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INTRODUCTION

The earth receives energy from the sun in 
form of light energy. Some of the energy will 
reflect back to the outside earth in form of ther-
mal energy. And some part of the thermal energy 
will be absorbed by greenhouse gas that is in the 
natural atmosphere in a less amount. This thermal 
energy absorbed by greenhouse gas will create 
warmth to the earth and enables creatures to live 
in this earth. But if there are too much greenhouse 
gas, it will result in sequestration and reflection 
of heat back down to the earth, which is a cause 
of global warming. All of greenhouse gases cause 
by human activities. The most important gas is 
carbon dioxide (CO2) [Litynski et al., 2006; Lal, 
2007; Wasun et al., 2010]. In order that, CO2 will 
be released into the atmosphere by various pro-
cesses such as burning combustion, deforestation 
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ABSTRACT
This study aimed to estimate above-ground carbon sequestration of orchards us-
ing satellite data. The research methodology analyzed the relationship between the 
amount of above-ground carbon sequestration and vegetation indices from the data 
obtained from LANDSAT 8 OLI including (1) Difference Vegetation Index (DVI), 
(2) Green Vegetation Index (GVI), (3) Simple Ratio (SR), (4) Normalized Difference 
Vegetation Index (NDVI), and (5) Transformed Normalized Difference Vegetation 
Index (TNDVI) in order to find out the most appropriate equation to estimate above-
ground carbon sequestration of the orchards in the study area at Sang Kho sub district, 
Phu Phan district, Sakon Nakhon province in northeast Thailand. The study results 
found that the relationship between the amount of above-ground carbon sequestra-
tion and the most appropriate index relating to vegetation was TNDVI. At any rate, 
TNDVI had the relationship equation y = 0.226e0.039x and coefficient of determination 
R² = 0.877, which represented the amount of above-ground carbon sequestration in 
the   study area in a total of 40.86 tons per hectare.
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and etc. Meanwhile, the growth of trees by the 
process of photosynthesis causes carbon dioxide 
absorbance of forest and converted into biomass 
above ground (stem, branches, leaves) and under-
ground (roots) [Ogawa et al., 1965; Senpaseuth 
et al., 2009] so that the carbon was held in the 
trees until the trees were cut out of the areas. This 
process is called «carbon sequestration», which is 
regarded as the most effective in reducing carbon 
dioxide [Teerawong and Pornchai 2014; Teera-
wong and Yannawut 2016].

At any rate, the estimation of carbon seques-
tration of forests usually requires a high budget 
due to the space exploration is difficult to take ac-
tion comprehensively. Currently, the technology 
of Remote Sensing is being applied to assist in 
estimation of above-ground carbon sequestration. 
Due to the data from satellites provided the value 
of reflectivity at different wavelengths so that the 
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evaluation of above-ground carbon sequestration 
in forest area could be implemented quickly with 
lower budget [Liaghat and Balasundram, 2010; 
Gomasathit et al., 2011; Laosuwan et al., 2011; 
Odindi et al., 2015]. Remote sensing is consid-
ered as a modern technology that is increasingly 
important due to the data obtained from satellites 
has evolved rapidly in terms of recording and data 
analysis methods, especially sensor record sys-
tem that has developed in terms of spatial resolu-
tion and spectral resolution so that it contributed 
to a wide range of applications in various fields 
increasingly. Moreover, the data from satellites 
is currently accepted widely in the efficiency to 
monitor changes in events caused by natures and 
human actions in due time [Campbell, 1996; Lu, 
et al., 2002; Laosuwan et al., 2011; Patel et al., 
2007; Schlerf and Alzberger, 2005; Samaniego 
and Schulz, 2009; Senpaseuth et al., 2009; Ar-
bind, 2013; Rees, 2013].

In Thailand, most studies were about estima-
tion of carbon sequestration of forests and forest-
ry plantations. There are still no studies about the 
estimation of above-ground carbon sequestration 
of orchards. Therefore, this study aimed to study 
above-ground carbon sequestration with the data 
from LANDSAT 8 OLI of the orchards at Sang 
Kho sub district, Phu Phan district, Sakon Nakhon 
province in northeast Thailand.

MATERIALS AND METHODS

Data collection and study area

This study used the data from Landsat 8 OLI 
in Path 127 Row 49 that recorded the data on 6 
January 2015. The data obtained from the satel-

lite can be downloaded from The US Geologi-
cal Survey (USGS) on the website http://glovis.
usgs.gov/. For an area of the orchards belonging 
to eleven farmers at Sang Kho sub district, Phu 
Phan district, Sakon Nakhon province in north-
east Thailand. These areas were selected as a pilot 
area in this study in a total area of   11.55 hectare 
(Figure 1).

Primitive data preparation

In data preparation before analyzing, the 
value of Top of Atmosphere (ToA) Reflectance 
of the data obtained from Landsat 8 OLI was ad-
justed for data accuracy. It was implemented in 
two phases: 
1) Process of Convert Digital Number to Radi-

ance Values   and
2)  Process of Convert Radiance to ToA Reflec-

tance. The researchers referred these two op-
erational processes from Equation 1 and Equa-
tion 2 as below [Teerawong and Pornchai, 
2014; Teerawong and Yannawut, 2016]. 

