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DEFINITIONS OF MAIN TERMS
Definitions are taken from the Unified Bioenergy Terminology (UBET) (FAO, 2004c).

Wood energy systems = All the (steps and/or) unit processes and operations involved for the production,
preparation, transportation, marketing, trade and conversion of woodfuels into energy.

Woodfuel = All types of biofuels originating directly or indirectly from woody biomass. 
This category includes fuelwood, charcoal and black liquor (the latter being not
significant in the context of this study since its cycle is entirely within the paper industry)

Fuelwood = Woodfuel where the original composition of the wood is preserved.
This category includes wood in the raw and also residues from wood processing
industries.

Charcoal = Solid residue derived from carbonization, distillation, pyrolysis and torrefaction of
fuelwood.

See also main factors applied and relevant references in Annex 2.

Basic parameters and conversion factors:

Wood – Net Calorific Value (30 percent moisture content, dry basis) 13.8 MJ/kg

Charcoal – Net Calorific Value (5 percent moisture content, dry basis) 30.8 MJ/kg

Charcoal/fuelwood 165 kg charcoal/m3

Wood density (air-dry) 725 kg/m3

Wood density (oven-dry) 593 kg/m3
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Protected areas by IUCN categories and tentative estimation of accessibility of woody biomass production
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PROTECTED AREA MANAGEMENT CATEGORIES
IUCN has defined a series of six protected area management categories, based on primary management
objective. These are summarized in Table A3.1.

These categories are defined in detail in the Guidelines for Protected Areas Management Categories published
by IUCN in 1994. 

ANNEX - 3. PROTECTED AREAS 

Category Description

Ia Strict Nature Reserve: protected area managed mainly for science
Definition: Area of land and/or sea possessing some outstanding or representative ecosystems, geological or 
physiological features and/or species, available primarily for scientific research and/or environmental monitoring.

Ib Wilderness Area: protected area managed mainly for wilderness protection
Definition: Large area of unmodified or slightly modified land, and/or sea, retaining its natural character and 
influence, without permanent or significant habitation, which is protected and managed so as to preserve its 
natural condition.

II National Park: protected area managed mainly for ecosystem protection and recreation 
Definition: Natural area of land and/or sea, designated to (a) protect the ecological integrity of one or more 
ecosystems for present and future generations, (b) exclude exploitation or occupation inimical to the purposes of 
designation of the area and (c) provide a foundation for spiritual, scientific, educational, recreational and visitor 
opportunities, all of which must be environmentally and culturally compatible.

III Natural Monument: protected area managed mainly for conservation of specific natural features
Definition: Area containing one, or more, specific natural or natural/cultural feature which is of outstanding or 
unique value because of its inherent rarity, representative or aesthetic qualities or cultural significance.

IV Habitat/Species Management Area: protected area managed mainly for conservation through management 

intervention 
Definition: Area of land and/or sea subject to active intervention for management purposes so as to ensure the 
maintenance of habitats and/or to meet the requirements of specific species.

V Protected Landscape/Seascape: protected area managed mainly for landscape/seascape conservation and recreation
Definition: Area of land, with coast and sea as appropriate, where the interaction of people and nature over time 
has produced an area of distinct character with significant aesthetic, ecological and/or cultural value, and often 
with high biological diversity. Safeguarding the integrity of this traditional interaction is vital to the protection, 
maintenance and evolution of such an area.

VI Managed Resource Protected Area: protected area managed mainly for the sustainable use of natural ecosystems
Definition: Area containing predominantly unmodified natural systems, managed to ensure long term protection 
and maintenance of biological diversity, while providing at the same time a sustainable flow of natural products 
and services to meet community needs.

T A B L E A 3 . 1

Summary descriptions of IUCN Protected Area Management Categories



87

A N N E X 4 DEMAND MODULE.
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ANNEX - 4. DEMAND MODULE – REFERENCES ON WOODFUEL CONSUMPTION
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ANNEX - 4. DEMAND MODULE – REFERENCES ON WOODFUEL CONSUMPTION
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WORLD HEALTH ORGANIZATION CLASSIFICATION
Definition and interpretation of children’s nutritional status indicators
For both age groups (children 0–5 and 5–10 years old) the same anthropometric indicators are used and
compared across populations in relation to the United States National Center for Health Statistics set of
reference values (NCHS/CDC/WHO). The nutritional status of children 0–5 and 5–10 is commonly assessed
using the following three indices: weight-for-age; height-for-age; and weight-for-height. The prevalence of
anthropometric deficits is usually expressed as the percentage of children below a specific cut-off point, such
as minus 2 standard deviations (or z-scores) from the median value of the international reference data.

� Underweight – Low weight-for-age is commonly referred to as underweight. Weight-for-age reflects
body mass relative to chronological age and it is primarily a composite index of both weight-for-height
and height-for-age. Weight-for-age fails to distinguish tall, thin children from those who are short with
adequate weight. This arises because this index ignores the child's height, and, at a given age, taller
children tend to be heavier than their shorter counterparts. According to the WHO classification of
malnutrition, if the prevalence of underweight in children 0–5 years old is <10 percent, it is considered
to be low; between 10 and 19 percent it is medium; between 20 and 29 percent it is high; and ≥30 percent
it is considered to be very high. 

� Stunting – Height-for-age reflects achieved linear growth, and deficits indicate long-term, cumulative
inadequacies of health and nutrition. Stunting is a commonly used term that reflects a process of failure
to reach linear growth potential as a result of suboptimal health or nutritional conditions, or both.
Stunting is frequently found to be associated with poor overall socio-economic status, or repeated
exposure to adverse conditions such as illness and inappropriate feeding practices. A child is considered
to be stunted if their height-for-age is below minus 2 z-scores (standard deviations) from the median
of the reference curve of height-for-age. According to the WHO classification of malnutrition, if the
prevalence of stunting in children 0–5 years old is <20 percent it is considered to be low; between 20
and 29 percent it is medium; between 30 and 39 percent it is high; and ≥40 percent it is considered to
be very high.

