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(R 5230 R 2 AR 2 U 5 B2 B, g 200030)

i EAMRERLBTAARGARRIERA, B ATABEL 2 FORKBERLELERB, FR
PORCRR AR B AR Fe A X T AL 6 N R B AT AME Ui AR ey g & R
BEHRHGAEHLT 19972014 F R B RE LA E T, BB R R ZRAK S Z0H T ML LR
WA RA, TRFI R B BT B A B R L — B AK S B0 T3 AMEAFE B RAKT 24 148.99 7T/wk; R
Bl R AMERRE Z FR K, F R FofE i TAMERELS R LR B L EHBERRZ &R E
B, AMEARERE B R A AL a S F 63 iR & (SR Y AR  #a i AR I R R, AMEAR £
FACPEHE AR A AR Ao F A (e RN ) B A KT 09 EAm & (T Mem A%, AL
R A8 A T R AR B 56 (et 3 HHAE  AUALIREIE) B R R P o LA AR (R T Bemdt &),
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—.3l B

HRAE IPCC 2006 1478 X, 4l i 28 A 3228 iy HBe R AR AL RUAH B, v, FRE e il 32 2ok
PR TR R AR B 0 M 0 I AN S A B UM R R R R T A B AN R R P B
P 1 3 A W o 2 BT LA AR O 25 H R & At B Rk iy )t 2 B UL e il ” A2 P Bk
FN48 PR 2 BT 22 (Foucherot £1 Bellassen, 2011; Norse, 2012) . A, 2 & 52248 dIUH “ Rk 7+
AFE, (Chadwick 45, 20115 Lesschen %, 2011) o #FFE#E— 20K, “ MRk " HAR AL XA (H BE
i ok /0 R 2= AR B HE R, 1T EL T DU AR AE Y RURE B (7= o SR, AU BRI B 5 R
AR A A R R A AR B AT ATE T RN R PR IR BRI A 2, H
A7 A 23 DRI R A AR A o BB AR 7 i 22 T AR P 0 BRI 25 A i P O AR s AR A AN, B
Py e 0 A 7 R P R S TR IR, DTSR PR 23 BORARME B JECR T ARk B AR A =

H T SRR — TSR G UE T BEAS, AR SCIA R AT DA S P45 A A5 ik 45 #E30 H (the Payment
for the Environment or Ecosystem Services program ) fi4 B i F1 52 B 28 56, X 4 ;7 CRME2 & 440 PR HR
R Al AR 7 AR RIS AR 2 T B AN I I AR HE B CRMEZE R 5 SR AT AMES, SRR AR
PR U A 2K o LA PR R R, K EOAT 43 Sk i 37 3K 2 B R ERF 3 52 8 (Muradian 55,
2010; Vatn, 2010; Foucherot 1 Bellassen, 2011; ), Bi# K& T B 403 &) (cap and trade) 1137 LA4), i £,

WrRE B - 2017-12-03
EETH : HR A KR AR 4 E 50 B B2 850 H (71333010) ; B FA4ERNL 4 5K H (16ZDA019)
EE BT : TRI7(1988—), B, RilE A, 1283l KR4 R 4 UF 5 8 B2 B W kot 4
P BG(1989—), B LA AN N, RS K AR e AR 4 U 5 A P BE TR T A
JE 95 (1956—), 2, iGN, A0 KA 2 R AV 54 B B e, L 5e A4 S0,
e 46 o
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AR AR TE 5 2 FRCH A 5y T (HIE AT & AR OE 457 A5G BRI HE (I ) 3T H By
HESL LT 52 5y T 5 Jm BB 32 S IR B A AR A PRSP H O 3o ik B AR L s
FMETT 5, AS SO R 3 538 4 BOR - 89000 H (RVBOURN AR 2 4O DL EL, B 5k, BRBivs 22
LASH, 2 [ A R R B A B RS SELE LS T 958 5« WAN, sUEBUE 18T X2
55 b 75 A8 oy i 3 Al 3 ) S 8T AR U AR T LA B 3t 5 A8 By i 37 0 T AR JsHE T 4
0, BRRE T 3 FE AR M Wl JC 12 77 6L 10 DAY el T 7 R e e M T A

