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Policy for Natural Disaster management
The Policy for Natural Disaster Management was drafted by the National Disaster Manage-

ment Authority (NDMA) in 2009 indicating vulnerable zones on the map of India to various 

types of disaster (Map-1-4). The DM policy notified is based on the following 5 themes:

�� Community based DM, including last mile integration of the policy, plans and execution.

�� Capacity development in all spheres.

�� Consolidation of past initiatives and best practices.

�� Cooperation with agencies at National and International levels.

�� Multi-sectoral synergy.

The objectives as stated in the National Policy on Disaster Management are as under:

�� Promoting a culture of prevention, preparedness and resilience at all levels through 

knowledge, innovation and education.

�� Encouraging mitigation measure based on technology, traditional wisdom and environ-

mental  sustainability.

�� Mainstreaming disaster management into the developmental planning process.

Maps 1-4



ekDRM 2011  |   87

�� Establishing institutional and technological frameworks to create an enabling regula-

tory  environment and a compliance  regime.

�� Ensuring efficient  mechanism  for  identification, assessment and monitoring of disaster 

risks.

�� Developing contemporary forecasting and early warning systems backed by responsive 

and fail-safe communication with information technology support.

�� Ensuring efficient response and relief with a caring approach towards the needs of the 

vulnerable sections of the society.

�� Undertaking reconstruction  as  an  opportunity to build disaster resilient structures and 

habitat for ensuring safer living.

�� Promoting a productive and proactive partnership with the media for disaster  

management.

Chemical disasters
In the Pre-Bhopal phase ,  legislations in force such as ; Explosives Act, 1884 , The Petroleum 

Act, 1934 , Factories Act, 1948 and Rules made there under , The Insecticide Act, 1968 , Static 

& Mobile Pressure Vessels Rule, 1981 , Motor Vehicles Act, 1988  focused on on-site safety of 

workers.      No legal system to regulate, Off-site emergency system,   Safe storage and safe 

transportation of hazardous substances were in place.

Post Bhopal a Legal Regime consisting of the following Acts and rules were enacted, 

including Amendments to the Factories Act, 1948 and Motor Vehicles Act., 1988. 

�� Environment (Protection) Act, 1986 

�� Manufacture, Storage and Import of Hazardous Chemical Rules, 1989 amended, 2000

�� Chemical Accidents (Emergency Planning, Preparedness and Response) Rules, 1996 

�� Public Liability Insurance Act, 1991 and rules there under

Policy for Chemical Disaster management
The National Environment Policy of 2006 aims to mainstream environmental con-

cerns in all development activities. It describes the key environmental challenges both 

current and prospective for the country and in addition to others , stresses on the  

strategic themes for intervention and broad indications of the legislative and institu-

tional development.  The dominant theme of the policy is that while conservation of 

environmental resources is necessary to secure livelihoods and well-being of all, the 

most secure basis for conservation is to ensure that people dependent on particular 

resources obtain better livelihoods from the fact of conserva -tion , than from degrada-

tion of the resource. 
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One of the principles of the policy is prevention of environmental damage from occur-

ring, rather than attempting to restore degraded environmental resources. 

One of the actions proposed is strengthening of the legal arrangements and response 

measures for addressing emergencies arising out of transportation, handling, and disposal 

of hazardous wastes, as part of the chemical accidents regime.

Reducing Disasters and their Impact through legislations 
Disaster Management Act, 2005

The Disaster Management Act, was enacted in 2005 for establishing requisite institutional 

mechanisms (Fig-1) for drawing up and monitoring the implementation of disaster man-

agement plans, ensuring measures by various wings (Fig-2) of the government for preven-

tion and mitigating the effects of disasters, and for undertaking a holistic, coordinated, and 

prompt response to any disaster situation.

The National Disaster Management Authority (NDMA), under the Chairmanship of the 

Prime Minister, was set up as mandated.  NDMA is an apex body responsible for laying down 

policies, plans and guidelines on disaster management to ensure timely and effective re-

sponse to disasters. The Authority  in addition to preparing the National Policy on Disaster 

Management in 2009 , prepared  guidelines on prevention, mitigation, response, and recov-

ery for different types of disasters viz; earthquake, flood, landslides  and industrial disasters. 

Figure 1
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As per DMA, 2005 the State Governments are required to set up State and district Disas-

ter Management Authorities. The provisions of the Act relevant to the States/UTs have been 

brought into force w.e.f. 1 August 2007. As envisaged an eight battalion-strong National Disaster 

Response Force has also been set up comprising of 144 specialized response teams on various 

types of disasters of which 72 teams are for nuclear, biological, and chemical (NBC) disasters.

Ministry of
Agriculture

Hosts the NDMA, nodal authority for disaster management, coordinates
all programmes for disaster management

Ministry of
Home Affairs

Ministry of
Health & Family
Welfare

Ministry of
Science &
Technology

Department of
Telecommunication

Department of
Atomic Energy

Nodal ministry for drought. Takes up activities such as drought
contingency planning, insurance scheme, relief provisions etc in
coordination with the nodal agency

Nodal ministry for biological disasters. Also responsible for
strengthening the emergency medical support system to assist in the
disaster response. Takes up activities and formulates policies to deal
with epidemics post-disaster fallouts etc.

IMD provides constant inputs to the nodal agency on the climate and
weather forecasts and potential threats. Involved with the research
and technical activities in form of studies, hazard zonation and mapping
in the disaster management set up.

Policies for regulating communication facilities at the times of
emergency. Takes up measures to establish emergency communication
systems in collaboration with the nodal agency.

Part of the disaster management framework at three levels – as Nodal
Ministry for nuclear disasters, representation in the NCMC and
representation in the national executive council under the NDMA.
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Department of
Space

Takes up activities related to observation systems, monitoring weather
and climatic parameters, communication systems using satellites and
related programmes in collaboration with the nodal authority

Ministry of
Railways

Nodal Ministry for railway disasters and safeguarding railways from the
natural disasters. Instrumental in transporting relief materials during
the disaster response an rehabilitation activities.

Ministry of
Defence

Instrumental in the rescue and relief operations in case of disaster and
peace operation in case of civil strife.

Ministry of Civil
Aviation

Nodal ministry for aviation disasters. Instrumental in transportation
relief material in the post-disaster phase.

Ministry of Water
Resources

Ministry of
Urban
Development

Representation in the NCMC and national executive council under the
NDMA. Providing monitoring and forecasting inputs in times of flood
emergencies.

Representation in the NCMC. Preparation of building and construction
laws and codes, vulnerability mapping, etc.

Fig-2: Interface between the key Ministries and the disaster management framework

Environnent Impact Assessment (EIA)  Notification, 2006.
The Environment Impact Assessment Notification, 2006 envisages preparation of an  Environ-

ment Management Plan which details mitigation measures for each item wise activity to be 
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undertaken during the construction, operation and the entire life cycle to minimize adverse 

environmental impacts as a result of the activities of the project. It also delineates the envi-

ronmental monitoring plan for compliance of various environmental regulations and would 

state the steps to be taken in case of emergency such as accidents at the site including fire. 

Details called for in Form-1 under EIA include  risks due to   explosions, spillages, fires etc from 

storage, handling, use or production of hazardous substances and Effect of  natural disasters 

causing environmental damage (e.g. floods, earthquakes, landslides, cloudburst etc).

Coastal Regulation Zone notification, 2011
With a view to ensure livelihood security to the fisher communities and other local communi-

ties, living in the coastal areas, to conserve and protect coastal stretches, its unique environ-

ment and its marine area and to promote development through sustainable manner based 

on scientific principles taking into account the dangers of natural hazards in the coastal areas, 

sea level rise due to global warming, the Ministry of Environment and Forests (MoEF )through 

the CRZ notification, 2011  declared the coastal stretches of the country and the water area 

upto its territorial water limit, excluding the islands of Andaman and Nicobar and Lakshad-

weep and the marine areas surrounding these islands upto its territorial limit, as Coastal Reg-

ulation Zone  CRZ) and restricted the setting up and expansion of any industry, operations 

or processes and manufacture or handling or storage or disposal of hazardous substances as 

specified in the Hazardous Substances (Handling, Management.   This was in  supersession of 

the notification of the Government of India in the MoEF, number S.O.114(E), dated the 19th 

February, 1991. The details sought for in respect of disaster management are as under:- 

�� Whether located within the hazard zone as mapped by Ministry of Environment and 

Forests/National Disaster Management Authority?

�� Whether the area is prone to cyclone, tsunami, tidal surge, subduction, earthquake etc.?

