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Abstract: Carbon fixation and oxygen release ( CFOR) is one of the most important services provided by the forest
ecosystem. It is crucial to combine the forest carbon budget with the CFOR service to conduct an accurate assessment of
ecosystem service values. Using a forest carbon budget model ( CBM-CFS3) , this study evaluated both temporal and spatial
dynamics of total and net CFOR service values based on estimation of net primary production (NPP) and net ecosystem
production (NEP) of the forest ecosystem from 2009 to 2030 in Xingshan county, Hubei province, China. During the
simulation period, the total NPP progressively increased from 0.46 Tg/a to 0.70 Tg/a, while the total NEP increased from
0.12 Tg/a to 0.21 Tg/a initially and then declined to 0.18 Tg/a. The total and net CFOR service values ranged from 759 to
1153 million RMB per year and from 221 to 370 million RMB per year, respectively. Heterotrophic respiration ( HR)
increased progressively with an average annual loss of CFOR value of 729 million RMB per year or 4509 RMB per hectare
per year, which accounted for 68.6% of the total CFOR value. The HR loss was highest in the southeastern part of

Xingshan, while the net value of CFOR was highest in the central and southwestern parts. The forest ecosystem in Xingshan
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acted as a carbon sink and provided the CFOR service steadily during the simulation period. Compared with NPP, NEP was
more reliable for use in evaluating the value of the CFOR service. A severe overestimation of forest CFOR service value is
likely to occur if the impact of HR is excluded. Therefore, to reduce the uncertainty in evaluation and enhance the capacity
of ecosystem services assessment, it is necessary to combine the material cycle process with the ecosystem services

assessment.

Key Words: carbon balance; heterotrophic respiration; ecosystem services; NEP
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ik RILCRSRIL 22 8], 2B ARTEREHE 66 km , BEILIARE 54 km, A 2327 km®, HH AR R  FHBALC, K
12 109.5—2426.9 m 2115w WA Kl vk e e, AF 23R 15.3°C AR 3 [ K 900—1200 mm, B
AP AT B ARARAE . 24l B AR TR R, 2009 4EARARTE RN 1.62x10° hm® | Z Bt 9.55%10° m*, #§
B R R 69% .
1.2 dlaskig

AL 24 B Gl — K (2009 48 ) FRARGE AL BT AR S 32 28R, 2% L B ARbR (R4 S bk
FINRAZAR, 21 18998 AN/INHE) MEMATSEXS G, ARAE DL AR LR 24 1L B BRARRI 230y 8 Fh2EAY (3R 1) , 73 il iR
S RMAAL P TR /NI AR SR MAR AR R IR RIS S M SR SRR AE S CBM-CFS3 AL 1 iy AR .
DL EL 8 PRI 43 5] S B B AR ( Pinus massoniana forests ,PMF) FIARM( Cupressus funebris forests , CFF) |
7“27'(7[%( Cunninghamia lanceolata forests,CLF) | LI s (Pinus armandii) FTEL LA ( Pinus tabuliformis ) S
TRPEFAAR ( Temperate pine forests, TPF) LIRS 245 ( Quercus variabilis ) FURRER ( Quercus acutissima) Ry 3 B 7% -
K ( Deciduous broadleaved forests, DBF) | A 22 5E#% ( Castanopsis fargesii) #1775 X ( Cyclobalanopsis glauca) 554
F Y H LRI MK ( Evergreen broadleaved forests , EBF) | DA b B AMZ AR IR AR AN BAMA AR IR A AR R B9 &t
TR AZHR ( Coniferous mixed forests, CMF) | DL By & A A5 2 R 38 M 1A A AR 2 TR 28 M 45 Sl 32 189 & I TR 38 R
( Coniferous and broadleaved mixed forests, CBF) , £ #R A 045 WA 1,

F1 HXLEHFWERRE

Table 1 Description of forests in Xingshan county

T

ARPRIEAL . Rl SRR M =M
Diameter at . R 5
Forest type . Height/m Age/a Area/hm” Volume/m
breast height/cm

FAAA

7.4 8.1 30 2093.7 11.05
Cupressus funebris forests ( CFF)
G E LR

T

11.8 8. 41 30173.2 173.41
Evergreen broadleaved forests ( EBF) 9
st

10.2 8.8 36 77421.3 456.45
Deciduous broadleaved forests ( DBF)
LS )=SL/NN

12.6 5 31 23260.8 153.17
Pinus massoniana forests (PMF) ?
FZAMR

10.8 8.4 21 1099.6 7.82
Cunninghamia lanceolata forests ( CLF)
TRAERA R

12.5 11.1 36 5323.5 54.4
Temperate pine forests ( TPF) ?
FFETR AT
Coniferous and broadleaved 11.0 8.5 31 19043.4 116.33
mixed forests ( CBF)
I3 I N=
EFITRICH 13.5 8.5 29 3248.0 19.59

