from the Sahara becomes
dominant. Indeed, Southwest Iberia has recordeditieest temperatures in Europe (47.3°C was
recorded on August™2003 in Amareleja, the second highest temperatuee registered by National
Meteorological Authorities across Eurdpe

Forest ecosystems cover about one third of
Portugal and provide a wide range of goods
and services. This high economic importance
is paralleled by the importance of forests for
biological diversity in a diverse landscape
mosaic.

© WWF-Canon / Sebastian Rich

Increasing awareness of health-related impactgrendomplex relations with drought, desertification
and forest fires, as well as increasing public eonavith climate change and environmental issues,
have strengthened the need to manage the risksitigdte the impacts of heat waves. In 2001, the
World Meteorological Organisation (WMO) starteduse aHeat Wave Duration Index (HWDI),

which defines a heat wave as occurring when maxirdaity temperature exceeds by 5°C or more the
average daily maximum of the reference period duaiperiod of at least six consecutive days. This
definitionis based on the heat wave duration rather thantéasity, suggesting that the use of the
HDWI should be complemented with an analysis offerature anomaly.

Although heat waves in Portugal’s mainland may oeawtime throughout the year, their impacts are
strongest during summer, the period of highest eatpres, because absolute extreme values may be
attained. An analysis conducted by the Nationalddetlogical Authority (IM) reveals that June is the
month with the highest frequency of heat wavesdriiRjaf*. It also states that although several heat
waves can be identified in records throughout Bentury, overall heat wave frequency has
increased since the 1980s. Due to their intendityation and spatial extent, as well as their $@cid
economic impacts, three major events are highldyhtene 1981, July 1991 and July/August 2003.

The 2003 heat wave was the longest recorded sB&g, teaching 17 days in some inland parts of the
country, 14 days in the districts of Beja, EvorartRlegre, Castelo Branco, Vila Real and Braganca,
and more than 10 days in over two thirds of thenbgu(fig. 1). Still, its spatial extent was smaltban

in 1981 (fig. 2). Furthermore, the summer of 20G&wreceded by a wet winter and a very dry May,
which favoured vegetation growth and increasedttelable fire load. Such climatic conditions added

® This case study has been written by L N Silva, M Bu  galho and A Do O from Portugal

* After 47.8°C recorded in July 1976 in Murcia, SE Spain; but all other highest values (above 45°C) in the Peninsula,
as well as in Europe, were registered in the Guadiana and Guadalquivir basins lowlands (Alcoutim, Beja, Mértola,
Sevilla, Cordoba), in SW Iberia.
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to the role played by the heat wave in July-August the associated meteorological surface condition
in the propagation of large forest fif&%

Risk of heat waves is expected to grow, accordingitnate change scenarios which point to an
increase in the frequency and intensity of heatesaespecially across Mediterranean Eufd(ie?.
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Figure 2:2003 heat wave in Portugal: length in number of dag (left) and highest maximum
temperatures (right). The darker colours representhe greatest number of days/highest
temperature®®
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Figure 3:Comparative length (number of days) and spatial exant of heat waves in 2003 (left) and
1981 (right) in Portugaf™*
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The causes of the disaster: Heat waves and forestf  ires

Although fire is an important ecological disturbarand regenerative process in Mediterranean
ecosystems, the fire regime has been altered bedast few decades and a naturally occurring 25-35
year cycle of fire recurrence in Mediterranean gstesns has been redué&dThis change in the fire
regime has meant that fires have increased insitteand extension, lost their beneficial ecolobica
role and are becoming catastrophic evBhts

The relation between heat waves and forest firéddditerranean climates has long been

studied® #8459 4%0and there is little doubt about the importanerol heat waves in creating optimal
conditions for the propagation of forest fires. Ratcdata comparing the meteorological Fire Weather
Index (FWI, used for monitoring fire risk in Poralyand total burnt area in Portugal’s mainland is
quite clear on this relatidf, showing how most of the total burnt area is cotreged over a few
peaks of high index values.

There are thousands of fires every year througtimutountry, mainly due to human causes (usually
negligence, but also arson). During average weathmditions such fires can be controlled, but dyrin
heat waves they easily become out of control angltoma into big wildfires.

The importance of severe heat waves in forest firgslite evident from the analysis of figure 4,
depicting the number of days within the officiakfiseason (May 15 — October 15) under each Daily
Severity Rating (DSR) class and the corresponditaj burnt area for six recent years. A report
published in 2006 by the national forest authof@ RFY*°? concludes that the relation between DSR
and ignitions is quite linear, while the relationdBSR with total burnt area is exponential, witfea
high value days causing most of the overall bureaa
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Figure 4:Number of days (left) and total burnt area (right) under three DSR classes for the 2000-
2005 respective fire seasons

2003 was so exceptional that forest fires, usuailycentrated in the northern and central regides, a
occurred in the south with great intensity. Of slegen districts with over 10,000ha of total bumetaa
all except Faro were fully exposed to heat wavalitaoms. In the remaining 11 districts, which had
less than 10,000ha of total burnt area, only thaemk 100 per cent of their territory under heat wave
conditiond®. The impacts of this catastrophe were massivgie2ple were killed in fire-related
accidents (including four firemen), and damagesuartexl to almost 2 billion eur¥. There were also
impacts reported on air quality across Western jifo
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Although previous heat waves, such as in 1991, hiseecaused large forest fires and high values of
total burnt area, they can not explain the abnugtsiase in the latter, as heat waves themselves hav
not registered such an exponential trend. Thergfbeecause of such increasing devastation has to b
sought in relation to either ignition or combustimnditions, which are mostly dependent on land use

Pereiraet af*®® have shown that in future scenarios of climatengkan Portugal (namely those
resulting from doubling of C@concentration in atmosphere) the frequency ofinatdry summer
days will increase and consequently the numbeag$ @f high risk of fire will also increase (fig). 3n
its turn, a higher number of days with a high a$Kire is positively related to total burnt ardig(4).
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Figure 5:CO, doubling scenario and increase in the number of de with high fire risk (DSR
index) in Portugal. Changes seem to be larger inlah(e.g. Bragancga) than in coastland (e.g. Faro)
areas. Adapted from Pereira et &f’

Primarily as a result of the European Union Commagricultural Policy (CAP), several European
regions have undergone land abandonment and acgigrgdancrease in shrublands and/or forested
areas. In Portugal, as in other Mediterranean c@snthis has been accentuated by migration from

rural areas to cities. In Mediterranean ecosysthmsliminishing of agricultural activities usualgads

to rapid shrub encroachment and invasion of opeasasuch as grasslands by shrubs. Thus, a reduction
of land under agriculture has generally led to diierincreases of vegetation fuel loads and
consequently to larger and more severe fires. Seaimomic factors and related dominant land-uses
are thus of crucial importance in partially explagmthe increasing fire problem in Mediterraneagear

and Portugal in particul&®.

Fires and Protected Areas

Most protected areas in Portugal are managed ahbl IRiGtected Area Management Category V, i.e.,
areas in which the interaction of people and nataecreated significant ecological, cultural and
biodiversity values. In addition to the existingfacted areas network, Portugal participates in the
European Union Natura2000 network (which includaisitat protected under the EU Habitat
Directive, and areas of special protection for &irdhe Natura2000 network covers 21 per centef th
Portuguese territory and partially overlaps wité gnotected area network.

The Iberian lynx

© WWF-Spain/Jesls Cobo
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In Portugal different high conservation value lazafses have been maintained due to agro-silvo-
pastoral activities. Most of southern Portugal,if@tance, is included in the WWF Mediterranean
Ecoregion and is considered a significant bioditgirsotspot particularly due to the presence of
evergreen oak savannas, i.e. silvopastoral systéotek and holm oak. Such systems have
considerable within and inter-habitat diversity ntained through centuries of human use. Species
such as Iberian LynX nx pardinu}, the most endangered felid in the world, or tinpérial Eagle
(Aquila adalbert) depend on such habitats for survival.

Protected areas in Portugal are generally followiegtrend described above, i.e. land abandonment i
leading to an increase of shrubland areas andebfdads. Fire management is considered in some
protected areas through Landscape Management Rihith describe actions at the fire prevention
level such as environmental education, creatidir@breaks, monitoring and restoration of recently
burned aredf’. However, at present the landscape level chanbeshare occurring, possibly together
with the lack of implementation of Landscape Mamaget Plans, means that the number of fire
ignitions in protected areas, as well as of totahbarea, has increased since 1992 (see T&Bfe 7)
with an average area of approximately 10,500 hatyemt, peaking in 2003 (approximately a quarter
of the total burnt area between 1992 and 2005).

Table 7:Comparing burnt area in protected areas and total&nd area in 1991, 2003 and 2068

Burnt Area (ha) per year
Area type Total area (ha) 1991* 2003 2005

ha % ha % ha %
Protected areas (PA) 2 1,819,286 31,480 | 1.7 | 110,151 | 6.1 49,409 | 2.7
Total land area 8,896,882 | 182,484 | 2.1 | 441,378 | 5.0 269,716 | 3.0
Total area excluding PA’s 7,077,596 | 151,005 | 2.1 | 331,227 | 4.7 | 220,307 | 3.1

! Data for 1991 includes some areas classified in later years
2 Includes the whole protected area network and Natura2000 sites

Land use is thus of crucial importance for undemitag wildfires. In 2005 for instance, another ‘hea
wave year’, shrublands were the main vegetatiorcaffected by wildfire in Portuguese protected
areas with 11,439 ha (60 per cent of total buretpaffected. Other land uses affected in 2005:were
forest mixed stands (3,472 ha or 18 per cent af tairnt area), Maritime Pin®ipus pinastérstands
(2,790 ha or 14 per cent of total burnt area) armhlyptus stands (559 ha or 3 per cent of totattour
area). For the Natura2000 areas, approximately\0B&@a (some 3 per cent of Natura2000 areas) also
burned in 2005.
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Figure 6:Number of fires and total burnt area in protected aeas network between 1992 and 2005

78



Whilst the number of wildfires in protected areafter an increasing trend, stabilise after 199&| to
burnt area shows a different trend with two peaksng the heat waves of 2003 and 2005 (Figure 6).
There are apparently no significant differencesvieen the burnt area within and outside borders of
protected areas. Land-use changes and heat wawesfaeem to be interacting in Portuguese protected
areas in the same way as in the rest of the cauhtrgate, protected area fire prevention planghav
not made a significant difference to fire frequehoyvever, awareness of the fire problem increased
following the fires of 2003 and possibly will resui proper implementation of plans.

Conclusions — what role can protected areas play in hazard mitigation?

Wildfires, particularly those induced by the heavers of 2003 and 2005, affected Portuguese
protected areas mainly through total burnt areasnMover affected was shrubland, a land-use
resulting from land abandonment, which points ®ghcio-economic root of the wildfire problem.

