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Abstract; We estimated total forest biomass and the biomass of forest stands in Zhejiang Province between 1976 and 2004
using data from continuous forest resource inventory and conversion models that account for the relationship between volume
and biomass using the Variable Biomass Expansion Factor ( VBEF) method. Total-forest biomass included forest stands,
bamboo stands, cash forests, open forest, shrub forest and trees on non-forest land. Between 1976 and 2004, Zhejiang
Province total-forest biomass increased from 1. 00828 x 10* Mg to 2. 44426 x 10° Mg, whereas forest-stand biomass rose from
0.5712 x 10® Mg to 1.51128 x 10° Mg. That is, total-forest biomass and forest-stand and increased on average by 5. 1%
and 9.1% annually respectively. Between 1999 and 2004, biomass growth accelerated, reaching an average of 8.6 % and
10.1 % for total-forest and forest-stand biomass respectively. The total forest area of the Province increased on average by

1.0% annually between 1976 and 2004, resulting in an average forest biomass of 16. 50 Mg-hm ™ in 1976 and 36. 59
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Mg-hm * in 2004. However, the quality of the Zhejiang Province forests may be considered relatively poor as evidenced by
the 2004 forest-stand biomass per unit of area (38.40 Mg-hm >), which was still much lower than the average across
China (77.40 Mg-hm *). This study showed that data from continuous forest resource inventory and individual-tree based
models may be used to estimate forest biomass and its change at regional levels. However, further studies are needed to

either develop new biomass models for various species or improve existing models by implementing consistent standards.

Key Words: Variable Biomass Expansion Factor( VBEF) ;continuous forest resource inventory ; forest biomass ; forest stock

FRAR R S R G R, HE Y B2y o5 R BRI B YR 90% 1 MENBABEB ARG
FTHY RER ZERE AN E R Y BRRIR , SR Yy B R BT A W A 7= ) ol — P A 7 0 BRTE 30 R ER AR LB ST R 3
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ETF AR REERIRET R IBBAE Y B E — ERAMIRENERD, L kB A BULE
% EREBA R BIEYRERE TR, BHT SN KEE YRS ETFERRRRE™ ™, 1996 4
TR DHFRN T HANEYEMTRAETESEREE MR TAEYRSERERM LS MENMHIITES
¥, R T A BERR T RERSHE SR AT, AR RS E T ES B0k, RN ES
HEEREM EXTTIE 1976 ~2004 4EZMA Y BHITSIRMT. BN, 1994 1 1999 4FZRMBT IR &S
BRI ET ARAEYERE X ERRE) B, RETHRRE T ESRBENEERNEY R
fEFHER , X AR BIRIE B RE AT R R A Y B A THE O Ik AT 204
1 HIRFAMSHE
1.1 #5esst

WA T REREHRE= AR, 24 i S EH 10180 k', FEPBIEMARE J, DRI LB Y
E. 2REEEHHFAILERA S, WHRREE,

ZE ERRARFIESFEERR T 1979 4158, 2 2004 4259 11, EXTEERHHET T 5 WEE. il
HRGHME R, FER 0. 08hm , £ A M — Ml Sa. M 1994 SEFF 1,4 T Bt , SR E EFEK T
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4% — € [ F ) R R shEF o (1/3) Boke i, S B E BB ER —E 25 1994 4F 4222 4~,1999 4F 4249
A~,2004 4F 4252 4>, R HIR B THETTHE B 23R

AFFFBRA 248 AR B SLIE AR MR AR EE Bt XS HF TR, R B (04 B R AR AT IR
BEERIH AR RN AT 1976 4R DL O B B ZRMR R IR A BUR PR
1.2 Bk
1.2.1 ZMAEYEAMT

A YRR AT Z R E TR REes™  HEET RN

B =axV +b (1)

