
IOP Conference Series: Earth and
Environmental Science

     

OPEN ACCESS

Remote sensing assessment of carbon storage by
urban forest
To cite this article: K D Kanniah et al 2014 IOP Conf. Ser.: Earth Environ. Sci. 18 012151

 

View the article online for updates and enhancements.

You may also like
Use of Geographical Information System
(GIS) and remote sensing in development
of urban forest types and shapes in
Tangerang Selatan City
Gumilar Adam, Rachmad Hermawan and
Lilik Budi Prasetyo

-

Urban forest carbon stock and biodiversity
assesment at Nagan Raya Regency
Subhan, A Anhar, A M Muslih et al.

-

Urban forest and financial resources
perspective in Indonesia
M Arsal and D Arsal

-

This content was downloaded from IP address 18.216.233.58 on 28/04/2024 at 19:34

https://doi.org/10.1088/1755-1315/18/1/012151
/article/10.1088/1755-1315/54/1/012051
/article/10.1088/1755-1315/54/1/012051
/article/10.1088/1755-1315/54/1/012051
/article/10.1088/1755-1315/54/1/012051
/article/10.1088/1755-1315/951/1/012071
/article/10.1088/1755-1315/951/1/012071
/article/10.1088/1757-899X/593/1/012006
/article/10.1088/1757-899X/593/1/012006
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstfNJzpyAqLN7mA4A3DFVKt8wHa3gGLsDs3fh1YKqF-8-X25_n_THh5pN731Bi1AulJg9dJ_VCCI0Dy7HBBu6hofdnAJx4ZJnkZ2McBr0wsmOiTLRZ6byRRtU8u-ulA8syIIEDc-IlukpOVE8b4QtusFu80CjWANig8C36CJFK2NV8W-KQi7UzrkE4h92GFRI1u1hDbkOabidWKvTM7QAtJ0LwYjQxPNaseDOUcL-p8QFIFSza4UUGodmVYeFdgRL5VksVATj7v937nznJXjdMcfi4DRXSFSbbf-LebTD1PgTVcrCZwArz3WRoXYSmb8AFPefsdA4nLlVLjxOGH6dlcPqbWtQ&sig=Cg0ArKJSzAs5NwVQ9L-5&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


 

 

 

 

Remote sensing assessment of carbon storage by urban forest 
 

K D Kanniah
1,3

, N Muhamad
2
 and C S Kang

1 

1
Department of Remote Sensing, Faculty of Geoinformation and Real Estate, 

Universiti Teknologi Malaysia, UTM Skudai, 81310 Johor, Malaysia  
2
 Universiti Kebangsaan Malaysia 

 

Email: kasturi@utm.my 

Abstract. Urban forests play a crucial role in mitigating global warming by absorbing 

excessive CO2 emissions due to transportation, industry and house hold activities in the urban 

environment. In this study we have assessed the role of trees in an urban forest, (Mutiara Rini) 

located within the Iskandar Development region in south Johor, Malaysia. We first estimated 

the above ground biomass/carbon stock of the trees using allometric equations and biometric 

data (diameter at breast height of trees) collected in the field. We used remotely sensed 

vegetation indices (VI) to develop an empirical relationship between VI and carbon stock. We 

used five different VIs derived from a very high resolution World View-2 satellite data. 

Results show that model by [1] and Normalized Difference Vegetation Index are correlated 

well (R
2
 =0.72) via a power model. We applied the model to the entire study area to obtain 

carbon stock of urban forest. The average carbon stock in the urban forest (mostly consisting 

of Dipterocarp species) is ~70 t C ha
-1

. Results of this study can be used by the Iskandar 

Regional Development Authority to better manage vegetation in the urban environment to 

establish a low carbon city in this region. 