Coniferous mixed forests (CMF)

1.3 CBM-CFS3 fHIA-4

CBM-CFS3 25 KR5S J5 T % 1) X R R R i S ASE R 22 A Aol 35 T KB PR R 56 - A ) el
FEFIBET- A HLE ( Dead organic matter, DOM) i %2, DOM fif 72 £, 75 4 75 055 J%F ( Litter ) \ZEAHKR JEE ( Deadwood )
A A HLBTRR 2 (Soil organic matter) o X 3 MREE X I3l 11 3—4 A>3 i AR T 0 PR AL, 2R
SR SRR, CBM-CFS3 ANREAG SR [ FRPFI 2 i HLH 5 %A A DOM 78 [ #8R 3 T 38 i LA
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Fig.1 Distribution of forests in Xingshan county

CFF . FaASK Cupressus funebris foresls;EBF;'ﬁ'—,"?%l:El H- AR Evergreen broadleaved forests;DBF;‘?gnfl?E I-#K Deciduous broadleaved forests ; PMF ; &5
FAMK Pinus massoniana foresls;CLF;*Zﬂiﬂi Cunninghamia lanceolata fbrests;TPF;‘iﬁ’l‘iVA% Temperate pine forests; CBF . £ VR AZHK Coniferous
and broadleaved mixed forests; CMF ; £ MR 3Z#K Coniferous mixed forests

TR BRI - S A A () R 5 IS L DL 2 56 07 R A R DOM. 22 Bk J26 14 0 il I i e , N5 TR SR ik

W IR DOM i et S o A SR i S A K (1—2) o CBM-CFS3 s i 2B 4 i A 5

SO E AR Z I 1 AR % =i 22 DR [w) R AR 20 () B 9 ISR 5 A ) kS e S 0008 A W 45 ALy
BRARBLIE BET 1 5 A 7 I RIBEARR FE M L) (K 2)

DOM, (¢,T) = 100 (1 = k,(T))" (1)

7, (1) =7,C(t = 1) k(T) (2)

HH, DOM, A5 i 28 DOM FERYBRA# L Mg @ F8FFDLZE (DR | rb a2 0 3 12X 4 o 0 ik sl 2N [a] ) I 5

¢ ISR jas TR, C sk, (1) N SEPRIM A BB AR IR AT 5T XA T I8 1E 5 7, O b S0 I 2 7% 348

L)
%2 CBM-CFS3 £¥ERAHSHIEE
Table 2 Modified parameters of biomass turnover in CBM-CFS3
T Stem PR EHLAR Branch or coarse root i Folia
, N % SN} % LN’ & .
2 b BIAE 1 E{E BME 1 E{E RINEL 1 E{E K
Default Modified Default Modified Default Modified
Forest type Sources
value/ value/ value/ value/ value/ value/
(%/a) (%/a) (Y%/a) (%/a) (%/a) (%/a)
#ntigrtbk DBF 0.45—0.67 2.89 2—4 2.96 95 95.24
HEERF AR EBF 0.45—0.67 3.11 2—4 3.91 95 61.35 [25]
25
et 0.45—0.67 1.94 2—4 1.79 5—15 33.56
# CFF, PMF, CLF, TPF, CMF ’ ) ’ ’ ’
B IR H CBF 0.45—0.67 2.61 2—4 2.66 95 58.82
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CBM-CFS3 #5558 B A Wy g i J22 ( RV 4 ) N - 306G BILIRR R A0, 38 180 T GV Wi I R AE Al J2E A Ay
IR B e SRR 0 P R . AR SE SCIY NPP [ 3 4 AE AR 3 20 B A 1k 189 B ( ABio, ) #b , i A 45
A FE#E A DOM B B (BS54 5 Tumover,,, ) (A3 6) o BB RGN G — B ERT, 15
B MU AP T FEAH I () Bl Y1 AR5 e 49 A 9 e %) RV G S A, CBMI-CIFS3 v ZR b AR 9 s il 2 e 5 1
B , I FLIB AL BT 08 7% JR 5 SR 74 0B 2 RN AE AR I | B I — 38 20 7 0 RN BT A v (%) ik 3 S 7 I W - fe R
BN, TR TR WL RS B F — Sk 2 64T 03, e 20 A =38 BILTTRR I 10647 G212 o3 i R (1R 2)
CBM-CFS3 #1 rfyAEAF A= 49y B g 5 A Y& W) FIFE AR F42 IR 305 4355 ( Turnover,,,, ) 75 24 4F i A 43 (G HLI
FERE NG R AR T A T U o e BRI TRD 25O 1 4R ) | DR JE 6 24 4 5L [T B B A T BE . Ak I
S B R AR IS TR L AR (6—12)

