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Accounting of Cropland Ecosystem Services: Indicator System Construction and Application
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Abstract: In a new development stage, accounting accurately of cropland ecosystem services is
helpful to realize the value of ecological products, optimize the eco-compensation policy for
cropland and ensure food security. In this study, an accurate indicator system for accounting the
cropland ecosystem services is established based on theoretical analysis about classification of
ecosystem services and intermediate services, and the specific characteristics of cropland
ecosystems. The indicator system consists of 12 sub-categories under provisioning services, social
security services, regulating services and cultural services, and 3 indicators of negative value.
According to the indicator system established, the value of cropland ecosystem services in
Heilongjiang Province has been accounted for application. The results show that the total value of
cropland ecosystem services in Heilongjiang Province is 1166.701 billion yuan in 2019, which is

3.09 times of the agricultural products’ value and is more than 85% of the province's GDP.
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Thereinto, the value of ensuring food security is the largest, followed by provisioning services; the
values of oxygen production and air purification are obviously higher than other values among the
regulating services. Among the negative values, the value of water consumption which is 12.56
billion yuan is the largest, followed by agricultural chemicals pollution. From 1999 to 2019, the
service values of three categories are increased with various levels, and social security services
increased the most. Compared with other studies, the indicator system constructed and results of
Heilongjiang Province are reliable, and the deviation of 1.65%-76.98% can be corrected by
eliminating the value of intermediate services, which can provide an important basis for accounting
study of cropland ecosystem services and related policies.
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Vag: ARHAEZS RGHEOR =AM FINE Go/a);

Xo: BRI R

AL

TS

/f’k;HEVZz—g:‘ : Vﬂp*( 1 -I"p)*Pp

Vpr WHEBRZGE R A E Ot/a);
qp: WHEBARZGHIE (kgfa);

rps WHEBARZGHIMAIR (%);

Pp: MBS IR Gike)s
p: WHLERZ,

L V=S tog* go* 1 Py

Vo HUBLE R FNME Gt/ads

S HUBZE RFHIA (hmYa);

to: HUBRER BT LLA] (%);

gor: SEFIHBE PSR TR (kg/hm?)s
roe HUBSREDIE B EHIRE (%);

Pr KBRS Gtkg)

e afUEEdERA T (BYREURERHRERR U7 ) .
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RS RGN E EFE RO K BRI B RS RS SAHEBCRUR 2= (AR, k25, b
TFR=ATH. F—, BT RERHS ST, REASRENERFIRKIET, HRERERBeE R
VWL ST R 2 PR R A, ERR AL X (R KR SR, Bl P K E e LLK M SReAZ B K B U
FEEANME. 2, MR (EZRESME R SITERE GRITO) A1, BERIAES RGRE ARG R FE
FLFEFE I HEU). CHa AR FAHHEBUY NoO. RIS A AR B CHay NoO USRS IR 2 20001
COx I8, SRJE FIRIERIHERBCE S AT B AZ Y, RIAAR B A 28 R G 5 S ARHERO S 0% 38 B 7 Ay
fHe H=, RAEVIPEFTEIRRTERE LA AL (A, R BRI B, (R e F A 5
Wk T — RFIPREE . ARE R R AR AR R KA = B TR 5 G5 REIRE SRR
BT, fEHEAIMRRS. B H AT IR KA, T RS A E = 2% 50k, RATRR
IMESRFAE R SREER 0, 5340, FREAAR I o> T RIS, sy L3k /BB Al %
o SERAEYIRT, AR SR B I ) S (R
3 MR

EET AR AR LS RGUR S IMEAZ AR A RRANRIZ T E, IR ERE S —RE—
SRITARE NI TR0 R A PR bR IR TR T A H4E s, B AT SO 2020 48, RISHAT
BEEE N 2019 4, HASCRITTE 10 4. 20 SR EAESRGRSISIEL. H4h, AT B H
PPI $84. CPI 885 A AR S B A KR, ARSI R R AR R GRS 1)
ThEERANME S, BAREFEMMENIUZEIR R, ik, ARSCEEHRZA 1999 45, 2009 4F. 2019 4FiX 34
T BITA RS RGRSHIDIREEM 2019 FEIRSS SME, DUIRISIRITEIRAR, NS 5B ERT
FAAHRBOAR AR o
3.1 HERE
3.1 RS EIERIE