ARSI G T BT AR MRS H B X MM B AMEAR M . IR AR EER B  T
“ERAN AR I U D 4 B A R S R W A TR R RS, B AR AR M 1 48 U A0 {H (Crossman S,
2011; Marenya 5%, 2012; Alexander 5%, 2015) . H: il & LM FNEAE S0 L KRBT 4 AR B —, 2
2 WO A0 A2 &) T 37 F1 3, 75 T 55 1 T BB 28 2 T A0 A B AR SRy BRI T AR M FR s 58—, TE4F
FE ALY ) S 1, 3 AR R S 40, 38 (B ) — R 8 04 5 ik, SR ik £ AR 1) 2 5 A ML
AR — 2, BT AR E SR HEA S 5 EEI5C G, InZ A 18 i B P9 b7 28 5 i 3 1E 5
WRFELE, F B 1 B 38 5 T I A0 A FH ok 2 s AR Ml sl HE 79 28 5% 0 1 SRRMEEBR E DTG 2245 B8
5k, SHOWAE R 2 A W 5T SR VR S B, S TR A Y ) E B 23 TR e A A 2R, 1%
J7 V5 XTI A TR B B 3 BRI & I H R UL AN IE Ao BLAh, FHCIR IR R, T
FRALAETE N 1 57 SR 28 T 0 (B ASEHE LA SR AR, 10 525 5 Bl 4ok 43w A, DT P i 25 A 2 0 H 1
JCd B Y 22 5% £ #H (Wunder 45, 2008; Gomez-Baggethun 5%, 2010; Corbera, 2015).,

EA — LAY, WACER & SR UHE B VR 77, B A P RN 43 3 8 AR S 77 il i) < 1k
BT RN TERE I AMERRER VE R T S B R N8 7 o BER, W SRR Ar v i T s HE R
B 22 55 A (B CRD U HE et 25 9 S 4 E Sl R I R BE 8K 2R ), TIB 4 BURF K 23 B 40 5k 132 1% I B 32 s
F15 A0SR AR A T U HE S 114 30 B A R 2 AR A 01 B s R AR, IS AR P Ry A s HE )
B 2 B AN TC A5 20 5 3 B RS, LSRR R £ 4 2 52 B o AR U, BRHE R 1 B 22 T (2
MR AE Y E R, T HE ) 32 BRUsCHE AS DR AME AR T Y R R o A B 2 T (R AN R ST
A Gy Al T, AR 2 B s HE A IR o] LLSE 33 225 B P05 5 AR S AR B 1E R LA 2 5
rh R AT IR A% (8T B il N RSB A 1 2 B bR, S RS R T R R R iR = SR
15 YW AR A R Y I PR HE B AR (Marklund AT Samakovlis, 2007; Wei 45, 2013) . WA I A,
S AR SO T A SR b — B AR G R R A R T R R L RO Rl v HE
WUH 5% Uk R T AR P R s — B RO I = SR HERCER BT AT A SO 2 TR, I
W, AR A e AR B A Ml & R Tt H (R HE Bl 35 RS | 52 35, BURT AT DA 4 Ml T 38 S04 A 320 B v HE A
A il 72 R HE

— IEigER

() A ARG A S HOGHE T iR AE A & 2 260 & 0™ th, 2R 1 1%
WA E R Z R IEE B 7 o 218 Fire 55 (2005) (0L, AR SCEA P 1A 7= I B2 6 SR
P(x) ={(y,b) : x’E) (y,b)} (1)
(DRXPBRAER x»=(x,, ... ,xy) e R, GETH y=(y,, ... ,v) e R AEEGEEH b=(b, ...,
b)) eR’ A A B WAL, 0Bl I .
PR 1. BE R BEE AL E M (firee disposability): 24 x <x,P(x') C P(x),
PRI 2. A s A BE AL B 2R (v, b) € P(0)IFH y' <y, IBA (', b) € P(x), X—TEE#
« 47 .