At present, existence of a protected area hasigmitisantly affected the likelihood of fires, egéhin
terms of increasing or decreasing the risks. Tinggiests that protection as such is not a fire prtave
measure. However, the landscape-scale planninganhi Category V protected areas should allow
implementation of more effective fire preventionaseres, including fire breaks, encouragement of
old-growth (with its attendant fire load) in firefugia and effective public education campaignghSu
preventive measures can enhance the landscapecraosbtontribute to reducing fuel loads and thus
contribute to mitigating wildfires and promotingtage conservation.

This may be achieved, for example, through favayagri-environment schemes in classified areas,
aiming to promote economically viable but respolesénd conservation-friendly activitid$ this is

not possible, than management of protected areagdshimulate human disturbance, through
processes such as grazing or prescribed fire thgtaontribute to maintaining low fuel loads and
benefit habitat heterogeneity and conservation aims

Otherwise, the interaction between predicted irgirgpheat wave frequency through climatic changes

and land use changes leading to higher fuel loadhefield will continue to aggravate the fire
problem in Portugal.
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Indian Ocean Tsunami: 2004

“The Indian Ocean tsunami of 26 December 2004 asttagic and devastating consequences
were a wake-up call for the global community, dasically drawing attention to the
vulnerability of tropical coastal ecosystems ane ttangers of undermining the services they
provide to humankind”
UNEP-WCMC report fh the front line*’?

Introduction

Tsunami is the name given to a wave caused by ged@isturbances; tsunamis can potentially be the
largest and most powerful waves on earth. On 2G&Béer 2004 an earthquake deep in the Indian
Ocean began a ‘chain reaction’ of events leadiran®of the worst natural disasters of recent histo

The initial earthquake off Sumatra ruptured thdtflioe in the Indian and Eurasian tectonic plates,
which runs through the Andaman and Nicobar Islares)lting in a series of secondary earthquakes.
These earthquakes displaced approximately 30 éubiof sea water directly above the fault resulting
in the generation of waves which were then refi@ct land masses and continental shelves to form a
complex pattern of tsunamis that lasted for manyr$16® The first area to be hit, just forty-five

minutes after the initial earthquake, was the colgtceh Province in Sumatra, Indonesia. In the
following hours the tsunami (or in fact many sepataunamis) wreaked havoc on the coastal areas of
12 countries in the Indian Ocean region (Indone&&ial.anka, India, Thailand, Myanmar, Bangladesh,
the Maldives, the Seychelles, Yemen, Somalia, KemghTanzania).

The tsunamis caused immense social, economic arichemental devastation in areas that were
already poor. It killed more than 280,000 peoplé kft over a million homeless. It destroyed the
livelihoods of an estimated one million peopleriddnesia and Sri Lanka aldfitand there was over a
billion US$ worth of damad&. As a result the Asian Development Bank calcdlabat the disaster
threatened to result in a further two million pempking put into poverty in the region as a wfGle

The disaster galvanised communities across thedworlend support, aid and sympathy in a rare out-
pouring of shared global concern and action; withdid pledged to affected countries topping US$11

billion*"".

The causes of the disaster

“Whenever | made noise that there were insufficigarigrove trees in the area, | was accused of being
orang tua bodoh (a silly old mah)

Saidin Hussein, Malaysi&.

The initial earthquake off Sumatra was the worldigest seismic event in the last 40 y&Arsts
effects were always going to be great. But didf#loe that the tsunamis it generated hit coastlimitis
a long history of degradation magnify these effects

As discussed earlier in this report, coral reef$ mangroves are two of the world’s most endangered
ecosystems. Their loss is likely to increase tHaanability of coastlines, as they play an impottarte

in shore protection, both under normal sea conutand also during hurricanes and tropical storms
(see pages 41). In Asia, 36 per cent of mangroza laas been deforested, at the rate of 1.52 per cen
per yeat®. Although many factors are behind this loss a megmise is aquaculture expansion in
coastal areas, especially the establishment ahghiarmé®*.
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Itis clear that in many places the tsunamis effeetre made worse because of poor land-use planning
and environmental destruction. In the Maldivesttumami worsened chronic shoreline erosion caused
by sand mining and poorly designed coastal builgifigr instance, the tsunami accelerated long-term
erosion, probably as a result of reef flat dredgipgrations from a nearby resort, at the northafnd

the island of K. Guraidhoo undermining several talastructure®? A larger question relates to

whether the levels of protection afforded by inobsystems provided any measurable amount of
protection in the face of a disaster of the magtataf the December tsunami.

Resulting environmental effects

The total energy released by the earthquakesriggeted the tsunamis was more than 1,500 times tha
of the largest nuclear bomb ever deton&fe@ut the devastation seen in terms of human inspaete

not matched by impacts on the natural environm&méview of coral reef impacts found thatn“all

of the Indian Ocean countries, the tsunamis haused less damage to coral reefs than the cumulative
direct anthropogenic stresses such as over-fistdegtructive fishing, sediment and nutrient podioti

and unsustainable development on or near tH&fn

Generally, the environmental impacts affected humeli-being more than they caused long-term
damage to natural ecosystems. Contamination wamslfuSri Lanka, possibly due to the disturbance
of sea beds containing arsenic leached from gemdbfprmations rich in arsenic in Bangladesh, West
Bengal and Nepal, and salt affected hundreds dahesof paddy fields and other agricultural land,
and contaminated wells across the region. Massnauats of debris caused immediate health hazards
and interfered with drainage, causing water-loggingd increasing disease ri§ksAnd reconstruction
efforts led to concerns of further environmentahdge due to uncontrolled resource extraction tid ful
the need for material, such as timber and corakdbuilding lost homes and business.

Impacts on human well-being

The disaster affected poor communities where pewmplaly lived off the sea and marginal land, and
destroyed or badly damaged a number of towns. igsthéets were particularly badly affected. In Sri
Lanka about two-thirds of the country’s fleet wasuioyed or damagé&.

In the Maldives, one of the worst affected coustf{gee box below) total asset losses were estinated
be US$472 million, equalling 62 per sent of thertogls GDP®'. In Sri Lanka, output losses resulting

from the damage to assets and the disruption in@uo@ activity in the affected areas were estimated
at US$331 million during 2005 and 2006, or arourier cent of GDf?

Before the tsunami, more than a third of the papuieof Aceh and Nias Provinces in Indonesia lived
in poverty. Now, almost half live below the povelitye or are dependent on food aid and it is exgubct
that full recovery will take yea?$. In Sri Lanka, a large number of home-based prtioln and

income generating activities were destroyed, afigovomen in particular, and reducing family
incomes, which it is estimated could drive arouf,200 people below the poverty Ifie

On a per capita basis, Maldives was one of the worst affected countries. The tsunami’s impact was
national in scope. Sixty-nine of the country’s 199 low-lying inhabited islands were damaged, 53 of them
severely. Twenty were largely devastated, and 14 had to be evacuated. According to the Government,
29,577 residents were displaced by the tsunami. Approximately 12,000 remain homeless, living in
temporary shelter or with friends and relatives on their own or other islands. In all, nearly a third of the
country’s 290,000 residents suffered from loss or damage of homes, livelihoods and local infrastructure.

From UNEP’s Post-Tsunami Environmental Assessment*%!
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Mitigating the Impacts

“When the first tidal wave came in the middle ofdhg on December 26, the fishermen were returning
from sea. When they realised how strong the waees, they clung tight to the mangrove trees and
were spared from the waves. Even their propertiand was saved because the mangroves served as a
buffer,”

P. Balan, Penang Inshore Fishermen Welfare Assogiatlviser, Malaysf&>

There has been much debate, and a flurry of sfiatticles, discussing the role of effectively
functioning ecosystems, such as coral reefs andjyroaes, in mitigating disasters following the
tsunami. And it has truly beendebatebecause although it would seem to be common shase t
mangroves and perhaps reefs form natural barreng éhe coast (in the Southern Indian district of
Chidambaran a sacred grove is knowrksthi Kadukal which means ‘the forest that controls the
waves’) before the Indian Ocean Tsunami there esively little scientific data to back this 41p
Some computer modelling suggests the importaneegsdtation in dissipating the power of tsunamis
(see page 21¥". Research into the buffering effects of corafséms demonstrated that a sufficiently
wide barrier reef within a metre or two of the swd reduces by up to 50 per cent the distancedrdan
wave travels depending on the nature of the tsungenimetry and health of the reef and the offshore
distance of the re&. However field evidence for this is limited, maifdecause although many
storms reach shore every year, tsunamis, espettiaibe as powerful as the one in 2004, are thagkful
rare (fewer than 100 tsunamis were recorded owefagt 300 years in the Indian Oc&4n There has
therefore been much less opportunity to study thgiacts and any effective mitigating factors.
Studies carried in Japan are the one exceptiongusstorical records studies have noted the rble o
forests in limiting the effects of tsunami damagd Aave made recommendations as to forest area
required to both mitigate and reduce tsunami ing3¥ct

Given the wide area affected by the 2004 tsunaeirttpacts were varied across the region, as are the
causal links between damage and ecosystem mitigattoe examples below review the evidence of
where natural systems seemed to offer some proteatid where they did not:

Protection:
Detailed studies in Hikkaduw&yi Lanka, where the reefs are protected in a marine pariedh
that the tsunami damage reached only 50 metresdradad waves were only 2-3 metres high. At
Peraliya, just 3 km to the north, where reefs Haaen extensively affected by coral mining, the
waves were 10 metres high, and damage and floadiogrred up to 1.5 km inlaft.

A survey of 24 lagoons and estuaries, also aloagtiasts oSri Lanka, which suffered the
greatest damage in the country showed that wheyé goality mangrove communities occurred
there was little destruction, and the mangrovem#®ves were not badly affected. However,
forests that had been degraded in the past andnedmnger dominated by genera such as
Sonneratiaor Rhizophoravere damaged (as noted below the root structdresme species seem
to provide more protection than othér8)

A study of about 250 km (19 locations) on the seuttcoast o6ri Lanka and about 200 km (29
locations) on the Andaman coast of southBmailand found that mangrove speciB&izophora
apiculataandR. mucronataandPandanus odoratissimua representative tree that grows in beach
sand, were found to be especially effective in falimg protection from tsunami damage due to
their complex aerial root structif@ A further study by the Department of Marine armh&tal
Resources iThailand conducted in three provinces of the Andaman doastd that the impact

of the tsunami caused significant changes in mamgfarest structure and composition as well as
sediment deposition and land erosion. It was fatatlin mangroves 50 to 70 metres from the
coastline the damage was total, there was modeaaage to mangroves 70 to 100 metres from
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the coast and no damage at 110 to 150 metresslitheaefore recommended that if mangrove
forest are to act as natural barrier, or a so-@dlle-shield, to protect against tsunami destrugtio
the thickness of the forest should not be less tf@hmetres from the coastliie

A detailed study of Odu lagoon and Nasiva villagaléchenai), in Batticaloa districsri Lanka
reports that although the tsunami was about sixendtigh when it reached shore and penetrated
up to 1 kminland, the mixed landscape, comprisiegch, mangrove-fringed lagoon, coconut
plantation, scrub forest, home gardens and thagéll seems to have absorbed and dissipated
much of the tsunami’s energy. By the time the waazhed the village it was less than 40 cm
high and caused no loss of life. The mangrovesamaprised of a band of trees 5-6 metres deep,
of which the first 2-3 m metres (mainR. apiculataandCeriops taga)l were severely damaged

by the tsunami. The inner 3-4 metres of mangrogetation, however, was much less damaged.
The study concluded that mangrove restorationjquéatly in the first 300 metres on both sides of
the lagoon, should be a high priority due to tlimjportance, both from a biodiversity and
environmental security point of vieW/

The devastation around Kalutara, Sri Lanka,
about an hour after the first in the series of
waves hit

© Digital Globe. Image from Visible Earth,
NASA
(visibleearth.nasa.gov/view_rec.php?id=17046)

Also in Sri Lanka, it is reported that at Yala and Bundala NatidPatks, the vegetated coastal
sand dunes completely stopped the tsunami, whichonly able to enter where the dune line was
broken by river outlet8® or where the dune had been levelled to allow w viethe ocean from a
hotel resulting in extensive damage to the hotethleytsunanif*.

