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ABSTRACT 

BROWN, S., L. R. IVERSON, AND A. PRASAD. 2001. Geographical Distribution of Biomass 
Carbon in Tropical Southeast Asian Forests: A Database. 0.RNWCDIAC-119, NDP-068. 
Carbon Dioxide Information Analysis Center, U.S. Department of Energy, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee, U.S.A. 75 pp. 

A database was generated of estimates of geographically referenced carbon densities of forest 
vegetation in tropical Southeast Asia for 1980. A geographic information system (GIS) was used 
to incorporate spatial databases of climatic, edaphic, and geomorphological indices and vegetation 
to estimate potential (i.e., in the absence of human intervention and natural disturbance) carbon 
densities of forests. The resulting map was then modified to estimate actual 1980 carbon density 
as a function of population density and climatic zone. The database covers the following 13 
countries: Bangladesh, Brunei, Cambodia (Campuchea), India, Indonesia, Laos, Malaysia, 
Myanmar (Burma), Nepal, the Philippines, Sri Lanka, Thailand, and Vietnam. 

The data sets within this database are provided in three file formats: ARC/INFOTM exported 
integer grids, ASCII (American Standard Code for Information Interchange) files formatted for 
raster-based GIS software packages, and generic ASCII files with x, y coordinates for use with 
non-GIS software packages. 

This database includes ten ARC/INFO exported integer grid files (five with the pixel size 
3.75 km x 3.75 km and five with the pixel size 0.25 degree longitude x 0.25 degree latitude) and 
27 ASCII files. The first ASCII file contains the documentation associated with this database. 
Twenty-four of the ASCII files were generated by means of the ARC/INFO GRIDASCII 
command and can be used by most raster-based GIS software packages. The 24 files can be 
subdivided into two groups of 12 files each. These files contain real data values representing 
actual carbon and potential carbon density in Mg C/ha (1 megagram = lo6 grams) and integer- 
coded values for country name, Week’s Climatic Index, ecofloristic zone, elevation, forest or 
non-forest designation, population density, mean annual precipitation, slope, soil texture, and 
vegetation classification. One set of 12 files contains these data at a spatial resolution of 3.75 
km, whereas the other set of 12 files has a spatial resolution of 0.25 degree. The remaining two 
ASCII data files combine all of the data from the 24 ASCII data files into 2 single generic data 
files. The first file has a spatial resolution of 3.75 km, and the second has a resolution of 0.25 
degree. Both files also provide a grid-cell identification number and the longitude and latitude of 
the center-point of each grid cell. 

The 3.75~km data in this numeric data package yield an actual total carbon estimate of 42.1 Pg 
(1 petagram = lOI grams) and a potential carbon estimate of 73.6 Pg; whereas the 0.25-degree 
data produced an actual total carbon estimate of 41.8 Pg and a total potential carbon estimate of 
73.9 Pg. 

Fortran and SASTM access codes are provided to read the ASCII data files, and ARC/INFO and 
ARCVIEW command syntax are provided to import the ARC/INFO exported integer grid files. 
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The data files and this documentation are available without charge on a variety of media and via 
the Internet from the Carbon Dioxide Information Analysis Center (CDIAC). 

Keywords: biomass, carbon, carbon cycle, climate, elevation, forest, land use, organic matter, 
population, slope, soil, Southeast Asia, tropics, vegetation 
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1. BACKGROUND INFORMATION 
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Quantification of the role of changing land use in the global cycling of carbon (and, consequently, 
in controlling atmospheric concentrations of carbon dioxide, the single most important 
anthropogenic greenhouse gas) requires complete, consistent, and accurate databases of 
vegetation, land use, and biospheric carbon content. The Carbon Dioxide Information Analysis 
Center (CDIAC) has previously made available several important quality-assured and documented 
databases on this topic (Olson et al. 1985, Richards and Flint 1994, Houghton and Hackler 1995, 
and Brown et al. 1996). 

This database (NDP-068) expands the series by providing detailed geographically referenced 
information on actual and potential biomass carbon (1 g biomass = 0.5 g C) in tropical Southeast 
Asia and all the background information used to generate those files. A geographic information 
system (GIS) was used to incorporate spatial databases of climatic, edaphic, and 
geomorphological indices and vegetation to estimate potential (without human influence) carbon 
densities of forests in 1980. The resulting estimates were then modified to produce estimates of 
actual carbon density as a function of population density and climatic zone. 

Estimates of carbon in the biomass (aboveground and belowground) of tropical Southeast Asian 
forests for the year 1980 were generated by means of a GIS modeling approach, on the basis of 
the assumption that “the present distribution of forest biomass density is a function of the 
potential biomass the landscape can support under the prevailing climatic, edaphic, and 
geomorphological conditions and the cumulative impact of human activities such as logging, fuel- 
wood collection, shifting cultivation, and other activities that reduce the biomass” (Brown et al. 
1993). The database covers the following 13 countries: Bangladesh, Brunei, Cambodia 
(Campuchea), India, Indonesia, Laos, Malaysia [Peninsular (Malaya) and Insular (Sabah, also 
known as North Borneo, and Sarawak)], Myanmar (Burma), Nepal, the Philippines, Sri Lanka, 
Thailand, and Vietnam (Fig. 1). 

A thorough description of the methods and data sources can be found in Brown et al. (1993). To 
calculate potential and actual aboveground biomass carbon densities, the general methodology of 
Risser and Iverson (1988) and Iverson et al. (1994) was followed. This consisted of a simple 
weighted additive model of data layers of elevation and slope, precipitation, Week’s Climatic 
Index, and soil texture to arrive at a score for potential biomass density for each pixel. Elevation 
data (Fig. 2) were derived from a U.S. National Geophysical Data Center elevation map; soil 
texture data (Fig. 3) and slope data (Fig. 4) were derived from the Soil Map of the World 
produced by the Food and Agriculture Organization (FAO)-United Nations Educational, 
Scientific, and Cultural Organization; and annual precipitation (Fig. 5) and a modified We&s 
Climatic Index (Week 1970) (Fig. 6) were interpolated from about 600 stations in the FAO agro- 
meteorological database. Results were compared with independent ground-truth information and 
iteratively reprocessed to within certain bounds to obtain a satisfactory result. The map results 
were overlaid with forest/non-forest data (Fig. 7) from circa 1980, resulting in a map of potential 
carbon densities (Fig. 8). The forest/non-forest data were derived from a FAO vegetation map 
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(Fig. 9) of continental tropical Southeast Asia and a World Conservation Monitoring Center map 
of forested areas of insular Asia. The resulting potential biomass was compared with ecofloristic 
zones (Fig. 10) derived from an FAO map, confirming the reasonableness of the model-derived 
estimates. 

, 

0 

Fig. 1. Countries of the study area. 
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Fig. 2. Mean elevation for the study area, displayed with 0.25degree resolution. 

Soil Texture Class 2 
q .Coarsa 

., : 
El Medium Coarse 
W Medium 
n Medium Fine ., 
II flne 
q Unknown 

Fig. 3. Soil texture class for the study area, displayed with 0.25degree resolution. , 
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Fig. 4. Mean slope class for the study area, displayed with 0.25degree resolution. 
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Fig. 5. Mean annual precipitation for the study area, displayed with 
0.25-degree resolution. 
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Fig. 6. Week’s Climatic Index for the study area, displayed 
with 0.25-degree resolution. 

Fig. 7. Forest/non-forest classification of the study area, displayed 
with 8.25-degree resolution. 
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Fig. 8. Potentials carbon densities in forests of the study area, displayed 
with 0.25-degree resolution. 
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Fig. 9. Vegetation type in the study area, displayed with 0.25-degree resolution. 
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Fig. 10. Ecofloristic zone classification for the study area, displayed 
with 0.25degree resolution. 

Ratios of forest degradation (from increasing population) were calculated from forest inventory 
data and the calculated potential biomass densities for 47 subnational units in Bangladesh, India, 
Malaysia (Peninsular and Insular), the Philippines, Sri Lanka, Thailand, and Vietnam. Linear 
regression of the forest degradation ratio versus population density (natural-log transformed) 
showed the effect of population density on the forest degradation ratio to be greatest in dry, 
followed by seasonal, then moist, forests. The regression equations were then used in conjunction 
with the potential biomass carbon density, population (Fig. 1 l), and precipitation maps [used to 
delineate climatic zones: aseasonal moist (>2000 mm/year), seasonally moist (1500 to 
2000 mm/year), and dry (cl500 mm/year)] to estimate the actual biomass carbon densities of the 
forests. At very high and very low population densities, default degradation ratios of 0.06 and 
1.0, respectively, were used. Population density was based on data from the FAO Demographic 
and Statistics Department. 

Root:shoot ratios were calculated from previously published data of belowground biomass and 
stratified according to climate zones based on precipitation and elevation. Three climate zones 
were recognized: dry (~1200 mm/year for lowland), seasonal (1200 to 2000 mm/year for lowland 
and 500 to 1200 mm/year for montane), and moist (>2000 mm/year for lowland and 
>1200 mm/year for montane), where lowland is defined as elevation 2 1000 m and montane as 
elevation >lOOO m. Moist forests were assigned a root:shoot ratio of 0.18; seasonal forests, 0.10; 
and dry forests, 0.5. These ratios were used to calculate belowground biomass from the 
aboveground biomass estimate for each pixel. Total biomass (Fig. 12) was calculated as the sum 
of the below-ground and above-ground estimates. 
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Fig. II. Population density in the study area, displayed with 0.25degree resolution. 

Fig. 12. Actual carbon densities in forests of the study area, displayed 
with 0.25degree resolution. 
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Brown et al. (1993) compared their estimates of biomass carbon density with those of other 
recent assessments for the same 13-country study area. They found that estimates of biomass 
carbon densities derived from the FAO Tropical Forest Resource Assessment 1990 Project were 
about 75% of their own, and that estimates of 1980 biomass carbon density of Flint and Richards 
(1994) for forests and woodlands were about 65% of their own. Although differences exist 
between the estimates of Brown et al. and the other two studies, the three sets of values are 
similar in order of magnitude despite differences in methodology, input data, and time of 
assessment. The general similarity of the estimates provides compelling evidence that forests of 
tropical Asian countries have generally low biomass carbon densities; these low densities are most 
likely due to the long history of human use in the region. 

2. APPLICATIONS OF THE DATA 

The maps generated from the these data lend themselves to comparisons with, for example, spatial 
representations of land-use changes determined firom satellite imagery. Consequently, 
uncertainties associated with carbon fluxes from tropical Southeast Asia can be reduced, and 
processes in the global carbon cycle (e.g., forest clearing, degradation, and regrowth) can be 
better quantified. 

3. DATA LIMITATICDNS AND RESTRICTIONS 

The biomass estimates are limited to trees with a diameter of at least 10 cm (5 cm in more open 
forests); this would result in a slight underestimate (less than 5%) of aboveground biomass in 
closed forests and an unknown amount of underestimate in open forests; the estimates also 
exclude litter (Brown et al. 1993). Brown et al. (1993) compared their model-derived biomass 
carbon density estimates with values from forest inventories. They report that their model tended 
to produce slight overestimates: ~5% for carbon densities of x250 M@ and ~8% for carbon 
densities of 250-400 Mg/ha. 

The estimates provided,in this numeric data package also exclude soil carbon, although Brown et 
al (1993) describe the estimation of soil carbon for tropical Southeast Asia. 

Brown et al. (1993) evaluated the errors in estimates of carbon densities from both methodology 
and data limitations. In general, they caution that, while general patterns would be reliable, carbon 
densities cannot be precisely located to the level of an individual pixel. The original vegetation and 
soil maps showed insufficient detail and might not always have been fully accurate. The 
precipitation, We&s Climatic Index, and population maps were generated from point data, 
although interpolation error from these types of data was minimized by using a two-dimensional 
interpolation method and by comparing results with other maps. Potential error in weighting 
scplemes was minimized by developing varying-width classes for each of the input variables. 
Omitting the effects of roads, shifting cultivation, and the differentiation between broadleaf and 
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conifer species was considered acceptable, given the scale of the final maps. Correlation between 
population density and the calculated forest degradation index was low for some regions. New 
information on forest inventories can alleviate these uncertainties. It must also be noted that 
understory and fme and coarse litter were not included in the total carbon estimates; correction 
for this omission could add another 20 tea 38% to the estimates of total biomass carbon density. 
Explicit accounting of large-scale disturbances was alscs not included. As new data become 
available, the same basic methodology for calculating carbon densities in biomass and soils can be 
readily applied, differences analyzed, and uncertainties further reduced (Brown et al. 1993, 
Iverson et al. 1994). 

The gridded database described in this numeric data package defines tropical Southeast Asia as 
originating at - 5879340.56205 m longitude (44.25875 degrees), - 1221655.95 152 m latitude 
(- 16.52954 degrees) and extending to 3863159.43795 mlongitude (149.50875 degrees), 
4808344.04848 m latitude (42.97046 degrees). Data are provided for the following 13 countries: 
Bangladesh, Brunei, Cambodia (Campuchea), India, Indonesia, Laos, Malaysia [Peninsular 
(Malaya) and Insular (Sabah, also known as North Borneo, and Sarawak)], Myanmar (Burma), 
Nepal, the Philippines, Sri Lanka, Thailand, and Vietnam. The country boundary information was 
originally received from the contributors in vector format as continental and insular polygon 
coverages. The source polygons contained boundaries for fifteen countries in Asia, including the 
13 aforementioned countries, as well as Pakistan and Papua New Guinea. For distribution 
purposes, the polygon data were joined together into single polygon coverage and then converted 
to a grid. As a result of this rasterization process, a few grid cells are defined as Pakistan or Papua 
New Guinea although they contain no real data. Furthermore, the gridded country boundaries 
within this database should not be used to define sountries for other datasets, because the 
rasterization process produces generalized boundary lines. 

4. QUALITY-ASSURANCE CHECKS AND DATA-PROCESSING AC- 
PERFORMED BY CDIAC 

An important part of the data packaging process at CIXAC involves the quality assurance (QA) 
of data before distribution. To guarantee data of the highest possible gluality, CDIAC performs 
extensive QA checks, examinin g the data for completeness, reasonableness, and accuracy. 

The data as obtained from the contributors consisted of 17 AFKYINF0-exported integer grids 
with a pixel size of approximately 3.75 km x 3.75 km. Actual and potential carbon densities 
(Mg C/ha), as well as ecofloristic zone and vegetation classification, were provided individually 
for continental and insular Southeast Asia. Separate country boundaries were provided for insular 
and continental Southeast Asia. These ten grids were transformed into an Albers Projection, but 
with a uniclue set of projection parameters for continental and insular Southeast Asia. Population 
density, mean annual precipitation, elevation, slope, soil texture, forest/non-forest designation, 
and Week’s Climatic Index data were assembled collectively for all of Southeast Asia. These 



seven grids were not projected (i.e., they can be referred to as being in a “geographic 
projection”). 

For distribution purposes the continental and insular data were combined into common grids. The 
following methodology was used: 

1. Each of the 17 grids originally received from the contributors was re-projected into an Albers 
Projection with a cell size of 3750 m by using the following parameters: 

1st standard parallel: 30 08 24.000 
2nd standard parallel: -4 17 24.000 
central meridian: 107 28 12.000 
latitude of projection's origin: 0 0 0.000 
false easting (meters): 0.00000 
false northing (meters) : 0.00000 

2. Each of the 17 newly projected grids was assigned a missing-value indicator of -9999. 

3. The value attribute tables for the continental and insular grids were reviewed for consistency 
and redundancy. Numeric data values were re-assigned as necessary. 

