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Executive Summary 
 In December 26th, 2004, Tsunami spawned by a massive earthquake was measured 9.0 
on the Richter scale occurred in Indian Ocean near Aceh, Indonesia. This phenomenon described 
the importance of monitoring, preparing and analysis restoration area hit by Tsunami. To achieve 
Indonesian government’s goal for Aceh rehabilitation and reconstruction, this report examines the 
role of GIS to analyze rapid terrestrial coastal ecosystem assessment that was affected by 
tsunami and discuss what GIS can do to support rehabilitation and reconstruction in Aceh. Also, 
at the end of paper examines the benefits and losses of GIS modeling in tsunami environmental 
impact assessment.      
 
1. Introduction 
 Tsunami catastrophe in 2004 Boxing Day in Aceh had invited international 
organizations, relief organizations; notions around the world gave quickly 
responses. They offered monetary donations, supplies, personnel, equipment, 
and services. This phenomenon gave, from the beginning, GIS technology 
played a critical role to guide emergency responders to distribute in affected 
areas (ESRI;2005). 
 Furthermore, immediately after Tsunami hit Aceh, United Nations 
Environment Programme (UNEP) established a Task Force responds to support 
in conducting rapid environmental impact assessments. UNEP duty about 
tsunami in Aceh was to mobilize environmental planning strength and guide to 
the response and reconstruction process as well as to minimize impacts on the 
environment (UNEP;2005). One program which UNEP did was GIS modeling to 
manage coastal areas and determine safer places. GIS modeling is defined as  
 
“Spatial analysis techniques to simplify the real world and its’ process representation to produce 
spatial phenomena model” (Lo; 2002;p.365)      
 
   The paper is divided into four sections. Firstly, it describes a brief 
background of GIS roles in tsunami catastrophe in Aceh at introduction. 
Secondly, it examines GIS methods to analyze rapid terrestrial coastal 
ecosystem assessment from tsunami impacts using GIS. Thirdly, it discusses 
GIS modeling result, and the last section is the conclusion. 
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2. GIS method to analyze rapid terrestrial coastal ecosystem assessment  
 
 GIS as one of Environmental informatics tool can assess environmental 
impacts from natural disaster. The methods of natural hazard modeling in this 
report are: 

• Define terrestrial coastal ecosystem assessment variables and 
parameters in tsunami modeling. 

• Select the study case location. 
• Data collection. 
• GIS modeling is used for analyzing the damage affected areas (including 

the damage calculation areas using statistical tool in GIS) 
• For output, GIS analysis show the damage areas where affected by 

tsunami and look for potential sites for coastal ecosystem restoration and 
rehabilitation. 

 
2.1. Define terrestrial coastal ecosystem assessment variables and parameters 

in tsunami modeling   
Terrestrial coastal ecosystem in this report covers beach, pond, sand 

dune, estuaries, wetlands, and salt marshes. First of all, to make rapid terrestrial 
coastal ecosystem assessment model, it should be defined what kind of variables 
and parameters to be needed. 

 
2.1.1. Terrestrial coastal ecosystem assessment variables 
  

The International Union for the Conservation of Nature and Natural 
Resources (IUCN) determine there are four general principles for rapid 
assessment, namely: 
 

• Rapid assessment to be a participatory and consultative process, wherever possibles 
• In-situ, not remore, assessment 
• Focus on “what” not “why” 
• Timing requirements 

(IUCN;2005.p.2-3) 
 In order IUCN’s general principles for rapid assessment, for illustration, at 
least there were four variables can be defined, namely: 

• The damage assessment of terrestrial coastal ecosystems. 
• Environmental security and biodiversity impacts that caused by the 

damage of terrestrial coastal ecosystem. 
• Find out potential sites for ecosystem restoration and rehabilitation. 
• The role of terrestrial coastal ecosystem to mitigate the impacts of the 

tsunami. 
(IUCN;2005.p.2-3) 

 
2.1.2. Terrestrial coastal ecosystem assessment parameters 
 The parameters are defined is measuring the area to identify the damage 
level of affected areas. For tsunami in Aceh case, Food and Agricultural 
Organization of the United Nations (FAO) proposed a simple classification to 
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assess the damage and identified proper courses for of actions to reclaim the 
terrestrial/soil and restart cultivation (Subagyono et al; 2005). 
 Terrestrial coastal ecosystem level damage parameters assessment what 
FAO recommended consist of 

• Trash and debris 
• Erosion 
• Sedimentation with salted sand 
• Sedimentaion with clay 
• Flood duration and infiltration. 