Remote sensingnalysis identified pre-disaster mangrove changepast-disaster structural
damage anthndscape changes in mangrove forests on the Andaoast ofThailand. Field data
from five sites (20 villages) which faced simitaunami exposure suggests that the presence of
healthy mangroves afforded substantial protectfon

In theMaldive Islands, the coastal vegetation provided important pradedio the residents of the
islands$®. Much of the tsunami’s force was dissipated iraanahere the coast was fronted by a
dense hedge of native shrubs sucmagoo(the bushy evergreen shr8isaevola sericealso
commonly know as beach naupaka and sea lettucluaiadhi (Pemphis acidulaYhe impact
survey carried out by UNEP concluded that: §eneral, natural shorelines and land surfaces
fared better during the tsunami than did develofgadures. Tsunami impacts were greatest where
villages or cultivated fields directly abutted tbea with little or no coastal protection. Wherewger
fringe of natural coastal forest or mangroves hagi left untouched there was a marked
reduction in erosion and destruction of buildifngs

The conclusions of a major report on the statusocdl reefs throughout the tsunami-effected area
found that: toral reefs absorbed some of the tsunami energyelly possibly providing some
protection to the adjacent land, however, mangraras coastal forests afforded the most
protection to infrastructure on the land and probateduced the loss of life in these are4s
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In some areas of Kanyakumari and Tirunelveli dis$rin Tamil Nadu Staténdia, coastal
vegetation was found to have served as an initialdf defence in controlling the inundation,
conversely those areas where inundation was gteaées river mouths and estuari@sA study
of satellite imagery and ground truthing in CuddelBistrict, Tamil Nadu also found areas with
mangroves and tree shelterbelts were significdedy damaged than other aréas

No-Protection
An analysis for the UNEP Asian Tsunami DisasterkTrasrce of more than 50 sites affected by
the tsunami, using pre- and post-satellite imagedicated that there was greater coastal flooding
behind coral reefs, perhaps because channels ththegeef accelerated the flo The research
also did not show any clear correlations betweemtiesence of mangroves and reduced shoreline
damag@' but in later publications this finding was quiglif by the fact that the mangrove forests
identified in the study were all located in shedtkareas, thus preventing the possibility of
addressing the potential protecting role of mangsdorests>.

UNEP-WCMC found that in many cases the locationerehmangroves have been reported to
have helped protect the shoreline were in aredssaitall to moderately sized tsunami waves, or
were adjacent to deeper water, and thus less dilsledp serious damagé.

UNEP-WCMC concluded that research at the time skawat reefs and mangroves were not the
main factor influencing the extent of damage ondbastline. Shores adjacent to deep water
tended to be less affected than those next tosshaloping shelves, regardless of the presence or
absence of reefs or mangroves. The shape of thstliceas also influential, with headlands often
providing protection while bays and inlets act@asniels, restricting and focusing the force of a
wave™.

So what conclusions can we draw from these findingsould seem that intact coral reefs may play a
small role in dissipating tsunami waves, as in lddkkwa, Sri Lanka, but in some places they may
accelerate the flow perhaps due to water beingglifirough the channels in the ré&f There seems
to be better evidence on the role mangroves caniplaelping to mitigate impacts of storms and even
in some case tsunami waves, but forest qualitygpecies and area of forest cover) may play an
important role in the protection afforded — i.e. med to distinguish between intact and degraded
mangroves.

But the debate continues. In December 2006, irdé@orél in theNew York TimesAndrew Baird of

the Center for Coral Reef Biodiversity at Jameskidniversity, Australia, criticised former US
President Bill Clinton, in his role as special ep¥or UN tsunami recovery, for endorsing a US$62
million programme for preserving mangroves and t@aeefs as ‘natural barriers’ to future tsunamis

in Indian Ocean countrig. A robust defence of mangroves role in mitigatitigasters and a critique

of theNew York Timesditorial was provided by Edward B. Barbier of theiversity of Wyoming,

USA, who cites evidence in the literature that tigamangrove forests can attenuate waves and buffer
wind storms. He notes thaover the past two decades the rise in the numbefr@guency of coastal
natural disasters in Thailand and the simultanemsd decline in coastal mangrove systems over the
same period is likely to be more than a coincidériée

Critiques and differences in opinions are boundauatinue, but the debate is less about whetheobr n
natural vegetation provides protection than abdwther the protection is sufficient to mitigatelyru
enormous waves. It is clear that ecosystem serceeprovide protection from at least some types of
storm waves, and from a perspective of broadscalegement, both mangroves and coral reefs have
far wider benefits than just storm protection —giag from attracting tourism to increasing fishcite.
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Protection and restoration following the tsunaroijld provide the opportunity to restore both pe@ple
livelihoods and security and the ecosystem senaceshich many rely.

The future — what role can protected areas play in hazard mitigation?

“Apart from the actual direct environmental damagfgserved, it also became clear that urgent action
needed to be taken to integrate environmental denations in the national recovery and
reconstruction process, to avoid further environtaédeterioration and meet the already well-
established pressures on natural resources.”

A. H. M. Fowzie, MP, Minister of Environment and tNeal Resources, Government of Sri LatRa

Evidence for the benefits of coral reefs and mavegdor shore protection is currently less for
tsunamis than it is for storms. But clearly in sorases there is evidence of mitigation offeredupho
ecosystems services. Unfortunately, some of thierial may soon be lost. As reported above, coral
and mangrove communities are declining fast, antajly protection is lower than for most other
ecosystems. In consequence, coastlines are chahgiBg Lanka, for example, coral reefs are under
threat; even in protected areas they are vulnetzsause management capacity has been too weak to
prevent destructive fishing techniques from beisgdf® and at least partly as a result of reef damage,
erosion on the south and west coasts is estima#dcen a year. The cost of replacing the coastal
protection provided by these reefs has been caémibs being somewhere between US$246,000 and
US$836,000 per kM, a figure far higher than that needed adequatetyanage a protected area.
Although many of the countries of the Indian Ochawe designated marine protected areas (MPAS) to
conserve coral reefs; few have effective managemians and enforcement of legislation, with the
result that the resources continue to decffne

Currently, only some nine per cent of the totahas&mangrove in the world is protected and theee a
no accurate figures of coral reef protectfdriThe most logical approach to ensure coastal gtiote
through natural ecosystem services would seem tbébeffective protection of remaining natural
habitats where these are under threat, followe@rebppropriate, by restoration of degraded af@fs.
the damage to natural systems caused by the tsutiamredicted that most coral reefs will recover
naturally in 5 to 10 years, provided that otheesdrfactors are removed, and mangrove forests that
have only been slightly damaged will re-seed théwveseand recovét”. Mangroves more severely
damaged will need more active restoration and naditlye countries affected by the 2004 tsunami are
already actively restoring mangroves. In Indondsiagxample, 150,000 ha of mangroves are being
planted along the coast of Aceh where 300,000 fmasfgroves were destroyéd

Of course, as in all of the other case studiehigreport, disaster mitigation through ecosystem
services is only one of many strategies for disgsteparedness and mitigation. As such it shoutd no
be forgotten that knowledge on tsunami identifimatand immediate responses and appropriate
warning systems are of utmost importance. As Anddawd rightly points out, we should not use the
presence of natural ecosystems as an excuse fer-imeksting in other disaster preparations.
Thousands of lives could have been saved had answgarly warning system been established in the
Indian Ocearr®.

The range of responses to the Indian Ocean tsuvamdiscussed in February 2005, at a meeting
organised by UNEP in Cairo, Egypt, on coastal azemabilitation and management. The meeting
adopted the ‘Cairo Principles’ for post-tsunamiateiitation and reconstructidfl, the overarching
principle of which (principle number 1) is to re@uihe vulnerability of coastal communities to natur
hazards by establishing a regional early warnirggesy and applying construction setbacks, greenbelts
and other no-build areas in each nation, founded stience-based mapping processes. Principle 3
(see box) is of particular relevance to this répamd provides a suitable overview of ‘next steps’
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which may help mitigate the threat from future tuonis. This endorsement for the role of these so-
called bioshield’s was reiterated by the FAO, fafilog an expert workshop on coastal protection @ th
aftermath of the Indian Ocean tsunami in 2006, wWithexperts calling for urgent action to be taten
protect existing coastal forests, rehabilitate ddgd ones and plant new forests and trees invgiterse
they are suitable and have the potential to propidéection®®.

The proportion of such areas of natural vegetatiotoral that will be incorporated fully into the
national protected area system will vary betweamties and regions. The role of the less strictly
protected categories, such as V and VI, may becedpevaluable through allowing sustainable uses
such as managed fishing whilst ensuring the sureifvaatural ecosystems.

Principle 3 : Enhance the ability of the natural system to act as a bioshield to protect people and their
livelihoods by conserving, managing and restoring wetlands, mangroves, spawning areas, seagrass
beds and coral reefs; and by seeking alternative sustainable sources of building materials, with the aim
of keeping coastal sand, coral, mangroves and rock in place.
Natural barriers to flooding and coastal erosion, such as coral reefs, near-shore rock outcrops,
sandbars, and sand dunes should be protected from construction activity and uses that compromise
their structural integrity. They reduce, absorb and redirect waves and floodwaters. Wetlands, lagoons,
river estuaries, and reefs are essential to sustaining fisheries, public health and the many livelihoods
that support coastal populations. They contribute to a healthy and aesthetically pleasing environment for
a seaside holiday. A portion of the funds for rehabilitation should therefore be assigned to protect and
restore these habitats. Reconstruction will require thousands of cubic meters of sand for cement and for
fill, and building materials of every description. Traditionally, many of these materials have been taken
from the coast itself. When sand is mined from beaches, dunes and coastal rivers, mangroves are cut
for timber, and wetlands filled as building sites coastal settlements become more vulnerable to hazards
of every description.

