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Evaluation of forest ecosystem services based on biomass in Shanxi Province

LIU Yong™ , LI Jinchang, YANG Yonggang
Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: Forest is one of the most complicate terrestrial ecosystems in the world and plays an important role in sustaining
the global life system. Forest ecosystem services can provide economic benefits both directly and indirectly. The valuation of
forest ecosystem services has become a hot topic in ecological economics research. There has been a growing literature on
valuation of forest ecosystem services in the past few decades. In each case, the researchers gave important insights into the
spatial and temporal changes in forest ecosystem services. A few researches indicated that the ecosystem service function has
close relationship with biomass, but previous evaluations of forest ecosystem services did not take this point into account.
Shanxi Province was chosen as the study area. The objectives of the study were therefore; (1) to assign specific value
coefficients for the forest ecosystem services; (2) to estimate changes in the matter and value quantity of forest ecosystem
services in 1995, 2000 and 2005; and (3) to provide information and advices to support forest sustainable development
policies in Shanxi Province. The results showed that the total value of forest ecosystem services in Shanxi Province were
377.24x10° yuan in 1995, 428.79%10° yuan in 2000, and 501.12x10° yuan in 2005, representing an increase of 123. 88
x10° yuan from 1995 to 2005 ; the value of unit area forest ecosystem services were 2. 60x10* yuan in 1995, 2.72x10" yuan
in 2000, and 2.93%10* yuan in 2005, representing an increase of 0. 33x10* yuan from 1995 to 2005. During the ten years,
the increasing value of forest ecosystem service was contributed mainly by Lithocarpus (39% ), Chinese pine (17% ) and
Spruce (14). The areas of forest in Shanxi Province increased 18% form 1995 to 2005, but the matter quantity and value

of forest ecosystem service increased 33% , which showed that the forest ecosystem in Shanxi Province has very important

BE&TA W75 B AR ST (2010011044-2) 5 ILPGHE F 4RI R G0 H (2011021027- 1) ; FR A AARL# R4 T H (41101013)
Wo#s H #1:2011-03- 15 EAT H#1:2011-07-04
# MIRVEH Corresponding author. E-mail ; liuyong@ sxu. edu. cn
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service function. During the ten years, the matter and value quantity of unit area forest ecosystem services in Shanxi
Province increased about 13% ; among contribution of value of all ecosystem services, the order of value is below: water
conservation > biodiversity conservation > soil conservation > fixing carbon and releasing oxygen > decontaminating
atmospheric environment > accumulation nutrient. If not taking the biomass factor into account, the estimated matter and
value quantity of forest ecosystem services in Shanxi Province would be obviously higher than actual quantity, which

indicated that the biomass has great influence on the forest ecosystem services.

Key Words: forest; ecological services valuation; biomass; Shanxi Province
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JEBMITER; C Jy j RIS MM B IE REL; P, AT A ik PR 7 F L PG 48 7 T AR AR ¢ 282
BRGSO, NFE2 FiR; o {HAE 1995 .2000 F12005 4E4050°4 10 11 Fil 14, UP, A% & EYE N1
A LU PG 28 B THT AR ER AR | RAE S R GRS W i A 1L PS 4 ZR AR A AR

F1 LAAFAERNBSEMEERE

Table 1 Modify coefficient of the ecological service value on unit area of different forest types in Shanxi Province

TR IR 55 BN B 1E R AL
FRMRZEAY Forest type Area / (x10* hm?) Modify coefficient of the ecological service value
1995 2000 2005 1995 2000 2005