IRELRFRKUEIRSS I, 1999 4\ 2009 4. 2019 fEHIEITA TR E IO RAFEG ) CBITEETHELS)
ERR PRRREKE SRR R EEI 0457 PR SR AR S Bt R K AR A 2 22 0280 3T, g g
IR IINBREL 6 mnV/d™, ARG HA KRB IS 2], 394 60~70 K. 2019 %A KT
Wil 2019 Fazg ok, Tolk, ARG =R AR ECR AR RIS (2019 4 TAKT A 4.98 Jo/m?, )
BATERACH 2.6 Tom®, KA 0.03 T0m®) RGBS, 0472 Jom’s BEUOKIHE RS H, 218
WM RRIELLAA T H P2 R 30~40 em, 2R H KRN 5~10 em. HURRJETTAR T AR
K AR S TREEM SR, WK RIS A 1228 Jom®, 1R E B sUR MK BEAE FAERR Y 50 425, 15
3 2019 F/KPEB KA 029 To/m’.

IS IR ORRE RS, BT AR Rt T R BRI R ARG R A LR B S A B ERY, TRE
GBS ORI AR /K IR R AW T #IR IR R IR Vb is s, — RS2 A R (RYR VD G 43 2y B AN
WE, I 28%IARTOKEE T R, FREEIR,  PAEUE 24%07 3, KRYEREG A5 FORTTAS 408
TIEREAIRT S, IR E N 129 gom’. RIS, 2019 4F BT K AT FEASHIR TR N
15 Jo/m’,

RS EBRIR SRS, FIRITAE 3 MNP SFRIEVIN Rk E (BRI 2020, X RCAR S &K

CHARI [R5 H3CHE, s datastats.govneasyquery hum?er=E01037b=A0CAreg=2300008:5-2020.
LRI A5,
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T2 Lobell 5540, ISR T, RAEVIIISGRIEEZH Lobell 551, FRARBFIREIES, WHEHERHSIL
BT ARP=hEKE. TEMGRIE SR 2 53 200 NPP L3R 4. 2019 SRR 2021 4 7 H 4 biHE
TR Byt EERAE 5 SRS G s (RCAR BRI B RS ) @,y 44.54 Toke X STREAUIRSS T,
ORI 2019 NS RN A BT T ) s as (B0 PPLARED %4035,
N 853 Jihte A SIBUIRSSIT, ST HIEGL, SURAEEP I AR B H A RGRIL SOz, NOCHINR
BB Rl E . 3R CGRIRTIAE N R 28 52 01 R T ISR B SRR AR R K5 Yerkis
e AU ATURN [ —HE T SRS YTt H B e ) CRIRE, BRI AR BB 5 4 FA B 5 G
B 127G,

R 4 BRTHRBASRGENREIHHE

BRIl
RIS | (RIS K E/Sip
1999 4 2009 4 2019 4F
wY) 0.133 0.400 5472.50 8800.97 1442033
e EES 0.133 0,400 102761 | 138830 172745
E-2S 0.800 0500 30.28 35.17 21.22
ik 0.090 0.255 140.25 10048 4117
JRE 0.133 0.356 36.04 10.89 30.09
Lied 0.850 0.600 50.90 2750 1041
il 0.082 0610 16.86 1248 390
. BHE 0.825 0.900 207.78 122.70 114.70
JRARE 0.775 0.900 55.48 56.41 3295
NPP 703769 | 1055491 16 402.22
3.1.2 HARBHERIR