4. The population grid was designated as a base grid because it included the combined spatial 
extent of real data contained in each of the 17 grids. 

5. The continental grids for actual carbon density, potential carbon density, ecofloristic zone, 
vegetation code, and country name were combined with their corresponding insular grids and the 
base grid by using the ARC/INFO GRID command COMBINE. 

6. The seven remainin g grids were reformatted to match the extent of the base grid. This was 
accomplished by using the ARC/INFO GRID command COMBINE with the base grid. 

Performing these six steps resulted in 12 ,grids with identical parameters. The 12 grids became the 
core data layers used to prepare the 37 data files included in this numeric data package. 

4 

The first file is merely a flat ASCII text file containing a copy of this documentation. Ten of the 
37 fnes are exported ARC/INFO integer grids, five with 3.75~km pixel size and five with 
0.25-degree pixel size. 

The 3.75~km exported ABC/INFO grids included within this numeric data package were 
generated by using the ARC/INFO GRID co mmand COMBINE and were grouped as follows: 

1. Actual and potential carbon were combined into a common grid called BIOMASS. 
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2. Mean annual precipitation and Week’s Climatic Index were combined into a common grid 
called CLIMATE. 

3. Population and country were combined into a common demographic grid called DEMOG. 

4. Slope, soil texture, and elevation were grouped into a common landform grid called LAND. 

5. Forest designation, ecofloristic zone, and vegetation index were grouped into a common 
vegetation grid called VEGT. 

Resampling is the process of determining valnes for grid cells that are geometrically transformed 
from a source grid into a grid of a different spatial resolution. ARC/INFO GRID offers three 
resampling techniques: nearest neighbor assignment, bilinear interpolation, and cubic 
convolution.The nearest neighbor assignment process identifies the input grid cell closest to the 
output grid-cell center and assigns this value to the entire output grid cell. The bilinear 
interpolation method of resampling identifies the four nearest input cell centers surrounding the 
output grid-cell center, then calculates a weighted mean of those values, and assigns the mean to 
the output grid-cell center. Cubic convolution is a computationally intensive interpolation method 
that fits a cubic polynomial surface to a 4 x 4 (l&pixel) neighborhood of cells to produce a 
smooth resultant from a distance-weighted mean. The mean and variance of the output 
distribution match the input distribution; however, the range of data values may be altered as a 
result of this process of smoothing the data, 

The online documentation for ARC/INFO Version 7.2.1 offers the following guidance on 
resampling methods. Nearest neighbor is the preferred resampling method for categorical data 
because it does not alter the value of the input cells. It should be used for nominal or ordinal data 
where each value represents a class of data values rather than discrete data values. Bilinear 
interpolation is recommended for contjnuous surfaces because a known point or phenomenon 
determines the assigned value (e.g., elevation, and slope). Cubic convolution tends to smooth the 
data more than bilinear interpolation because of the smooth curves used as well as the larger 
number of points evaluated. Cubic convolution is the best method when total yields need to be 
determined (e.g., total CO, emissions per country). Ah three techniques can be applied to 
continuous data, with nearest neighbor producing the most blocky output, and cubic convolution, 
the smoothest. However, neither bilinear interpolation nor cubic convolution should be used to 
resample categorical data. 

The 0.25-degree AFXXNFO exported integer grids were generated as follows: 

I. Each of the five 3.75&m grids was unprojected (i.e., re-projected from an Albers into a 
geographic projection). 

2, Missing data values were changed from -9999 to “‘NO DATA” by using the ARC/INFO GRID 
SELECT command for resampling purposes. 
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3. Nearest neighbor, bilinear interpolation, and cubic convolution algorithms were each used to 
resample actual and potential carbon biomass estimates in the BIOMASS grid to a 0.25-degree 
resolution. 

4. The products of the resample8 data were then projected back to Albers and summed. Based on 
a comparison of the following actual and potential biomass carbon estimates with values published 
by Brown et al. (1993), the cubic convolution method of resampling was used to produce the 
0.25-degree biomass grid in this numeric data package. 

Resamnlinn method Actual carbon (P& Potential carbon (Pg) 

Nearest neighbor 41.7256 73.8159 

Bilinear interpolation 41.7286 73.8847 

Cubic convolution 41.7583 73.9 194 

5. There maining four grids were resampled by using the nearest neighbor assignment method 
because each grid contained only categorical data. 

6. The resulting five Q.25-degree grids (i.e., BIOMASSX, CLIMATBX, DEMOGX, LANDX, 
and VEGTX) have attributes comparable, but not identical, to those found in the 3.75~km grids in 
this numeric data package. 

Table 1 displays the data ranges for the variables in each of the ten ARC/INFO GRIDS to 
illustrate the redistribution of the data after the resamphng process. 

‘, 
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Table I. Redistribution of the data as a result of the resamphg process 

Variable Number of 
name unique values Maximum Cell size Grid name 

AC 

AC 

PC 

PC 

CLIMI 

CLIMI 

IxECIP 

PRECIP 

POP 

POP 

CNTRY 

CNTRY 

SLOPE 

SLOPE 

ELEV 

ELEV 

SOILT 

SOILT 

FOREST 

FOREST 

EFZ 

281 

279 

30 

288 

20 

20 

13 

13 

14 

14 

16 

16 

6 

6 

10 

10 

6 

6 

EFZ 6 

VEG 16 

VEG 16 

7 

7 

14 

43 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

1 

1 

383 3.75 km BIOMASS 

336 0.25 degree BIOUSSX 

393 3.75 km BIOMASS 

402 0.25 degree BIOMASSX 

20 3.75 km CLIMATE 

20 0.25 degree CLIMATEX 

13 3.75 km CLIMATE 

13 0.25 degree CLIMATE% 

14 3.75 km DEMOG 

14 0.25 degree DEMOGX 

16 3.75km DEMO6 

16 0.25 degree DEMOGX 

6 3.75 km LAND 

6 0.25 degree LANDX 

10 3.75 km LAND 

10 0.25 degree LANDX 

6 3.75 km LAND 

6 0.25 degree LANDX 

2 3.75 km VEGT 

2 0.25 degree VEGTX 

9 3.75 km VEGT 

9 0.25 degree VEGTX 

20 3.75 km VEGT 

20 0.25 degree VEGTX 
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The cubic convolution method of resampling was used to transfer the data values of AC and PC in 
the BIOMASS (3.75&n) grid to the BIOMASSX (0.25-degree) grid. The data for AC in the 
3.75-km grid range from 7 to 383, with 281 unique data values. After the resampling, the data for 
AC in the BIOMASSX (0.25-degree) grid ranged from 7 to 336, with 279 unique data values. 
The data for PC in the BIOMASS (3.75~km) grid ranged from 14 to 393, with 30 unique data 
values. After the resampling, they ranged from 43 to 402, with 288 unique data values in the 
BIOMASSX (0.25-degree) grid. 

r 
The nearest neighbor method of resampling was used to transfer the data values of CLIMI, 
PRECIP, POP, CNTRY, SLOPE, ELEV, SOILT, FOREST, EFZ, and VEG in the remaining 
3.75~km grids (CLIMATE, DEMOG, LAND, and VEGT) to the 0.25-degree grids 
(CLIMATEX, DEMOGX, LANDX, and VEGTX). Note that the data range and number of 
unique data values did not change for these variables. 

Twenty-four of the 26 remaining ASCII files were generated directly from the 10 ARC/INFO 
GRIDS (five 3.75~km grids and five 0.25-degree grids) by using the GRIDASCII command. The 
GRIDASCII command produces raster-based data files that can be used by most GIS software 
packages (and read by non-GIS software packages, as well). Each file contains R lines (where 
R = the number of rows in the grid + six header lines). Lines 1 through 6 contain the following 

‘ values: the number of columns in the grid (line l), the number of rows in the grid (line 2), the 
lower left-hand x (longitude) coordinate (line 3), the lower left-hand y (latitude) coordinate (line 
4), the grid-cell size (line 5), and a definition of the grid’s no-data value (line 6). The remaining 
lines in the file represent individual columns of data in the grid. For example, if there are 3066 
columns and 1736 rows of data, there would be 1743 lines in the file. Lines 1 through 6 would 
contain the aforementioned header information, while lines 7 to 1743 would contain 3066 data 
values, each separated by a single space. Table 2 shows the arguments used with the GRIDASCII 
syntax to produce the 12 ASCII data files from the 3.75~km data and the 12 ASCII data files from 
the 0.25-degree data. 
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Table 2. GRIDASClIX syntax used to produce the ASCII data files 

Grid name Output file name Variable name Variable description 

BIOMASS 

BIOMASS 

CLIMATE 

CLIMATE 

DEMOG 

DEMOG 

LAND 

LAND 

LAND 

VEGT 

VEGT 

VEGT 

BIOMASSX 

BIOMASSX 

CLIMATEX 

CLIMATEX 

DEMOGX 

DEMOGX 

LANDX 

LANDX 

LANDX 

VEGTX 

VEGTX 

VEGTX 

ac.dat 

pc.dat 

climi. dat 

precip.dat 

pop.dat 

cntry.dat 

slope.dat 

elev. dat 

soilt.dat 

forest. dat 

efi.dat 

veg.dat 

acx.dat 

pcx.dat 

climix.dat 

preciix.dat 

popxdat 

cntryxdat 

slopex.dat 

elevxdat 

soiltx.dat 

forestx.dat 

efzx.dat 

vegx.dat 

AC 

PC 

CLIMI 

PRECIP 

POP 

CNTRY 

SLOPE 

ELEV 

SOILT 

FOREST 

EFZ 

VEG 

AC 

PC 

CLIMI 

PRECIP 

POP 

CNTRY 

SLOPE 

ELEV 

SOILT 

FORHT 

El3 

VEG 

Actual biomass carbon in Mg C/ha 

Potential biomass carbon in Mg C/ha 

Week’s Climatic Index code 

Mean annual precipitation code 

Population density code 

Country code 

Slope code 

Mean elevation code 

Soil texture code 

Forest or non-forest code 

Ecofloristic zone code 

Vegetation code 

Actual biomass carbon in Mg C/ha 

Potential biomass carbon in Mg C/ha 

Week’s Climatic Index code 

Mean annual precipitation code 

Population density code 

Country code 

Slope code 

Mean elevation code 

Soil texture code 

Forest or non-forest code 

Ecofloristic zone code 

Vegetation code 
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The remaining two generic ASCII files with longitude and latitude (x, y) coordinates were 
produced as follows: 

1. A point coverage was generated from the BIOMASS grid by using the ARC/INFO 
GRIDPOINT command. 

2. The ARC/INFO PROJECT command was used to project the meter coordinates into decimal 
degrees. 

3. The output coverage from step 2 was ungenerated to produce an ASCII file containing a grid- 
cell id number, longitude, and latitude for each of the 4,177,584 grid-cell centers. 

4. The 12 ASCII files produced by the GRIDASCII command for the 3.75&m data were then 
merged, one file at a time, with the file produced in step 3. 

5. The result of steps 1 through 4 is a file called se-asia.dat with 4,177,584 records containing the 
following variables: grid-cell identification number, longitude in decimal degrees of the 
centerpoint of each grid cell, latitude in decimal degrees of the centerpoint of each grid cell, actual 
biomass carbon, potential biomass carbon, precipitation, population, country, slope, soil texture, 
forest designation, ecofloristic zone, and vegetation index. 

‘. 
6. A point coverage was generated from the IBIOMASSX grid by using the ARC/INFO 
GRIDPOINT command. 

7. The 12 ASCII files produced by the GRIDASCII command for the 0.25-degree data were then 
merged, one file at a time, with the files produced in step 6. Note that, because these data are 
provided in an unprojected format, there was no need to use a projection step to assemble these 
data for distribution. 

8. Steps 6 and 7 resulted in a file called se-asiax.dat containing 100,198 records, with the same 
variables listed in step 5. 

Actual and potential biomass were each totaled for tropical Southeast Asia from the data sets 
included with this numeric data package, for comparison with the totals published by Brown et al. 
(1993). For each data set, the number of pixels with a specific carbon density was multiplied by 
the carbon density then multiplied by the pixel area to yield total carbon; finally, this product was 
summed for all carbon densities. For tropical Southeast Asia, estimated total biomass is 42.1 Pg. C 
actual and 73.6 Pg C potential. The same totals were calculated from the 0.25-degree gridded 
data to be 41.8 Pg C actual and 73.9 Pg C potential These totals agree with the corresponding 
values of 42 Pg C actual and 74 Pg C potential reported in Brown et al. (1993), verifying that 
overall the database included with this numeric data package reflects the data used by the authors 
in their publication. 
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As an additional check, the actual biomass carbon density estimates for 1980 in this database can 
be compared with the carbon content data in Table 5 of NDP-046 (Richards and Flint 1994) for 
the same year. The 1980 total carbon in forest cover is estimated by Richards and Flint (1994) to 
be 23.95 Pg C in contrast with 42 Pg C estimated herein. This level of difference is similar to the 
differences in carbon densities observed in the estimates of Brown et al. (1993) and of Flint and 
Richards (1994). In addition to the methodological and data-source differences mentioned in 
Section 3, it must be noted that Richards and Flint (1994), but not Brown et al. (1993), include 
Singapore, whereas the converse is true for Nepal; furthermore, there are differences between the 
two databases in terms of the estimated area covered by forests. 
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. 6. HOW TO OBTAIN THE DATA AND DOCUMENTATION 

This database (NDP-068) is available free of charge from CDIAC. The files are available from 
CDIAC’s Web site (http://cdiac.esd.ornl.gov) or from CDIAC’s anonymous FTP (file transfer 
protocol) area (cdiac.esd.ornl.gov) as follows: 

1. FTP to cdiac.esd.ornl.gov (128.219.24.36). 
2. Enter “ftp” as the user id. 
3. Enter your electronic mail address as the password (e.g., fied@zulu.org). 
4. Change to the directory “pub/ndpO68” (i.e., use the command “cd pub/ndp068”). 
5. Set ftp to get ASCII files by using the ftp “as&i” command. 
6. Retrieve the ASCII database documentation file by using the ftp “get ndp068.txt” command, 

and retrieve the ASCII data files by using the ftp “mget *.dat” command. 
7. Set ftp to get *.eOO data files by using the ftp “binary” command. 
8. Retrieve the *.eOO data files by using the ftp “mget *.eOO” command. 
9. Exit the system by using the ftp “quit” command. 

i Uncompress the files on your computer, if they are obtained in compressed format. 

For non-Internet data acquisitions (e.g., floppy diskette or compact disk) or for additional 
information, contact: 

Carbon Dioxide Information Analysis Center 
Oak Ridge National Laboratory 
P.O. Box 2008 
Oak Ridge, Tennessee 3783 l-6335, U.S.A. 

Telephone: l-865-574-3645 
Telefax: l-865-574-2232 
E-mail: cdiac@ornl.gov 
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7. LISTING OF FILES PROVIDED 

This database consists of 37 files: This documentation fne (ndp068.txt, File I), 10 exported 
ARC/INFO integer grid files, and 26 ASCII data files (Table 3). Five of the 10 exported 
ARC/INFO grid files have a pixel size of 3.75 km by 3.75 km, whereas the other five have a pixel 
size of 0.25 degrees by 0.25 degrees. Each core data layer in this database was also grouped into 
one of five thematic grids (see Sect. 4). The 3.75~km data were aggregated to a resolution of 
0.25 degrees; the data at the two levels of resolution contain identical attributes. Each grid when 
imported into ARC/INFO is an integer grid and contains a value attribute table (vat) and a 
statistics table (sta). Except for the biomass carbon measures, each grid contains data classes 
identified by a numeric value code and defined by a character description of the class. 
Twenty-four of the 26 ASCII data ffies were generated by using the ARC/INFO GRIDASCII 
command. As such, these files can be used with or without ARC/INFO software and can be used 
by raster or vector GIS software packages as well as non-GIS software packages. These 24 files 
each represent one data item and, when used as a GRID in ARC/INFO, contain the same 
information found in the 10 ARC/INFO export grids in this numeric data package. The two 
remaining ASCII data files are aggregates of all the data within this database in ASCII format, 
one at a spatial resolution of 3.75 km and the other at 0.25 degree. Table 3 describes the files 
provided in this numeric data package. 

