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Evaluation of forest ecosystem services value in China based on meta-analysis

WU Zijing, ZENG Hui*
School of Urban Planning and Design, Peking University, Shenzhen 518055, China

Abstract: As one of the most effective methods of value transfer, meta-analysis has been widely used in ecosystem services
evaluation in recent years. However, most of the meta-regression models used in relevant studies in China are based on the
traditional least squares method, which ignores the hierarchical structure of the original data. In this research, considering
the data correlation and hierarchy in relevant studies, we established a meta-analysis database by collecting the results of
forest ecosystem services evaluation of existing empirical studies in China from 1990 to 2019. Then we used the panel data
regression method to build a meta-regression model and assessed the model’s effectiveness for value transfer. Finally, on the
basis of the established meta-regression model, we calculated the forest ecosystem services value in China from 2010 to 2100
under the four scenarios in the IPCC SRES: A1B, A2, Bl, and B2. The results showed the following: (1) The model
based on the panel data regression method was the most effective with the average transfer error of 11.57% , compared with
the model based on the ordinary least squares method and the weighted least squares method. Therefore, the panel data
regression was considered the most suitable method for this research. What's more, this model performed better for higher
observed values. When the observed value was small, the predicted value of the model was mostly higher than the

observation and the transfer error was relatively high; when the observed value was large, the predicted value of the model
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was mostly lower than the observation and the transfer error was relatively low. (2) The meta-regression model based on the
panel data regression method could effectively reveal the law of value transfer of forest ecosystem services in China. It
affirmed that ecosystem service types, vegetation zoning, forest area, forest abundance, per capita GDP, and railway length
were important factors affecting forest ecosystem services value in China. (3) The scenario analysis of the forest ecosystem
services value in China from 2010 to 2100 revealed that the forest area and the total ecosystem services value continued to
increase (decrease) under scenario A1B and scenario B1 (scenario A2), which both increased first and then decreased
under scenario B2. Among these four scenarios, the total ecosystem services value in China showed the most significant
increase under scenario Bl , reaching 41.58 trillion yuan by 2100. On the contrary, the total ecosystem services value lost

most under scenario B2, which decreased to 22.97 trillion yuan by 2100.

Key Words; China; forest ecosystem; value transfer; meta-analysis; panel regression method
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Fig.1 The evaluation system of forest ecosystem services of meta-analysis
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Table 2 Results of meta regression model
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Variables

ZHL Coefficients

OLS

WLS

RE

BT Constant

H W Z AR Biodiversity conservation
M Forest products

KU FE Water conservation

+ 3R HF Soil conservation

[& B B 4. Carbon fixation and oxygen production
FRFRUFEE Forest recreation

254k Air purification

FER AT AKX

Cold temperate deciduous needleleaf forest
TR L R R A ARIX

Temperate mixed needleleaf and broadleaf forest region

M 5 7 1 ] PRI

Warm temperate deciduous broadleaf forest

AR FARIX

Tropical monsoon rain forest and rain forest region
A B X Temperate steppe region
A SEIB X Temperate desert region
R FEREHE X Plateau high—cold region
AR Forest area

PRI Forest abundance

A E Railway length

A H % Number of population

A¥J GDP Per capita GDP

FEAZL Number of observations
Adjusted R*

P

13.21 % (1.45)
2.41***(0.21)
1.34**%(0.22)
3.46**(0.23)
1.68*** (0.20)
2.34%**(0.19)
1.17*°*(0.22)
1.54***(0.21)
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-0.69 "** (0.20)
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~1.447*%(0.27)
-0.96***(0.29)
~0.17"** (0.04)
-0.06**(0.02)
-0.07*(0.03)
-0.09(0.06)
-0.29**(0.11)
495

0.43

0.00

13.557"" (1.44)
2.38777(0.20)
1.32777(0.22)
3.45777(0.21)
1.71777(0.19)
2.34777(0.19)
1.08 """ (0.20)
1.47 7% (0.20)

0.14(0.47)

-0.69***(0.20)

~0.427*(0.13)

-0.92""7(0.23)

-0.827"* (0.24)
~1.48*** (0.25)
~1.01"°*(0.29)
~0.17*** (0.04)
-0.06"* (0.02)
-0.07* (0.03)
-0.09(0.06)
-0.32"*(0.10)
495

