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I
t has been long recognized that the fastest rate 

of deforestation in Southeast Asia occurred 

in Sumatra’s forest (Achard et al., 2002). The 

deforestation in Indonesia has already occurred since 

the late 1960s, when Indonesia was experiencing 

a severe economic crisis. It increased rapidly when 

the forested areas were extensively converted for 

non-forestry purpose such as intensive agriculture, 

forestry plantations, mining, and transmigration. 

From his research, Ardhana (2016) concluded that 

the forest degradation between 2011 and 2012 has 

resulted in both non-forested and forested areas 

that were distributed across the conservation and 

non-conservation areas, such as protection forest, 

limited production forest, natural production forest, 

Land Based GHG Emission 

in South Sumatera:

The Case of Sembilang Dangku Landscape

In 2043, natural forest cover in South Sumatra would disappear (FWI 2014)

1996-2000

< 10 years later

2009-2013

 •  deforestation rate 2 million ha/ year (FWI 
& GFW 2001)

 •  deforestation rate 1.5 million ha/ year (FWI 
2011)

 •  deforestation rate 1.13 million ha/ year 
(FWI 2014)

convertible production forest, and the areas for other 

purposes (in Bahasa Indonesia, APL = areal untuk 

penggunaan lain).

Forest degradation has been categorized as the 

source of carbon monoxide (CO) emission, about 

which Indonesia contributed to the global emission 

of about 12-20% (van der Werf et al. 2009). Carbon 

emissions from deforestation and forest degradation 

are the second largest source of anthropogenic 

carbon emission (IPCC 2007, Le Quere et al. 2009, van 

der Werf et al. 2009). Provincial government of South 

Sumatra has committed to reducing the Green House 

Gas emission before the international communities 

during the 2015 Bonn Challenge summit. Later, the 
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Governor established a “Partnership for Ecoregion 

and Landscape Management” (KOLEGA: Kemitraan 

Pengelolaan Lanskap Ekoregion), where the multi-

stakeholder partnership, consisting of both public, 

private, and community sectors, is directed towards 

achieving sustainable regional development. 

This document seeks to explore the potential land-

based GHG emission from this landscape and estimate 

its economic values.

STUDY AREA

The study area is the Sembilang-Dangku 

landscape, which covers part of Musi Banyuasin and 

Banyuasin districts.

METHODS

Based on a workshop for assessing 

the readiness of South Sumatra 

towards REDD+ implementation, there was a 

total of 21 sources of GHG emission in the region 

consisting of agricultural activities and industries, 

forest/ peatland degradation, energy and mining 
industries, transportation, and waste (Ginoga et al. 

2013). Electricity generation contributed the largest 

part of those historical emission data. This document 

will, however, be dealing with only the potential CO
2
 

emission in the above-mentioned landscape from land 

use and land cover changes, from which the available 

data will be exposed to a spatial analyses using InVEST 

(integrated valuation of ecosystem services and 

trade-offs) developed by the Natural Capital Project 

(http://www.naturalcapitalproject.org/invest/#what-

The Sembilang-Dangku landscape (red line)
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is-invest). The InVEST model uses maps of land use 

and stocks in land-based carbon pools to estimate the 

amount of carbon currently stored in a landscape or 

the amount of carbon sequestered over time.

The Classification of Land Use Land Cover-
Change (LULC)

The LULC mapping was done using the landsat satellite 

images of medium resolution, i.e. 30 m, for the period 

of 1989 to 2016. The landscape of Sembilang-Dangku 

is covered with four different scenes of landsat 

images, and these mosaic datasets are clipped to the 

boundary of Sembilang-Dangku landscape. Satellite 

image data used in this study are as follows.

There are several methods and algorithms being 

used for classifying Landsat images, and this study 

deploy the maximum likelihood and calculation index. 

