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STUDY ON VEGETATION MAPPING TO SUPPORT CLIMATE CHANGE FOR 

SUSTAINABILITY BY USING GEOGRAPHICAL INFORMATION SYSTEM APPROACH Gun 

Mardiatmoko Forestry Department, Faculty of Agriculture, Pattimura University. Kampus 

Poka, Jl. Ir. M. Putuhena, Ambon, 97233 Email: gum_mardi@yahoo.com Abstract 

Vegetated land area or forests have an important role in mitigating and adapting 

process.  

 

They can play a role as a micro climate, a water resources, air quality, scenic beauty 

resources and ecotourism development, biodiversity resources, etc. In general, forest 

lands in the world have many problems caused by deforestation and forest degradation 

and they have a lot of influence on climate change. In this case, forest health monitoring 

and evaluation from time to time is very important.  

 

Therefore, forest inventory database of vegetation mapping in large and small scale is 

needed and it can be done by using Geographical Information System (GIS) approach. 

Furthermore, information on vegetation distribution and its environment can be used to 

handle climate change program, for instance: Clean Development Mechanism (CDM) 

Forestry and Reducing Emissions from Deforestation and forest Degradation (REDD+), 

Joint Implementation project, and other purposes.  

 

A research to study vegetation distribution and its environment by using GIS has been 

conducted at forest area of Faculty of Agriculture, Pattimura University, Ambon. The aim 

of this research was to know distribution of vegetation and its environment, to 

determine forests aesthetics value by using scenic beauty index, and to arrange the 

database of vegetation and its environment.  

 



The result showed that vegetation distribution was clustered pattern and forests 

aesthetics value was moderate with scenic beauty index 63.57. By using GIS this 

vegetation distribution has been presented on the map including its environment i.e. air 

temperature, light intensity distribution and its non spatial data.  
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Introduction Forests can play a role as a micro climate, a water resources, air quality, 

scenic beauty resources, ecotourism development, biodiversity and wood production 

resources, etc. Therefore, forest resources in the world should be managed well. 

According to Badarch et al.  

 

(2010), Forest resources are vitally important for rural livelihood and local businesses 

that rely on timber and other forest products. In addition, forest landscapes serve to 

maintain fresh water supply, stabilize soil and permafrost and provide diverse habitats 

for wildlife. With effective forest management, it can also provide a secure supply of 

forest products that could meet the demands of population growth.  

 

Unfortunately, in general forest lands in the world have many problems caused by 

deforestation and forest degradation and they have a lot of influence on climate 

change. Climate change affects natural resources and the lives of communities 

particularly the ones whose living depends on the forest resources. They have to adapt 

to the existing change in order to survive (Sylviani and Sakuntaladewi, 2010).  

 

Principally, forest can reduce carbon emissions in the atmosphere and to reach this goal, 

a good forest management practices is needed. According to Liu and Han (2009), the 

forests comprise a large portion of the global landbase and that they play a very 

significant role in the global carbon cycle, it is logical to examine how forest 

management practices could affect reductions in carbon emissions.  

 

The forest management practices that maintain and increase forest area, reduce natural 

disturbances in the forest, improve forest conditions, and ensure the appropriate and 

timely transfer of carbon into wood products lead to increasing overall carbon storage, 

thereby reducing carbon in the atmosphere. A good forest management practices to 

handle climate change for instance through CDM (Clean Development Mechanism) 

Forestry or REDD+ (Reducing Emission from Deforestation and forest Degradation) 

program can be done if forest inventory database of vegetation mapping in large and 

small scale is available.  

 

In this case, forest health monitoring and evaluation from time to time is very important 

and it can be done by using Geographical Information System (GIS) approach. 



According to Bettinger et al. (2009), GIS and mapping are invaluable tools for assisting 

with daily management of natural resources. The applications of GIS vary widely among 

natural resource management organizations, and range from making 

management-related field maps (to support planting, herbicide applications, thinnings, 

and final harvests), to making larger-format thematic maps that represent the state of 

resources across the broader landscape (such as wildlife habitat suitability). Besides that, 

forest is also scenic beauty resources which its forests aesthetics value can be 

established by using scenic beauty index.  

 

According to Brown and Daniel (1986), the need to integrate aesthetics and scenic 

beauty into forest plans may be important for land managers who need to address and 

account for multiple uses of their forests. Based on explanation above, forest inventory 

and its vegetation mapping to support CDM Forestry or REDD+ program for handling 

climate change and also scenic beauty establishment by using GIS approach should be 

done.  

 

The aim of this research was to know distribution of vegetation and its environment, to 

determine forests aesthetics value by using scenic beauty index, and to arrange the 

database of vegetation and its environment. Material and Methods The research used 

survey method which was done at the forest area of Faculty of Agriculture, Pattimura 

University in Ambon with the total area 0.85 ha. Material of this research was all of 

vegetation in trees and poles level at forest area.  

