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ABSTRACT 
Spatial technology in the form of satellite or remote sensing (RS) data, geographical information system (GIS) and 
global positioning system (GPS) play extremely important role in assessment of biomass and carbon stock. This 
paper provides procedures for assessing and estimating the carbon stock in both above ground and belowground 
biomass (soil and biomass). The assessment of the carbon stock in the current land-use pattern is possible to carry 
out. The geographic area of concern (i.e. the watershed or administrative unit) has been identified and that its 
boundaries have been delineated in a topographic base map or corresponding cartographic materials, and that the 
method attempts to make full use of existing databases and analytical systems. Climate change and high rates of 
global carbon emissions have focused attention on the need for high-quality monitoring systems to assess how 
much carbon is present in terrestrial systems and how these change over time. There is a growing body of 
scientific and technical information on ground-based and remote sensing methods of carbon measurement.   
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1. INTRODUCTION 
Detailed estimations of biomass of all land cover types are necessary for carbon accounting, although reliable estimations 
of biomass in the literature are few. Biomass and carbon content are generally high in tropical forests, reflecting their 
influence on the global carbon cycle. Tropical forests also have great potential for the mitigation of CO2through 
appropriate conservation and management. The biomass assessment methods described here are not restricted to forests, 
agriculture or pastures. They assess the present biomass regardless of cover type. Thus, they may be applied to areas 
where trees are a dominant part of the landscape, including closed and open forests, savannahs, plantations, gardens, live 
fences, etc., as well as to agricultural and pasture systems, including all kinds of crop rotations, mixes of crops, trees and 
pastures. The biomass of all the components of the ecosystem should be considered: the live mass aboveground and 
belowground of trees, shrubs, palms, saplings, etc., as well as the herbaceous layer on the forest floor, including the inert 
fraction in debris and litter. The greatest fraction of the total aboveground biomass in an ecosystem is represented by 
these components and, generally speaking, their estimation does not present many logistic problems. Biomass is defined 
here as the total amount of live organic matter and inert organic matter (IOM) aboveground and belowground expressed 
in tonnes of dry matter per unit area (individual plant, hectare, region or country). Typically, the terms of measurement 
are density of biomass expressed as mass per unit area, e.g. tonnes per hectare. The total biomass for a region or a 
country is obtained by up scaling or aggregation of the density of the biomass at the minimum area measured. 

Deforestation alone is responsible for about 12% of the world’s anthropogenic greenhouse gas (GHG) 
emissions, whereas another 6% stems from peat oxidation and fires on degraded peat land areas [1]. The combined 
effects of logging and forest re-growth on abandoned land are responsible for 10–25% of global human-induced 
emissions [2,3]. Annual emissions from deforestation in Indonesia and Brazil equal four-fifths of the annual reduction 
target of the Kyoto Protocol [4]. Linking deforestation with climate change as a mitigation action was one of the key 
decisions of the thirteenth Conference of the Parties (COP) of the United Nations Framework Convention on Climate 
Change. The Bali Action Plan agreed: “Enhanced national/international action on mitigation of climate change, 
including, inter alia, consideration of…policy approaches and positive incentives on issues relating to reducing emissions 
from deforestation and forest degradation in developing countries; and the role of conservation, sustainable management 
of forests and enhancement of forest carbon stocks in developing countries” [5]. These actions are now referred to 
collectively as REDD+�. Under the UNFCCC, the REDD+�instrument (Reducing Emissions from Deforestation and 
Forest Degradation), as agreed at the COP-16 of the UNFCCC in December 2010 [6], is critical for developing countries. 
The systematic review is not designed to provide technical guidance, such as those outlined in the Intergovernmental 
Panel on Climate Change (IPCC) Good Practice Guidance and Guidelines [7,8], or to be a sourcebook of methods, such 
as Global Observation for Forest Cover and Land Dynamics or GOFC-GOLD [9, 10].  