K, B B AWAEYE (Mg-bm ™),V AGATERE (m™>hm ™) ,a 1 b HBHL,

SCRR™ P AR IR SO 21 MR, B T AR RS S B BRI L S RT3, AR A P %
M-S RIS 3 MBISRIFI LIS 18 HEHL, KRS RIS S FITR SRR MR 3Shk 3 MRF R
BB, R 1 IHARARAMNEAERE S Y REBHERSY,

®1 KRAENEBRSEYBRRERSY

Table 1 The exchange parameters of forest volume-biomass

5 Seq. Num. a b B (4) ZFR Species (group) name
1 0.4642 47.4990 B .S EN Abies and Picea and Taxanes
2 1. 0687 10.2370 H#ER Betula
3 0. 7441 3.2377 AKBRE Casuarina
4 0.3999 22.5410 #2K Cunninghamia lanceolata
5 0. 6129 46.1451 FK Cypress
6 1. 1453 8.5473  #3% Oaks
7 0. 8873 4.5539 ¥ Eucalyptus
8 0. 6096 33.8060 &M Larix
9 0. 5894 24.5151  4FHRASHk Mixed conifer forests!?8]

—
[=1]

0.7143 16.9154 4B ASHk Mixed conifer and broad-leaved forests! %!

0.8392  9.4157 |HH{EASHk Mixed broad-leaved forests %!

0.7564 8.3103 7ENE . Z¢ K . 22HK Nonmerchantable woods

0. 5856 18.7435 AU Pinus armandii

0.5185 18.2200 4£L# P. koraiensis

0. 5101 1.0451 LSEWN . =ERJBFMR P. massoniana, P. yunnanensis, Pinus kesiya var. langbianensis
1. 0945 2.0040 AB T FHRI Pinus sylvestris Linn. var. mongolica Litv. , Pinus densiflora Sieb. et Zucc.
0. 7554 5.0928 H# P. tabulaefomis

0. 5168 33.2378 B BB JKAE T Pinus thunbergii, Pinus densata, Metasequoia glyptostroboides , Other pines
0.4754 30.6034 A% M B IKEEAE Populus group

0. 4158 41.3318 kA2 W2 MK Tsuga, Cryptomeria, Keteleer

0.7975 0.4204  JKEHE AmiE e MR Prreocarya rhoifolia, Lauraceae, Cryptomeria fortunei

e i e e
NN U B W N =

N D = e
_- O \O

EEZBRTRESFET , NGB AR BT TR, RIEAR S ASER 5, A L5
M ATHRAEARM AT EERE, T B d TN E R E -4 KRB BURE, R TE S F AR AT AR EARM
PR FESCER ™ kA, JEME KA Y B AR BRI . BRI ST

itk BRI A Y B IR UL BAREL; BRI Y B 22. Ske;

GUEk  BAIERA YR IER AR, RO RUE YR T E B 23. TMg-hm ™

ARG BATERLE YR TIERLETER, S0 R Y B ER 19. 76Mg-hm ~*;

AR R R YR S ERER EE PR ESHOT R
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1.2.2 ZMEYEMTH T

RS B T S R BOA AT R A T, AT R RSO T T I SRR BRI B R, AR
FEEMRSLAR R MR (R D) TR AR, b ok RIS AEY R EMES B ZNEY R, Bl
H R RS BRERALE , KSR ETT B SR Z R 2R B0 AR E e A BORER, i HE
A RN A AR E R PR D AR AIAS AR E DB ILARTS, B, B bR 5F 8 SR AR B AT
4 MERIEH e p A R ER B EET T B (R 2) o #ITLAE 1994 4551 1999 4E MR FHIRE SIS E R
TRRRE AR AR R AP T FEIIE 28 AR R AT AR IE AL, AR s AKAZ WIS SRR AR

®2 EREARESY”