� Wasting – Low weight-for-height indicates a deficit of tissue and fat mass compared with the amount
expected in a standard child of the same height or length. Low weight-for-height – also referred to as
wasting – reflects a recent and severe process that has led to significant weight loss, usually as a
consequence of food shortage or infectious diseases. One advantage of this index is that it can be
obtained without knowing age, which makes it useful in populations that do not record dates of birth
or for whom this information is unavailable or unreliable. Very often, there are seasonal episodes of
wasting related to variations either in food supply or in diseases prevalence. One of the main
characteristics of wasting is that its prevalence can increase very rapidly, and under favourable conditions
can rapidly be mitigated. According to the WHO classification of malnutrition, if the prevalence of
wasting in children 0–5 years old is <5 percent it is considered to be acceptable; between 5 and 9 percent
it is poor; between 10 and 14 percent it is serious.
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FIVIMS THAILAND
Definition of “Vulnerable area” by provinces:

� The Most Vulnerable Group (Provinces 1–5) – Most vulnerable, due to the concomitance of various
food insecurity and nutrition outcomes and vulnerability factors. These groups are also characterized
by low or very low per capita income. Provinces 1 to 5 are included in this subgroup. 

� Vulnerable Group (Provinces 6–10) – Vulnerable, but not to the same extent as that of the previous
subgroup. Provinces 6 to 10 are identified in this subgroup. In general, in these groups, the per capita
income is higher than among the previous subgroup. 

� Less Vulnerable Group (Provinces 11–13) – Less vulnerable, but in which some particular food
insecurity and nutrition outcomes or some vulnerability factors can be detected. All other groups are
included in this category. Not surprisingly, the per capita income of these groups is significantly higher
than the national average.

ANNEX - 5. NUTRITIONAL STATUS INDICATORS
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A N N E X 6 COUNTRY POPULATIONS
IN 2000 CHARACTERIZED
BY A COMBINATION 
OF WOOD ENERGY AND
POVERTY-RELATED
PARAMETERS
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Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1 8.6 8.6
very high deficit 2
high deficit 3 16.8 8.4 25.3
medium deficit 4 14.5 4.2 18.7
light deficit 5
balanced 6 5.3 5.3
light surplus 7 4.3 4.3

8 3.7 3.7
9 6.8 5.7 6.0 18.5

10 0.3 8.2 6.1 14.5
very high surplus 11 1.1 1.1

14.0 7.0 53.2 25.8 100

T A B L E A 6 . 1

Cambodia – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”
total 25.3

“serious”
total 18.7

“serious”+
“very

serious”
= 44.0

Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1
very high deficit 2 4.7 4.7
high deficit 3 2.1 2.1
medium deficit 4 3.9 1.4 5.3
light deficit 5
balanced 6 2.5 2.5
light surplus 7

8 5.5 5.5
9 1.0 4.0 5.0 10.0

10 3.7 9.9 8.3 35.2 57.1
very high surplus 11 1.7 0.4 3.2 7.5 12.9

6.3 10.4 26.3 57.0 100

T A B L E A 6 . 2

Lao PDR – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”

total 6.8

“serious”
total 5.3

“serious”+
“very

serious”
= 12.1

Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1
very high deficit 2
high deficit 3 6.8 6.8
medium deficit 4
light deficit 5
balanced 6
light surplus 7

8
9

10 6.4 0.3 6.7
very high surplus 11 75.8 10.7 86.5

89.0 0.3 10.7 100

T A B L E A 6 . 3

Malaysia – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”

total 0

“serious”
total 6.8

“serious”+
“very

serious” = 6.8
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ANNEX - 6. COUNTRY POPULATIONS IN 2000

Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1 8.1 8.1
very high deficit 2 1.6 1.1 0.9 0.5 4.1
high deficit 3 6.1 9.3 6.4 21.9
medium deficit 4 3.6 6.4 3.1 0.3 13.4
light deficit 5
balanced 6 0.0 2.2 0.9 3.1
light surplus 7 0.6 0.7 1.3

8 1.0 1.7 1.7 4.3
9 2.4 2.4 1.7 3.3 9.8

10 2.2 13.3 7.8 4.5 27.8
very high surplus 11 2.3 0.8 3.2 6.3

25.0 39.1 24.0 11.9 100

T A B L E A 6 . 4

Myanmar – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”

total 7.9

“serious”
total 20.2

“serious”+
“very

serious”
= 28.0

Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1 10.3 10.3
very high deficit 2 3.3 3.3
high deficit 3 2.2 3.0 5.2
medium deficit 4 6.0 6.0
light deficit 5 1.4 0.3 1.0 2.2 4.9
balanced 6 2.2 0.5 1.8 6.8 0.9 12.2
light surplus 7 2.6 2.6

8 0.4 6.0 1.1 7.6 0.7 15.8
9 0.8 1.0 8.0 3.7 2.9 16.5

10 8.6 8.9 1.0 18.5
very high surplus 11 3.1 1.7 4.8

20.5 22.6 22.5 29.9 4.5 100

T A B L E A 6 . 5

Thailand – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”

total 0

“serious”
total 9.1

“serious”+
“very

serious” = 9.1

Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1 3.3 3.3
very high deficit 2 6.8 2.4 2.2 12.6 24.0
high deficit 3 6.6 10.2 16.7
medium deficit 4 2.7 4.7 1.3 3.7 12.4
light deficit 5 4.5 4.5
balanced 6 0.9 0.0 0.9
light surplus 7 2.1 2.1