A key challenge for successfully implementing REDD+�and similar mechanisms is the reliable estimation of 
biomass carbon stocks in tropical forests. Biomass consists of approximately 50% carbon [11,12]. Uncertain estimates of 
biomass carbon stocks of tropical forests resulting from difficult access, limited inventory and their enormous 
extent, [12-14], prohibit the accurate assessment of carbon emissions as much as uncertainties in deforestation rates [15]. 
The carbon stocks of interest are both above-ground and below-ground. Although above-ground biomass (AGB) has 
attracted by far the most research over the years, pools of deadwood and litter could be as large as above-ground 
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biomass. It is essential that a variety of methods to measure deadwood and litter should be reviewed. Deadwood pools, 
including standing dead trees, fallen woody debris, and decaying and burned wood, are of particular interest in projecting 
carbon losses from decomposition. They are also often used as an indicator of carbon losses from degradation due to 
logging [16] or fire [17]. Data collection regarding standing dead trees frequently follow the same protocols as those for 
AGB inventories but ideally should also include data on levels of decay.  

Woody debris is most often estimated using the line-intercept method which measures only debris which crosses 
a transect (e.g. [16]) or through rectangular plots wherein the dimensions of each piece of debris is measured (e.g. [18]). 
Although some studies have addressed the densities of woody debris of different decay classes [16,19], more regionally 
and biome-specific studies would help refine estimates of carbon content of this pool (e.g. [20]). A reliable estimation of 
AGB has to take account of spatial variability, tree and forest metrics (allometric models) and wood. Many studies have 
been published on AGB estimates in tropical forests around the world (e.g. [21-25]), whereas the volume of literature on 
below-ground biomass estimates in tropical areas is relatively small.    

 
2. MULTIPURPOSE FIELD SURVEYS AND SAMPLING DESIGN 

 
The sampling design for the collection of aboveground biomass data should be a multipurpose one in order to realize 
efficiencies in data collection and minimize costs. That is, the sites that are used to take measurements for aboveground 
biomass estimation should also be used for biodiversity and land degradation assessments through the observation of its 
indicators. The multipurpose character of the sampling design demands that it should provide data for: (i) aboveground 
biomass estimation: morphometric measurements of standing vegetation; stem and canopy of various strata of trees and 
shrubs, as well as debris, deadwood, saplings, and samples of herbs and litter fall; (ii) biodiversity assessment: plant 
species identification and quantification for calculation of plant diversity indices; and (iii) land degradation assessment: 
site measurements and observations of relevant indicators of the status of land degradation. 

 
3. REMOTE SENSING FOR ABOVEGROUND BIOMASS ESTIMATION 

 
Remotely sensed data are understood here as the data generated by sensors from a platform not directly touching or in 
close proximity to the forest biomass. Therefore, these data comprise images sensed from both aircraft and satellites. 
Remote-sensing imagery can be extremely useful, particularly where validated or verified with ground measurements and 
observations (i.e. “ground truth”). Remote-sensing images can be used in the estimation of aboveground biomass in at 
least three ways: (i) classification of vegetation cover and generation of a vegetation type map. This partitions the spatial 
variability of vegetation into relatively uniform zones or vegetation classes. These can be very useful in the identification 
of groups of species and in the spatial interpolation and extrapolation of biomass estimates; (ii) indirect estimation of 
biomass through some form of quantitative relationship (e.g. regression equations) between band ratio indices 
(Normalized Difference Vegetation Index or NDVI, Global vegetation Index or GVI, etc.) or other measures such as 
direct radiance values per pixel or digital numbers per pixel, with direct measures of biomass or with parameters related 
directly to biomass, e.g. leaf area index (LAI); and (iii) partitioning the spatial variability of vegetation cover into 
relatively uniform zones or classes, which can be used as a sampling framework for the location of ground observations 
and measurements. The use of band ratio indices such as the NDVI, GVI or other indices based on exploiting the 
discriminating power of infrared band ratios of chlorophyll activity in vegetation, requires relatively involved 
measurements of other morphological and physiognomic parameters of the vegetation canopy such as the LAI, and the 
presence of a strong relationship between the LAI and the NDVI, and the LAI and the biomass. The strength and the 
form of such relationships vary considerably with canopy type and structure, the state of health of the vegetation and 
many other environmental parameters.  
 