NPP =ABio+Turnover,,, = ABio+AL, +ADW  +AS,,.. (6)
NEP=NPP-R, =ABio+(AL,,,—-R,) +(ADW,,—R,) +(AS,.—R,) (7)
R,=R,+R,+R, (8)
ABio=CBi0J2—CBiM] (9)
AL, =AL,  +R,= Ciier., = Crier, TR, (10)
ADW,,,=ADW,  +R,= Cdeadwond,tz _Cdeadwnod,tl *R, (11)
AS,,,. =AS, +R.=C_, = Coi, R, (12)
C, wa =ABio+AL,  +ADW, (13)
Co o =AS (14)
C, ..=ABio+AL +ADW (15)
C. . =AS,, (16)
Vi =AV.(1.63R C, ., *+C, ,..) +1.194V C, (17)
Vo =AV (1L.63R.C, +C, . )+1.19AV C, (18)
Ry = Vi =Vier (19)
A H  NPP MR 7= 1, Mg/a; NEP i B8 RS 4277 71, Mg/ a; Turnover,,,, 3% 78 A= 1) 5t ik J22 &) 5% %)

DOM il g 1) St fifh £, Mg/ a s ABio WA Wi o it & O AE 1S i, Mg/ as AL, (AL, 53 0 Rt V8 i fh 1 B4 A
H i Mg/a;ADW,, ADW, 53 5 R FE AR B fif e B AR G 5 BG , Mg/a; AS,,, (AS,,, 53 51 o S8 ik it 1t B 4R
B R Me/a; RS RGE R IRIT (BN DOM 43 B ) , Me/a; R, (R, R 7 B Ak T& 4 FEA N £
SR MUTTO E AF (0)  FRIF IR B, Mg/ a5 C, o \C, o 23N R AE R | SR RRAE S i B, Mg/a; C, L, C, T 5IH
PR | SRR AR R, Mg/ a; Vo Voo 20 AR S R GRS B, O8/ a3 R, N S TR IR T 30
MEH, JT/a,

W Rk PR A AR B S B TR A U () Hh TR BE R ) B i A U &, 2 S B e M R S
R (AR 13—14) FgFE sk (A3 15—16) ARAAR (17—19) BIA[ 15338 4= 25 2 40 8 SR A M
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Fig.2 Sketch map of forest carbon sequestration and oxygen release service evaluation

1.5 CBM-CFS3 4l NPP 5356 1F

T 2% 1L Bl = A 77 7 AR SRS, DR A SO B3 45 2 5 HAT AR [R) AR AR IS AU S S5 R AR L) =
e J2E X RE i S NPP S5 52 AT HeEE . fr e 3 R, BREF FRTRAS AR , 24 1 B H: b R bR 5 = e 2 X %of
N R ALY S NPP BNV 6, 2410 ELERRTR ASHR S =08 PR IX 32 AR RS AL A RIS 25 48 22 S 2 B NPP
RERUE & T SCE R E R BT, 2410 EL AR NPP AL SRR A3

%3 CBM-CFS3 13l NPP 54t St & bE 42
Table 3 Compare the NPP simulated by CBM-CFS3 with the filed measured values

NPP/(Mg hm™2a™!)

iﬁi FAM  WEEAA AR DRI [Z N TR BHERACH BRSO gif;
CFF EBF DBF PMF CLF TPF CBF CMF

2111 Xingshan 1.92 3.67 4.09 2.21 2.12 2.61 6.85 3.89 AR

X 1.61 3.72 3.02 3.07 3.79 3.03 2.79 3.06 [26]

The Three Gorge 2.11 4.56 3.28 3.60 2.09 3.25 3.22 3.45 [27]

Reservoir Area 4.40 4.38 5.46 4.05 — 3.87 6.19 [28]

