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Using volume and volume increment as units of payment for ecosystem
services based on ecological public forest

MA Haoran
(College of Agronomy & Resources and Environment, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: [Objective] Transforming the unit of forest payments for ecosystem services is the requirement for
promoting the quality of ecological public forests and stimulating the enhancement of forest ecological services.
There is an urgent demand for the theory and academic aspects to improve the method of payments funds
allocation scientifically through diversified units of forest payments for ecosystem services, which can evaluate
the different ecological service value of ecological public forests reasonably. [Method] Based on the scope and
characteristic of forest ecosystems accumulation and increment, we explored diversified units of payments for
forest ecosystem services, and propose the idea that forest ecosystems accumulation compensation in terms of

”»

volume unit which can promote “compensation by quality” for forest ecological benefits, and “incentive”
compensation in terms of volume increment unit which can promote the enhancement of forest carbon sink
capacity. Taking the ecological public forest in Lingi Town, Chun’an County, Zhejiang Province as a case, this
paper analyzed and evaluated the feasibility of ecological public forest payments funds allocation using volume
unit and volume increment unit based on the smallest forest division unit - small class. [Result] Using volume
as unit of ecological public forest payments is more effective than that of area, which could highlight the

differentiation of forest water-holding function and forest quality. Payments using volume increment as unit
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could promote improvement of carbon sink function, which met the requirements of multi-functional
management of forest ecological services. [Conclusion] Implementing payments of ecological public forests
using volume unit combined with volume increment unit could effectively maintain the existing forest
ecosystem stock and stimulate the of forest ecosystem increment, which can make up for the inability of area
unit on value incentive and dynamics in the current payments for public forest ecosystem services, and point out
the direction of improvement for forest management to effectively promote ecological services. [Ch, 4 fig. 4 tab.
28 ref.]

Key words: ecological public forest; payments for ecosystem services; unit; volume; volume increment
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Figure 1 Roadmap of using volume and volume increment as units of forest payments for ecosystem services
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Figure 2 Differential evaluation on forest quality and ecological service functions of FPES fund allocation according to different units
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Table 1 Ecological forest compensation results allocated by area unit and volume unit of Lingi Town in 2019

YNE Sz T A /hm? AN FEME R/ m’® AL AR E Y (m’ hm™) TR AR AMERATEE /T FHPUMAREE T
A 5020.55 384 622.14 76.6 2635792 2648 715
B NI 376.63 26 835.71 71.3 197 729 184 806
it 5397.18 411 457.85 76.2 2833 521 2833521

Y 20194F VT AS [ R A S MAMERR D 525 J6- hm 2, B FRAMEARIE N 6.887 Jh-m

F2 2019 FiREHEA EHRBARETNERIMEAITRIMZER

Table 2 Ecological forest compensation results allocated by area unit and volume unit which distinguished by the forest age group of Lingi Town in 2019

e NPRERE TBVhm? EBm’® WRAMERE T BERUMERE ST AR E BUMESE /O hm™)
L AR(1) 505 2552.95 154 641.40 1 340 300 1064 946 417.14
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IERAR(3) 272 780.43 71 806.99 409 723 494 502 633.63
IFAIR(4) 197 671.87 69 020.74 352733 475314 707.45
JFBR(5) 49 202.14 22 835.14 106 125 157 252 777.93
it 1551 5397.18  411457.85 2833 521 2833521
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Table 3 Ecological forest compensation results allocated by area unit and volume unit which distinguished by canopy density of Lingi Town in 2019
A NP EAVhm? FHBm’ MAUMEBEE T BBAMBESE T SR B UM /(0T hm ™)
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0.70~0.79 501 2078.37 165 522.20 1091 145 1139 876 548.45
>0.80 315 1 546.25 160 154.52 811783 1102910 713.28
At 1551 5397.18 411 457.85 2 833 521 2 833 521
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Figure 3  Effect of ecological forest compensation according to area unit (A) and volume unit (B) at small class scale of Linqi Town in 2019
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Figure 4 Effect of ecological forest compensation per unit area according to area unit (A) and volume unit (B) of Lingi Town in 2019

2"{[ 39 676.0 t, %% 4 2017—2019 ﬂillﬁ M%E/L}ﬁ—ﬁdyk%ﬁ/'\}gﬁ% /El
HMEMPNERETIESE

5 % 'f//% _,k_]_ ‘Lﬂ‘ ‘i@ Table 4 Volume increment and per unit area volume increment of
ecological forest according to age group in Linqi Town from