4. CLASSIFICATION OF VEGETATION COVER USING MULTISPECTRAL SATELLITE 
IMAGERY  

The procedures, techniques and algorithms for multispectral image classification are all well documented in the remote-
sensing literature and are also beyond the scope of this report. In summary, the steps comprise: (a) multispectral image 
acquisition (usually Landsat Thematic Mapper (TM) bands 1, 2, 3, 4, 5 and 7) and image enhancement (stretching and 
filtering), corrections (geometric and radiometric) and geo-referencing (registration); (b) creation of false colour 
composite (FCC) images, typically TM3 (red), TM4 (short-wave infrared) and TM5 (near infrared); (c) selection and 
sampling of “training sites” on the image, inspection of “clustering” of pixels of such training sites in the feature space 
and selection of a classificatory algorithm for the supervised classification; and (d) supervised classification consisting of 
using reflectance values from “training sites” and classes assigned to them in order to expand the classification to the rest 
of the FCC image, through the classificatory algorithms. An optional additional step is the conversion of the resulting 
classified image (in raster format) to vector format (raster-to-vector conversion) in order to create a polygon map of 
vegetation classes. Typically, the training sites should correspond to places on the ground where the vegetation cover 



International Journal of Environmental Science: Development and Monitoring (IJESDM) 
ISSN No. 2231-1289, Volume 4 No. 3 (2013) 

75 

 

type has been observed, recorded and validated. The accuracy of the resulting vegetation map is a function of (i) the 
complexity of the mix of species in the crop, vegetation or forest cover and the complexity of the spatial variability of the 
cover in the area; (ii) the selection of the training sites and the degree to which they are representative of vegetation 
classes on the ground; and (iii) the adequacy of selection of the classificatory algorithm as a function of the nature of the 
clusters formed by the training sites and the types of histograms of radiance values of each image band used in the 
classification. The generated vegetation map should display the spatial variability of major vegetation or forest cover 
classes in the area of concern as classes in raster or grid-cell format, or as polygons in vector format.  

 

5. REDD+ ACTIONS 
REDD+�includes the implementation of the following mitigation actions like (a) Reducing emissions from 
deforestation; (b) Reducing emissions from forest degradation; (c) Conservation of forest carbon stocks; (d) Sustainable 
management of forest; and (e) Enhancement of forest carbon stocks. This means that, potentially, all forest resources in 
developing countries are subject to accountable mitigation actions. The Cancun agreement also stipulates that robust and 
transparent national monitoring systems of the above mitigation activities shall be developed. As a consequence, for the 
implementation of REDD+, it is crucial to determine the spatio-temporal variation of carbon stocks. Obtaining field 
measurements and developing estimation models to do so is an expensive and time-consuming task. This systematic 
review will compare methods of measuring carbon stocks and carbon stock changes in key carbon pools and land use 
categories/activities identified by the Intergovernmental Panel on Climate Change (IPCC) and the UNFCCC. 

