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The impact of the tsunami on the people, infrastructure, environment and economy 
of Sri Lanka was very high when compared to other affected countries in relation to 
the size of the country, size of the population, economy and the affected extent of 
the environment. Yet Sri Lanka successfully handled the measures of evacuation, 
relief, restoration of infrastructure and livelihoods with the assistance of the 
international community.  
 
The Government of Sri Lanka was unable to give priority to environment in the fist 
one or two months of restoration and rehabilitation. However this situation was 
corrected subsequently. One such step was to recognize setback areas in the 
coastal zone of the country after considering representations made by human rights 
groups, international community.  
 
In April 2005 with the assistance of the United Nations Environmental Programme 
(UNEP) and Canadian International Development Agency (CIDA), a study was 
initiated by the Ministry of Environment and a detailed report was compiled. UNEP 
assisted by CIDA supported an island-wide programme of Rapid Environmental 
Assessments (REA) of 480 sites for the Central Environment Authority (CEA). 
 
A powerful methodology which harnesses public participation and multi-stakeholder 
dialogue is to promote environmental sustainability of individual projects. This 
methodology  has recently been underlined by HE the President through his 
endorsement to Cabinet of Ministers for future mandatory Strategic Environment 
Assessments (SEAs) for development activities.  
 
Sri Lanka is in the process of utilizing scientific approaches based on the results of 
the studies and surveys in such a way that the coastal areas are developed with  
fishery and other economic activities including tourism and recreation like water 
sports to bring benefits to the coastal communities and ensure that the environment 
cohabits with development 
 



1

Spatial Information-based 
Approach to Integrated Coastal 
Resource Management in Asian 

Tsunami Affected Countries

Tariful Islam
&

Sugianto Saman

FAO Regional Workshop on Coastal Area Planning & Management

27-29 September, 2006, Bangkok, Thailand 2

Introduction
1. CA is a rich environment of high biological and physical 

diversity from an ecological perspective 
2. Generally, coastal zone shows high population density with 

large number of urban conglomeration
3. Agriculture, fisheries and forestry are the key resources in 

the CA and also provide livelihoods
4. Coastal resource system is interdependent and interrelated 

and also has direct and indirect connections with inland 
resource systems

5. Interaction between various natural processes and human 
activity are important factors in the CA

6. Therefore, there is an urgent need for intelligent 
management of CA

7. To do so an Integrated Coastal Resource Management 
(ICRM) process is needed  
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8. Immediate priority of each country affected by the 

tsunami was to attend emergency followed by 
efforts to rehabilitate and reconstruct

9. In order to support the rehabilitation and 
reconstruction activities, GIS, relevant digital 
maps, and geospatial data have to be prepared as a 
planning tool

10. Various type of information can also be extracted 
by interpreting high-resolution satellite images 
acquired before and after tsunami event

11. This combined effort will help to generate valuable 
information which will be useful for any kind of 
planning purpose
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Rationale for Developing an Integrated Approach

• Tsunami damage was huge, partly due to the bad land use 
planning and NR management

• Land use and site planning should be emphasized in keeping 
new development area out of hazard zones

• Coastal resources management includes a wide array of 
management practices

• Land use and site planning for tsunami-affected areas relate to 
CRM

• CRM is too complex to be handled by traditional sectoral
planning and management

• ICRM can improve basis for spatial planning, reconstruction 
and protection of people and infrastructure and ecosystems

• Integrated management of the complex problem in the coastal 
area can be achieved by means of spatial information system
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Objectives

To solve conflicts and/or find optimal solutions, the 
integration of recent tools such as GIS, GPS, RS, with 
data management, data analysis and modeling is 
required. Hence, this paper attempts to identify how 
GIS technology can support to post-rehabilitation 
reconstruction and development efforts as well as 
integrated costal resource planning and management 
in Asian tsunami affected coastal areas.
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Spatial information technology for ICRM

Spatial information technology can be used as decision 
support system to assist decision-making. Spatial 
information technologies include three major types:
•Global Positioning System (GPS)
•Remote Sensing (Airborne and Satellite)
•Geographical Information Systems (GIS)

These three categories are related and often employed in 
an integrated fashion; remote sensing images and GPS 
data serve as input into GIS, and aerial and satellite 
images are often verified or ”ground-truthed” with GPS 
co-ordinates.
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Information requirements for ICRM
• Geographical data: 
This is the "Where" something is
and the "What" it is?