Table 2 The Growth models and its parameters

BREE WA BERRBANSH
Mdl Grp  Species Group Model Expression and the Parameters
. . [32] W = 0.0163Power( D*H,0. 9582) + 0. 0028Power(D*H,1.0036) + 0.3813Power( D*
1 ¥R Cunninghamia lanceolata group 5 5
H,0.3344) + 0.0058Power(D*H,0.8890) + 0.0436Power( D*H,0. 6464) *
. . (1] W = 0.1369Power( D*H,0. 7123) + 0. 0469Power(D*H,0.6899) + 0. 0147Power(D?
LR Pinus massoniana group ) )
H,0.7512) + 0.0173Power(D?H,0.7125) + 0.2525Power( D*H,0. 4965) *
FE1 hard broad leaf (1] W = 0. 0844Power ( D, 2. 4462) + 0. 0150Power( D,2. 2717) + 0. 0274Power (D,
ard broad Teat group 2.4461) + 0.0129Power(D,2. 3686) + 0.0361Power(D,2. 3102) *
3K} soft broad leaf group!'?! W = 0. 1351Power( D*H 0. 8020) ***
W = 0. 00686Power (D* H, 1. 0802) + 0. 0077Power ( D* H, 0. 8740) +
2 #R Cunninghamia lanceolata group''®! 0. 0000015Power( D*H,1.7632) + 0. 00000027Power( D*H,2. 0304) + 0. 0336Power
(D*H,0.7073) *
T E M Pinus massoniana group**! W = 0.0977Power(D,2. 5206 )
W = 0.2460Power(D,2. 080) + 0. 00736Power (D,2. 840) + 0. 000546Power(D
[35] ’ ’ ’
B2 hard broad leaf group 3.20) + 0.08280Power(D,2. 220) *
3K} soft broad leaf group!'?! W = 0. 1351Power( D*H 0. 8020) ***
3 #AR Cunninghamia lanceolata group ! W = 0. 0492Power( D,2. 660)

T E M Pinus massoniana groupt>’]

8N hard broad leaf group!™!
3K} soft broad leaf group!'?!

W = 0.1309Power( D 2. 4367)
W = 0.0710Power( D*H 0. 9117) **
W = 0.1351Power( D*H 0. 8020) ***

« PR R T B B R B AT, B R 2 IR R R A A B+ o+ JRSCBR AR BR B 1000, 43 71. 029Power (D H,
0.9117) 5 * = * .3 PMERAPRFHFHHARAR—-SH
leaf tree in model group 2 only has 4 parts (stem, branch, leaf and root) ;  * The original formula is 71. 029 Power (D*H, 0.9177); % * = The soft

# Tree biomass is composed of 5 parts; stem, branch, bark, leaf and root. Hard broad-

broad leaf trees in the three model groups use the same model and parameters

2 BRE5Hm
2.1 MoEYE

KAV EHGE T ES Rk, RIER | WS, BB N RRNSET, ko £ Y242
%3,

%3 B8R, U148 1976.1979,1986. 1989, 19941999 1 2004 4E #k4y 4 ¥y & 43 B4 0. 5712 x 10° Mg,
0. 6328 x 10°Mg.0.7396 x 10°Mg.0. 8173 x 10°Mg.0. 9512 x 10°Mg.1. 0061 x 10°Mg F 1. 5113 x 10°Mg, AR
RBERK . W THAEYRBM 1976 4F1 18.70 Mg-hm = | 3] 2004 4F 19 38.40 Mg-hm ~*, EIRIR7ES
RFpEZEABR, EEIRFERAH A EER R AR, 1999 43 2004 45 EFHE, FEF -
BT HRERN LR, BE -8 K 2l TREREZATIER, 2004 FLIET, FERNFADE
A AZAR EIEFIERRE . 2004 4RI R 8 WA L L Z R Rh g e SOBET R B AT R, 23R 1 W, 4t
MR R MR AT IR S 80E LA R I E R, IS EOT B A YRS S BERMA . R 1999 ErHt
TR S, At R R R AT R % e 2 RAK R R Fp 4H (SR B TR LL B 43 B ) ,2004 SE 2B AR EW A
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1.3861 x 10°Mg, ko>t ¥ 8 4 35.22 Mg-hm >, ¥ 55 3 B4 R88.3% , BI4ERK 1. 7% &4
£33 KOBRREWHARAHNBEEHE