ASHIFFE B X AT T T BR824 2017 102019

AT AEYE A ST AP | A RS IR 55 h R 38 e 0 BPT RED

FORET AR RIREE, AR S RAFRAIN e R T

=N H. kY Bl AN 3 ‘ 2l . . B

i%ﬂﬁ*ﬂfﬂj T%?%*ﬂjﬂﬁi%b’ffﬁﬁﬁé?ﬁ#*ﬂ% ':F‘ﬁ%\)ﬂ‘(Z) 1258.56 5985.4 476

:‘F‘%@:{i%j‘j “ ])%Qﬁﬂj‘fﬁi 7 %I\,f%i'f_‘i E/‘Jjj‘it o U\ﬂ‘j% ﬁ?}yﬁ:@) 517.44 2615.1 5.05

TEBAMERAAREE TR AN AT R T I AME Y k@ 33412 1852.0 554

BAAMER AR AR, A TS “HLBAME” 1 ARG 70.89 394.4 5.56

“RSAAME” , NI B ART AR S 33274 216810 653

S Uit ST EBUEEN “PItE” AMZERAL R ECREEIG SRR H AR OR , iR 2 O ez E U7 5K
e FERAL D RE S A= S T RERY S TT

AR LML AR 5 22 ELI I L S MO S 081, AR S A AR A B R AMA A TAR M5 1 2 A
N FRFN 2 BRAMEE R AN TR BRAR BE IR A5 R K BP0 2R, MR 1 2 BRI T I B MEAE Y Btk £
FEZSIIRETT R BIIEH . ARERWT: SR E BT SR AMETE G 2 FCACR BEAS X T2 X4 2 3 (4 /K U
I I RE AN BRAR DT B BEATRE 2 0 AN, RIMAR B[R]/ NBEZ (R K IR0 5R D RE 22 S AN AR MRS R 22 5, A9



55 40 B4 6 1] AR AR AR M SR A SR I R 1279

CHEFUMET R T A R SUKIR A SR S A SRS DI REM ELA TR K, A Rl MR
SHEIRE MR LR A G R T | bkl | AR BE BEAT T, SRAT G A IS R
BV B PRFR I BE M o 32 T M A BRSEE DL, ARWFFER FHR B UM i 45 R RE A B F i A
s MRS S IREAL T — R A SRR ROCR , TEANTRIAR IS 23 g Mt I 28 AR RE 8 A BURR I Xof R AR IR % K
TR BER RN o $ B E AU REAS (0 1 PA BB P AR PR AH B8 A A MR BE AR, X S5 8 AT B8 0 R AR 97 7K
IR RE RSN e — B2 4 IR AU B FEA T A, B AR B AME BB AR R I A Y, RIS T
37 T AR B AR A AR AR B B ) T B IR A 28 S T 4 TR R B ) LA T ARAMER AN TR] L DU RE AR
ARMBERAILS o i AT 2017—2019 4R BRARE PUE A A R AF % 00 AR AR E B B, DAL/ o 2
THEEAMEROIKIE , &56 & PUN R ST AR OCR, IS T 3 TR & A A EE RE A A S5 A B AR T 2))
AE, SEBUGRBARMOK I SR I REA BRI I BER Z DN REL BT oK o E il TR G AR A PRI, ASHTFSE
FFARXS BARBRAC AT, R KARIEAL 1 2 B A B A MM R mT A5, o SO e i P
TR U A B A B ATIR R, — 2 R LT E U A O A B ) SE R PEEA TR A
I

ABIEFE S R B B UE AT i P AR B, 7 R P U A s A BT A
TE—RE F R TE P TR UMIAE S, SR S DAE B o B R AT AM 2 T AR AR S R G A7 iR i Bk
ARES IS E A SRR 2B A LR IR S5 TRE, P 3 UM i S0l P TR AR MR AE SRR “ ARk
MRS, J3oh, MRISHICR I, HiE AR C A SRR & UG B A EREAE R AN R, M LUK 2
R4 e G A B BRAR A IR 5 LA T LU X o PRI, AR A S R AR A 2520 2 M B 75 s ST A A
AMERIERS b, TP R AR E A AUTIE BB TR T T AR AR S IR S DI BE IR R T WA
I 2 DAEREEATAMA R R, SR AT X G T IR A AN A1 22 100 A Q5RT REL R PR
PERISER S AN TE, — 7 MPREAMECRAR DI AR MR AL S IR 5 I (AR AR B R, fle ik “H erbes” , S5 —J7 i
A g A R S | S BB P AMES o R SEPRIRAT M P b T ER R AT AR AN ) A A BT ok
BEEAME TR AL S R G55 AU AMES B S8 35 HORS AN AL R AMEE S ORI BE o AP PR3 4 5 4648 3 AN [R] v
DX 2 T AR A S B 22 S M b 22 5, 342 B R (01 38 1 i MR 45 b 2 i AR TR AR L A A I
ARBLIEATHESE