 

The vegetation at study site was measured with sampling intensity 100% and recorded 

all of their position. This research used equipment of ground survey; digital mapping of 

vegetation, air temperature and light intensity distribution and its pattern analysis was 

done by using PC with ArcView-ArcInfo, Digitizer tablet, Scanner at Laboratory of Forest 

Planning, Faculty of Agriculture, Pattimura University.  

 

Each tree is presented as a point and its trees distribution at study site is presented in 

digital point map. Spatial arrangement of point data in this digital point map can be one 

of the following three fundamental types i.e. Complete Spatial Randomness (CSR), 

Clustered pattern and Regular pattern (ILWIS, 1997).  

 

In this case, trees distribution at study site is type of CSR if there is no correlation exists 

between locations of points or type of clustered pattern if subgroups of points tend to 

be significantly closer to each other than to other subgroups of points, and type of 

regular pattern if individual point items tend to repel each other and distances between 

adjacent points tend to be further apart than for CSR.  

 



The use of model for estimating Scenic Beauty Index (SBI) based on basal area per acre 

(BA) from Hull and Buhyoff (1986) with assumption forest structure at study site is 

similar with loblolly pine stands as follows: SBI = 5.663 – 4.086 (BA/stand age) + 16.148 

(ln (BA)) (1) BA= p/ D2 (2) The scenic beauty indices range from 0 (poor) to about 100 

(better).  

 

Air temperature and light intensity measurement were established at full sun area, 

medium shaded area and full shaded area with 3 times of obsevatiat09.00, and o’ by 

using thermometer and lightmeter. Result and Discussion Based on ground survey with 

10 plot lines at study site, it can be found 95 trees and 16 poles as shown in Table 1 and 

Figure 1 and 2.  

 

Tree species at study site is Tectona grandis, Samanea saman, Theobroma cacao, 

Pterocarpus indicus, Fillicium decipiens, Protium javanicum, Anthocephalus cadamba, 

Cassia siamea, Swietenia mahagoni, Adenanthera pavonina, Agathis alba, Eusideroxylon 

zwageri, Casuarina sp. and Metroxylon sp. Table 1. Number of trees, poles and its basal 

area in study site Strip No.  

 

Trees Poles N (pieces) BA (m2) N (pieces) BA (m2) 1 9 1,3207 1 0,0177 2 8 1,2293 0 0 3 3 

0,2574 5 0,1386 4 14 1,258 1 0,0254 5 14 1,0645 1 0,0227 6 9 0,9233 6 0,1278 7 16 

1,6207 1 0,0201 8 5 0,6035 0 0 9 7 0,8257 1 0,0154 10 10 1,1419 0 0 Total 95 10,2450 16 

0,3677 Figure 1. Number of trees and its basal area in each plot line Figure 2.  

 

Number of poles and its basal area in each plot line 0 10 20 1 2 3 4 5 6 7 8 9 10 Plot Line 

Number of Trees (pieces) and its Basal Area (m2) N (pieces) BA (m2) 0 2 4 6 8 1 2 3 4 5 6 

7 8 9 10 Plot line Number of Poles (pieces) and its Basal Area (m2) N (pieces) BA (m2) 

The trees and poles distribution can be presented in a point map as shown in Figure 3. 

Figure 3.  

 

The trees and poles distribution at study site The trees and poles distribution at study 

site are type of clustered pattern which subgroups of points tend to be significantly 

closer to each other than to other subgroups of points. Beside that, the forest crowns 

can be presented as a digital map by digitizing forest cover at study site from Ikonos 

imagery as shown in Figure 4. Figure 4.  

 

The forest crowns at study site Furthermore, distribution map of the trees and poles 

(Figure 3) can be overlaid with map of the forest crowns (Figure 4) and the results can 

be presented in Figure 5. Figure 5. The trees and poles distribution and its forest crown 

at study site. Based on air temperature observation in fest ea 09.00, and o’ock, average 

of air temperature in full sun area 300 C, 360 C and 350 C respectively; in medium 



shaded area 290 C, 350 C and 330 C respectively and full shaded area 270 C, 340 C and 

310 C respectively and its spatial distribution are presented in Figure 6. Figure 6.  

 

Average of Air Temperature and its spatial distribution atock at Study Site Based on light 

intensity observation in fest ea 09.00, and o’ock, average of light intensity in full sun area 

439 lux, 522 lux and 118 lux respectively; in medium shaded area 192 lux, 124 lux and 52 

lux respectively and full shaded area 20 lux, 15 lux and 16 lux respectively and its spatial 

distribution are presented in Figure 7. Figure 7.  

