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Abstract; [ Objective ] Quantitative analysis of the difference in forest land use efficiency and its eco-economic impact in
important forest regions of China can provide a reference for formulating forest resource management measures. [ Method ]
From the perspective of changes in forest resources, combined with the four attributes of forest area, volume, biomass,
and carbon storage, and using forest inventory data for China from 1989 to 2018, the changes in forest land use
efficiency in the southern and southwest forest regions are quantitatively analyzed at the forest area and provincial scales.
[ Result] During the study period, carbon storage in the southern forest region increases by 1.17 Pg, and the annual
change rates for the forest area, volume density, biomass ratio, carbon storage are 1.91%, 2.07%, 0.40% , and 4.38%,
respectively. The carbon storage in the southwest forest region increased by 0.95 Pg, and the annual change rates of these
attributes are 1.79%, 0.07%, —0.05%, and 1.81%, respectively. The volume has increased for all the provinces,
among which Shanghai, Jiangsu, Guizhou, and Tibet have the highest relative contribution. However, the unbalanced
growth rate of forest area and volume density ( volume per unit area) in Fujian and Hainan will influence the later
development, while the decline in the volume density in Yunnan and Tibet will lead to slow growth in volume. Forests in
all provinces play a key role in carbon sequestration, with the advantages of carbon sequestration being more prominent

in the southern forest region, and especially in Shanghai and Jiangsu. The carbon sequestration capacity for the three
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provinces in the southwest forest region is at a relatively slow development level.[ Conclusion] To improve forest land use

efficiency, the government should increase investment and continue to implement the Grain-to-Green Program, while

improving the compensation standard and the time limit. Afforestation and reforestation projects and fast-growing forest

projects should continue to be actively developed in key areas, to give full play to the advantages of rapid growth of

plantations and a stable increase in the carbon sink capacity over longer time scales. For natural forests with an

unsuitable age structure, sustainable management should be undertaken to artificially promote the regeneration ability of

over-mature forests to improve the decline in volume density and encourage forestry to maximize its carbon sequestration

potential.
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3 W B

IR o B9 AS B0 4t 2 0k ) AR T AR R 25 7
SRR PR B DL R A AR 3 B B AR W i AR
T8 () Bt i (i 2% P 75 1A 2% PR T AR
2 U B 4 M 4 [ PR TR A R A5 P 3R, 7R
PR 25 AR A PR X 8 4 A
2 B I 25 5 A T B A 94 AR PR 500 2 T
1B G0 FH AR 2 b 25t Al 11448 (IX)
Je S [ 235 SR 9 HEA T L 207 T LA 2 Pk
FIAT LM, T RRARE A TR [R5 4 AR AR
VU A | AR A I GEMll A0 2 TR 4 S0
AT THEIE . R Mo 3 B AR W i Ak %ok
Fang %521 5 v [ 27 SO AR 7 1 BT 5 245
IR T T A Wy b s R T 6 8 R B O L

FT ORER: f8 A i S DI A 50 A7k r [ ARk BT
IR AR SE R BTt SOk, St e A ST Kot
& BIEIERIAIZ T IE R4S & (AR i
208 LI [ AR B P 1) Sh A R AR S R B
DIREAS B 2 LR R AP TR, R DL AR bR
BEURE A S SE A A B 55 5 BE AR RE i it
AR SEHT , AEAE AN AT A A0 15 22 (ELFL S et A 9 722
PR IR EAT AT L, AT o £ e AR s ) 2803 1l
SEE PR R S

Pl R AT T R 9 ORI ) 15 ] A
TR RLE ) A 5 R BT R 25 1 A B R KL
SE ) AE T 2 AR AR 1 25 22 05 G TR
33X BT A 0 BRAR BT IR A B AT A —
B, WRRARIE S, ARMOE JZ B bR ifE > 0.3 2
h=0.2; BREARUE N HEAR 2 TR B BARRLE