BITARAASRG LIRS SN CPERMNGTHEE) (2000, 2010, 2020 4F) F (HEIETSE
THEY 20200 FHIEE

WA SRR, 1999 4 BT A RATHUX RO R (BT GEiT4E%) (20004 2010, 2020
) 1330 B 1999 FERRIERITEEA AT ARG IRIEIBOR, %4 SRV R B AR AT DRI AR R R AN
Ik B A AT BT S LA 543 8, A NA4E 705 785 2009 4EREE FHBUR TARR S ks, NRARHE 1
100 6% 2019 4FHHE AR BURN Sk, NN 3 500 6. A— i, MREZAENGITELsy, i
FEFTA AR e SRR £ 22 4 I E R (R SRR AT 22 A b KRR 2 (2008—2020 4F)) LR, A&
WU 100%1R & HAR . AMPRETREIAFHURAL (FAO) AR 2 ALa ALY 400 T52h

CEHERIR: (A ERHDEEE 5 AR R T RS AIZENE 10 1270),
http:/swww.mee.gov.cn/ywdthjywnews/202111420211112_960045.shtml
SRR EFMLE, (SSRGS DRETEINE) (LY/T 1721-2008),
OHERIR: ERGHR—EZEWE, https:/data stats.gov.cn/easyquery.htm?cn=E01038zb=A0908 81eg=230000&sj=2020.
R (BRILAE NRAFRKR WS Z R T IR R ST AR AR5 JeKis G R AR ] —
HEBRIBLS G55 B B E DY, httpsy/Awwwhlj.gov.en/n200/2018/0101/c313-10858545 html.
CHARIE (2000 FF BT NRBUF TAEIRAY, hitp//www.gov.cn/test/2009-02/12/content 1228759 htm.
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.

Britt, 2019 4 RRTTANRIESIONN 2 683.8 1470, HRliFFATUKE . MRthiie. EEBUF. A2, bk
VKRR LM REASRGWARNIRFANE, (AEZESRRFMER SHLE/N, HEE ARG
B, AT

RS 2019 AR R A KRG SURINMES, SHFKEREFE, h CPEVKRAIGIHES 20200 2%
LA B SE BRuE g e 25 FK B S SR IR AU SRS B A0 P KR . 0TI s U, BRI BRI K
AR P AAEA VR RE ST AT W, AUDEBCR P RAANUE, NIRRT NO BRIk
VN FERIRSFREH . Horr, REMCEMEHERE (PEANSHES 20200 HKRE. Tk KE=F
RAEDF= B ARRIREF RN, ARFHEHEA 55%7, RFFEEE. fUdh. RHEHN CHLIETF. &
FIHBHER NoO 1 BELEANAI A TR E (R =SB bR GRAT)). TR RIS,
PRHE. REMEHERE (PEARNSITHES 20200, PIEFIHZED AN 39.2%M 39.8%%. HBIITATMERAR
MTEVR K. KEAKEE, Hb, QUKRERE R RIRIEE P4, HARFMEISA AR, A5,
JRSREE AN, A NPE AN BAE 5 2 2o =R 5%, Sumin] 205,

3.2 20 4R AIRS BN
321 BB RE A

1999 RPN E N 4501 427T, S=8N 4 752.70 Jit, Hrh s yr=siim, HUOCHBSA
BHE: SERIEVIEMAEEDY 91580 T AW, 2009 R RIETEN 1 2068127T, Lt 1999 FF3E N
75671070, Hrf, 1R HA P, N 9763 4470 EUTEEN 5 866.56 Filill, i, 4L 10 4ERT
AN 1500 22 30, {HBESERIE B R P4 486.18 Jili. 2019 4F BT AR5 A 3 77451270, b, B4
B AR B8N 8 35832 5, Horh, BMEERE . T, K. KRB, KErrRAE
(=

1999—2009 4F, HIT-RETLAA AR MR ARG N, AEes RS DhRe G N 75.86%, MrE&EHT 450.1 1Z7cHn
F 120681476, Hr{EER T 839 f%. 20 4R FBILEA™ AR M 915.80 /I AHHIINE] 1 471.88 3 A,
FEINT 60.72%:; SR 2009—2019 R I HIARIG NI LU 18.28%, {H HI TARAEY) S Fh I e RAFIFRE L
AT, 3% 10 R T 1.57 5.