M PZRF 2018 FE S B

WL fEgs B A B I ETHE T, O SRI S RS B A S WEE T EEZ N,

PR 3: A B ARG B AR S RS B W2R (y, b) e P(0)IFH 0<0<1, IF 4 (0,
0b) e P(x)o iX—VE BT A AE G 20" A 25 LG 20 1 i S A0 o

P 4. Z R0 (the null-jointness): WH (v, b) e P(x) I H b=0, HF 4 y=0, X — R F M, Bk
RPRA G L A ARG R RS S R R

()77 ) 7= Y R S R R, T X A P A 7 AR B AR, 2E— 20 T 1] 7 L B eR BUE SR

D, (x,y,b;g) = max{B: (y+8g,.b—Bg,) € P(x)} (2)

()X P e ) & g=(g,, —g,), H g e R"<R’, 717" H B BS sR BURA 7SR, 400 30 T

PEE 1: D, (x,y,b; g) 2 M1 Wy, b) € P(x), 24Dy (x,y,b;8) =0, HARIE, 2577 1] i 25 7
HPRECAE TR, A TR A S T ROR R A SR, B e RS R A (N
K, A7 A i R R %

PEE 2: WUR X' <x, IR 4D, (x,y,b;8) <D, (x,y,b;8)s

PR 3: T3 ' =y, IBAD, (x,y, b g) =Dy (x,y,b;8)

PEG 4: AR 5'<b, IBAD, (x,y,b';8) <Dy (x,,b: 8)s

PER 5: QR D, (x,,b;8) =0 F H 0<O<1, IF 4 D, (x,0y,6b;8) =0, X R, A 87 H Ak
B R A B85 AL B A AR T T 1) R R R

PR 6. bo (x,y+ag,b+ag,;g) = DO (x,y,b;8)—,a € R, X— MR, MREGEH
K og, IEEET H Ik ag,, I8 0977 10 FE 2 7= H pR B 25 bR PRS2 5 o

(Z)RFMEHIHESR . 7% Fire % (2006) %, 2 p=(p,, ..., py) € R N EE 7 A,
¢=(qis ..., q) € R" RAEG B NS . 55T 07 7™ i BE 2 s AL, A P I 25 pR T 28 SR

R(x,p,q) = max,, {py—qb : (y,b) € P(x)} (3)
RG] e B R A R MR 1, T LR IR £ pR AR S A
R(x, p,q) = max,,{py —gb : D, (x,y,b;g) =0} (4)

TRy 181 1k g=(g,, —g), AR A 2 B BT Bt — 205

R(x,p,q) = (py—gqb) + pDy (x,,b;8) g, + gD, (x,y,b;2) g, (5)
Xof AN G5 3 (5) AT F 3 B #5 ] DAAS 2 J ) 7 8 el BRI e K35 2 BT Y 6 R
Dy (ry.big) < R(x,p,q)— (py—qb) 1D, (x.y.big) = minp‘q{R(x,p, q)—(py— qb)} (6)
Pg, +48, P8 +48
WRIE, 18 A& PR A] DIAS 2 O e 7= R B R O T & B AR E B A — i &

<ORIV,D, (x,y,b;g) = =0 (7)

pgy +ng pg\ +qgh
TERBLHT m A5 7 RO RS 0, 82585 7 A ARG 87 B T A% Al AR IS

(ai)o (x,y,b:8) /abj]
q; = —DPn -
aDO (X,y’b,g) /aym

V_\'DO (X,y,b»g) =

(8)

= KiEEEE

(— BRI BESE o J7 1077 H 58S R BT LAGr N S BB AR S 8l . A2 8L e T A
L 18 7 B RS oK B B 5. SRIMTHE S % T Fire % (2005 F1 2006), Murty 45(2007)
e 48 o
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I Wei 25 (2013) B9 7775k Z )5, A SCR IS B I AL B 5 1%, DAAE DAAT 5 1) R ’%&EPYX%EIE%?F#H
MR T A% (e AR |, ﬁﬁ?fﬂﬂﬁﬁ%ué‘é&(ﬁ’JEﬁﬁF/TTu/\ﬁﬁ%&%”i O AH S %
B, RN AR SO AR B R R . PR, AR SCHeE J\F'JEI’J,EJZH/EE