 

Average of Light Intensity and its spatial distribution at 09.00, 12.00 and 15.00 O’cl Study 

Site Air temperature and light intensity distribution in area with fully vegetation as 

shown in Figure 6 and 7 tend to decrease and conversely, area with no vegetation or in 

open area tend to increase. In this case, forest stands can play a role as cooler of 

weather and make impression on shadiness, calmness and comfortable.  

 

It should be known that forests through growth of trees and an increase in soil carbon, 

contain a large part of the carbon stored on land. Forests present a significant global 

carbon stock and approximately half of the total carbon in forest ecosystems is found in 

forest biomass and dead wood. Other terrestrial systems also play an important role.  

 

Most of the carbon stocks of croplands and grasslands are found in the below- ground 

plant organic matter and soil. Human activities, Land Use, Land Use Change, and ) 

Forestry (LULUCF) activities, affect changes in carbon stocks between the carbon pools 

of the terrestrial ecosystem and between the terrestrial ecosystem and the atmosphere 

(http://unfccc.int/methods_and_science/lulucf).  

 

Indonesia has committed to participate on ― Greening Earth Canopy for Bluer Sky in the 

World ‖ hrIndoness a tegy for CDM Forestry and REDD+. Therefore, forest biomass 

measurement and its spatial distribution in Indonesia are very important. Based on this 

consideration, vegetation mapping can be developed and continued by implementing 

forest biomass mapping, particularly in correlation with their environments i.e. air 

temperature, light intensity, humidity, forests aesthetics value, etc.  

 

There are many methods of vegetation biomass measurement and one of them is 

allometric method. For instance, the use of allometric method for study on relation and 

correlation among tree diameter and other variables i.e. wood volume, tree biomass and 

biomass potency at forest standing stock (Martin et al, 1998), application of allometric 

method for vegetation growth measurement (Parresol, 1999), or to estimate above 

ground biomass of sengon (Paraserianthes falcataria) (Purwanto and Azim, 2010), etc.  

 



By using allometric equations from Brown and Schroder (1999): Y = exp [-2.289 + 2.649 

* ln (DBH) – 0.021 * (ln (DBH))2], where DBH is diameter at breast height, biomass 

potency distribution of trees and poles at study site can be found as follows: trees 1.557 

kg and poles 16 kg as shown in Figure 8. Basically, big trees with big diameter have 

biomass higher than little trees in each plot line. Figure 8.  

 

Trees and poles biomass potency in each plot line at study site Based on database 

availability of biomass, air temperature and light intensity, it can be made the map of 

biomass potency, air temperature and light intensity distribution. Value of the potency 

of biomass, air temperature and light intensity distribution was established based on 

method of weighted scoring from measurement results of ground survey at study site.  

 

The establishment of value of biomass potency distribution used expert adjustment, for 

instance with Total scores = (35 x class of trees distribution) + (35 x class of biomass 

potency of trees and poles) + (30 x class of air temperature distribution) + (30 x class of 

light intensity distribution). This final score showed status of biomass potency 

distribution.  

 

Based on result of score calculation, it can be formatted amount of biomass potency 

distribution by using formula: Score range = (highest score-lowest score)/amount of 

class. Final result of this scoring mechanism at study site was 3 levels of biomass 

potency distributions i.e. l ow 0.15 () moderate (531 — 779) 0.31 ha (37%) and h i( ha . 

Analysis of biomass potency, air temperature and light intensity distribution was 

presented in Figure 9. Figure 9.  

 

Digital Map of Biomass Potency, Air Temperatures and Light Intensity Distribution 

Database of vegetation mapping and also biomass classification including all of 

thematic map and the digital map of biomass potency, air temperature and light 

intensity distribution from year to year can be edited easily and fast by using spatial 

analysis of GIS. It can be understood because a GIS is a computer system capable of 

gathering, storing, and analyzing geographically referenced information.  

 

As explanation mentioned above, forest is also a potential scenic beauty resources. The 

result of SBI calculation for the forest area at study site as follows: BA at study site is 

55.03 ft2/acre, and 33 years. SBI = 5.663 – 4.086 (BA/stand age) + 16.148 (ln (BA)) = 

5.663 – 4.086 (55.03/33) + 16.148 (ln (55.03)) = 63.57 (moderate). Conclusions 1.  

 

The vegetation distribution at level trees and poles at study site are type of clustered 

pattern which subgroups of points tend to be significantly closer to each other than to 

other subgroups of points. By using GIS, vegetation distribution can be presented as a 



point map. 2. The forests aesthetics value at study site was moderate with scenic beauty 

index 63.57. Figure 10.  

 

The real world of forest scenic beauty at study site (The picture is taken from the 3 rd 

floor of lecturing room, Faculty of Agriculture , Pattimura University). 3. By using GIS, the 

vegetation distribution has been presented on the map including its environment i.e. air 

temperature, light intensity distribution and its non spatial data.  

 

Database availability of this research can be used to support CDM forestry and REDD+ 
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