5

VERUVHRL, 45 B T AR ARG IR0 0 Kb ARt A1 IR AR AR 7 219

1173 5230 20 1 A R K TR A bR i 2 DA ) e ol L
TE BITE AR HABEARRIG 0, B G0  MLE
TEARMIT AR R SR AR E R BRI A ST
M, T 2T 2 1 AR K EMR ) — G
LSRG TR0 o DRI, AR AN [7] X Js g AR
OISR SR W ST A5 3 P R AN A R A T
DRAUEEHE O HERR PE R R Gk | HE— D3 m Al A 1
JIE | B SEAT AL I3 A AN ] DX IR b ) FH ARG 19 22 S
AR, RN T /0 DX 3l RUBE LU B RIF 5 0 52
PSR s H S R R A R o 3 =
V-1, FEARAT TR R BT IR 2 A0t i RO L
] i 2 R AT B A e S R R A
7] DX 8 AR A | 35 AR i | A W L A i O
ZEEAE—E N T AR BRI | Bk 4R AR
MR PRI F 2T L

N FETT S RRMAE R R A 98 T, 5
PR] 4t ) e AN () R TR A8 B 5K, i v Rt )
PR S AR HEAE DA PR Db 3 1] A% 7
2 5 e AR AS BT R, m] A 2 BV R R
PR ARIX, WL A e i ST o AR Bl st AR i
HUEE SR RN AL /3l Iy MR N PR D ED €S 4
AT O R A2 FRE TR KPR, 8 s o 8 A v O 1%
TR AZ TR 5 1 7 AR X T AR X B R AR ) 4 2
B o s MR AR H | 2 AR B2 ST kA Py ¥ v
JO7fi v AR AR R A TR L9, BURF RN RAR A, 4k
St B AR IR AR TR, B e A B v AT AR BR , 36
£ % & S NTEL S SV NTIRSAROR AN PRI D ER €<k 51
P DR o AR S R M DX AR AR RS R A
H LR SRR RS A N TR AR U |
AR I ) A 2 R i BE D AR B TR I
XF TR AE AR AN 5 PR R IR PRI, 7 R4 T ] 52
SUEE P, PR SO T RE 7, B e o P B
PR T AL, DT $12 g A ) e e o U 10 2 B
JET IR, Bl fe R R K 42 [ B 78 7

4 &

1) 7 1989—2018 4F-, & [ R Ty bh X 75 Mk il
AN 1.17 Pg, ARARTE AR B B B AR W e 4
LR At B AE AR AR 3 51 1.91% .2.07% ,0.40%
1 4. 38% ; VU R AR IX FRARBI At FE 3G 0 0.95 Py, FRAK

B BSR4 L R 6 i AT AR b R
3R 1.79% 0.07% —0.05%F1 1.81%

2) A8 (i X)) SRR AT 3 ORI P A,
He i YEH5 S A AR AR T B Y 5k B s
FARIPUE AL A4S B BV S Bl . &4

(T X)) BB R G KR AN (], G v i e v e A
TR E T B KA Sl f5 I R e, =
T RIS T B G K AR Rk BB Y )
YERT, Bt & AR K G218 [l

)R BIE 254 (T X)) FRAR— B R FERRIL
YERT, B 7 ARIX [ Bk BE ) 2 B0 1 B A 34, LA 1 v
FNT g5 Ry S 3 VG AR DR B g Ak T3 Ik
S DU 222 F T AR IR RRURI 25 R R 1 i
JIN T VG R RN 2 R T R R R S T B
FEE2 N

4) 27 I FRMA R R G Al e v AR Ak %
Z AR LR ST () B 7 R IX AR 28 R G0 F- 2 4R ik
I 79.00 T, PHREARIX N 65.20 Tg; 254 PRI
N7 TRT A28 55 A 1 B Pk e 28 AR B3 | A0F 9 00 1 T A
XM K 1.636 5x107 T, 75 g Ak X 1 K
1. 004 2x10"7T,

2% XHR ( reference) :

[ 1] YU B B. Industrial structure, technological innovation, and total-
factor energy efficiency in China[ J]. Environ Sci Pollut Res,
2020, 27(8) : 8371-8385. DOI.10.1007/s11356-019-07363-5.

