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Climate change is real and is occurring at an alarming rate. Currently, 

worldwide deforestation alone accounts for approximately 18-25% of 

global greenhouse gas emissions, yet this could be curbed quickly by 

avoiding deforestation. 

Forests act both as a carbon source and sink depending on the 

management regime, and hence can play an important role in 

stabilizing atmospheric concentrations of greenhouse gases (GHGs) 

such as carbon dioxide (CO2).

Considering this, concerns have been expressed in the global and local 

debate on reducing emission from deforestation and forest degradation 

(REDD) and involving local and indigenous communities in the process 

in a mutually beneficial way in developing countries
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In the Himalayan countries, progressive forest conservation policies 

has entrusted the local and indigenous communities to manage 

community forests and have transferred the usufruct rights to them. 

Community-managed forests in the Himalayan region therefore are 

becoming an important environmental asset and carbon pool, as 

previously deforested areas are increasingly being regenerated. 

In consideration to the above, ICIMOD has launched a project 

under REDD in collaboration with the Asia Network for Sustainable 

Agriculture and Bio resources (ANSAB) and Federation of 

Community Forest Users, Nepal (FECOFUN) as its partners from 

July 2009 in three project sites in the mid hills of Nepal. 

It has also established a Project Management Unit (PMU) to 

facilitate the project activities

Introduction
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Å Forests sequester and store more carbon compared to other 

terrestrial ecosystems and are important natural brake on climate 

change (Gibbs & Herold, 2007).

Å UNFCCC and its Kyoto Protocol (UNFCCC, 1997) recognize that 

forest ecosystems contribute to mitigate the human-induced 

greenhouse effect.

Å Forest carbon financing through the mechanism of reducing 

emissions from deforestation and forest degradation (REDD).

Å Traditional field based method and  Satellite imagery based method ( 

IPCC, 2006)

Introduction
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6CO2+6H2O = C6H12O6 + 6O2

The Cornerstone of Life on this planet!

Photosynthesis

After S. Ustin (2004)
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TREE  BIOMASS
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ÅSatellite imagery based technique is an alternative to traditional 

methods by providing spatially explicit information, even in remote 

locations in a cost effective way ( Patenaude, et al., 2005)

ÅProviding  spatial, temporal and spectral information, RS is an 

important tool in estimation of carbon stock ( Rosenqvist, et al., 1999)

Introduction
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Å Using high resolution images it is possible to identify and delineate 

individual tree crown (Gougeon& Leckie, 2006). 

Å Significant relationship between DBH measured from the field and 

crown projection area (CPA)derived from images Hirata, et al.,(2009) 

Å Very little study - high resolution image and carbon stock mapping.

Å Emphasizes on developing more accurate model for estimation of forest 

carbon from individual tree crowns obtained using high resolution 

images( Gonzalez et al.,2010 , Asner, et al.,2002)

Introduction
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Introduction

ITC and ICIMOD utilizing the latest technology of high 

spatial resolution GeoEyesatellite images are developing 

RS/GIS based modelling, mapping and monitoring and 

verification protocol for biomass and then carbon stock as 

estimation.
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Method Description Benefits Limitations Uncertainty 

Biome 

averages 

Estimates of average 

forest carbon stocks for 

broad forest categories 

based on a variety of 

input data sources 

 Immediately 

available at no cost  

 Data refinements 

could increase 

accuracy  

 Globally 

consistent 

 Fairly generalized  

 Data sources not 

properly sampled to 

describe large areas 

High 

Forest 

inventory 

Relates ground-based 

measurements of tree 

diameters or volume to 

forest carbon stocks 

using allometric 

relationships 

 Generic 

relationships 

readily available  

 Low-tech 

method widely 

understood  

 Can be relatively 

inexpensive as 

field-labor is 

largest cost 

 Generic 

relationships not 

appropriate for all 

regions  

 Can be expensive 

and slow  

 Challenging to 

produce globally 

consistent results 

Low 

Optical 

remote 

sensors 

 Uses visible and 

infrared wavelengths to 

measure spectral indices 

and correlate to ground- 

based forest carbon 

measurements  

 Ex: Landsat, MODIS 

 Satellite data 

routinely collected 

and freely 

available at global 

scale  

 Globally 

consistent 

 Limited ability to 

develop good 

models for tropical 

forests  

 Spectral indices 

saturate at 

relatively low C 

stocks  

 Can be 

technically 

demanding 

High 

Very high-

res. airborne 

optical 

remote 

sensors 

 Uses very high-

resolution ( ~ 10ï20 cm) 

images to measure tree 

height and crown area 

and allometry to estimate 

carbon stocks  

 Ex: Aerial photos, 3D 

digital aerial imagery 

 Reduces time 

and cost of 

collecting forest 

inventory data  

 Reasonable 

accuracy  

 Excellent ground 

verification for 

deforestation 

baseline 

 Only covers 

small areas 

(10 000s ha)  