322 HLREIRSZRA

AR EN (R 5), 1999—2019 FEEITA K HAES KRG SRR MEH 230.16 4Tk INE 4
716.89 1270, TRBEAR 22 AN EIGIEIR . 20 48], CREESOMME R 52.5 278 n2E 20839 1270, KT
292.92%. 1999 4, RIVLAARHAES RGRERN E RO AECY 7447 TIN, M tRERSS AN 52.50 12
JGs B FIRATACREREEE, 2000 A E R ABU A ZE 6844 J1 N 2019 4RI & Rl AKuE—25
BZ 5954 TIN, ARRRATEARETG ARRARERTEE 2000 R/ 318 £, (REEFLL A EE 2009 4FEHE K
176.81%. H—J7TH, T4 BRI K SR A AR LT, AR e A B 20 4EHIHH T
25381, JLHLRAENT 10 FFHGKOIRE, H 695.76 120K F] 4 508.50 14.7C

OHFERIR: (2019 FERITEFRATLEAFIH T/ 2 BRI, https/wwwhlj.gov.cn/n200/2019/1129/c627-
446907 html.
CHUERIR: CRARAES: FREILR 2RI 2R ERSPHEE), hitps/country.people.com.cn/n1/2019/1218/c419842-
31512429 himl.
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323 AT IRS AL

HAREN (R 5, 19992019 4, SRITAR AL RGSIATIRS (D) RE R Rk, 1
BIHEKEN 11234%, J5 10 FE1 35K 36.11%.

1999 4F T A A AR S RGERFRKIRIIIRERN 93.87 12 m® 2000 4EHEINZ] 17222 12, m?, HINRA
8347%: 2019 FFHY/INF| 23365 12 m®, RFAKIEIRSSHIME N 109.81 1270, H/KIEEMDIREREL /N TX R4
TR R, IR DR RN 1999 4R 1.07 AZMiHEINE] 2019 4EH) 171120, 3 TUSAAIETARSS
AEBMTIRE RO, A 1999 4E(Y 313 {ZMIHE N 2019 4] 5.03 120, 2019 AEA AR HINMEY 1
51896 12.70; HLUURRA, 2019 4ERRAR N 1951200, B RN 1664941270, ST ARSI Pt

MINRERARA LR, 20 EENRFRRKIEIG KR iR, O 148.92%. HIR, BUKAE. [Efk. By
KHIE 132.14%~136.07% [A].  AIBORFFAI SIFA IR SS IR N d /N, 204 60.72%. %o EL A I5TH i ik
SSRIE 10 4RI MDA RASL, IR, BUKIRE . TR, 250URE 4 TURS AT 10 R0 ThRE RAR LA
FTE 10 4, HARFR KA GRANZE 478%, RhTaT 10 FRRTHE KRN ER TS 10 4,
B BRI RAN Y, T 50%~55.32%2 [

Brit, RRITARHAES RGP YD SRR RS R TR, BARBIIA KRS HITER.
FKFIZE, AZEZURRS, RARYIETERS, FiREVDRE S, RRERAEE], R 1~2 A HBRE
AERL, RSN BEAGRZS, BIEA TS, 5556, HdE (HVE) (DB33/T 2274—20200 B, /<
KT 26° CHI A T SRRt 117 VLA E IR N T 26°C, BUAMZ U RS«

5 19992019 FEE TR BESRARESTZHE

1999 4F | 2009 4F 2019 4= 2009—2019 4 1999—2019 4=
WosIl | BERH | R | e | MEARA | ARk | AR | e fL
wr | e | | e | mie | om | e | swm
FLoeORRE PRBE Y 5250 | 7528 | — | 20839 | 13311 176.81 15589 | 29692
jiFE3 RIS 224 17766 | 695.76 — 1450850 3812.75 548.00 433084 | 2437.72