7 1] 57 H B S R Ky A ER LR AT \%U@%*ﬁ?zli 55 8 77 b A A o B G
TE P DU A EEZR x, BlAE M A E B0 ™ (BRI LAY & 37 Yy, LR L A Al 2 o AR
RIARG B bo DFFTAEDY O 1997—2014 47, WF5E XIALFE 1 [ KRG 31 8 i G X CR
SCRIBR A ) o BRI ZAb, A8 SCRE S 1) 58 B8N g=(1, —1) o 12 1 H5 3 2 RS Al Il HE Y 22
SR, RIS I 2 H A R I s A AR T

g b, ZHALR) J7 1] 7 Y BE B R BT E LINF

— 4 1 4 4 1
DO (-xnkz’yklsbkl; ]9 _1) =, + Z @, X +ﬁ1yk1 + )/lbkz +z Z Z (o em + EﬂZyil-i-
(9)
72bk, + Z O Xt Vi + Z NuXosby + DY

ARG 75 16 77 H B 5 R 30 B A P RN B P, S SO0 pR B S B A R BB AR
Bi-vi=—-LB=yv=u;n-96,=0a, =q,,.nrnn=1,..., 4) (10)
(OB P 7 vk o S 1A TE5 77 Hh BE s B0 B R S B, A 2% T
Aigner fll Chu(1968), Fire £ (2005) Lk & Wei 25 (2013) i F B 5 5E ¥ 97 1% (the deterministic
approach) o 8 i f /MWL B fY Jy 5] 77 RS eR BB 9 2 22 () Y 22 e, 3 2 LRIk (the
linear programming, f&i 5 LP) ki1 AR HIS %L

31 2014

min " 3" [D; (Yo bi 1,~1) = 0] (11)

k=1 t=1997

s.t

1.B(),(xnk,,yk,,bk,;1,—1)20,11:1 ..... 4k=1,..., 31,t=1997,..., 2014,

2. 9Dy (X Vs b 1,~1)0X,e =0,n = 1,..., 4k = 1,...,31,1 = 1997,...,2014;

3. 9D, (X Vs b 1, = 1) /0y, <O,n = 1,4,k = 1,...,31,1 = 1997,...,2014;

4, 65;(XM,,yk,,bM; 1,-1)/0b;,=0,n=1,..., 4,j=12,k=1,..., 31,:=1997,..., 2014;

5.8 -vi==LB=y=u;n,-6,=0;, =, nEnn=1,...,4),

()R BAL T A BEML M 7 s . BB J7 725 (the stochastic method )8, A] UL #% F S Ak 1177 [w) 7= HY
B R B 2R B (Murty 25, 2007; Wei 25, 2013) , IGESEA9 77 1) 72 HE I8 5 R 85T LAl 14 8 -

0=Dn(xnk,,yk,,bk,;1,—1)+sk, (12)
(12): &, = v, —tyy, viy ~ N(0,02), ty, ~ N* (1, 02)
fﬁfﬂmig—(l 1) A He i b, 0z FH 5 1) 7t PR R pR B0 S 4 vk, JF R s 311 (12)
3, AT =, = D) (s Y+ Qs by = @ L, =1 80 B, = by HE— AT LI HI (13) 2

4 1 44 1 4
—bi =+ Lo, X + By O+ bu) + 5 XX+ 5B O+ 0 + ) 6% G tb) e, (13
w = Qo EQXA B (i i) 2;;& Kokt X 2,8-()’k i) ”ZI X (Vi )+ & ( )

3 (13) 2K A0 R B, 7T LR F 8 1 19— M e /N 38 32 (the corrected ordinary least square, 18]
PR COLS) B2 RALIR 12 (ML) FEATA T o A ELEL COLS 12, 7 RAEA iz F ML 1245 3 19 07 72
FREO ELTHE A M o PR, AR SO SR T ML A S R BT A
. 49 .
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M. #iERER

() BRI S o 0GBy MR xi, A SO E G5 ) O E Ok e
THBERE) Crp BEARR Ge it 4R 48 ) (b B BE RS TH4F 248 ) (b AR R IR G 141 48 ) (b [ 3 0l 4F
S ) A AU A AR 46 )R 7 47 5 K 5 BRI BE T 1997—2014 4F 31 448 133 (1 AH S 8K

i, AR eG4 R I3 1.