8 0.0 1.2 1.1 2.3
9 2.6 13.5 0.9 17.0

10 1.1 8.9 3.5 3.4 16.9
very high surplus 11

10.0 9.2 13.5 36.8 26.3 4.3 100

T A B L E A 6 . 6

Viet Nam – population distribution by woodfuel balance categories and malnutrition levels (percent)

“very serious
conditions”
total 22.8

“serious”
total 23.0

“serious”+
“very

serious”
= 45.8
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Woodfuel supply/demand balance Malnutrition (or vulnerability)

low mid-low mid-high high very high critical
1 2 3 4 5 6 Total

critical deficit 1
very high deficit 2
high deficit 3
medium deficit 4 1.8 1.8
light deficit 5 7.7 7.7
balanced 6 2.4 2.4
light surplus 7 3.6 3.6

8 12.8 12.8
9 28.6 28.6

10 42.1 42.1
very high surplus 11 1.1 1.1

100.0 100

T A B L E A 6 . 7

Yunnan (Prov. China) – population distribution by woodfuel balance categories and malnutrition levels
(percent)

“very serious
conditions”

total 0

“serious”
total 9.5

“serious”+
“very

serious” = 9.5
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FRA 2005 NATIONAL FOREST AREA STATISTICS

Country Forest
Area Annual change rate 

1990 2000 2005 1990-2000 2000-2005
‘000 ha ‘000 ha ‘000 ha ‘000 ha/yr percent ‘000 ha/yr percent

Cambodia 12 946 11 541 10 447 -141 -1.09 -218.8 -1.90
Lao PDR 17 314 16 532 16 142 -78 -0.45 -78 -0.47
Malaysia 22 376 21 591 20 890 -79 -0.35 -140.2 -0.65
Myanmar 39 219 34 554 32 222 -467 -1.19 -466.4 -1.35
Thailand 15 965 14 814 14 520 -115 -0.72 -58.8 -0.40
Viet Nam 9 363 11 725 12 931 236 2.52 241.2 2.06
Total 117 183 110 757 107 152 -643 -0.55 -721 -0.65

China 157 141 177 001 197 290 1 986 1.20 4 058 2.20

Source: FAO FRA Web site.

T A B L E A 7 . 1

National forest area change statistics for the period 2000–2005, published by the FAO Forest Resources
Assessment 2005 (FRA 2005)

Country Change Annual Annual Compound RS Forest Change Percent
rate percent rate rate area 2000–2015 change

2000–2005 2000–2005 2000–2005 2000–2005 1990–2000(1) 2015 2000–2015
Cambodia -1,094 -218.8 -1.90 0.9802788 8 560 -2 981 -25.8
Lao PDR -390 -78 -0.47 0.9952367 15 389 -1 143 -6.9
Malaysia -701 -140.2 -0.65 0.9934205 19 556 -2 035 -9.4
Myanmar -2 332 -466.4 -1.35 0.9861224 28 020 -6 534 -18.9
Thailand -294 -58.8 -0.40 0.9959989 13 949 -865 -5.8
Viet Nam 1,206 241.2 2.06 1.0197738 15 728 4 003 34.1
Viet Nam Tentative estimate based on 4 sampling units 1990–2000 0.993442 10 623 -1 102 -9.4
Total Se Asia -3 605 -721 -0.65 0.9934038 100 290 -10 467 -9.5
China 20 289 4057.8 2.29 1.0219411 245 112 68 111 38.5

Note: (1) Compound rate for the period 1990–2000 estimated using the remote sensing survey results (see page 104).

T A B L E A 7 . 2

Change rates applied for the estimation of forest resources in 2015 (see Table A7.2A for Yunnan data, 
and Section A7.3 for comments on the Viet Nam situation)

Country Change Annual Annual Compound Forest Change Percent
rate percent rate area 2000–2015 change

1990–2005 1990–2005 1990–2005 1990–2005 2000–2015
China 40 149 2676.6 1.70 1.0152844 229 605 52 604 29.7

T A B L E A 7 . 2 A

Change rates applied for the estimation of forest resources in 2015 – data for Yunnan Province, China
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DATA BASED ON REMOTE SENSING 
A Remote Sensing Survey was conducted in the framework of FRA 1990 and FRA 2000, and the results, for
continental SE Asia for 1990–2000 are summarized in Table A7.3. The result consists of a transition matrix
which can be represented in form of a biomass flux diagram. 

ANNEX – 7. LAND COVER CHANGE REFERENCES

Classes in 2000
Classes Closed Open Long Fragmented Shrub Short Other Water Manmade ∑
in 1990 forest forest fallow forest fallow land cover woody 1990

veg.
Closed forest 57 572 142 1027 475 41 1061 952 107 22 61 399 
Open forest 80 10 994 150 37 112 215 863 7 0 12 458
Long fallow 272 0 17 193 18 9 677 346 34 0 18 549 
Fragmented forest 49 28 88 5 766 1 173 448 0 18 6 571 
Shrub 39 17 16 10 4 906 94 552 26 14 5 674 
Short fallow 43 1 108 28 11 5 895 550 15 0 6 651
Other land cover 114 84 61 40 114 94 66 435 61 145 67 148
Water 15 5 13 53 868 954 
Manmade woody veg. 4 31 6 762 6 797
∑ 2000 58 188 11 266 18 643 6 379 5 207 8209 70 230 1 118 6 961 186 201 

T A B L E A 7 . 3

Estimated 1990–2000 transition matrix expanded to the entire continental Southeast Asia subregional area.
Area in ‘000 ha

F I G U R E A 7 . 1

Continental Southeast Asia biomass flux diagram
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CONSIDERATIONS ON VIET NAM FOREST CHANGE RATES 
FRA 2005 estimates give a very consistent increment for natural forest area of 112 000 ha/year for 2000–2005
(128 000 ha for 1990–2000) in addition to the plantation rates of 108 000 ha/yr for 1990–2000 and 129 000 ha/yr
for 2000–2005. 