Conduct rapid assessments that involve local people in the identification of natural areas important

to fisheries production, the recycling of wastes, shoreline stabilization and scenic quality, including

coastal wetlands and mangroves, seagrass beds, and coral reefs. The aerial photographs and

maps used for establishing setback lines can be used in this process of identifying critical areas.

Incorporate these natural features and habitats into a designated coastal bio-shield that maximizes

the protection from coastal hazards and the associated benefits provided by these natural features.

Adopt measures to protect bio-shields from activities that compromise their natural qualities. Protect

them from future disturbance and, where feasible, restore them.

Where feasible, plant trees seaward of the setback line to form a greenbelt that buffers the shore

from waves, floods and erosion”.

Prohibit the mining of sand, coral and stone from coastal waters within the 20-meter depth contour.

Regulate sand mining from rivers.

Declare wetlands and mangroves as off limits for harvest of wood.

Prohibit the filling of wetlands and estuaries®®.

® It should be noted here that feasibility needs to cover a range of issues, to ensure that planting is appropriate, for
instance the need to avoid planting of trees in marine turtle nesting sites
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USA: Hurricane Katrina

“The levees have made New Orleans habitable simeétench arrived, and those same levees
through their recent failures have rendered thg cninhabitable by obliterating the buffering
landmass that traditionally made New Orleans a gdéee to live. When the French arrived in
Southern Louisiana, there were vast and dense hasdviorests, followed by vast stretches of
freshwater marshes and swamps, followed by endédssater marshes, and finally a formidable
network of barrier islands. Now, it's all almostrapletely gone”
Mike Tidwell, author of Bayou Farew&iP

Introduction

The story of Hurricane Katrina, the massive hunecthat devastated America’s Louisiana’s Gulf
Coast, begins not on August 29, 2005 when the dameé made landfall, but decades earlier in the
19308%. It was during this first half of the twentiethntery that the construction of levees for flood
control began fundamentally to alter coastal peaiend marshes in Louisiana.

The levees were originally built to protect coas@minmunities from the periodic flooding of the
Mississippi River and other waterways. Over timaybaver, these levees, in combination with oil and
gas development and dredge and fill activitiesuglited the natural hydrological regime of the
Louisiana Gulf Coast. Without a natural hydrologjiegime to deliver freshwater and sediment to
replenish coastal wetlands and barrier islandsl@hg narrow islands of sand that are separated fro
the mainland by a lagoon or bay), the coastlintitesability to mitigate the impact of tropicabsins
effectively. The coastline was no longer an effextiatural buffer. Levees that were meant to ptotec
human life and encourage livelihood developmeniallit made peoplenorevulnerable to disaster.

This was tragically demonstrated when Hurricaneaikatbrought massive rainfall in excess of 2.5
centimetres per minute, storm surge above 9 metnglaces, and flash floods that devastated coastal
communities along the U.S. Gulf Coast including N@reans and Biloxi, Mississippf. Had more
concerted efforts been made to protect coastaligsand marshes over the past 75 years, the severe
impact of Hurricane Katrina and other tropical sierwould likely have been reduc&t®*

This case study provides an overview of the U.Sf Goast, investigates the loss of coastal barriers
describes the impacts of Hurricane Katrina, andudises the role of protected areas in mitigatieg th
negative impacts of hurricanes off the Gulf Coast.

Tropical Storm Katrina
approaching Florida

© Image from Visible
Earth, NASA
(visibleearth.nasa.gov/
view_rec.php?id=8198
) Credit: Jeff Schmaltz,
MODIS Rapid
Response Team,
NASA/GSFC
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Louisiana and the U.S. Gulf coast

The Gulf Coast of the United States includes thgestthat border the Gulf of Mexico (i.e. Texas,
Louisiana, Mississippi, Alabama and Florida) argresents an ecologically, economically and
culturally rich geographical area. Classified as @ulf Coast Prairies and Marshes Ecoregion, tleia a
contains one of the largest contiguous wetlandegmysin the U.S., exclusive of Alaska and HaWaii
Within Louisiana, the Coast Prairies and Marshesr&gion extend about 27,700 km

The ecoregion supports numerous natural commun#tie as coastal prairies, as well as a diverse
range of wetland communities, including salt, bislckintermediate and freshwater marshes.
Cheniers, or ridges of deposited sand and shelirdted by live oaks, also occur within the ecoragio
though less frequently. Commonly found vegetatimtudes cordgrasseSigartinaspp.), common
reed Phragmites austaljsand Bulltongue $agittaria lancifolig along with associated wildlife such as
seaside sparrovdAnmodramus maritimisclapper rail Rallus longirostrus scotdij American alligator
(Alligator mississippiens)swading birds, migratory waterfowl, and an aburtdariety of fish and
shellfish. Due to its diversity of habitat typésalso supports a number of rare and endangered
species. These include the globally rare giant rls€lris giganticaeruled, Piping Plover

(Charadrius melodys Kemp’s Ridley Sea Turtld_épidochelys kempiand Louisiana Black Bear
(Ursus americanus luteolus

Alligator mississippiensis

© WWEF-Canon / Martin Harvey

In addition to its rich biodiversity, Louisiana atite U.S. Gulf Coast as a whole, are also of
international economic importance. The Port of Bdwduisiana, for example, is the largest tonnage
port district in the Western Hemisphere and thetfolargest port in the world, handling over 248
million tons of cargo a year and accounting fop#5 cent of total U.S. expora Louisiana is also the
United States’ largest oil producer and its sedangest natural gas producer with much of the oil
facilities located along the coastline and offshémeerms of fisheries, Louisiana has one of tigidst
commercial marine fish landings in the U.S. accimgnfor about US$250 million annually. More than
75 per cent of the U.S. shrimp catch comes fromidiana’s coastal watet¥.

The presence of navigable waterways, incrediblgpetive fishing grounds, and deposits of oil and
gas has attracted many people to the Gulf Coagtrregth more than two million residing in coastal
Louisiana alone with an associated capital investrapproximating US$100 billion.

Causes of the disaster

“In nature, everything is connected to everythiAgd if you fundamentally alter a significant
component of a natural system you fundamentalér alt of its major components.”

Mike Tidwell, Author of Bayou Fareweft®

In spite of their crucial role in protecting peoptemmerce and ecosystems, coastal wetlands and

barrier islands have been disappearing at an uegeated rate in the U.S. Gulf Coast due to both
human-caused and natural factors. Much of the langéscoastal land mass has been literally sinking.
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As coastal wetlands and barrier islands disappleay,are replaced by vast expanses of open saftwate
encroaching from the Gulf of Mexico. More than 48H) ha of wetlands have disappeared since the
1930s. The land loss of barrier islands varieschantaverage as high as 20.3 ha per’year

Coastal Louisiana Marshland
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Figure 7. Coastal Louisiana marshland coverage including brac kish, freshwater, intermediate,
and salt marshes, in 1949 and 1997 °©

With the loss of wetlands and barrier islands gises the many biological, economic and disastkr ris
reduction functions they perform. Nursery and biegdrounds for fish are destroyed. Essential
habitat for resident and migratory birds disappeaven land that had been used for human settlement
such as barrier islands, is lost. Any beneficiafrst surge protection for adjacent populated areas i
also affected. The wetlands and barrier islandsrttake up the Louisiana coastal plain play vitééso

in protecting populated areas that lie furthernnlaA recent study found thathe extensive loss of
coastal marshes and bald cypress forests has isetkthe threat of storm-surge flooding for the
94,000 people residing in the southern part of Nveans>*®

6 Sources: United States Geological Survey — National Wetlands Research Center (USGS-NWRC) (2000); Louisiana
Department of Wildlife and Fisheries (LDWF) and USGS-NWRC (1997). Map created on 20/08/07.
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Flood Control Structures
A major contributing factor to the loss of wetlartdss been the construction of a vast network of
levees and other flood control structures that viesitt to contain the Mississippi River and to rcit
low-lying agricultural and urban areas from floagliand subsidence is a naturally occurring process
whereby factors such as geological faulting, cortipaof muddy and organic sediment, river floods,
global sea-level change, wave erosion and trogicain events have eroded and shaped the coastal
Louisiana landscape for thousands of years. Ore, tthe loss of land has been counter-balanced by
the deposition of nutrient-rich sediment from thessissippi River delta which replenishes land farms
The presence of levees, dykes, concrete channglsther flood control devices has prevented the
naturally-occurring sediment replenishment proeessresulted in a net loss of wetlatds

Navigation Channels
In addition to the presence of flood control desidhe establishment and maintenance of major
navigation channels, both deep draft and shallaft,dnave served as conduits for saltwater intrusio
in some areas and barriers to the distributiomestwater, sediment and nutrients to wetland hiabita
in other areas. Navigation channels can also suinjiend areas to more dramatic tidal influences an
wave action which in turn aggravate erosion. Esitenmodification of the upper Mississippi and
Missouri River watersheds, particularly through tle@struction of dams and navigation channels, has
led to a reduction in overall sediment loading Byp@r cent. Sediment delivery supports the byild u
of deltas, lagoons, sand banks and coastal wetlaPelsodic changes in freshwater inundation and
sediment accumulation also creates the enablindittoms for dynamic ecosystems that typically
support high levels of biodiversiy.

Offshore oil and gas development in the Gulf of
Mexico

© WWF-Canon / Michael Sutton

Oil and Gas Exploitation
To make matters worse, coastal Louisiana has ba#gaited for oil and gas deposits since the early
1920s as evidenced by a network of canals, pipekne production facilities that were created to
service the industry. At present, 50,000 oil ansl gr@pduction facilities dot the Louisiana coast
connected through 14,973 km of oil and gas pipslifiéae dredging process that is involved in the
establishment of production facilities leads toddyed material banks that are higher than the natura
marsh surface. This, combined with the establishrmEeaxploration canals, has exposed land to open
water, and fundamentally changed the hydrologiegime of the coast’s wetlands.

Land-use change
The establishment of upstream reservoirs, chamgagricultural practices and land uses, and bank
stabilisation measures has led to the reductioregétative cover which in turn has lessened the
amount of organic matter that is available for aed soil formation.

Climate Change
The sea-level rise associated with climate chasggpected to increase two- to four-fold during the
next century, increasing storm surge and shoreditreat along low-lying, unconsolidated coastal
margins*®. The rapid deterioration of coastal barriers camabiwith relatively high rates of land
subsidence has made coastal Louisiana particuahherable to erosion and inundation. The rate of
land loss during the next 100 years from both déwange and subsidence is expected to lower New
Orleans from 1.5 to 3 metres below mean sea-level3 to 4.0 metres below mean sea-level by 2100.
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Tropical Storm Events
The loss of wetlands and barrier islands is grestbelerated by hurricanes and other tropical storm
events. After Hurricanes Katrina and Rita hit ifD8pabout 560 kfof Louisiana’s coastal lands were
transformed to water. Over time, some of the laag necover; however, the indications are that some
of the change will be permanent with some new aoéapen water becoming lakes. As discussed
above, according to the U.N. Intergovernmental Panélimate Change, global warming will
increase the frequency and intensity of tropicaidras, which in turn will worsen the situation.