Table 3. Files in this numeric data package 

File File size 
number File name @bytes) File description 

Projection 
we File type 

1 ndp068. txt 

2 Biomass.eOO 

3 Biomassx.eOO 

4 ac.dat 

5 acx.dat 

94 Descriptive file (i.e., this 
document) 

59,468 Exported ARC/INFO gridded 
(3.75~km) estimates of actual 
and potential biomass carbon 

1,534 Exported ARC/INFO gridded 
(0.25-degree) estimates of 
actual and potential biomass 
carbon 

24,607 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) estimates of actual 
biomass carbon 

593 ASCII file of ungenerated 
ARC/INFO gridded (0.25- 
degree) estimates of actual 
biomass carbon 

n/a ASCII text 

Albers ARC/INFO 
export GRID 

Geographic ARC/INFO 
export GRID 

Albers GRIDASCII 
ASCII data 
file 

Geographic GRIDASCII 
ASCII data 
ftie 
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Table 3 (continued) 

File 
number Fi%e name 

File size 
WW File description 

Projection 
we File type 

6 

7 

8 

? 

I 

9 

10 
‘\ 

a% 

12 

. . 13 

14 

15 

, 

L 

pc.dat 24,655 

pcx.dat 594 

Climate.eOO 

Clirnatex.eOO 

climi.dat 

clirnix.dat 

precip.dat 

precipx.dat 

Demog.eOO 

Demogx.eOO 

59,382 

1,448 

23,218 

566 

23,Q47 

562 

59,381 

1,449 

ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) estimates of potential 
biomass carbon 
ASCII file of ungenerated 
AMXNFO gridded (0.25- 
degree) estimates of potential 
biomass carbon 
Exported ARC/INFO gridded 
(3.75&m) Week’s Climatic 
Index and mean annual 
precipitation 
Exported ARC/INFO gridded 
(0.25-degree) Week’s 
Climatic Index and mean 
annual precipitation 
ASCII file of wngenerated 
ARC/INFO gridded (3.75 
km) Week’s Climatic Index 
ASCII file of ungenerated 
ARCLIBJFO gridded (0.25- 
degree) Week’s Climatic 
Index 
ASCII fde of ungenerated 
ARC/INFO gridded (3.75- 
km) mean annual 
precipitation 
ASCII file of ungenerated 
ARC/INFO gridded (0.25- 
degree) mean annual 
precipitation 
Exported ARC/INFO gridded 
(3,75-h) popukion density 
and country name 
Exported ARC/INFO gridded 
(0.25-degree) population 
density and country name 

Albers 

Geographic 

Albers 

Geographic 

A%bers 

Geographic 

Albers 

Geographic 

Albers 

Geographic 

GRIDASCII 
ASCII data 
fde 

GtiDASCII 
ASCII data 
file 

ARcfINFo 
export GRID 

ARcnNFo 
export GRID 

GRDASCII 
ASCII data 
fde 
GRIDASCII 
ASCII data 
file 

GRIDASCII 
ASCII data 
fde 

GRIDASCPI 
ASCII data 
file 

ARcANFo 
export GRID 

ARclI.NFo 
export GRJD 
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Table 3 (continued) 

File 
number File name 

File size 
(kbytes) File description 

Projection 
VPe File type 

16 pop.dat 

17 popx.dat 

18 cntry.dat 

19 cntryx.dat 

20 

21 

22 

23 

24 

25 

26 

27 

Land-e00 

Landx.eOO 

slope.dat 

slopex.dat 

elev.dat 

elevx.dat 

soilt.dat 

soiltx.dat 

22,865 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) population density 

559 ASCII file of ungenerated 
ARC/INFO gridded (0.25- 
degree) population density 

23,056 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) country name 

563 ASCII file of ungenerated 
ARC/INFO gridded (0.25- 
degree) country name 

59,401 Exported ARC/INFO gridded 
(3.75&m) slope, elevation, 
and soil texture 

1,46 1 Exported ARC/INFO gridded 
(0.25-degree) slope, 
elevation, and soil texture 

22,884 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) slope 

559 ASCII file of ungenerated 
ARC/INFO gridded (0.25 
degree) slope 

22,873 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) elevation 

559 ASCII file of ungenerated 
AFUINFO gridded (0.25- 
degree) elevation 

22,884 ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) soil texture 

559 ASCII file of ungenerated 
ARC/INFO gridded (O-25- 
degree) soil texture 

22 

Albers GRIDASCII 
ASCII data 
file 

Geographic GRIDASCII 
ASCII data. 
file 

Albers GEUDASCII 
ASCII data 
file 

Geographic GRIDASCII 
ASCII data 
file 

Albers ARC/INFO 
export GRID 

Geographic ARC/INFO 
export GRID 

Albers GRIDASCII 
ASCII data 
ftie 

Geographic GRIDASCII 
ASCII data 
file 

Albers GRIDASCII 
ASCII data 
file 

Geographic GRIDASCII 
ASCII data 
file 

Albers GRIDASCII 
ASCII data 
file 

Geographic GRIDASCII 
ASCII data 
fde 



Table 3 (continued) 

File 
number File name 

28 Vegt.eOO 

File size Projection 
tkbytes) File description we Fi%e type 

59,392 Exported ARC/INFO gridded Albers ARC/INFO 
(3.75~km) forest or export GRID 
non-forest designation, 
ecofloristic zone, and 
vegetation type 
Exported ARC/INFO gridded Geographic ARC/INFO 

export GRID (O.ifi-degree) forest or 
non-forest designation, 
ecofloristic zone, and 

32 

Vegtx.eOO 

forest.dat 

forestx.dat 

efkdat 

efzx.dat 

veg.dat 

vegx.dat 

1,452 

22,880 

559 

22,895 

560 

23,037 

562 

vegetation type 
ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) forest or non-forest 
designation 
ASCII file of ungenerated 
AMXNFO gridded (0.25- 
degree) forest or non-forest 
designation 
ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) ecof%oristic zone 
ASCII fi%e of ungenerated 
ARC/INFO gridded (0.25- 
degree) ecofloristic zone 
ASCII file of ungenerated 
ARC/INFO gridded (3.75- 
km) vegetation type 
ASCII fde of ungenerated 
ARC/INFO gridded (0.25- 
degree) vegetation type 

23 

Akrs GRIDASCII 
ASCII data 
file 

Geographic GFtIDASCII 
ASCII data 
file 

Ah-s GRIDASCII 
ASCII data 
ii%e 

Geographic GRIDASCII 
ASCII data 
file 

Albers GRTDASCII 
ASCII data 
file 

Geographic GRIDASCH 
ASCII data 
file 



Table 3 (continued) 

File 
number File name 

36 se-asia.dat 

37 se-asiax.dat 

File size Projection 
WvW File description tYPe File type 

407,372 ASCII fiie of gridded (3.75- n/a composite 
km) grid-cell identification ASCII data 
number, longitude and file 
latitude (of the centerpoint of 
each grid cell), estimate of 
actual bicnnass carbon, 
estimate of potential biomass 
carbon, Week’s Climatic 
Index, mean annual 
precipitation, population 
density, country name, slope, 
elevation, soil texture, forest 
or non-forest designation, 
ecofloristic zone, and 
vegetation type 

9,780 ASCII file sf gridded (0.25 n/a composite 
degree) grid-cell ASCII data 
identification number, file 
longitude and latitude (of the 
centerpoint of each grid cell), 
estimate of actual biomass 
carbon, estimate of potential 
biomass carbon, Weck)s 
Climatic Index, mean annual 
precipitation, population 
density, country name, slope, 
elevation, soil texture, forest 
or non-forest designation, 
ecofloristic zone, and 
vegetation type 

Note: GRIDASCII is an ARC/lNFOTM command that produces an ASCII file containing data for 
an individual gridded data layer. 
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8. DESCRIPTION OF THE DOCUMENTATION FILE 

ncIp068.txt (File 1) 

This file is identical to this document. 

9. DESCRIPTION, FORMAT, AND PARTIAL LISTINGS 
OF THE ARC/INFO GRID FILES 

Ten of the 37 files contained within this database are exported ARC/INFO grids. Each exported 
grid file was generated using the EXPORT command in ARC/INFO with the ‘grid’ and the ‘no 
data compression’ options (e.g., EXPORT GRID BIOMASS BIOMASS NONE). Five of the 
exported grid files contain a pixel size of 3.75 km, whereas the other five have a pixel size of 
8.25 degrees. 

The five 3.75~km ARC/INFO export grids are named BIOMASS, CLIMATE, DEMOG, LAND, 
and VEGT, and the five 0.25degree grids are called BIOMASSX, CLIMATEX, DEMOGX, 
LANDX, and VEGTX. Each grid has been projected into Albers with a unit base of meters by 
using the following parameters: 

1st standard parallel: 30 08 24.000 
2nd standard parallel: -4 17 24.000 
central meridian: 107 28 12.000 
latitude of projection's origin: 0 0 0.000 
false easting (meters): 0.00000 
false northing (meters): 0.00000 

The five 3.75~km ARCmvFO grids originate at -5879340.56205, - 1221655.95152 m and extend 
to 3863 159.43795,4808344.04848 m; these values are approximately equal to an origin of 
44.25875 longitude, - 16.52954 latitude and an extent of 149.50875 longitude, 42.97046 latitude. 
There are 1608 rows and 2598 columns in each grid. 

The five 0.25-degree grids originate at 44.25875 degrees longitude, - 16.52954 degrees latitude 
and extend to 149.50875 degrees longitude, 42.97046 degrees latitude. There are 238 rows and 
421 columns in each grid. 

The 3.75~km grids and the 0.25-degree grids differ only in spatial resolution. The files with an “x” 
suffix are associated with the aggregated data, For example, BIOMASS and BIOMASSX have 
exactly the same attributes, as is true for CLIMATE and CLIMATEX, DEMOG and DEMOGX, 
LAND and LANDX, and VEGT and VEGTX. Table 4 defines the attributes of each grid. 



Table 4. Item descriptions for the ten ARC/INFO export grids 

3.75km grid 0.25degree Item Input Output Variable 
name grid name Column name width width Item type description 

BIOMASS BIOMASSX 
(2,200 records (2,209 records 
in .vat file) in .vat file) 

1 Value 

5 Count 

9 ac 

13 pc 

CLIMATE 
(201 records 
in .vat rile) 

CLIMATEX 
( 154 records 
in .vat file) 

1 Value 

5 Count 

9 Climi 

13 precip 

17 climi-c 

29 precip-c 

DEMOG (166 DEMOGX 
records in .vat (147 records 
file) in .vat file) 

1 Value 

5 c 

9 POP 

13 pop-c 

31 entry 
35 entry-c 

4 10 Binary 

4 10 Binary 

4 

4 

4 

16 Binary 

16 Binary 

10 Binary 

4 10 Binary 

4 16 Binary 

4 16 Binary 

12 12 Character 

12 12 Character 

4 10 Binary 

4 10 Binary 

4 

18 

16 Binary 

18 Character 

4 16 Binary 
24 24 Character 

26 

Unique value for 
each grid cell 

Cell count 
associated with 
each unique value 
Actual biomass 
carbon (Mg C/ha) 
Potential biomass 
carbon (Mg C/ha) 
Unique value for 
each grid cell 

Cell count 
associated with 
each unique value 
Week’s Climatic 
Index (code) 
Mean annual 
precipitation 
WW 
Week’ s Climatic 
Index (code 
definition) 
Mean annual 
precipitation (code 
definition) 
Unique value. for 
each grid cell 

Cell count 
associated with 
each unique value 
Population density 
WW 
Population density 
(code definition) 
Country (code) 
Country (code 
definition) 



Table 4 (continued) 

3.75-km grid 0.25-degree Item Input output Variable 
name grid name Column name width Mdth, Item type description 

.“.m c... e*,irjrri,-m , _. _ ” ‘ ,I 
LAND (333 LaDx- ‘- 

-l trilu;: -’ - . -‘. , . *.’ Y’>‘^’ Y.lxr~~-‘,~~,~-~‘*.“~~~“_~‘~ **“.‘.*‘*~‘c~& 
4 10 Binary Unique value for 

records in .vat (244 records 
file) in .vat file) 

5 c 

9 Slope 
13 Elev 

17 Soilt 
21 slope-c 

39 elev-c 

57 soilt-c 

VEGT (258 VEGTX 1 Value 
records in .vat (156 records 
file) in .vat file) 

5 Count 

each grid cell 

9 Forest 
13 Forest-c 

25 efz 

29 efz-c 

47 veg 

51 veg-c 

4 10 Binary 

4 16 Binary 
4 16 Binary 

4 16 Binary 

18 18 Character 

Cell count 
associated with 
each unique value 
Slope (code) 
Mean elevation 
WW 
Soil texture (code) 
Slope (code 
definition) 
Mean elevation 
(code definition in 
meters) 
Soil texture (code 
definition) 
Unique value for 
each grid cell 

18 18 Character 

18 18 Character 

4 10 Binary 

4 10 Binary 

4 16 Binary 
12 12 Character 

4 16 Binary 

18 18 Character 

4 16 Binary 

24 24 Character 

Cell count 
associated with 
each unique value 
Forest (code) 
Forest (code 
definition) 
Ecofloristic zone 
WW 
Ecofloristic zone 
(code definition) 
Vegetation type 
WW 
Vegetation type 
(code definition) 

27 

i 
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The ARC/INFO IMPORT command or the ARCVIEW IMPORT program must be used to read 
the ten ARC/INFO export grids. The syntax for the ARC/INFO IMPORT command is “IMPORT 
<option> cinterchange-file> <output>” (for example, “IMPORT GRID BIOMASS.EOO 
BIOMASS”). The syntax for the ARCVIEW IMPORT program is “IMPORT cinterchange-file> 
<output>” (for example, “IMPORT BIOMASS.EOO BIOMASS”). The first and last ten lines of 
each ARC/INFO exported grid file in this database are as follows: 

Biomass.eOO 

First 10 lines: 

EXP 0 /DATA4/OZl/CDIAC/SE~ASIA/FIXDATA/BIOMASS.EOO 
GRD 2 

2598 1608 l-0.21474836470000E+lO 
0.375000000000003+04 0.375000000000003+04 

-0.58793405620539E+07-O.l2216559515207E+O7 
0.386315943794613+07 0.480834404847933+07 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 

Last 10 lines: 
2193 
2194 
2195 
2196 
2197 
2198 
2199 
2200 

EOI 
EOS 

46 221 
47 191 
48 206 
54 191 
47 221 
55 191 
55 206 
54 -9999 
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Bomassx.eOO 

First 10 lines: 

EXP 0 /DATA4/0Z1/CDIAC/SE_ASIA/USE~lO~2G~GO/EXPORT~FILES/BIO~SSX.EGO 
GRD 2 

421 238 l-0.21474836470000E+lO 
0.25000000000000E+00 0.25000000000000E+00 
Gm44258748271265E+G2-O.l6529544598459E+G2 
G.l495G874827127E+G3 0.429704554015413+02 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 
-2147483647 
-2147483647 