   *       L Grescale Qcal Brescaleλ = +     (1)

where:
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where: Lλ  – spectral radiance at the sensor’s ap-
erture [W/(m2 sr µm)]

 Qcal  – quantized calibrated pixel value 
[DN]

 Qcalmin  – minimum quantized calibrat-
ed pixel value corresponding LMINλ 

Figure 1. The study area
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 Qcalmax  – maximum quantized cali-
brated pixel value corresponding LMAXλ 

 LMINλ – spectral at sensor radiance that 
is scaled to Qcalmin [W/(m2sr µm)]

 LMAX λ – spectral at sensor radiance that 
is scaled to Qcalmax [W/(m2sr µm)]

 Grescale – band specific rescaling gain 
factor [(W/(m2 sr µm))/DN]

 Brescale – band specific rescaling bias 
factor [W/(m2 sr µm)]
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where:  λρ  – Unitless planetary reflectance
 Lλ  – Spectral radiance at sensor’s aper-

ture (Wm-2 sr-1µm-1)
 d  – Earth-sun distance in astronomical 

units
 SUNE

λ
 – Mean solar exoatmospheric ir-

radiances
 sθ  – Solar zenith angle

Analysis of the data from Landsat 8 OLI 
Satellite

Difference Vegetation Index (DVI) for DVI 
is a difference between the reflectance of vegeta-
tion approaching to 1 representing it has a high 
value of vegetation. In contrast, the reflection of 
the vegetation approaching to 0 has a low value of 
vegetation. The researchers referred the DVI cal-
culation from Equation 3 [Tucker, 1979; Agapiou 
et al., 2012].

 DVI NIR R= −  (3)

where: NIR  – Near infrared band of Landsat 8 OLI 
 R  – Red band of Landsat 8 OLI

Green Vegetation Index (GVI) for GVI is a 
vegetation index that is used to monitor the dif-
ference in the absorption of chlorophyll in plants. 
Each season has different vegetation growth so it 
has different reflection of the wave as well. The 
result of the calculation was the index values in 
the range of -1 to +1. For the analysis to find out 
the value of GVI in this study, the researchers re-
ferred to Equation 4 [Gandia et al., 2004; Agapi-
ou et al., 2012].

(0.2848 1) - (0.2435 2) - (0.5436 3)
(0.7243 4) (0.0840 5) - (0.1800 7)

GVI B B B
B B B

= × × × +
× + × ×

 (4)

where: B1, B2, B3, B4, B5, B7 – band of Landsat 
8 OLI

Simple Ratio (SR) for SR is a simple vegeta-
tion index and a simple ratio of the two wave-
lengths by bringing the near-infrared wavelength 
to be divided by the visible red wavelength. In 
this study, the researchers referred from Equation 
5 [Jordan, 1969; Agapiou et al., 2012]. 
  /SR NIR R=  (5)

Normalized Difference Vegetation Index 
(NDVI) for NDVI is a vegetation index used 
to determine the difference in the absorption of 
chlorophyll in plants. Each season has different 
vegetation growth so it has different reflection 
of the wave as well. As a result, it is commonly 
used nowadays. The result of the calculation of 
the index values   was in arrange of -1 and +1. The 
value of NDVI would be less than 0 on the water 
ground, in a range of 0–0.1 on the clear ground 
and more than 0.1 on the area with plants cov-
ered. The analysis to find out NDVI values in 
this study, the researchers referred to Equation 6 
[Rouse, 1974; Agapiou et al., 2012; Laosuwan et 
al., 2016]. 

 

NIR REDNDVI
NIR RED

−
=

+  (6)
where: NIR – Near infrared band of Landsat 8 OLI 
 R – Red band of Landsat 8 OLI

Transformed Normalized Difference Vegeta-
tion Index (TNDVI) for TNDVI index is an index 
measuring the amount of green biomass and com-
position of chlorophyll in plants. The value of 0.5 
was plus to the value of NDVI in order to avoid 
the negative value and used a square root with 
that value. For the analysis to find out TNDVI in 
this study, the researchers referred to Equation 7 
6 [Tucker, 1979; Farooq, 2011]. 

(( ) / ( ) 0.5)TNDVI NIR RED NIR RED= − + +  (7)

where: NIR – Near infrared band of Landsat 8 OLI 
 R – Red band of Landsat 8 OLI

Finding out fractional cover coefficient 

At this stage, the fractional cover coefficient 
of DVI, GVI, SR, NDVI and TNDVI would be 
found out with Equation 8 [Teerawong and Porn-
chai, 2014; Teerawong and Yannawut, 2016]. 
Then, the relationship of statistical data between 
the amount of above-ground carbon sequestration 
(dependent variable) and vegetation indices by 
using pixel at the same position of sample plots 
(size 20×20 meters in a total of 22 plots spread-
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ing around the study area) that were collected the 
field data by analyzing coefficient of determina-
tion to explore the relationship between depen-
dent variables and independent variables to be 
information for decisions in selecting appropriate 
independent variables to create equations to esti-
mate above-ground carbon sequestration.

