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Abstract Science magazine has published a paper by Fang et al. 2001 291 2320 - 2322 which based on the
variable BEF  Biomass Expansion Factor method discusses forest biomass carbon and its changes in China in the past
50 years by using direct field measurements and forest inventory database. This is a large spatio-temporal scale study

associated with principles and methods for a large-scale ecology study and scaling-up. Due to a limited space the Sci-
ence paper does not describe these in details. In order to help understand methodologies for such a large-scale study here
we presented the basis for calculating regional biomass in details and described the data sources and methodologies used
in the Science paper. The variable BEF changes calculation equations of regional forest biomass and scaling up from di-
rect biomass measurement to regional biomass estimation are three main foundations for estimating China’ s forest biomass
carbon in the Science paper. Among these the first one is the most critical to calculation of biomass carbon.

Key words  Estimation of regional forest biomass Forest carbon and its change Forest inventory Variable BEF

changes

85%
Lieth & Whittaker 1975
70 80
1980 1981
60 ~ 70
IBP
2001-11-21 2001-12-21
62000046801 30425003 40024101

E-mail jyfang@ urban. pku. edu. cn



244 26
1996
1996 1998 1999 1999
1990 2000 2001
2001 Wang et al. 2001 1999
Science
Wofsy Wofsy 2001
AAAS  Onaga Onaga
2001  Science Senior Editorial Super-
90 Fang 1993 visor for Science Andrew Sugden
1998 2001 1996a 1996b
2000 ‘ "
“ " The Times Higher Ed-
ucation Supplement
50 2
Science
Science Fang et al. 2001 Science
3
Science 2.1 BEF
Science
3
2000 Fang & Wang 2001
1 Science “ Science ”
Science
1
IBP
50 CO, Lieth & Whittaker 1975 Brown & Lu-
70 go 1982
Co, 0.62 2
PgC Pg = 10 g CO, 20 BEF  biomass expansion
CO, factor
70 4.38 PgC 1998 IBP
4.75 PgC 0.37 PgC Lieth & Whittaker 1975
CO, BEF
Turner
1 et al. 1995 Alexeyev et al. 1995 VFang et al.
2 1998
3 CO, 3

BEF



2 Fang  Science Science 2001 291 2320 ~ 2322 245
Brown & Lugo 1984 Brown et al. 1989 Fang 1993 1998
Kauppi et al. 1992 Tumer et al. 1995 Alexeyev et 1996a Fang  Wang 2001
al . 1995 BEF
b
BEF =a+ — 2
BEF v
a b BEF
a BEF
Brown Lugo 1992  Schroeder 1997
Brown  Schroeder 1999 All
omet
BEF x g <
1 Fan; Wang 2001
BEF = ax~" 1 & €
ab 0
BEF
2
. “ K 2000
Scaling-up
Fang & Wang 2001
- 6 r
25 () e ®
Larch forests 5k Tropical forests
20 b BEF=0. 54+59. 83/x BEF=1. 6641+29. 9818/x
: (R*=0. 81,2<0. 0001) 4t (#?=0. 53, p<0. 0001)
-3 & 5
Eg 1.5 g 3
2 3
10
1 3
0.5 1 4 L L ) 0 N . N N )
0 100 200 300 400 500 0 50 100 150 200 250
Stem volume (m3-hm?) Stem biomass (t-hm?)
30 1 6
(c) (d)
(] Spruce-birch forests 5
25 F BEF=1. 3599+5. 9195/x P. elliottii plantations
(#2=0. 91,2<0. 0001) 4 BEF =1.9159+0. 1518/x
(r%=0. 97,p<0. 0001)
B, 53
g 20} g 3
2
1.5 F
1
1.0 L ] L L 1 J 0 o N N N
0 10 20 30 40 50 60 0 50 100 150 200
Stem biomass (t-hm?) Stem biomass (t-hm?)
1 BEF - Fang & Wang 2001
Fig.1 Changes in the BEFs biomass expansion factor with stem size biomass or volume in different forest types based on Fang & Wang 2001

a Larch Larix forests in China that grow in different regions ages and sites Fang et al.
ent regions Sri Lanka dry to moist zone @  Malaysia moist zone O and French Guiana moist zone A
forests in European Russia with four forest types all of which were 30 — 100 years old Chibisov 1995
Gholz & Fisher

da USA with seven age classes and three replications for each age class

BEFsin b and c¢ . Solid lines were fitted by Eq. 2

1996b b tropical forests from three geographically differ-

Brown et al. 1991 ¢ natural spruce-birch
and d slash pine Pinus elliottii  plantations in Flori-

1982 . Only aboveground biomass was used in computation of the



246 .