 
6. REMOTE SENSING BASED CLASSIFICATION AND MAPPING OF VEGETATION COVER 

 
These techniques preceded the analysis and interpretation of satellite images. They have been standard procedures in the 
identification of vegetation classes and forest stands in conventional land cover mapping and forest inventory work in 
most countries. Therefore, this report does not describe them in detail. Together with field sampling and validation, air-
photograph interpretation using photo-patterns, texture, tone and other photographic characteristics as well as the 
stereoscopic vision and the use of the parallax bar serves to delineate classes of crop or vegetation cover or forest stands. 
These boundaries of classes are later transferred to a map, creating mapping units, which in turn can be digitized into a 
GIS, so creating a vector polygon map. The end result of this procedure is comparable with that obtained from the 
interpretation and classification of satellite images. The accuracies of one or the other vary depending on the expertise of 
the photo-interpreter, the density of field samples used for validation and on how representative they are of the variability 
of vegetation classes. Both procedures, multispectral satellite image interpretation and air-photo interpretation, only lead 
indirectly to aboveground biomass estimation. Remote-sensing techniques are regarded here, in combination with spatial 
interpolation and extrapolation techniques, as mechanisms for up scaling and downscaling estimates to areas of different 
sizes. They also provide a useful spatial framework for field sampling. For many practical and logistical reasons related 
to the availability and cost of remote-sensing materials in the developing world, the emphasis in this report is on the 
attainment of ground measurements, which serve as the basis for validation of all other estimation procedures, including 
remote sensing. 

7. CONCLUSIONS 
Remote sensing and GIS along with GPS are essential components of spatial technology. A systematic review will 
compare methods of assessing carbon stocks and carbon stock changes in key land use categories, including, forest land, 
cropland, grassland, and wetlands, in terrestrial carbon pools that can be accounted for under the Kyoto protocol (above- 
ground biomass, below-ground biomass, dead wood, litter and soil carbon). Spatial technology based developing 
effective mitigation strategies to reduce carbon emissions and equitable adaptation strategies to cope with increasing 
global temperatures will rely on robust scientific information that is free from biases imposed by national and 
commercial interests.  

 

8. REFERENCES 

1. Van der Werf GR, Morton DC, Defries RS, Olivier JGJ, Kasibhatla PS, Jackson RB, Collatz GJ, Randerson JT: CO2 
emissions from forest loss. Nat Geosci 2009, 2:737-738.  

2. Achard F, Eva HD, Stibig H, Mayaux P, Gallego J, Richards T, Malingreau J: Determination of deforestation rates of the 
world‘s humid tropical forests. Science 2002, 297:999-1002.  

3. Gullison RE, Frumhoff PC, Canadell JG, Field CB, Nepstad DC, Hayhoe K, Avissar R, Curran LM, Friedlingstein P, Jones 
CD, et al.: Tropical forests and climate policy. Science 2007, 316:985-986.  

4. Santilli M, Moutinho P, Schwartzman S, Nepstad D, Curran L, Nobre C: Tropical deforestation and the Kyoto protocol. 
Clim Change 2005, 71:267-276.   



International Journal of Environmental Science: Development and Monitoring (IJESDM) 
ISSN No. 2231-1289, Volume 4 No. 3 (2013) 

76 

 

5. United Nations Framework Convention on Climate Change (UNFCCC): Report of the Conference of the Parties on its 
thirteenth session, held in Bali from 3 to 15 December 2007. Addendum Part Two: Action taken by the Conference of the 
Parties 2007 at its thirteenth session. FCCC/CP/2007/6/Add1* distributed 14 March 2008; 
http://unfccc.int/resource/docs/2007/cop13/eng/06a01.pdf. 

6. United Nations Framework Convention on Climate Change (UNFCCC): 
Report of the Conference of the Parties on its sixteenth session, held in Cancun from 29 November to 10 December 2010 
Addendum Part Two: Action taken by the Conference of the Parties at its sixteenth session.FCCC/CP/2010/7/Add1 
distributed 15 March 2011; http://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf  

7. IPCC: Good Practice Guidance for Land Use, Land-Use Change and Forestry (GPG-LULUCF). Kanagawa, Japan: 
Intergovernmental Panel on Climate Change Institute for Global Environmental Strategies; 2003.http://wwwipcc-
nggipigesorjp   

8. IPCC: Guidelines for National Greenhouse Gas Inventories – Volume 4: Agriculture, Land Use and Forestry (GL-AFOLU). 
Kanagawa, Japan: Intergovernmental Panel on Climate Change Institute for Global Environmental Strategies; 
2006.http://wwwipcc-nggipigesorjp/ webcite 