The example detail of the GIS parameters can be shown in the table 1. 
Table 1. Terrestrial coastal ecosystem level damage assessment parameters 

 
(Source: FAO;2005) 

 
2.2 Select the study case location 
 
 Tsunami hit the Sumatera Island almost in whole north-west coastal 
areas. To analyze the damage affected areas can be determined based on 
region scale which depends on GIS analysts. The scale would influence how 
detail for damage analysis. For illustration, in a small scale (i.e. 1:100,000) (see 
fig.1) GIS analyst can analyze the distribution of damage areas in whole affected 
areas, but the GIS analysts have limitation to analyze further, such as analyze 
what kind of terrestrial coastal ecosystem had demolished. Moreover, in a huge 
scale (i.e. 1:1,000) (see fig.2) GIS analysts can not see whole damage 
distribution area but they can analyze details terrestrial coastal ecosystem, for 
instance, how big the ponds demolished and how far the water reached the land 



PPaappeerr  pprreesseenntteedd  iinn  EEnnvviirroonnmmeennttaall  IInnffoorrmmaattiiccss  SSeemmiinnaarr,,  AAddeellaaiiddee  ‘‘0077  
 

 4

when tsunami hit the landscape. In addition, satellite image resolution have 
important factor to interpret the damage areas. 

 
Figure 1. The damage area in Sumatera in a small scale 

       
2.3. Data collection 
 
 After defining the terrestrial coastal ecosystem assessment variables and 
parameters and determining the location for GIS application in environmental 
analysis, the confidential factor is data supply. The GIS analysts need data Aceh 
landscape before and after tsunami. Furthermore, they need secondary data too, 
such as plantation and animal species census data. These purposes are to 
define the existing land before tsunami and analyze and also to re-record what 
kind of land cover, plantation and animal species has disappeared after tsunami. 

Chapman et al (2005) in his article with the title Environmental 
Information: Placing Biodiversity Phenomena in an Ecological and Environmental 
Context had been categorized environmental data into two groups, namely 
environmental data and ecological data. 
   Environmental data had been categorized into 3 groups: terrain, climate 
and substrate (Chapman et al, 2005). 
•  Terrain 
 Land area or land types data that refers to geomorphology (Chapman et 
al, 2005). The data provide elevation, slope, relief and aspect parameter. 
Furthermore, Terrain data is used for advanced modelling such as DEM in 
various scales. (Chapman et al, 2005). 
• Climate 
 Climate data refers to atmosphere factors, for examples air temperature, 
humidity, wind speed, and air pressure (Chapman et al, 2005). 

Figure 2. The damage area in Sumatera in a huge scale  
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• Substrate 
 Substrate data provide physical and chemical environmental matters 
(Chapman et al, 2005).  
 

Ecological data consist of “numerous variables in the relationships of 
organisms and environment, embedded complexity and nonlinearity into the 
system.” (Chon et al, 2006). 
 
2.4. The damage affected areas modeling in GIS 
  
 Basically, GIS modeling is to use spatial analysis. There are six 
fundamental steps in GIS modeling, namely: 

1. Starting the problem 
2. Breaking down the problem into its components 
3. Searching for data 
4. Deciding on one or more suitable spatial analytical models to use 
5. Deciding on a suitable GIS program 
6. Implementing the model in the GIS environment. 

(Lo et al;2002.p.365) 
 
In principal, GIS modeling can be distinguished into two major objectives: 

• Understanding 
• Prediction 

(Lo et al;2002.p.365) 
 Both of objectives are discussed more details dealing with analysis the 
damage affected areas by tsunami below using GIS software, for instance is 
ArcGIS. 
 
2.4.1. Understanding 
 Understanding means to describe spatial phenomena are made (Lo et al; 
2002). One feature which represent understanding object in this case is 
determining the damage areas. 

To analyze damage affected areas by tsunami, GIS analyst can use a 
simple modeling, namely overlay method. Overlay method is defined as 

 
a process in geographic data processing that involves registering and combining layers of 
thematic data to form a new composite layer (Lo; et al; 2002; p.468).  

 
The procedures of overlay method to analyze damage affected areas are: 

1. Prepare site location where hit by tsunami before and after catastrophe 
(It is suggested to use satellite imagery or raster data). 