0.47

0.00

12.86*"* (1.79)
2.46™°* (0.20)
1.43*7*(0.21)
3.46°**(0.21)
1.747°% (0.19)
2.40"°* (0.18)
124 (0.21)
1.63"**(0.20)

0.20(0.67)

-0.69 "** (0.25)

~0.36"*(0.18)

-0.65""(0.27)

-0.77""* (0.29)
~1.42%°* (0.36)
-0.92""* (0.36)
-0.17""* (0.05)
-0.06"" (0.03)
-0.06" (0.04)
-0.09(0.08)
-0.277"(0.13)
495

0.48

0.00

OLS ; 38 /N — 3k Ordinary Least Square,WLS;j][]*Xﬁji/J\:ﬁ?f Weighted Least Square ( DA ERAE BB E O AR ) | RE ;T HCEBCE [1)3
F7 TR BEALRL N AR Random Effect; 3K :0.01 ¢ w5 7 ;0.05 ¢ x> ;0.1 ¢

SR G M55 2 AR XA AR bR B B BRI N DB MY GDP G AT DL R 24
48% AR AL . e IAZE R | AU B (AR AR ARG 55 S AL X3l ) A9 1] U0 20 M B e 1 728 H A S
TOF M2 P O 2 7 1) L R 5 T A i (MR AR R AR JEE A ) [ U 28 I A SR P A K, D IR A
5 A ERERZ L, BIRERE BRI

(1) ARG M55 J L AR Z REVE ORI MR ™ i KRR IR R IROR S | TR S BRpR I L 25 ik
1T 2R R 2R T 0(P<0.01) , Ui WIFE A SRR FFA R RN O T, DAL -E AR A= 28 R GE S5 JE R 1 (i
X A CE SR RBD A RF LS NIUE SR RN AR AL, X RIERE0T VA A2 ARG
KUEIAFR 9 A 2 R GUIR S5 U (EL W v T A S Y R R £ 2 R G R 55 (L8R

(2) B IX K« BRI T AR XN, A7 XY [ 5 2R BORR S 35 /N T 0, U A At 2 1 PR s
AAERITEOLT | 3X BEARH I3 DX AR AR A 25 R GE IR 55 (B4 15 8 IR (ST Al o e i R X)) A7 35 22 5, IR
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S R o ] P AR DX B TR A s o SEIRAT T IR DX [ 0 R B0k IE AR (8 2 ] Rt PR A T LY
FEAREGS N 6 MEEAE ) o X LA 101 R B500T 260, Y 3 8 DX R e A i DX g A6 1 RRL {1 1A S
KT H A2

(3) BRI AR  ARARTE AR A [ R B /N T 0(P<0.01) |, Ul B BRbk A= 285 22 48 IR 55 0 Bt T AR i A7 72
RN I LG , e A SRS G O, AR A N, S A (e 3, (E S T AU (B . AR
T FREERE I 10% , B E A ER D 1.7%

(4) FRAREBE  ZRAR A A R BRI T 0(P<0.05) , Ui BHZE HoAth S AR A5 A 55 00, o 30 HAth 25 bk
TR P 14 25 3 B DX B T AR (B R B AL, 3 P B 55 AR S R G IR 55 BE 45 AR AR AT 56, 50 km {E Bl
ARG TR BRERE N 10% , WF 5% X0 B0 TR 0.6%

(5) BRI A B B 19 1019 2B E /N T 0(P<0.1) , BEBHAE A S RS Y B0 T | Bk B 16 22 %o AF
FE DX A TR AR 28 R GE R S5 (B A AE b 35 A LTI RN, . 50 ke 316 ] P A9 BK B BE R 14 I 10% , SR T AR Y
KD 0.6% ,

(6) A&t N EIHRECh 7, HS 0 %A B 225, A DG B RREE R ml g sl 45 &
SLUIRE MR AL, (AR AR T AR A A (B RAAIR

(7) AN¥J GDP . A ¥ GDP 111 200 &/ N T 0( P<0.05) , BB FE o S5 AR AR (B 0T, BF9E IX R 7E
Mg TS GDP s, AR T AU (B AR ARG, 229 O R R T s A S RS TiRer 2R . A3 GDP
Hahn 10% , B T AR (A I 2.7%

