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Abstract: Carbon storage in the terrestrial ecosystem, especially in the forest ecosystem, is an important approach for
maintaining carbon balance in the world. Carbon storage of the forest ecosystem usually consists of three pools, i. e.
vegetation, forest floor and soil. Ecological service forest (ESF) has been established to maintain ecological processes and
protect the environment. The main objective of this study was to evaluate the contribution of these four types ESF in
Zhejiang Province. Zhejiang Province is a region with fast growing economy and a good ecological environment, an
estimation of carbon storage and balance in this province will set up as a good model in the future for other provinces in
similar cases, and a scientific foundation for the policy making about the forest development and a mitigation strategy for
climate change. Zhejiang Province is located south side of the Yangtze River Delta, along the eastern coast of China. The
region has a long land-use history, and experienced thousands of years human activities and disturbance, most of the native
forest vegetation has been destroyed, especially in the last century. We have sampled 149 stands ranging from 5 to 50 years
old and covering 101 800 km’, in Zhejiang Province. These samples included four main types of ESF: evergreen broad-
leaved forest (ESF-EF), coniferous and broad-leaved mixed forest ( ESF-MF) , pine ( Pinus massoniana) forest ( ESF-
PF), and Chinese fir ( Cunninghamia lanceolata) forest (ESF-CF). The ESF in Zhejiang Province has been estimated
with the average of 164.43 tC+hm ~ carbon storage, in which the ESF-EF and ESF-MF were averaged to be 216. 18 and
181.36 tC-hm ?, respectively. ESF in Zhejiang is still young (under 30-year-old account for 87.5% ) and pine forest

(over 55% ) mainly result in low carbon storage less than that of China average and mid-high latitude level. Moreover, the
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net ecosystem production (NEP) values varied greatly among the four main forest types at the mid and high latitudes in
Zhejiang Province ; and our observation has shown that the ESF-PF acts as a minor carbon source ( —0.66 tC-hm *a™"),
NEP of the ESF-CF is near to zero(0.17 tC-hm > a™") , ESF-MF acts as a minor carbon sink (0.31 tC-hm™?a™'), and
ESF-EF as a large carbon sink (1. 11 tC-hm™ a™'). The NEP of ESF in Zhejiang is weight-averaged about 0. 08
tC-hm ™ a”'. We estimated carbon balance for four forest types in subtropical zone through field survey data firstly. Carbon
budget of four forest types calculated show that evergreen broad-leaved forest are better than coniferous and broad-leaved
mixed forest in terms of the carbon sequestration benefit. Most ecological service forest in Zhejiang Province is still relatively
young, so there is a great potential in future for carbon sequestration in this province. Comparing to carbon storage potential
and carbon balance for the main forest types in this region, we found that forest management practices such as enclosure,
selective cutting and promoting by shrub for ecological service forest should be reformed to accelerate the succession of
coniferous forest into evergreen broad-leaved forest. It could maximize (31.44% at best) the carbon storage of young or

disturbed forest in future for a larger carbon sinks in subtropical regions of China.

Key Words: NEP ;biomass ;carbon budget; carbon sink ; eastern mid-subtropical zone
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leaved forest, EF) i #H 48. 52 J7 hm®, 54 /A 25 bR FH 19 24. 61% ; 4F F& 1R 32 #K ( Conifers and broard-leaved
mixed forest, MF) T 33. 93 J7 hm? , &5 17. 21% ; &FH-MRERLA 101,22 J7 hm?, &5 51.34% ; Frpk AL 10. 53 77
hm®, (5 5.66% ',