IMERS | THREEAR | ThRERALM | IRERAR | DIREEAL

feoe | feE /% g | E%

5535 SR TheE | ThAtE | Dhigks

HELERRSS | 4= 00T ta) | 4752.70 | 5866.56(8358.32| 3774.50| 249176 4247 360562 | 7586

WFRKIRI(Z mifa)| 9387 | 17222 | 23365 | 10981 | 6143 3567 139.78 148.92
BOKAZI(IZ m¥a)| 3908 | 6523 | 9226 | 26.76 27.04 4145 53.18 136.07
TRz V) | 107 149 | 171 | 478 022 14.74 0.65 60.72

TR
[ERRI({Z, tha) 031 047 | 073 | 3251 0.26 55.32 042 13548
FE/(f2 ) 0.84 126 | 195 [166494| 069 54.76 111 132.14
TG YA | 313 438 | 503 |151896| 065 14.74 190 60.72

IEIAME

11 849.15

it
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33 W9 FERHELER S

SR AR S ARG RS IMER S REY (8 2), 2019 SERBITEKBAESRAGRS SNEN 1
667.01 1270, AL INMER) 3.09 5, AT 4% GDP I 85.71%, AEZM. Hr, {REDRE24
PHERRR (4 508.50 12T0), HUGRBEAT=SME (3 77450 1278). R AR RGEAFIRS B RS E L
N 28.34%, M, BEAMEZ SN ERGS 1 500127T. BRit, SumiEAS T IEEDEMEIR DN, o,
IKBHIEHAERCR (125.581270), HUORR =S5 5.

5000 - 4508.50
3000 1
R
N
= 2000 - 1664.94 1516 96
g
£ 12000 -
208.39 10981 2676 478 3251 12558 904 4662
0 p
oz s S ) > 3
aﬁfﬁéﬁ\@% ﬁﬁfﬁgg@/iﬁ
1000 J g g A AT
T ] 'K\ BN -~ N AN 1S3
A ES ~ Wy Evot & W

& 2 2019 FE BT A R AES KRG RS IMELE R

XTHHAMB AR RN (R 6), ABHFZE SR 5T 5 I HAA AR RGRS M EVFAE R 7T 2
ST, 5 GEP ZEEE RN, RS IE RS R K 1.65%~76.98%. {EAFRI 10 WG TEia 5k H
EBRGIRFSZEI T, Hbat 6 B & thlal kS E: 8 T IRESDANME . ST ERE TS
N2

ettt 6 TRt alRSS, EMBEFI. ARSI ERRZ, TSR FOVZE
SURMERIRT TR 2 B0, T ORIERT EEtE, RPN E BT 5k . SIXPED IR R R, 54
AR, ZHCRMASRGERSMET, HERS HiE, HUGRRTIRS, B & SHAAZEAR.
I, R 5 R SCEREE R AR AR S R GRS E i PP FEEE S 2019 4ERIMME, 4 3.95~1041 /3
J/hm??, AR 8.05 Jiythm?, FEMLTEREIN. 0 3 A% GEP sCike, 1T ARSNME & Lok,
HUSRE MRS AL RS, T IRE RS IRS 1 3~13 £, HREASRGRES G IHEER. BRit,
T ARSI 7 2 IR SR 2K 1.65%~76.98%, ol M. FHIIERE, AWFFMIEIIFabriA R
RIHZERATEE, RS RGNS IMAEZTA R ) GEP 1A 480s, HAo RS AEZE HFH SR

VBTSRRI SR, R
PH TR 7T AP AL AR P A S R GUIR S I B AP 45 R S HAMSCRRIIAZE AR, SO TEAL.
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6 AHTRERGFAB LGSR