2.2 FERIRZ PR,

BT RAREARNR 2, RIEAXT AR, FEARNIRZE LR 0—38.6%, F3iR 2K 9.92%, Hri,
11% B WMEEME I FERSIR 22 KT 20% , 59% I WERE Y F6 RS 1R 2%/ N T 10%

SR G FIFH BR — 1 28 SUIR IE X BE AR AR 25 14T PP AG , 45 81 1R 22 Y5 B 0.015%—59.08% , “F- 3% 25
11.57% YR FREARPNIRE . R EBLSBUWARRE > . Ho , 55% MBI 1% 22/ T 10% ,AUF 2%
WEME AL IRZER T 40% , FEAMIFTE W, (555 55 (0 F- 212 25 48 209%—40% 22 [A] & 0] LA 32 1922
X FASC AR ME RS TR 22 - YME N 11.57% , 1 BH 38 28 10 A 5500 9103 7 A R 1Y meta S0 M I (E 54 55
5 R I B AR RO R v

W E RS T T+ P HES | 45 AR R TR0 (P A% RS 1R 22 AOAR AR A L &l 4 B b L B e 77 A 28 T 30 4
AT B ERAE  AR AR B0, 0T LA H 24 (EDUR S (25 /N A5 28 000 1 O v, L O 125 R 3 A G T A (L L 52
(B IS, ASE AR O (L KK , O 25 7R 88 AN S0 0 s et T R AER . DN TR AT AR M Bt 5 A0 {ED VRS (B A 386 K
HRIRE I

PR REA N RS IR 22 70 T 1 25 2R B R 45 2 ARURVR 1 X R 2B A7 IR0 H (R BOTTOR 0) (R 3. K 4) . XA
PR RGNS A KR SR I R R 25 B/ N ARARITE AL 8 97 RN FE RS IR 25 B TR AT X R v | IF 34
SRR TR X A R 25 AN FETRHE AT AR XORNE A FE B X A FE RS R 22 B K, X IR meta [B] SRS R 14 25
JEATAL A R GRS W (B AU RS IR L BN A S R GRS M E IR B R S R, Xt itk — 2
TESE T HRIRZE S M E A Z I X R

3 FEHRAK 2010—2100 EMNETHIFS

AR A AV R ) 2010—2100 4FE4BR 1 km 4 HU78 BAS L B 4E . ILE SR 4E 3L T IMAGE £
RUFIA0 M [ AL R 57 FFAR 38 IPCC SRES HAYPUZKAE t——A1B (A2 B1 B2'®' %} 2010—2100 4 [8] AN [H]
A R R B A B AL, e AR 5 2010 4E . AIB JB T AL NS & 25 BB VR I T R TR Y T

Alﬁzi
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Fig.4 Observed value, predicted value and transfer error (ranked in ascending order of observed value)
®3 BBREMESRERSLBH@ALR
Table 3 Regression results of transfer error on ecosystem service types
A EY e b2
Variable Coefficient Standard deviation
37 2 Nutrient storage 0.141 % 0.014
H W Z R Biodiversity conservation 0.099 *** 0.013
PRI i Forest products 0.129*** 0.014
JK I FE Water conservation 0.086 """ 0.014
3R EF Soil conservation 0.141 *** 0.011
[& B B 4. Carbon fixation and oxygen production 0.096 *** 0.010
FRFRUEFE Forest recreation 0.153 """ 0.013
254k Air purification 0.089 *** 0.012

R?2=0.6046,F=93.0956( P<0.01) ;i &1k .0.01 ¢ %=

ASCN R EEEC T P E R MBS, R meta [BIEBRITHEORN R 5 R
Rk s frn, 2010 45 2 FE M E R 1.66 1223 i

HEBRGRS M E RS, 4
VER RGNS B E N 26.26 J1{LTE, XT?PH%T

B TR BN A 25 R G R S5 SN (EL R 1A A A8 A S B A R p a3 FERS 5 ALB A1 B1 T, ZRbK i AR A= 45
RGBS B ERELI N, 2 2100 4, S A 5II8F] 41.06 TTALITTH 41.58 F A6, FEN & A2 T, BRAkif
FURAE B R GRS SN E IR R 1%, 2010—2050 4F SN EF- 3 B4R 67.85 12T, 1l 2050—2100 4F-F-1
AR/ 75.51 4200, eSS B2 T, ARAR i AU A4 B R SR 55 B B 58 B TS T FE 2100 4E A9 ZRAR S E
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0 22.97 THACIE, BHIRUL, X T EZRMAES RGNS Bl R AR AR, T B2 55 TSRS
e 55 A ELR I R de R