For the sake of reference is represented by the four sampling units located in Viet Nam (covering some
7.8 million ha, or almost one-quarter of the country) that report deforestation in all locations and an overall
forest change rate of -0.66 percent for the F2 definition (that best matches the FRA forest definition), that lessens
to -0.64 percent if increasing plantations are considered. This rate is about two-thirds of the subregional mean
without Viet Nam (-0.97 percent/yr).

The FAO projections of agricultural areas in 2015 indicate a significant increase in cropland in the whole
subregion, and particularly in Viet Nam, Cambodia and Lao PDR, which strengthens the hypothesis of a
decrease in the Vietnamese forest area. 

In the light of sample results and projected cropland, FRA 2005 statistics appear rather unrealistic and this
might reflect the data collection method, which was probably based on independent periodic assessments and
on progressively revised definitions, rather than on a direct and consistent estimation of forest cover dynamics. 

Therefore, as one possible hypothesis for scenario development, the rate of -0.64 percent/yr was applied
to project the 2015 forest area.

CONSIDERATIONS ON CHINA FOREST CHANGE RATES 
The FRA 2005 China data shows a very high forest area increment in both natural forest (+2.5 million ha/yr)
and plantations (+1.5 million ha/yr) in the 2000–2005 period. If projected to 2015, this rate will imply a very
substantial increase in forest area, namely 38.5 percent.

An independent reference is represented by the four sampling units located in Viet Nam (covering some
For the sake of caution, the change rate applied was that of the wider period 1990–2005, which, extrapolated
to 2015, implied an increase in forest area, with respect to 2000, of 29.7 percent.

This rate was in part supported by the FAO projections of agricultural areas in 2015, which indicate a
significant decrease in cropland.

Forest definition F2(1)

Absolute forest cover Relative forest cover 
Year ‘000 ha as percent of land area

4501 Central Viet Nam 1980 1013.4 72.0
1990 1007.2 71.5
2000 983.5 69.9

4502 South Viet Nam 1980 1589.4 72.5
1990 1489.3 68.0
2000 1412.6 64.5

4503 South Viet Nam 1980 1654.2 73.7
1990 1394.6 62.1
2000 1216.0 54.2

4509 North Viet Nam 1980 616.3 25.1
1990 566.4 23.0
2000 551.6 22.4

Note: (1) Results relative to F2 definition of forest, which was the best match for FRA definition of forest (FAO, 1996a).
Source: TEMS database. http://www.fao.org/gtos/tems/mod_fra.jsp?FRA_PAGE=body/fra_tree.jsp&EXPAND_SUBREGION=45.

T A B L E A 7 . 4

Viet Nam sampling units
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ANNEX – 7. LAND COVER CHANGE REFERENCES

BUFFERS WITHIN FOREST AREAS USED TO ALLOCATE THE PREDICTED 2000–2015 CHANGE 
The predicted change in woody biomass stocking due to the predicted change in forest area was spatially distributed
according to (i) distance from forest edge and (ii) distance from high consumption areas, based on the premise that
closer to forest edges and closer to high demand sites the probabilities of change are higher. Table A7.5 lists the
buffer thresholds used and the change rates finally applied in each buffer combination for each country. 

Estimated forest change areas of “exploitable” forest Change rate of 
2000–2015 (‘000 ha) by combined buffers (‘000 ha) combined buffers

Consumption buffers Consumption buffers Consumption buffers
Cambodia
Fordistance total 1 2 3 total 1 2 3 1 2 3
1 -1 050 -229 -346 -476 2 130 371 701 1 058 -0.62 -0.49 -0.45
2 -676 -53 -255 -368 2 396 151 903 1 341 -0.35 -0.28 -0.27
3 -91 -2 -47 -42 577 9 301 267 -0.20 -0.16 -0.16
4 -10 0 -4 -5 285 3 128 154 -0.04 -0.03 -0.03
Total -1 827 5 387
Lao PDR
Fordistance 1 2 3 total 1 2 3 1 2 3
1 -265 -10 -38 -217 2 255 67 324 1 864 -0.15 -0.12 -0.12
2 -115 -2 -10 -103 1 885 32 164 1 689 -0.08 -0.06 -0.06
3 -9 -1 -8 280 23 257 -0.03 -0.03
4 6 6 -0.01
Total -389 4 427
Malaysia
Fordistance 1 2 3 total 1 2 3 1 2 3
1 -934 -934 4 025 4 025 -0.23
2 -636 -636 8 042 8 042 -0.08
3 -136 -136 3 313 3 313 -0.04
4 -21 -21 2 095 2 095 -0.01
Total -1 727 17 474
Myanmar
Fordistance 1 2 3 total 1 2 3 1 2 3
1 -2 694 -1 107 -780 -807 8 875 2 917 2 569 3 388 -0.38 -0.30 -0.24
2 -1 758 -631 -454 -674 11 553 3 317 2 980 5 257 -0.19 -0.15 -0.13
3 -159 -51 -30 -78 2 095 536 393 1 166 -0.09 -0.08 -0.07
4 -7 -1 -1 -5 342 56 33 252 -0.03 -0.02 -0.02
Total -4 619 22 865

T A B L E A 7 . 6

Development of change rates adjusted for forest edge proximity and for distance from high demand sites

Forest edge buffers High consumption sites buffers
Distance from forest Fraction of overall Consumption buffers: distance Weight applied to Exceptions
edge “fordistance” change rate from high consumption sites change rate
1: 1 pixel (0.9 km) 0.1 1: < 75 km 1.25 Malaysia (1.0) and 