2. Do overlay activities which new data (after tsunami) put on the top of 
old data (before tsunami). 

3. Digitizing the damage areas (on screen or on the digitizing table). 
4. Digitizing result will present vector data. To calculate how big the 

damage areas, the data is converted in Transverse Mercator projection 
first and then calculate areas using statistical tool in GIS. 

5. The damage affected areas level can be determined based on 
terrestrial coastal ecosystem level damage parameters assessment 
what GIS analyst make at the first time.  
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6. Final result can be understood where the area had affected by tsunami 
represented by geographical position and understand how big the 
damage areas represented in geodatabase. 

 
 

2.4.2. Prediction 
 Prediction means the assumption to describe spatial phenomena in the 
future. For prediction model this section introduces a new GIS modeling to 
produce damage vulnerability regions information in the future if the area 
received direct hit from a huge tsunami, called Random Forest. Random Forest 
design is a new data-mining technique to produce accurate forecasting event 
(Breiman;2001).         
 The random forest methods can be explained by each tree in one area will 
grow to multiple trees in random way that the results aggregated by averaging 
(Prasad et al:2006). 
 To make Random Forest model, GIS analyst should prepare the data 
more accurately and make parameters more details. For illustration, the spatial 
data that used for modeling is satellite imagery (raster data). The image should 
classify the land cover by using remote sensing software media (i.e. ERDAS). 
For parameters, it can be determined small zone that represent the region hit 
directly by tsunami and large zone represents all small zones plus extension 
affected areas (Iverson et al;2006) (See fig.3 to show detail preparation spatial 
data before random forest model processing). 
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Figure 3. Preparation spatial data before involve in Random Forest Model  
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After preparing spatial data the next step is input spatial data to Random 
Forest model. To support Random Forest model, there are two other data mining 
are included in processing, called see5 and Generalized Boosted Models 
(GBM)(Iverson et al:2006).    
 See5 is an adaptive boosting technique used to discover pattern by 
categories delineation, assembling the pattern into classifiers, and use the 
pattern to make predictions (Schapire and Freund;1997). GBM is used to 
approximate greedy function and boost gradient stochastic (Friedman; 
2001;Friedman; 2002). 
 In the final result, Random Forest model that supported by See5 and GBM 
will give simulation to determine damage vulnerable regions by tsunami in the 
future. 
  
3. GIS modeling result discussion 
 This section discusses overlay modeling result and random forest 
modeling result in GIS to assess terrestrial coastal ecosystem damage level. 
 
3.1. Overlay modeling result to assess terrestrial coastal ecosystem damage 

level. 
 Overlay spatial data in different themes will determine a new composite 
layer. For tsunami case, overlay satellite image data before tsunami and after 
tsunami will create new composite layer that represent the disappear land or 
destroy land by tsunami (see fig.4,5 and 6).  
 
 
Figure 4. Aceh before tsunami (SPOT 5 imagery was taken on July 17th, 2003)  

 



PPaappeerr  pprreesseenntteedd  iinn  EEnnvviirroonnmmeennttaall  IInnffoorrmmaattiiccss  SSeemmiinnaarr,,  AAddeellaaiiddee  ‘‘0077  
 

 9

Figure 5. Aceh after tsunami (SPOT 5 imagery was taken on December 30th, 2004) 

 
(source: http://sertit.u-strasbg.fr/documents/asie/mid/P36_BandaAceh_Postdisaster_midres.jpg)  

 
Overlay processing spatial data between figure 4 and 5 can be drawn new layer 
(i.e polygon in vector data) to represent the damage affected areas (see fig.6) 
 

Figure 6. Overlay method to assess terrestrial coastal ecosystem damage level 
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The figure 6 shown gradation colour of damage affected areas in urban 
areas and rural areas. The gradation represents level damage affected areas 
from devastated affected areas into non affected areas. Furthermore, in GIS 
analysis, the gradation colour has geodatabase that contains many information, 
for instance, land covers, plantations species name, animal species name and 
how big the affected areas. 

From this feature, environmentalists can decide what they should do to 
recover coastal ecosystem and define new location for settlement in safe places. 
Also, anticipate protect the areas from tsunami in the future. For illustration, the 
devastated areas up to affected areas are determined for forest areas, 
particularly mangrove forest. Then for slightly affected areas are planned for 
parks and open spaces areas. Finally, settlement areas started for construction 
from non affected areas. “Why should implement coastal plantation in affected 
areas?” This illustration describes coastal vegetation can reduce damage areas 
than non vegetation areas. The statement is supported by Danielsen’s et al 
(2005) research.  