Period Data set Resolution Entity ID Date

Path/Row: 124/61

< 1990 Landsat 5 TM 30 m LT51240611989137BKT01 1989/5/17

1990-2000 Landsat 5 TM 30 m LT51240611998114BKT00 1998/4/24

2000-2010 Landsat 7 ETM+ 30 m LE71240612001130SGS00 1998/4/24

>2010 Landsat 8 OLI TIRS 30 m LC81240612015177LGN00 2015/6/26

Path/Row: 124/62

< 1990 Landsat 5 TM 30 m LT51240621989137BKT01 1989/5/17

1990-2000 Landsat 7 ETM+ 30 m LE71240622001130SGS00 2001/5/10

2000-2010 Landsat 8 OLI TIRS 30 m LC81240622013171LGN00 2013/6/20

>2010 Landsat 8 OLI TIRS 30 m LC81240622015177LGN00 2015/6/26

Path/Row: 125/61

< 1990 Landsat 5 TM 30 m LT51250611989160BKT00 1989/6/9

1990-2000 Landsat 5 TM 30 m LT51250612000255BKT00 2000/9/11

2000-2010 Landsat 5 TM 30 m LT51250612008133BKT00 2008/5/12

>2010 Landsat 8 OLI TIRS 30 m LC81250612016219LGN00 2016/8/6

Path/Row: 125/62

< 1990 Landsat 5 TM 30 m LT51250621989160BKT00 1989/6/9

1990-2000 Landsat 5 TM 30 m LT51250621996212DKI00 1996/7/30

2000-2010 Landsat 5 TM 30 m LT51250622000255BKT00 2000/9/11

>2010 Landsat 8 OLI TIRS 30 m LC81250622016219LGN00 2016/8/6

The maximum likelihood method is a supervised 

classification method, where the landcover signature 

class of each pixel is defined (Huang et al. 2009). 

This method requires knowledge and understanding 

about the objects being interpreted. Studies have 

proved that this method was much more successful in 

providing accurate classification than other algorithms 

(Richards & Jia, 2006), and hence it has been widely 

used for image interpretation (Reis, 2008).

Another algorithm being used is the calculation 

index, which is the standard method for landcover 

classification based on band-ratio (Song et al., 2001). 

This method is used for overcoming the classification 

of landcover with similar reflectance values, such 

as ‘ladang’ (crop fields) and ‘kebun’ (garden). The 

common arithmetic being used is the normalized 

difference vegetation index (NDVI), which combines 

the red (RED) and near infrared (NIR) channels to 

measure the vigour of vegetation using the following 

formula (Walthall et al., 2004).
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with those of 2000 (dependent variables) and will 

be correlated with the independent variables. With 
this process, the trend of the correlation of each 

independent variable on the changes of 1989-2000 

period can be calculated. The magnitude of effects 

of each of these variables can be calculated using 

the Neural Network Analysis (NNA) technique, which 

produces the probability of a change between pixels. 

Driving factors or independent variables are the 

number of variables that can influence the spatial 

allocation of landcover change. Each driving factor 

will have a different effect on each type of landcover 

changes. Therefore, the weighting by iterations is 

performed to calculate the strength of the driving 

factors on the potential transition map of landcover 

change.

The resulted potential transition map has a value 

between 0-1, where the value of closer to 1 means 

that the area has a high chance to turn into certain 

landcover. Each map of potential changes is 

reclassified by simply taking the value of opportunities 

between 0.5-1. Where the value of <0.5 signifies 
that the landcover will not turn into another type 

of landcover. The collection of all the probabilities 

in each landcover type was prepared using a matrix 

called a Markov Chain. The products of this technique 

are a transition matrix per landcover class that will 

produce future landcover maps. The maps of the 

forecasted landcover need to be validated by using 

the Kappa equation. The Kappa equation will calculate 

the ratio between the model with real conditions in 

the same year using the existing data in 2016. The 

Kappa equation for this validation is as follows.

NDVI = (NIR – RED) / (NIR + RED)

The classification of land cover in this study follows 

that utilized by Tiryana et al. (2016), who classified the 

land cover in South Sumatra into ten classes, namely: 

primary dry land forest, secondary dry land forest, 

primary peat swamp forest, secondary peat swamp 

forest, primary mangrove forest, secondary mangrove 

forest, shrubby swamps, shrubs, forestry plantation, 

and plantation. These ten classes are then directly 

correlated with their respective carbon contain.

The Model of Predicted LULC

The data used in the prediction model consist of 

dependent and independent variables. Dependent 

variables are landcover changes from 1989 to 2016. 

For forecasting, landcover change variables are tested 

on a variety of factors, the magnitude of influences and 

power of statistics. The independent variables consist 

of three aspects, namely: proximity or closeness 

to the triggering factors such as transportation 

(road for land transportation and rivers for water 

transportation), area development (the centres of 

capital and settlements as well as the location of 

plants), and the factors behind changes in landcover 

such as cultivation area (the area of   agriculture, 

plantation and fisheries).