= Spruce 0.21 2.05 2.85 2.1760 2.2824 2.1884
PN Larch 7.43 8.84 9.61 1.2721 1.1783 1.2940
}EF# Scotch pine 0 0.32 0.16 — 0.0988 0.0355
{4 Chinese pine 46.08 49.28 49.61 0.6397 0.6376 0.7329
#2111 Armand pine 0.32 0. 64 0.80 0. 8054 1.0937 1.2928
HABFAZE Other pines 0 0 4.91 — — 0.8199
MUK Chinese arborvitae 7.28 5.82 5.52 0.9857 1.4560 0.9827
¥F2 Lithocarpus 34.43 38.70 48.24 1.0982 1.0685 1.1208
HEA Birch 9.02 9.32 9.02 1.0154 1.1148 1.0344
K 40 Manchurian ash 0 0 0.16 — — 0.9403
T2 Hard broadleves 14. 86 15.48 14.02 0.5791 0.5988 0.7425
4 Poplar 22.76 24.50 21.50 0.7059 0.7277 0.7804
Mk Willow 0 0 1.11 — — 1.1564
KR Soft broadleves 2.69 2.84 3.34 0.7522 0.8413 0.7513
&t Total 145.08 157.79 170. 85 — — —

R2 AEREVEERTHUBAERRESRGECARRSHYRE

Table 2 The matter quantities of unit area forest ecosystem services when biomass is not considered in Shanxi Province

TR Yy i il sl Yy
Function type Matter quantity Function type Matter quantity

P95k B Regulating water content / (m>hm™a™!) 2130.524 MARE TR N 0.049
[ 1 Preventing soil erosion / (t-hm™-a™') 69.271 Tree nutrition accumulation /(t-hm™>a™") P 0.023
A Keeping fertility / (t-hm™2a™") N 0.194 K 0.032
P 0.027 ?t(?’; %}?’:j\_ i:’dz”:“f])g anion 9.892

1.275 Wi SO, Absorbing SO,/ (kg+hm™2a™') 207.816

EERiING 3.148 W21 HE Absorbing HF / (kg-hm™-a™") 6.427

[ i Fixing carbon / (t-hm’z-a’l ) 2.288 ST NO, Absorbing NO, ( kg'hmﬂ'efl ) 10.563
% Releasing oxygen / (t-hm™2a™") 6.099 fiii2 Detaining dust / (kg-hm™-a™") 2.721

®3 KEREVERTHUAGHTHESRERMERRSHNESE / (x10*TChm2-a™")

Table 3 The value quantity of unit area forest ecosystem service when biomass is not considered in Shanxi Province

LhRe! UiRER TIRees WrfEat
Function type Value quantity Function type Value quantity
TSR RS
T | 005 EMZRERY 0.661
Water conservation Biodiversity conservation

= iﬁ‘ 7 V=3 \i-t
(EES 0.645 FURTAS o 0.244
Soil conservation Decontaminating atmospheric environment

L e
IHERE , 0.501 - -
Fixing carbon and releasing oxygen
FEEIFRYI Accumulation nutrient 0.075 Gt 3.130
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L PG 8 AR AR 2 R G55 1 SN (B AR B T BT R A

FV,= 2 A -C +V, (4)
j=1
UV, = FV./A (5)
Fg:%@-q-m (6)

K, PV, MIVEE B i RAES RGNS BN ER, | 2SR FARE A E 1 BB A5 IR 5
AE(E3); V. WARBIEAY RN TR VG ZRAK | B RGEMS R, Ik 3 FiR; UV, % EAY R
PRI LU PG 28 AR § 28 S R GRS BBt s BV, RILVEA j RS R GRS 1 BN E & 5 m (B AE 1995,
2000 12005 4328 8 ; HALS R (2) F1i(3)

2 GRS

2.1 FRAREBURIAES RGRSS FRAME IE R B AR 1L

3L (R 1), P E ZRARE AN T 18% , Hi 5 a MG 5 a BEHRIIN 9% , F B 1LPE 4 FRbkm FL 2
SRR BRSBTS e ot B, DA RSl R g, A AR AR Y S R
SERghnE S, VA BRI 32 (9 31% ), BRISIRZ.(15 25% ) , #h 15%

