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Abstract: [ Objective] This study aims to provide a scientific basis for improving the ecological product value realization
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mechanism and promoting the high-quality development of the forest ecological capital-rich regional economy, through
investigating the economic conversion efficiency of forest ecological capital in Lishui City, Zhejiang Province in China, the
pilot area of the national ecological product value realization mechanism, and clarifying the efficiency mechanism of forest
ecological capital promoting regional economic growth. [ Method ] In this study, a forest ecological capital input-output index
system was constructed. The super-efficient SBM-Malmquist model, least squares (OLS) model, fixed effect and random
effect model, and spatio-temporal geographic weighted regression model (GTWR) were used to analyze the efficiency, change
characteristics,, main influencing factors and influencing mechanism of the economic conversion of forest ecological capital in
Lishui City, Zhejiang Province from 2011 to 2019, with the help of Stata and ArcGIS software. [ Result] Forest ecological
capital had a positive impact on regional economic growth, that was, under the condition of keeping factors, such as forestry
labor, physical capital and forest land area, unchanged, the marginal efficiency of economic growth increased by 0. 076% for
every 1% increase in forest ecological capital, which had a positive effect on regional economic growth. Overall, the regional
openness in Suichang County, Qingyuan County and Longquan City had a significant positive impact on the economic
conversion efficiency of forest ecological capital, but there was a negative correlation between the two in the other regions.
The improvement of per capita disposable income had a good role in promoting the economic conversion efficiency of forest
ecological capital in most areas. The industrial structure of Jingning County and Longquan City had a significant positive
impact on the economic conversion efficiency of forest ecological capital, while the industrial structure in the other regions
had a significant negative impact on the economic conversion efficiency of forest ecological capital. In general, the
influencing factors had obvious characteristics of spatial-temporal heterogeneity. [ Conclusion ] The economic conversion of
forest ecological capital and the efficient promotion of regional economic growth are not only limited by regional natural
resource endowments and the investment of science and technology, talents and funds, but also rely on scientific and
reasonable allocation of production factors. Therefore, it is necessary to improve the rational allocation of forest ecological
capital factors under environmental and resource constraints, reduce resource misallocation, and promote the coordinated
improvement of factor agglomeration level and economic growth efficiency.
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Fig. 1 Theoretical logic of the forest ecological capital driving regional economic growth
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Tab.1 Input-output indicators for the economic conversion efficiency of forest ecological capital

fRPR A A — % A5 & (=L 7 7 ik
Indicator type First-level Second-level Calculation method
17 g AL 1
Carbon sequestration oxygen release value/ 100 million yuan
JK Ui 5 A ME

BRMAEEFA (X))

Forest ecological capital (X, )

Water conservation value/100 million yuan

TIO N B

MEMAE R T M EE Mgk
Market value method ,shadow value
method and statistical method

Soil retention value/100 million yuan

AR5 E
Effective labor / 10 000 people

AUETE TS

Climate regulation value/ 100 million yuan

Aoll 1 R B¢ 7 £ B¢

Investment in fixed assets of forestry / 100 million yuan

ERIRES

Statistical method

Pl T AR

Forest area/ hm?

Bl E

Output value of the primary industry / 100 million yuan

TSR
Input indicators
WA (X,)
Physical capital
W TI(Xy)
Labor( X5)

M AL(X,)
Forest area( X, )

v g

il X B2 U (1)

Output .
- Regional economy(Y)
indicators

55 el e

Output value of the secondary industry /100 million yuan

Geitik

Statistical method

=7k E

Output value of the tertiary industry /100

million yuan

242 HERAEZKAZFHEBRIZENI R E &
IR TR 1 b DXOFCBE N T S U BREE iG G
=S5 VE g e A i, R 2 G T8N H &R

B PRGBS b X BE AT A0 45 52 ) R 28 8 AR
PRt 1 AMREA i 3k o ANHIX  IFRITE FE A 2011—2019
A AR B X R A AR S REAR BB 81 4,



6 A 59 %

R2 FMNESHEFREFELUEZLMERHRES T

Tab.2 Descriptive statistics on influencing factors of the economic conversion efficiency of forest ecological capital

AN BifH b 2= AR
Influencing factor Mean Standard deviation Sample size
AERE TN H Annua precipitation 1 630. 636 259. 544 81
H X TP Regional openness 0. 151 0. 061 81
AR AL Per capita disposable income 33 795. 84 12 201. 56 81
R 5575 44 Environmental pollution 1 467.019 1239.739 81
7Pl 5 H) Industrial structure 28.828 21.583 81