FEWTTLAR $2 BB BERRD bR IR S SR R4 A F R KRS, FERI &G, S8R RN
P B2 N T/ N T S AR RS J7 (58 0 25 B ST AR Ty, [F]— BV S B AR s B 45 6 25 SR AL B BE
) R BE S R AT A A DASB T S SR, B T DA — N B0 BLOR 8, A BN A 7S, SR A AR
195 (3R 1) o HPARSIHIRXMN R AS A4 FhFEEME 149 MrfERE#L R T 21 A, E S A
(EF) #£:#b 47 />, 51 FRIR 3 AR (MF) £ 3 32 4, B B A #K ( Pinus massoniana Lamb. , PF) RE#h 38 /4>, &2 KK
( Cunninghamia lanceolata (Lamb. ) Hook. ,CF)#h32 /(& 1),

F1 BERBHEMWSE
Table 1 The distribution of different samples

RS

DRI A WA A W B - A

#ﬂﬂﬂﬂ,ﬁ Pinus massoniana Cunninghamia Coniferous and Evergreen broad- T Evergreen broad- ait
Site forest lanceolata forest brf)ad-leaved leaved forest Bamboo forest leaved shrub Total
mixed forest

M Hangzhou 5 6 7 14 4 7 43
M Huzhou 3 2 1 1 3 0 10
S+l Zhoushan 1 2 0 1 1 1 6
T Ningbo 2 2 1 2 1 2 10
28 2% Shaoxing 1 1 2 0 0 3 7
44 Jinhua 3 3 4 3 2 2 17
M Quzhou 5 4 1 4 3 4 21
£ MM Taizhou 4 2 6 4 1 1 18
M Wenzhou 5 3 2 4 2 2 18
W7k Lishui 9 7 8 14 2 5 45
431 Total 38 32 32 47 19 27 195
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TR R B R TR, SR AR Sk R R o BRI (ESF-PE) & BAM (ESF-CF)
JBREGSHERE; FARZ WA 36 m W KRR N A-C X
ARBEL. 0 m SEEIRE (B 2) BB B f 1 Sampling plots for the ccological serviee forest in
B OMEHETT SN E S EE; BEARJZE KR Znejiang Province, eastern China
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1%';%4\2‘\5‘&%#%3‘% 7|( Eét%%o Fig.2 Setting and investigating communication layers in study
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2.1.3 fHERmERSE

R IR B R R LT 94 2L A 4 5 0 22 50, L S s 4 R D, A% SR I R D 1 8 B
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PO R HE AR B BEAE 1m DA HOETE OB , A TR A S | S A ) WA S5 B
T LRI | AV S AR 2 (0 AR R [ M2 A LR S A A
SR, B LR - A BT 325 B T A 75 28 5 T RS P L TR S BR K ST Ae Be i S ™)

I — A TR IR T 1 ) | A2 A RIS I A T 13 4B 39 /MM, 264 20 m x 30 m
BORRIRE P, BEHLBLARAT 20, 38 5 MRE DT . JAREIIRAE 2SR A 100 em x 100 em x 20 em f), I/NT 3
mm FLE MR 2 RS . 45 R 1 3, Wl Lo, AUKINSE I , 4 20 P MR AS MO RE 5t 1, X 43
I B B R 3 SRR T SOC OB N BT BT IR ER A Sk R L B A R AR A U 9
PEREY

PRI YT T B i A VAT A A R AR B A 2 3]

B, =L/K (1)

o, BRI WIAER (¢ hm ) L RAEFEYR (1 hm2a™) K BAMER, APSBRESRELT
SRR, VATE YT AR B Ak B . Ml S S e I A BT AR f R 4K 0. 5
k.