�� Could the project be affected by natural disasters causing environmental damage (e.g., 

floods, earthquakes, landslides, cloudburst)?

Climate Change and Disaster management
Traditionally, disasters in India have been compounded by climatic factors. Being under the 

monsoon regime, the country has faced frequent floods, drought and consequent famines. 

However, the recent developments in the fields of disaster management and climate change 

have overlooked these obvious links and two separate institutional structures have evolved 

to service climate change and disasters. Whilst both frameworks have seen parallel develop-

ments, disaster management structure receive greater political priority and command im-

mediate attention among policy makers and users as they are associated with immediate 
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and well known risks. Consequently, the disaster management structure in India has a more 

evolved setup in comparison with the structure for addressing action on climate change ad-

aptation. The former structure, with strong legislative base, can be an effective entry point for 

integrating climate change adaptation concerns with the disaster management initiatives. 

Further, the presence of common stakeholders(fig-3) in the interfaces with the frameworks 

for disaster management and action for climate change make it a suitable alternative for 

exploring possibilities for integration. However, this will require wide-scale capacity building 

in the interface institutions. Robust policy measures to enhance the capacity of the interface 

institutions and also individuals who will be “gateway” and carriers of knowledge from one 

framework to the other will be required.
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Ministry of Science &
Technology

Ministry of Agriculture

Department of Space

Ministry of Health &
Family Welfare

Monitoring and forecasting
of extreme weather events
such as cyclones,
thunderstorms, floods and
d h

Policies and measures for
drought management and
building the resilience of
farmers to deal with
drought pestilence, etc.

Satellite observations and
monitoring of weather
parameters; satellite based
communications during

Impact of disasters on
public health, epidemics
and pandemics; post
disaster emergency
medical response
mechanisms

Climate change
modeling,
forecasting the
change in
weather elements
such as
temperature,
rainfall, etc. over
longer time scales

Impact of
extreme weather
events and
climatic
variability in form
of droughts,
temperature
extremes and
rainfall shifts on
agriculture sector,
constructing
impact and
vulnerability
scenarios

Climate change
modeling and
impact scenarios

Impact of climatic
variability such as
extreme
temperatures
rainfalls and
extreme events
on public health,
mortality and
morbidity;
construction and
impact scenarios

Fig-3: Common stakeholders and parallel interfaces with the disaster management and 
climate change frameworks
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Integration of climate change adaptation concerns in disaster management will need to 

be taken up at three levels – integrating adaptation to longer term climate scenarios with 

the disaster mitigation and response interventions; regularizing policy networks to take up 

climate change adaptation within the disaster management framework; and facilitating 

permeability among the parallel structures within the common actors in both frameworks. 

Lessons from India can have wider applications as many other countries share the common 

challenge of deciding how to best link the two parallel tracks for tackling climate adaptation 

and disaster management. The missing links in the institutional interface is indicated in fig-4.
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Indian Agriculture
Research Institute

Department of
Agriculture &
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IITM
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IISC

IMD

Emergency Relief
Division

Malaria Research Centre

Fig-4:-Missing links in the Institutional Interfaces

Interfaces needs to be developed

Recommendations
The greatest challenge for mainstreaming disaster risk into development planning is politi-

cal will and geographical equity. Following are some recommendations in the area of poli-

cies and legislation:-
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Legislation and Governance 

Disaster Management Plan and Environmental Impact Assessment mandated under the 

EIA for development projects and On-Site and Off-site emergency plans mandated under 

MSIHC and CAEPPR rules should cover Natural and applicable CBRN risks including fall out 

of the hazards.   Valuation techniques (including the DRI) should be used to project positive 

contribution of risk reduction investments in development. 

Disaster Preparedness

An attempt at maximizing the scares resources to improve disaster preparedness and re-

sponse is needed.

Disaster Recovery and Reconstruction 

R & R plan should be in readiness at all times.

Climate Risk Management

Robust policy measures to enhance the capacity of the interface institutions and also 

individuals who will be “gateway” and carriers of knowledge from one framework to 

the other will be required. Integration of climate change adaptation concerns in disas-

ter management will need to be taken up at three levels – integrating adaptation to 

longer term climate scenarios with the disaster mitigation and response interventions; 

regularizing policy networks to take up climate change adaptation within the disaster 

management framework; and facilitating permeability among the parallel structures 

within the common actors in both frameworks Building on capacities that deal with 

existing disaster risk is an effective way to generate capacity to deal with future cli-

mate change risk.

Managing  Risk 

Natural hazard is one among many potential threats to life and livelihood. People and com-

munities most vulnerable to natural hazards are also vulnerable to other hazards. For the 

poor, livelihood strategies is playing off of risks from multiple hazards sources – economic, 

social, political and environmental. Disaster risk reduction policy has to take into account 

and look for building generic as well as disaster risk specific capacities.

Knowledge for Disaster Risk Assessment 

A first step towards more concerted and coordinated  action on disaster risk reduction is 

clear understanding of the depth and extent of hazard, vulnerability and disaster loss.



94   |  Indrani Chandrasekharan et al

Specific recommendations towards this end are to:

�� Enhance National indexing of risk and vulnerability, enabling more and better country 

and inter-state comparisons.

�� Support state and sub-regional risk indexing to enable the production of information 

for national decision makers.

�� Develop a multi-tiered system of disaster reporting.

�� Support context driven risk  assessment
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Bamboo Green Belts-Innovative Option  
for Alternative Livelihood & Sustainable 

Coastal Protection 
K.G. Thara 

Coastal Dynamics in India 
The Indian sub-continent has a long coastline, extending to a length of about 7516.60 Kms 

including Daman, Diu, Lakshadweep and Andaman & Nicobar Island. About 23% (ie.,1450 

km) of shoreline along the Indian main land is affected by erosion, out of which 700 km is 

reasonably protected by construction of seawalls, groins, etc, and 750 km is yet to be pro-

tected. About 8% of the area in the country is prone to cyclone-related disasters such as 

storm surge, heavy winds and very heavy rainfall. Between 1891 and 2006, 308 cyclones are 

estimated to have crossed the east coast, out of which 103 were severe.  The west coast 

however witnessed lesser activity, with 48 cyclones, out of which 24 were of severe intensity.  

Evaluation of the vulnerability of the east coast of India (Mascarenhan, 2004) from over a 

century (1891–2000) of cyclone data reveal that of the cyclones that formed in the Bay of 

Bengal, Andhra Pradesh received 32 percent, Orissa 27 percent, Tamil Nadu 26 percent and 

West Bengal 15 percent. Though the frequency of occurrence of tropical cyclone is low in the 

east coast of India and Bangladesh, these regions are highly risk prone in terms of human 

population at risk. In the last 30 years, strength of tropical in the Atlantic region cyclones 

has more than doubled nearly doubled for the Western Pacific region.   This is attributed to 

the increased concentrations of greenhouse gases and concomitant increase of sea surface 

temperatures (Emanuel,2005).  This change and increased sea activity is most pronounced 

in the North Pacific, Indian and Southwest Pacific oceans, while the  least change is noticed 

in the North Atlantic Ocean.

Head, Disaster Management Centre, Institute of Land & Disaster Management, Trivandrum  
& Member, State Disaster Management Authority, Government of Kerala  
thara.kg@rediffmail.com
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Coastal Vulnerability of Kerala & Need for Protection
The 570 Kms long coastal zone of Kerala is vulnerable not only to the perpetual threat of 

coastal erosion but also to the storm surge due to cyclones. The coastal belts of Kerala are 

one of the most densely populated regions in the country, which increases its vulnerability.  

Kerala constitutes only 1.18 % of the total area of Indian Union but accounts for about 3.1 

per cent of Indian population. 

The costal plains is important not only as a major physiographic unit of the state, but 

also as one of the most thickly populated zones in the world. Almost 16 per cent of the Kera-

la’s population lives along this coastal belt, which is considered to be vulnerable to multitude 

of disasters such as beach erosion, cyclone ,tsunami, storm surge, sea level rise  etc.  

The state is also susceptible to cyclonic winds. 96.9 per cent of the total area in the State 

lies in the 140.4km/h wind zone (moderate damage risk zone) and rest lies in 118.8km/h 

wind zone. The probable maximum storm surge height in the State is 3.5m and minimum 

is 2.3m.  If the Storm surge is during high tide, the maximum surge height in the state may 

reach 4.2 m and minimum storm height may reach up to 3 meters (BMPTC vulnerability At-

las of India, 2002). The Density of population is 819 persons /km2, which is the third highest 

density in the country (Economic review,2010).  