Table 3 Forest stands biomass by dominant species in different periods

52=3 RFh(4) H4 8 Biomass (10° Mg)

Seq. mum.  AFR Species (group) name 1976 1979 1986 1989 1994 1999 2004
1 AR Cypress 566 881 1192 2415 2399
2 BB\ Pinus thunbergii 2600 2548 1763 653
3 LR Pinus massoniana 17567 18959 24617 26623 32653 27264 23138
4 B L Pinus densata 95 828 6182
5 ¥R Cunninghamia lanceolata 23587 21936 27446 27398 35688 41677 39989
6 W42 Cryptomeria fortunei 1327 1519 1593 1813
7 2 Quercus 10336 7809 8237 7571
8 7B }E2% hard broad leaf 15245 12189 12837 15584 6360
9 AR Sassafras tsumu Hemsl 65 25 145
10 R FE2 soft broad leaf 155 309 752 1100 1447
11 4t B mixture of coniferous 17780
12 FEM-JB mixture of broadleaf 22391 21898 22383
13 4t FEIE mixture of con. &broadl. 21413
14 &1t sum 57120 63286 73961 81728 95118 100606 151128

1999 4F%5; 1994 4E Moy T AVE BORIBRE N (4R35 1.0 %) , (BAEY B INAEX R1G , 5 F 3 B4
Pr M 1994 4R i1 27. 59Mg-bm ~*_EFHE] 1999 4E 27. 83 Mg-hm ™, bk 4 A I AR AE Y RAFIFIRIET 0.2%,
BT R BRI E BRI AAFT AR, 2004 455 1999 4EAH L, FEOLABRZE . 1999 ~2004 4E[H]
TR OLIESFM R, AR 03 TEARAE 0838 3. 2% , AR S-F-33 B ARy 847 193838 6. 0% (ANAnBR LA LR RS 308
ARE AFRNENN T.6% ) , LM RE A BRIBEEIRR
2.2 HMEYE

FE R AR IFR B SETE & P 08 35 AL M FTHEAR M B — R 8B, Mk Rl 43 8 A 2 2R, Horp
5 YR EA KA R B JEARMR AR R, BEMEYBEIEX 5 AL KA
EIUERKAYR. BAEYERAEREE, HBHOvRE R GAER) ks BEYR SHANERE
B HAE. THRRSERINER 4 i,

F4 BXARKEYE
Table 4 Forest biomass by types

A48 Biomass (10°Mg)

H ] Type
1976 1979 1986 1989 1994 1999 2004

#k 43 Forest stands 57120 63285 73961 81728 95119 100606 151128
Ak Open forest 12251 * 10323 5506 5424 1059 581 258
£k Cash forest * 10902 14770 16746 21475 26058 27881 26667
#r#k Bamboo 15220 13024 15104 14538 20512 25716 37370
FE AKHR Shrub 4116 5500 5784 5592 7656 10002 22992
DU 2243 Trees on non-forest land 1219 1217 2021 3833 5343 6105 6011
41t Sum 100828 108119 119122 132590 155747 170891 244426

* PARBFHREGMNER, ERLFHRERIT AFE ARSI arbor cash forest are not measured for volume, shrub cash forest not included in shrub
forest; * %1976 EHMMEEER, BIBEFITE LY R + * the biomass for the open forest without volume in 1976 is calclated from area

2.3 HmEYESHE
F 4 BRI FMREYENEEMN 1976 4% 2004 F—EHRFEK, 5SS EDREKER

@ 2004 EURTERFRRBESFE R (T HE SRR PHLHFM  Cash forest was defined as a category of land cover type in the national

continous forest inventory standard before 2004.
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(B 1), 1994 £ LU , FRARA Y B HHCHE BEMAR , R A2 1999 = 2004 4F[H],5a [A]H9 34 B 1999 4F LR
20a 1 B E . 2T IR GEBEVENILE -ERITE 11% ~15% Z ], 25 A7 2004 FH BRIERE
B B, TATAR— B4k BT a5, 7E 1976 = 2004 4FA], phiy S AR 34 A ) BRI IR 445 3. 8%,
T BRAR AN TR A: ) B B4R 393 K0k 4. 3% , R pkar S T AU D BB R R, U B ARG LA S AT AR S 2R
MRS R BTER IR, X — R HTE 1989 T 1999 4F A HIZE . 8.5 A4 bk R &l ™, T Bk
Sr N A Y B 24 BT 3 S R PR Y B AT AR D K o