1.  Introduction 

Globally, the average surface air temperature increased 0.5 ◦C in the 20th century and it is anticipated 

to increase further by 1.5–4.5 ◦C by the year 2100 [2]. Increasing levels of atmospheric CO2 is the 

main reason for the increase in temperature [3] especially in the cities. The high population density, 

heavy industrialization and fossil fuel combustion in the cities will release higher concentrations of 

CO2, and other greenhouse gasses (GHG) that will increase the temperature. By the year 2030, it is 

expected that more than 60% of the world’s population will be living in towns and cities [4] which 

could amplify the effect of warming.  

In order to mitigate the issue of carbon emission in cities, various actions such as green economy, 

green community and green environment can be implemented within the framework of low carbon 

cities [5]. Under the green environment, green infrastructure that includes the natural environmental 

components and green spaces that lie within and between the cities and towns [5] play a critical role 

as other infrastructures like roads or waste disposal. They provide a number of services which help to 

combat climate change [5]. Among the services provided by them include sequestrating and storing 

excessive CO2 from the atmosphere (acting as a regional carbon sink), moderating high temperature in 

the cities and reducing GHG emissions by conserving energy used for space heating and cooling [5].   

The net saves in carbon emission that can be achieved by urban trees planting can be up to 18 kg 

CO2 year 
-1

 tree
-1

 and this benefit is corresponding to that provided by 3 to 5 forest trees of similar size 

and health [6]. Although the importance of tree planting and green spaces within urban areas is getting 

more noticeable in Malaysia [7,8], the effects of the trees on the city’s environment improvement (i.e. 

carbon storage) has not been well studied. Consequently our understanding on the role of urban 

forests in carbon storage is limited and therefore their impact is rarely seriously taken into 

consideration in urban planning processes [9]. This study is an effort to explore the role of urban 

forest in storing atmospheric CO2. In this study we have used WorldView-2 remote sensing data to 

estimate the carbon storage of urban forest in Iskandar Malaysia. 

2.  Study area 
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Iskandar Development Region (IDR) is located in the south of Peninsular Malaysia. This study is 

focused on an urban forest in the district of Skudai in flagship zone E of IDR (fig.1). It is located at 

1
o
0’59.47” N latitudes and 103

o
3’52.96”E longitudes that is about 16 km from the metropolitan of 

Johor Bahru and covers a total area of 25 hectare and consisting of many tropical tree species that are 

commonly found in the a tropical forest. 

 

Figure 1. Study area, a) Johor state, Malaysia; b) Flagship Zone E (Senai-Skudai) of Iskandar 

Development Region; c) Johor Bahru Tengah Municipal Council Urban Forest (Mutiara Rini) shown 

by World View 2 satellite image (Red colour indicates vegetated area, green is open area and vacant 

lands while black colour represents water bodies). 

 

3. Data and methodology 

WorldView-2 satellite image with 2 meter spatial resolution and 8 spectral bands acquired on March 

3
rd

, 2010 was used in this study. Field data such as Diameter at Breast Height (DBH), name of tree 

species and geographical coordinates of the trees were collected at Mutiara Rini urban forest. DBH 

measurement was taken at 1.3 m above the ground level. Random sampling technique was applied 

with 10 m x 10 m (0.01 hectare) sampling size for 35 sample plots. From the total samples, 30 were 

used for model development and the remaining 15 samples were used for model validation.  

In this study, we used three allometric equations developed by [1,10,11] to estimate the above 

ground biomass (AGB). These equations were selected because they were developed specifically for 

tropical forests like in Sumatra, Kalimantan and Peninsular Malaysia [1,11,12] as follows: 

 

 [10]  

   0.066*(  [11]  

 [13]  

 

The estimated AGB for the whole study area was converted into carbon by multiplying biomass 

with 0.5 [14-16]. World View 2 image was pre-processed (geometric correction, calibration) before 

computing various vegetation indices as shown in table 1. 

Table 1. Various vegetation indices used to estimate the vegetation 

density in Mutiara Rini urban forest. 