-2147483 647 -2147483647 -2147483647 -2147483647 
-2147483 647 -2147483647 -2147483647 -2147483647 
-2147483 647 -2147483647 -2147483647 -2147483647 

East 10 lines: 

2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 

EOI 
EOS 

1 180 352 
1 124 182 
1 86 219 
1 84 248 
1 -9999 219 
1 102 189 
1 123 252 
1 -9999 233 
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Climate.eOO 

First 10 lines: 

EXP G /DATA4/OZl/CDIAC/SE~ASIA/FIXDATA/NEW_EOO/E.EGO 
GRD 2 

2598 1608 l-G.214748364700GOE+lO 
G.375GGGOGGOGGGOE+G4 0.375000000000003+04 

-0.58793405620539E+07-0.122165595152G7E+07 
0.386315943794613+07 0.48083440484793E+G7 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 

Last 10 lines: 

194 3 5 13101-125 5GGl-11000 
195 6 7 13151-175 5GGl-11000 
196 26 19 6901-1000 lOGl-1200 
197 48 18 6801-900 lGGl-1200 
198 12 20 41GGl--1700 601-800 
199 6 20 31OGl-1700 401-600 
200 4 20 61GOl-1700 lGGl-1200 
201 20 13 5401-450 8Gl-1000 

EOI 
EOS 



; 

Climatex.eOO 

First 10 lines: 

EXP 0 /DATA4/0Z1ICDIAC/SEESiA/USE_10_20_00/EXPORT~FILES/CLI~TEX.EGO 
GRD 2 

i 421 238 l-G.21474836470000E+lO 
0.25000000000000E+00 0.25000000000000E+00 i 0.44258748271265E+02-O.l6529544598459E+G2 
G.l4950874827127E+03 0.42970455401541E+G2 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
I -2147483647 -2147483647 -2147483647 -2147483647 -2147483647 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 

Last IL0 lines: 

147 4 
148 1 
149 1 
150 2 
151 1 
152 1 
153 2 
154 1 

EOI 
EOS 

20 -9999 lOOl-1700 
9 13201-250 5GOl-11000 

18 6801-900 lOOl-1200 
14 6451-500 lOOl-1200 

-9999 6 lOOl-1200 
12 5351-400 801-1000 
13 6401-450 lOOl-1200 

-9999 5 801-1000 
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Demog.eOO 

First IO lines: 

EXP 0 /DATA4/OZl/CDIAC/SE_ASIA/FIXDATA/FIXDATA/DEMOG.EOO 
GRD 2 

2598 1608 1-0.21474836470GOGE+lG 
0.37500000000000E+04 0.375000000000003+04 

-0.58793405620539E+G7-O.l22165595152G7E+G7 
0.386315943794613+07 0.480834404847933+07 

-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 

-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 

Last 10 lines: 

163 7777 10501-750 

164 124 8301-400 

165 2078 6151-200 

166 38 11751-1000 

EOI 
EOS 
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13INDONESIA 

131NDONESIA 

131NDONESIA 

13INDONESIA 



Demogx.eOO 

First 10 lines: 

EXP 0 /DATA4/OZl/CDIAC/SE~ASIA/USE~lG~2G~OO/EXPORT~FILES/DEMOGX.EOO 
GRD 2 

421 238 l-0.2147483647GOOOE+lG 
0.25000000000000E+00 0.25000000000000E+00 
0.44258748271265E+02-G.l6529544598459E+02 
G.l495G8748271273+03 0.429704554015413+02 

-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 

Last 10 lines: 

144 

145 

146 

147 

EOI 
EOS 

2 

48 

41 

8301-400 

7201-300 

6151-200 

-2147483647 
-2147483647 
-2147483647 
-2147483647 

-2147483647 
-2147483647 
-2147483647 
-2147483647 

13INDONESIA 

131NDONESIA 

131NDONESIA 

13INDONESIA 



Lamd.eOO 

First 10 lines: 

EXP 0 /DATA~/OZ~/CDIAC/SE_ASIA/FIXDATA/FIXDATA/N~J~EOG/LAND.EGG 
GRD 2 

2598 1608 l-0.21474836470000E+lO 
0.375GOGGGOOGOGGE+O4 0.375000000000003+04 

-0.58793405620539E+07-0.12216559515207E+07 
0.386315943794613+07 0.480834404847933+07 

-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 -2147483647 

Last 10 lines: 

330 5 4 

331 1 4 
00 MEDIUM FINE 

332 1 4 

333 1 -9999 
00 COARSE 
EOI 
EOS 

3 -9999HILLY 501-100 
0 

6 4HILLY 2001-25 

4 -9999HILLY 1001-15 

0 

4 1 1001-15 
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Landx.eOO 

First 10 lines: 

EXP G /DATA4/OZl/CDIAC/SE~ASIA/USE~l~~2~~~~/EXPORT~FILES/~X.EOO 
GRD 2 

421 238 I-0.21474836470GOGE+lG 
0.25000000000000E+00 0.25000000000000E+00 
0.44258748271265E+02-O.l6529544598459E+02 
0.149508748271273+03 0.42970455401541E+02 

-2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 -2147483647 

Last 10 lines: 

241 2 4 4 1HILLY 
00 COARSE 

242 I. 3 6 QROLLING 
00 MEDIUM FINE 

243 1 4 1 -9999HILLY 

244 1 5 2 -9999MOUNTAINOUS 

EOI 
EOS 

-2147483647 
-2147483647 
-2147483647 
-2147483647 

1001-15 

2001-25 

O-250 

251-500 

i 
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Vegt.eOO 

First 10 lines: 

EXP G /DATA4/OZl/CDIAC/SE_ASIA/FIXDATA/FIXDATA/NEw~EOG/~GT.EOG 
GRD 2 

2598 1608 l-0.2147483647GGOOE+lG 
0.375000000000003+04 0.375000000000003+04 

-0.58793405620539E+07-O.l2216559515207E+O7 
0.386315943794613+07 0.480834404847933+07 

-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 

-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 

Last 10 lines: 

255 2 -9999 
18WATERBODIES 

256 2 2NON-FOREST 
18WATERBODIES 

257 2 1FOREST 
-9999 

258 15 -9999 
13LOWLAND MONSOON FOREST 

EOI 
EOS 

3LOWLAND SEASONAL 

4LOWLAND DRY 

4LOWLAND DRY 

3LOWLAND SEASONAL 
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Vegtx.eOO 

First 10 lines: 

EXP G /DATA4/OZl/CDIAC/SE~ASIA/USE~lG~2G~GO/EXPORT~FILES/VEGTX.EGO 
GRD 2 

421 238 l-0.21474836470GOOE+lG 
G.250GOOGOGGGGGOE+OO G.250GGGGOOOOGGOE+GG 
0.44258748271265E+02-O.l6529544598459E+G2 
0.149508748271273+03 0.42970455401541E+G2 

-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 
-2147483647 -2147483647 -2147483647 

-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 
-2147483647 -2147483647 

I Last 10 lines: 

GMONTANE MOIST 

3LOWLAND SEASONAL 

153 1 2NON-FOREST 
13LOWLAND MONSOON FOREST 

154 1 2NON-FOREST 
15MANGROVES 

155 1 -9999 4LOWLAND DRY 
17NON-FOREST (INSUL) 

c 156 1 -9999 
15MANGROVES 

3LOWLAND SEASONAL 

2 EOI 
EOS 

10. DESCRIPTION, FORMAT, AND PARTIAL LISTINGS OF THE 24 ASCII DATA 
FILES PRODUCED BY THE ARC/INFO GRIDASCII COMMAND 

4 

J 

_ 
Twenty-four of the 26 ASCII data files included in this numeric data package were generated by 
the ARC/INFO GRIDASCII command. These files may be used with or without ARC/INFO 
software. The ASCIIGRID conimand must be used to read these files into ARC/INFO. The 
syntax for the ASCIIGRID command is “ASCIIGRID <in-ascii-file> <outsrid> { INT I 
FLOAT}” (e.g., ASCIIGRID ACDAT AC INT). 

The first six lines of each file contain header information. The first line gives the number of 
columns, and the second gives the number of rows. The third and fourth lines define the lower 
left-hand x (longitude) coordinate and the lower left-hand y (latitude) coordinate. The fifth line 
defines the size of each grid cell, and the final line defines the missing-value indicator used in the 

d 
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tile. For example, the files ac.dat, pc.dat, elev.dat, climidat, precip.dat, pop.dat, cntry.dat, 
slope.dat, soilt.dat, forest.dat, efkdat, and vegdat each contain the following as their first six lines 
(lines 1 to 6): 

ncols 2598 
nrows 1608 
xllcorner -5879340.5620539 
yllcorner -1221655.9515207 
cellsize 3750 
NODATA-value -9999 

The remaining 1608 lines of data contain 2598 values, one value for each grid cell. For example, 
the file forest.dat contains 2598 values that are 1,2, or -9999, identifying forest, non-forest, or 
unknown in each of the remaining 1608 lines in the file. Each file has a total of 1614 lines and a 
maximum line length of 15,587 characters. 

These fnes may also be read using the following Fortran or SAS statements: 

Fortran: 

Dimension ia(2598) 
Open (10, file='path-and-filename',status='old') 
Do 1=1,6 
Read(lO,*) 
Enddo 
Do 1=1,1608 
Read(lO,*) (ia(j),j=1,2598) 
911 continue 
write (12,*) 
enddo 
stop 
end 

SAS: 

Data in; 
Infile 'path and file name' firstobs=7 linesize=15587; 
Input varname@@; 
Run; 

Each file should have 4,177,584 records when this SAS input routine is used. 
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Files acx.dat, pcx.dat, elevx.dat, clirnkdat, precipx.dat, popx.dat, cntryx.dat, slopex.dat, 
soiltx.dat, forestx.dat, efzx.dat, and vegx.dat each contain the following as their first six lines 
(lines 1 to 6): 

ncols 421 
nrows 238 
xllcorner 44.258748271265 
yllcorner -16.529544598459 
cellsize 0.025 
NODATA-value -9999 

The remaining 238 lines of data in each file (lines 7 to 244) contain 421 values for the variable in 
the file. For example, the fne forestx.dat contains 421 values that are either 1, 2, or -9999, 
identifying forest, non-forest, or unknown in each of the re maining 238 lines in the file. Each fne 
has a total of 244 lines and a maximum line length of 2525 characters. 

These files may also be read by using the following Fortran or SAS statements: 

Fortran: 

Dimension ia(421) 
Open (10, file='path-and-filename',status='old') 
Do 1=1,6 
Read(lO,*) 
Enddo 
Do 1=1,238 
Read(lO,*) (ia(j),j=1,421) 
912 continue 
write (12,*) 
enddo 
stop 
end 

SAS: 

Data in; 
Infile 'path and file name' firstobs=7 linesize=2525; 
Input varname@@; 
Run; 

Each file should have 100,198 records when this SAS input routine is used. 

39 



All the data values in climidat, climkdat, precip.dat precipx.dat, pop.dat, popx.dat, cntry.dat, 
cntryx.dat, slope.dat, slopex.dat, elev.dat, elevx.dat, soilt.dat, soiltx.dat, forest.dat, forestx.dat, 
efzdat, efzx.dat, veg.dat, and vegx.dat are integers. Each value has a corresponding character 
definition, according to the following specification: 

CNTRY CNTRY-C (country name) 

1 Bangladesh 
2 Burma 
3 India 
4 Cambodia 
5 Laos 
6 Malaysia (Peninsular) 
7 Nepal 
8 Pakistan* 
9 Sri Lanka 
10 Thailand 
11 Vietnam 
12 Malaysia (Insular) 
13 Indonesia 
14 Philippines 
15 Papua New Guinea* 
16 Brunei 

*Although there are no data included in this database for Pakistan and Papua New Guinea, some 
border cells may be classified as such, as a result of the rasterization process (see Sect. 3, Data 
Limitations and Restrictions). 

EFZ-C (ecofloristic zone) 

2 Lowland moist 
3 Lowland seasonal 
4 Lowland dry 
6 Montane moist 
7 Montane seasonal 
9 Non-forest 



VEG 

1 
2 
3 
4 
5 
6 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

pop 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

VEG-C (vegetation tyDe) 

Closed forest 
Secondary forest 
Shifhg cultivation 
Open forest 
Forest mosaic 
Non-forest (Continental) 
Lowland rain forest 
Montane rain forest 
Lowland monsoon forest 
Montane monsoon forest 
Mangroves 
Inland swamp forest 
Non-forest (Insular) 
Waterbodies 
Degraded rain forest 
Degraded monsoon forest 

POP-C (Dopulation density in people/km2) 

1 to 25 
26 to 50 
51 to 75 
76 to 100 
101 to 150 
151 to 200 
201 to 300 
301 to 400 
401 to 500 
501 to 750 
751 to 1000 
1000 to 1500 
1500 to 2000 
2001 to 25000 

41 



l:llI 

PRECIP 

1 1 to 200 
2 201 to 400 
3 401 to 600 
4 601 to 800 
5 801 to 1000 
6 1001 to 1200 
7 1201 to 1600 
8 1601 to 2000 
9 2001 to 2500 
10 2501 to 3000 
11 3001 to 4000 
12 4001 to 5000 
13 5001 to 11000 

ELEV 

1 0 to 250 
2 251 to 500 
3 501 to 1000 
4- 1001 to 1500 
5 1501 to 2000 
6 2001 to 2500 
7 2501 to 3000 
8 3001 to 4000 
9 4001 to 5000 
10 5001 to 10000 

SLOPE 

PRECIP-C (mean annual precipitation in mm/yr) 

ELEV-C (elevation in ml 

SLOPE-C (slope) 

Level 
Undulating 
Rolling 
Hilly 
Mountainous 
Unknown 
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SOILT 

FOREST 

1 
2 

CLIMI CLIMI-C (Week’s Climatic Index) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

SOILT-C (soil texture) 

Coarse 
Medium coarse 
Medium 
Medium fine 
Fine 
Unknown 

FOREST-C (forest or non-forest designation) 

Forest 
Non-forest 

1 to 25 
26 to 50 
51 to 75 
76 to 100 
101 to 125 
126 to 150 
151 to 175 
176 to 200 
201 to 250 
251 to 300 
301 to 350 
351 to 400 
401 to 450 
451 to 500 
501 to 600 
501 to 700 
701 to 800 
801 to 900 
901 to 1000 
1001 to 1700 



11. DESCRIPTION, FORMAT, AND PARTIAL LISTING OF TME COMPOSITE 3.75- 
KM AND 0.25-DEGREE ASCII DATA FILES 

The final two ASCII data files included in this numeric data package contain a composite of all 
the data in each of the 24 ASCII data files produced by the AFXYINFO GRIDASCII command. 
Each file contains the following variables: grid-cell identification number, longitude of the 
centerpoint of each grid cell, latitude of the center-point of each grid cell, estimated actual biomass 
carbon density in Mg/ha, estimated potential biomass carbon density in Mg/ha, country name, 
Week’s Climatic Index, ecofloristic zone, elevation, forest or non-forest designation, population 
density, mean annual precipitation, slope, soil texture, and vegetation type. The first file, 
se-asiadat, contains data at 3.75~km spatial resolution, whereas se-asiax.dat contains the same 
data at 0.25-degree spatial resolution. While each file contains 15 variables, se-asia.dat has 
4,177,584 records, and se-asiax.dat has 100,198 records. Table 5 describes the format and 
content of the two fdes. 