Impacts of Hurricane Katrina

The loss of wetlands and barrier islands as atre§élbod control structures, navigation channeis,
and gas exploration, climate change and tropicahrsevents weakened Louisiana’s natural coast
protection, making it particularly susceptible be tdevastating affects of Hurricane Katrina. When t
hurricane made landfall on August 29, 2005, it was of the strongest storms to impact the United
States during the last 100 years. With sustainedisvof 225 km per hour and rainfall in excess bf 2.
centimetres per minute, Katrina caused massiveudsistn in the heavily populated city of New
Orleans, as well as the coastal areas of Louisialadama and Mississippi in the American south.
Hurricane Katrina is the costliest natural disastesr to hit the United States, both in terms ef th
number of people killed and economic 1088&§he number of verified deaths has reached mane th
1,300. Economic losses are expected to be moreliB&200 billiori**, with more than US$23 billion
in flood insurance claims expected from the Gula&f§®.

The loss of life and property damage was greattyagted by breaches in engineered levees and
flood walls that were constructed to protect Neve@nms from the surrounding waterways, most
notably Lake Pontchartrain. Given its locationhe floodplain with an average elevation 0.3 to 0.6
metres below sea-level, New Orleans was and rerhighsy vulnerable to flooding. As a result of the
levee breaks, more than 80 per cent of New Orleassunder water with flood levels above 6 metres
in some parts of the city/. Seventy-one per cent of homes damaged or desfttmlenged to low-
income household¥.

Wetlands, coastal barriers and protected areas
Barrier islands act as storm buffers and limit enody reducing wave energies at the margins of
coastal wetland&’. In addition, barrier islands limit storm surgedtes and retard saltwater intrusion.

The vast expanses of coastal wetlands that linedhesiana coastal plain also serve an important
function in mitigating the affect of tropical stomwents and the erosive forces of waves and csrrent
they bring with them. Over the last several thodsgears, the land building processes from the
Mississippi River created over 1.6 million ha ofstal wetlands. The coastal wetlands provide a
substrate for vegetation which stabilises the @oidl increases resistance against tropical stormt®ve
In addition, an extensive skeleton of higher ndtienzee ridges along the past and present Misgissip
River channels and bayous, and along coastal lredgds were created. The coastal plain effect not
only created an extremely productive ecosystemalsat serves an essential role in storm protection.

Over the past several decades, the U.S. Fish altlifd/Eervice and Louisiana Department of

Wildlife and Fisheries have made significant finah@vestments in setting up protected areas and
improving coastal zone management. Within the Golist and Prairies Ecoregion, nine wildlife
management areas and six national wildlife refuge® been established accounting for protection of
over 300,000 i&. In addition to the state and federal presern@grsl non-governmental
organisations and private individuals have invegtedetlands protection, such as the Paul J. Rainey
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Preserve, a 9,000 ha area managed by the Natiamaibdn Socief’. The total land managed for
protection in the Gulf Coast and Prairies Ecoreggosstimated at about 400,000Ha

As a result of the high winds and storm surge ftéunricane Katrina, it has been estimated that more
than 70 km of marshland have been transformed to open watpmroximately 20 to 26 per cent of
the 344 krtotal are2®. Some reduction of flood waters and marsh recoigeexpected over time,
however, it is estimated that much of the marsh \oid be permanent. The marsh loss from Hurricane
Katrina also impacted protected areas, such adNahere Conservancy’s White Kitchen Preséte
Hurricane Katrina passed directly over the presdarge segments of marshland were uprooted and
displaced and the area was infiltrated by opennwBtemestic debris, large boats, and other objects
were also scattered over the marshland. In resgortbe hurricane, The Nature Conservancy is
practicing site remediation through periodic firamagement and the control of non-native and off-sit
species. Downed trees and debris are being cléanexdfire-breaks and access roads, and visitor
facilities are being rehabilitated.

Although a number of protected areas have beeblsstad in the Gulf Coast Prairies and Marshes
Ecoregion, they still represent only 14 per certheftotal land area that is almost entirely cosexi

of ecologically sensitive marshes and wetlari3 he presence of protected areas is not enough,
however, to provide adequate disaster managemectida for populated areas along the Gulf Coast.
The significant regional impact of flood controlugttures on the Mississippi River and other
waterways so fundamentally altered the hydrologiegime of the entire ecoregion that restoring the
disaster management function of barrier islandscardtal wetlands will require addressing the flood
control structures in addition to setting asidedland improving management of protected areas.

Coastal Louisiana Protected Areas
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Figure 8: Protected areas in coastal Louisiana including U.S. federal protected lands and state-
owned and privately-owned wildlife managed areas !

! Sources: USGS Federal Lands and Indian Reservations of the United States (2003); Louisiana Oil Spill
Coordinator’s Office (LOSCO) Wildlife Management Areas from Nature Conservancy Data (1998). Map created on
20/08/07.
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The future — what role can protected areas play in hazard mitigation?

“Indeed, we have the technology and ability to eegr our way out of this and put in something that’
more natural and sustainable.”

General Robert Flowers, Chief of U.S. Army Corp&afjineers from 2000 to 2064

For the past 30 years, several the U.S. governagaricies and the State of Louisiana have been
involved in efforts to stem the loss of wetlandd &arrier islands along the coast. A report in 13
Environmental Atlas and Multi-use Management PtamSouth-Central Louisianéirst raised
awareness of the problem and helped to inform limnéss coastal zone management plarSeveral
laws at the state and national level have also pemmulgated in order to address the issue andgeov
funds for restoration and management, including_thgisiana Wetlands Conservation, Restoration,
and Management Act in 1989 and the Federal Codgt#hnds Planning, Protection and Restoration
Act in 1990. More recently, a coalition of locahgwnments, Federal and state agencies, non-
governmental organisations, private citizens aratlamia participated in the ‘Coast 2050 Plan’, in
order to address the issue at a regional, compseleand systemic level. In addition to the broad
planning efforts, a number afl hocactivities by various stakeholders have takenetaaestore
coastal wetlands, including vegetation plantings #re use of dredged materials to replace subsided
land. In spite of these efforts, however, the méwsh has steadily continued over time and was only
made worse by Hurricane Katrina.

In the wake of Hurricane Katrina, local communitée@e demanding that existing levees be
reconstructed and upgraded to afford increase@gtioh against future hurricanes. At the same time,
communities are requesting that the local, stateFateral governments take steps to stem the foss o
marshes and wetlands that provide disaster manageem®nomic, ecological and recreational
benefits. Unfortunately, these are conflicting aBsghe presence of levees, and other human &givit
such as oil and gas exploration, have so greatyeal the hydrological regime. A fundamental U.S.
political issue is that one agency, the U.S. ArnoygS of Engineers, is charged with both regulating
wetland development and installing and managingdfiprotection infrastructure. This leads to
competing interests where politically and econottycattractive infrastructure projects are often
chosen over environmentally beneficial restorafioojects.

The establishment of protected areas within thd Godst Prairies and Marshes ecoregion has helped
to stem the loss of wetlands and is a crucial carepbof restoring a more natural hydrologic regime.
The significant human investment in the Gulf Caastins that the long-term issue of flood control
must be addressed. A clear lesson from the pésatishe use of ‘hard’ solutions to solve the peobl

of natural flooding, such as flood control strueyris not sustainable, and that more naturalisokit
need to be found. In order for wetlands and baisiands to achieve their full potential in buffegithe
impacts from future hurricanes, innovative, longriesolutions are required that combine land
conservation with the systemic re-establishmenhefegional hydrological regime.
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Pakistan: Earthquake and landslides

"The trees are nails which have gripped the moustaimd kept them stalile
Younis Malik, Forestry Official Pakistarf

Introduction

Pakistan’s geographical position makes it subj@et humber of natural hazards, of which flooding,
earthquakes, cyclones and drought/heat waves amadit significant. The earthquake hazard in the
Himalaya Mountains is particularly high, due tottegc movement which is, in effect, pushing India
under Tibet. This continental shift builds pressover time; which is eventually relieved through
earthquakes.

Scientists have been predicting a major earthqirakte region for several year$ a prediction which
came tragically true on"80ctober 2005 when Pakistan experienced one afréetest natural
disasters to affect the region in recorded hist®he epicentre, which measured 7.6 on the Richter
scale, was in the district of Muzaffarabad, in Adadhmu Kashmir (AJK), but its effects were felt ove
an area of approximately 30,000 kaf AJK and the North Western Frontier Province (RiY.

It is difficult to imagine the impact of the eartrake on the local people of the area; but to sottene
the figures speak for themselves:
The death toll reached over 73,880
128,000 people were injur&d
Over 10,000 children are estimated to have lokeeibne or both parenté
Some 3.5 million people lost their homes, with &8 pent of affected homes being in rural areas
It is estimated that some 2.3 million people wesglenfood insecure by the earthquike
1.13 million people lost their source of liveliha84
More than 70 per cent of cities and villages inghenorthern provinces of Pakistan were
destroyed by the earthquake and its aftershitks

In addition to the direct destruction wrought bg trarthquake and the repeated aftershocks (reaching
more than 1,000 in the first few weeks — with magphes of up to 6 on the Richter s¢&fg landslides
bought on by the earth movements added considetalbfye impact of the disaster.

The causes of the disaster

“The forests were once very thick, but the generatpass so people have to build houses and collect
firewood and the trees disapp€gar

60-year-old Haday Tullah from Jabia

The October earthquake, being natural in origirs waavoidable. However, the extent of damage that
was caused to human life and property could biatad to socio-ecological reasons, having itssoot
in policies and actions related to human use ofhtbantains and their natural resources. Despite the
known likelihood of major earthquakes hitting tlegion, there has been little thought given to
mitigating impacts and the vulnerability of Pakista disaster has been exacerbated by unchecked
urban development and extensive deforestation.d_pagts of the area affected by the earthquake, for
example, have lost considerable forest cover dwetast few decades as a result of encroachment,
illegal logging and agriculture — increasing tHeslihood of landslides®,
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Forest Cover in Pakistan

Pakistan has one of the highest deforestation matin® world. Country-wide, natural and modified
forests cover less than 3.5 million ha or four gamt of the total land area. If scrub forests are
excluded, the area falls to just 2.4 million haZof per cent of area), of which four-fifths (2 inoih

ha) could be described as being ‘sparse’, i.e. lgih than 50 per cent cover. Good quality (greater
than 50 per cent cover) forest in Pakistan thugimless than 400,000 ha. And forests are still
disappearing; with the government’s own estimatggesting that Pakistan’s woody biomass is
declining at a rate of 4-6 per cent per y&ar

The area affected by the earthquake can be dedaimogically as being within the Himalayan moist
temperate and Himalayan dry temperate zdfidSven in these areas where forests would once have
been dominant, the decline in forest cover has demmatic. Today, forests cover about 11 per cént o
AJK compared with nearly 30 per cent in 1947; anllWFP, a study in the Hazara Division found a
52 per cent decline in forest resources betweeid 486 1992, AJK is particularly known for its

high quality cedar wood, which had been generatingme from timber for decades until a
government decision to ban felling in 1997. Howether extraction of ‘dead, decayed or diseased’
trees allowed deforestation to continue, and wirtes for illegal felling at less than US$10 a trawed
many villagers continue to use wood for buildingl dmef"?