Viet Nam (1.15)
2: 2–5 pixels 0.4 2: 75–150 km 1 not Viet Nam (0.85)
3: 6–10 pixels 0.8 3: >150 km Remaining change
4: >10 pixels 1.6

T A B L E A 7 . 5

General weighting values applied for forest edge proximity and for distance from high demand sites

see next page ➥
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Estimated forest change Areas of “exploitable” forest Change rate of 
2000–2015 (‘000 ha) by combined buffers (‘000 ha) combined buffers

Consumption buffers Consumption buffers Consumption buffers
Thailand
Fordistance 1 2 3 total 1 2 3 1 2 3
1 -433 -86 -159 -188 3 771 598 1 388 1 785 -0.14 -0.11 -0.11
2 -207 -29 -76 -102 3 228 362 1 186 1 681 -0.08 -0.06 -0.06
3 -11 -1 -4 -6 264 23 96 145 -0.05 -0.04 -0.04
4 0 0 0 30 1 30 -0.01 -0.01
Total -651 7 294
Viet Nam
Fordistance 1 2 3 total 1 2 3 1 2 3
1 -385 -257 -107 -20 2 401 1 396 789 217 -0.18 -0.14 -0.09
2 -216 -151 -64 -2 2 628 1 594 910 124 -0.09 -0.07 -0.01
3 -13 -8 -4 0 295 169 109 17 -0.05 -0.04 -0.02
4 0 0 0 0 23 13 7 3 -0.01 -0.01 -0.01
Total -614 5 347

T A B L E A 7 . 7

Development of change rates adjusted for forest edge proximity and for distance from high demand sites

Country GFPOS industrial Extrapolated Fraction of Fraction of Fraction of
roundwood value exploitable VOB10 exploitable woody exploitable woody 

production model(1) produced for biomass from biomass from
(‘000 m3 VOB10 other uses from forest classes used forest classes available

[stem only]) forest classes for other uses for energy uses
2000 2005 2010 2015 2015 2015 2015

Cambodia 806 950 1014 1 078 0.16 0.060 0.940
China 112 575 129 431 151 582 173 733 0.34 0.127 0.873
Lao PDR 984 1 062 1 212 1 362 0.15 0.060 0.940
Malaysia 37 382 37 567 37 910 38 253 0.44 0.281 0.719
Myanmar 3 329 3 715 3 975 4 235 0.11 0.044 0.956
Thailand 8 159 8 729 9 734 10 739 0.93 0.364 0.636
Viet Nam 4 859 5 412 6 106 6 800 0.69 0.279 0.721 

Note: (1) GFPOS industrial roundwood production model from FAO, 1998b.

T A B L E A 7 . 8

Estimated average fraction of exploitable woody biomass from forest classes (including stem, bark and
branches) used for other, non-energy uses
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GFPOS MODEL PROJECTIONS 
The FAO Global Forest Product Outlook Study (GFPOS) produced fuelwood and charcoal consumption
projections up to year 2030 for all countries of the world based on existing survey data and modelling techniques
(FAO, 2001a). Country estimates were based on national, regional or global models, depending on the data available. 

Key parameters in most models were: 

� per capita GDP purchasing power parity in 1997 US$;

� forest area per capita;

� urban proportion of the population;

� 1997 oil production in barrels per capita per year;

� national land area in thousands of hectares;

� temperature; and

� dummy variables determined for each country. 
In order to check the validity of modelling assumptions, the GDP growth rates used in the GFPOS study

were compared with current World Bank statistics. World Bank data available for Cambodia, Lao PDR and Viet
Nam for the period 1994–2004 confirmed that GDP growth rates for these countries did not differ significantly
from that projected in GFPOS. It was concluded that GFPOS model predictions of fuelwood and charcoal
consumption were still valid, and therefore their trends for the period 2000–2015 were used to project from the
2000 baseline values forward to 2015, as reported in Tables A8.1 and A8.2.

Country Fuelwood (‘000 m3) GFPOS Fuelwood model
compound rate type(2)

Phase 1 Phase 2 GFPOS
2000 2015 2000 2015 2000-2015

Cambodia 8 651 6 581 9 931 7 555 0.981 93 HH: Regional; non-HH: continental
Yunnan (Prov. China) 16 790 12 574 216 721(1) 162 300(1) 0.980 91 HH: National; non-HH: continental
Lao DPR 5 250 5 229 5 770 5 747 0.999 73 HH: Regional; non-HH: continental
Malaysia 3 185 2 396 3 187 2 398 0.981 22 HH: Regional; non-HH: continental
Myanmar 34 332 26 830 17 863 13 960 0.983 70 HH: Regional; non-HH: continental
Thailand 13 634 10 308 13 262 10 027 0.981 53 HH: Regional; non-HH: continental
Viet Nam 35 593 32 279 26 029 23 606 0.993 51 HH: Regional; non-HH: continental 

Notes: (1) GFPOS values refer to entire China. (2) HH = household consumption model. non-HH = consumption model for all non-
household sectors.

T A B L E A 8 . 1

Estimated total charcoal consumption in 2000 and 2015 and reference values from the GFPOS study
used for consumption projections

Country Charcoal (‘000 m3 of wood used GFPOS Charcoal 
for charcoal production) compound rate model type

Phase 1 Phase 2 GFPOS
2000 2015 2000 2015 2000-2015

Cambodia 547 653 188 225 1.011 89 Global
Yunnan (Prov. China) 0(1) 0 10 788 10 085 0.995 52 Global
Lao DPR 202 282 102 141 1.022 29 Global
Malaysia 159(2) 177 159 177 1.007 38 Global
Myanmar 852 1 075 852 1 075 1.015 62 National
Thailand 18 759 22 594 7 290 8 780 1.012 48 National
Viet Nam 2 050 2 048 656 656 0.999 94 Global 

Notes: (1) No Charcoal consumption assumed in Yunnan. (2) GFPOS was used as main reference source.