Table 5. Format and description of variables for the composite ASCII data files in this 
numeric data package (se-asia.dat and se-asiax.dat) 

18 25 

27 31 
33 37 
39 43 
45 49 
51 55 
57 61 
63 67 
69 73 
75 79 
81 85 
87 91 
93 97 

start End Variable 
column column name Variable description 

Uniqlue grid-cell identification number. Values range from 1, for 
the lower-left-most grid cell, to to 4,177,584 (in file seasia.dat) or 
100,198 (in file se-asiaxdat), for the upper-right-most grid cell 
Longitude (decimal degrees) of the center-point of each 3.75&m (in 
file se-asia.dat) or 0.25-degree (in file se-asiax.dat) grid cell 

lat Latitude (decimal degrees) of the centerpoint of each 3.75&m (in 
file se-asia.dat) or 0.25-degree (in file se-asiax.dat) grid cell 

ac Actual biomass carbon density in Mg/ha 

PC Potential biomass carbon density in Mg/ha 

entry Country code 
climi Week’s Climatic Index code 
efz Ecofloristic zone code 
elev Mean elevation code 
forest Forest or non-forest code 

POP Population density code 
precip Mean annual precipitation code 
slope Slope code 
soilt Soil texture code 
w Vegetation code 
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The following listing provides the fiist and last ten lines of the two composite ASCII data fdes 
(se-asia.dat and se-asiax.dat). 

se-asia.dat 

First 10 lines: 

1 44.2828 36.2251 -3933 -3993 -3933 -9339 -9393 -9393 -3339 -3333 -3333 -3333 -3333 -9399 
2 44.3217 36.2333 -9933 -9993 -9999 -9999 -9999 -9999 -9999 -9999 -3339 -9999 -9999 -9999 
3 44.3605 36.2416 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
4 44.3334 36.2438 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -3393 -9399 -9999 
5 44.4382 32.258 -9g99 '-9993 -9994 -9999 -9*Le9 -9939 4999'~939‘9 :9949“3999 -3599 x999 
6 44.4771 36.2663 -99qs -9999 -9999 -3YSY -9999 -2999 -???Y -9339 -9999 -9393 -3333 -9999 
7 44.5159 36.2745 -3999 -9333 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -3393 -9999 -9999 
8 44.5548 36.2827 -9999 -9999 -9999 -9999 -3393 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
3 44.5936 36.2909 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
10 44.6325 36.2991 -9999 -9999 -9999 -9999 -3993 -9999 -9999 -9999 -9999 -9999 -9999 -9999 

Last 10 lines: 

4177515 140.9362 -13.3889 -3399 -3999 -9333 -9999 -3933 -9999 -9999 -9999 -9999 -3939 -9333 -9933 
4177576 140.9686 -13.3934 -9999 -9999 -9999 -9999 -9999 -9933 -9999 -9999 -9999 -9999 -3333 -9999 
4117577 141.0011 -13.3978 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -3399 
4177578 141.0335 -13.4023 -9999 -9999 -9999 -9999 -9999 -9999 -3933 -9999 -9999 -9999 -9999 -9999 
4177579 141.066 -13.4068 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
4177580 141.0984 -13.4113 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
4177581 141.1308 -13.4158 -9999 -9999 -9999 -9999 -9999 -3393 -9999 -9999 -9999 -9999 -9999 -9333 
4177582 141.1633 -13.4203 -9999 -9999 -9939 -9999 -9999 -9999 -9999 -3339 -9999 -9999 -9999 -9999 
4177583 141.1957 -13.4248 -9999 -9999 -9999 -9999 -9939 -9999 -9999 -9999 -3939 -9999 -9999 -9999 
4117584 141.2282 -13.4293 -9999 -3999 -9999 -9999 -3999 -9999 -9999 -3339 -3339 -9999 -9999 -9999 

se-asiax.dat 

First 10 lines: 

44.3837 
44.6337 
44.8837 
45.1337 
45.3837 
45.6337 
45.8837 
46.1337 
46.3837 
46.6337 

Last 10 lines: 

100189 147.1337 -16.4045 -9999 -9999 -9999 -9999 -9939 -9399 -9999 -9999 -9999 -9999 -9999 -9999 
100190 147.3837 -16.4045 -9999 -9999 -9999 -9939 -9999 -9999 -9999 -9999 -9993 -9399 -9999 -9999 
100191 147.6337 -16.4045 -9999 -9993 -9999 -9999 -9999 -9999 -3933 -9999 -9999 -3393 -9999 -9999 
100192 147.8837 -16.4045 -3993 -9999 -9339 -9999 -9999 -9999 -9939 -9999 -9999 -3933 -9999 -9999 
100193 148.1337 -16.4045 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9399 -9993 -9999 -9999 -9999 
100194 148.3837 -16.4045 -9999 -9999 -9999 -9999 -9933 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
100195 148.6337 -16.4045 -9999 -9999 -9999 -9999 -9999 -9999 -9393 -9999 -9999 -9999 19999 -9999 
100196 148.8837 -16.4045 -9399 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9993 -9999 -9999 
100197 149.1337 -16.4045 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9993 -9999 -9999 -9999 -9999 
100198 149.3837 -16.4045 -9999 -9999 -9999 -9999 -3993 -9999 -9999 -9999 -9999 -9999 -9999 -9999 

42.8455 
42.8455 
42.8455 
42.8455 
42.8455 
42.8455 
42.8455 
42.8455 
42.8455 
42.8455 

-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9939 -9999 -9999 -9999 
-9999 -9999 -3993 -9399 -9939 -399'9 -9999 -9999 -9999 -9393 -9999 -9999 
-9999 -9999 -9999 -3399 -9999 -9939 -9999 -9999 -9339 -3393 -9999 -9999 
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9399 -9999 -9939 -9999 -9999 
-9999 -9999 -9999 -9999 -9999 -9339 -9999 -9999 -9999 -9999 -9999 -3399 
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 
-3999 -9999 -9999 -9999 -9999 -3339 -9999 -9999 -3999 -9999 -9999 -9999 
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9399 -9999 -9999 
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The following statements can be used to read ASCII data files into Fortran or SAS programs: 

For Fortran: 

10 READ(5,100, END=999)gid,longitud,latitude,ac,pc,cntry,climi,efz,elev, 
1 forest pop precip slope soilt veg 

100 FORMAT(i8,2f8.2,12i8) 

For SAS: 

Data in; 
Infile 'path and filename ’ linesize= DLM=” , ” ; 
Input gid longitud latitude ac pc entry climi efz elev forest pop precip 

slope soilt veg; 
Run; 

12. STATISTICS OF THE FILES PROVIDED IN THIS NUMERIC DATA PACKAGE 

The statistics that follow in Table 6 are presented only as a tool to ensure the proper reading of 
the 36 data files in this numeric data package. The statistics given for the ten ARC/INFO export 
grid files are identical to the contents of the statistical attribute table (gridname.sta) for each 
imported ARC/INFO grid. The 26 ASCII data files were generated after all occurrences of 
-9999 (missing-value indicator) were excluded, These statistics should not be interpreted as a 
summary of these data nor as an indicator of trends in these data. 

Table 6. Item statistics for the data files in this numeric data package 

File name 

Number Number 
of Number Number of unique 

Cell size columus of rows of records values Item(s) Minimum Maximum 
Standard 

Mean deviation 

Biomass.eOO 3.75 km 2598 1608 n/a 

Biomassx.eOO 0.25 deg 421 238 n/a 

ac.dat 3.75 km 2598 1608 1614 

acx.dat 0.25 deg 421 238 244 

pc.dat 3.75 km 2598 1608 1614 

pcx.dat 0.25 deg 421 238 244 

Climate.eOO 3.75 km 2598 1608 n/a 

Climatex.eOO 0.25 deg 421 238 n/a 

climidat 3.75 km 2598 1608 1614 

climix.dat 0.25 deg 421 238 244 

precip.dat 3.75 km 2598 1608 1614 

precipx.dat 0.25 deg 421 238 244 

Demog.eOO 3.75 km 2598 1608 n/a 

Demogx.eOO 0.25 deg 421 238 n/a 

POP.dat 3.75km 2598 1608 1614 

popx.dat 0.25 deg 421 238 244 

cntry.dat 3.75 km 2598 1608 1614 

2200 ac,pc 

2209 ac,pc 

281 ac 

279 ac 

30 pc 

288 pc 

201 climi, 
precip 

154 climi, 
precip 

20 climi 

20 climi 

13 precip 

13 precip 

166 pop, “try 

147 pop, crq 

14 POP 

14 POP 
16 entry 
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1 2200 

1 2209 
7 383 

7 336 

14 393 
43 402 

1 201 

1 154 

20 

20 

13 

13 

166 

147 

14 

14 

16 

270.32 503.09 
376.30 636.81 

145.17 61.72 

143.33 61.28 

255.16 68.71 

253.57 68.73 

67.92 38.40 

57.46 35.34 

11.67 6.06 

11.49 6.07 

7.64 2.40 

7.57 2.42 

63.65 57.47 

54.65 52.70 

4.20 2.86 

4.24 2.86 

6.94 4.67 



Table 6 (continued) 

Number Number 
of Number Number of unique Standard 

File name Cell size columns of rows of records v&es Item(s) Minimum Maximum Mean deviation 

cntryx.dat 0.25 deg 421 238 

Land.eOO 3.75 km 2598 1608 

Landx.eOO 0.25 deg 421 238 

slope& 3.75 km 2598 1608 

slopex.dat 0.25 deg 421 238 

elev.dat 3.75 km 2598 1608 

elevx.dat 0.25 deg 421 238 

soilt.cat 3.75 km 2598 1608 

soiltxdat 0.25 deg 421 238 

Vegt.eOO 3.75 km 2598 1608 

Vegtx.eOO 0.25 deg 421 238 

foreskdat 3.75 km 2598 1608 

forestx.dat 0.25 deg 421 238 

efz.dat 3.7s km 2598 1608 

efzx.dat 0.25 deg 421 238 

veg.dat 3.75 km 2598 1608 

vegx.dat 0.25 deg 421 238 

se-asiadat 3.7s km 91 4177584 

244 

n/a 

nfa 

1614 

244 

1614 

244 

1614 

244 

n/a 

n/a 

1614 

244 

1614 

244 

1614 

244 

15 cntly 1 16 

333 slope, elev, 1 333 
soilt 

244 slope, elev, 1 244 
soilt 

6 slope 1 6 

6 slope 1 6 

10 elev 1 10 

10 elev 1 10 

6 soilt 1 6 

6 soilt 1 6 

258 forest, efz, 1 258 
veg 

156 forest, efz, 1 156 
w 

2 forest 1 2 

2 forest 1 2 

6 efz 2 9 

6 efz 2 9 

16 tieg 1 20 

16 veg 1 20 

6.83 4.64 

159.97 56.40 

96.43 44.19 

2.78 1.71 

2.78 1.71 

2.1s 1.37 

2.18 1.72 

3.25 1.40 

3.23 1.40 

70.40 55.49 

44.51 38.83 

1.59 0.49 

1.60 0.49 

3.29 1.56 

3.32 1.59 

7.59 4.87 

7.49 4.80 

4177584 4177584 gid 1 4177584 2088792.50 1205964.77 

4177584 longitud 44.28 149.42 97.71 27.39 

4177584 latitude -16.51 42.99 14.25 15.35 

281 ac 7 383 145.17 61.72 

30 pc 14 393 255.16 68.71 

20 climi 1 20 11.67 6.06 

I3 precip 1 13 7.61 2.40 

14 POP 1 14 4.20 2.86 

16 entry 1 16 6.94 4.67 

6 slope 1 6 2.78 1.71 

10 elev 1 10 2.15 1.67 

6 soilt 1 6 3.25 1.40 

2 forest 1 2 1.59 0.49 

6 efz 2 9 3.29 1.56 

16 veg 1 20 7.59 4.87 
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Table 6 (continued) 

Number Number 
of Number Number of unique Standard 

File name Cell size columns of rows of records values Item(s) Minimum Maximum Mean deviation 

se-asiax.dat 0.25 deg 97 100198 100198 100198 gid 1 100198 50099.50 28924.82 

100198 longitud 44.38375 149.3837 96.88 30.38 

100198 latitude -16.40454 42.84546 13.22 17.18 

279 ac 7 336 143.33 61.28 

288 pc 43 402 253.57 68.73 

20 climi 1 20 11.49 6.07 

13 precip 1 13 7.57 2.42 

14 POP 1 14 4.24 2.86 

16 entry 1 16 6.83 4.64 

6 slope 1 6 2.78 1.71 

10 elev 1 10 2.18 1.72 

6 soilt 1 6 3.23 1.40 

2 forest 1 2 1.60 0.49 

6 efz 2 9 3.32 1.59 

16 veg 1 20 7.46 4.80 
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Abstract 

Estimates of geographically referenced carbon densities and pools inforest.soils and vegetation of tropical Asia were 
modeled using a geographic infbrmation system. Spatial data bases of climatic, edaphic, and geomorphologic indices, 
and vegetation weref?rst used to estimate the potential carbon densities (without human impacts) in above- and 
beZow-ground biomass offorests in 1980. The resuIting map was then modified to actual carbon density estimates as 
a function of population density and three climatic regimes. Soil organic carbon estimates were generated by 
calculating mean carbon densities, to ZOO cm depth, from pedon data for tropical forests, stratified by soil texture 
classes and climatic regimes. The means for each class were assigned to a texture/climate map for all of tropical Asia. 
The average carbon density for the tropicalforests OfAsia was 255 Mg ha-’ in potential biomass, 144 Mg ha-j in actual 
biomass and 148 Mg ha-l in soils, which correspond to total carbon estimates of 74,42, and 43 Pg, respectively. Three 
out of the 14 countries considered ~Xndonesia, India, and Myanmar) accountedfor about 70% .of the total carbon pools 
in tropical Asian forests. Carbon densities and pools in vegetation and soil varied widely by ecofloristic zone and 
county. 

Introduction 

Recent estimates of the carbon source from changes 
in tropical land use to the atmosphere vary widely, 
from 0.4 to 2.5 Pg C yr-’ (1 Pg = 1Ol5 g) for 1980 
(Detwiler and Hall 1988, Hall and Uhlig 1991, 
Houghton et al. 1987) and from.1.2 to 2.2 Pg C yr-’ for 
1990 (Houghton 1992). The uncertainty in these 
estimates is caused by high uncertanities in rates of 
land-use change, rates of forest degradation, the 
amount of carbon in vegetation and soil of the forests 
being cleared, and the allocation of carbon after clearing 
and burning (Brown and Iverson 1992). Many of these 
uncertainties could be resolved if maps describing the 
spatial distribution of land-use change and carbon in 
vegetation and soils were available. These coincident 
maps would enable changes in land use to be matched 
with appropriate vegetation and soil carbon. 

High resolution satellite imagery, collected at more 
than one time interval for the entire tropics, will 

eventually allow for mapping and more precise 
estimates of land-use change. This mapping has been 
done already for a few countries, e.g., the Amazon 
Basin in Brazil (Skole and Tucker 1993). However, 
current technology in remote sensing has been shown 
to be incapable of reliably determining the biomass of 
complex tropical forests (Nelsonet al. 1988). Alternative 
methods are therefore needed for this aspect of the 
effort. Recent work (Brown and Iverson 1992, Iverson 
et al. 1994) has demonstrated the feasibility of 
generating spatial distributions of tropical forest above- 
ground biomass density using a modeling approach in 
a geographic information system (GIS). To our 
knowledge no other similar attempts have been made. 