The commitment of the government of Pakistan todase the country’s area of natural forests has
been stated in several policy documents such adadtienal Environmental Policy 2005 and the
Pakistan Poverty Reduction Strategy Paper (PRSB}2B6wever activities on the ground do not
always seem to be in line with this policy (i.qoraposed development project within the only
remaining in-tact area of the Blue Pine ecosystenne of the best remaining Himalayan temperate
forest areas in Punjab}.

That forest clearing accelerates erosion, anddhuses landslides in mountainous terrain has been
discussed for more than a cenflifyAs noted earlier in this report there are tweetypf landslide
shallowanddeep-seatedEach type is influenced by vegetation cover,dhatlow slides are most
likely to be caused by reduced forest ca{er

Almost all the landslides which followed the Pakisearthquake were the shallow type, occurring on
steep slopes and road cuts. A high number of latelstcurred although these were relatively small-
scalé’® These shallow landslides significantly contrilslite the damage caused by the earthquake,
particularly on the lower slopes inhabited by langenan populations. The largest landslide triggered
by the earthquake was 32 km southeast of Muzafadrabburied the village of Dandbeh and resulted
in around 1,000 fatalities, according to local desits”".

The geology of a particular site determines iflrscape is resilient to infrastructure developmen
Natural cover forest can determine the level dbiftg of the landscape and potential security agai
floods and landslides to people living downstre@he rapid deforestation, coupled with overgrazing,
increased the risks of soil erosion and thus thengil for landslides in the region of the October
earthquak®®. Indeed, early reports following the earthquakeeddhat landslides were particularly
severe on slopes that had been stripped of thearaf pines and Himalayan hardwood trees, while
many forested slopes remained int&cFurthermore, survey work undertaken shortly afier
earthquake reports that these shallow landslides nat associated with specific geological
formations; but that they were as deep as thezwud of the vegetative cover, anywhere from several
decimetres to a metre deep, and consisted of dyiglyhdisaggregated and fractured material that
cascaded down slopes to flatter ar&as
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Resulting environmental effects
“In this once-remote region, loss of green covemfcmommercial logging, local cutting and
overgrazing has made the land less compact andalassto retain water, which now rushes easily

down mountainsides to set off slides that someaadlogical land mines™.
Nithin Sethi, of the Delhi-based Centre for Scieand Technolog*

Several surveys of the earthquake area have beéedcaut, including a Preliminary Environmental
Assessment (PEA) carried out by IUCN immediateliofeing the earthquake. It has however been
estimated that it will take at least two yearsgoeatain the damage to natural resources in
Muzaffarabad, the area worstfit

According to the IUCN assessment, the damage tbitdphysical environment included:
destruction caused by the land and mudslides
siltation of rivers and streams
damage to both natural and man-made water charer@lsring them unusable for irrigation
purposes
damage to the forest resources, essentially diamtislides and rock-falls
damage to agricultural land, especially on thees$ppoads, water mills and fish farms
large amounts of debris — which will need to bedsed of,

Continuing environmental effects included:
further landslides
flooding, due to debris damming rivers and streams
pressure on dwindling natural resources, espediaigsts for fuel and shelter nedts

The remaining forest is under threat from a predi@-300 per cent increase in timber demands for
reconstruction. Damage to existing forest coverrt@deen fully assessed. However, it has been
reported that some stripping of forest cover bylfdides is visible from satellite imagery, althotigh
does not seem to be extensive, and generally &xg@nses of forest cover seem relatively undisturbe
by the earthquake. However trees may suffer danwatieir roots during major earthquakes which
will not be visible for sometinmé®.

There are three existing and one potential protegtea affected by the earthquake. The damage
caused on the ecosystems and wildlife of thesesgaak not as yet been fully assed¥ed

Impacts on human well-being

"I had farming land but the landslides have destdoyet. It's covered with boulders now.
Nothing was spared and it took only a minute fargthing to be destroyed
Ejaz-Ur-Rehman Khan from the Kaghan Vaff€y

Overall some 5.7 million people live in NWFP andkAgenerally in close-knit families. The districts
affected by the earthquake share basic socio-edergraracteristics. Apart from a few pockets of
high population around 88 per cent of the peopte il scattered settlements, ranging from two 1@ 30
households. Agriculture, in particular livestockriag, is the primary source of employment in rural
areas, with agriculture accounting for 60 to 70 gt of total household income and 37 per cent of
total rural employment. In urban areas, developrhastgenerally occurred with little or no
environmental controls and a high proportion of pleulation lives in neighbourhoods with virtually
no basic servicé®
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The devastating impacts of this earthquake will miat it will take years, even decades, for the
regions most affected to recover. On the first egnsiary of the disaster, it was estimated thatratou
66,000 families were still without permanent shedtad the after effects of the earthquake werk stil
being felt through further landslides and floodffig

The lighter patch in the
middle of this satellite
image shows a landslide
two km long and over a
km wide along the side of
the mountain southeast
of the earthquake’s
epicentre between
Muzaffarabad, Pakistan,
and Uri, India, in the Pir
Punjal range of Kashmir

© NASA image created
by Jesse Allen, Earth
Observatory, using data
provided courtesy of Eric
Fielding (NASA/JPL, the
NASA/GSFC/METI/ERS
DAC/JARQS, and
U.S./Japan ASTER
Science Team

Mitigating the Impacts

“If there had been more trees, we would not haveawsnuch. The impact would not have been as
great. It is our mistake

Qayoon Shah, teacher at the Jabla village séfool

As noted above the earthquake hit an area of egteEmironmental vulnerability within Pakistan.
Certainly this vulnerability is in large part duRakistan’s geographical position, but the resglti
impacts of events such as major earthquakes hagly fieen exacerbated by the degradation of the
local environment. Despite numerous popular acaywtientific data on erosion and landslide
processes in the Himalaya is scarce. Two reviewsekier point to the clear links between
deforestation and landslides. In the late 198@=/@ew of quantitative studies of erosion in Nepal
concluded that deforestation was linked to suréosion, gullying and shallow landslides; and that
land slides in the Middle Mountains may be dueosslof root reinforcemetit. The effect of human
interference on the environment, and in particdigpletion of the forest cover, was studied in refat
to landslides around Dehra Dun and Mussoorie ialRtadesh in the Indian part of the Himalaya.
Land use and land cover data for a period of 6@sy@are analysed. The results found that forested
areas accounted for only nine per cent of landglm®irrence; whilst about 60 per cent of the
landslides were in non-forested areas that weessfed in 1935>

This link between deforestation and landslidesheen observed elsewhere. For example, a study of a
decade’s data on landslides from steep, slide-pstopes and analysis of a regional landslide in the
Pacific Northwest of America confirmed that forelaring increases regional landslide frequéticy

A much longer term view can be seen from studighénwvestern Swiss Alps, a region that was
affected by numerous landslides during the Holoc&he vegetation history of one catchment area
was reconstructed and investigated to identify iptssémpacts on slope stability. The pollen record
provided strong evidence of anthropogenic forestireince and agricultural activity which appeardo b
correlated with increased landslide activity in llee’s catchment”.
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The dramatic loss of forest cover in Pakistan agpéyr increased the already devastating impacts of
the 2005 earthquake by increasing the scale aratisewf the resulting landslides. Unfortunatelg th
restoration of vegetation cover will take a longdito decrease landslide risk. A study of the
environmental changes in three severely degradéersteeds in the Chamoli district (Central
Himalaya) has concluded that even after 20 yearsstbration, there is only a marginal reduction in
landslide activity. In this case, the stabilisatncess of the active landslide zones seems t® theen
quite slow due to the presence of sheared carbooeits and the proximity of watershédsAny
restoration of forest areas in these highly vulbkrareas will thus have to consider the best way t
ensure stabilisation can be achieved as quickpoasible. Experts have suggested that although
natural regeneration should be used as far ashpeske plantation and direct sowing of trees, Bbru
and pasture herbs and grasses will enhance thegetation process of the bare 36il

The future — what role can protected areas play in hazard mitigation?

A review of the earthquake history of the regioarfd that although the 2005 earthquake was large by
normal standards, it could only be considered ‘maiéé when viewed in the context of the earthquake
generation potential of the region. Of concerré theoretical studies indicate that the energsest
along the Himalayan arc suggest a high probalifitseveral massive earthquakes of magnitude above
8.0 in the futur®”. It is estimated that these earthquakes may riesalt many as 150,000 fatalities,
300,000 people injured and typically 3,000 settlermaffected in each evérit

The actual and potential human and economic Idssasearthquakes in the Himalayas are so high in
a large part because of lack of enforcement oflmgl codes, unsafe land use patterns and poor
construction practicé%. However despite being prone to a variety of rathazards and the dire
warning of the likelihood of further events, Palishas amad hocapproach to dealing with hazard risk
management. Interventions are primarily focusedetiaf and response as opposed to mitigation.

The reduction in forest cover over the last dedadigely to exacerbate the adverse impacts of any
future earthquakes, just as it did in October 200s risk could be increased even further if timbe
demand for reconstruction results in further foksttructiof’®. Land use planning is therefore a key
issue in helping ensure any kind of environmerttitity in the area. Environmentalists were thus
shocked by a recent statement by the AJK Primed#ini Sikandar Hyat's, in which he said his
government would develop a new Muzaffarabad citthanearby forest area after clearing the trees
theré€®. In light of the devastation caused by the 200%heaake, a more comprehensive hazard risk
management approach is clearly neétfed

Although restoration of forest resources is impatitane of the most important land use decisions
which needs to be made is to ensure the effectivieqtion of the forest cover that remains. Only
around four per cent of the land area in AJK hanlmeclared as a protected area (see Table 8 below)
The Machiara National Park is located in the hefithe earthquake affected at¥aThe park is being
developed with a US$3.18 million grant from the &bEnvironment Facility. In NWFP, about seven
per cent of the land area is designated as protésée Table 9 below). The majority (39) of whick a
game reserves; all protected areas are managém DBWVFP governmefff. Ayubia National Park is
located at the periphery of the earthquake affertac.

Table 8: Land area is designated as protected in AJK and NWF ~ P°%®°

Area National Wildlife Game Un- Total PA PA as %
Parks Sanctuaries | Reserves | classified PAs hectares of area

AJK 1 0 8 0 9 51,998 3.91

NWFP 5 6 39 5 55 470,675 6.30
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In Pakistan, wildlife sanctuaries offer greatertpotion than national parks, while game reserves
provide no protection to habitat but merely regalatinting. As a result, the value of a game reserve
for long-term conservation of biodiversity and e&iem functioning is limited. In general protected
areas have not been very effective in protectiegitigile environment of the Pakistani Himalayas,
with some of the main problems being that:

Protected areas are generally small and thus dprowvide adequate protection for biodiversity.