B F B X AR AR 2 B B PR SOOE LS, X T RRAARE A B2 E H AR BRI 55 7K, W&
% BTN AN G AR N S 2 T RE 22 B 1 Tk, [R5 225 R AR A 25 Ik 55 =2 ] ) AS A %) 0 3 [] 5
Fo WAL, SRR PERMETE AT BUN AME BT SR IR STR W] BEAATE — 8 AR, L ZEARARBRAL f (i
WA T S A TAME ST AR AL, BT FAL AT At 2 EARS S HMA B s 1M, Tl
TEIF R RRMBRAC AL A 7= A A5 5 FEAME B Gk R

6 5% it

[1] MORGAN E A, BUCKWELL A, GUIDI C, et al. Capturing multiple forest ecosystem services for just benefit sharing: the
basket of benefits approach [J]. Ecosystem Services, 2022, 11(6): 1 —21.

[2] Thyhsk, B, RRMRA A MM 5 1], L sobRll ko2 (RESRHAR), 2021, 20(4): 90 — 99,
MA Haoran, ZHAO Tianzhong. Research of forest ecological benefit compensation: progress and prospect [J1. Journal of
Beijing Forestry University (Social Sciences), 2021, 20(4): 90 — 99.

(31 XUHTHA, FRERE, 20, 10 b AR A AR M BEAA R Y IR R K 5238 (0] Mol 2855 1), 2018, 38(5): 1 -9.
LIU Mingming, LU Qunqun, YANG Jichao. Problems and improvement of compensation system for forest ecological
benefits in China [J]. Issues of Forestry Economics., 2018, 38(5): 1 —9.

[4] R5&, PENG Yuanying, Sffiz, 5. FRAAEZS RGO S5 00 (8 S AN AL HE—— DL B AR 19 (] AR 25741, 2019,
39(1): 117 - 130.
WU Qiang, PENG Yuanying, MA Hengyun, ef al. Research on the value of forest ecosystem services and compensation in a
Pinus massoniana forest [J]. Acta Ecologica Sinica, 2019,39(1): 117 — 130.

(5] 47, BRARA SRR 3 A I K HE B AMEADTE [D]. dbat: dbathhill K27, 2012.
NIU Xiang. Research on Distributed Assessment and Quantitative Compensation of Forest Ecological Benefits [D]. Beijing:


https://doi.org/10.13931/j.cnki.bjfuss.2021068
https://doi.org/10.13931/j.cnki.bjfuss.2021068
https://doi.org/10.13931/j.cnki.bjfuss.2021068
https://doi.org/10.13931/j.cnki.bjfuss.2021068
https://doi.org/10.13931/j.cnki.bjfuss.2021068
https://doi.org/10.16832/j.cnki.1005-9709.2018.05.001
https://doi.org/10.16832/j.cnki.1005-9709.2018.05.001

1280 WroIL R R K A R 2023412 A 20 H

Beijing Forestry University, 2012.

(6] whisFE, JT ook, ARMAE S ORI kit FEHEE (T]. A5, 2021, 40(4): 212 - 222.

HAN Haoshuang, WAN Rongrong. A review on the methods of ecological evaluation of forest quality [J]. Ecological
Science, 2021, 40(4): 212 —222.

(7] BEGMAATEEF ey. RS R GRS DIREPAE HLTE: GB/T38582—2020[S]. dbat: HhFEARHE H AitE, 2020.

State Forestry and Grassland Administration. Specification for Forest Ecosystem Service Function Assessment GB/T
38582—2020[S]. Beijing: Standards Press of China, 2020.

(8] BRER, AFRIL, B, 45, AR 8O PAMERT T ——LARR I T A 0] (7], Mol B JEAE 3, 2015(5): 44 — 49.

CHEN Zhen, SHI Chengyuan, BIAN Gengzhan, et al. Study on graded compensation for ecological forests in Zhuzhou [J].
Forest Resources Management, 2015(5): 44 — 49,

(9] JESCPE, BHRR, M K. Z5 AU A A s M A S AME s E—— LUt B[] A2 255741, 2019, 39(1): 45 — 52.
SHENG Wenping, ZHEN Lin, XIAO Yu. Distinct eco-compensation standards for ecological forests in Beijing [J]. Acta
Ecologica Sinica, 2019, 39(1): 45 — 52.