RHEESZR o FRal RS
‘ ‘ WIRX | & | GRGEm | ARRSHE | 2019 4EHA N7 i X it gE R
SCHERRIR ‘ FR A IR 452501
L} HEh | BINMENZ 5 % THFIETE Y TRAHERE
Ji @ E/GThm?) 1%
HEE RS
BT 3185, IR
PN 2019 1184915 8050353 — —
B % 2834, thex
P 39.81°
HEE RS
At 66.58, PRI
i TR 2003 2233410 " 39524.42 — —
[0y k341, T
4% 30.01
HEE RS
i TREE T
e 5300, TR
TR AR Ak 2012 2253 ‘ — Jii. EERE 165
k& 29105, ik
PR
AR4% 37.03
LA R 55
JARHEE | . . -
& s | 2014 222936 90.64, VHIEAR | 5136112 HAE TR 282
% 9.36
P RS B, REE
FLILEE il _
o EIRT | 2016 217243 5302, FAR | 9928050 FWIR . £ 388
%% 46.98 ZREHELR
HEE RS
56.01, fRREgHt
Cai %53 HRW | 2017 681.74 k224, TS | 10414798 — —
k% 4168, X
1biR %5 0.08
. HEE RS
Rl : ‘
IR 2569, AR V2R
E 2007 — 283893 i 1483
‘ B % 7116, Ak N
HFiHEAS
A% 3.14
GEP s Z ML S RS IRS M EZ S R
LA AR S5
WRBH & 4% 1041, TR
SN | 2010 20013.46 — _ _
U %6892, ik
RS 20.67
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HEE RS
16.67, TR
Ouyang %@ | Hilg% | 2015 786 — — —
%5585, ik
k%5 27.48
HEE RS
R 6.77, WTIARS: | 81894.77 EMIZFHER | 7698 O
FEFRIX | 2016 189.64
B 8476, CALIR CALH)) A )
%5 847
R AR
RIPALAR -
L IR, 4
WAESRS | bR | 2019 3895.32 — — ) 2146
L EA R ERESTA
RSN E RS
AR

v TS T RS IME, MR FRSE T I E. EAbR a xS Az 7 Al RS
Wi FIEMER, FLAEE: b TR L ORBEARSS EE ORBESO AR & 2 PRI ¢ izt
FHR TR B SRR A HIROREE . EFRMIBORE 3 T d RN T ORIERT A RIAI R AT LU, I
BGEKBMAE: e xS W 2019 4 b 50 #  BY I0AC R b A= 25 AR 55 4 18 M 0 2 4D,
hitp:/jj beijing. gov.en/tisj 31433/tigb 31445/stgb_31450/202005/20200528 1910052.html.

4 Ew5HR

A AIET X E WM IAES RS IEZT IR, SEEREAESRGE SRS, BET—
BRI HAES REMSMEZEI A R B, EASRGRS RIS PG T A2 IRBE RS, 1
TR IR KR BB AT NG ZENES M ES REMSWHBR . =, FEHE
Bk, LML BURETMR . AME R 4 TRRRSnE, Dl BRI, B2, REMER
HERMATAESRG, EAF R R SEE  FOm AL . A SO T — Bk AR
BRGMEM AT AR, BARERRMLS . Ho 0/, 7. SUUIRS IR 12 bl 3 b
VANIEi

SLFBFFCR, 2019 FERITARHAS RGMS BNMEN 11 667014470, SR FHEAMER 3.09 £%,
FH T 244 1%44 GDP ) 85.71%, AEZBM. Hr, REREZEMMERR, a7 M EHEN: RS+,
BRI SUN BRI 1 500127G. BRitk, SARIAMEARXT T IERUSMMERDN, Horb, JKEREERERR, H
PR EATT G I 1999—2019 SEENA N ERE, ARG HIDIREERIIN 75.86%, MHEER 1 839 f%;
FESIRBEAR AN ESGIRIR R, JCHE ORI 22 NEAE 20 4RI T 2538 fif: ST TS ThRE RN TY
BEKAN 112.34%, f LHABTTTSE RRN], AT IRb IR R SN I Fo 4 RemT 58, R b a] RS
FIAYIE 1.65%~76.98%1ifhi%, AAk FHAEZS RGURF N EAZ WL AR SGBORSR AL T H B4 .

BT REER, ACRBATFBOR R, —REHZEEMATAESRG, A6 ESRRE, TR
TEMSARBEIRSS 8 H TR AUEAIE K R B IR % S AN E L, BRI, SR AR RGUIRS A
EARA R RIER L, ARG AES REZEI AR B E R AR KRGS N ER

s BRI ST Mt ORI SRR AR AR, AR IMESSIL, ARt S HMEECR AL
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