Legislation does not provide an adequate framevi@rkonservation management

Provincial wildlife departments lack the capacitynhanage effectively

Most protected areas in Pakistan lack comprehemsargagement plans, and where plans do exist

they are not fully implemented

Local communities rarely have any role in the mamagnt of protected areas and therefore have

little incentive to prevent illegal resource e

This last point is particularly important as sizahuman populations exist within many of the
protected areas and management approaches, whithaéeto involve local communities or take note
of their needs and resource use practices, haagedrsocial conflicts and in some cases jeopardised
conservation efforf§’.

There are however good models of conservation gi®ja the region (see box) and there are
indications that those areas with more natural Emer did see less destruction following the
earthquake. There is now a need for these linke thetter understood and communicated to the people
and policy makers in Pakistan.

Palas Valley: Livelihoods and disasters

“The people of Palas are aware that their forests saved them from the kind of devastating landslides
suffered in deforested areas, where whole chunks of the mountainsides crashed into the valleys.”
Rab Nawaz, Coordinator, Palas Conservation & Development Programme 608

The Palas Valley in Pattan Tehsil, Kohistan District in NWFP, lies east of the River Indus in the western
Himalaya. Altitudes range from around 1,000 to 5,150 metres and the topography is mostly rugged and
precipitous. The forests of the Western Himalaya, particularly the temperate forests, are a “biodiversity
hotspot’. Surveys between 1987 and 1995 concluded that the Palas forests represent Pakistan's most

outstanding remaining tract of temperate forests®®”.

Relatively little of Palas is cultivated; the 40,000 people who live in the valley are almost entirely
dependent on the natural resources of the valley. Livestock rearing is an important part of most
households' livelihoods and the traditional Palasi lifestyle involves most of the population moving with
their livestock between winter villages and summer pastures. Much of the local trade depends on non-
timber forest products (NTFPs) such as mushrooms, honey and herbs. Some villagers rank NTFPs as a
more important source of income than agriculture, livestock or timber harvestingelo, and morel
mushrooms and medicinal herbs can provide 50 per cent or more of household income. Despite its

biological richness, Palas is one of the least developed and poorest parts of Pakistan®*.

BirdLife International and WWF have been working in the Palas Valley since 1991, most recently
through the Palas Conservation and Development Project (PCDP). The PCDP's goals are to safeguard
the biodiversity of the Palas Valley by enabling local communities to tackle the linked causes of poverty
and natural resource degradation. The project has six main programmes:

social organisation and participation
infrastructure rehabilitation (of bridges, water mills and irrigation channels)

natural resource management
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biodiversity survey and monitoring
forest management

improvement of health, nutrition and sanitation®2.

Although the Palas Valley is not at present recognised as a protected area, it is hoped that the area will
be recognised as a Man and Biosphere reserve in the future.

Palas is not far from the epicentre of the earthquake. An estimated 80 people were killed and over 100
badly injuredm, 30,000 residents are thought to have lost their homes and much of the valley's
infrastructure has been destroyed614. Although terrible this loss was less than in many earthquake
affected areas and the conservation efforts in the Valley meant that the local people still had the means
for survival. Rab Nawaz, who runs the PCDP reports that people quickly returned to gathering NTFPs
products after the earthquake, stating that “This shows the vital role non-timber forest products play in
the economy and livelihoods of local people after a disaster like this, when livestock and crops have
been damaged and lost.”***
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Chapter 6: The future

“Learning how the environment itself possesses gtiveemechanisms can significantly reduce hazard
impacts. These mechanisms need to be identifiedyaderstood more readily,
but more importantly they have to be developedraathtained in practice as public policies to secure
overall environmental protectién
World Conference on Disaster Reduction, 18-22 Jan2@05, Kobe, Hyogo, Jap&h

Conclusions

All the evidence suggests that the intensity of stwazards (in particular extreme weather event$) an
the vulnerability of human communities to naturisbdters are increasing. This means that there are
more natural hazards and also that a larger priopoof these hazards develop into serious disasters
The economic and human costs are rising sharpspitteincreased investment in disaster prevention
and relief. The poorest people are usually the malsierable, both because they tend to live in
marginal, disaster-prone areas and because thegtdwmve the resources to recover from disasters.

Our vulnerability to disaster has been increasedriwronmental destruction and the consequentgosse
of ecosystem services. Many natural systems —dingdufloodplains, forests, coastal mangroves and
coral reefs — have the potential to reduce nahaabrds.. They do not provide total protectione- th
largest disasters will usually overwhelm naturdedee systems — but they can and do play a role in
reducing the number of lives lost and the econarogts of climate related hazards and earthquakes.

Despite this, ecosystems continue to be degradédestroyed, along with the services that they
provide. Climate change will make things worse hdmf increasing climatic extremes and by
degrading or removing natural ecosystem bufferes&hproblems occur all over the world but are most
acute in developing countries (where lives lost ecgnomic impacts of disaster are also greatest).

Recognition of the role that ecosystem servicesptayin disaster mitigation is mixed. Many local
people instinctively link declining environmentalajity with increasing vulnerability to hazardstbu
these links have often not been made explicitéalg@lanning, or governments have been ineffective

in controlling the causes of environmental decli@entinuing debate about the role of ecosystem
services is to some extent undermining effortseteetbp a concerted response aimed at protecting and
improving environmental services against naturabnds.

There has been considerable and welcome recoguitithre role of ecosystem services in disaster
mitigation by many governments and internationgboisations (see appendix 1). Unfortunately there
is still little best practice guidance to help imlent the various declarations and agreementsidvat
resulted and development of such management tewlains an important gap to be filled.

There is more generally an urgent need to stopéigeadation of ecosystem services and to ensure
their long-term protection. In the context of theport, the need is most acute where high risk of
disaster coincides with environmental degradatftection and restoration of ecosystems will
sometimes require trade-offs: e.g. restorationadfiral flood plains may help control floods but may
also mean relocation for some families. Similaplsgtection of coastal habitats can protect against
storm surge but may reduce valuable tourism prej&iich losses need to be balanced against reduced
damage and loss of life from floods and landslialed more sustainable local development.

Protected areas have a key role to play by main@strategic natural habitats to protect against

natural disasters. These functions deserve widegration and should be included in protected area
system and site planning and in their funding sgigts.
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An Action Plan for Integrating Disaster Mitigation Planning into Protected Areas
The following outlines a twelve point plan to inase the effectiveness with which natural ecosystems
can be used to mitigate natural hazards, using@gted areas as a tool.

Research

1.

A great deal is already known about the role ofir@tecosystems in mitigating disaster. Further
research should now focus on the scale of disafterghich natural ecosystems can provide
effective mitigation strategies. Appropriate natuesource management strategies should be
identified.

Additional tools are needed to help planners idgtiie most valuable places where natural
ecosystems need to be protected and/or restofmdvale disaster mitigation services — through,
for example, overlaying ecosystem data with hamasgping in an opportunity analysis.

Planning

3.

At a national and regional/transboundary scale dppiy analyses should be used to identify
places where natural systems could mitigate disaated to develop associated protection
strategies, including the establishment of newaquteld areas.

At a protected area scale, some protected arearéigh may consider revising their management
objectives and management plans to better reflettanserve the contribution of their protected
areas in providing ecosystem services, includintigating disasters.

Policy

5.

The links between protected areas and disastegatidn need to be made explicit when
implementing or revising the various disaster réidudnitiatives reviewed in Appendix 1.
Similarly, lending agencies and donors supportiraiqrted area establishment and management
should consider the disaster mitigation role oft@cted areas in project planning and
implementation and facilitate the integration ofieonment and disaster management
professionals.

Protected area managers and agencies need tabuddking relationship with those working on
disaster management before disasters happen tonisaxsynergies and opportunities.

Effective examples of where land and sea-use mamageare contributing to disaster mitigation
need to be identified, application of managemetibap field-tested and results disseminated to
help other protected area mangers and agencieslbasnisaster recovery agencies.

The underlying causes of the increase in hazardleadter occurrence, such as climate change,
forest loss and hydrological disturbance, shoulddidressed as part of a preventative strategy.

Funding
10. Further development is needed on economic evahluafiprotected area contribution towards

disaster mitigation and to investigate funding opsi for maintenance of natural defence systems,
including innovative use of Payment for Environnat8ervices schemes and use of insurance
premiums to maintain strategically important ecteysservices.

11. The effectiveness of protected areas in disastiégation is closely linked to management success,

so that some of the funds available for disastéigation should be allocated to improve
management effectiveness of protected areas.

Management
12. Once plans have been developed, protected areayaranseed to ensure that steps needed to

maximise disaster reduction potential are incluidedy-to-day work programmes and priorities
including relationship building with local disastesponse agencies.
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Appendix 1:
International agreements linking ecosystem manageme nt to
disaster reduction

“We believe that the aim of thieternational community should be to reduce thesrtdbility to the
threat ofdisasters '

The participants at the July 2005 Gleneagles G8ritim

Until the 1970s, the international community coesét disasters as exceptional circumstances — the
once in a hundred year events which local capaditiye could not be expected to cope with and where
external emergency relief was essential. The cdrafegisaster preparedness was developed during the
1970s and 1980s and truly established in the 1986ish was declared the International Decade for
Natural Disaster Reduction, one of the principalg®f which was to institutionalise the culture of
disaster prevention. This goal has been aided d{th establishing the International Strategy for
Disaster Reduction (ISDR), as a global platformedmat helping all communities to become resilient

to the effects of natural disasters and to prodesd protection against hazards to the managenfent o
risk through the integration of risk preventionoistustainable developmétit

Complementing this change in attitude and straseigiwards disasters have been many agreements,
strategies, frameworks and resolutions signed lrgganents over the years to encourage application
of best practice in terms of disaster managemeast Mf these have made the links between protecting
the environment and the ecosystem services it gesyialthough few have suggested practical steps
towards reaching these targets.

The review below considers some of the most reagrgements and the specific
environmental/ecosystem recommendations they cofafliemphasis, i.e. text in bold and underlined,
has been added by report authors).

Agreement Details
United Nations (UN) Agenda 21 was adopted by more than 178 Governments at the
popularly named Earth Summit held in Rio de Janerio, Brazil, in June
Agenda 21 1992. As the whole of Agenda 21 is about the linkages between
(United Nations Conference environment and development it is not surprising that there are many
on Environment and relevant sections in the document relating to disaster management:
Development, 1992) from addressing the uncertainties of climatic change (Chapter 9), to
and specific actions to manage fragile environments (i.e. Chapter 13 on
Johannesburg Plan of Mountains, which includes an objective, paragraph 13.5, to generate
Implementation of the information to establish databases and information systems to facilitate
(World Summit on an evaluation of environmental risks and natural disasters in mountain
Sustainable Development, ecosystems). Overall the most relevant chapter is the one on
2002) Promoting Sustainable Human Settlement Development (Chapter 7)

which refers to developing a “culture of safety” in all countries,
especially those that are disaster-prone (paragraph 7.60).