Landcover changes are obtained from the analysis 

of changes by calculating the changes between the 

pixels in the same landcover type of different years. In 

this case, the landcover data of 1989 are compared 

  N : Number of pixels in the samples

Xi+ : Number of pixels in ith row

X+i : Number of pixels in ith column

Xii : Diagonal values of contingency matrix of ith column and ith row
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The Identification of Land-based CO2 emission

Identifying land-based CO
2
 emissions is done using InVEST, which calculates the carbon pools for each type of 

landcover. The sources of carbon pools follow those described by Tiryana et al. (2016) who studied the carbon 

contain in each pool for each land use class, and the pools are: (a) above ground biomass; (b) below ground 

biomass; (c) litter; (d) dead wood; and (e) soil carbon. Using the LULC maps and carbon stored in all carbon 

pools of each LULC type in the landscape, InVEST can estimate the total amount of carbon stored in a series of 

time, namely in the years of 1990, 2000, and 2016, as well as the future land use (namely, year 2040) under the 
Business as Usual (BAU) scenario.

RESULTS AND DISCUSSION

Land Use Land Cover Change Over Time

The land use maps resulted from the analyses in this study are presented as Annex 2.

The land use under the business as usual scenario is predicted to experience the same patterns in 2040, when 
forest cover is to continue being reduced in their extent, while the plantation and shrubby areas are to increase 

in size.

Vast forest 
such as
1.  dry land forest
2.  mangroves
3.  peatswamp   

forest

10 years later:
plantation started 
expanding & 
logging activities 
increase in shrub 
areas.

Forest shrunk 
again effect of 
-  wild fires
-  plantation 

development
-  other economic 

activities
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The land use land cover changes of KELOLA Sendang 

landscape could have been governed by a combination 

of environmental and socio-economic factors. The 

unplanned growth of urban areas always has negative 

effects. Rural development in South Sumatera seems 

to continue to increase, of which without proper 

planning would force environmental elements to face 

destruction.

Land use of KELOLA Sendang landscape in the past (1990 and 2000), current (2016) 

and predicted future time (2040)

The pattern of Land use of KELOLA Sendang landscape (decreasing and increasing land uses).



Land based GHG Emission in South Sumatera:
The Case of Sembilang Dangku Landscape10

Predictive CO2 Emission Over Time and Its Economic Values

Tiryana et al. (2016) have calculated the average value of carbon stock for each land use type in South Sumatera:

Average 
(ton/ha)

Deviation standard 
(ton/ha)

Standard Error 
(ton/ha)

Primary dry land forest 252.4 85.7 30.3

Secondary dry land forest 210.1 72.5 12.6

Primary mangrove forest 1,091.6 504.2 139.8

Secondary mangrove forest 461.9 366.8 138.6

Primary peat swamp forest 2,135.7 1,391.3 622.2

Secondary peat swamp forest 1,441.1 1,158.3 386.1

Forestry plantation 98.5 27.8 9.8

Plantation 84.7 36 9.3

Shrubs 104.1 37.5 15.3

Shrubby swamps 463.1 286.1 101.2

Using the average value as the basis for carbon stock calculation, the carbon values stored in KELOLA Sendang 

landscape is presented:

Table of calculated values of carbon stocks (tonnes) in each land use type over time.

Land use type 1990 2000 2016 2040

Decreasing:

Primary dry land forest 63,575,496.36 24,624,484.74 7,951,713.08 4,896,524.66

Secondary dry land forest 46,149,532.31 21,439,894.01 10,769,810.04 4,731,807.07

Primary mangrove forest 95,047,336.73 90,117,551.05 78,667,409.34 65,611,862.42

Primary peat swamp forest 1,097,498,364.04 364,136,764.57 57,253,333.03 55,445,761.98

Secondary peat swamp forest 180,632,316.10 227,878,549.02 149,690,803.86 122,832,864.64

Forestry plantation 0.00 2,838,058.83 6,164,455.05 4,522,036.50

Shrubby swamps 7,984,946.18 48,245,276.38 32,360,534.22 22,146,345.05

Increasing:

Secondary mangrove forest 17,187,446.81 11,805,249.44 12,631,847.20 16,910,417.66

Plantation 3,256,797.16 10,562,207.73 38,116,219.68 37,926,437.47

Shrubs 7,510,677.59 35,333,234.75 26,716,659.14 37,251,378.23
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The values of carbon stocks in the landscape clearly 

follow those of land use changes, where the large 

stocks of carbon in 1990 drastically dropped until 

2016. At the same periods of time, other land uses are 

experiencing an increase in their respective carbon 

stock, but such increases could not match the falling 

stocks. When the carbon price is calculated for those 
carbon stock values, their economic values would be 

just the same patterns, when the carbon stock in the 

landscape could not be in balance, neither could it be 

in the future, unless there are intervention to stop 

the reduction of stock, and to increase the remaining 

stock in the landscape.