Topographically, 54.17 per cent of the area in the state is low lands, the altitude of which 

is only 10-300m and the altitude of coastal plains and lagoons which constitutes about 16.40 

% of the total area is below 10 m from the mean sea level. 

All the above-mentioned factors make the estimated 8,43,587 fishermen population of 

the state( Fisheries department, 2004), extremely vulnerable.   Fishermen constitute about 

3 per cent of the total population and active fishermen are estimated to be 2.2 lakhs.   The 

physiographical peculiarities, low altitude from mean sea level, small width and high density 

of population make the coastal population especially sensitive to sea level rise, high tides, 

tsunami and coastal erosion.  

Risk Reduction Through Green Belts
The rapid increase in greenhouse gases in the atmosphere, land degradation, increasing 

floods and droughts, deforestation, loss of biodiversity and productivity are leading to an 

ecological crisis affecting livelihood options leading to poverty, pollution and unsustainable 

development. As the coastal areas are the most vulnerable, it is imperative that scientific 

management of disasters and augmentation of resilience through natural interventions 

have to be given the highest priority so as to protect the poor, who directly bear the brunt of 

these adversaries. This suggests, inter alia, a policy to actively encourage and support planta-

tion of green belts to overcome these constraints. 
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In India, interventions for prevention of coastal erosion have primarily been centered 

around structural measures such as construction of seawalls, revetment, groynes, off-shore 

break waters etc.  However, with increasing realisation of the adverse effects observed in the 

downstream side of all structural options, need for shifting to non- structural or soft measures 

such as vegetative covers, beach nourishment etc is increasingly felt by the policy makers, 

scientific and the local communities. Barriers of trees and shrubs which act as bio shields are 

increasingly becoming an option for coastal protection because of their multi-fold benefits.  

Some coastal plants commonly used as green belts are Nyamplung (Calophyllum ino-

phyllum), Cemara Laut (Causarina equisetifolia), Ketapang (Terminalia cattapa), Waru Laut 

(Hibiscus tillaceus), Putat Laut (Barringtonia asiatica), Bintaro (Cerbera manghas). Since the 

choice of species for shelterbelts is dictated largely by the local climate , soil conditions, 

physical and chemical properties of the substratum and the  tolerance to high salt condi-

tions, mangroves are generally the most favoured natural species in tropical coastal regions. 

However, these are sensitive to many ecological factors, including changes in water flow, 

salinity.  Moreover, mangroves over large offshore regions may limit fish-farming opportuni-

ties, and establishment of shelterbelts that are contiguous onshore, may limit the types of 

agriculture or forestry that are available in the coastal area. 

It is important to note that a shelterbelt protects an area over a distance up to its own 

height on the windward side and up to twenty times its height on the leeward side, depend-

ing on the strength of the wind ( Eugene S. Takle, T.C. Chen and Xiaoqing Wu, 2007).  In re-

gions where the combination of exposure to tropical cyclones and soil conditions does not 

favour the use of mangroves, tall trees such as some varieties of coconut palms and rubber 

trees are already in use , especially in locations beyond the inundation. Examples of such 

coastal protective belts include a 3000-kilometre shelterbelt built mainly with C. equisetifolia 

along China’s southern coast and use of coconut palms and rubber trees on the west coast of 

Indonesia (Smith, 2006). Casuarina equisetifolia is also used as a shelterbelt species in tropical 

coastal areas because of its height (up to 30 metres), rapid growth rate and high tolerance 

to salty environments as well as to high rainfall, although in some regions it is considered 

unpopular owing to its invasive habit and lack of support for an accompanying diverse eco-

system. 

Bamboo As An Option
India ranks second in the world in bamboo reserve and diversity, with 136 species and an 

estimated 8.96 million ha. in the forest area. Though a National Bamboo Mission was formed 

to promote the growing and promotion of bamboo, the country exploits only one–tenth 

of its total potential. The history of using bamboos in day to day life such as construction of 
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houses and buildings, poultry sheds goat farms and for making furniture, cowsheds , fencing 

for compound and protection of  agricultural land, construction of small bridges, scaffold-

ings, etc., in India dates back more than 5000 years. 

Bamboo is increasingly being recognized as a healthy alternative in modern sustainable 

architecture and there is tremendous scope for widening its utility both in urban and rural 

area. However, the wide scope for product diversification and use of bamboo in different type 

of construction such as load bearing structures,  thatching ,partition walls, staircase reelings, 

flooring , frame in minor RCC work etc is not fully utilised. Bamboo thrives in warm climates 

where the earth is kept moist with frequent monsoons and there is also scope for promot-

ing the skill of Artisans and to strengthen the marketing through its value added products. 

Ability to mature to a height of 20 meters or more in a mere four years and an extensive root 

system which remains intact, allowing for rapid regeneration , are qualities which make bam-

boo an ideal plant for areas threatened with the potentially devastating ecological effects of 

soil erosion. Apart from bamboo basketry, woven boats made of bamboo splits are also used 

for rescue operations in disaster situations in countries such as Vietnam. 

Kerala state has approximately 3600 hectares of shelterbelt plantations and another 

1800 hectares is planned to be brought under the green belt  to address the escalating risk 

factors in the coastal regions.   Apart from reducing State’s Vulnerability to Cyclones and 

storms, this is expected to stabilize the coast and prevent the erosion of sand by the winds, 

protection of life and property from cyclonic storms and floods and ensure sustainability of 

coastal zones.  

Social and Economic Benefits of Bamboo as a Green Belt
Introducing bamboo in the shelterbelt and coastal forests is proposed as an environmen-

tally attractive, innovative and sustainable option, in the light of its status as an ideal species 

capable of achieving conservation of soil and moisture, repair of degraded land,  ecological, 

food and nutritional, livelihood and economic security ,its manifold uses and industrial ap-

plications. 

Most species of bamboo produce mature fibre in about three years and grows much 

faster than any tree species. Some species grow up to one metre a day, with the majority 

reaching a height of 30 metres or more. Despite the National Bamboo mission actively in-

volved in the promotion, research and marketing of bamboo and bamboo based handi-

crafts, its use as a coastal protection belt is yet to be explored in a large scale.  Bamboo can 

also be used in many building products, including bamboo-glass fiber composites, plywood 

substitutes, and laminated flooring and are ideal in disaster resistant construction. By virtue 

of its structural advantages such as strength and light weight,  bamboo buildings are inher-
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ently resistant to wind and earthquake forces. These properties can be effectively exploited 

through promotional plantations and construction initiatives along the coast. 

Bamboo as an Alternative Source of Livelihood & Income Generation
In recent years, the demand for bamboo has increased within the country and abroad as a raw 

material for furniture making, as panel boards substituting wood, as agricultural implements, 

house/construction related uses and also as a vegetable. It can also act as the ‘poor Man’s steel’ 

in disaster resistant construction techniques. Bamboo plantations are expected to :

�� Increase employment opportunities

�� Provide an alternative source for employment 

�� They are renewable, are harvested with no harm to their natural habitat, and produce 

materials that promote a healthy human environment

It is pertinent to note that 54 per cent of fishermen in Kerala, have an income of less than 

thousand rupees per month only and are below poverty line. Sixty four percent of fisher men 

household in Kerala are in debt because of financial loans they have availed for purchase 

of fishing implements.  Coast related disasters simply strip these populations  off their only 

means of livelihood, spiraling them into more and more debts and deprivation.   The tsu-

nami of 2004 stand a testimony to the severe damage and destruction they can wreak in 

infrastructure, assets, services and economic activities.  Bamboo cultivation would help the 

fishermen and fisherwomen to become more self –reliant by ensuring a minimum wage, 

through a simultaneous promotion of bamboo-based handicrafts and innovative construc-

tion technologies.  This is significant especially in a country which has a 7516 Km stretch of  

sea coast. 

Conclusions
Dynamics of the coastal stretch of the country and the high risk of the communities to mul-

titudes of hazards such  as cyclone, storm surge, beach erosion, sea level rise, tsunami , high 

tides etc makes it imperative to protect thee life and property of these populated areas.  

Adverse effect observed in the downstream side of all structural options necessitates pro-

motion of soft-structural measures for reducing or preventing impacts of cyclone, sea surge 

and beach erosion. Introduction of bamboo as an innovative option in green belts will not 

only ensure environmental conservation and eco development, but also help our economy 

by generating alternative income and employment opportunities for those communities 

whose livelihood options are threatened during any disasters. Qualities such as ability to 

mature to a height of 20 meters or more in a mere four years and an extensive root system 
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which remains intact make bamboo an ideal plant for areas threatened by coastal hazards 

and its structural advantage can also be exploited in the construction of disaster resistant 

construction.   