 Can be expensive 

and technically 

demanding  

 No allometric 

relations based on 

crown area are 

available 

Low to 

medium 

Benefits and limitations of available methods to estimate national-level forest carbon stocks
Gibbs et al.,  (2007)
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Radar 

remote 

sensors 

 Uses microwave or radar 

signal to measure forest 

vertical structure  

 Ex: ALOS PALSAR, 

ERS-1, JERS-1, Envisat) 

 Satellite data are 

generally free  

 New systems 

launched in 2005 

expected to provide 

improved data  

 Can be accurate 

for young or sparse 

forest 

 Less accurate in 

complex canopies of 

mature forests because 

signal saturates  

 Mountainous terrain 

also increases errors  

 Can be expensive 

and technically 

demanding 

Medium 

Laser 

remote 

sensors 

 LiDAR uses laser light 

to estimates forest 

height/vertical structure  

 Ex: Carbon 3-D satellite 

system combines 

Vegetation canopy LiDAR 

(VCL) with horizontal 

imager 

 Accurately 

estimates full spatial 

variability of forest 

carbon stocks  

 Potential for 

satellite-based 

system to estimate 

global forest carbon 

stocks 

 Airplane-mounted 

sensors only option  

 Satellite system not 

yet funded  

 Requires extensive 

field data for 

calibration  

 Can be expensive 

and technically 

demanding 

Low to 

medium 

 

Benefits and limitations of available methods to estimate national-level forest carbon stocks
Gibbs et al.,  (2007)
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Modeling, Mapping and Monitoring Carbon 

Stock in Forests of Three Different Ecological 

Zones of Nepal Using High Resolution Satellite 

Images and GIS

Objective
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ÅKayerkholawatershed area 

ÅLower tropical to SubȤtropical 

forest

ÅAltitudinal range from 300m -

1200m

ÅShorearobusta, Terminalia

tomentosa, Adina cordifolia

Å15 CFUGs

Study Area



Advanced RS, Image Processing and GIS for NRM

Study area 

Study Site: Ludhikhola watershed

Location : Gorkha , Nepal

Area : 5827 ha 

Altitude range: 600- 1100 m
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Study Area

ÅThe altitude of Charnawati 

Watershed ranges from 600m to 

3500m.

ÅThe forest type span from lower sub 

tropical to sub alpine.

ÅAverage rainfall 2044mm, 

maximum temperature 350 C and 

minimum temperature 80 C.  

ÅThere are 58 Community Forest 

User Groups (CFUGs) with the 

total area of 5728.35 ha .
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Maps and Images

Å Geo-Eye panchromatic (0.50m)

Å Geo-Eye multispectral (2m)

Å Topographic maps

Materials and Data

Field Instruments: iPAQ, Garmin 

GPS, prismatic compass, measuring 

tape, diameter tape, haga altimeter, 

and field work datasets

Software:

ÅArcGIS

ÅDefinienseCognition

ÅERDAS

ÅMicrosoft Office 2007 (Word, 

Excel, Visio, and Power point etc) 

ÅStatistical softwares-SPSS
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Crown projection area

CPA
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CPA
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CPA
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CPA and DBH



Advanced RS, Image Processing and GIS for NRM

CPA
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The measured tree variables used for the crown model development



Advanced RS, Image Processing and GIS for NRM



Advanced RS, Image Processing and GIS for NRM

Estimating stem volume by tree crown area and tree shadow area extracted from pan-sharpened Quickbird imagery in open 

Crimean juniperforests

I. Ozdemir

International Journal of Remote Sensing



Advanced RS, Image Processing and GIS for NRM

Forest Ecology and Management, 40 ( 1991 ) 243-260

Timo Kuuluvainen



Advanced RS, Image Processing and GIS for NRM

Scale-dependent competition at the stand level assessed from crown areas
S. Getzin, K. Wiegand, J. Schumacher, F. Gougeon
Forest Ecology and Management 
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There have been many studies of the DBH-crown 
width (CW) relationship: 

(Krajicek et al., 1961; Curtin, 1964, 1970; Curtis, 1970; Curtis 
and Reukema, 1970; Arney, 1973; Strub, et al., 1975; 
Zarnovican, 1982; Paine and Hann, 1982; Leech, 1984; 
Tabbush and White, 1988; Farr et al., 1989; Smith et al., 
1992; Larocque and Marshall, 1994),
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The estimation of CPA from their tree size is important on both forest 
ecology and silviculture. 

So, what kind of measurement should we do? If it is easy to estimate 
the individual basal area (IBA) of a tree, estimating the CPA using the 
IBA of a tree as a size index may be easy to do, because we can 
visualize the simple proportional relation between CPA and IBA. 

But actually, it is difficult to estimate IBA directly in fieldwork. 

Diameter at breast height (DBH) is the only index that we can directly 
measure with ease. 

Furthermore, we usually have many data sets which include the DBH 
class distribution in forest management. With these reasons, using 
DBH as an index of tree size may be useful for describing the CPA and 
tree size relationship.
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1) Linear functional model:
CPA = a DBH 
where a is a proportional constant. When a tree grows, CPA will 
also grow. In this linear functional model, DBH is used as a size 
index. As a result, it is assumed that CPA increases
in simple proportion to the increase in DBH. The intercept of this 
function should be zero because CPA must be zero when DBH is 
zero. 