(10] FRAEE, 411, S8HEHEE. ZRAAS™ SO E S BRI L], Mol %I4T HE, 2019(6): 28 - 31.

YU Liyao, SHI Tian, GUO Jingjing. Developing mechanisms to realize the value of forest ecological products [J]. Forest
Resources Management, 2019(6): 28 — 31.

1] SRR, OCht, ZR 2ot B RN g AR AAME A A TR 2 RN A2 (D] W AR 2241, 2022, 39(1): 199 — 206.
HUANG Yingli, GUAN Ying, QIN Huiyan. Change in the basis of ecological compensation for key public welfare forests
from area to volume [J]. Journal of Zhejiang A&F University, 2022,39(1): 199 — 206.

[12] A4 ZIRERMAE G U RV BUECR IS [D]. TEFH: PEBHAOL R, 2013.

BAI Dongyan. Research on Optimal Benefit of Multiple Function Forest Management and Fiscal Policy [D]. Shenyang:
Shenyang Agricultural University, 2013.

(13] 2550 BRMASTT B 5 LA DT (D] fiBH: B, 2021.

JIANG Ziwei. Research on Value Accounting and Realization Path of Forest Ecological Assets [D]. Hengyang: University
of South China, 2021.

(14] JH A, SRARLE, TRAR. P SETMOL RO DR AR IS (] R X2 B S BEE, 2021(5): 37 — 44,

ZHOU Guomo, QIU Yiwei, XU Lin. Carbon neutralization: research on the solution path based on forestry [J]. Practice and
Theory of SEZS, 2021(5): 37 — 44.

(15] AR R, Wi AR A Ak s M B A R [0 Al 2235%, 2001, 23(11): 16 — 18,

WEN Zuomin. The effective use of forest ecological benefit compensation funds [J]. Forestry Economics, 2001, 23(11):
16 —18.

[16] 5KF, ZEmat%, A, BB IERR AT 5T P E BB 1 Mk 5 (1], JEstboll R 27241, 2022, 44(1): 38 — 47.
ZHANG Ying, LI Xiaoge, WEN Yali. Carbon sink potential of beijing’s forest under carbon peak and carbon neutrality [J].
Journal of Beijing Forestry University, 2022, 44(1): 38 —47.

(17] A2, 908, B, 2. B AT ST AR S s 18] Hh 800 L] . 2 5F0F5E, 2021, 56(12): 187 — 202.

DU Zhili, SU Tong, GE Jiamin, et al. Forest carbon sink and its spatial spillover effect in the context of carbon neutrality
[J]. Economic Research Journal,2021,56(12): 187 —202.

(18] JH— M, XUERAE, WRTRE, 25, ARARBRICI AR AR G B I A9 070 AT 0], MRl 225, 2021, 43(11): 12 - 25.

ZHOU Yifan, LIU Shuohua, YAO Shunbo, et al. A Meta-analysis of the response of forest carbon sinks to forest
management intensity [J]. Forestry Economics, 2021, 43(11): 12 - 25.

(19] BME. AR AR SRV (1], A= 25741, 2021, 41(10): 4226 — 4239.

HUANG Lin. Research progress on ecological effects of forest management [J]. Acta Ecologica Sinica, 2021, 41(10):
4226 — 4239.

[20] ZHANG Linbo, HAO Chaozhi, SONG Yang, et al. Basic principles of gross ecosystem product (GEP) accounting [J].
Journal of Resources and Ecology, 2022, 13(3): 501 — 510.

[21] B, REAAR. HET 100 BRASON BHE A 3 DX T] AR AR AR S AMERIF 58— LAAE SRR G 5K X S 4] (70 Aol 28 5%,
2019, 41(1): 24 - 31.

NIE Chengjing, CHENG Menglin. Research on regional lateral forest ecological compensation based on the theory of


https://doi.org/10.13466/j.cnki.lyzygl.2019.06.006
https://doi.org/10.13466/j.cnki.lyzygl.2019.06.006
https://doi.org/10.13466/j.cnki.lyzygl.2019.06.006
https://doi.org/10.3969/j.issn.1673-5706.2021.05.011
https://doi.org/10.3969/j.issn.1673-5706.2021.05.011
https://doi.org/10.3969/j.issn.1673-5706.2021.05.011
https://doi.org/10.13843/j.cnki.lyjj.2001.11.005
https://doi.org/10.13843/j.cnki.lyjj.2001.11.005
https://doi.org/10.12171/j.1000-1522.20210143
https://doi.org/10.12171/j.1000-1522.20210143

55 40 B4 6 1] AR AR AR M SR A SR I R 1281

[22]

(23]

[24]

[25]

[26]

[27]

[28]

marginal effect [J]. Forestry Economics, 2019, 41(1): 24 — 31.