Acknowledgements 
�� Economic Review, 2004, State Planning Board, Government of Kerala

�� Economic Review, 2010, State Planning Board, Government of Kerala

�� Emanuel, K.A. 2005. Increasing destructiveness of tropical cyclones over the past 30 

years, Nature, 436: 686–688

�� Eugene S. Takle, T.-C. Chen and Xiaoqing Wu  ,2007,  Protective functions of coastal 

forests and trees against wind and salt spray, FAO Corporate document repository

�� Mascarenhan, A, 2004. Oceanographic validity of buffer zones for the east coast of 

India: A hydro-meteorological perspective. Current Science, 867: l399–407

�� Selvam,V., Ravishankar, T., Karunagaran, V.M., Ramasubramaniar, R., Eganathan, P. & A.K. 

Parida. 2005. Toolkit for establishing coastal bioshield. Centre for Research on Sustain-

able Agriculture and Rural Development, M.S. Swaminathan Research Foundation  

�� Smith, M, 2006. The right way to rebuild Asia’s coastal barrier. Mangrove forests can 

act as ‘bioshields’ against storms. SciDev.Net. 12 January 

��  Vulnerability Atlas of India, 2002, Building materials &technology Promotion Council    



ekDRM 2011  |   101

Professor & Head, Department of Forestry 
Dolphin (P.G.) Institute of Bio-medical & Natural Sciences Dehradun- 248007, Uttarakhand, INDIA 
 biswassas@gmail.com 

Invasive Alien Species – A Massive But 
Slow Way to Catastrophes

Sas Biswas

Introduction
An invasive species is of floral or faunal origin, alien to an ecosystem. International Union 

for Conservation of Nature and Natural Resources ( IUCN) defines alien invasive species as 

an alien species which becomes established in natural or semi natural ecosystems or habi-

tats threatening native biodiversity. Such species occupies a larger area of indigenous spe-

cies, thus it becomes gregarious and dominant and ultimately causes ecological stress and 

economic loss. Invasive alien species are recognized as one of the leading threats to the 

environment and biodiversity imposing enormous costs on agriculture, forestry, fisheries, 

and other human enterprises, as well as on human health. Rapidly accelerating trade, tour-

ism, transport, and travel over the past century have dramatically enhanced the spread of 

invasive species, allowing them to surmount natural geographic barriers. Issues related to 

invasive flora and fauna have been stressed in different international concerns such as in 

Convention on Biological Diversity (CBD), IUCN, World Trade Organization (WTO) addressing 

to various aspects of mitigation and eradication. Ship ballast water is presently one of the 

most common ways that the alien species are introduced into foreign lands. In order to pre-

vent an ecological crisis international community is aiming at developing new technologies 

and legislation such as the Ballast Water Convention.

Climate change and invasive alien species
Global climate change which is now a reality has begun to show its impacts on the biological 

world. These impacts  include alterations in species distributions and changes in abundance 

within existing distributions and interaction among the species and the ecosystems.
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Invasive species  find the changes in climate and the topography  more conducive 

for their colonization, establishment and spread. The slow change in climate results into 

slow but sure impact of invasive alien species. McNeely (2000) believes that as the climate 

changes, patterns of production and trade in agricultural commodities are likely to change 

as well, with crops adapted to tropical conditions being grown more competitively in higher 

latitudes and altitudes. The sources of tropical invasive species that may contaminate such 

crops will also increase.

Ecological Aspects of  Invasion
According to  Williamson (1998) of those species that are introduced, about 10% become 

established. So, as a rule of thumb, about 1% of introductions are likely to become invasive. 

The probability of a species becoming invasive increases with the initial population size, so 

species introduced intentionally and marketed over a long period of time often have greater 

likelihood of establishment. Species having larger native geographic ranges are more likely 

to be invasive than those with smaller native ranges. A species that is invasive in one country 

or location is likely to be invasive in an ecologically or climatologically similar country or lo-

cation. Species with specialized pollinators are unlikely to be invasive unless their pollinators 

are also introduced. Successful invasions generally require that the new habitat be compat-

ible, especially in terms of climate conditions (McNeely,2000). 

Biological Features and Early Warning on Invasiveness of Flora
Rejmanek and his colleagues (2000) explained in general that small genome size within a 

generic status of taxa indicates plant invasiveness in disturbed landscapes; invasiveness of 

woody taxa in disturbed landscapes is associated with small seed mass, short juvenile pe-

riod, and short intervals between large seed crops; vegetative forms of reproduction are an 

important factor, with the importance of this factor increasing with latitude; species of exotic 

nature  are more likely to be invasive than  alien taxa with close relatives in the native flora; 

taxa that depend on generalized pollinators and seed dispersers rather than specialized ones 

are more likely to be invasive; and species with numerous, relatively small, soil-stored seeds 

are pre-adapted for human dispersal, and hence invasion. It is mentioned that the disease  

organisms of invasive nature reproduce fast hence can spread quickly. The age of reproduc-

tive maturity, disturbance frequency, habitat disturbance  and fecundity  are characteristic of 

invasiveness . Propagules of plants as spores and seeds travel  over long distances by water, 

wind, domesticated animals etc at remarkably high speeds.

Monocarpic plants and parthenogenetically developed species of fauna become spo-

radic, gregarious and ultimately invasive after having distributed phyto/ zoogeographically. 
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Factors Responsible for Invasion
Human-driven changes in land use (e.g., clearing of forests to create more edge habitats) 

and climate (e.g., longer growing seasons) provide new and expanded habitats where in-

vasives can thrive.  In fact, the invasion of natural system by aggressive, non-native species 

has been identified as one of the most significant drivers of modern environmental change, 

second only to direct habitat conversion.  When invasive alien species disrupt ecological 

processes, they can reduce the economic viability of local, resource-dependent economies 

leading to social instability and economic hardship.  The invasive alien species in the begin-

ning are slow in dispersal, establishment, colonization, invasion, spreading and out- compet-

ing before becoming gregarious and becoming obnoxious. This could be in slow motion for 

the present requiring rapid action and management at faster pace.

Invasives – Massive but Slow Way to Catastrophes  
Invasion of several species through vegetative and reproductive stages of succession can 

be considered in slow motion at present, awaiting conducive and opportune time and 

space to make disastrous effect. Species such as Prosopis chilensis (P. juliflora), water hyacinth 

(Eichhornia crassipes),  Salvinia, Lantana, Mimosa, Mikania, Parthenium, Eupatorium, etc. are 

aggressively invasive, very destructive and their spread remains unchecked. Some of our 

best forests have been suffering from the infestation of Lantana, Parthenium, Eupatorium, 

etc. Similarly, the bane of tropical wetlands is the pernicious weed water hyacinth. Scotch 

broom (Cytisus scoparius) and Ulex europaeus are destroying very large patches of prime sho-

la grasslands of the Nilgiris. In open canopy forests exotic weeds like Mikania micrantha and 

Chromolaena are taking over while Mimosa invisa is choking the grasslands in the northeast. 

It is considered that 40% of the species in the Indian flora are alien, of which 25% are invasive. 

The major adventive weeds becoming gregariously invasive are Lantana camara, Partheni-

um hysterophorus, Eupatorium species, Chromolaena odoratum, Mikania micrantha, Ageratum 

haustonianum, Salvinia molesta, Mimosa pigra etc. Parthenium is an exotic species of tropical 

American origin and invaded into bioclimatic to agro-climatic regions to urban landscape. 

Its invasion was first reported in the year 1951 from Pune in Maharashtra. This species is an 

aggressive colonizer of degraded areas and exposed soil such as fallow wastelands, road-

sides and overgrazed pastures. Mikania micrantha, a perennial fast growing invasive of neo-

tropical origin has become rampant in north eastern and south west regions of India and 

have resulted into loss of biological diversity, prevention of regeneration and growth and 

development of forest species etc. Lantana was introduced in India as an ornamental during 

1809-1810 and has spread fast in different habitats particularly in the areas disturbed by 

various activities by man. High nutrient extraction efficiency has contributed to its coloniza-
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tion on the degraded sites with shallow soils.