[ 2] DONG Y, JIN G, DENG X Z. Dynamic interactive effects of
urban land-use efficiency, industrial transformation, and carbon
emissions[ J]. J Clean Prod, 2020, 270:122547. DOI;10.1016/
J-jclepro.2020.122547.

[ 3] YANG H R, ZHENG H, LIU H G, et al. NonLinear effects of
environmental regulation on eco-efficiency under the constraint of
land use carbon emissions: evidence based on a bootstrapping ap-
proach and panel threshold model[ J]. Int J Environ Res Public
Health, 2019, 16(10) : 1679. DOI.10.3390/ijerph16101679.

[ 4] 5kKAR, BIIHE, (PRI, S5, F5MRE L0 del 1 b | I 2 Al
WAS I R IT[J]. FRARTRE, 2020, 36(5): 45-53, 61.
ZHANG D W, HU C Q, HE H J, et al. Study on the evolution
process of land use types in Liaohe River basin of Jilin Province
[J]. Forest Engineering, 2020, 36(5): 45-53, 61. DOI; 10.
16270/j.cnki.slge.2020.05.007.

[ 5] GRASSI G, HOUSE J, DENTENER F, et al. The key role of
forests in meeting climate targets requires science for credible
mitigation[ J]. Nat Clim Change, 2017, 7(3): 220-226. DOI.
10.1038/nclimate3227.

[ 6 ] IPCC. Climate change 2013 the physical science basis [ M |.
Cambridge: Cambridge University Press, 2013. DOI. 10.
1007/BF00524943.

[ 7] VAN DEN HOEK J, OZDOGAN M, BURNICKI, A, et al.
Evaluating forest policy implementation effectiveness with a cross-
scale remote sensing analysis in a priority conservation area of
Southwest China[ J]. Appl Geogr, 2014, 47. 177-189. DOI. 10.
1016/j.apgeog.2013.12.010.

[ 8 JHE Y F, XIE HL, FAN Y H, et al. Forested land use efficiency
in China; spatiotemporal patterns and influencing factors from
1999 to 2010 J]. Sustainability, 2016, 8(8): 772. DOI: 10.
3390/su8080772.

[9]LILC, LIUJL, CHENG B D, et al. Effects of economic
globalization and trade on forest transitions: evidence from 76 de-
veloping countries[ J]. For Chron, 2017, 93(2). 171-179.
DOI;10.5558/£c2017-023.

[10] LIL C, CHHATRE A, LIU J L. Multiple drivers and pathways to
China’s forest transition [ J ]. For Policy Econ, 2019, 106;



220 (RN N A N s O (S G = B N )

546 3

101962. DOI:10.1016/j.forpol.2019.101962.

[11] KASTNER T, ERB K H, NONHEBEL S. International wood
trade and forest change: a global analysis [ J]. Glob Environ
Change, 2011, 21(3): 947-956. DOI: 10.1016/]. gloenvcha.
2011.05.003.

[12] LI L C, LIU J L, LONG H X, et al. Economic globalization,
trade and forest transition; the case of nine Asian countries[ ] ].
For Policy Econ, 2017, 76. 7-13. DOI. 10.1016/j.forpol.2015.
12.006.

[13] X . FRARH A3 R Em KRBT [J]. Mol &b,
2014, 37(1) . 80-86. LIU M. Study on fluctuation and influen-
cing factors of forest resources[ J]. For Econ, 2014, 37(1) : 80—
86. DOI:10.13843/j.cnki.lyjj.2014.01.011.

[14] FENG J G, WANG J S, YAO S C, et al. Dynamic assessment of
forest resources quality at the provincial level using AHP and
cluster analysis[ J]. Comput Electron Agric, 2016, 124, 184—
193. DOI:10.1016/j.compag.2016.04.007.

[15] VFRRUR, LM, 5, 5. ROl Bk STk X3 oAl K i
BULI]. HEAD-BEHRS3RBE, 2020, 30(5): 36-45. XU
EY, WANG W F, NIE Y, et al. Regional distribution and po-
tential forecast of China’s forestry carbon contributions[ J]. China
Popul Resour Environ, 2020, 30(5) : 36-45. DOI; 10.12062/
cpre.20200105.