EYIRE (R 1), aZMERRGEWSS B s, TEMA IR, FfJE AR R, B PSSk, i
WARAS, BT A A2 TR AR AT 55 AR H2 HE B8 M IR S5 M 1, PRI PG 4 o B B A0 S A
FRARE A FIBG 3 TAE, 3 BIAHLL, =42 FEF0n IR HEAR BRI 2 0 IR 55 B S S o ka3, Y s il
Py MR R Seil S iR AR R RS s, RIS ARMRAR 55 B4 119 48 b 32 B h ARk | 7 b RTAR
Gy AR TS
2.2 HMEBRGIRS YT

3WIAHEL, VG AR S R GRS 10 R o S e ka3, IR IITE 32% —34% Z ) (£ 4) , F
B2y 33% | ZIEIRI 5K T ZRAR AR IE 08 (18% ), R 1LPE & FRbk A B R G Ao EZ A IR 55 T BE
PG4 A2y 4 Vb A 3 AR 2 [ B 408 4. 56X 10° v/al ™ F10.97x10° va( £ 4) , RIFRMA
] VR A 1L PS8 2 AR BT R 299800 T 18%

®4 ZEEVERTHUALRKESREZRSHENRE

Table 4 The total matter quantities of forest ecosystem services when biomass is considered in Shanxi Province

IREA S Function type A Yeur
1995 2000 2005
JH5 7K Regulating water content / (X108 m*/a) 25.67 29.18 34.10
[ £ Preventing soil erosion / (x10% t/a) 0.84 0.95 1.11
F#AE Keeping fertility / (x10* t/a) N 23.37 26.57 31.05
P 3.25 3.70 4.32
K 153.62 174.61 204. 07
HHL 379.29 431.12 503. 84
[ §% Fixing carbon / (x10* t/a) 275.67 313.34 366. 20
% Releasing oxygen / (x10* t/a) 734.84 835.26 976.15
FRAE FEFLE Tree nutrition accumulation /( X10* t/a) N 5.90 6.71 7.84
p 2.77 3.15 3.68
K 3.86 4.38 5.12
HE P24 BS T Producting anion / (X102 4~/a) 1.19 1.36 1.58
W2 SO, Absorbing SO,/ (x10% kg/a) 25.04 28.46 33.26
M2 HF Absorbing HF / (x10% kg/a) 0.77 0.88 1.03
W0 NO, Absorbing NO_/ (x10% kg/a) 1.27 1.45 1.69
2k Detaining dust / ( x10% kg/a) 0.33 0.37 0.44
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3 WAL, 1G4 B AR ARAR AR S R G MR S5 1 ) T o 2 R ks A, BEBRIAE 12% —14% Z 8] (3%
5), F¥213% , FIRERH TIL 10 a R ILTPEAE S5 a8 s 38 i RO TR b IA 3 TR AR A AR T
PO R TAIZ A BRI B & B TAER S T BMAER . # LA+l T/ BR, 2020 4F 10754
AR B 1 400x10* hm® | 2 2005 4F B THFRARARAT [E] 1 64.97 va F (£ 5) , JHET L 7Y FRARE + 5

R 2. 60%10° vVa, A ZAE TR 35% UL L,

WERATE AR N T, WA BRMA SSRGS M AHFEITE LT, ILPE4E 19952000 1 2005 4F #RbK
S RG4S o5 D RERY S B 70 0 FU AR 4 TP AYZE R = 20% \15% F1 7% , FRPA L P9 48 AR AR 25 R S i

% i B S AR Y DA G

x5 ZEREVERTHUALARKESRGAMERBRSHYRE

Table 5 The matter quantities of unit area forest ecosystem services when biomass is considered in Shanxi Province