Invasions are sometimes caused by deliberate release, whereas often the species by 

virtue of its reproductive behavior and ecological need become rampant. Several methods 

such as mechanical, cultural, chemical and biological have been attempted to check the for-

est invasive species such as Lantana and Parthenium. The environmental requirements of 

invasive species cause a change in soil structure, its profile, decomposition, nutrient content 

of soil, moisture availability etc. The effective management of invasive species depends upon 

the knowledge about their morphology, phenology, ecology, physiology, allelopathic cycle, 

nutrient requirement, utilization etc. 

Various insect pests and pathogens of plants have become introduced into newer lo-

calities along with the planting material such as seeds, cuttings, corms, rhizomes etc.  Among 

the most common examples of invasive insect pests of forest plants are Quadrispidiotus per-

niciosus (poplars, willows), Icerya puchasi, (Acacias), Heteropsylla cubana (Leucaena), Pineus 

leavis (pines), etc.  Some of the invasive pathogenic fungi of forest introduced in India are 

Cercospora pini-densiflorae (needle cast of pines), Cryphonectria cubensis (stem canker of eu-

calypts), Monochaetia unicornis (Cankers Cupressus, junipers), Sarocladium oryzae (on bam-

boo) etc. The recent outbreak of eucalyptus gall insect (Leptocybe invasa) epidemic in south 

India and its unhindered spread to the northern parts of India is a striking example of an 

invasive insect species reaching India with imported planting material. Some of the invasive 

pathogenic fungi introduced in India are Cercospora pini-densiflorae (needle cast of pines), 

Cryphonectria cubensis (stem canker of eucalypts), Monochaetia unicornis (cankers in cupres-

sus, junipers), Sarocladium oryzae (bamboo blight), Ceratocystis ulmi (Dutch elm disease of 

Ulmus spp.), Cylindrocladium spp. (blight in eucalypts), etc. Several of the aforementioned 

species were slow in establishment at onset but later became invasive and obnoxious. 

Management strategies
Management strategies on invasive alien species should aim at carrying out studies on the 

Impact of alien species on the ecosystem goods and services of an area vulnerable to inva-

sion, Identification of activities responsible for spread of invasive species for threat value 

assessment and conservation of affected species, Integrated management approach cover-

ing bio-control, bio-mitigation and phyto-sanitation, development of mechanism for surveil-

lance of invasive species covering recording and early warning, besides rapid action, build-

ing capacity and sensitization of stakeholders, and development of National Strategy and 

Action Plan covering invasive species of different ecosystems and landscape.



ekDRM 2011  |   105

References
�� Biswas Sas. (2010) Disaster in slow motion for rapid action and management – a con-

cern of invasive alien species. Paper presented in a Training programme, 19th January 

2010, organized by Forest Research Institute, Dehradun and National Institute of Disas-

ter Management, New Delhi 

�� McNeely J. (2000) Global  strategy for addressing the problem of invasive alien species- 

A result of the Global Invasive Species Programme (GISP) IUCN-The World  Conservation 

Union, 1196 Gland, Switzerland

�� Rejmánek, M., D.M. Richardson, S.I. Higgins and M. Pitcairn (2000) Ecology of invasive 

plants: State of the art. Chapter for GISP synthesis volume.

�� Williamson, M. (1998). Measuring the impact of plant invaders in Britain: In Starfinger, S., 

K.Edwards, I. Kowarik and M. Williamson (eds.): Plant Invasions. Ecological Mechanisms 

and Human Responses, Leiden, Backhuys: 57-70.



106   |  Anil K. Gupta et al

Environmental Knowledge for 
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Introduction
In recent years, 90% of natural disasters worldwide have been related to water and climate; 

floods account for nearly 70% of the people affected in Asia.  During the period 2000 to 

2006, 2,163 water-related disasters were reported globally in the EM-DAT database, killing 

more than 290,000 people, afflicting more than 1.5 billion people and inflicting more than 

US$422 billion in damages. The United Nations University Institute for Environment and Hu-

man Security (UNU-EHS) warns that unless preventative efforts are stepped up, the number 

of people vulnerable to flood disasters worldwide is expected to mushroom to two billion 

by 2050 as a result of climate change, deforestation, rising sea levels and population growth 

in flood-prone lands.

In general, all water-related disasters events increased between 1980 and the end of the 

twentieth century. Floods and windstorm events increased drastically from 1997 to 2006, 

but other types of disaster did not increase significantly in this period. Floods doubled dur-

ing the period 1997 to 2006 and windstorms increased more than 1.5 times. Drought was 

severe at the beginning of the 1980s and gained momentum again during the late 1990s 

and afterwards. The numbers of landslides and water-borne epidemics were at their high-

est during the period 1998–2000 and then decreased. Waves and surges increased between 

1980 and 2006.
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United National International Decade for Disaster Reduction (IDNDR) has devoted its 

1997 year campaign on the theme ‘water..….too much….too little , leading cause of disas-

ters’ is still relevant even after 15 years of worldwide efforts of understanding and reduc-

ing risk of natural disasters. Environmental changes in particular – climate-change, natural 

resource degradation and land-use changes, are known to cause new hazards besides ag-

gravating impact of existing hydro-meteorological disaster risks. Loss of environmental re-

sources and ecosystem resilience noted worldwide and in particular in developing regions 

like India, has been identified as a key concern in managing the livelihoods, agricultural 

productivity, health and thus, the overall vulnerability toward impact of water and climate 

related disasters. Management of land-resources and land-use has significant role in reduc-

ing risk and vulnerability especially of the climatic disasters and in coastal and mountain 

environments. Coastal zone management is recognized with serious concern for reducing 

the risk of major disasters like catastrophic cyclone, tsunami, coastal erosion, flooding, salt 

water intrusion, etc. In mountain areas the approached of ecosystem management in par-

ticular the watershed protection, rangeland management, joint forest management, etc. are 

directly associated with resilience against climatic disasters. 

Volcanic eruptions

2%

Windstorms

28%

Forest/scrub fires

5%

Floods

37%

Extreme

Temperature

5%

Earthquakes

8%

Droughts and

famines

9%

Avalanches and

landslides

6%

Figure 1: Global natural hazards by categories (1993-2002) (WMO).

Irony from experience is that the disaster manager’s often fail to recognize the envi-

ronmental dimensions of disaster risk, vulnerability and also of the post-disaster actions, 

whereas environmental managers seldom focus on evaluating disaster risk aspects within 

their studies. There is also a need to analyze and/or to develop approaches, tools, techniques 

and methodologies, legislative framework, statistical and decision support systems of envi-

ronmental management for their role in disaster risk management. 
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“Development is neither a simple, nor straightforward linear process. It is a multi-dimen-

sional exercise that seeks to transform society by addressing the entire complex of inter-

woven strands, living impulses, which are part of an organic whole” (Haqqani, 2003). With 

increasing number of environmental hazard-induced disasters leading to ever increasing 

human tragedy and economic costs, the international community is calling for the substan-

tial reduction of disaster risk by 2015. The Hyogo Framework for Action sets out the path 

for the International Strategy for Disaster Reduction (ISDR), and since its adoption in 2005, 

disaster risk reduction (DRR) has a come a long way with respect to concept development 

and practical application. 

United Nations agencies including UNEP, UNDP, IUCN, UN-ISDR and UNU Institute of 

Environment and Human Security, jointly with many international organizations like ADPC, 

WWF, GFMC, ProAct Network, SEI, and the Council of Europe, have formed a Partnership for 

Environment and Disaster Risk Reduction (PEDRR) in year 2008 with headquarter at Geneva. 

UN-OCHA has setup a joint Environment Unit with UNEP to emphasize environmental as-

pects of disasters and their management. UN-ISDR and IUCN have come up with a number 

of publications on linkage of environment and disasters with particular focus on hydro-

meteorological risks. However, at national levels the initiatives for emphasizing the linkages 

between the two are yet to be institutionalized in India.  

Figure 2: Environment-development interface for disasters and adaptation.