[16] 2, sZaERY, sRICHT, A5, Mol ARARA: 25 R L T R AT
R )]. AR, 2022, 38(2): 34-43.ZHU K,
PENG J S, ZHANG W L, et al. Ecological benefits and value
evaluation of carbon fixation and oxygen release in Qujing City
[J]. Forest Engineering, 2022, 38(2) ; 34-43. DOI.10.16270/
j-cnki.slge.2022.02.002.

[17] FANGJ Y, GUO Z D, HU H F, et al. Forest biomass carbon

sinks in East Asia, with special reference to the relative contribu-

tions of forest expansion and forest growth[ J]. Glob Change Biol,

2014, 20(6) : 2019-2030. DOI;10.1111/gch.12512.

LI P, ZHU J, HU H F, et al. The relative contributions of forest

growth and areal expansion to forest biomass carbon[ J]. Biogeo-

sciences, 2016, 13 (2). 375-388. DOI: 10.5194/bg - 13 -

375-2016.

[19] KOHL M, LASCO R, CIFUENTES M, et al. Changes in forest
production, biomass and carbon: results from the 2015 UN FAO

[18

[

global forest resource assessment[ J]. For Ecol Manag, 2015,
352 21-34. DOI.10.1016/j.foreco.2015.05.036.

[20] sk, TR, R, . 1973—2013 4R KL T8 A
Wehifi i R L Zh AR [ )], W E RN 2E, 2018, 38(12)
4678-4686. ZHANG C H, WANG L Y, SONG Q W, et al. Bio-
mass carbon stocks and dynamics of forests in Heilongjiang
Province from 1973 to 2013 [ J]. China Environ Sci, 2018, 38
(12): 4678 - 4686. DOI: 10. 19674/j. cnki. issn1000 — 6923.
2018.0528.

[21] KAUPPI P E, AUSUBEL J H, FANG J Y, et al. Returning
forests analyzed with the forest identity [ J ]. PNAS, 2006, 103
(46): 17574 -17579. DOI: www. pnas. org/cgi/doi/10. 1073/
pnas.0608343103

[22] WAGGONER P E. Using the Forest Identity to grasp and compre-
hend the swelling mass of forest statistics[ J]. Int For Rev, 2008,
10(4) : 689-694. DOI:10.1505/ifor.10.4.689.

[23] MARCOS-MARTINEZ R M, BRYAN B A, SCHWABE K A,
et al. Forest transition in developed agricultural regions needs effi-
cient regulatory policy[ J]. For Policy Econ, 2018, 86. 67-75.
DOI:10.1016/j.forpol.2017.10.021.

[24] CRESPO CUARESMA J C, DANYLO O, FRITZ S, et al. Eco-
nomic development and forest cover: evidence from satellite data
[J]. Sci Rep, 2017, 7. 40678. DOI;10.1038/srep40678.

[25] #E 3, HREE, X005, Mol BB AT &R 2 40 A L BOR
FEMEEL]. PEAD - RS, 2017, 27(11) ; 149-
158. DONG W, TIAN S'Y, LIU H. Choices of public policies for
forestry ecological economy development and the multi-

dimensional measurements [ J ]. China Popul Resour Environ,

2017, 27(11) ; 149-158. DOI.10.12062/ cpre.20170355.

[26] XUBE, Ui S, 2R3 45 VLVUA M8 E A AR 1k RARMRET L
PR REI B X[ T]. Mol 2 5F, 2019, 41(5): 55-
59. LIU C, SHUAI Z Y, LI Q, et al. The issues and new policy
measures on commercial logging ban on natural forests in Tonggu
County of Jiangxi Province[ J]. For Econ, 2019, 41(5) ; 55-59.
DOI:10.13843/j.cnki.lyjj.2019.05.011.

[27] SHI L, ZHAO S Q, TANG Z Y, et al. The changes in China’s
forests: an analysis using the forest identity [ J]. PLoS One,
2011, 6(6) : €20778. DOI;10.1371/journal.pone.0020778.