x1 BRAZER. GERFERESH
At SFE iz f/ME SN WA
X, overall 717.44 747.74 10.51 4838.72 N=558
between 556.27 29.39 229533 n=31
within 509.04 —832.92 3260.83 =18
X, overall 966.70 751.36 33.38 3 558.55 N=558
between 752.19 59.95 2998.33 n=31
within 126.59 530.97 1526.92 =18
X; overall 5517.68 3709.46 230.79 15 147.12 N=558
between 3741.46 237.75 14 421.14 n=31
within 434.59 3691.99 7231.71 =18
X, overall 311.99 225.30 3.16 1182.56 N=558
between 213.50 6.42 863.07 n=31
within 81.03 61.60 735.94 =18
y overall 1412.13 1369.57 42.34 7461.35 N=558
between 1054.72 76.78 3972.57 n=31
within 892.88 —661.86 4900.90 =18
b, overall 61.36 39.59 2.69 183.06 N=558
between 38.58 4.07 141.53 n=31
within 11.17 19.07 104.16 =18
b, overall 2.10 1.41 0.14 5.67 N=558
between 1.42 0.18 5.16 n=31
within 0.20 1.12 2.86 =18
b overall 2186.13 1370.46 119.93 6309.27 N=558
between 1355.72 158.38 5105.76 n=31
within 310.29 1026.01 3389.65 =18

LR x, AR 2R TR 2R T AT A P P B 58 B 7 BMEL, A7 285 o, B — 738001, B TT N x, B BERAEY) R
JR e 0 25 el TETAR L, AL T A B x, it AR 25 AR R BRI A REIRSE A AR, . JT I Y S BRE N R R
HFE PO W72 A0, B4 AZTT; b, ARl FYGEHERCEE, b, Al SR HEE, b 2 d ol Y Be A AL T BT 3 B9 — S Ak ik 2

i, A T, R

TR RS T b BRI — S Y 1 i, A SCS R IPCC 2006 F P i 2 U
T FRIE T AR A AT 28 20 SR HR N 1, AR SR AR AR (2013) RIS 8 R W1 (2013) (1 AF
FEITIE MG R, Je T L IRAFR 2 e 225 GORH AU, Al 5 1 Al S A0 500 R e i, -0 Ho 3T
S AR 2 i, P A I RIS G2 1A AR S R A A SR A g 1 R 1 R

O di T ESETHHEE I 2013 TR BIROEE — P37 3 T IBAR, BT AR SO 7 45 I 550 T 2013—2014 SRR 5

ke

@ HRAIE A IR 2 AR P DT E, 1 I R e=25 I AR A, 1 A4 T SR =310 Ml A ALK .

e 50 -
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90 000

a—C—

80 000 o—o—a—0a—aa a OQCOOo
e 18]

70 000

60 000

50 000

30 000

20 000
KA T T N T e T B S B s N U I = =
9 P LI JINNN
DDA A A A A A A A A AR

FEE  —e— BHk £k

E1 19972014 £LEEEMEL . FHLRL - SUmYSHTHHEE (B AM)

FH 2% S B AT L, 4 9 L AR olb — A fe X i AN 1997 4F 72 212.28 J7 i & 2 T 2014 4E 1Y
80 896.05 Jy i, MM £ 3 T “ el 5 vl . B0 i AR A ad B . SRS, AR SCH JRFORE b R A S0l X
b AR Y B AT R 2o b, B Ol SRR 2 el 2 A R AR ) S AL R R B
38 % W 7= A B SR AR AT A5 2, Bl A AR A B 2 ey A A HE i 9 R AL
AR HHERO™ A 0 B BT S AR 20, AR B 1 IR, P2 R Y i i AR b B R BT L4
BB S — B B 1998—2003 4, AR A AR 2 AW R R, B B0l A ARk Y B
T BB 2004—2008 A, FPAE ML TR AR 2 5 D B, E Ol AR AR Y SR R
55 =B Bt: 2009—2014 4%, FioR Ml — S AR 2 AW T, & Ol A AR Y = E A BT (HAS
—HRIY I, A [ PR Fh AR R3S POl 1 Ik X N 2009 AR AR R BLH Z P LR, K
T, AR SO G2 T AR R R R, A 2009—2014 AF Rk L R E O AR R 2 SR 2
e, MR 2 IS5 3, AR S0K 31 M ar 2