2.2
BEF
BEF
y A
X BEF
y=A x BEF 3
BEF 23
BEF 2 )
2001
4 2
m n_k _
Y=2>>>Ay BEF; x; 4 y=ax+b 5
i=tj=1=1 Y gt -y
Y ijl
n
i A xi i
J l ,
m n k 1
Yl :A1y1+A2y2+ +Anyn
2 =A, ax;+b +A, ax,+b + + A, ax,
2 +b
4 4 = ai}lA; x; + bA 6
4A 4B A
4A 4B
A X
2 4

x=X/A= /4 34 x,

m_ n_ k %
Y =222 A0 a+b/xy xy 2
Y, =A y=A ax+ b

i=1j=1=1

_ ”l‘ V b ’7[1[4‘v nw
ai%ll it ,%1 ! =A a 1/A >T’1Ai. X+ b
=S4 x b/x; "
i=1 " i at %i :a%}lA; xi+bA 7
i=1
Y = 3 A; x; BEF,
= Y, =Y, 8
= a_7‘1 Vi + b%}lAl
=A x a+b/x
=A x BEF 4B 2
Y A x BEF
Ai Vi X; 3
BEF; l BEF

4A 4B Science 50



247

70

1 . 1996.

70

2 Fang  Science Science 2001 291 2320 ~ 2322
—70
R?>=0.83 p<0.001
3% 2001
Science
1994 ~
BEF 2 50 1998
50 1994
0.3 0.2
3
0.3
3.1
Science
3.1.1
3.1.2
70
1984 ~ 1988 25
1989 ~ 1993  33.3 ! BEF
2
2" km n=1 2 3 BEF 1996¢
20 36 1992
DBH 1992
Fang et al. 2001
5 1 3.2
Science 1949 1950 ~ 1962 1973 ~ 1 70
1976 1977 ~ 1981 1984 ~ 1988 1989 ~ 1993 1994 ~ Science
1998 7 BEF 4A
1949 80 4B
L1964 1950 ~ 1962 2 70
1973 ~ 1976
! Science
70 2001
70 70
Yy



248

26

1977 ~ 1981 1984 ~ 1988

1989 ~ 1993 1994 ~ 1998 4

y=0.5751x+38.706 n= 120 R*=0.83 9
9 1949 1950 ~ 1962
1973 ~ 1976

3.0% 2001

4

1 Science
2

3
3 Science

Alexeyev, V., R. Birdsey, V. Stakanov & I. Korotkov. 1995. Carbon in
vegetation of Russian forests: methods to estimate storage and geographical
distribution. Water, Air and Soil Pollution, 82: 271 ~282.

Brown, S. & A. E. Lugo. 1982. The storage and production of organic mat-
ter in tropical forests and their role in the global carbon cycle. Biotropica,
14: 161 ~ 187.

Brown, S. & A. E. Lugo. 1984. Biomass of tropical forests: a new estimate
based on forest volumes. Science, 223: 1290 ~ 1293.

Brown, S. & A. E. Lugo. 1992. Aboveground biomass estimates for tropical
moist forests of Brazilian Amazon. Interciencia, 17: 8 ~ 18.

Brown, S. L. & P. E. Schroeder. 1999. Spatial patterns of aboveground
production and mortality of woody biomass for eastern U.S. forests. Eco-
logical Applications, 9: 968 ~ 980.

Brown, S., A. J. R. Gillespie & A. E. Lugo. 1989. Biomass estimation

methods for tropical forests with applications to forest inventory data. Forest

Science, 35: 881 ~902.

Brown, S., A. J. R. Gillespie & A. E. Lugo. 1991. Biomass of tropical
forests of south and southeast Asia. Canadian Journal of Forest Research,
21: 111~ 117.