Normalized 

Difference 

Vegetation Index  

(NDVI) 

 

 

a) b) c) 

R:B8 

G:B4 

B:B2 
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Enhanced 

Vegetation Index 

(EVI) 

  

 
G=2.5, C1=6, C2=7.5 

 

Atmospherically 

Resistant 

Vegetation Index 

(ARVI) 

 

 

Optimized Soil 

Adjusted 

Vegetation Index 

(OSAVI) 

 
Y=0.16 

Modified 

Chlorophyll 

Absorption Ratio 

Index (MCARI) 

 

 

After computing the VI from WorldView-2 image and estimating the carbon at selected locations 

in the field, both of these parameters were correlated as to develop an empirical model to estimate 

carbon stock in the entire study area. Based on the relationship between VI and carbon stock 

estimated from the field, one empirical model with the highest R
2
 and lowest root mean square error 

(RMSE) were selected to estimate AGB and carbon stock for the entire study area.  

4. Results and discussions 

Results of the study show that, NDVI correlated moderately well (R
2
 = 0.56) with carbon stock 

estimated using the biomass model of [1]. The rest of the vegetation indices (EVI, ARVI, OSAVI and 

MCARI) yielded very low correlation coefficient (ranging between 0.11 and 0.43) with carbon stock 

estimated using Basuki model. Theoretically, different VIs may give different values based on 

different spectral bands and formula utilized. In another study estimating the carbon stock of 

mangrove forests in Malaysia [17] also found that NDVI yielded the highest correlation with carbon 

stock compared to other vegetation indices. This study shows that NDVI is a useful remotely sensed 

spectral vegetation index to detecting the biomass of urban forest that may not be as dense as tropical 

forests. Thus, the power model shown in fig. 2 was used to estimate the carbon stock in the Mutiara 

Rini urban forest. 

 

 

 

 

 

 

 

 

Figure 2. Relationship 

between the 

aboveground carbon 

stock and Normalized  

Difference Vegetation 

Index in Mutara Rini 

Urban forest. 

We assessed the accuracy of the carbon stock estimated using the model (fig. 2) with carbon stock 

estimated in the field (independent samples that were not used in the empirical model development) 

show a moderate correlation with R
2
 0.47 and a low RMSE of 24.48 t C ha

-1
. Overall, this study 
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demonstrates that, carbon stock in Mutiara Rini urban forest is between 20 and 120 t C ha
-1 

(fig. 3). 

This amount is on average approximately 25% compared to the carbon stock of tropical dipterocarp 

forests in Malaysia [18-19].  However, it should be noted that their study were based on trees with 

DBH <15 cm compared to this study with DBH ranging between 10 and 35 cm. The average carbon 

sequestered by this forest is approximately 257 t CO2e ha
-1

.  

Figure 3 depicts that, the amount of carbon stored by the urban forest is more in the middle of the 

forest (ranging between 80 to 120 t C ha
-1

). The edge of forest area is covered mostly by small trees 

that were planted recently and shrubs or grasses which store comparatively less carbon (40-80 t C ha
-

1
). This is also shown in the pattern of vegetation density (i.e. NDVI- fig. 3b). Generally, large and 

healthy trees store more carbon than small trees [20]. In the middle of the urban forest Dipterocarp 

species such as Dryobalanops Oblongifolia, Dryobalanops Aromatica, Manilloa Browneiodes and 

Shorea Spp dominate. The dipterocarp forest usually contains a large variety of valueble tree species 

and most of the genera are Hopea, Dryobalanops, Dipterocarpus, Shorea and Parashorea. These 

species grow fast and therefore has high rate of carbon sequestration.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Map of 

carbon storage (left) 

(derived using 

allometric model of 

[1] and NDVI) and 

NDVI (right) of 

Johor Bahru Tengah 

Municipal Council 

Urban Forest 

(Mutiara Rini). 

 

4. Conclusion 

Quantification of carbon storage by urban forest is critical in assessing the role of the trees in reducing 

the concentration of CO2 and moderating temperature in the urban area. Results of this study will 

provide insights into the carbon balance of urban ecosystem and the information can be used by urban 

planners and Iskandar Regional Development Authority to better manage vegetation in the urban 

environment to establish low carbon cities and subsequently to mitigate global warming and climate 

change. 
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