BARAK, BTGy, BPSCER, A% BRI AN B AR T A AR BEIRAE PR A O HE AR (7). 3 SR B AR, 2022, 37(5):
1123 - 113e.

ZHAO Rongqin, HUANG Xianjin, YUN Wenju, et al. Key issues in natural resource management under carbon emission
peak and carbon neutrality targets [J1. Journal of Natural Resources, 2022, 37(5): 1123 — 1136.

P52 BRIl Jay . A0 M TT AROK R B 95 22 23 B AR 25 4 48 ARk B2 TAE [EB/OL]. 2022-08-05[2023-01-051. http://lyj.zj.
gov.cn/art/2020/8/5/art_1294331_54038867.html.

Chun’an Forestry Bureau. Hangzhou Forestry and Water Bureau Discuss Ecological Public Forests Compensation Work in
Chun’an [EB/OL]. 2022-08-05 [2023-01-05]. http://lyj.zj.gov.cn/art/2020/8/5/art_1294331 54038867.html.

ETbaE, NEOR, B, A AR RGK IR SR D) BE 1Y BB PP —— DAURE P R LU AR AR 1) (0], B IRTT K 58,
2019, 35(10): 1252 — 1257.

WANG Shengtang, SUN Xianbin, XIA Wei, et al. Evaluating on significance function of water conservation in forest
ecosystem-taking Dabieshan Mountain in western Anhui Province as an example [J]. Resource Development & Market,
2019, 35(10): 1252 — 1257.

XUk, FARAE, 7T BRSO AR PR I S B “BRE R [IN/OL. #iT H 41, 2022-09-10[2023-01-05].
https://zjnews.zjol.com.cn/zjnews/202209/t20220910 24781163.shtml.

LIU Jian, WANG Yiqun, YANG Qi. Forest carbon sink management bureau was established in Chun’an, all towns and
townships have “Carbon Stewards” [N/OL]. Zhejiang Daily, 2022-09-10[2023-01-05]. https://zjnews.zjol.com.cn/zjnews/
202209/t20220910_24781163.shtml.

MR, T8, A, 2. T 5 RS R GRS (e DAl (. DA 25541, 2019, 30(11): 3875 — 3884

XIANG Chen, YAN Lijiao, HAN Yicai, et al. Evaluation of ecosystem services of the Thousand Island Lake, Zhejiang,
China [J]. Chinese Journal of Applied Ecology, 2019, 30(11): 3875 — 3884.

MARTES L, KOHL M. Improving the contribution of forests to carbon neutrality under different policies: a case study from
the Hamburg Metropolitan Area [J]. Sustainability, 2022, 14(21): 1 —17.

KANGAS J, OLLIKAINEN M. A PES scheme promoting forest biodiversity and carbon sequestration [J/OL]. Forest
Policy and Economics, 2022, 136: 102692[2023-01-07]. doi: 10.1016/j.forpol.2022.102692.


https://doi.org/10.31497/zrzyxb.20220502
https://doi.org/10.31497/zrzyxb.20220502
http://lyj.zj.gov.cn/art/2020/8/5/art_1294331_54038867.html
http://lyj.zj.gov.cn/art/2020/8/5/art_1294331_54038867.html
http://lyj.zj.gov.cn/art/2020/8/5/art_1294331_54038867.html
https://doi.org/10.3969/j.issn.1005-8141.2019.10.005
https://zjnews.zjol.com.cn/zjnews/202209/t20220910_24781163.shtml
https://zjnews.zjol.com.cn/zjnews/202209/t20220910_24781163.shtml
https://zjnews.zjol.com.cn/zjnews/202209/t20220910_24781163.shtml

	1 思路与概念
	1.1 基于存量和增量维度设计公益林生态效益补偿单位
	1.2 基于蓄积单位对公益林实施森林生态效益存量补偿
	1.3 基于蓄积增量单位对公益林实施激励性补偿

	2 样地概况
	3 方法
	4 结果与分析
	4.1 不同森林类型公益林按照面积和蓄积单位的补偿
	4.2 不同林龄、不同郁闭度公益林基于面积和蓄积的补偿结果
	4.3 基于面积补偿和蓄积为单位的森林效益补偿小班尺度空间分布结果

	5 结论与讨论
	参考文献