 
( )

( - )
100

-
open

canopy open

VI VI
FC

VI VI
= ×  (8)

where:  FC – Tree canopy fractional cover
 VI  – Vegetation index
 VIopen – Vegetation index of open areas
 VIcanopy – Vegetation index of tree canopy

RESULTS 

Primitive data preparation

In this study provided the result of informa-
tion from Landsat 8 OLI Satellite which passed 

through the adjustment process as shown in Fig-
ures 2 and 3.

The results of analyzing the data from 
Landsat 8 OLI Satellite

The results of finding out the relationship 
between the amount of above-ground carbon 
sequestration and the indexes related to vegeta-
tion from the images data of LANDSAT 8 OLI 
included DVI, GVI, SR, NDVI and TNDVI on 6 
January 2015 can be shown in Table 1.

The result of finding out the value of 
coefficient of fractional cover

The result of finding out the value of coeffi-
cient of fractional cover of Landsat 8 OLI Satellite 
which passed through the process of DVI, GVI, 
SR, NDVI and TNDVI can be shown in Table 2.

The relationship of the statistical data was 
conducted by bringing the data from Landsat 8 
OLI Satellite which passed through the analysis 

Figure 2. Before TOA Figure 3. After TOA

Table 1. The results of analyzing the data from Landsat 8 OLI Satellite

No. Owner tC_area tC_area_ Pixel GVI IR-R IR_R NDVI TNDVI

1 IN03001 33.47 18.83 20.39 18.83 25.88 28.14 28.24
2 IN03002 23.35 13.13 17.19 18.23 11.67 13.10 13.19
3 IN03003 41.63 23.42 31.15 32.14 27.25 28.99 29.18
4 IN03004 02.27 1.28 06.11 05.70 07.67 07.77 07.73
5 IN03006 16.39 9.22 12.23 11.93 11.68 13.60 13.73
6 IN03007 72.35 40.70 32.52 30.86 38.68 43.00 43.21
7 IN03008 04.14 2.33 04.05 03.83 04.63 05.23 05.31
8 IN03009 15.517 8.72 16.28 18.14 13.67 14.09 14.15
9 IN03010 90.52 50.91 52.32 49.48 67.56 66.05 65.57

10 IN03011 55.05 30.97 11.18 10.43 15.60 17.15 17.27
11 IN03012 53.71 30.22 17.06 16.60 19.91 18.03 17.82
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Table 2. Result of finding out the value of coefficient of fractional cover of Landsat 8 OLI

Correlation RMSE RMSE% Bias Bias%

GVI 8.55 40.94 -0.84 -4.01

IR-R 9.17 43.93 -1.23 -5.90

IR/R 8.35 39.97 1.32 6.31

NDVI 8.48 40.59 2.31 11.07

TNDVI 8.44 40.43 2.33 11.17

Figure 4. Relationship of the statistical data 

process to analyze in order to find out the rela-
tionships with the field data to create equations 
to estimate above-ground carbon sequestration 
(Figure 4). The study results of the relationship 
between the amount of above-ground carbon se-
questration and the indexes related to vegetation 
in the study area can be explained as follows:

1) DVI had relationship equation y = 0.318e0.048x 
with coefficient of determination R² = 0.845. 
As a result, the calculation of above-ground 
carbon volume was 44.19 tons per hectare.

2) GVI had relationship equation y = 0.262e0.049x 
with coefficient of determination R² = 0.876. 
As a result, the calculation of above-ground 
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carbon volume was 38.28 tons per hectare. 
3) SR had relationship equation y = 0.890e0.048x 

with coefficient of determination R² = 0.774. 
As a result, the calculation of above-ground 
carbon volume was 39.08 tons per hectare.

4)  NDVI had relationship equation y = 0.284e0.037x 

with coefficient of determination R² = 0.872. 
As a result, the calculation of above-ground 
carbon volume was 40.83 tons per hectare.

5) TNDVI had relationship equation y = 
0.226e0.039x with coefficient of determination 
R² = 0.877. As a result, the calculation of 
above-ground carbon volume was 40.86 tons 
per hectare.

CONCLUSSIONS

From the study of estimation of above-
ground carbon sequestration of the orchards with 
LANDSAT 8 OLI in Sang Kho sub district, Phu 
Phan district, Sakon Nakhon province in north-
east Thailand can be concluded that the most 
appropriate method was TNDVI. As a result of 
TNDVI had relationship equation y = 0.226e0.039x 
with coefficient of determination R² = 0.877. As 
a result, the calculation of above-ground carbon 
volume was 40.86 tons per hectare. In addition, 
the researchers also tested the statistical validity 
of above-ground carbon from LANDSAT 8 OLI 
and field data with the Pair Sample T-test method 
and found that DVI, GVI, SR, NDVI and TNDVI 
had statistical significance with a confidence level 
of 95%. Therefore, those who are interested can 
apply one out of those five equations in estima-
tion of above-ground carbon sequestration of the 
orchard in other areas in Thailand onward.
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