2.3 HIEmRiEE

AR AR 2RISR IR R, TS AR 7T O, 3% (/ML) %4 H B A0S % L%
ORGS . BTS2 PIEREE (0—20 cm,20—100 cm) ,H—Z W2 NMATIERMAEE, EIFT]
BURER IR, B R T 7R IR E SRR A 1R 1000 ¢ 35 A5 — R4S REAS AN |, 5 B B I 4 5 SRRE
SRR IR SRAEM I, 15 R WA AR B e o AT 4 ST A e B2

87T (Bulk density, BD, g em ™) SR EFSNRIR 9 [l — 2 +HEFR I1 7 K- FRRE; FRAS £ 1A 9 90 5
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BD =(M-G) x100/V(100 + W) (2)
V = Fh (3)

X, MERTI IR+ A E(g) ,6 BRI TIFIELKE (g),VEATER (em’) , W R LFEEKE(%) ,r &
W14 710 —4i2EAE (em) b R TTE B (em) ,

AW, IR A VBRI RE , N EFEFE Y (0 2) MARKRILEY . 48 - EEVHAHE L
EHIE A E S RHEDS Y HEAVRETESERE EHRAENEIBRE S, BE&ER
TS R . HHEA NI (C,,g om)0—100 em EEHH AR T

C,= BDxC,xD (4)

K, C, (% ) &SRRy BE i 10 B AR PR A 13 A MU ; D (em) 2 TR BE .

2.4 BESRGETT
PHAEBRGHEERERA SREPW TR, WA 5SS ZE S ESRGE AT I (Net
Ecosystem Production, NEP) ,# NEP J1E, fFHEBTRGERKIL, R Z W RKIE, NEP hAY) & FEHE
( MABI) FVAEJA 70 B (L) Z Rk 25 57 37 P ( heterotrophic respiration, R, ) o EAMHHE AT S>>,
NEP = MABI + L - R, (5)

Raich 1 Schlesinger"™* 75 4Bk R b3t il A 25 R 45 - S0P MR (O R SEIA A « AR Ay R R 2l - 398 3 IR
B[ 30%—70% , J& T 54 I TR B AR 2R PRI 3 5 P I B G FUB R 0. 45 . ASBFFE 454 DA b SCik
B , W W VL AR ) S SR R 5 - 380 F I ) LU B8 Ry 45% o DA s 5 S0P % R A81) 5 1) T A, IXC ) 4 R PR AR (
YL X H 5 I AROR 2 R A PR V% 3P I 43 1) g 24. 12 i1 25.33 tCO, - hm™* - a ™' 14 TR & 6. 58 I
6.91 tC-hm >a™") " B AH T X (WIS SRS A T IRIRIGE N 5.91 tC-hm ™ « a ') SRR 5T 45 1
TRARE G AR D RIS AR B R TR . B TR SRR 57 W 0 87 TC SCRREHE , AR T8 A b R 1 1A LE
B (BT I 50% ) it 5340 3 FhAREL ) S = F IR B AR 5] .

R, = [Rhef+0'5((thf+Rhcf)]/2 (6)

FH, Ryt Ri R Ry MR TR A A 3K P T BRI TR AR B S B bR L 2 R AR AR FIAZ AR PR 5 R I 1
(tC-hm *a™'),

3 &R
3.1 BREE

WL DA B MES R GBI BE R INACT 358 (T & AR B IR L B]) Jy 164,43 C-hm ™2
o SRR AR A S R G BRI 200 216. 18 tC-hm 2 AT RATRASARSF34 20 181.36 tC-hm > | T BAAMKE 1
147,81 tC-hm *  FZAMFEH) A 188.12 tC-hm > (£ 2) o & MABRIM H IR G T AEDREBERNE
KEHI(75% LA L) bk R A Bk EAIR , - 58 BR FE R 7E 80% LA ko

R2 IEESABHEERBESREMNBREZE (C-hm?)
Table 2 Carbon content(tC-hm ~2) by ecosystem component for the four different forest type in the ecological forest in Zhejiang, China
535 B (tC-hm ~2 ) Carbon density

How : s

Forest type it ) +H Bit Sample number
Vegetation Ground cover Soil Total

e bk .