17 28 M 25 W A 20 U B AR I B A
4 H 5/
3EARE I AL ZE N 3 B, W EMR R E
31 TATEHASARGFREEREIWE 3 P 00 5 Ak 2 & Y A 2 U B B % 1] CCE
iz FH #8308 SBM -Malmquist 8 % 0 5 f 7K #ZAR

K3 MATHRRESEEIEFREUES B

Tab.3 Factorization of the economic conversion efficiency of forest ecological capital in Lishui City

11X Region Fo 8y i [8] Period Y {E
Tndex 2011 2012 2013 2014 2015 2016 2017 2018 2019 Mean

CCE 0.784 1.405 0.968 0.944 1.078 0.814 1.035 0.998 2.376 1. 156

EAIX Pech 0.985 0.999 0.985 0.965 0.998 0.994 1.038 0.990 1.267 1.025
Liandu District Sech 1,042 1.053 1.031 0.866 1.074 0.956 0.915 1.018  0.955 0. 990
Tech 0.763 1.335 0.953 1.130 1.006 0.857 1.090 0.991 1.965 1.121

CCE 0.728 0.850 0.960 1.827 0.854 1.146 0.975 0.898  3.546 1.309

1 5L Pech 1,224 0.635 0.974 1.145 1.054 0.686 1.404 0.907 1.244 1.030
Qingtian County Sech 0.890 1.088 1.016 1.097 1.007 1.025 1.038 0.988  0.898 1. 005
Tech 0.669 1.231 0.970 1.454 0.804 1.628 0.668 1.002 3.174 1.289

- CCE 0.798 1.066 0.952 1.078 1.170 4.213 0.313 1.031 2.314 1. 437

o h Pech 1,035  0.801 1.004 0.951 1.198 1.838 0.714 1.079  0.733 1.039
é’::;tr; Sech 1,000 1.000 1.000 0.990 1.010 1.000 0.981 0.979  1.029 0.999
Tech 0.771 1.331 0.948 1.145 0.967 2.293 0.447 0.976  3.068 1.327

CCE 0.798 1.066 0.952 1.078 1.170 4.213 0.313 1.031 2.314 1.437

BER Pech 1,035 0.801 1.004 0.951 1.198 1.838 0.714 1.079  0.733 1.039
Suichang County Sech 1,000 1.000 1.000 0.990 1.010 1.000 0.981 0.979  1.029 0.999
Tech 0.771 1.331 0.948 1.145 0.967 2.293 0.447 0.976  3.068 1.327

CCE 0.887 2.247 0.948 2.122 1.707 2.227 0.347 0.674 5.702 1.873

Js Pech 0.998 1.000 1.003 0.998 0.403 2.704 0.399 2.294 1.114 1.213
Songyang County Sech 0.960 1.092 0.941 1.189 2.630 1.078 0.979 0.455  2.240 1.285
Tech 0.926 2.060 1.005 1.788 1.610 0.764 0.890 0.646 2.285 1.330

CCE 0.456  1.454 0.967 3.114 0.409 1.776 1.449 0.398  4.702 1.636

SR Pech 0.972  1.063 1.010 1.106 0.905 1.033 1.135 0.854  1.066 1.016
Yunhe County Sech 0.873  1.004 1.044 2.355 0.478 1.090 1.973 0.487 1.285 1.177
Tech 0.538  1.363 0.916 1.196 0.947 1.576 0.647 0.958  3.432 1.286

CCE 0.429 1.345 0.974 1.499 1.059 2.504 0.920 1.577  3.568 1.542

P! Pech 1,083 1.084 1.040 0.976 1.281 3.154 0.389 3.306 0.252 1.396
Qinyuan County Sech 1.001  0.944 0.984 1.190 0.902 0.387 2.850 0.450 1.926 1182
Tech 0.396 1.315 0.952 1.290 0.916 2.053 0.829 1.059 7.358 1.796

CCE 0.366  0.622 2.068 1.325 1.069 2.896 0.288 1.024  7.040 1. 855

o Pech 0.964 0.417 2.513 0.860 1.176 1.006 0.789 1.240 4.862 1.536
Jingning County Sech 0.998 1.230 0.867 1.052 0.921 1.054 1.020 0.902 0.291 0.926
Tech 0.381  1.212  0.949 1.465 0.987 2.732 0.358 0.916 4.972 1.552