—o— S A48 Total forest biomass X 10%t —8— M A:4)& Total forest biomass X 10t —o— }k/3 =48 Forest stands X 10%t
—o— M4 Aty Forest stands biomass X 103t —»— #olk F X Forest land area X 102hm? —=— MK/ Forest area X 102hm?
300000 300000 — 160000 —
250000 | 250000 |- 140000 -
120000
200000 |- 200000 |- 100000 L
150000 150000 80000
100000 |- 100000 | 60000 |-
NN XX 40000 - w/g—e—/g
50000 - 50000 - 20000 L
O 1 1 | ] O | | | | 0 1 | 1 |
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
A4y Year

B1 HEYRINTE

Fig.1 Comparison of the forest biomass dynamics

£ 1976 % 2004 4E i), &4 FH BN R EY RS SA YR K BE A3, N 18.70 Mg-hm ™
EF+3138.40 Mg-hm * {8 B4 Y BAAEB N FE, 1989 ~ 1999 4F ] kS>3 87 A= iy B SR
AL (AEE AT 0.08% ) , AR B R B AP EERIEERD 2.1% , X—FBRBEFHERS
BIRB, W EREYRERPEHERSSEE T, X—NPIEFRITTESEHEITRILTR
SEHERAIR], ZE MR SRR 2, SRR B AR M BB, TS B S R (K 5) .

£5 HKATFAHALHEREMEYE
Table 5 Average stock and biomass of forest stands in different periods

I H Item A Yoar

1976 1979 1986 1989 1994 1999 2004
WA EHEFRE Average stock( M® -hm ~?) 23.50 34.13 30.98 31.96 32.26 31.91 43.76
AP B Average biomass( Mg- hm ~2) 18.70 27.25 26.00 27.61 27.59 27.83 38.40
BB Total average biomass( Mg+hm ~2) * 16.50 18.33 20.01 21.53 24.35 26.10 36.59
YRS ERBIE Biomass/volume( Mg-M %) 0.7968 0.7992 0.8393 0.8638 0.8552 0.8721 0.8775

= T ES ML FAMEZ L Total biomass divided by forestry land area
2.4 SERIE

PR ARRARR (32 2) (T 2 P (1994, 1999) R AR B4 RNk 6. HERAHEETHENE
TESRBAMETH R LB TSI T -

HoE, R 6 R T HMAENER, 52 A3 HRESHESEZAEBUN, 1% LN, TP 4HREE
55 1 R B2 AR, S — R B, 2R3 16% . WEWE EE 3 HEEITRERILL
BRI, SRETHEE T ELR AT B A Y B FAMAT

HK, K 6 WARE—ERE EHIET % 3 WIHAESRNSHE M, B TRAMER AT RS RE
WA TS REETT RN AR, WK 3 HESRTRRIG. LR3 WkrEYR N EASH,
A3 AN A RERBR R THARTT B SR A 4.5% ~22.1% (1994 4F) f14.2% ~21.2% (1999 4F) ,

B, BT EY R IEIT T RERE . IBTIE, @B THAEYE N 1. 5200 x 10" Mg™ , i A B % K
3.7370 x 10" Mg, HJR B 2 . SCHR P B9 2B 114k (BAT) P YR 10. 44231kg/ Bk, TP EW R R
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22. Skg/ BT W MZE 1 AELL Lo MHITA P ARSE IR SRR BLA , 10. 44231 kg/ BREE AT, SHMERIR
W X PR Y87 4 2 8% BRI