T A B L E A 8 . 2

Estimated total charcoal consumption in 2000 and 2015 (as wood used for charcoal production)
and reference values from the GFPOS study used for consumption projections
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Two scenarios were considered: one “business-as-usual” (BAU) in which per capita consumptions were
maintained constant (high-consumption scenario), and another one with decreasing per capita consumption, as
projected by the GFPOS model (low-consumption scenario). The results are summarized in Table A8.3.

ANNEX - 8. WOODFUEL CONSUMPTION PROJECTIONS

Consumption of woody biomass for energy 
(‘000 t oven-dry biomass)

2000 Baseline 2015 BAU 2015 GFPOS trend
2000 2015 2015

Cambodia 5 407 6 969 4 262
Yunnan (China) 9 874 10 487 7 381
Lao DPR 3 097 4 271 3 132
Malaysia 1 996 2 089 1 429
Myanmar 20 012 23 212 16 226
Thailand 18 887 21 027 19 219
Viet Nam 21 834 26 038 19 963

T A B L E A 8 . 3

Summary by country for the total estimated woody biomass consumed in 2000 and the consumption
predicted in 2015 according to both the BAU scenario and the GFPOS trend scenario
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SCENARIOS



112

]
W

O
O

D
-

E
N

E
R

G
Y

 
S

U
P

P
L

Y
/

D
E

M
A

N
D

 
S

C
E

N
A

R
I

O
S

 
I

N
 

T
H

E
 

C
O

N
T

E
X

T
 

O
F

 
P

O
V

E
R

T
Y

 
M

A
P

P
I

N
G

[

GFPOS-trend consumption scenario BAU consumption scenario
Supply Mean Minimum Maximum Mean Minimum Maximum 

productivity productivity productivity productivity productivity productivity
Cambodia 11 319 101 26 277 8 612 -2 607 23 570
Yunnan (China) 43 472 6 858 92 290 40 366 3 752 89 184
Lao DPR 31 706 6 623 65 151 30 567 5 484 64 012
Malaysia 107 664 29 117 212 392 107 003 28 457 211 732
Myanmar 78 388 10 266 169 216 71 401 3 280 162 230
Thailand 24 351 -7 020 66 179 22 544 -8 827 64 372
Viet Nam 10 990 -11 296 40 705 4 915 -17 371 34 630

T A B L E A 9 . 1

Overall supply/demand balance aggregated at national level (‘000 t of woody biomass) for three
productivity supply levels within two consumption scenarios

Threshold Code Balance category
< -67 676 1 high deficit

-67 676 – -31 204 2 medium-high deficit
-31 204 – -6 889 3 medium deficit
-6 889 – 5 267 4 balanced 
5 267 – 29 582 5 medium surplus
29 582 – 53 897 6 medium-high surplus

> 53 897 7 high surplus 

T A B L E A 9 . 2

Balance thresholds used in the definition of balance categories. Threshold values are supply <minus>
consumption by 30 arc-sec pixel in kg (the threshold values are quintiles of the 2000 balance values)

High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 4.2 7.0 7.2 8.6 9.2 12.8 50.9
Yunnan (China) 0.3 1.3 2.4 2.3 8.4 13.4 71.8
Lao DPR 0.8 0.8 1.4 1.2 3.4 7.0 85.5
Malaysia 0.1 0.1 0.1 1.3 0.6 0.6 97.2
Myanmar 4.3 5.9 5.5 2.4 4.5 6.1 71.3
Thailand 3.8 7.3 11.0 10.1 15.7 14.5 37.6
Viet Nam 13.8 6.9 6.9 4.4 9.9 13.7 44.3
Total area 4.0 4.5 5.4 4.3 7.7 9.6 64.5
Minimum productivity
Cambodia 12.1 8.9 9.2 13.3 38.5 14.1 3.9
Yunnan (China) 3.5 6.3 12.9 13.0 42.5 18.4 3.4
Lao DPR 2.4 3.0 5.6 6.2 45.2 25.0 12.8
Malaysia 0.6 0.4 0.6 2.1 3.6 9.7 83.1
Myanmar 9.8 7.6 7.0 5.2 29.8 27.4 13.2
Thailand 7.5 13.5 20.6 16.8 29.9 9.3 2.4
Viet Nam 23.1 11.1 12.3 10.7 28.4 12.4 1.9
Total area 8.4 7.8 10.4 9.5 30.2 17.3 16.3
Maximum productivity
Cambodia 2.8 4.8 5.3 7.4 6.3 5.5 67.9
Yunnan (China) 0.1 0.5 0.9 0.8 2.5 4.0 91.2
Lao DPR 0.5 0.3 0.4 0.4 1.2 1.8 95.3
Malaysia 0.1 0.0 0.1 1.2 0.3 0.3 98.1
Myanmar 2.7 4.3 4.4 2.1 3.1 2.8 80.5
Thailand 2.0 3.2 5.1 6.5 10.9 10.3 62.0
Viet Nam 10.0 4.0 4.2 2.7 5.5 6.4 67.2
Total area 2.6 2.7 3.2 3.0 4.5 4.7 79.4

T A B L E A 9 . 3 A

Areas by woodfuel balance categories expressed as percentage of a country’s area under different
supply/demand balance conditions in the GFPOS-trend consumption scenario
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ANNEX - 9. 2015 SUPPLY/DEMAND SCENARIOS