Chibisoy, G. A. 1995. Bioproductivity of spruce stands in northern Euro-
pean Russia. Water, Air and Soil Pollution, 82:87 ~96.

Fang, J. Y., G. H. Liu & S. L. Xu. 1993. Storage, distribution and
transfer of the biogenic carbon in China. The 1st IGAC Conference, Eilat,
Israel .

Fang, J. Y. ( ), G. H. Liu ( ) &S. L. Xu ( ).
1996a. Biomass and net production of forest vegetation in China. Acta E-
cologica Sinica ( ), 16: 497 ~ 508. (in Chinese)

Fang, J. Y. ( ), G. H. Liu ( ) &S. L. Xu ( ).
1996hb. Carbon cycling in terrestrial ecosystems in China. In: Wang, G.
C. ( ) &Y. P. Wen (

their mechanisms of greenhouse gases in China. Beijing: China Environ-

) eds. Studies on emissions and

ment Science Publishing House. 81 ~149. (in Chinese)

Fang, J. Y. ( ), G. H. Liu ( ) &S. L. Xu ( ).
1996¢. Carbon pools in terrestrial ecosystems in China. In: Wang, R. S.
( ), J. Y. Fang ( ), L. Gao ( ) &Z. W. Feng (

) eds. Advance in ecology: reports of National Laboratory of Systems
Ecology of the Chinese Academy of Sciences 1992 — 1995. Beijing: Chi-
nese Science and Technology Press. 251 ~277. (in Chinese)

Fang, J. Y., G. G. Wang, G. H. Liu & S. L. Xu. 1998. Forest biomass
of China: an estimation based on the biomass-volume relationship. Ecologi-
cal Applications, 8: 1084 ~ 1091.

Fang, J. Y. ( ). 2000. Forest biomass carbon pool of the middle
and high latitudes in North Hemisphere is probably much smaller than pre-
sent estimates. Acta Phytoecologica Sinica ( ), 24:635 ~
638. (in Chinese)

Fang, J. Y. ( ) & A. P. Chen( ). 2001. Dynamic forest
biomass carbon pools in China and their significance. Acta Botanica Sinica
( ), 43: 967 ~973. (in Chinese)

Fang, J. Y. & Z. M. Wang. 2001. Forest biomass estimation at regional
and global levels, with special reference to China’s forest biomass. Eco-
logical Research, 16: 587 ~ 592.

Fang, J. Y., A. P. Chen, C. H. Peng, S. Q. Zhao & L. J. Ci. 2001.
Changes in forest biomass carbon storage in China between 1949 and 1998.
Science, 292: 2320 ~2322.

Feng, Z. W.( ), J. W. Zhang ( )& S. J. Deng (

). 1980. Study on biomass of Chinese fir plantation ecosystem in sub-
tropical Taoyuan, Hunan. In: Institute of Forest Soil, CAS (
) ed. Theses on ecology of Chinese fir plantation. (in
Chinese)

Feng, Z. W.( ), X. K. Wang( )& G. Wu( ). 1999.
Biomass and primary production of China’s forest ecosystems. Beijing:
Science Press. (in Chinese)

Gholz, H. L. & R. F. Fisher. 1982. Organic matter production and distri-
bution in slash pine ( Pinus elliottii) plantations. Ecology, 63: 1827 ~
1839.

Kang, H. N. ( ), Q. Y. Ma ( ) & J. Z. Yuan ( ).
1996. Estimation of carbon sink function of forests in China. Chinese Jour-
nal of Applied Ecology ( ), 7: 230 ~234. (in Chinese)

Kauppi, P. E., K. Mielikainen & K. Kuusela. 1992. Biomass and carbon
budget of European forests, 1971 to 1990. Science, 256: 70 ~ 74.

Li, W. H. ( ), K. M. Deng ( ) & F. Li ( ). 1981.
Study on biomass and primary production of the main ecosystems in Chang-

),2: 34

bai Mountain. Research of Forest Ecosystem(



2 Fang

Science

Science 2001 291 2320 ~ 2322 249

~50. (in Chinese)

Lieth, H. & R. H. Whittaker. 1975. Primary productivity of the biosphere.
New York: Springer-Verlag.