R4 EHBREXNERXMHEEFER

Table 4 Regression result of transfer error on vegetation zoning

P bk ESe P22
Variable Coefficient Standard deviation
A HE H 5 M AKX Subtropical evergreen broadleaf forest region 0.106 *** 0.006
FEWHFEFHAKIX. Cold temperate deciduous needleleaf forest 0.159 *** 0.040
HRATEF R YR 22 AR [X. Temperate mixed needleleaf and broadleaf forest region 0.140 *** 0.016
IR A Y% - B8 AKX Warm temperate deciduous broadleaf forest 0.117*** 0.010
PAFZ AR AKX Tropical monsoon rain forest and rain forest region 0.109 *** 0.018
R HF  JF X, Temperate steppe region 0.115*** 0.016
JRHF T X Temperate steppe region 0.144*** 0.020
EFERE B IX Plateau high-cold region 0.137*** 0.019

R*=0.5860, F=86.1544( P<0.01) ;alit EHPEKF0.01 ¢ seoses

5 AABESTHEFHERMESRERESMEIZLER(2010—2100 4F)
Table 5 Change in forest area and value in China under different scenarios (2000—2050)
155t Scenarios AE{SY Year T Area/ (fZ hm?) SAME Value/ (JT12IT)
H:2E Baseline scenario 2010 1.66 26.26
A1B 5% 2050 2.02 30.85
Scenario A1B 2100 3.16 41.06
A2 55 2050 1.55 25.98
Scenario A2 2100 1.17 23.58
BI i 5t 2050 2.26 33.53
Scenario Bl 2100 3.29 41.58
B2 i 5t 2050 1.75 27.41
Scenario B2 2100 1.50 22.97

ALB & A PRI ;5 S R i 3 280 R U s BRI R OB SR, A A B IR T A e . A2 i ARG I &
SEIUIRTT 3 2855 R G BRGNS AL WU T R B BT 57 A RN SR 2 TR I 5 2 5 TR U s R R 501 5 R U2 AT
FEA A MPHRRIRRRA, B2 5 N D P R R ; 2 B v O I BOR SRR s RR TR AT REA D | AR PR LI FEAIT

4 HiRSiHR

41 e

FRAE meta WIARIANGSE IR | 25 AR B RG0S5 28R (B R/ N TR SR 7K U5 > 2 ) Z2 A6 DR > 1 e B 4>
TR RS2 S S MR = > BRI > 5 75 BB, 5 T R ST X b AR A S R G I 1 PR 5 R — K
(A 5 MR SRR ) o XT38 AR B DX, BRARERASE T AR A B A/ A ST A s ¢ ] P bR DX > 122 ik
75 W ] P PR DX > A ZR TR A | R DX > Yl At ) P T S8 PR DX > R I X > ey FE AR Y DX > s T 1 X (R 5 T IE
TEAFET AKX ) o X HR A R 450 IS 45 R, AR SC PP BR Ay 28 WA | IR X980 0 /0, Al X ) 0 P B
AR E KRBT A B e IR AR S PO AR . 38 X — 22 5 09 J5L DR AT BB FE T-10 & 0T T /K IR 7% |
iR A B R B 2 R A S O FE IR S5 AN (8L, A SCIRI Bk 25 08 T A ) 2R O AP MR ™ i
AW AR AE R R GRS A, IER BT F A SCEBUAEAS s AT AP AR A, meta ]I Z5 5
55 B RARA S R G A SRR DL AR AT |

FRMAE B R G 55 25 1 AN 25 52 e R 6, B0 30 G At AR ) T AR K 0 DX AR PR ) B T
PN RSN, EESIE SR B0 AR FT 45 T I, mT R T IR AE T TR R 4D B 3 A 3 X3 i 7
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BIAFAENE CEAFAE R 1, B 0) |, A 25 AR T R A AL I AE A B, eak , X FANE AR S &R
4, RIS IR T = RN 5 1) e R /MBAFAE 22 5% . AN Brander 451 AT 57 45 S 3% WH 21 B AR A B AN
PRI A 25 ZR G0 10 45 B A R T4 i BT T AR, 3 R0 0.248 ; Brander 4517 gk B 451 ] % BRIR /K 12
bR T b 1) 5 SR 4 S B AR, P R B 0 R -0.3 F1-0.2,