Environment and Disasters 
Environmental degradation is the deterioration of the environment through depletion of re-

sources such as air, water and soil; the destruction of ecosystems, habitat and the loss of natural 

homeostasis. It is defined as any change or disturbance to the environment perceived to be del-

eterious or undesirable, be it quantitative or qualitative. 
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Environmental degradation is one of the Ten Threats officially cautioned by the High 

Level Threat Panel of the United Nations including World Resources Institute, UNEP, UNDP 

and the World Bank. Disasters are the events of environmental extremes which are inevitable 

entities of this living world. Over the years, with the increasing human intrusion in the natu-

ral systems and the changing global environment, the frequency and impact of the disasters 

is augmenting. Following are the three major faces of environmental change primarily re-

sponsible for causing or aggravating hydro-meteorological disasters (figure 2):

�� Climate-change

�� Natural resources 

�� Land-use changes

Environment and disasters are inextricably linked, particularly in context of hydro-mete-

orological hazards, climatic risks and epidemiological challenges. It is now widely recognized 

in terms of following interface:

Environmental degradation leads to water & climate related disasters: Environmental deg-

radation can occur owing to natural processes or due to human induced impacts. Alteration 

of natural systems and processes, destruction of habitats, loss of quality of environment and 

exploitation of resources are the broad indicators of environmental degradation. Climate-

change and natural resource degradation are known to generate or aggravate disasters es-

pecially of the hydro-meteorological origin. Increasing trend in these disasters like floods, 

drought, cyclone, pest-attack, fires, (and erosion, slides or epidemics) as secondary impacts), 

worldwide and especially in continents of Asia and Africa is a serious concern for govern-

ments and communities. 

Environmental degradation causes vulnerability: Besides causing new hazards and aggra-

vating precursors of disaster events, degradation of environment increases socio-economic 

vulnerability by reducing water, food and nutrition, sanitation and health, livelihoods, hous-

ing, bioproductivity, entrepreneurship, and thus, overall economics jeopardizing the coping 

capacity of people. Low capacities result in high exposures to hazard prone locations and 

conditions of high disaster risk. Poor environmental quality and degraded natural resources 

also cause social conflicts and political instability. 

Disasters impact environment: Disaster events are also known for causing serious im-

pacts on environment affecting natural processes, natural resources and ecosystems, and 

thereby creating conditions for secondary or future disasters including complex emergen-

cies. Natural disasters can also trigger chemical or technological disasters. Environmental 

sustainability is also compromised during disaster management operations and recovery 

process due to improper disposal of disaster and relief wastes, acute exploitation of natural 

resources and inappropriate land-use/landscape modifications. 
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Environmental Management and Disaster Management Cycle
Knowledge of environment is crucial in all stages of disaster management cycle including pre-

disaster prevention and mitigation, and during post-disaster response, relief, reconstruction 

and recovery (figure 2). Experience of the past disasters indicated that environmental services 

like shelter, water, food safety, sanitation and waste management form crucial components in 

emergency relief especially in case of water and climate related disasters. On the other hand, 

concern on disaster risk and mitigation is equally important in all stages of environment man-

agement from prevention of hazards and environmental degradation, control, impact minimi-

zation, remediation, rehabilitation overall sustainability in environmental systems. 

A well-managed environment can act as a buffer against disasters. This can happen in 

two ways. A healthy or well-functioning ecosystem can regulate or mitigate the hazard itself, 

thus preventing a disaster from taking place or reducing its impacts. In addition, healthy eco-

systems reduce people’s vulnerability to disasters by increasing the resilience of communi-

ties through meeting basic needs (water, food, health, fuel, etc.) and supporting sustainable 

local livelihoods and economies. Opportunities of integrating environmental management 

and disaster risk management together, hence, are a prime concern emerged globally. Envi-

ronmental laws and strategic instruments viz. EIA, Risk & Vulnerability Assessment, Ecological 

modeling and predictions, Auditing, Environmental Laws facilitate at key stages of disaster 

risk management.

Figure 3: Environmental aspects in various stages of disaster management
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Hydro-meteorological Disasters: Implications of climate-change
Hydro-meteorological hazards are the natural processes or phenomena of atmospheric, hy-

drological or oceanographic nature, which may cause loss of life or injury, property damage, 

social and economic disruption, or environmental degradation. Hydro-meteorological hazards 

include: floods, debris and mud floods; tropical cyclones, storm surges, thunder/hailstorms, rain 

and windstorms, blizzards and other severe storms; drought, desertification, wildland fires, tem-

perature extremes, sand or dust storms; permafrost and snow or ice avalanches. Hydro-meteoro-

logical hazards can be single, sequential or combined in their origin and effects.

Figure 4: Climatic and environmental implications on disaster risks (Gupta, 2010).

India is among the world’s most disaster prone areas. India support 1/6th of the 

world’s population on just 2 % of it landmass. Nearly 59 % of India’s land area is prone 

to earthquakes of moderate to very high intensity, over 40 million hectares (12 % of 

land), is prone to floods, close to 5700 kms of its 7516 km coast line (about 8%), is 

cyclone prone and exposed to tsunamis and storm surges, 2% of land is landslide 

prone, and 68% of India’s arable land is affected by droughts. Of the 35 States and 

Union Territories, as many as 27 are disaster prone (GoI, 2004). Most disasters in India 

are water related. 



112   |  Anil K. Gupta et al

These trends are likely to exacerbate in future with climate change. The projected in-

crease in precipitation and rainfall, the glacial meltdown and rising sea levels will affect India 

particularly severely, creating conditions for more hazardous events and will lead to increase 

in incidence of floods, cyclones, and storm surges. Though it is not possible to predict the 

future frequency or timings of extreme events but there is evidence that the risk of drought, 

flooding, and cyclone damage is increasing and will continue to do so. Climate change is 

also likely to threaten India’s food security, increase water stress, and increase occurrences of 

diseases especially malaria. Implications of global processes and local changes driven by cli-

mate-change that results or aggravates disasters are shown in figure 4. Lack of availability and 

access to technological and financial resources coupled with a high dependence on climate 

sensitive sectors-agriculture, fisheries, forestry-have made India highly vulnerable to climate 

change. A large and growing population, densely populated and a low-lying coastline, and an 

economy closely tied to its natural resource base, further intensifies this vulnerability. 

Ecosystem Approach to adaptation and DRM
Ecosystem-based Adaptation (EbA) options are often more accessible and affordable to the 

poor than adaptation interventions based on infrastructure and engineering. It is consistent 

with community-based approaches to adaptation; can effectively build on local knowledge 

and needs; and can provide particular consideration to the most vulnerable groups of people, 

including women, and to the most vulnerable ecosystems. Improved ecosystem manage-

ment practices need to be developed and promoted to strengthen adaptation to climate 

change impacts (figure 5). As examples, at the local specific level, these include appropri-

ate agricultural and water management practices, breeding techniques for introduction of 

Figure 5: Linking climate change adaptation, ecosystem management and disaster risk reduction (
Source: UNEP 2009)
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drought-tolerant, salt-tolerant, and standing-water tolerant crops and tree species; improved 

livestock management and fodder management practices.  At the systems level, this might 

include alternative cropping or land-use model, strengthening the extension system, or sup-

porting more effective decentralized planning processes for watershed management that 

can enhance more locally specific adaptive processes. A more systematic approach of inte-

grated natural resource management for cyclone risk management is shown in figure 6.  

Figure 6: Coastal management framework for short-term and long-term mitigation for cyclone disaster

EIA as a decision making tool helps in identifying viable and sustainable option for 

structural or non-structural measure of disaster mitigation, whereas post-disaster EIA 

forms a part of damage, loss and needs assessment that enables planning for reconstruc-

tion and recovery. Although most EIAs implicitly have focus on natural disaster risk in the 

project site context and include a Disaster Management as part of EMP, the information 

contained therein the state of environment section and predictions under the section on 

environmental impacts can be used for carrying out detailed risk assessment and disaster 

management planning as well.  However, there is a need to carry out a systematic analysis 

of these policies and laws for applying these legal provisions for various activities under 

disaster management. Role of environmental knowledge in disaster risk management is 

depicted in figure 7. 
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Legal and Institutional Framework
Disaster management has primarily been a concern for emergency response and a post-

disaster focused approach until the realization of paradigm shift from ‘response and relief’ 

to ‘prevention and preparedness’. The climate-change awareness globally has brought-in a 

greater understanding on role of global, regional and local environmental aspects in disaster 

management (risk assessments, mitigation, early warning and effective response). In many 

countries, the framework of disaster management has been functional in total separation 

from the systems that deal with environmental protection and natural resources manage-

ment. However, at international level the guiding documents like Agenda-21, Hyogo Frame-

work of Action, Millennium Ecosystem Assessment, IPCC 4th Assessment Report, Ramasar 

Convention, Convention on Desertification, and many other strategic documents have re-

cently emphasized environmental aspects of disaster management and vice versa with in-

tense focus. 