Liu, G. H. ( ), B. J. Fu ( ) &J. Y. Fang( ).
2000. Carbon dynamics of Chinese forests and its contribution to global

), 20:733 ~740. (in

carbon balance. Acta Ecologica Sinica (

Chinese)

Liu, S. R. ( ), Y. X. Chai ( ), T. J. Cai ( ) &
C. H. Peng ( ). 1990. Study on biomass and primary productivity
of planted Larix gmelini ecosystem. Journal of Northeast Forestry University
( ), 18(2): 40 ~45. (in Chinese)

Luo, T. X. ( ), W. H. Li ( ), Y. F. Leng ( ) &
Y. Z. Yue ( ). 1998. Estimation of total biomass and potential

distribution of net primary productivity in the Tibetan Plateau. Geographical
Research ( ), 17: 337 ~344. (in Chinese)

Luo, T. X. ( ), W. H. Li ( ) &S. D. Zhao ( ).
1999. Productivity distribution patterns and modeling of Pinus tabulae-
formis forest in China. Chinese Journal of Applied Ecology (

), 10: 257 ~261. (in Chinese)

Ma, Q. Y. ( ) &Z. M. Xie (
bon stored in Chinese pine forests. Journal of Beijing Forestry University
( ), 18(3): 31 ~34. (in Chinese)

Onaga, L. 2001. Scientists find where carbon is going. News Health & Sci-
ence, AAAS (2001-06-21) .

Schroeder, P., S. Brown, J. Mo, R. Birdsey & C. Cieszewski. 1997.

Biomass estimation for temperate broadleaf forests of the United States using

). 1996. Estimation of car-

n
Y, = S A: % BEF, 4A
i=1
Y,=4A x BEF 4B
Brown 1
BEF = ax~" a>0 0<b<1 1

.
Y, =aXA; x'70
=1

_(I,EA-[) Vlfb
i=1
oL 1
:(L»%,lvip' Ai" 10
1 1 1 1
—=1-b —=b —+—=1 p>0 ¢>0
p q p q P 7
Holder 1990
noo 1 1
YIZGZVL'; Al;
i=1
oL i o 1 1
<a > Vio P . Aijg 7 g 11

inventory data. Forest Science, 43: 424 ~ 434.

Turmer, D. P., G. J. Koepper, M. E. Harmon & J. J. Lee. 1995. A
carbon budget for forests of the conterminous United States. Ecological Ap-
plications, 5: 421 ~436.

Wang, S. Q. ( ), C. H. Zhou ( ) & C. W. Luo (

). 1999. Studying carbon storage spatial distribution of terrestrial natu-
ral vegetation in China. Progress in Geography ( ), 18:
238 ~ 244 . (in Chinese)

Wang, Y. H. ( ), G. S. Zhou ( ), Y. L. Jiang ( )
&Z. Y. Yang ( ). 2001. Estimating biomass and NPP of Larix
forests using forest inventory data (FID). Acta Phytoecologica Sinica (

), 25: 420 ~ 425. (in Chinese)

Wang, X. K., Z. W. Feng & Z. Y. Ouyang. 2001. The impact of human
disturbance on vegetative carbon storage in forest ecosystems in China. For-
est Ecology & Management, 148: 117 ~ 123.

Wang, X. K. ( ), Z. W. Feng ( ) &Z. Y. Ouyang (

). 2001. Vegetation carbon storage and density of forest ecosystems
in China. Chinese Journal of Applied Ecology ( ), 12: 13
~16. (in Chinese)

Wofsy, S. C. 2001. Where has all the carbon gone? Science, 292: 2261 ~
2263.

Zhang, 7. S. ( ). 1990. A new course in calculus. Vol. 2. Bei-
jing: Peking University Press.

Zhou, Y. R. ( ), Z. L. Yu ( ) &S. D. Zhao ( ).
2000. Carbon storage and budget of major Chinese forest types. Acta Phy-

), 24: 518 ~522. (in Chinese)

toecologica Sinica (

V
x,:/Tl:C =1 2 n 12
c
4B
Y, =a A P
=q AX V-0
—a MAE Nyt
i=1 i=1
n n 1
—a -L:V" » TJIAZ q
n 1 T 1 1
=a ?‘, Ve P ?‘1 A 17 13
Yi<Y, 14
1
BEF