High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 9.5 6.5 5.9 7.9 8.4 12.1 49.6
Yunnan (China) 1.6 2.3 3.1 2.7 8.5 13.2 68.5
Lao DPR 1.4 1.1 1.5 1.2 3.4 7.1 84.2
Malaysia 0.3 0.1 0.1 1.3 0.6 0.7 96.9
Myanmar 7.3 5.7 4.5 2.1 4.2 5.9 70.3
Thailand 4.5 5.6 9.8 10.2 16.4 15.1 38.3
Viet Nam 17.3 6.6 6.6 4.0 9.2 13.1 43.2
Total area 5.9 4.3 4.9 4.2 7.6 9.5 63.6
Minimum productivity
Cambodia 12.1 8.9 9.2 13.3 38.5 14.1 3.9
Yunnan (China) 3.5 6.3 12.9 13.0 42.5 18.4 3.4
Lao DPR 2.4 3.0 5.6 6.2 45.2 25.0 12.8
Malaysia 0.6 0.4 0.6 2.1 3.6 9.7 83.1
Myanmar 9.8 7.6 7.0 5.2 29.8 27.4 13.2
Thailand 7.5 13.5 20.6 16.8 29.9 9.3 2.4
Viet Nam 23.1 11.1 12.3 10.7 28.4 12.4 1.9
Total area 8.4 7.8 10.4 9.5 30.2 17.3 16.3
Maximum productivity
Cambodia 7.2 5.0 4.6 6.6 5.4 4.9 66.2
Yunnan (China) 0.8 1.2 1.3 0.9 2.7 4.3 88.8
Lao DPR 0.9 0.5 0.6 0.5 1.3 1.7 94.6
Malaysia 0.2 0.1 0.1 1.2 0.3 0.3 97.9
Myanmar 5.4 4.3 3.8 1.8 2.7 2.5 79.5
Thailand 2.9 2.5 4.0 6.1 10.7 10.7 63.1
Viet Nam 13.0 4.2 4.0 2.5 5.1 5.9 65.3
Total area 4.3 2.7 2.8 2.7 4.3 4.6 78.6

T A B L E A 9 . 3 B

Areas by woodfuel balance categories expressed as percentage of a country’s area under different
supply/demand balance conditions in the BAU consumption scenario

High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 46.5 21.7 12.1 4.8 6.3 4.1 4.6
Yunnan (China) 9.2 10.7 13.1 7.8 15.6 13.5 30.1
Lao DPR 29.1 6.9 8.0 4.2 9.1 9.9 32.8
Malaysia 20.8 5.8 6.2 2.3 5.9 4.7 54.4
Myanmar 50.0 18.9 10.3 3.3 5.0 3.6 8.8
Thailand 38.6 17.1 14.7 6.4 9.5 5.7 7.9
Viet Nam 67.4 10.8 6.7 2.9 4.5 3.4 4.3
Total area 43.3 13.6 10.2 4.5 7.6 5.7 15.0
Minimum productivity
Cambodia 55.3 23.4 12.0 4.1 4.6 0.5 0.1
Yunnan (China) 15.8 23.7 24.5 13.4 18.0 4.1 0.5
Lao DPR 34.5 13.2 14.9 8.3 21.3 6.4 1.4
Malaysia 30.0 13.1 7.8 3.4 11.9 12.9 21.0
Myanmar 59.5 20.4 9.8 3.1 4.8 1.9 0.5
Thailand 50.1 25.5 15.0 4.5 3.7 1.0 0.4
Viet Nam 77.3 11.4 6.0 2.4 2.4 0.4 0.1
Total area 52.7 18.6 12.0 4.9 6.8 2.7 2.2
Maximum productivity
Cambodia 39.0 17.7 12.0 5.4 7.7 5.4 12.7
Yunnan (China) 7.0 4.1 6.3 4.0 9.5 10.9 58.3
Lao DPR 24.4 4.5 3.8 2.7 6.2 7.1 51.2
Malaysia 14.0 4.2 2.8 2.2 4.3 4.5 68.1
Myanmar 41.6 16.4 10.2 3.9 5.7 4.2 17.9
Thailand 30.3 10.7 10.6 5.5 11.3 8.6 23.0
Viet Nam 57.8 9.0 6.7 2.8 5.5 4.6 13.6
Total area 35.7 9.8 7.9 3.8 7.4 6.4 28.8

T A B L E A 9 . 4

Population and woodfuel balance – percentage of country total populations living in different
supply/demand balance conditions under the GFPOS-trend consumption scenario
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High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 16.7 26.4 20.0 8.2 11.6 7.9 9.2
Yunnan (China) 1.3 4.7 6.1 4.7 13.9 16.9 52.4
Lao DPR 4.2 5.5 8.5 5.5 12.3 13.8 50.3
Malaysia 0.1 0.2 0.2 0.6 0.9 1.7 96.3
Myanmar 21.9 26.4 16.2 4.8 7.7 5.9 17.0
Thailand 9.0 18.8 21.7 10.7 16.1 9.5 14.2
Viet Nam 35.6 14.4 11.9 5.7 10.5 8.9 13.0
Total area 15.8 16.0 14.1 6.5 11.6 9.5 26.5
Minimum productivity
Cambodia 24.6 34.1 22.3 8.3 9.5 1.1 0.3
Yunnan (China) 4.0 12.0 22.4 18.6 33.4 8.7 1.0
Lao DPR 8.3 14.3 20.0 12.1 33.1 10.1 2.2
Malaysia 0.7 1.5 3.2 2.6 8.4 17.4 66.2
Myanmar 32.9 30.2 16.6 5.5 9.5 4.2 1.1
Thailand 19.3 35.8 26.4 8.4 7.2 2.0 0.8
Viet Nam 48.8 20.7 14.0 6.9 7.9 1.6 0.2
Total area 24.7 24.6 19.2 9.0 13.3 4.6 4.5
Maximum productivity
Cambodia 10.4 19.1 17.0 8.2 12.2 9.0 24.0
Yunnan (China) 0.4 1.9 2.8 1.9 5.1 7.0 81.0
Lao DPR 1.8 2.3 3.1 2.5 6.3 8.7 75.2
Malaysia 0.0 0.0 0.1 0.4 0.2 0.4 98.9
Myanmar 13.5 21.1 15.5 6.0 8.3 5.9 29.7
Thailand 3.7 8.7 11.8 8.0 16.9 13.8 37.1
Viet Nam 26.2 9.4 8.3 4.5 9.0 8.5 34.1
Total area 10.1 10.2 9.7 5.2 9.8 8.7 46.3