• Spatial data
• Attribute/Aspatial Data

Sources of Spatial Data
• Hard copy maps 
• Aerial photographs 
• Remotely-sensed imagery 
• Point data samples from surveys 
• Existing digital data files
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Application Areas of GIS Technology to CRM

•Coastal resource survey and management
•Coastal change monitoring and analysis
•Modelling coastal process
•Coastal decision-making and policy formulation
•Integrated Land Use Planning (ILUP)

Uncontrolled/unplanned land use is taking place throughout the 
developing countries and tsunami affected coastal areas are no 
different from it rather worst in some places where fast 
development have been taking place. Thus, forest/land clearing 
and degradation is an on-going process and the speed of 
clearing is increasing. 
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Use of Maps in ILUP and NRM
• Use of maps (and spatial information) in NRM and LUP is 

very essential to improve sustainable and equitable use of 
land and natural resources, through participatory community 
and local level planning and investment

• Because map/spatial information can help for sustainable 
management of land and natural resources which is critical to 
improving people’s living standard, both now and in the 
future

• Factors which lead to effective community based land use 
planning and natural resource management include:
Clear legal status of land and resource use rights for individuals and 
communities
Stakeholders have a strong awareness of their reliance on land and 
natural resources for subsistence and economic development, both in the 
short and long term
Availability of information about the current status and trends of 
resources, resource use and communities

Maps and participatory mapping processes can be used to support 
all of these factors, as illustrated in the following diagram: 
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Land Suitability Approach, an overview 
for determining potential use under 
current and future conditions

• Management of natural resources is a cross boundary issue 
that should be emphasized in all planning processes within a 
multi-sectoral approach (administrative and geographical)

• Land suitability is a part of LUP methodology and defines 
possible options for the future land use and helps to describe 
these interactions (policies, institutional and information 
arrangement)

• It also gives an overview of NREM situation related to 
forestry, fisheries, land and agriculture based on existing 
information at sub-national or province level in coastal areas

• The matching process of different conditions and 
requirements can vary depending on the purpose and level 
of detail of LUP and by the amount and quality of 
information that has been collected (Table 1)
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• This approach provides for different level (national, provincial, 

district, sub-district) maps, analyses, and an overview sheet 
about the past/present NREM situation and gives possible 
options for the future activity based on existing information

• It can provide a geographical starting point (where to do?, land
investor/planner) or a starting point (what to do?, land 
owner/planner)

• The starting point of this approach is land (demand driven, what 
can I do on my land?) or the requirement of the crop/tree etc 
(market driven, where the land is suitable for….?)

• The first matching will be made considering the biophysical 
condition of the land (slope, soil, climate, land use etc.)

• These options require additional 
requirements/conditions/limitations, which leave a short list of
options that still need to go through an EIA especially when 
infrastructure is involved (roads, canals)

• This is a dynamic process and should be done regularly when 
new information is provided (e.g. BRR for Indonesia)      
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SI for Sustainable LUP and Management
• When adopting multi-level stakeholder approach to SLM
• Scientific information must be coupled with indigenous 

knowledge (ITK, TEK) to offer a better basis for decision-
making in negotiation processes

• Here GIS and maps may serve as appropriate tools to facilitate 
communication in negotiation process

• SI/map in LUP is effective tools (Mueller Son La, 2003 and 
adjusted) in many ways, such as:
Boundary delineation, mediate and solve prevailing boundary 
conflicts
Accurately scaled information for official approval
Starting point for participatory problem analysis and future land use 
planning 
Create a common understanding among local land users and 
administrative authorities on spatial distribution and status of
resources and resource use 
Acquire accurate large scale spatial data on the basis of local 
knowledge 
Define land uses and land tenure



      Diagram 
 

 
 
Figure: Some of the ways in which maps and mapping processes can facilitate effective land use planning and 
natural resource management. 
 

 
 
 
 
 
 
 
 
 
 
 

Effective land use planning and 
sustainable natural resource use 

Legal status Awareness Information 

Administration boundaries 
Land tenure boundaries 

Boundary delineation with 
stakeholders to resolve conflicts 

Use sketch or scale maps to 
help raise awareness 

Nationally available data on 
resources such as forests or 
water 

Participatory mapping of land use 
and other features using 
air photos, GPS and consultation 
with community 
 

Analyse trends in land and 
resource quality or use, and 
socio-economic factors  

Acceptance of local plans by 
higher authorities 



 
Table 1: Matching administrative and ecological boundaries for planning overview with issues 
(Adapted from FAO, 1996 & Ignas, 2004). 
 
 

Administrative 
units 

Biophysical units Scale Planning 
process/principle 

Issues 

International Biosphere 1:1,000,000– 
1:5,000,000 

Environmental and 
economic agreements 

(Conventions and Treaties) 
Land degradation, 
preservation of biodiversity, 
water sharing, water 
pollution, human 
development and food 
security, climate change and 
agricultural potentials, 
awareness of regional and 
global institutions. 