Evergreen broad-leaved forest 44.59 (36.61) 4.66 (1.79) 166.93 (64.70) 216.18 47

RV AR

Coniferous and broad-leaved mixed forest 35.03 (23.32) 3.75 (1.11) 142.58 (80.26) 181.36 32

I, ZHAMA Pinus massoniana forest 25.62 (19.17) 2.72 (0.68) 119.47 (70.00) 147.81 38

A2ARM Cunninghamia lanceolata forest 26.83 (12.43) 1.52 (0.95) 159.77 (62.93) 188.12 32

JNALFEH) Average 30.28 3.06 131.09 164.43 149

* FH SN FEHRMEZ Data in the bracket represent variation
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W BB BT b4 B I 40 T AR AR B A B, W VL AE A bR B R TR ST AR L BT AR A ik i B 4 )
104.89 x 10 gC,61.53 x 102 gC 1 157.76 x 102 ¢C. WFIT4 HE AN S A AL E K 324.19 x 102 ¢C.,
3.2 P

RN gt R 2.02 tC-hm >a ™' JEIEMAE & 2.05 tC-hm >a ™', RAEIEN 2.96 tC-hm *a ™',
BAESRYH NEP 2 1,11 «C-hm a4 IR E R 1.90 «C-hm ™ a™'  JAE Y A4 E 1. 30
tC-hm >a™"  FEAPEI 2.89 tC-hm > a™ AN AERRGH NEP 5 0.31 tC-hm - a™'; I BRI &N
1.26 tC-hm >a ', JHE WA M E 1.01 tC-hm *a ™', FEFFN 2.93 tC-hm > a™ ' , BNMES RS NEP K
-0.66 tC-hm *a ' ;B AMEGHEE R 1.58 tC-hm >a ™' JAEWAERE 1.20 tC-hm > a™ ', REMTIE 2. 69
tC-hm *a ™' BN ERZRSM NEP 40.17 tC-hm >a ' (F£3),

WL A MO A g BN 1.58 «C-hm > a ™' YRR 1.20 tC-hm >a ™', RAIFH
2.70 tC-hm *a™' NSRS NEP 247 0.08 tC-hm *a™',

®3 WIHESABTHEIERBRESRENBHTE
Table 3 The carbon budget(tC-hm~2a~!)by ecosystem component for the four different forest type in the ecological forest in Zhejiang , China
W% Carbon budget/ (tC+hm~%a~!)

ARAE Hri SIRIE ,
FHOMBE e e R e Rgr
Forest type Net vegetation . } Heterotrophic
K Litter production o NEP
production respiration
B
H A R AR
Evergreen broad-leaved forest 2.02 2.05 2.96 1.1
BB A
Coniferous and broad-leaved mixed forest 1.90 1.30 2.8 0.31
O AR Pinus massoniana forest 1.26 1.01 2.93 -0.66
A2ARM Cunninghamia lanceolata forest 2.31 0.55 2.69 0.17
JNALFEH) Average 1.58 1.20 2.70 0.08
4 itig
4.1 HmEBE

Hh LT YT A 25 BEPK RSP SRR % B (30.28 tC-hm %) Hu 54 2= 45170 A0 250R 2610 x rp [E HR TL 2 AR
R A BB R . U R B A S A MR BB & TR UL T B (46 S Ak 25
FRABARTEAR ) 9 F-HIME, AR T 5 HAAREI A LA 5 A 3 RTEBR B B 7 T RO AR 38, (U AR 2SN 2 Mk Al
WeBk % BEACF-1(30. 28 tC-hm >, 3 2) MUK T2 EHFEHE(38. 7—57. 1 1C-hm ™) 4K F RIS I3
B\ B AR 18, B T2 5K oh 8 4 B L [X (43 tC-hm ™) R ER A9 F- 297K F (86 tC-hm %) (£ 4) .
1% Fang ) S oo ip B ZRAK O, P39 BE 20 50 tC-hm 2 o MIX B0 SR, WL B AT AR
FRES BRBCR S IE AR EARAE , SR AR (4251 25.6 tC-hm > f126.8 tC-hm ), AN % A TAHRRIN A4
FREBIA B BB R K KRR KR CO, , WL B A S MRTERR R B IR AR KM% S
4.2 BTA