We considered using maps of vegetdion or life 
zones (e.g., Prentice et al. 1992,‘Emanuel et aZ. 1985) and 
average biomass carbon densities (e.g., Ajtay et al. 
1979, Brown and Lugo 1982, Feamside 1992, Olson et 
al. 1983, Whittaker and Likens 1973) to produce spatial 
distributions of forest biomass carbon density. 
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However, we rejected this approach because most of 
this work is concerned with potential vegetation and 
not actual, the data base for generating average biomass 
carbon densities is poor and generally does not 
represent the population of interest (i.e., all tropical 
forests of Asia), and the use of average values from a 
few forest types does not reflect the spatial 
heterogeneity of forest areas caused by differences in 
environmental factors and human impacts (cf. Brown 
and Lugo 1992, Brown and Iverson 1992 for further 
discussion). 

A method is also needed to generate spatial 
distributions of soil carbon density because of the 
importance of soil to the global carbon cycle (Detwiler 
1986). At present, estimates of carbon pools in soils for 
use in terrestrial carbon models are derived from highly 
aggregated life zone averages (Post et al. 1982) or on 
averages by pedons based on the Food and Agriculture 
Organization Soil Map of the World (FAO-UNESCO 
1971-1981, Eswaran et aZ.1993). 

The goals of this paper are to present methods and 
results for producing spatial estimates of carbon 
densities (carbon per unit area, Mg ha-’ [ 1 Mg = lo6 g]) 
and total carbon pools (product of carbon density and 
area, Pg) in vegetation and soils for tropical Asian 
forests. We build on the work of Iverson et al. (1994) 
for the carbon in forest vegetation and develop a new 
method for soil carbon densities. Area weighted 
average carbon densities and total carbon in vegetation 
and soils by ecological zones, country, and whole region 
are reported and compared. We conclude with a 
discussion of the implications of our results to the 
global carbon cycle. 

Methods 

Study Area 
The area of study consists of the continental and 

insular portions of tropical Asia, including the 
following countries: Bangladesh, Brunei, Cambodia, 
India, Indonesia, Laos, Malaysia (Peninsular, Sabah 
and Sarawak), Myanmar, Nepal, Philippines, Sri Lanka, 
Thailand, and Vietnam. General descriptions of the 
forests of this region are given in Whitmore (1984) and 
Collins et al. (1991). The region is composed of very 
diverse forest formations ranging from very dry forests 
in parts of India to the moist evergreen forests of 
Malaysia and Indonesia. Most of this diversity of 
forest formations can be attributed to the very 
heterogeneous rainfall regimes, including total amount 
and seasonality (Whitmore 1984). Geomorphologic 
and edaphic patterns are responsible for further 
differentiation of the vegetation. Human use of the 
region adds another level of complexity to the forest 
landscape resulting in forests at different stages of 
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degradation, including mature, logged, young to late 
secondary, and highly degraded. 

The occurrence of frequent, large-scale natural 
disturbances are not widespread across the region. 
Tropical cyclones occur frequently in Bangladesh, parts 
of India and Myanmar, and the Philippines. To what 
degree the structure of forests over the long term are 
affected by these events is poorly known and are not 
explicitly included in the analysis. 

General Procedure for GIS Processing 
All data were processed with the ARC/INFO and 

Grid (raster) GIS, with the exception of the interpolation 
of climatic station data which was performed with 
GRASS (Construction Engineering Research 
Laboratory, Champaign, IL, USA). Processing 
involving area1 calculations was performed separately 
on the continental and insular regions, projected into 
the Albers equal area projection, to reduce the distortion 
in pixel size near the east and west edges of the data 
sets. The pixel size was 3.75 km x 3.75 km. The data 
were converted into a geographic projection (i.e., 
latitude and longitude) for display purposes. 

As with any overlay process involving highly 
generalized global data sets, there will be many sources 
of error and one cannot precisely locate or map the 
carbon density in any particular pixel. However, the 
general patterns across the regions or countries should 
be more reliable. 

Carbon Density of Forest Vegetation 
We estimate the carbon density of above-ground 

and below-ground biomass in trees with a diameter of 
2 10 cm. In more open forests where trees are often 
smaller in diameter, the minimum diameter was 
lowered to 5 cm. We did not include the biomass of 
other living components such as saplings, shrubs, vines, 
and other understory plants because they represent a 
small fraction in closed forests (~5% of the above- 
ground biomass; Brown and Lugo 1992). These other 
components, however, could represent a larger 
proportion of the total biomass in open forests, but 
data are presently lacking to support this possibility. 
We did not include estimates for fine or coarse (woody 
debris) litter because the data base available is 
unsuitable for extrapolating to all the Asian tropics 
and we do not know to what extent this material is 
used by people for fuel, fodder, or other uses. A more 
detailed discussion of the significance of omitting these 
other vegetation components is given in Brown and 
Lugo (1992). 

Above-ground Biomass Carbon Density 
For producing a spatial distribution of forest biomass 

carbon density, we used the approach described in 



Iverson et aI. (1994). We extended the analysis detailed 
in Iverson et al. to include countries in insular Asia as 
well as in continental Asia, included an estimate for 
below-ground biomass density as well as above- 
ground, and converted the results from biomass units 
to carbon units (1 unit biomass = 0.5 units of carbon). 
Because of the paucity of data on forest biomass in the 
region (Brown and Iverson 1992), a modeling approach 
in a GIS was used. We assumed that the present 
distribution of forest biomass density is a function of 
the potential amount that the landscape can support 
under the prevailing climatic, edaphic and 
geomorphologic conditions and the cumulative impact 
of human activities such as logging, fuelwood 
collection, shifting cultivation, and other activities that 
reduce the biomass. 

The approach was to first develop a spatial 
distribution of potential (i.e., without the influence of 
humans) above-ground biomass density. This was 
accomplished using the following data layers, full 
descriptions of which are given in Iverson et al. (1994): 
(1) elevation was mapped .by re-scaling, in 15 m 
intervals from sea level to about 4000 m, the US National 
Geophysical Data Center’s elevation map, (2) five soil 
texture classes were mapped by reclassifying the FAO- 
UNESCO Soil Map of the World, (3) five slope classes 
were mapped based on the FAO-UNESCO Soil Map 
of the World, (4) annual precipitation was mapped by 
interpolation of meterological station data (about 600 
stations) obtained from the agro-meterological database 
of FAO, and (5) integrated climate index was mapped 
by interpolation of a modified Week’s index (Week 
1970) using the same meterological station data as for 
precipitation. 

The general methodology for processing these data 
layers follows that of Risser and Iverson (1988). A 
simple additive model of the data layers is used to 
arrive at a score for each pixel across the region. The 
scores are then calibrated with actual estimates of 
biomass density for mature forests. 

The specific model that we used for mapping an 
index of potential biomass density combined the above 
data layers, weighted according to their effect on 
biomass density. The data layers of precipitation, 
climatic index, and soil texture were each assigned a 
maximum value of 25 points; elevation and slope classes 
together were assigned another 25 points. The 
maximum score for any pixel was thus 100 points. The 
initial weighting scheme for each layer was arrived at 
from information in Brown and Lugo (1982), Holdridge 
(1967), and Whitmore (1984). Model results were 
compared to known localities in the region, forest 
inventories, other literature sources, personal 
experience, and colleagues expert in the region (e.g., E. 
Flint and J. Richards, Duke University; cf. Flint and 

Richards 1994, Richards and Flint 1994). This process 
was repeated with the weight of climatic and edaphic 
factors adjusted within certain bounds to yield the 
most satisfactory map (Iverson et al. 1994). 

Here we describe the weighting scheme for 
precipitation to serve as an example of our approach. 
Precipitation, ranging from less than 400 to more than 
5000 mm yr-*, was scaled to 12 classes, taking 400 mm 
yr-l as the lower limit at which forests grow (Holdridge 
1967). From 400 to 1200 mm yr*, each class interval 
was 200 mm yrl; from 1201 to 3600 mm yr-‘, each class 
interval was 400 mm yr-I; and the last two classes were 
3601 to 5000 mm yr-’ and > 5000 mm yr“ (based on 
Brown and Lugo 1982, Holdridge 1967). The weighting 
factor for biomass density in the model was assumed 
to: (1) increase linearly from 3 points for the first 
precipitation class to the maximum of 25 points for the 
9th class (2801-3200 mm yr-‘), and (2) decrease linearly 
to a minimum of 17 points for the 12th class (Brown 
and Lugo 1982). The details of assumptions and basis 
for the weighting schemes derived for the other layers 
are described in Iverson et al. (1994). 

Overlaying all the data layers according to their 
weighting schemes resulted in a map of indices which 
was then calibrated to biomass density units using 
data from the literature for mature forest of the region. 
This posed a challenge because few measurements of 
mature forest biomass have been made in this region 
(Brown et al. 1991). Sufficient data were available to 
set the upper and lower limits of the potential biomass 
index (details of sources are given in Iverson ef al. 
1994). Once these were established, we assumed that 
biomass density was linear between these limits, using 
additional literature sources to establish intermediate 
biomass density classes. The two upper-limit classes 
for potential biomass density were 550-600 Mg ha-l 
and >600 Mg ha-l; the lower limit was ~50 Mg ha-l; and 
the ten classes in between were 50 Mg ha-’ wide (Iverson 
et al. 1994). 

The distribution of potential above-ground biomass 
density was then “cut” with a map of forested areas as 
of about 1980 to produce maps of potential biomass 
density for forests lands only. The forest/non-forest 
maps used for this step were derived from two sources: 
(1) a vegetation map of continental tropical Asia 
produced by the Food and Agriculture Organization 
for its 1990 Tropical Forest Resource Assessment Project 
(Food and Agriculture 1989, K.D. Smgh, FAO, pers. 
comm. 1990) and (2) a digital map of the forest areas 
for insular Asian countries reported in Collins et al. 
(1991; obtained from the World Conservation 
Monitoring Center [WCMC], Cambridge, England). 
The FAO vegetation and WCMC forest maps were 
developed from many multi-date sources (late 1970s 
to early 198Os), thus the exact year that they represent 
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is not accurately known. We assumed that thev 
represent the state of the vegetation in 1980 (K.D. 
Singh, pers. comm.). The forest/non-forest map when 
combined with the potential biomass density map 
produced a distribution of potential biomass carbon 
density in those areas remaining as forests as of 1980 
(referred to as PC080). 

The final step was to add the cumulative impact of 
human acitvity on reducing forest biomass from its 
potential. For this step, we assumed that population 
density could be used as a surrogate index to account 
for this reduction in biomass and that the impact of 
humans on forests varies by climate (Ivers,on et al. 
1994, Flint and Richards 1994, Richards and Flint 1994). 
That is, the same human population density causes 
relatively more forest degradation in drier than in 
humid climates because of the inherent ability of humid 
forests to produce biomass more rapidly (Brown and 
Lugo 1982). 

Degradation ratios for forests were calculated as the 
ratio of biomass density estimated from data given in 
forest inventories (Brown et al. 1989,1991) to potential 
biomass density from the model (Iverson et aZ. 1994). 
These ratios were based on recent (since the 1960s) 
inventories suitable for conVerting to biomass, and 
were conducted in various subnational units of 
Bangladesh, India, Malaysia (Peninsular and Sarawak), 
Philippines, Sri Lanka, Thailand, and Vietnam (see 
Brown et al. 1991), for a total of 47 units. It was 
assumed that these inventories were done in a 
representative sample of the forests in a given 
subnational unit and that the weighted biomass density 
was ,the best estimate of the forest biomass density for 
the whole unit at that time. A weighted estimate of the 
potential biomass density for the same subnational 
unit was obtained from the PCD-80 map. 

The calculated degradation ratios and their 
corresponding population density, taken at the time 
nearest to the time of the inventory for each unit, were 
stratified by three climatic regimes (aseasonally moist 
= >2000 mm yr*, seasonally moist = 1500-2000 mm yr-I, 
and dry = cl500 mm yr’). These data were then 
subject to least squares simple linear regression 
analysis. The three resulting equations are shown in 
Figure 1. Default solutions to these equations at very 
high or low population densities were set at 0.06 (the 
lowest value obtained from inventories) and 1.0 (no 
degradation), respectively. These equations show that 
the rate of forest degradation, as indicated by the 
slopes of the equations, with increasing population is 
highest in the dry forests, followed by the seasonal and 
the moist as hypothesized above. 

A population density map of the region was 
generated from population data reported by 
subnational units as obtained from the Demographic 

and Statistics Department of the Food and Agriculture 
Organization (see Iverson et al. 1994). The equations in 
Figure 1 were used with the maps of population density, 
rainfall, and PCD-80 to produce a spatial distribution 
of the actual biomass carbon density (ACD) of forests. 

Below-grourd Biomass Carbon Density 
From the few pantropical data available on below- 

ground biomass (Brown and Lugo 1982, Feamside 
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Figure 1 Relationship between biomass degradation ratios (actual 
to potential biomass density) and the natural logarithm 
(Ln) of population density for (a) moist, (b) seasonal, 
and (c) dry cliiatic zones (see text for description of 
these zones). The regression equation for (a) is for 
population densities > 12 ,persons km-*; for population 
densities (PD) less than this, the degradation ratio = l- 
0415*PD. 



1992, Olson et al. 1983), we calculated root:shoot ratios. 
We then stratified these ratios according to three 
climatic zones: (1) lowland dry = < 1200 mm yr-’ and 
elevation < 1000 m (no montane dry forests existed in 
1980), (2) lowland and montane seasonal = > 1200- 
2000 mm yr-* for elevation below 1000 m, and 500-1200 
mm yr-l for elevation above 1000 m, and (3) lowland 
and montane moist = >2000 mm yr-’ over all elevation 
ranges and > 1200-2000 mm yr-’ for elevation above 
1000 m. These rainfall and elevation limits are generally 
based on those of the ecofloristic zones of the study 
area of FAO (1989) and the life zone system of 
Holdridge (1967). A climatic zone map was derived 
from the precipitation and elevation maps developed 
for the potential biomass density modeling. 

The root:shoot ratios that we used are as follows: 
0.18 for lowland and montane moist forests, 0.10 for 
lowland and montane seasonal forests, and 0.5 for 
lowland dry forests. Belowground biomass carbon 
density was then calculated for each pixel of the PCD- 
80 and ACD maps using these ratios and the climatic 
zones map. 

Carbon Density of Forest Soils 
There have been several attempts to estimate global 

soil carbon pools which include use of the FAO- 
UNESCO Soil Map of the World (B&n 1982, Eswaran 
et al. 1993) and the life zone system (Post et al. 1982). 
None of these provide a suitable spatial distribution 
for estimating soil carbon pools for tropical forests 
because they have tended to lump the soil pedon data 
by map units or life zones without regard to vegetation 
cover or other variables that vary spatially. 

The FAO-UNESCO (1971-81) Soil Map of the World 
is the only map presently available in digital form 
suitable for estimating the spatial distribution of tropical 
soil carbon pools. Unfortunately, the accompanying 
soil pedon descriptions are not suitable for estimating 
soil carbon densities because they do not report soil 
bulk density needed to convert the carbon 
concentrations to carbon contents, not all map units 
have pedon descriptions, and many of the soil pedons 
are for non-native vegetation. To overcome these 
problems with the pedon data base and previous 
studies, we developed an alternative approach for using 
this map. 

Based on the available spatial data bases and the 
known factors that influence soil carbon, we chose soil 
texture and climatic regime (measured by mean annual 
precipitation coupled with effects of decreasing 
evapotranspiration due to increasing elevation) as the 
two most important factors for our analysis. It has 
been suggested that soil texture can play a significant 
role in dete rmining the amount of organic matter in 
soil (Sanchez lg76, Lugo et al. 1986, Parton et al. 1987). 

Of all the environmental factors that affect the regional 
distribution of soil organix matter, mean annual 
precipitation has been shown to explain the most 
variance, followed by mean annual temperature (jenny 
1980). 