T2 2009204 ELEMFHELINBFHRL —_SUHIELHTHER

HuIX i A Hu X A L X ik LY
dese -3.04% -1.59% LR 0.46% 3.36% il —0.38% —0.73%
K —0.60% 2.57% ficka 0.29% -0.59% St 1.23% 7.07%
el 0.74% 1.48% baniij 1.01% 12.24% =T 3.47% 8.19%
1Ly 1.27% 3.18% AR —0.21% 1.43% [ —0.54% —0.79%
B 2.78% 2.18% O] 1.32% 0.15% Bepy 3.07% 5.79%
o7 0.14% 4.49% e 1.09% 7.61% H 4.51% 8.11%
AR 2.66% 2.13% ] 0.91% 9.38% HilF 1.10% 0.93%
MRIEIT. 4.79% 2.29% TR 0.20% 1.22% TH 1.81% 5.80%
i -3.30% 0.74% I —0.15% -7.01% B 5.93% 4.67%
TLIN -0.30% 0.59% a3} -0.26% -1.36%
Wi -2.27% -1.25% HIR 0.67% 7.32%

S — 2, R A F Ol A AR Y R B B AR RO B, B —IE— . Hop deat R
FE L L VUR CHRTT AR RN AR M AR U I, 28 T R R A R R B R B Y AR
b Az 7= S5 R A R A R AR A 7 R AW, PSR A B S SR I I BB A D . A,
J VY i RO S A 1y B SRR A M e B A g, e (o A 2 AR AR 2 R AN BT

A 8, R A ER Ol AR A Y R R AR AR N IE . o A0 AR R JEYT T
PG T80 g SRR Al A, LR MR R, DT A By 17 214 il 7 Al i) 2 FE AR R

PR B R JE o PG S BEPY L HOR T OB AR A O 7 MO bR R AL R B AP B g,
e 5] o
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Hh R R R AR 7 R o B R M A 7 SR P A B v A Ol AR R A TR, X
Lo iy P2k A A S B At BT RE S

()77 1) 7= B 28 pR B AR T 25 2R . 38 T LP R ML %, AR SCAG T 3 7 J7 1w 7 Hh B 25 bR 25
AR K HR N 3 PR,

*x3 BEHALPEMN ML EBEMNAE HESRBRLE

ES 3 LP ML % RE LP % ML ¥
a 0.0544 0.3666 " (0.0772) O ~0.0500 —0.4451"" (0.0934)
a 0.1067 0.1033" (0.0552) o=l ~0.1154 -0.3316" (0.1734)
a 0.0257 0.2733°(0.0792) =0, 0.0077 -0.1785" (0.0835)
a 0.1040 —0.0692 (0.1107) sy -0.5757 0.0835 (0.1579)
o 0.0269 ~0.0151 (0.0511) . 0.0612 0.1863 (0.1875)
B, —0.4735 —0.6151"" (0.0487) Ol ~0.3402 -0.3907"" (0.0475)
y=B+1 0.5265 0.3849 B=y=u, -0.2727 —0.0162 (0.0576)
o ~0.2632 —0.0193 (0.0369) =0, 0.1903 —0.1883" (0.0423)
p— ~0.0414 0.3300"™" (0.0925) =5, 0.0592 0.1943" (0.0520)
a=tts, ~0.1836 0.2904" (0.1739) =0, 0.2437 —0.1205 (0.0812)
a=a, 0.1810 0.1531" (0.0794) =0, 0.1153 0.2013" (0.0380)

TR F R AN BAE 1%.5% 1 10% BRI B, 35S N BT bR R, S5 .