9. GOFC-GOLD: Global Observation of Forest and Land Cover Dynamics, Report version COP15-1. In A sourcebook of 
methods and procedures for monitoring and reporting anthropogenic greenhouse gas emissions and removals caused by 
deforestation, gains and losses of carbon stocks in forests remaining forests, and forestation. Edited by Achard F, Brown 
S, Fries R, Grassi G, Herold M, Mollicone D, Pandey D, Souza C. Alberta: Canada GOFC-GOLD Project Office, Natural 
Resources; 2009. 
http://wwwgofc-golduni-jenade/redd/ webcite 

10. FAO: Carbon sequestration in dryland soils. World Soil Resources Reports 2004., 108:  
11. Brown S, Lugo AE: The storage and production of organic matter in tropical forests and their role in the global carbon cycle. 

Biotropica 1982, 14:161-187.  
12. Malhi Y, Baker TR, Phillips OL, Almeida S, Alvarez E, Arroyo L, Chave J, Czimczik CI, Fiore A, Higuchi N, et al.: The 

above-ground coarse wood productivity of 104 neotropical forest plots. 
Global Change Biol 2004, 10:563-591.   

13. Baker TR, Phillips OL, Malhi Y, Almeida S, Arroyo L, Di Fiore A, Erwin T, Killeen TJ, Laurance SG, Laurance WF, et 
al.: Variation in wood density determines spatial patterns in Amazonian forest biomass. Global Change Biol 2004, 10:545-
562.   

14. Hansen MC, Stehman SV, Potapov PV, Loveland TR, Townshend JRG, DeFries RS, Pittman KW, Arunarwati B, Stolle F, 
Steininger MK, Carroll M, DiMiceli C: Humid tropical forest clearing from 2000 to 2005 quantified by using 
multitemporal and multiresolution remotely sensed data. 
PNAS 2008, 105:9439-9444.   

15. Houghton RA: Aboveground forest biomass and the global carbon balance. Global Change Biol 2005, 11:945-958.   
16. Palace M, Keller M, Asner GP, Silva JNM, Passos C: Necromass in undisturbed and logged forests in the Brazilian Amazon. 

For Ecol Manage 2007, 238:309-318.   
17. Barlow J, Peres CA, Lagan BO, Haugaasen T: Large tree mortality and the decline of forest biomass following Amazonian 

wildfires. Ecol Lett 2003, 6:6-8.  
18. Rice AH, Pyle EH, Saleska SR, Hutyra L, Palace M, Keller M, De Camargo PB, Portilho K, Marques DF, Wofsy 

SC: Carbon balance and vegetation dynamics in an old-growth Amazonian forest. Ecol Appl 2004, 14(supplement):S55-
S71.  

19. Keller M, Palace M, Asner GP, Pereira R Jr, Silva JNM: Coarse woody debris in undisturbed and logged forests in the 
eastern Brazilian Amazon. Glob Chang Biol 2004, 10:784-795.   

20. MÃÂ¤kinen H, Hynynen J, Siitonen J, SievÃÂ¤nen R: Predicting the decomposition of Scots pine, Norway spruce, and 
birch stems in Finland. Ecol Appl 2006, 16:1865-1879.   

21. Brown SL, Schroeder P, Kern JS: Spatial distribution of biomass in forests of the eastern USA. For Ecol 
Manage 1999, 123:81-90.   

22. Chave J, RiÃÂ©ra B, Dubois MA: Estimation of biomass in a neotropical forest of French Guiana: spatial and temporal 
variability. J Trop Ecol 2001, 17:79-96.   

23. Gaveau DLA, Balzter H, Plummer S: Forest woody biomass classification with satellite-based radar coherence over 900 
000Â km2 in Central Siberia. For Ecol Manage 2003, 174:65-75.  

24. DeWalt SJ, Chave J: Structure and biomass of four lowland neotropical forests. Biotropica 2004, 36:7-19.  
25. Segura M, Kanninen M: Allometric models for tree volume and total aboveground biomass in a tropical humid forest in 

Costa Rica. Biotropica 2005, 37:2-8.  
  