We used the data base of Zinke et aZ. (1984) as a 
source of data on soil carbon density. This data set 
consists of pedon data containing information on 
organic carbon content (%C and bulk density to various 
depths), generally accompanied by information on soil 
texture, geographic location, climatic data, and land 
use. To this, we added data from other sources (Brown 
and Lugo 1990, and data from Venezuela and Costa 
Rica from ongoing research by S. Brown). We extracted 
all the data on soil carbon density for native tropical 
forests that met the following criteria: (1) reported 
carbon to 100 cm depth, and (2) had sufficient data to 
place the pedon in a rainfall, elevation, and soil texture 
class. 

Because of the relatively few data points that met 
the criteria (a total of 171 points), we stratified the data 
set into the same three climatic zones as those used for 
the below-ground biomass (see above). We also 
assigned all the data to one of three texture classes 
based on the definitions used by the FAO-UNESCO 
Soil Map of the World. We then calculated the mean 
soil carbon density for each of nine classes (three 
climatic zones and three texture classes). This 
procedure resulted in a 3 x 3 matrix of mean soil 
organic carbon densities (Table 1). Because the soil 

Table 1 Mean soil organic carbon contents to 100 cm (Mg ha-*, 
with one SE and sample size in parentheses) stratified by 
texture and climatic regimes, to generate the spatial 
distribution of soil carbon density in forest soils of tropical 
Asia. See text for further details on sources. 

Texture 
classes DW 

Climatic regime* 
Seasonal Moist 

Coarse 94 (30,4) 63 (9, 10) 77 (19, 10) 
Medium 97 (9, 18) 136 (21,20) 147 (27,20) 
Fine 150 (24, 11) 151 (14, 25) 116 (9,53) 
Medium-coarse5 96 100 111 
Medium-fines 124 144 131 
Histosolsn ---_-_--675--w---- 

*Dry (lowland) = 11200 mm yri with elevation below 1000 m, 
seasonal (lowland and montane) = >1200-2000 mm yrl and 
elevation below 1000 m or 500-1200 mm yr’ and elevation 
above 1000 m, and moist (lowland and montane) = ~2000 
mm yrl over all elevation ranges or >I 200-2000 mm yrl and 
elevation above 1000 m. 
§These are mixed classes, and are calculated as the 
arithmetic average of the two corresponding classes 
IFrom data in Anderson (1983); we used a bulk density of 
peat soils of 0.15 g/cm3, a carbon concentration of 45%, and 
a depth of 100 cm. 
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map also contained two mixed texture classes 
(medium-fine and medium-coarse), we estimated their 
carbon density as the arithmetic average of the two 
corresponding classes. There are also fairly extensive 
areas of histosols in tropical Asia, usually associated 
with peat swamps (Anderson 1983). These peat 
deposits generally exceed 100 cm in depth. We 
estimated their carbon density from data given in 
Anderson (1983, cf. Table 1). 

We then used the map of soil texture classes derived 
from the FAO-UNESCO Soil Map of the World, the 
climatic zone map, and the values in Table 1 to assign 
each pixel the corresponding soil carbon density. 
Finally, we overlayed the forest maps derived above 
to produce a spatial distribution of soil carbon density 
in the forest existing in 1980. We’assumed that soil 
carbon density under forests did not change as a result 
of degradation of biomass carbon density. 

Results and Discussion 

Validation of the Models to Estimate Carbon 
Densities 

As few forests of any significant extent in tropical 
Asia are undisturbed by humans (Brown et al. 1991, 
Collins ef aZ. 1991, Whitmore 1984), it is difficult to 
validate our estimates of potential biomass carbon 
density. The only suitable data for validating our 
model are large-scale inventories in mature forests 
and such data do not exist. Furthermore, small-scale 
field data would not be suitable for validating our 
model because many of the input data are of coarse 
resolution. To determine if our results seemed 

reasonable and gave expected trends across the region, 
we aggregated our estimates by the ecofloristic zones 
(EFZ) for the region (FAO 1989). These zones served 
as an independent data base for testing our results 
because we have not used this map in any of our 
analysis. 

An EFZ is based first on bio-climatic factors such as 
rainfall and its seasonality, the length of the dry season, 
relative humidity, and temperature. Elevation, soils, 
and dominant characteristic flora add further levels of 
detail. This map serves as an approximate potential 
vegetationmap for the region. The FAO map (obtained 
in digital form from K.D. Singh, FAO, Rome) was 
prepared by the Forestry Department of the FAO and 
the International Institute of Vegetation Mapping in 
Toulouse, France. We reclassified the original 36 zones 
into six zones. These consisted of three lowland (4500 
m) and three montane (>1500 m) zones, subdivided 
further into moist- evergreen forests with high non- 
seasonal rainfall, semideciduous forests with seasonal 
precipitation, and dry- deciduous forests with a long 
dry season and low rainfall. 

Overlaying the reclassified EFZ map with the one of 
PCD-80 produced expected trends (Table 2). Our 
potential biomass carbon density estimates were higher 
for forests in lowland than in montane zones for a 
given moisture regime, and higher in moist followed 
by seasonal and dry for a given elevation belt. These 
expected patterns of potential biomass carbon density 
with EFZ increase our confidence that the methodology 
described here does produce reasonable estimates at 
this regional scale. 

As so few forest inventory data were available for 

Table 2 Estimates of mean biomass carbon and soil carbon density (to 100 cm depth) (Mg C ha-‘) potentially (PCD-80) and actually (ACD) in 
forests of tropical Asia by ecofioristic zones, for 1980. Coefficients of variation (CV, in %) are given for total potential and actual 
biomass carbon and soil carbon densities. 

Ecofloristic PCD-80 
zone* Above Below Total CV Above 

ACD 
Below Total CV 

Total 
Soil cv 1980 

L-moist 
L-seasonal 
L-dry 
M-moist 
M-seasonal 

Wtd mean 

L-moist 
L-seasonal 
M-moist 

Wtd mean 
Wtd mean 

for region 

CONTINENTAL 
224 41 265 16 117 21 138 25 133 11 271 
175 18 193 19 94 9 103 54 121 25 224 
124 63 187 29 38 19 57 61 121 22 178 
176 32 208 21 115 20 135 25 135 7 270 
152 16 168 39 83 8 91 51 125 23 216 
184 28 212 99 14 . 113 126 239 

INSULAR 
270 49 319 9 162 29 191 23 187 102 378 
232 22 254 15 88 8 96 46 142 65 238 
251 45 296 16 152 28 180 27 114 21 294 
268 48 316 162 28 190 178 368 
219 36 255 124 20 144 148 292 

*Forests were not found in all zones in 1980; L = lowland, M = montane. 
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developing the degradation models, we were forced to 
use all of them which left none for validating our 
estimates of actual biomass carbon density. However, 
because other data bases were used, in addition to the 
degradation ratio/population density regression 
equations, to develop the actual biomass carbon density 
estimates, we believe that we can use the inventory 
data to check the overall validity of the results. We fit 
a linear regression equation between the actual biomass 
carbon density from the inventory data and the 
predicted carbon density from the model. A significant 
relationship was obtained with an 3 of 0.7, a slope of 
0.91, and an intercept of 7.2. The reduction in 13 was 
caused mainly by five points from the dry and seasonal 
zones of continental Asia where the model predicted 
higher biomass carbon densities than was obtained 
from the inventories. This pattern could be expected 
because the original regression equations for these two 
zones had the lowest 13 (Fig. 1). Overall, the model 
tended to overestimate the biomass carbon density by 
~5% for densities ~250 Mg ha-l and up to 8% for 
densities between 25040 Mg ha-‘. 

Despite the coarse resolution of many of the data 
layers, the imperfect regression equations, the problems 
with inadequate biomass density data, and the many 
assumptions used, we believe that the map of actual 
biomass carbon density is a realistic spatial 
representation of the situation in 1980 and the best that 
can be produced with current technology and data. 
For the first time, we have produced a spatially explicit 
estimate of carbon density which considers 
distributions of environmental and anthropogenic 
factors. 

Geographical Distribution of Biomass and Soil 
Carbon Densities 

Actual biomass carbon densities range from less 
than 50 to more than 360 Mg ha-’ for the forests of 
tropical Asia (Fig. 2). Most of the forests of the region 
have biomass carbon densities that range from 100 to 
200 Mg ha-‘. Forests with low biomass carbon densities 
(c 100 Mg ha-‘) are generally located in India and 
Thailand, while forests with high biomass carbon 
densities (>250 Mg ha-‘) are located in the countries on 
the island of Borneo and Irian Jaya. 

Carbon densities of soils range mostly from 60 to 
160 Mg ha-’ (Fig. 3). In general, the soils of continental 
Asia have higher carbon densities (120-160 Mg ha-‘) 
than those in insular Asia (100-120 Mg ha-‘), with the 
exception of patches of peat soils (675 Mg ha-‘). 
Furthermore, for most of the forested areas, the soil 
carbon densities are similar in value to the biomass 
carbon densities. 

Biomass and Soil Carbon Densities 

By Ecofloristic Zone 
Potential and actual biomass carbon density. The 

average biomass carbon density by ecofloristic zones 
ranges from 168 to 319 Mg C ha-* for the total potential 
and from 57 to 191 Mg C ha-l for the total actual (Table 
2). The total potential biomass carbon density for a 
given ecofloristic zone is about 1.5 times higher in 
insular ihan in continental Asia, a trend caused by the 
generally more favorable environmental conditions in 
the insular region. The coefficients of variation for the 
potential biomass carbon density (CV, Table 2), indicate 
that ihe variability in carbon densities is less in lowland 
than in montane zones, less in the insular than in the 
continental region, and decreases from dry and/or 
seasonal to moist zones within the same elevation belt. 
The zones with the low CVs suggest that they are 
relatively environmentally homogeneous. On the other 
hand, lowland dry and montane seasonal ecofloristic 
zones are relatively more variable environmentally, 
and thus contain forests that are more variable with 
respect to biomass carbon density. 

Below-ground biomass carbon density accounts for 
14% of the total biomass carbon density under potential 
and actual conditions (Table 2). However, 
proportionally more of the potential and actualbiomass 
carbon density is below-ground in insular Asia (15% 
of the total) than in continental (12-13% of the total), 
caused by the do minance of moist forests (rootishoot 
ratio of 0.18) in the former versus dominance of seasonal 
forests (rootshoot ratio of 0.10) in the latter area. Even 
though forests in the dry zone have a high root:shoot 
ratio (0.5), they contribute very little to the regional 
totals because the percent of the total continental forest 
area in this ecofloristic zone in 1980 was small (about 
5%) and nonexistent in the insular area. 

Actual biomass carbon density of existing forests in 
the insular and continental areas is reduced to about 
60% and 53%, respectively, of their potential amount 
(Table 2), caused by the human activities described 
earlier. Coefficients of variation for actual biomass 
carbon densities are higher than for potential densities, 
reflecting the uneven impact of humans on the forested 
landscape. The differences in the way human s impact 
the forests in the region is further illustrated by the 
differences in the degree of forest degradation that 
exists among ecofloristic zones between the two areas. 
In the continental area, lowland dry forests are the 
most degraded (degradation ratio of 0.30 and CV of 
61%), whereas in insular Asia, where the lowland dry 
zone is missing, the lowland seasonal forests are the 
most degraded (degradation ratio of 0.38 and CV of 
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46%). This trend has been observed in other tropical 
forest zones, where the drier zones tend to be 
preferentially inhabited by humans and are often the 
first to become degraded and cleared (Tosi and 
Voertman 1964). 

Existing forests in montane moist and seasonal zones 
of continental Asia are less degraded than their lowland 
counterparts with degradation ratios of 0.54-0.65 and 
0.52-0.54, respectively. In insular Asia, however, the 
lowland and montane moist forests are degraded by 
the same amount (60%) and less than or almost equal 
to the same zones in the continental area. The overall 
lower degradation of lowland moist forests in insular 
than in continental Asia is most likely caused by two 
factors: the population density in insular is less than in 
continental Asia (82 person km-* versus 187 person 
km-*), and low1 an d insular forests have higher potential 
biomass carbon densities than continental forests 
(Table2). 

Actual soil carbon densities. Soil carbon densities 

range from 114 to 187 Mg ha-l (Table 2). Coefficients of 
variation in soil carbon densities are generally small, 
with the exception of the high values for the lowland 
moist and seasonal zones in insular Asia. The high 
CVs found in insular Asia are caused by the presence 
of peat deposits that have considerably higher soil 
carbon contents than any other soil class (Table 1). 

In general, soil carbon density is higher than or 
about equal to the actual biomass carbon density in a 
given ecofloristic zone, except for the montane moist 
zone of insular Asia (ratios of soil carbon to actual 
biomass carbon density of 0.63-2.12). This overall 
correlation is to be expected as the environmental 
conditions that favor high plant biomass are the same 
as those that produce high soil carbon. Furthermore, , 
as expected, soil carbon density in moist zones is higher 
than in seasonal or dry zones (Post et al. 1982), and a 
tendency to be higher in montane zones than in lowland 
zones of the continent. The exception is the montane 
moist zone of insular Asia which has the lowest soil 

N 

1 Biomass Car bon (Mg/ ha) 

Figure 2 Spatial distribution of biomass carbon density, above- and below-ground in 50 Mg ha-’ classes, for forests of tropical Asia in 1980. 
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carbon density of all, a value that corresponds to the 
mean carbon content for fine textured soils in this 

ecofloristic zone (cf. Table 1). 
The higher soil carbon density of the lowland moist 

zone in insular compared to continental Asia is caused 
by the relatively large areas of peat forests in the former 
area which have very high soil carbon densities (cf. 
Table 1 and Fig. 2). The difference between the lowland 
seasonal zone of the continental versus* insular areas 
reflects differences in the common texture class; soils 
in this zone in insular Asia are dominated by fine 
textured soils whereas those in continental Asia are 
dominated by coarse to medium-coarse soils. 

As we assumed no reduction of soil carbon density 
caused by forest degradation, the soil carbon contents 
in Table 2 could be lower, particularly in those zones 
where biomass carbon density is reduced the most 
from its potential (e.g., lowland dry in continental and 
lowland seasonal in insular). From data given in 
Detwiler (1986) for shifting cultivation forests, we 

estimated that the reduction could amount to about 5 
to. 10% of the -mean so4 carbon density in these two 
ecofloristic zones. But as the forests in these two zones 
occupy a small proportion of the total area, the effect 
of our assumption on the total soil carbon pools is very 
smaJji<OS%). 

Total carbon density of vegetation and soil in 
1980.. men, the ,soil carbon density is included, the ” ” .i ,_ ,*_ 
variation in the total carbon density (vegetation plus a.*<*, I-./>/___*.~F1_ “.. <-a”, * L ,l,lj *_,.*>~” ,,.. * > ..“>.i”iew.l 
soil) among ecofloristic zones is reduced, ranging from 
178 to 378 Mg ha-*. The difference between the 
mk$num and maximum biomass carbon density by / .,, _,A.~ _ \.. -_ i, 1. _ __“^/_ > 
EFZ for the whole region is more than a three-fold 
factor, but the difference between the minimum and 
maximum total carbon density is about two-fold (Table 
2). The area-weighted mean total carbon density in 
forests of insular Asia (368 Mg ha-‘) is more than 1.5 
times higher than that in forests of continental Asia 
(239 Mg ha-l). 

0 ,500 1000 1500 2000 Km 

1 O-60 
q 61-80 

am0 
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q ~21-140 
141-160 
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Figure 3 Spatial distribution of soil carbon density (SOC) to 100 cm depth in 20 Mg ha-l classes for forests of tropical Asia in 1980. 
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By County 
Potential and actual biomass carbon density. 