RRBFF RBP4 RS HOA NI BR b 4 Rt A S R G R
SR, BRTRRICHOIESRRR 7 4> Bl TR A A s 2 5 7, R B # R OE B ) R4y
A5 Al W AR RIS IDTIEH 4 o BVl ) P 2 5 , o i A AR PR R I A3 A B 4
PR AE BRSO HE R R B 5 12 T IR . BT IR P xR AR L 3
PR AR B AR AR Y AR AR IRE S, B P K IRk s R B b AT AR AR T
BB TR R . ASSCES 1 YGE I 52 3 R 2 508 , X I B bR AR 30 O b bR B i B S48 R AT T A AE B 3L
TR IE 42 E R IEOC BRI BE , S0kh T b4 25—30° 2 Al U BUR 2 1 . 5 REIE T T A= 7 0 1S 35 R I Fy 52
ST SR, B 2R A U P AR BT , ot B o 75 4 B b X AR T BB R S R AR
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HABEEEL.

®4 HIEESABHERBEE(C-hm ?) 5XE FEMLRFHERREE LR
Table 4 Vegetation carbon density for the ecological service forests in Zhejiang Province in the present study (mean = 30.28 t C hm~?) and in

other studies
B AR P A
Study area Ecological service forest All forest combined Reference source
1 E WiV Zhejiang, China 30.28 19.9 [7]
12.4 [10]
1 [E 75t Northeast, China 22.7 [35]
H1[E China 42.1 [36]
38.7 (8]
57.1 (9]
44.9 [7]
41 [37]
SR EKH; USA 61 [38]
H A Japan 34.7 [39]
Bk Europe 32 [40]
L FRAPE S FE Mid- and high- latitude in the world 43 [41]
43R Global 86 [40]

e [TV A 755 PR O A B BRI 2 25 RS 7= — 0.6 ~ 1. 11 1Chm ™ R HCIL IS
fR(FS) , RAFIE (0.9 ~1.3 1C-hm *a™") J#E(0.77 tC-hm *a™") LK A EHFRT (0.37 tC-hm ™a™")

£S5 KPS EHX AEM AN ANSHRESRENBRTEESH
Table 5 Carbon balance of broad-leaved forest and coniferous forest at different sites in the middle latitude region of the Northern Hemisphere

A HEE/(°) TP FRPRA R G S Esf 1] NEP SCHik
Site Latitude Dominant species  Forest type Age/a Study period  /(tC+hm%a"!) Source
fH[HWiIT Zhejiang, China  27—31 EB S 5—50 1999—2000 1.11 A
e [ T VL 27—31 M S 5—33 1999—2000 0.31 A3
e [ T VL 27—31 M P 9—41 1999—2000 —0.66 A
e [ T VL 27—31 A P 6—28 1999—2000 0.17 A3
#EJLET Beijing, China 40 5] S >30 1992—1994 0.95 [29]
A 40 LR S >30 1992—1994 —0.29 [29]
o E L 40 TR P 30 1992—1994 4.08 [29]
o [ 4% & Fujian, China 26 BA P 36 2002 3.62 [46]
o E R 26 CK P 36 2002 7.66 [46]
1 E ¥ Hu'nan, China 27 A P 10—11 2002 —0.43—0.17 [33]
w1 [E 3 75 Hainan, China 19 TR NM >30 1992—1995 0.37 [48]
BAA Taly 42 BD NM 105 1996—1997 6.40 [42]
#:[H France 49 BD NM 30 1996—1997 2.20—2.60 [42]
F}3 Denmark 55 BD NM 80 1996—1998 0.90—1.30 [42]
V| 44 C P 29 1996—1997 4.30 [42]
f85¥ Germany 50 C NM 45 1997—1998 0.77 [42]
fha ] 50 C NM 105 1996—1998 3.30—5.40 [42]
bl 42 M,EB N 50 1997 —6.60 [42]
V| 44 C P 27 1997—1998 5.75 [49]

H:C, & MK coniferous forest; CK, #% [ #% 4k Castanopsis kawakamii forest; EB, % %% i M Ak evergreen broad-leaved forest; M, 4f i 1R 3¢ #k
coniferous and broad-leaved mixed forest; TR, #UHFFRAK ;S , YK 4 bk secondary forest; NM , KARbK (45 /8 A K45 PH ) natural origin and managed;P, A T.