At national levels as well, for example in India, the disaster management act and policy 

has defined ‘substantial damage to….environment’ as a disaster, and has focused on envi-

ronmental compatibility and sustainable development as strategic issue in disaster man-

agement cycle. On the other hand, policies and legal framework on environment – water, 

forests, agriculture, land-use, atmosphere and climate-change, waste management, besides 

constitutional provisions on environment, have provided options for reducing hazards and 

vulnerability in context of disasters. For example, the National strategy on climate-change 

Figure 7. Central concept of environmental knowledge for disaster risk management 
(ekDRM)



ekDRM 2011  |   115

actions and missions thereof, policy statement on conservation of natural resources, coastal 

zone regulation, area specific notifications like one on Doon valley, are of key importance in 

disaster risk management. 

In India the National Disaster Management Authority is the apex national organization 

for developing guidelines and plans on various aspects of disaster management, whereas 

Ministry of Environment & Forests is nodal agency for environmental protection includ-

ing dealing with issues of climate-change, forest and habitat conservation, environmental 

quality, EIA, coastal zone, river conservation, Himalayan ecosystem, etc. Various aspects of 

land-use and natural resources are dealt by different Ministries/Departments like Rural De-

velopment (Deptt of Land Resources), Water Resources, Agriculture, Earth Sciences, Science 

& Technology, Biodiversity Board, etc. National Institute of Disaster Management has also set-

up a specialized ‘Environment, Climate-change and Disasters Cell’ for interdisciplinary activi-

ties under Hydro-meteorological disasters division of the institute. Similarly Indian Institute 

of Public Administration has institutionalized a Centre for Environment, Climate-change and 

Drought Management for focused activities of research and capacity building.

Since the environmental degradations resulting into disaster risk are either slow onset 

process or have wider geographic extents, local administrators and planner’s understanding 

usually not sound enough to analyze cause-consequence relationship may result in inappro-

priate strategies for disaster mitigation and response. However, many good case examples 

of utilizing environmental knowledge and management into disaster risk management and 

also disaster risk reduction’s significance in sustainable environment are available particu-

larly in context of hydro-meteorological disasters in mountain and coastal areas and also in 

context of urban flooding, epidemics and agro-ecosystems. 
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Disasters and the Environment:  
A Review of Opportunities

Charles Kelly and N.M. Prusty

Introduction
The intersection of the environment and disasters has been gaining increasing salience in 

recent years. The United Nations Environment Program (UNEP) has a unit devoted to disaster 

issues3 and cooperates with the UN Office for the Coordination of Humanitarian Assistance 

(OCHA) on a joint environmental emergencies response unit.3 The American Red Cross and 

World Wildlife Fund (WWF) US have recently cooperated on developing guidance on en-

vironmental sound recovery3. A number of other organizations focus on the nexus of the 

environment and disasters, for instance ProAct Network3 and Groupe URD,3 among others. 

Efforts by these organizations and others have led to the creation of a number of guides 

and tools to assess the impact of disasters on the environment, the environment on the envi-

ronment and relief and recover on the environment. UNEP’s Disasters and Conflict Program 

has assembled a wide range of these guides and tools on disasters and the environment into 

a single web-based point of access8.   

It is also increasingly common for environmental issues to be given some level of atten-

tion following disasters. For instance, both UNEP3 and the US Agency for International De-

velopment (Kelly and Solberg, 2011) conducted rapid disaster impact assessments following 

the 2010 Haiti earthquake. The Ministry of Environment, WWF Chile / WWF Internacional and 

Antofagasta Minerals conducted a rapid assessment following the 2010 Chile earthquake 

and tsunami (Ministry of Environment, 2010). 

Environment Advisors were assigned to the Shelter Cluster10 in Haiti following the 2010 

earthquake and the 2009 earthquake in Sumatra, Indonesia. UNEP has been active in post 

conflict and post disasters assessments, including Haiti, Sudan and the Democratic Republic 

of the Congo, as well as in on-going conflict in Darfur. Both ProAct Network and Groupe URD 

have been active in developing reports on environment and disaster related issues, or per-

1  Freelance International Disaster Management Consultant, disasterkelly@yahoo.com  
2 Centre for Development and Disaster Management Support Services-A Strategy Centre, New Delhi
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forming field work on specific environment-disaster issues (e.g., improved energy supplies 

in Darfur10).  

Yet, with all this action to date, recognition of the importance of the environment in 

the post disaster (relief and recovery) context still does not ahve a high salience in relief or 

recovery policy making or operations. 

�� While rapid environmental impact assessments are done, the results rarely seem to be 

used.

�� While an environment advisor may be assigned to one sector in one disaster response 

(e.g. Haiti), another of similar scale disaster will receive may limited and late support, at 

best (e.g., Pakistan). 

�� While relief and recover personnel may raise environment-related questions, finding an-

swers to such questions is neither systematic nor linked to decision making structures. 

For instance, well documented lessons on the provision of fuel efficient stoves have 

been relearned in several recent disaster responses. 

�� While the value of environmental impacts reviews are well established for large scale ex-

penditures such as one finds in disaster recovery, actual recovery plans often avoid such 

reviews for reasons of expediency, and later result in avoidable environmental damage 

and a waste of natural resources and recovery funding. For instance, the $11.6 billion 

recovery plan for the Haiti earthquake1 received no formal environmental review. As a 

result, there was no overall idea of the scale of natural resources needed for the recovery 

or whether there were environmentally more positive options to the plans proposed.

It may seem that the integration of the environment into disaster relief and recovery is 

a glass half empty: despite considerable effort to bring the environment into the disaster 

recovery process, real progress and impacts have been limited, with lessons not learned and 

mistakes repeated. 

Rather, the remainder of this paper will take a glass half full approach and discuss oppor-

tunities for further integrating environmental issues into relief and recovery. The intent is to 

lay out a set of action points of sorts to identify where further progress can be made towards 

a fuller integration of environmental issues into the recovery from disaster. 

Opportunities to Integrate the Environment into Disaster Recovery 

A Preamble 

The integration of the environment into disaster recovery is usually presented in terms of 

projects to improve environmental conditions, frequently involving tree planting. The fol-

lowing sections focus on managing the impact of recovery assistance on the environment 
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rather than on using recovery funds to impact specific segments (e.g., deforested hillsides) 

of the environment. While environmental improvement efforts have considerable merit, 

they can’t be pursued in ignorance of the environmental impacts of excessive resource use 

for housing construction or the siting of this housing in areas liable to flooding, two com-

mon environment-links challenges follows disasters. 

Force Results From Assessments

A range of post disaster environmental impact assessment tools exist, including:  

�� The Environmental Needs Assessment in Post-Disaster Situations: A Practical Guide for 

Implementation (UNEP, 2008), 

�� Fast Environmental Assessment Tool (Joint Environment Unit, 2009), 

�� Technical Manual for Post-Disaster Rapid Environmental Assessment (Ecoengineering 

Caribbean Limited, 2003), and  

�� Guidelines for Rapid Environmental Impact Assessment (Kelly, 2005). 

However, as indicated above, when these tools are used they do not always have a clear 

and definable impact on recovery plans or process. This failure of impact assessments to 

have an impact can arise because the assessment results: 

�� Are not relevant to immediate relief and recovery requirements, 

�� Are not presented in a way which are understandable, 

�� Point out significant gaps in on-going operations (and thus are embarrassing enough 

to be ignored), 

�� Lack a champion within the upper levels of the recovery planning and management 

structure. 

Of the four, the most challenging is the last, the lack of a champion for assessment re-

sults. Solving the other three issues still will not mean they will be acted on if there is no 

person or unit which can ensure the results will be used. This need for a champion is particu-

larly acute where procedure or policy allows recovery planning and assistance to proceed 

without normal environmental reviews (often justified by a lack of time to conduct environ-

mental reviews). 

The person or unit to champion assessment results may not be evident from an orga-

nization chart. Investigation may be needed to identify who within the recovery structure is 

most amenable to considering environmental issues, and most capable to having the issues 

addressed. Why a champion may take up the environmental assessment results could lie in 

a pro-environmental perspective. But it is more likely the reason lies in an interest to avoid 
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problems (and impact assessments normally identify problems), particularly when environ-

ment-linked problems have been encountered in the past. Even when a champion is found, 

interest may only be in one or two issues, which necessitates accepting that one entry point 

is better than none. 

Where a champion can’t be located it may become necessary to more directly force the 

assessment results on the recovery process. The most traditional approach to doing this is to 

engage with local environmental organizations and have them use their capacity for advo-

cacy to promote the assessment results. An alternative, but somewhat more risky, approach 

is for those involved in the assessment to directly advocate for the assessment results, 

through the print and electronic media, including blogs and similar communication tools. 