YIfEZ 5 Function type FE0 Year
1995 2000 2005
WHT /K Regulating water content / (m*/a) 1769. 369 1849.293 1995.903
[% £ Preventing soil erosion / (t/a) 57.899 60.207 64.969
FRAE Keeping fertility / (t/a) N 0.161 0.168 0.182
P 0.022 0.023 0.025
K 1.059 1.107 1.194
AL 2.614 2.732 2.949
[ 8% Fixing carbon / (1/a) 1.900 1.986 2.143
il % Releasing oxygen / (1/a) 5.065 5.293 5.713
MRAE F2FL L Tree nutrition accumulation /(t/a) N 0.041 0.043 0.046
p 0.019 0.020 0.022
K 0.027 0.028 0.030
H P 4B F Producting anion / (x10% 4~/a) 8.202 8.620 9.250
Wi SO, Absorbing SO,/ (x10%kg /a) 1725. 944 1803. 663 1946.737
W2 HE Absorbing HF / (x10%kg/a) 53.074 55.770 60.287
W NO, Absorbing NO_/ (x10%kg/a) 87.538 91.894 98.917
42 Detaining dust / (kg/a) 22.746 23.449 25.754
2.3 BMEBRGNMRG N EREZL
2.3.1 BMAESRGS WG LB ERZ L

SR (F6), 1IPE4E 1995,2000 F1 2005 4F FRARAE A R 46 ik 55 14 a0 18 & 53 3l R 377. 24 x10°
428.79%10° F1501. 12x10° 70, RSB43 310 2. 60x10% 2. 72x10* F12.93x10* 76, HP 10 a 8], (L7548 ik
Az SR S5 S P (B B RSN X S R ke A g m T 123, 88 x10° ST 0. 33 x10* JT, 4 K 43
iK33% F113% A RAZ B A Y & N1, BN B A B R GRS M A RNE DL , 1L P54 1995 2000 1

R6 EZEEMERTHLUAERKESREERSHENNES

Table 6 The different value quantities of forest ecosystem service when biomass is considered in Shanxi Province

ISR IER=,

ek Total value / (x10° 52 B Unit value / (x10* J6/hm?)
Function type 1995 2000 2005 1995 2000 2005
7K Water conservation 121.087 137.635 160. 851 0.835 0.872 0.941
147 13 Soil conservation 77.713 88.332 103.233 0.536 0. 560 0. 604
[ 3% B¢ 46 Fixing carbon and releasing oxygen 60.363 68.612 80. 186 0.416 0.435 0. 469
FREEFYT Accumulation nutrient 9.036 10.271 12.004 0.062 0.065 0.070
Bl K FRBE Decontaminating atmospheric environment 29.398 33.416 39.052 0.203 0.212 0.229
AW ZREVELR P Biodiversity conservation 79. 640 90. 524 105.794 0.549 0.574 0.619
&1t Total 377.237 428.790 501.12 2.600 2.72 2.933
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2005 4FFRARAE S R G0 IRSS 1Y S B3 91K 454. 10x10° 493, 88x10° 1 534.76x10° I, L bR 45 543 51l i
T 20% 15% 7% , FILVEE FRAES RGNS M a5 E YR 2w VIR

ANKIIBEF (£ 6), WMFRKIEMIERK, HEAMER 32% , LYW ZFEHEAP M EMEE RN ERZ,
B1di 21% , FRBEEFRWTNERAL, 5 2% , BB SAMNE AL RIS ME 35 16% F18%
2.3.2 BEHBMEERGRSHIME R L

3WIEHPRE (£ 7), STILTOE BRMA S RG RS S 5 T wk R oK B DU 28 Bk IR AR 2 (329% ) i
WA (23% ) A0 (12% ) FITE A (8% ), BTk e /N DU S BR MRS BI MAEF- 48 (0. 01% ) /K A0 (0. 03% ) Ml
B (0.27% ) FIAEILAS (0. 46% ) . BRIARSS BRAN AT ARSI, AN FIAZG AR AR IR S5 SN ImAI , (AT AR R,
VRIS AR TR AR/, (BRSSO e, PRI DU 2 MRORT 45 33 il 55 D) R 1) 1 1 Do ikoR B . ATy LK
MDD A2 LA () AR 55 BN TR FR SR8/, MRS FR AR AR S5 SR B o, (LTI RS /DN, R 1322 DU 28 R AOG) 45 0 il 55
FIME TR /N, 10 a [BIREF-Fa AT HEAFIAZ B 25 0] 8 i T4 AN 35 S 309 A0 T a0 4 iR A
FLARSS (2 S e vk e, FLAbARARIG Al 55 th (3 R RR LR ik, ILTE4A 10 a MM HEMRAE S RS
R 55 B FRARSS Tk e K (39% ) , MR Z (17% ), =AZTTER T 14%