#k plantations
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B, AR T Luyssaert 217 3738 IR TR % 444K (3. 98 tC-hm > a™") FIFEH K (3. 11 tC-hm *a ™), $5E
IR T REEM(1.33 (C-hm > a ™) S HERE T E 2% IE SO RS 2 i 2 B & Fi AR NEP -3y
. Hod G ARCH 7.29 tCohm > a™' 4 FEIRASH K 5. 85 tC-hm >a™"'  BEHEEF Ak K 4.22 tC-hm >a™!
IR BB EARANTIR, —7 T, A ORGS0 5 A o AR 6 B U S B X, AR IR %5 i , 2 il 6
P, P IR R, B NEP K5 55— 75 T, JB T 2R 450 WACHE 1) STk W kK 22 30 2 3R P LY F) 0 YA i BRURE BE 5
MRS 8 A A TAREE TR R KR THLA A=A K, NPP 7] 5B IR &

VL A AR VO = ZAAREL ) NEP 2ZFEECK : D R — U NOBRIE , A2 ARk NEP A2,
B RRTR SRR — /I, T % R O — AN BRI (3R 3) , U B 4 A i LA R BRI 7 6
BT B AT S A AR AEHHACH 2 (LB L 51% ) , BT A2 S A R NEP INECE- 3443 0. 08
tC-hm % a™"' AR CO, RHBEAMERFTFHPRAE . ZX BIFhET AR 23R AT B, A4 24 A
FEAK NEP ¥435%) 0.49 tC-hm ~*a™" | LbBUA NEP 34K 6 1% ; 253X Wi Fh 4T bk 4 S0 s v B 25 WA bR, AR 4
LB BRI NEP $435%8]0.90 tC-hm *a™' LB NEP K 12 1%,
5 #%Hig

WL BRAR LGS M = (/N F 30a 1 7 87. 5% ) H AT BAVIR S IR A Z R , JUHEZ S Ak (2518
25.6 tC-hm *#126.8 tC-hm ™), UNFXE N TARFIR A MRARIA ) 4 [ AR 3R 25 B /K (50 tC-hm ™),
B BCRER CO, , BHIA B A MERIE LR B R KW T, Wil WHAE K 4 Fh R 2 AR
NEP ZBEHR 1€ 2000 4, B B — DB/ MBIRIE , 2 AR BRI IL AR F , H IR SR — 1T 8/D K
L, T SRR MR —MERIIL . BT BRTHTLAE S AL S B £ (HBl &L 55% ) , it L&A
H 2SN 2HRE) NEP fACFE 349480, 08 tC-hm > a ™', 5 RS HEAM T PR . 20X BFPEF ARk
TR IR SSHK, BEA 2B A A 3K NEP K355 0.49 tC-hm ™ >a ™', LLELA 1) NEP K 6 1% ; 2 X Wi ff
IR SRR O AR SR R I AORK B84 B A A BRI NEP #4355 0.90 tC-hm >a ™', HLBIA B NEP 3K
12 %,

T I A2 DX o PRI [ e i R0 ) VBT , 38 A B B R AR R | DA A R S AR B, bR
S AR 1 £ RE R SR B 28 5 G R R, W B Ak Hp [ S AT 1L IX P 4l AR B 52 T 90 B B A SR e i 2 (
FHEK 31.44% ) I BRI o
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