Specific activities include, for example,: 7.29. All countries should
consider, as appropriate, undertaking a comprehensive national
inventory of their land resources in order to establish a land information
system in which land resources will be classified according to their
most appropriate uses and environmentally fragile or disaster-

prone areas will be identified for special protecti __on measures °*°.
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Agreement

Details

In September 2002, representatives of 191 governments gathered in
Johannesburg for the World Summit on Sustainable Development
(WSSD). The aim was to examine progress in achieving the outcomes
of the 1992 Earth Summit, and to reinvigorate global commitment to
sustainable development.

The result was a 54-page agreement called the Johannesburg Plan of
Implementation which sets out new commitments and priorities for
action on sustainable development in areas as diverse as poverty
eradication, health, trade, education, science and technology, regional
concerns, natural resources and institutional arrangements.

Paragraph 37 (IV. Protecting and managing the natural resource base
of economic and social development) states the need for:

An integrated, multi-hazard, inclusive approach to address
vulnerability, risk assessment and disaster management, including
prevention, mitigation, preparedness, response and recovery, is an
essential element of a safer world in the 21st century. The paragraph
has several action points including: (d) Reduce the risks of flooding
and drought in vulnerable countries by, inter alia, promoting wetland
and watershed protection _ and restoration, improved land-use
planning, improving and applying more widely techniques and
methodologies for assessing the potential adverse effects of climate

change on wetlands and, as appropriate, assisting countries that are
particularly vulnerable to these effects®?

Convention to Combat
Desertification
(1994)

In 1977, the UN Conference on Desertification (UNCOD) adopted a
Plan of Action to Combat Desertification (PACD). The plan had little
effect, so the Earth Summit supported a new approach to the problem
of desertification, by calling on the UN General Assembly to prepare a
Convention to Combat Desertification, particularly in Africa. The
Convention was adopted in Paris in June 1994 and over 179 countries

were Parties to the Convention by 2002°%.

This is the only example of convention aimed specifically at mitigating
one specific type of disaster (i.e. drought). In terms of the links
between natural disasters and drought Article 4 (General obligations)
of Part Il of the Convention (on General provisions), paragraph 2,
states that: In pursuing the objective of this Convention, the Parties
shall: (d) promote cooperation among affected country Parties in the
fields of environmental protection and the conservation of la nd

and water_resources , as they relate to desertification and drought®?.

United Nations Framework
Convention on Climate
Change (UNFCCC) (1994)
and

Kyoto Protocol

(1997)

In 1994, 191 countries signed up to the UNFCCC agreeing to both
consider what could be done to reduce global warming and to cope
with whatever temperature increases are inevitable. The Convention
notes that Parties should take what ever actions are necessary, i.e.
funding, insurance and the transfer of technology, to meet the specific
needs and concerns of developing countries who will have to cope with
the adverse effects of climate change especially countries with areas
prone to natural disasters (article 4: Commitments, paragraph 8).
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Agreement

Details

In 1997 the Kyoto Protocol significantly strengthened the Convention
by committing Parties to individual, legally-binding targets to limit or
reduce their greenhouse gas emissions. However no specific mention

to natural disasters is included in the Protocol®?.

World Conference on Natural
Disaster Reduction
(Yokohama, Japan, 1994)

The “Yokohama Strategy and Plan of Action for a Safer World:
Guidelines for Natural Disaster Prevention, Preparedness and
Mitigation” includes one principle (9) relating to the environment:
Environmental protection _, as a component of sustainable
development and consistent with poverty alleviation, is imperative in
the prevention and mitigation of natural disasters®?*.

World Conference on Disaster
Reduction
(Kobe, Japan, 2005)

In effect an updating of the Yokohama Strategy, the conference
culminated in the signing by 168 governments of a plan of action to
reduce the impact of natural hazards on populations. Since its adoption
the “Hyogo Framework for Action 2005-2015: Building the resilience of
Nations and Communities to Disasters”, has led to many countries
revising their policies to put disaster risk reduction at the top of their
political and development agendas®®.

The Hyogo Framework includes in section B (Priorities for action),
section (4) on reducing underlying risk factors, which states:

(i) Environmental and natural resource management

(b) Implement integrated environmental and natural resource
management approaches that incorporate disaster risk reduction,
including structural and non-structural measures, such as integrated

flood management and appropriate management of fragile
ecosystems °%°.

International Disaster
Reduction Conference (IDRC)
(Davos, Switzerland, 2006)

Co-organised by UNEP and the Swiss Federal Institute for Forest,
Snow and Landscape Research, the IDRC closed with the adoption of
a declaration by the more than 600 participants. The IDRC Davos 2006
Declaration focused on the five priorities in the Hyogo Framework,
while involving a larger group of risk management experts,
practitioners and scientists.

One of six themed findings/recommendations, the topic on
environmental vulnerability stressed that the protection of vital
ecosystem services is fundamental to reducing vulne rability to
disasters and strengthening community resilience . The declaration
thus noted that it is essential to recognise :
Environmental management as an integral part of disaster risk
reduction.
That some disaster reduction and recovery efforts can have
adverse environmental consequences that could be avoided.
That ecosystems based management, environmental engineering
solutions, mitigation of greenhouse gases and climate change
adaptation, and integrated water resource management all support
the goals of disaster risk reduction®?.

Ramsar Convention on
Wetlands

(COP 9, Kampala, Uganda,
2005)

The Convention on Wetlands, signed in Ramsar, Iran, in 1971, is an
intergovernmental treaty which provides the framework for national
action and international cooperation for the conservation and wise use
of wetlands and their resources. There are presently 155 Parties
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Agreement

Details

(countries) to the Convention and 1,675 wetland sites, totalling 150
million ha, designated for inclusion in the Ramsar List of Wetlands of
International Importance.

The Ramsar Convention has dealt with the issue of natural disasters at
several of the Conference of the Parties (COP) (e.g. Resolution VIII.35
on the impact of natural disasters, particularly drought, on wetland
ecosystems). But the 9™ COP in 2005 had perhaps the most expansive
discussion of the issue to date as recorded in Resolution 1X.9. Just one
of the most pertinent of the 22 paragraphs of the resolution is repeated
here.

Resolution 1X.9: The role of the Ramsar Convention in the prevention
and mitigation of impacts associated with natural phenomena,
including those induced or exacerbated by human activities

Para 14: “ENCOURAGES Contracting Parties and River Basin
Authorities to ensure that wetland ecosystems are managed and
restored , as part of contingency planning, in order to mitigate the
impacts of natural phenomena such as floods, provide resilience
against drought in arid and semi-arid areas, and contribute to wider
strategies aimed at mitigating climate change and desertification and
thus reduce the incidence or magnitude of natural phenomena induced

or enhanced by such changeezs.

2010 Biodiversity Target of
the Convention on Biological
Diversity (1992) (COP 6, the
Hague, the Netherlands,
2002)

and

Millennium Development
Goals (United Nations
Millennium Summit, 2000)

The Convention on Biological Diversity (CBD) has been ratified by 190
Parties. In decision VI/26 (2002), the COP adopted the Strategic Plan
for the CBD.

In the Plan’s mission statement, Parties committed themselves to a
more effective and coherent implementation of the three objectives of
the Convention, to achieve by “2010 a significant reduction of the
current rate of biodiversity loss at the global, regional and national level
as a contribution to poverty alleviation and to the benefit of all life on
Earth”.

This so-called 2010 Biodiversity Target was subsequently endorsed by
the World Summit on Sustainable Development and the United Nations
General Assembly at the 2005 World Summit.

The Summit also highlighted the essential role of biodiversity in
meeting the Millennium Development Goals (MDG), and thus the 2010
Biodiversity Target is one of four new targets being incorporated into
the MDGs, as proposed by the UN Secretary-General in his report to
the 61st General Assembly.

Agreed in 2000, the MDG'’s are a set of timebound and measurable
goals and targets for combating poverty, hunger, disease, illiteracy,
environmental degradation and discrimination against women. The
MDG's were agreed in the United Nations Millennium Declaration
(General Assembly resolution 55/2) and were formally adopted by all
189 Member States of the United Nations).
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Agreement

Details

To assess progress in achieving the goals of the Strategic Plan and the
2010 Biodiversity Target, a framework of seven focal areas was
adopted along with accompanying indicators of biodiversity status and
trends, goals and targets.

Of relevance here is the focal area of: maintaining ecosystem integrity,
and the provision of goods and services provided by biodiversity in

ecosystems, in support of human well-being; and the specific indicator
of: Incidence of human-induced ecosystem failure®?°. There is however

no methodology currently available to measure this indicator®*°.
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Appendix 2:
Review of information and guidance material availab  le to
protected area managers relating to disaster mitiga  tion

The following short review includes some key docataeand resources which may be of use to
protected area managers when considering the fgetected areas and disasters mitigation.

Identifying hotspots
A global analysis of disasters hotspots has beetedaout by the World Bank; the publication,
Natural Disaster Hotspots: A Global Risk AnalylsisMaxx Dilley, Robert S. Chen, Uwe Deichmann,
Arthur L. Lerner-Lam and Margaret Arnold, can beghased from the World Bank
(http://publications.worldbank.org/ecommerce/) angieb site and online tool is available at
http://geohotspots.worldbank.org/hotspot/hotspagakter.jsp. Six major natural hazards: cyclones,
drought, earthquakes, floods, landslides and volesmave been assessed and the online tool provides
a basis for identifying geographic areas of highelsttive disaster risk potential. The data and ¢tan
be used to prioritise disaster risk reduction itwvesits and better inform development and research
efforts, but the data is not detailed enough tswtable for land use planning.

Economic evaluation
Ramsar and the CBD have jointly publishéaluing wetlands: Guidance for valuing the benefits
derived from wetland ecosystem serviogdskudolf de Groot, Mishka Stuip, Max Finlaysordaick
Davidson which can be downloaded from http://wwaddv.org/doc/publications/cbd-ts-27.pdf. The
report outlines a framework to should assist thwamrting to conduct an integrated assessment of
wetland ecosystem services and provides detailethgoe on the steps involved in undertaking a
wetland valuation assessment.

Ecosystem management
IUCN's Ecosystem Management: Lessons from around the WoBlide for Development and
Conservation Practitioneredited by Jean-Yves Pirot, Peter-John MeynellRadny Elder can be
accessed from: http://www.iucn.org/themes/wetlagtisiystemmanagement.html. The volume
includes a discussion of tools that can be usddrtoulate and implement ecosystem-based
management activities and a set of guidelines entbhdntegrate ecosystem-based management
approaches into development projects.

Mitigating floods
Guidelines for reducing flood lossedited by Paul J. Pilon, downloadable from
www.un.org/esa/sustdev/publications/flood_guiddipéf, are focussed on the needs of the decision-
makers. The guidelines review the range of mitagatiptions that should to be considered when trying
to reduce losses from flooding. The guidelinestdel sections on risk management and flood plains
and flood plain and watershed management in general
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