2) Second power functional model:
CPA = a DBH2

where a is a constant. IBA is an index of size, because it is 
proportional to DBH 2.

Estimating CPA from DBH using 
Regression Models
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3) Logistic functional model:  
CPA : CPAmax/(1 + (CPAmax/no - 1)/exp (r DBH))

where CPAmax is a constant which CPA can never exceed, r is the rate increase 
when CPA is the smallest, and no is the smallest value of CPA. It is assumed 
that the rate of increase of CPA will slow when DBH is sufficiently large 
because of competition, though CPA will increase exponentially as DBH does. 
Here no = 1, because the value no should be the smallest natural number, r and 
CPAmax are found from data fitting.

4) Power-sigmoid functional model:

CPA = CPAmax -- 1/exp ((a DBH / -- CPAmax In CPAmax)/CPAmax)
As in the logistic functional model, it was assumed that the increasing rate of 
CPA will slow down when DBH is sufficiently large. However, the power-
sigmoid function has a power relation between DBH and CPA when the values 
are small enough, while the logistic function is exponential. As mentioned 
above, this power relation indicates that CPA is proportional to IBA, which is 
proportional to the square of DBH.  

Estimating CPA from DBH using Regression 
Models
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If a tree has no competition from neighboring trees, the 
crown diameter will grow with the linear relation to its 
stem diameter 
(Krajicek et al., 1961; Curtin, 1964, 1970; Curtis and Reukema, 
1970; Strub et al., 1975; Zamovican, 1981; Tabbush and White, 
1988; Smith et al., 1992).

Therefore, when it is small enough, the crown area will increase 
in proportion to the square of DBH as follows:
y : ax 2 
where y is the crown projection area, x is stem DBH, and a is
a positive constant.
This function can be transformed as follows:
dy/dx = 2ax

Estimating CPA from DBH using 
Regression Models
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As the tree grows, the rate of increase of the crown area will 
slow because of competition with neighboring trees. However, 
the stem will continue growing until the tree dies (Shinozakiet 
al., 1964a). 

Consequently, the crown area may converge to a constant value 
if stem diameter increases sufficiently. The convergence of 
crown area to larger stem sizes can be
described as follows:

dyldx 2ax( l Y/ymax)

Estimating CPA from DBH using 
Regression Models



Advanced RS, Image Processing and GIS for NRM

where, 3'max is a constant and maximum value of a crown 
projection area.
When 3' is small enough, it will increase in proportion to the 
square of x. When y is close to )'max, it no longer increases, 
and becomes constant. This equation is solved as follows:

y = ymax -- 1/exp(ax2/ymax + c)
where, c is an integral constant. 
Supposing y = 0 when x = 0, the last Eq. is altered as follows:

y = ymaxς1/exp((ax2 - ymax In ymax)/ymax) (last)

Estimating CPA from DBH using 
Regression Models
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Previous figure shows the loci of Eq. (last) with various parameters. 
Since the locus of this function forms a sigmoid curve, it is like the 
logistic function, although the function derived in this study has a 
power function in its early stage, and the logistic function is 
exponential in its early stage. 

From these characteristics, the derived function can be called the 
"powersigmoid function." The power-sigmoid function is widely 
applicable to elements with an obvious power relationship between 
two terms such as stem DBH and the crown projection
area.

The least squares method is used for model fitting with the
Newton method.

Estimating CPA from DBH using 
Regression Models



Advanced RS, Image Processing and GIS for NRM



Advanced RS, Image Processing and GIS for NRM



Advanced RS, Image Processing and GIS for NRM
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Segmentation is the first operation in 

any Object Oriented Classification. 

It is a process to subdivide the image 

into separated homogenous areas 

according to the given segmentation 

parameters. 

Different segmentation parameters 

result in different objects size.

Segmentation
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Center Search 

Segmentation
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Isolate individual tree crowns (ITC) from each other andfrom the 

background vegetation;

delineateprecisely their crown boundaries;

identify their species; and finally, if needed,

regroupthem into forest stands or environmental strata.

Individual Tree Crown  (ITC) Delineation: A Valley -Following 

Approach 

ITC
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Segmentation
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Supervised classification of automatically 

delineated tree crowns at different spatial 

resolutions

Green = Red Pine

Yellow = White Pine 
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Segmentation

and 

Classification
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CPA can be segmented  reasonably

There is reasonable relationship between CPA, 

DBH, Biomass and Carbon stock

Preliminary results show that carbon can be 

reasonably estimated and mapped using CPA 

segmented on high resolution satellite image.  

Conclusions
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Segmentation:

eCognition

ITC

ENVI (new segmentation)

ERDAS (new Object Oriented Class)
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Segmentation Approach:

Scale, Color, Shape, Compactness,

Valley Following

Searching 
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Species Classification:

Spectral, Spatial

Approach
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Canopy Structures and 

Formation

One

Two

Multiple 