 
“In India where coastal areas provided 1000 m vegetation from coastline had 

much less damage than developed area when tsunami hit the land.”        
       

3.2. Random Forest modeling result to assess terrestrial coastal ecosystem 
damage level. 

 The final result of Random forest modeling can predict where the area had 
affected by tsunami for a huge scale in the future. The result represents in 
geodatabase (see table 1) and visual result (see fig.7). 
  
Table 1. Random Forest result for tsunami damage affected areas (in database) 

Variable Small zone Large zone 
US government data  
Area (km2)  2000 6645 
Damaged area (km2)  450 886 
Damaged area (%) 22.5 13.3 
Coastline length (km) 187 730 
Modeled data  
Correctly classified (%) 93.9 Na 
Classified damaged (km2)  435 1632 
Classified damaged (%) 21.7 24.6 
Kappa statistic 0.824 Na 
Klocation 0.844 Na 
Khisto 0.977 Na 
Kappa class Excellent Na 
Disagreement, quantity (%) 0.8   
Disagreement, location (%) 5.2   
Variable importance  
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Variable Small zone Large zone 
Elevation 0.1647 Na 
Distance to shore 0.1643 Na 
Vegetation type 0.1589 Na 
Exposure 0.1354 Na 

    Na= Not applicable 
 

Table 1 shows geo database of damage affected areas hit by tsunami in 
the future. Random Forest model has limitation to analyze the area for small 
zone; this condition can be explained by mathematical complexity proper with 
small zone only (Iverson et al; 2006). However, this situation does not bother the 
environmentalists to analyze environmental impact assessment. They can 
assess the affected areas in details. 
 
Figure 7. Random Forest result for tsunami damage affected areas (in visual) 
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 Figure 7 depicts the distribution of vulnerable and not vulnerable areas of 
tsunami in a huge scale.  

Further random forest model analysis, the coastal areas with dense 
plantation have 2.5 times greater effects for less damage affected areas than 
developed areas (Iverson et al; 2006). In addition, topographically (i.e elevation 
and geomorphology factor) the area contributes to determine vulnerable areas. 
Generally, a huge scale of tsunami will affect the areas up to 30 m above sea 
level. However, for narrow morphology, it can reach more than 30 m (Iverson et 
al; 2006).      
 This fact really helps environmental planners to restore terrestrial coastal 
ecosystem in affected areas. For illustration, the settlement areas before tsunami 
that located in the coastal regions can be changed into mangrove forest zone or 
green areas in vulnerable zone. 
 
4. Conclusion  
 GIS modeling has a powerful tool for decision makers to determine better 
environmental planning in the future. “How it helps researchers to find solution?” 
At least there are five factors to be considered, namely: 

• Clearly define project goals 
• Understand user requirements 
• Define objects and relationships 
• Formulate logical model 
• Create physical (computer) model 

 (source: Longley et al; 2001.p.29) 
 
However, GIS modeling is not always perfect, there are common mistakes in GIS 
modeling that influence the final result of GIS modeling, namely: 

• Designing in abstract without reference to GIS software core data model 
• Budgeting wrong amount of time (Too much or too little) 
• Trying to be too wide ranging and generic instead of specific and practical 
• Designing for elegance instead of performance 

(source: Longley et al; 2001.p.30) 
 

To explore the different types of environmental model in application, this 
paper examines two GIS modeling by analyzing the damage tsunami affected 
areas, namely Overlay modeling and Random Forest modeling. 
 Further study to assess the damage affected areas by tsunami, both of 
modeling have benefits and losses during process. 
 
a. Overlay modeling 

Benefits Losses 
Easy in application Limited analysis that only 

understanding present condition 
No need special skills The difficulties to earn data periodically 

become obstacles in analysis 
Quick in processing  - 
Relatively cheap in operational cost - 
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b.Random Forest modeling 
Benefits Losses 

Accurate result to produce vulnerable 
areas 

Take long time 

Predict how far the affected areas if a 
huge scale of tsunami hit the land in 
the future 

Need special skills 

Can include others methods during 
process  

Need many data to support accurate 
result 

- Relatively expensive in operational cost
 
 All and all, the analysis result by GIS modeling had proven role of GIS to 
assess terrestrial coastal ecosystem damage by determining damage ranking for 
affected areas and looking for potential sites for ecosystem restoration and 
rehabilitation.  
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