F6 ETHHFENBHEERSEWRET

Table 6 Tree biomass model based estimation of the forest biomass in Zhejiang Province

1994 ALY 1999 sE M
R () Biomass in 1994 (10°Mg) Biomass in 1994 (10°Mg)
Species ( group) -wikii | BRI 2 BRI 3 BRI 1 BRI 2 BRI 3
Md! groupl Md! group 2 Md! group 3 Md! groupl Md! group 2 Mdl group 3

FAAR Cypress 793 883 963 1216 1507 1632
B Pinus thunbergii 1016 1213 1332 576 725 799
IK#% Taxodiaceae 13 10 11 51 47 102
ARWEFE Casuarina equisetifolia 9 9 9 36 36 36
4211 ¥ Pinus armandii 5 6 6 0 0 0
¥ Pinus massoniana 43403 62789 66979 41304 60712 64793
B L # Pinus densata 418 510 552 506 673 721
¥R Cunninghamia lanceolata 20197 16249 25274 25000 19735 31917
A2 Cryptomeria japonica 750 663 1020 1239 1263 1836
1&E# Cinnmonum camphora 343 348 212 634 640 347
$8K Phoeba bournei 38 42 22 51 55 32
1 Quercus 11288 11529 6320 11010 11282 5833
HER Birch 8 9 6 16 17 12
#81F2% Hard broad leaf group 19430 20103 11962 21294 22232 12187
1442 Tilia group 1 1 1 1 1 1
AR Sassafras tsumu Hemsl 333 361 177 503 532 266
%8 Eucalyptus 62 63 30 0 0 0
¥ Poplar 1 1 1 23 23 23
#2& Paulownia group 179 179 179 56 56 56
%2 Soft broad leaf group 1094 1094 1094 1348 1348 1348
471 Sum 99381 116062 116150 104864 120884 121941

TR Y A A KA R, BT R B e B B T IR AR & B R e Bl e, 28 6 BB X
— [, HHEETRAENEICE, AR BT P EERERK, FBER 6 TR ARNFI AL
THE T RERAIR, SEULIIER 6 Hhdksr 4 YR Al 1145 R T BRI
3 HigHitig
3.1 fhitsR

FRAYB R T ES BRI, #iTL4E 1976.1979.,1986,1989 1994 1999 ,2004 4E ) ZRAkAE M) B
43514 1.00828 x10°Mg. 1. 08119 x 10°Mg. 1. 19122 x 10°Mg. 1. 32590 x 10*°Mg.1. 55747 x 10°Mg. 1. 70891 x
10°Mg.2. 44426 x 10° Mg, F- B4R I E AN 5. 1% , FERCHAE , ZRARA: B BIGE LB W ANE, 55— 3
7 1989 48,58 R BR7E 1999 48, 58 WM E K T8 —WK,

WL BRMAES R R 30a RERPRE , BABERRA SR, M 1976 4£ 5 2004 4, AT 5
AR Y 8 5351 16. 50 Mg-hm ~*H136. 59 Mg-hm ™ S8R N 4. 3% s bk FH AN EAR A Y B 5
B4 18.70 Mg-hm 1 38. 41 Mg-hm > AEH$ MBI N 3.8% , 1999 4EF 2004 4F , E M E Y B K B
B4 10.04% , i@t R 2B M FHERERK AR 9.06% , ER 2004 M FRHRMNEHREYERCE EA
#138.409 Mg-hm ™ (BIHEF 2 EFHKF PO 77.4 Mg-hm ™, W03 B 45 pk 4 -1y B A AR AE 7T
47.27 Mg-hm >, = E§44 %y 87.54 Mg-hm

O mPHREERERTHENER, REW2.0
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XTI AR A P B A T SRR [ 7 8k , A 45 SR O R 8 8 M b, P b 2B 9 8 B T HEL VT BB R 75
N 10. 4423 kg/ BREGBIFR G BT Ardkek Sy BB B (T HEAR 53.59% .
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