National Eco-zones 1:25,000– 
1:2,500,000 

National Land Use 
Plans, 
Market development 

(Millennium Development 
Goals/ PRS) 
Agro-ecological potentials, 
use of irrigation water 
resources, risk of natural 
calamities, food security and 
production, conservation of 
natural resources and 
biodiversity, land 
degradation, public 
awareness 

Province Watershed 1:50,000-
1:250,000 

Master planning (e.g. 
provincial investment 
plan) 

Sets provincial priorities, 
coordination; 
Technical knowledge and 
service 

District Watershed, 
Island 

1:10,000– 
1:100,000 

District planning 
workshop,  
District Master plan, 
Watershed 
Management Plan 

All districts connecting local 
plans with plans from 
provincial departments, 
NGOs, and donors 

Sub-district/ 
village 

Small 
watershed, 
Common 
property 
resources (e.g.  
wetland, dam, 
forest land) 

1:1,000– 
1:50,000 

Village/Sub-district 
land Use Plan, Village 
Regulation and 
Management Plan for 
communal areas, 
Urban Master Plan  

NREM mainstreaming into 
local planning process; 
Viable production systems, 
food requirements, social 
and economic needs 
satisfaction, awareness 
farmers/land users 

Field/productio
n unit (site 
specific) 

Paddock level, 
Field/bondo/sm
all holders' plot 
(e.g. 
Bangladesh), 
community 
pond etc.  

1:1,000– 
1:5,000 

Whole farm land Use 
Plan, Fish farming, 
grazing plan, cropping 
pattern/calendar, water 
use plan 
 

Conservation of soils and 
water, high levels of soil 
fertility, low levels of soil 
and water pollutants, low 
levels of crop pests and 
animal diseases, increase 
fish productivity  
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Use of Spatial Information for Coastal Area Management in Banda 
Aceh – An Example  
 
An example can be given from Banda Aceh and surroundings for showing how spatial information can be 
helpful in land suitability analysis and spatial planning. Kota Banda Aceh is situated on an extensive low 
coastal plain between the two main coastal mountain ranges at the northern tip of Aceh Province: the eastern 
half of the Kabupaten is coastal beach ridges and swales and the western half is coalescent estuarine/riverine 
plains. The plain extended 42 km inland with a small indentation at a point where the two coastal mountain 
ranges merged to become a single range. At the head of the valley elevations are 100 m. 
 
A large area (4,409.6 ha) has been mapped as damaged by the tsunami in this Kota. Mangroves were present 
before the tsunami with 90.3 ha mapped in the western side of the Kabupaten; all were destroyed by the 
tsunami. Tambak Suitability Analysis: This Kabupaten had one of the largest areas of 3,443.7 ha mapped 
as potentially suitable for Tambak development is shown in the table 2. 
 
Table 2: Tambak suitability mapping for Banda Aceh and surroundings using GIS approach  
 

Tambak Suitability Mapping Area (Ha) 
Optimal Low (< 5m), flat (<5%), close to river (<2 km) and sea (<1 km) 835.4 
Prime 1 Low (<5m), flat (<5%), close to sea (<1 km) but far (>2 from river) 13.6 
Prime 2 Low (<5m), flat (<5%), close to river (<2 km) and moderate close to sea (1-2km) 673.4 
Prime 3 Low (<5m), flat (<5%), moderate close to sea (<1-2 km) and far from river (>2 km) 0.6 
Prime 4 Elevated (5-10 m), flat (<5%), and close to sea (<1 km) and river (< km) 297.1 
Prime 5 Elevated (5-10 m), flat (<5%), close to sea (<1 km) but far (>2 km)  from river 1.1 
Marginal 1: Elevated (5-10m), flat (<5%), moderate close to sea (1-2 km) but far from river (>2km) 0.5 
Marginal 2: Low (<5m), flat (<5%), close to river (<2 km) but far from sea (>2km) 1,129.8 
Marginal 3: Elevated (5-10m), flat (<5%), close to river (<2 km) and moderate close to sea (1-2km) 492.3 
Pooled 3,443.7 

 
Couples of maps from Aceh province are shown below to visualize how GIS technology can be used in 
identifying different locations of interest and in spatial planning. The map (Figure 6) is showing 13 affected 
districts (pink) of Aceh province from the 26 December 2004 tsunami. Red lines are showing the four special 
priority districts for resettlement. The map is showing (Figure 7) example of coastline changes and of 
tsunami damages extent over Banda Aceh area; and is categorized as non-affected areas (green); damaged 
(pink); coastline lost (blue).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Locations of tsunami affected areas in Aceh                         Figure 7: Post-tsunami coastlines change  
 