2 HERAW

2.1 2%l BRI B [ R eI 55 (i

2009—2030 =24 LB AR ARA S R GE NPP FI 57 55 W0 X e o (181 3) |, 284075 L 53931 72 0.46—0.70 Tg/
a #10.33—0.50 Tg/a, 7E NPP FlSF 0PI 2 b a R i L [F/E R  NEP SEH 0.12 Te/a(2005 4 ) B i K 3
0.21 Tg/a(2017 4F) , Z J SGZ W FFEZE 0.18 Tg/a (2030 4F) , AU fa) 2410 H 3 MR, NEP SE 345 K
0.19 Tg/a, {5 NPP 1 29.9% , Ifii 5 F= W F-3I{E K 0.45 Te/a, i ek 70.1%,

DL E A Wi i R O AE RS R 4E 1 0.21 Tg/a(2009 4F) HAI 2 0.25 Te/a(2012 4F) |, Bl 5 2 Wi/ £0.18
Tg/a(2030 4F ) , BB fa) A= P it i P2 B AE B K 0.22 Te/a, DOM Bl 72 Hh bt 745 Ak £k Bt 10 4 334 ek e 795
(FEFEA 0.17—0.35 Tg/a) ; Hk Ry H AT WL HR A FIFE AR 2, — 5 Bl 12k 1) 4T 38 £ 918 [l 43 312 0.06—0.10
Tg/a F110.02—0.06 Tg/a, DOM ffk g H Ak ¥ Wi 22 1) S5 5 P W e e (BSLABLA ISP 34 0.31 Te/a) , Hk o +
A HLBRR I (0.09 Tg/a) , FEARR A 5732 0F 0 5 1 (0.05 Tg/a) .

2009—2030 42411 B AR MAES R SR EY TR 1 FHIEN 6.64x10° Mg (5% 4.11 Mg/hm*) , 252 L[
B AL 3.33%10° Mg ( 5% 2.06 Mg/hm?) (14 2 % (&l 4) 5 ZBR 57 320 F W IE #E 5, ARG R S04 I & #4914
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Fig.3 Carbon budget and dynamics of carbon fixation and oxygen released value of forests in Xingshan county
NPP . 4] 9 £ 7 77 net primary production; NEP; ¥ 42 25 R Gt 42 7= 7 net ecosystem production; R, ; 55 % FE I heterotrophic respiration; ABio |
ALy ADW 1 AS, o < 53 B R A Wt AV FEAHT + 55676 HLIT A B fif 1 A7 B it total annual increments of carbon stocks of biomass, litter,
deadwood and soil organic matter pools, respectively; R, R, R, : 435l J Ak & ¥ B A N L 3645 HL T Bk 122 55 4F 5 32 0 L & annual heterotrophic
respirations of litter, deadwood and soil organic matter pools, respectively; V.V, o : 7B N FRMAZS RGE A EEBAEM M total, net value of

carbon fixation and oxygen release of forest ecosystem, respectively; R, .. : 5 F=FI- T3 WM {EPIZE value loss caused by heterotrophic respiration

(2.36x10° Mg 5% 1.46 Mg/hm?*) 23 4 [F B4 i (8.19% 10* Mg 87 0.51 Mg/hm?) i 3 135, 52411 B ZRARBRIL
A B BEARARL, 2009—2030 AFE24 1L ELARBAC, | ] A R AR B AR 103 R 43 51 7.59—11.53 42T/ a I
2.21—3.70 /¢ 70/ a, — & F-H{E 43 5 M 10.63 1270/a 8% 6577 JC hm™> a™' | 3.34 {ZJ0/a B 2067 JC hm™> a™'
(F4), S5FRMFIRE B U B R B AR N (5.39—8.13 {¢T0/a) AR K 8 7.29 1470/ a 574509 JC hm™
a” A BNERY 68.6% , FEC 11 B g E Rk B A M ARG B2 NS

2.2 ETHRMISTIR L G E R RS E

P4 B B TR R RS S (B A R T WA (B4 2 7R T RV AS bR e s (181 4) P 380{E 5308 11420
JG hm™ a™ 19835 JC hm ™ a™', M ZEAAASRH FAK (539028 3162 J6 hm™ a™' 1 1307 JC hm™ a™') , A I FH
e [ TRBE A M (EAE YR R AR P e (2653 JC hm 2 a™') | ZEIRPEMM AR BRI (360 JC hm ™2 a™") .

SRR, 2Ll AR | e ] e B AL 1 L R S % I 2 483 A T R e K ) 9 P ] e K o {1 e
(F4), =HFYHED BN 5.24 {CTT/a . 2.05 1270/ a Fil 3.19 20/ a; i 78 1 AL e /N R AR MR P A, 4351
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Fig.4 The amounts and values of carbon fixation and oxygen released of main forest types in Xiangshan county per hectare
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Fig.5 Spatial distribution of R, V.. and V,, of forests in Xingshan county
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