Potential biomass carbon density averages 255 Mg 
ha-’ for all of tropical Asia, and ranges from a low of 
188 Mg ha-’ in Nepal to a high of about 340 Mg ha-’ in 
Brunei (Table 3), reflecting the differential spread of 
environmental factors. The corresponding CVs by 
country tend to be low (4-25%) with India being the 
most variable as expected for this large country with a 
wide range of environmental conditions. 

Highest potential carbon density values are in those 
countries which contain forests dominated by species 
of dipterocarp: Brunei, Indonesia, Malaysia (Peninsular, 
Sabah and Sarawak), and the Philippines (Whitmore 
1984) and whose climate is dominated by moist 
conditions. Countries with low biomass carbon 
densities, e.g., India, Laos, Nepal, and Thailand, are 
dominated by seasonal to dry climates. 

Countries where the biomass carbon density of 
forests is reduced the most from their potential by 
human activities are Bangladesh, India, Nepal, and 
Peninsular Malaysia (a degradation ratio of about 0.38 
0.41). The degradation ratios for the first three countries 
are caused by the high population densities (132-629 
persons lo+) within and around the relatively few 
remaining forests (cf. Fig. 1) and their forests have low 
biomass carbon densities (77-101 Mg ha-*; Table 3). 
Although the carbon density of forests in Peninsular 
Malaysia is considerably lower than its potential 
because of a high population density (205 persons 
lcme2, the fourth most densely populated country of the 
whole region), compared to the other three countries 

the forests still contain a considerable quantity of 
biomass carbon (125 Mg ha-‘). The above-ground value 
for Peninsular Malaysia is well within the 95% 
confidence interval of the average carbon density based 
on a nation-wide forest inventory in 1980 (Brown et al. 
1994). Most of the reduction in forest biomass in this 
country is caused by extensive logging and log 
poaching. 

Countries whose forests are the least degraded from 
their potential are Brunei, Cambodia, Indonesia, Laos, 
Myanmar, Sabah/Sarawak, and Vietnam (degradation 
ratios of 0.6-0.8). The carbon density of the forests of 
the remaining countries is 50% or less of their potential. 
The different rankings of actual compared to the 
potential biomass carbon density by country can be 
attributed to differences in the distribution of human 
populations and potential biomass carbon density. 

Two other estimates of actual biomass densities of 
forests have recently been made for the countries in 
tropical Asia. The first one is part of the Tropical 
Forest Resource Assessment 1990 Project of the Food 
and Agriculture Organization. Their estimates of 
above-ground biomass carbon density (we converted 
their biomass estimates to carbon units) for the same 
countries that we include range from about 47 to 148 
Mg ha-l for 1990 (K.D. Six@, 1993, FAO, pers. comm.) 
comared to our range of 66 to 169 Mg ha-* for 1980. The 
FAO estimates were obtained by converting average 
forest volumes obtained from partial-country forest 
inventories to biomass units and extrapolating to the 
whole country. On average the FAO values are about 
75% of ours. The lower values obtained by FAO could 

Table 3 Estimates of mean biomass carbon and soil carbon density, to 100 an depth, (h4g C hx’) potentially (PCD-80) and actually (ACD) in 
forests of tropical Asia by country, for 1980. Coefficients of variation (CV, in %) are given for total potential and actual biomass carbon 
and soil carbon densities. 

PCD-80 ACD Total 
Country Above Below Total CV Above Below Total CV Soil CV 1980 

Bangladesh 232 35 267 16 87 14 101 32 143 8 244 
Brunei 289 52 341 6 160 29 189 8 305 88 494 
Cambodia 209 24 233 13 153 17 170 24 129 15 299 
India 173 28 201 28 66 11 77 58 115 29 192 
Indonesia 266 49 315 11 162 28 190 24 183, 101 373 
Laos 171 23 194 17 137 19 156 24 136 10 292 
Malaysia: 

Peninsular 258 47 305 10 106 19 125 20 127 12 252 
Sabah/Sarawak 

ti 3 
52 337 4 169 31 200 13 162 100 362 

Myanmar 30 223 23 120 18 138 25 136 6 274 
Nepal 167 21 188 21 70 8 78 47 125 20 203 
Philippines 255 46 301 12 110 19 129 16 112 6 241 
Sri Lanka 206 24 230 18 102 12 114 34 124 20 238 
Thailand 177 23 200 23 94 12 106 31 128 16 234 
Vietnam 186 26 212 15 132 19 151 23 134 14 285 
Wtd mean 219 36 255 124 20 144 148 292 



partially be explained by continued degradation of the 
forests by the increasing population in the intervening 
period as well as by differences in methods. 

A study by Flint and Richards (1994) produced 
weighted estimates of total biomass carbon density for 
forests and woodlands for 1980 of 74 Mg ha-* for 
continental countries and 124 Mg ha-* for insular 
countries. These are both 65% of our corresponding 
values, and about 80-90% of FAO’s corresponding 
values, after subtracting below-ground biomass. Flint 
and Richards’ estimates are based on compiling data 
from the forestry literature for the regions and applying 
degradation factors based on human populations, 
similar to but not the same as our approach. 

Although differences exist among ours and the other 
two estimates, the three sets of values are similar in 
magnitude to each other. Differences in methodology, 
sources of ‘input da?& and.time of the assessment are 
most likely the causes for the differences. Despite 
these differences in approach, the general similarity of 
estimates provides compelling evidence that the forests 
of the tropical Asian countries have generally low 
biomass carbon densities. 

Actual soil carbon densities. Countries with the 
highest soil carbon densities (162-305 Mg ha-‘) are 
those with proportionally large areas of peat swamps, 
e.g., Brunei, Indonesia, and Sabah/Sarawak (Fig. 3). 
Soil carbon densities vary little among the other 
countries (115-143 Mg ha-l). As a result, the differences 
in the total carbon density (soil plus vegetation) among 
countries is reduced to a two-fold factor between the 
minimum and maximum value, excluding Brunei 
which has the highest soil and a high biomass carbon 
density. 

Total Carbon Pools 
The distribution of total carbon by ecofloristic zone 

is shown in Figure 4. The total carbon pool is 
concentrated in only one to two ecofloristic zones in 
each region. For continental Asia, most of the total 
carbon in soil, potential biomass, and actual biomass 
(about 80% for each) is concentrated in the lowland 
seasonal and moist forests (Fig. 4a). This distribution 
is caused mainly by (1) the large area of seasonal 
forests in the continental region (54% of the total forest 
area) and (2) the high carbon densities along with the 
relatively large area of lowland moist forests (25% of 
the total forest area). For the lowland seasonal zone in 
1980, the carbon in soils represents a slightly larger 
proportion of the total carbon pool (54%) than the 
carbon in biomass (46%). In the lowland moist zone, 
the carbon is about equally divided between soil and 
biomass. With respect to the total potential carbon 
pool (soil plus potential biomass carbon), soil accounts 
for only 39% and 33% of the total in the lowland 

seasonal and moist zones, respectively. 
The third most important ecofloristic zone in 

continental Asia, the montane moist, accounts for only 
14% of the total soil and potential and actual biomass 
carbon (Fig. 4a). Once again, the total carbon pool in 
this zone in 1980 is divided equally between the soil 
and biomass. Forests in lowland dry and montane 
seasonal zones contribute very little to the total pool. 

Insular Asia is dominated by the lowland moist 
zone, which accounts for 86% of the total area and 89 
to 92% of the total carbon pool in biomass and soil (Fig. 
4b). The remaining area and carbon is located in the 
montane moist zone; other lowland and montane zones 
are practically non-existent. The carbon pool in the 
lowland moist zone in 1980 is divided equally between 
biomass and soil. However, with no forest biomass 
degradation (potential biomass); the soil carbon pool 
would comprise 37% of the total pool, a lower 
proportion than the actual. In the montane moist zone, 
more of the carbon is located in the actual (61%) and 
potential (72%) biomass than in the soil. 
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Figure 4 Total carbon content in soils and and potential and actual 
forest vegetation for (a) continental and (b) insular Asia 
by ecofloristic zones for 1980. L = lowland and M = 
montane. 
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Although it is often stated that tropical soils contain 
low amounts of soil carbon (or organic matter), our 
results clearly show that it is of equal importance to 
the total 1980 carbon pool as the forest biomass (Fig. 4). 
In fact, the soil carbon content generally exceeded that 
in the vegetation in zones where precipitation was low 
or seasonal in nature (Table 2 and Fig. 4a). Compared 
to the potential carbon pool however, soil carbon is of 
lesser importance. 

Three countries of tropical Asia (Indonesia, India, 
and Myanmar) account for about 71 to 75% of the total 
carbon pool in potential biomass (a total of 53 Pg), 
actual biomass (a total of 30 Pg) and soil (a total of 32 
Pg) (Fig. 5). However, there are differences in the 
allocation of the carbon between actual biomass, 
potential biomass, and soil among these three countries. 
In Indonesia, the country with by far the largest amount 
of total carbon in 1980 (40 Pg), and Myanmar, soil 
carbon accounts for 50% of the actual total and 39% of 
the potential total. For the drier country of India, 60% 
of the 1980 total and 36% of the potential total is in soil. 

The next most important countries to the regional 
total are Cambodia, Laos, Sabah/Sarawak, and 
Thailand, which together account for 19-24% of the 
total soil and potential and actual biomass carbon. In 
these countries, the contribution of soil to the total 
actual pool is generally less than the biomass, except 
for Thailand (Fig. 5). The remaining seven countries 
compose about 7% of the total pools. 

Total Region 
The region as a whole has a carbon pool of 43 Pg in 

soil, 74 Pg in potential biomass, and 42 Pg in actual 
biomass of forests (Fig. 6). The distribution is split 
remarkably evenbetween continental and insular Asia. 
Even though continental Asia contains 58% of the the 
total forest cover in 1980, these forests contain 
somewhat less than their actual and potential share of 
the carbon. Continental Asian countries account for 
50% of the soil pool, 49% of the potential biomass pool, 
and 45% of the actual biomass pool. This distribution 
of carbon is, of course, caused by the geographic 
variations in climatic regimes and soil texture classes, 
which influence the biomass and soil carbon densities, 
as well as the distribution of human populations. 

Sources of Error 
In this paper we have presented estimates of the 

amount and distribution of carbon in vegetation and 
soils for the forest area in tropical Asia. These estimates 
are subject to error owing to both methodology and 
data limitations. As new data (quality and resolution) 
become available, we can build on our approach to 
reduce further the uncertainties and to improve the 
accuracy and precision of our carbon density estimates. 
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Figure 5 Total carbon content in soils and potential and actual 
forest vegetation for continental and insular Asian 
countries for 1980. Malaysia-Penin = Peninsular Malaysia, 
and Malaysia-Sab/Sar = Sabah and Sarawak, the western 
states of Malaysia. 
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Figure 6 Total carbon content in soils and potential and actual 
forest vegetation of the continental and insular Asian 
forests for 1980. 

At this stage in the analysis, we recognize that errors 
originate from several sources. First, there is the 
inherent error in the spatial data bases caused by 
inaccuracies in the maps, or maps of insufficient detail 
(e.g., vegetation and soil maps). We have limited 
control over these errors, and foresee little improvement 
in these data bases in the near future because of the 
large-scale effort needed to revise and update 
vegetation and soils maps. However, when improved 
data are developed, we expect that the methodology 
presented here can be repeated to obtain improved 
spatially explicit estimates of biomass density. 

A second potential source of error is in the 
production of maps from the interpolation of point 
data (e.g., precipitation, climate index and population 
density maps). However, we believe that these errors 
are minimal because of the two-dimensional 
interpolation methods that we used that produced 
results comparable with other ancillary maps and 
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information about the region (Iverson et al. 1994). 
Third, there is the potential for systematic errors in 

the modeling of potential biomass carbon density 
caused by inappropriate weighting schemes for the 
input variables. However, we scale several of our 
input variables into varying-width classes before we 
weight them which we believe minimized this source 
of error. 

There is also the potential that we have overlooked 
other factors that may be important in regulating 
potential and actual forest biomass. For example, we 
did not consider differences between broadleaf and 
conifer species, distances from roads and other access 
points, differences among human impacts (e.g., logging 
versus shifting cultivation), and the effects of natural 
disturbances. For the tropical Asian region, we believe 
that most of these other factors are of limited 
importance at the scale at which we are modeling. 

Finally, there is error associated with applying 
imperfect regression equations across the region. This 
type of error applies to the degradation index versus 
population density equations where r-squares were 
low in some cases. We expect this source of error to be 
reduced as new forest inventories suitable for 
estimating biomass density become available. 

Although forest biomass and soil carbon are the 
major contributors to the total carbon densities and 
carbon pools, we have not included other forest 
components and processes which influence these totals 
(e.g., understory and fine and coarse litter). Including 
these other components could add up to an additional 
20-30% of the total biomass carbon density, particularly 
in dense forests in the moist zones (Brown and Lugo 
1992). What effect the common human practice of 
using these components for fuel and fodder have on 
their quantities is unknown, but would likely be highly 
variable depending on the culture, economics, and 
density of the population. Also, these minor 
components would be expected to differ by status of 
the forest, e.g., mature or slightly degraded forests 
would probably contain more carbon in these 
components thanhighly degraded or secondary forests. 
Futhermore, we did not degrade the soil carbon pool 
under degraded forests which could reduce the total 
soil pools, but as discussed above, we expect this error 
to be small. 

Taking all these sources of error into consideration, 
we believe that the estimates for carbon densities and 
pools in the forests of tropical Asia presented in this 
paper are conceptually correct and the best available 
in map form at this time. 

Implications for the Global Carbon Cycle 
The most obvious value of our results to the global 

carbon cycle is that carbon densities are represented 

spatially and thus can be “matched” to spatial 
representations of land-use change determined from 
satellite imagery. Progress in developing better data 
bases on changes in forest cover is being made as more 
countries are being analyzed with high resolution 
satellite imagery (Skole and Tucker 1993, J. Townshend, 
University of Maryland, 1992, pers. comm.). Improved 
land-use change data with our spatial estimates of 
carbon densities will definitely reduce the uncertainties 
associated with flux from the tropics as has been shown 
for Latin America (Houghton et aI. 1991). 

Our research also shows that in addition to outright 
forest clearing, there is another-mechanism that reduces 
the carbon content of forests, namely biomass 
degradation. Most forests being cleared are not mature 
or primary as is often assumed, but they generally 
have considerably lower carbon densities than the 
values that have been used in terrestrial carbon models 
(e.g., Houghton et al. 1987). The impact of forest 
biomass degradation on carbon flux estimates from 
the tropics depends on whether the biomass removed 
is burned as fuel or is going into long-term storages as 
wood products. As most of the activities that cause 
forest degradation are illicit, it willbe difficult to resolve 
this issue. 

Another important implication of our results for the 
global carbon cycle is in the area of carbon mitigation. 
As stated above, it is generally assumed that tropical 
forests are mature and thus in steady state with respect 
to carbon accumulation (Lug0 and Brown 1992). When 
mitigation options through forest management are 
sought, attention is usually given to the notion of 
establishing plantations on degraded lands (Grainger 
1990). Establishing sufficient areas of plantations to 
significantly reduce atmospheric carbon dioxide would 
entail planting vast areas, which would probably not 
be feasible at this time (Grainger 1990). However, 
because we have shown that many forests in tropical 
Asia are far from their maximum carbon stock, 
protection of these forests could sequester significant 
quantities of carbon by natural regeneration and 
regrowth (Iverson et aI. 1994). How feasible this forest 
management option will be in the future depends on 
the global willingness and commitment to reduce fluxes 
and levels of atmospheric carbon dioxide. 
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