Based on predicted figures above, imbalance carbon 

sequestration will lead to discrepancy in economic 

development. For example, with an estimate of 

carbon price of USD 5 per ton, the values of carbon 
sequestered in the landscape are figured in the 

following Table 4. In 2016 alone, South Sumatera 
has lost about USD 530,786,665.21 due to carbon 
emission from KELOLA Sendang landscape. While 
in 2040, the value of such lost seems decreasing, 
with USD 376,197,937.92, which might have been 

attributed to the recoveries of land/forest combined 
with the reduction of deforestation and/or land 
degradation.

Figure of the dynamics of carbon storage in the landscape

2016 2040

685,716,117.25 560,374,404.64

154,929,452.04 184,176,466.72

- 530,786,665.21 - 376,197,937.92

Carbon 
debit (USD)

Economic values of carbon sequestration (USD) in the landscape for the period of 2016 and predicted 2040

Carbon 
credit (USD)

Carbon 
balance 
(USD)
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Such lost might not be directly measured in economic 

values, but such significant carbon emission should 

have significant effects on the regional climate change. 

These effects might not either be directly realized, 

but the climate change has been postulated to affect 

forest nutrient cycles, agricultural productivity and 

other processes of ecological significance (Hassan 

et al. 2016). For instance, changes in precipitation 

will cause hydrological fluxes of nutrients to 

change and could cause changes in productivity, 

decomposition and nutrient uptake. Johnson et al. 

(2000) and Bonan (2008) suggested that increases in 

temperature could also result in changes in hydrologic 

fluxes, decomposition, accelerated physiological 

development, resulting in reduced yield and hastened 

maturation.
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Annex 1. Table of land use land cover changes in the landscape of KELOLA Sendang in the period of 1990, 2000, 

2016, and predicted 2040.

Annex 2. Maps of land use land cover changes in the landscape of KELOLA Sendang in the period of 1990, 2000, 

2016, and predicted 2040.

Land Class 1990 2000 2016 2040

Primary dry land forest 251,883.90 97,561.35 31,504.41 19,399.86

Secondary dry land forest 219,655.08 102,046.14 51,260.40 22,521.69

Primary mangrove forest 87,071.58 82,555.47 72,066.15 60,106.14

Primary peat swamp forest 513,882.27 170,499.96 26,807.76 25,961.40

Secondary peat swamp forest 125,343.36 158,128.20 103,872.60 85,235.49

Forestry plantation 28,812.78 62,583.30 45,909.00

Shrubby swamps 17,242.38 104,178.96 69,878.07 47,821.95

Secondary mangrove forest 37,210.32 25,558.02 27,347.58 36,610.56

Plantation 38,450.97 124,701.39 450,014.40 447,773.76

Shrubs 72,148.68 339,416.28 256,644.18 357,842.25
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Proyek KELOLA Sendang adalah bentuk kemitraan 

antara publik, swasta dan masyarakat untuk 

mewujudkan pengelolaan lanskap yang berkelanjutan. 

Proyek ini merupakan bentuk dukungan bagi 

Pemerintah Provinsi Sumatera Selatan untuk 

mewujudkan visi pertumbuhan hijau (green-growth). 

Proyek bertujuan untuk mendorong kerjasama para 

pihak dalam menyeimbangkan kepentingan produksi 

dan konservasi melalui pengelolaan lanskap terpadu. 

Proyek memfasilitasi perencanaan, kerangka kerja dan 

aksi kolaboratif untuk melestarikan keanekaragaman 

hayati dan konservasi hutan, mengembangkan praktik 

terbaik ramah lingkungan bagi pengelola lahan 

dari sektor publik dan swasta, serta memperkuat 

penghidupan masyarakat. Proyek akan berkontribusi 

bagi upaya  mengatasi masalah lingkungan hidup 

seperti kebakaran hutan dan lahan, degradasi hutan 

dan keanekaragaman hayati, kerusakan lahan gambut 

serta mendorong penurunan emisi gas rumah kaca. 

Proyek KELOLA Sendang diinisiasi oleh Zoological 

Society of London (ZSL) bersama para mitra yaitu 

Forest People Program (FPP), Deltares, Daemeter 

Consulting, SNV dan IDH Trade Initiative, dan didukung 

oleh Pemerintah Provinsi Sumatera Selatan, British 

Embassy melalui UK Climate Change Unit (UKCCU), 

The Norwegian Government dan The David and Lucile 

Packard Foundation.