The risk, of course, that the recovery institution will simply ignore or pay lip service this 

type of forcing of the assessment results. At the same time, post disaster environmental im-

pact assessment results which are not acted on are useless so some process for forcing assess-

ment results may need to be pursued if the assessment process is not an exercise in futility. 

Any Entry Point is Better than no entry Point at all

As suggested above, one entry point is better than none. This may mean that only a few of 

the issues identified in an assessment can be effectively pursued within the recovery struc-

ture. When faced with limited entry points it would be idea to select those which match the 

prioritization of recovery programming, for instance, putting environmentally sound waste 

management over reforesting hillsides. 

However, the reality is that entry points, and particularly those created by champions 

with specific interests, may be of very limited scope and allow for addressing only one or 

two low priority issues. At the same time, successfully addressing environmental issues at 

one entry point may lead to greater involvement in other environmental issues across the 

recovery effort. 

Another entry point issue arises as to when environmental issues are to be assessed 

and considered. In theory, initial assessments should begin as soon as immediate lifesaving 

needs are being met, and assessment results should be available to decision makers as soon 

as plans are being developed for the recovery process. In most cases, given that the environ-

ment is not seen as a post-disaster priority, the assessment process can begin weeks or even 

months after the disaster. 

In this context a rapid assessment of environmental issues may not mean rapidly after a 

disaster but done rapidly due to limited funding or time. Even if an environmental impact as-

sessment is done months into the recovery period the results can provide guidance on how 

to redirect on-going assistance or re-direct assistance to address unmet needs. 
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In the same way, if environment-focused assistance, such as training in environmentally 

sustainable recovery or assistance on specific issues such as waste and debris management 

begins several months after a disaster then these interventions should be used to establish 

and expand the scope of environment-focused recovery efforts. In the end, a late entry point 

is better than no entry point at all. 

Pick the best possible fruit

As suggested above, it may not be possible for all the issues defined in a post disaster assess-

ment to be address immediately, or over the course of the recovery process at all. As a result, 

it is necessary to prioritize assessment identified actions by considering (a) what is of great-

est need to be done and (b) what will have the greatest impact when it is done. 

This trade-off process is not one which can be set in stone and should include consulta-

tions with the disaster survivors (a core part of any post disaster impact assessment). The 

process of deciding which assessment results to push forward on, and how to do the push-

ing, needs to strive not for the perfect fruit, or the lowest hanging fruit, but the best possible 

fruit which reflects the needs identified by the assessment, the disaster survivors and the 

resources and institutional support available. 

Demonstrate value

Whether one or more champions have been identified or not, post disaster environmental 

impact assessments and environment-related technical support need to demonstrate that 

they can add clear value to relief and recovery operations. The perception is often that en-

vironmental issues are not urgent in the post-disaster period and can be addressed later in 

the recovery effort, if at all. 

This view often arises from the perception that post disaster environmental interven-

tions are linked to longer term improvements to the environment, through actions such as 

tree planting or watershed management. Such interventions, while important in the long 

term, are often not seen as critical to relief and recovery. 

To gain relevancy in relief and recovery efforts, environment-focused assessments and 

technical support need to focus on the immediate problems facing these efforts. Such envi-

ronment-linked interventions include, among others,  

�� Debris management, including quickly removing and recycling debris, 

�� Standardized transitional or permanent shelter design to reduce environmentally dam-

aging resource requirements, such as the use of fired bricks when alternatives are avail-

able.

�� Liquid and solid waste management, particularly establishing waste management sys-
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tems which improve hygiene and sanitation conditions and limit the spread of diseases, 

�� Advice on avoiding recovery assistance which will lead to an overexploitation of natural 

resources, for instance in the provision of boats and equipment which increase fishing 

capacities above those existing before a disaster, and  

�� Natural hazard assessments to ensure that temporary or permanent settlements are not 

located in unacceptably hazardous locations.  

This list is not exhaustive. The challenge for environment-focused personnel in the relief 

or recovery phases is to find ways in which calling attention to environmental issues also 

generates solutions which can solve problems or make relief and recovery efforts more ef-

fective. In other words, assessment and technical support should not just raise environmen-

tal problems, but also provide practical solutions which demonstrate the value of integrat-

ing an environmental perspective into relief and recovery. 

Change from the field up

The idea of environmental champion discussed above implies this role is filled by persons 

or units higher up in the relief and recovery establishment. In fact, significant pro-environ-

mental action can also be initiated at the field level, and particularly through a mid-level 

management which is aware of environment-base opportunities. 

For instance, a field manager running camp for relocated disaster survivors can have a 

considerable influence over waste management, sanitation and general living conditions in 

the camp. In a similar fashion, the manager of WASH activities for a group of communities 

can have a significant influence on how latrines are constructed, the supply and use of water 

or whether waste is dumped in a swamp or composted. 

It is necessary to reach out to field personnel and provide them with the tools and 

knowledge needed to implement relief and recovery projects in environmentally wise ways. 

Such an effort is incorporated into the Global Shelter Cluster’s assignment of an environ-

mental advisor to some country-level Clusters. A broader approach to support the capaci-

ties of field personnel is incorporated onto the World Wildlife Fund and American Red Cross 

Green Recovery and Reconstruction Training Toolkit for Humanitarian Aid and associ-

ated training (World Wildlife Fund and the American Red Cross, 2010). Other support is avail-

able on such issues as stoves, transitional shelter and refugees, with additional field guid-

ance expected in the near future.

The real challenge is to ensuring this wealth of information on environmentally sound 

relief and recovery reaches the field staff who need specific information. Making the infor-

mation available on the web (as it currently the case) is important. But, given the work load 
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pressure which many field personnel face it is unlikely that most will have to time or back-

ground to effectively search for and digest information on environmentally sound relief and 

recovery. 

As a result, it is likely to be more effective to have an out-reach capacity in the field, 

through the use of environmental advisors. These advisors do not necessarily need to be 

experts in relief and recovery (although this will not hurt) but would need to focus on

�� Defining what critical environment-related issues are being faced in the field and

�� Package information available on addressing these issues in a way which can be used by 

field personnel in a quick and easy manner. 

As noted, posting environmental advisors has been done by the Global Shelter Cluster. 

This effort needs to expand to additional sectors as well as become a standard part of relief 

and recovery operations rather than being an occasional event.  

Knowledge as power, and a foot in the door

The process of furnishing environment-focused information as describe above provides 

the environmental community a degree of power to influence the way in which relief and 

recovery aid is provided and the impacts which can be expected. Further, many post di-

saster reconstruction challenges relate to location within the environment (e.g., where to 

locate disaster displaced, where to rebuild roads, etc.). An environmental, and more specifi-

cally, an ecosystem services approach to assessing recovery options and impacts can be of 

considerably utility in the reconstruction process in defining how best to site and provide 

recovery assistance. 

Here again, the focus is not (only) on defining what the environmental issues with recon-

struction or recovery efforts are in general, but defining how these process can be sustained 

by wise use of the environment and how potential problems can be solved in a similar man-

ner. Given the common misperception noted that a focus on the environment is limited to 

longer term improvement of natural conditions, knowledge about the environment needs 

to be used to improve the overall recovery process and specifically focus on improvements 

to specific recovery activities. Providing one package of knowledge which improves one ele-

ment of the recovery effort also provides a foot in the door for greater access to improve the 

overall environmental sustainability of recovery efforts.  

Conclusions
This paper argues that progress in integrating an environmental perspective into disaster 

relief and recovery has been uneven but also somewhat successful. The paper suggests that 

many of the tools and guidance needed for a better integration of environmental perspec-
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tive into relief and recovery are already available. Under these circumstances, moving the 

integration process forward requires efforts in six areas: 

�� Effectively using assessment results, 

�� Finding entry points into the relief and recovery process, 

�� Focusing on the best possible match of reducing negative environmental impacts and 

recovery programming, 

�� Demonstrating the clear value of an environmental perspective on recovery, 

�� Ensuring field personnel know about how to effectively integrate an environmental per-

spective into their work, and 

�� Using knowledge about the environment to influence and shape the recovery agenda, 

The prospect is for environmental considerations, and an awareness of environmental 

issues, to be increasingly accepted as an integral part of relief and recovery. However, this 

process can occur though demonstrated failures of relief and recovery due to a failure to 

consider environmental impacts and options. Or this process can occur though a more pro-

active integration and problem avoidance, as suggested above. The argument for this latter 

course is that it will lead to better relief and recovery, and less suffering and hardship for the 

disaster survivors. And anything which will reduce the suffering of disaster survivors should 

be pursued with vigor. 
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