DL AR, IIVPEAR I 10 a R85 I8 s S R AR T/ S HE KD IR TG 2 TR MR B AR TR A K
H G TR 28 ARG B RB P TARR S TR, Va4 SRpkA: 8 RS IR 55 0 B i 2 0 35 1S &
P I EZHARE AR S A2 TR

R7 EREVEETHLUEAEERNESRSHNESR

Table 7 The value quantities of different forests ecosystem service when biomass is considered in Shanxi Province

AR B HE Total value / (x10% JT) LA Percentage /%

Forest type 1995 2000 2005 1995 2000 2005
=2 Spruce 1.430 14. 645 19.522 0.379 3.417 3.897
PR Larch 29.584 32.603 38.923 7.845 7.606 7.770
FiFH# Scotch pine 0.099 0.018 0 0.023 0.004
A4 Chinese pine 92.264 98.348 113. 804 24. 466 22.943 22.717
42114 Armand pine 0.807 2.191 3.237 0.214 0.511 0. 646
HAlFAZ Other pines 12. 600 0 0 2.515
AT Chinese arborvitae 22.461 26.523 16.979 5.956 6.188 3.389
¥E2 Lithocarpus 118.349 129. 429 169.231 31.382 30. 194 33.781
HEAK Birch 28. 667 32.521 29.204 7.602 7.587 5.830
JK B Manchurian ash 0.471 0 0 0.094
T2 Hard broadleves 26.935 29.013 32.583 7.142 6.768 6.504
it Poplar 50.287 55.804 52.517 13.335 13.018 10.483
MR Willow 4.018 0 0 0.802
B2 Soft broadleves 6.333 7.478 7.854 1.679 1.745 1.568
At Total 377.237 428.790 501.12 100 100 100

3 g

(1) LL7PH44 1995 2000 1 2005 4F £} Ak A 25 3 G0l 55 19 A0 1 52 43 301 o 377. 24 X 10° (428. 79 x 10° F
501. 12x10° J&, MRS P43 510 2. 60x10* 2. 72x10* F12.93x10* JG, ¥ hndsE k%, (764 10a &)
T ARARAE S R G 55 (B AR DTRRIR R (39% ) , MAMRZ (17% ), =AZTTHR T 14% .

(2)1995—2005 4F, 1LIPG4 FRAK I AR T 18% , £ R SR S5 0945 Fh by o 2 AN (5 2088 n 1
33% , R VG FRAADS R g B Mo B A IR S TEE

(3)1995—2005 4, 1hvG 4 Sy AR AR AL S R GRS 19 o B A (B 2939389 T 13% , "I REE
TP S5 S St i A T AR e KV I5A B TR AR BRI AR TR 45 [ % i TR HZ A Bk 55
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(4) LIV BRAARA SR S5 7S REfer, IR IR (32% ) , LEDZHEAELRP I E AR T 50
HRZ(21% ), BREEFRYFRMERM (2% ) . XS KITEEMH 510k K0 U BRI 4302 8E 2 (32% ) |
WA (23% ) B (12% ) FITEHHS (8% ) .

(5) SRR B Y N, L PE 2 FRARAE 25 R Ge 45 1 9 s AV (B K EL S PR I e s, A
Yy X R AE S R SRS DR R RN,
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