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Estimating the country-based carbon sequestration by forestry and land-use section is very
important work in ecosystem management (EM) and putting the Kyofo Protocol into practice.
Developing a multi-scale geo-database management system (Geo-DBMS) at the individual tree,
stand, ecosystem, and landscape levels is the first step in the process. Then, empirical and mecha-
nistic models have to be developed to obtain spatial information of the status, function, and change
in each level. In this paper, we attempted to develop a nationwide carbon sequestration inventory
system for Taiwan with data from forest inventories, permanent sampling plots, and research. Inte-
grating data of the tree, stand, and landscape levels to estimate the stock and flux of carbon (carbon
sequestration) in various forest types and species is key. Camphor (Cinnamomum camphora) tree
plantations were used as an example for estimating the carbon flux and stock in Taiwan. In the for-
est level, aerial photos were interpreted to produce land-use and land-cover maps of the camphor
tree distribution in Taiwan. At the stand level, the stand composition, stand structure, growing
stock, and stand growth were estimated from 84 permanent sampling plots for camphor trees. At
the tree level, the aboveground weight was surveyed from 99 camphor trees in a biomass inven-
tory in 1995. A camphor tree growth model was also developed for the permanent sampling plots.
The models from different levels were integrated to estimate the stock and flux of tree volume and
biomass. In the study, the aboveground parts (branches and leaves) accounted for 0.2002 [(DBH/S)
+ 17%%** of the biomass and that of the roots was 28.95%. The results for camphor trees were esti-
mated to be a forest area of camphor tree plantations of 7722.66 ha; stem aboveground biomass of
69.86 tons ha™ and C stock of stems of 32.84 tons ha™; a complete tree biomass of 92.52 tons ha’'
and C stock of complete tree of 43.48 tons ha''; and a carbon flux of growth rate of 6%. The carbon
stocks of camphor trees were estimated and are displayed in distribution maps of several following
years. In the future, we can estimate the stock and flux of each species in Taiwan with this national-
level forest carbon sequestration inventory system.

Key words: forest inventory, growing stock, permanent sampling plot, biomass, carbon flow.
Lee HT, Feng FL. 2008. A forest carbon sequestration inventory system: an example of camphor
trees in Taiwan. Taiwan J For Sci 23(Supplement):S11-22.
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Fig. 1. Flow chart of data collection for the carbon sequestration inventory in forest.
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Fig. 2. Flow chart of carbon quantity estimation from the carbon sequestration surveys in
forests. CAIL, current annual increment; DBH, diameter at breast height; LU, land use.
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Table 1. Number of camphor tree plots distributed by different land-use types and elevation

Forest type No. of plots Elevation (m) No. of plots
Broadleaf forest 1 0~500 50
Mixed forest 2 500~1000 23
Mixed plantation 5 1000~1500 14
Acacia plantation 3
Camphor plantation 56
Other broadleaf trees 3
Mixed broadleaf Plantation 17
Total 87 87
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Table 2. Biomass of camphor trees by forest type and elevation

. . 1 Abrovground biomass
Forest type Elevation (m) Stem biomass (ton ha™) (ton ha™)

Mixed plantation <500 58.52 77.47
500~1000 31.61 42.60

> 1000 27.54 36.91

Acacia plantation <500 113.03 149.16
500~1000 46.69 61.35

Camphor plantation <500 89.35 118.09
500~1000 80.97 107.49

> 1000 80.18 106.53

Other broadleaf trees <500 60.54 80.63
500~1000 87.39 116.63

Mixed broadleaf plantation <500 65.09 86.25
500~1000 93.76 123.46

> 1000 64.36 85.46
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Table 3. Plots and area of camphor tree distribution by forest type and elevation
Elevation = No. of camphor  No. of Estimated
Forest type (m) tree plots plots Area (ha) area (ha)
Mixed plantation <500 2 10 782.31 156.46
500~1000 1 27 4340.36 160.75
> 1000 2 32 19,756.27 1234.77
Acacia plantation <500 1 23 2415.78 105.03
500~1000 2 40 6746.74 337.34
Camphor plantation <500 35 39 1874.89 1682.59
500~1000 13 19 1149.51 786.51
> 1000 8 8 374.29 374.29
Other broadleaf trees <500 2 45 3729.53 165.76
500~1000 1 12 1516.58 126.38
Mixed broadleaf plantation <500 8 52 6152.16 946.49
500~1000 6 28 4919.04 1054.08
> 1000 3 23 4540.32 592.22
Total 84 358 58,297.78 7722.66

Table 4. Carbon stock for every level of camphor trees

Land ; Elevation Area Stem Complete tree Stem carbon ~ Complete tree
and-use type (m) (ha) biomass (ton) biomass (ton) stock (ton) carbon stock (ton)

Mixed plantation <500 156.46 9156.16 12,121.11 4303.39 5696.92
500~1000 160.75 5081.44 6848.12 2388.28 3218.62

>1000 1234.77 34,005.48 45,575.25 15,982.58 21,420.37

Acacia plantation <500 105.03  11,871.98 15,666.86 5579.83 7363.42
500~1000 337.34  15,750.26 20,695.62 7402.62 9726.94

Camphor plantation <500 1682.59 150,342.14  198,695.07 70,660.81 93,386.68
500~1000 786.51 63,685.27 84,542.83 29,932.08 39,735.13

>1000 37429 30,010.57 39,873.11 14,104.97 18,740.36

Other broadleaf trees <500 16576  10,034.92 13,364.98 4716.41 6281.54
500~1000 126.38  11,044.49 14,739.89 5190.91 6927.75

Mixed broadleaf plantation <500 946.49  61,602.05 81,636.80 28,952.96 38,369.29
500~1000 1054.08 98,830.54  130,136.72 46,450.35 61,164.26

>1000 59222  38,115.00 50,610.75 17,914.05 23,787.05

Total 7,722.66 539,530.31  714,507.12  253,579.25 335,818.34
Carbon per ha. 69.86 92.52 32.84 43.48
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Fig. 7. Carbon stock of camphor trees (tons ha™). (a) stem part; (b) aboveground part.
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Fig. 8. Relationship of total growth and current annual increment (CAI).

Table 5. The carbon flux of camphor trees in Taiwan

40

50

60

Area: 7722.66 ha Total (tons) Per ha. (tons ha™)
Year C stock of C stock of C stock of C stock of
stems complete trees stems complete trees
2001 253,579.25 335,818.34 32.84 43.48
2002 268,806.63 355,939.04 34.81 46.09
2003 284,980.79 377,164.40 36.90 48.84
2004 302,101.72 399,573.33 39.12 51.74
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Fig. 9. Space distribution of carbon stocks of camphor trees in 2001~2004 (stem part and

aboveground).
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