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Abstract: The current trend of the monitoring of the forest involves the measurement of aboveground forest
biomass carbon using the multisource forest inventory techniques. The multisource forest inventory techniques
involve the multiple data inputs such as GIS, Remote sensing, GPS, field measurement and existing information.
The remote sensing data are useful for the quantification of aboveground forest carbon using the spectral and
spatial characteristics of the data. The application of remote sensing data for the forest carbon quantification
may enhance the efficiency in terms of resource allocation, time spent and interoperability and ultimately
support the efficient National Forest Monitoring System as a basis for the REDD (+) implementation in future.

The study tried to compare the methods and results from the multi-spatial resolution satellite imageries for the
quantification of forest biomass carbon ie. Landsat TM(30m), RapidEye (5/6.5m) and WorldView PAN (0.5m).
The medium resolution imageries like Landsat and RapidEye images have scope to process at the plot level
where as WorldView PAN has scope to process upto the tree by tree level Thus the methods of operation
involves mainly two stream i.e. NDVI extraction for the plot average for Landsat and RapidEye data and CPA
analysis for the individual tree for WorldView data.

The result shows the higher R2 (0.6) relation in CPA method rather than the NDVI relation with the total forest
carbon if we see the linear relations. While we see the polynomial relation, we get the R2 value of 0.77 from the
NDVI value of RapidEye which support conclude the use of WorldView PAN image and RapidEye image for the
quantification of forest carbon.
1 INTRODUCTION and scope to quantify precise quantification of forest
carbon (Bhattarai et al., 2012).

1.1 Background

However, the technology has capability to into deeper
to the extent of half a meter resolution and products are
available at coarser resolution with 250m MODIS data.
If we go to the high resolution, there is opportunity to
go to the depth of detail quantification, still we may
have burden of huge resolution data processing
sometime they are more than the output expected.

Forest has greater role in the mitigation of climate
change impacts (Stern, 2009) which ultimately
contributes more than 18% GHG emission to the
atmosphere due to the deforestation and forest
degradation. The forest has dual role in carbon flux
from the biomass either sink or source of emission of
carbon (Shrestha et al., 2012).

The spectral characteristics on the other hand support
to interpret the earth feature specifically trees and
shrubs while quantifying while they are higher spectral
characteristics. If the spatial domain is lower than the
high spectral characteristics are not convincingly

Biomass estimation has opportunity to mingle with the
remote sensing data provided the capability of spectral
and spatial characteristics of the satellite images. The
spatial characteristics termed as resolution matters for

the resolving capacity of the images to quantify for the
precisely upto the pixel sizes. High resolution
imageries are useful upto the tree level identification

support for the interpretation (Blaschke et al., 2000).

There is the need of comparative study on the
capability of different spectral and spatial
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characteristics of satellite imageries which optimally
can be applied for the quantification of forest carbon in
Nepal, however the general estimates can be prepared
using the FAO statistics (Oli and Shrestha, 2009).

The study area is of the Pine plantation at Mid-hill of
Nepal extended at the 7 hectare of areal coverage.

The study carries the comparison of WorldView PAN,
RapidEye images and Landsat imageries to get the
precise measurement of aboveground forest carbon.

Methodology adopted for the study are different as per
the inputs as required by the characteristics of the
images. WorldView images were processed using the
Spatial and spectral characteristics. Individual trees
were delineated wusing the image segmentation
techniques and linked with the biomass estimated from
the field measurement. The field measured tree based
carbon measurement were later correlated with the
CPA estimated using the segmentation techniques more
specifically with the approach of local maxima and
minima (Blaschke et al., 2000).

RapidEye images and landsat images are more
processed to develop the NDVI images from the
spectral characteristics of the image as both of the
images are having lower resolution respectively of 5m
and 30m. The field plots laid in the ground were of 500
sgm during the field crusing having 12.6m radius.
Thus, single plot in the ground covers 20 numbers of
RapidEye pixels where as the plot hardly covers the
single pixel of Landsat pixel.

1.2 Objective

The main objective of this study is to compare the
methods and results of different resolution satellite data
for the estimation of forest carbon and biomass.

1.3 Study sites

The study site is the plantation of Pinus roxburghii
(Chir Pine) of almost 25 years old with the areal
coverage of 7 hectares. The study site lies in the
84°42'25.70"E - 84°42'47.52"E longitude and 28°
0'36.62"N - 28° 0'50.86"N Latitude.
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Figure 1. Study location
2 MATERIALS AND METHODS
2.1 Materials

Satellite imageries from the different spatial resolution
and spectral characteristics (see Table 1) for the study.

Image Spatial Bands
resolution

Landsat 30m 7 (MSS)

RapidEye 5m (6.5m) 4 (MSS)

WorldView 0.6m 1 (PAN)

Table 3 Satellite images used for the study
2.2 Methods

The overall method of the data analysis comprises
image analysis, field measurement and relate between
image indices and carbon information.

2.2.1  Image analysis: Object based image analysis
and NDVI image indices

High resolution satellite image of WorldView image of
0.5m resolution was processed using OBIA techniques
(Mallinis et al., 2008) for getting the tree delineation
and crown projected area (CPA) of individual trees.

RapidEye image of 5m resolution and Landsat image
of 30m resolution were processed to get the NDVI
value for the entire area of study.

2.2.2  Field measurement and carbon
quantification: Tree based and area based

The field measurement was carried by using the
12.56m radius plots to maintain 500m area for circular
sample plot (Brown et al., 1989). The trees more than
10 cm DBH were measured with individual tree
identification in printed satellite image map. The
heights of individual trees were also measured using
Vertex.

Nepalese Journal on Geoinformatics, Survey Department, Nepal




Comparison Of Different Resolution Satellite Imageries For Forest Carbon Quantification

The biomass carbon was quantified using species
specific allometric equation for Chirpine for individual
tree first and then those were calculated for the plot
average and density of biomass carbon in the forest
(Chave et al., 2005; Ogawa et al., 2005).

2.2.3  Allometric relation: Tree based correlation
with CPA and area based correlation with NDVI
values

The individual tree biomass carbon and the CPA were
regressed to find the best fit equation in case of
WorldView data.

The plotwise average tree biomass carbon and the
NDVI values extracted using the circular plot of 12.56
were regressed to find the best fit equation in the case
of RapidEye and Landsat images.

2.2.4  Apply best fit regression relation to the entire
study area for the estimation of carbon stock in
the stand.
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Table 4 Comparison of R2 relating
WorldView, RapidEye and Landsat data with
total forest carbon

3 RESULTS AND DISCUSSION

The result shows the wall to wall map using the best fit
regression equation using CPA in case of WorldView
and NDVI in case of RapidEye image.
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The relation of between total carbon is regressed with
the parameter used and found that CPA method has
higher R2 value (0.6) while we are looking linear
relation. If we see the Polynomial relation there, NDVI
of RapidEye is giving the best result with the R2 value
of 0.77.

4 CONCLUSION

In conclusion, the result derived from the study gives
the freedom to conclude that the RapidEye image and
WorldView images can give the better estimates of
forest biomass carbon as compare to the Landsat
images.
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