The map (Figure 8) is showing the current trend of post-tsunami population movement (red arrows) for 
resettlement. However, it is a likely scenario that this trend might be again changed soon towards coastal 
areas (yellow arrows) and thereby, lots of unplanned development activities and natural resource extraction 
might happen if a sound spatial planning is not considered right away. The map (Figure 9) is showing how 
current population number and potential resettlement land by Desa along with other factors like 
infrastructure, economic development, future population etc. can be used for an appropriate spatial planning. 
The map (Figure 10) is showing options for resettlement considering the land suitability in Banda Aceh. 
Areas showing with red color are unsuitable for settlement or already under use. The areas showing with 
green color are suitable or can be used for resettlement purpose. The Map (Figure 11) is showing how reef 
habitat mapping can be done using GIS and spot (satellite image).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8: Urban expansion scenario in Banda Aceh          Figure 9: Spatial planning for resettlement  
 
 
 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10: Resettlement option of Banda Aceh      Figure 11: Reef Habitat mapping  
 
(Source of Map 8-10 is ARRIS: Aceh Rehabilitation and Reconstruction Information System). 
 
This example reveals that to support the rehabilitation and reconstruction activities, a geographic information 
system, relevant digital maps, and digital geospatial data have to be prepared as a planning tool for 
sustainable ICRM. Different type of required information (spatial and non-spatial) should be acquired before 
and after the tsunami event. It also suggests that the ICRM planning and implementation process in post-



tsunami coastal areas should have a multi-sectoral approach at the vertical (accommodation decentralization) 
and horizontal (range of sectors) levels to ensure commitment and co-management in implementation. Table 
1 shows the linkages between the administrative and ecological biophysical boundaries. It provides an 
example of ways in which work from villages can be linked to other planning initiatives at a higher level. 
 

 
 

PCS map 
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• Allow identification and accurate location of natural resources,

their distribution, use and tenure facilitate communication 
between facilitator teams and villagers (maps are mobile) 

• Impact monitoring for rural development investment 
• Contour lines or a shade effect can be added to give a third 

dimension (upstream-downstream linkages)
• Thematic maps (soil, climate etc.) as source for information 

about land suitability
• Historical maps give explanations about land use in the past
• To identify areas for multi-purpose development opportunities 

(e.g. Zonation map)
• Help to identify problems (including size), describing the causes 

and finding solution (including time frame) within their 
respective administrative boundaries e.g. PCS map. This map is 
showing different NR related problems (with various logical 
symbols), causes and solutions identified by the community.

• Help to show the prioritized activities/projects and use for 
monitoring purpose as well (e.g. Activity map)
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Summary & Conclusion
• ICRM requires integration of quantitative science and 

engineering components with socio-political, regulatory, and 
economic considerations

• It will provide some of the tools for effective decision support in 
NRM in coastal areas

• ICRM must be aimed at maximizing synergistic and 
complementary interactions and minimizing competitive and 
antagonistic ones

• However, sound policies require sound information
• To provide formal yet practical decision support requires a new 

approach, which supports a more open and participatory decision 
making process

• The paradigm of the thematic map offered by GIS is a powerful 
tool for this purpose

• Finally, it can be concluded that ICRM is a process designed to 
manage human uses of coastal resources following the principles of 
sustainable development     
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Lesson Learned
• Database should be ready beforehand and well-coordinated. 
• The imagery, maps and database should be kept up to date.
• Spatial information should be available in the public domain for

sharing.
• The GIS technology usage level should be more advanced to 

make better use of its capabilities. 
• Country-based socio-political issues should be handled with care 

when implementing actions, especially for the recovery and 
rebuilding phases. 

• Build capacity of community people and facilitators at sub-
national level on spatial materials 

• Government, private, and local agencies accompanied by 
international (e.g. OCHA, FAO, UNEP, WFP, UNDP etc.) 
agencies should collaborate closely for reconstruction actions and 
employ GIS. 

• International, national, and local agencies should go beyond 
investing in crucial life support and invest in GIS for spatial 
planning.
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Recommendation
GIS and spatial information should be viewed as an 
opportunity for the coastal community to advance in 
the field of coastal area and its resource management. 
The ultimate objective of a GIS based spatial 
information systems for natural resources 
management is, or should be, to improve planning and 
decision making processes by providing useful and 
scientifically sound information to the actors involved 
in these processes, including public officials, planners 
and scientists, and the general public.
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GOOD LUCK