CCE 0.678 0.915 0.933 0.988 1.347 5.054 0.806 1.783 1.723 1.581

T st Pech 4042 0.252 0.983 0.863 1.455 3.688 0.951 1.463  0.286 1,554
Longquan City Sech 0.382  2.805 1.000 0.933 1.027 1.043 0.96 0.981 0.667 1. 089
Tech 0.439  1.293  0.949 1.227 0.901 1.314 0.883 1.243  9.043 1.921
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3.2 MATHRHRESTEARHERBEFERIG
RS

HEAT IR A 53 Hr Z 005, B Je i AT 2 AL A 56
ER BRI 2K F (VIF) il KE N 3.92, 18
PE/NT 10, PR A A il R A 1 R A7 AE 22 R Pk ()
i, s, #EAT OLS [ Z5 SRk 4 FiR,

®4 OLSHEREITLER"

Tab.4 OLS model estimation results

A, OLS ###1
Variable name OLS model
Z 8 Coefficient T
InX, 0.076° 0.52
InX, 0.235* 2.59
InX, -0.296 ** -4.36
InX, -0.311*** -6. 82
H I Constant -1. 405 -0. 042
R? 0. 490
F 18.29
P 0. 000
@ #  wx Fll s APIRIRTE 0.1,0.5 F10.01 KFEFRE, F
[Al, #, #% and ##* refer to significant differences at the 0.1, 0.5

and 0. 01 levels. The same below.

H1% 4 W LUA ), OLS B RUAl 345 R A 3%
BAL I SRR G R I 0 F A AR P AE 53 5108

R5 BRMNESHAFREFHEBLEY

18.29 i1 0. 000, Z ¥ K [ 85 1 3 B AL 5 IR
JE R H 0,490, 45/ B AR B 353 4 B PR 5
BV RR AR A ZS 0 AR RN 95 3h F1 A 0.1 KSF W3 YR
BEAFIAR L T FRLAE 0. 01 KSF BB, 3580 )1 Wk
BEA bR M TR A 7 B 4 I Dl - 0,296 Al
-0.311, FRMABFAM = MR 0.076, F
FEARHEST B T3 ) I3 6% A R bR b T AR A PR3 AN AR 11
KT, AR AEBSEARGIERS 1%, 29K
0. 076% , X 2% B R PR A= 25 5 A 58 08 B A b A1 30 IX 35
VIR X —E5IB AR T A SCRIBF S IR —

3.3 MATHEMESEREFERNENETEY
M & 2=

DL U B 3 AR A Sl Bl i R AR et DUAE R o
M DXTF % BE NS AT S A PR 55 TS G Rl 45 )
RN R R AR, ZEILAEREZR D
/N VIF fe KAE N 1,55, i3 /T 10, BB 44 i B
A N2 B MR, F— 2P X} 2011-2019
AT 114 R S B SR FH i ML 2880 I R [ 5 265 Iy A 78 94 [l
F53 T B R N3R5 R,

F 5 ERRM W E AL ALY FEM P {E S
S 4.47 F10.001, BLADLEE R 0. 49, B HL AL N AL
AU Wald G2t = F1 P {H 53 5% 26. 93 F1 0. 000, 4
G ALEE R 0,59, BRIV i 500 A5 0 1 i HIL A5 07 A 7R o
%%Kiﬁﬁﬁ%,ﬂ%ﬂ%&i%ﬂﬂ,@ Hausman £ 5
5 (P=0.993) KB 4 J i (BEHLRN B AL ) |
o, BY it AL 3050 1 A TR I T [ A0 AR AR P b o 5 B
B0 A5E 70 [ 05 2% S 30 47 5% i DR 3R 19 52 i) AR AE 43
Br G5 RI . 1) AF R AL (AP ) X ZR MR AR AR
o0 7 A T ) sE ) IR T 1% KOF 1 5 3 P
K, RECH 0.001 316, 31X & B4R 7K & 7T DL 36 4
b S AR HERRRAE S AR B SR SOR  — e R
JE S U, 2) N3RS A ( perCDI)
XoF FRARA 25 9 AR 20 % T 0 A5 R 7 A OE ) s ), I

s UL
S ALNSEEPEES

B
57

Tab.5 Influencing factors of the economic conversion efficiency of forest ecological capital regression results