T A B L E A 9 . 5

Percentage of country sparse rural populations (<2000 inh/km2) living under different supply/demand
balance conditions – GFPOS-trend consumption scenario

High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 64.7 13.0 7.6 3.0 4.6 3.0 4.0
Yunnan (China) 24.5 12.5 9.6 5.7 11.5 10.5 25.7
Lao DPR 35.0 6.9 6.3 3.9 8.3 8.6 30.9
Malaysia 32.7 6.3 3.5 2.1 3.1 3.6 48.8
Myanmar 62.7 13.4 6.7 2.4 3.8 3.0 8.0
Thailand 42.4 12.7 13.5 6.9 10.2 6.0 8.3
Viet Nam 74.0 8.1 5.2 2.2 3.7 2.9 3.9
Total area 52.7 10.7 7.9 3.8 6.4 4.9 13.5
Minimum productivity
Cambodia 71.1 14.5 7.1 3.0 3.7 0.5 0.1
Yunnan (China) 35.9 19.1 18.1 9.5 13.9 3.2 0.4
Lao DPR 40.8 12.2 13.2 7.1 19.5 5.9 1.3
Malaysia 44.2 6.3 6.2 3.8 10.2 11.7 17.6
Myanmar 70.2 14.2 6.8 2.5 4.1 1.8 0.5
Thailand 51.0 21.9 16.3 5.2 4.1 1.1 0.4
Viet Nam 81.9 8.6 4.9 2.0 2.1 0.4 0.0
Total area 61.4 14.2 10.1 4.2 5.9 2.4 1.9
Maximum productivity
Cambodia 57.6 12.3 7.5 3.2 5.1 3.5 10.6
Yunnan (China) 16.1 9.0 6.7 3.4 7.5 8.0 49.4
Lao DPR 30.1 4.1 4.5 2.1 5.6 5.0 48.6
Malaysia 25.0 4.4 3.2 1.2 2.8 2.9 60.6
Myanmar 54.7 12.2 7.5 2.9 4.1 3.1 15.5
Thailand 35.9 7.6 8.3 5.3 10.6 9.0 23.2
Viet Nam 65.4 7.5 4.9 2.3 4.3 3.7 11.7
Total area 44.9 8.4 6.3 3.2 6.0 5.3 25.7

T A B L E A 9 . 6

Population and woodfuel balance – percentage of country total populations living in different
supply/demand balance conditions under the BAU consumption scenario
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ANNEX - 9. 2015 SUPPLY/DEMAND SCENARIOS

High Medium- Medium-low Balanced Medium-low Medium-high High
deficit high deficit deficit surplus surplus surplus

Mean productivity 
Cambodia 36.1 21.3 13.7 5.6 8.9 6.2 8.2
Yunnan (China) 4.5 6.2 7.1 5.2 13.6 15.9 47.5
Lao DPR 8.0 6.9 7.8 5.2 11.6 12.4 48.0
Malaysia 0.2 0.2 0.4 0.6 1.3 2.1 95.2
Myanmar 35.3 21.6 11.5 4.0 6.5 5.2 15.8
Thailand 8.4 15.1 20.9 11.9 18.1 10.5 15.0
Viet Nam 42.9 12.7 10.3 4.8 9.1 8.1 12.1
Total area 21.9 13.7 12.3 6.4 11.3 9.1 25.3
Minimum productivity
Cambodia 45.5 25.1 14.2 6.2 7.7 1.0 0.3
Yunnan (China) 9.7 15.1 23.6 16.1 27.6 7.0 0.9
Lao DPR 13.2 15.2 18.9 10.8 30.6 9.3 2.1
Malaysia 1.0 2.5 3.5 3.3 8.8 18.9 61.9
Myanmar 45.6 24.0 12.3 4.5 8.6 3.9 1.1
Thailand 16.6 32.3 29.6 10.1 8.3 2.3 0.9
Viet Nam 55.2 17.7 12.2 6.1 7.2 1.5 0.2
Total area 30.5 21.8 18.5 8.5 12.1 4.4 4.3
Maximum productivity
Cambodia 27.9 17.7 12.4 5.7 8.9 6.8 20.5
Yunnan (China) 1.9 3.4 3.2 2.1 5.3 7.3 76.9
Lao DPR 4.3 3.4 4.1 2.2 6.8 7.0 72.2
Malaysia 0.0 0.0 0.1 0.4 0.2 0.4 98.8
Myanmar 25.4 18.8 12.5 4.4 6.4 5.0 27.6
Thailand 4.2 6.8 10.2 7.6 17.1 15.0 39.1
Viet Nam 32.8 9.2 7.4 4.0 8.0 7.4 31.4
Total area 15.5 9.4 8.2 4.5 9.1 8.4 44.8

T A B L E A 9 . 7

Percentage of country sparse rural populations (<2000 inh/km2) living under different supply/demand
balance conditions – BAU consumption scenario
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