T B H I T AR AR AL , XA S RGeS I EAFAE B35 A TR S R, 3X 5 Brander %51 (9 45
W3, AR, B ARMRIEA T A B & | 45 2S5 Al 150 48 2 — T 1A A > b 1B ARl 4 2
AR T B RIST RS, 7 — s i T A SR R AR S R GRS AR B . 3T Ay e
PR, BRI Lk 2, S BRI S M B R T EL RS B A A RS AR B B 4 N i 24
PR oA 0 SR IR A B AR AE DY DRI R s s e R v R R AT i AR AR SR UL R R A B
M), P AR AR 5 R R TR dE R RS RGN R

R E SR F T 7 HED ), 1 3 8 Bt 2 (A 34 R, A TR T o ik ot 8 R AU A e B i 22
RN, X —45 85 Chaikumbung 251" (JEHbAE B R 4E) (Salem 5% (LI R4 25 2 40) M1 Brander %1%
(WA RS MR AR 3, BTN T3 — G 8 8 & B iR (BT R i B b i 2%
G, KR A B 10 25 X6 1 285 2R 0 Ml 5 AR R e DX R 1 [l U1 25 SR mT AT, YR meeta (] DA 0 B4k I By 6 4
Ii] PR DX ) RN (B Sl A VR TR TR (8 (L, e R R 25280/ IN A B 38 SR A A YRS 5 17T > PPk T 708 DX AR A
(BB 77 B AR M B R R 22 5, R RE A B 25 SR 1 2 e
42 5B

ARG SCHERKE RS 0 AR R RS BRI SRR SRR SRR IR L T E R MR S RS
meta ST (B G RS B0HE I 5 6 SL LA I, i 3 bR REAS [R] [ U5 7 32k (R 245 %, e 6 1o ASCEICHE (B0 D7 45 57 T meta
GIHT OB RSB XF AR (B A 52 1 DR 3 RIS 28 P R AT VP A, JF X6 o [ R MR S R M (AR (A 7
SR AT, FEELEWT .

(1) TEARCECE 1T I AR BB AT RCHE 7 v R AE S R IR S5 M (L RS R . ARYE meta [MTIHZ5 5 AL
VEEAY A AR 0] DR B2 48% MMM H AR Ak, Horp A 28 R G0 M55 20 A IX &) AR AR TR AR AR E B NS
GDP FVER B B2 2406 FRAR A 28 R GRS I EAFAE 55

(2) FIIH A —5 28 ORHEAS 2 EFE R R 22 VE A 0.015%—59.08% , 4511225 0 11.57% B A HE 1R
AR AR TR MG, IR E AR R . AHRMAEBRGEIRFS N EEAL, WA
ME R, R IR 228K Oz, IR B T /) | e R iR 25 A /N

(3) PEZRMAE R RS 2010—2100 FMMEFE RS B, ZRMK I BRI M 19 28 10 35— 30, (R[]
T PR EARE A T2 R, HA g5 BL T BB R A o 03 I 5t B2 TR EBUR SRR,

meta ST e XY B IR FE 45 R b AT 2 B 25 A FAE SR IR AT % B —Fh ok, IR L3 T meta 23 W7 (9 41 {E
RS T IR B A R EAR R O T B SRR ST A B R s o A R AR AR S R GRS M (B VA
AR T FEI AR Z 1T 5 AR A A ', 2005 45 4 56 STk 4 e 2 et 1 488 T, (L LA I A6 DX R JE A
X B A AT AR XS D eAh 7R CRLYE ) A A 1T, o B R A 28 R G R 55 I EITAL I P8 iR R IRl 242X
EM ARG —, PO A A AT HeE | s7e 0 a3 7 v RS B i s>, S T2 meta 437
T EAE S R GRS AT TR R, RRBR T i — 248 & SRR Y A R R i SR W AE Bl meta 43 BT 4K
AL S IET WA S RGN E LRSI SR (B PPAG B (EEE S 4%
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