[28] PAN Y D, LUO T X, BIRDSEY R, et al. New estimates of car-
bon storage and sequestration in China’s forests: effects of age-
class and method on inventory-based carbon estimation[ J]. Clim
Change, 2004, 67 (2/3) . 211-236. DOI; 10.1007/s10584 —
004-2799-5.

[29] FANG J Y, CHEN A P, PENG C H, et al. Changes in forest
biomass carbon storage in China between 1949 and 1998 []].
Science, 2001, 292 ( 5525). 2320 - 2322. DOI. 10. 1126/
science.1058629.

[30] FANG J Y, GUO Z D, PIAO S L, et al. Terrestrial vegetation
carbon sinks in China, 1981-2000[ J]. Sci China Ser D, 2007,
50(9) : 1341-1350. DOI;10.1007/s11430-007-0049~-1.

[31] FANG J Y, WANG G G, LIU G H, et al. Forest biomass of

China; an estimate based on the biomass-volume relationship[ J].

Ecol Appl, 1998, 8(4). 1084-1091. DOI. 10.1890/1051 -

0761(1998)008[ 1084 : FBOCAE ]2.0.CO ;2.

FEURER, R G TERFIAE T T ARACR 45 BE 7 i 5 ¢

AR r ——IE TR 12 48 10 TR G U5 7 2 i Al 4k

HE[T]. hEAAT L5, 2019(5) : 38-53. YAN R H, KE S F.

The impact of cultivation of tree crops on timber supply capacity

[32

[

of planted forests: inhibition or promotion? an analysis based on
forest inventory panel data in 12 provinces of south Chinal[ J].
Chin Rural Econ, 2019(5) : 38-53.

[33] Z=7y, AREE, TUALLT, 25 VO HL X IR AR MBR A 2 B AR A=
P BIN )], ARSI, 2018, 27(3) ; 416-423. LI
Q, ZHU J H, FAN L H, et al. Prediction of forest carbon storage
and timber yield potential in southwestern China [ J]. Ecol
Environ Sci, 2018, 27(3) . 416-423. DOI: 10.16258/j. cnki.
1674-5906.2018.03.003.

[34] PAN Y D, BIRDSEY R A, FANG J Y, et al. A large and persis-
tent carbon sink in the world’s forests[ J]. Science, 2011, 333
(6045) ; 988-993. DOI;10.1126/science.1201609.

[35] WOODBURY P B, SMITH J E, HEATH L S. Carbon sequestra-
tion in the US. forest sector from 1990 to 2010[ J]. For Ecol
Manag, 2007, 241 (1/2/3) . 14-27. DOI; 10.1016/j. foreco.
2006.12.008.

[36] COSTANZA R, D’ARGE R, DE GROOT R, et al. The value of
the world’s ecosystem services and natural capital[ J]. Ecol Econ,
1998, 25(1) :3-15. DOI.:10.1016/50921-8009( 98 ) 00020-2.

[37] Wit ¥aF%, BHFE, & —DETEZMANESRGM
S EATTELT]. AR, 2008, 23(5): 911-919.
XIE G D, ZHEN L, LU C X, et al. Expert knowledge based
valuation method of ecosystem services in China [ J]. J Nat
Resour, 2008, 23(5): 911-919. DOI; 10.11849/zrzyxb.2008.
05.019.

[38] XIE G D, ZHANG C X, ZHEN L, et al. Dynamic changes in the
value of China’s ecosystem services| J |. Ecosyst Serv, 2017, 26
146-154. DOI:10.1016/j.ecoser.2017.06.010.

[39] ki, BREF-, BB, &5 P IEARMAED = AR, X
Fang %5 Science — 3 ( Science, 2001, 291: 2320 ~2322) f#7
TULH[)]. MM, 2002, 26(2) ; 243-249. FANG ]
Y, CHEN A P, ZHAO S Q, et al. Estimating biomass carbon of
China’s forests: supplementary notes on report published in
Science (291: 2320-2322) by Fang et al. (2001) [J]. Acta
Phytoecol Sin, 2002, 26(2) ; 243-249.

(WHERHE  FHEL)