R4 [& 7€ BV A Fixed effect model Fiti HIL N A% A Random effect model
Variable name % KU Coefficient T Z B Coefficient VA
AF [T & Annual precipitation 0.001 350 2.58 0.001 316 *** 2.76
M X FF U Regional openness 3.762 069 " 1.18 3.517 612 1. 61
A ZEYL A Per capita disposable income 0. 000 045 ™" 2.86 0. 000 042 *** 3 35
Y5575 % Environmental pollution -0.000 043 -0.18 —-0. 000 108 -1.03
745 #4 Industrial structure -0.024 258 -1.11 -0.019 345" -2.74
BT Constant -2.727 463 -2. 44 -2.530 710" -2.53
F 4.47 26.93
R? 0.49 0.59
P 0. 001 0. 000
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it 19 7K1 19 35 PRI, 5 R B 0..000 042, 3X
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JIE R A 72 & e RS 1 oK A B I 2 R ) X
ZUCP R K M ALK, 4) BREET5 44 (EP) Fi it
X R (RO) o fil i 1 @ 35 1 K 56, ax 3 W I e
T3 BRI Ml X T 0% I B X AR bR A S AR & B i
RO B TH B 4 B X388 20 % 8 K TS B R A P
SR, W] B8 4 J5 DR e T 75 G 3 B ALCRE AN b X T il
JE KPR X A 51 e 28 0 A e R DL
20 U 7l E A RRARCZE 25 7l K e A, B AR kR

BRAX KIRA P K R SO A, 250
ek AN TR] (52 0w PR 2R R R A 3 AR 28 U A 4
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SRR N4 Ry R AL, I FL AR MR AR 25 B8 A 28 % 1 e 3L
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N T B 390 363 27 0358 23R I X 28 % 48 4K )V FH AL AR S
], FLAT BB i B 25 S I MR AR AE L S ik — 2B R
A3 A AN ) 52 e PR 26 6 S ] B 30 4% A B (T LX) 0 B
Fik ZKSF | X6 45 A5 i R 28 A R AL ) R HL i s R
PEFRAE JE A7 20 . B AR BE T ArcGIS10.6, fif JH
GTWR BLEUGE FIHL ] 3547 015 40 8, B 3l Rk %
B, PIASE R E 6 Fr s, AlCe = 274. 065,
R’=0.769 8, A RURKLF . HARG R HTIT
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Tab. 6 Estimation results of the economic conversion efficiency of forest ecological capital influencing factors in GTWR model

fift B 7% 2 Explanatory variables

JHE Regions AR B WP AT RA S8 15 = 5

Annual Regional Per capita Environmental Industrial

precipitation openness disposable income pollution structure
FEHAR X Liandu District -0.000 031 -1.711 021" 0.000 007 ** 0.000 092 ** -0.013 194"
H H E Qingtian County 0. 000 149 -2.014 573 0. 000 009 0. 000 007 -0.022 753"
2% 7~ B Jinyun County -0. 000 277 -1. 154 854 0. 000 008 * 0. 000 095 * -0.009 504"
i% B 2 Suichang County 0.001 757" 1.538 620" 0.000 013" -0.000 195 ™ -0.042 503"
AP E Songyang County 0. 000 558 *** -1.044 1297 0. 000 011 -0.000 145" -0.016 3547
= Ml E: Yunhe County 0. 000 558 -1.044 129" 0.000 011" -0.000 145 -0.016 354 ™"
PRIt E Qingyuan County 0.000 131 3.108 327 7" 0. 000 062 -0. 000 058 -0.009 972"
57 E: Jingning County -0.000 477" -2.125 191 0.000 068 ™" 0.000 695 " 0.002 375
Je SR T Longquan City 0.002 673 21. 138 824" -0. 000 253" -0. 000 230" 0. 820 900 "
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Tab.7 Spatial-temporal distribution of coefficients of the forest ecological capital economic conversion

efficiency influencing factors in 2011, 2015 and 2019

A
e 2011 2015 2019
Change direction
AT ik T P ITUBE S PN IR 2P 3% A8 K PN TIPS RPN
Annual precipitation Growing from east to west Growing from east to west Growing from east to west
b DX FF R MR AL 20 7Y g 12 7 AL K AR L 2074 B 32 i A K AR L 2094 R 2 A K

Regional openness

L ANUE RS RPN

Growing from the east and the

UNZLIE T PN

Per capita disposable income K
P P west to the middle

PRI g AT B 7R 5% i A8 K
Environmental pollution Growing from west to east
7ok MR B 04 312 B A K

Industrial structure Growing from east to west

Growing from northeast to southwest

Growing from northeast to southwest  Growing from northeast to southwest

L ANUIEE RS PN IR P4 i) o 2 32 R
Growing from the east and the Growing from the east and the

west to the middle west to the middle
PNGEIF ST AP NP ) 7R 7 18

Growing from west to east Growing from west to east

MR B 04 32 B A K MR B 04 32 B A R

Growing from east to west Growing from east to west

A 5 T X AR AR 2 A 28 5 T R AR R i Y
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