AR SO T 7 AR AR B A T 1) 7 B R R AT R B . AE R LP AN T AR B R,
84.05%(469/558 ) [ WL B A5 5 ZE 2800 o 3% 1 B, K — R R0 i 8 S 5 [l ™= 1 B 8 bR 850 1) BT 2K
IE ] LP YRR AT A8 145 31 0 R ERE 0% 50 &3 s ] T3 H 5 &8 O 9 A0l — S8 Ak Bk 52 1t
¥ o WAN, A B ML AL TR BB pRBOC T 6 B AEE G B Wi SO R R S il as E T
100% F1 85.31%(476/558) , (HZALA 20.79%(116/558) B WLIAE 45 & Z AUV o X B E, FH ML %
7115 20 10 s ECHGE A T 0o BRI, AR SR A LP Al 1 H 45 20 77 1) 77 H 9 B R AR

(S TM RG4S 1, AR SO T 1997—2014 4F 44 0y 4l — S A0 Bk 4 & 5% T
K&, AR MR AR 2] T 4 E L AO — AUA R Y i RS AR, S5 R AnIA 2 BR . P
B F ks AE 1997—2001 4E 2 B 218 EIHRgEH, 6 736.86 Jo/Mie =i F 1 8 209.72 JT/Mi;
TE 2002 4E 28 7 1 58 BV I, SE A5 T A 7E 2003—2007 4R SZBE TP K, M 7 339.68 TG/
KMEHE S 2 T 17 158.88 Ju/fi; S5 -3 5 F M k& 78 2008—2009 4FA it [ & , (A J2 M 2010 4FF- 1R
I E A FIHE 2014 4EHY 24 148.99 T/,

25000
o«
20 000 . -
> W
15 000
10 000 . o
- L ]
sooo | ¢ ° »
0
A D OO DD D XD LA DO O NN N ER
FF P A IT IR ELHFOIIDH 0N
DDA A A A A A A A DA DD

B2 19972014 F2EEEAR W _FSNBRLEEFHZLFME (B T/ )

AR A 0 Y0 PR Al — AR Atk 24 P 24952 T AR AR 2010—2014 4F iy 22 B B 253, TRl ik

% 8 BAMAPRHE A B RVE, AR SCH I T 2014 454548 Al — AR HR 5 B RS2 7 A, SR 0K 4
« 52 .
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Research on the Payment for the Government-Driven
Program of Low Carbon Agriculture

Wang Tianqiong, Yan Han, Gu Haiying

(Antai College of Economics & Management, Shanghai Jiao Tong University, Shanghai 200030, China)

Summary: China has become one of the main countries emitting the greenhouse gas (GHG). As one
major source of the GHG emission, agriculture contributes for 15% to 19% of the total emission in China,
which is above the global average level by 13.5% and decides whether the whole mitigation goal will be
achieved or not in 2020. Local experiments show that some low carbon technologies and management modes
not only reduce the GHG emission efficiently, but also guarantee the crop yield and livestock production tech-
nically. However, whether choosing those technologies and management modes or not depends on peasants. In
practice, peasants make decisions based on maximizing their own profits. If peasants apply those technologies
and management modes to agricultural production, their marginal costs will change generally. Provided the
marginal revenue is constant or changes little in the short term, peasants will probably suffer lost in profits in
the new equilibrium, and be reluctant to choose low carbon agricultural technologies and management modes
voluntarily. To overcome economical obstacles hindering peasants’ choices of low carbon agricultural techno-
logies and management modes, this paper learns a lesson from the Payment for the Environment or Ecosystem
Services (PES) program, and compensates peasants for the “additional” GHG mitigation due to their efforts.
According to the PES program, this paper further divides the existing payment or compensation into two ma-
jor forms. The form is mainly market-based. It includes the “cap and trade” market and some local ones for

tradable carbon-sink programs that are not allowed to enter the cap and trade market, but meet needs of the
. 59 .
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Kyoto Protocol. The latter is government-driven. It is mainly composed of environmental or ecological protec-
tion programs advocated and sponsored by the government. Due to the absence of the appropriate carbon trad-
ing market and the difficulty in estimating the economic value, the planned government-driven program could
take marginal abatement costs as prices of the payment for the GHG mitigation.

As the base of permits prices for the cap and trade market or the reference for the environmental taxation,
the shadow price is often used to measure marginal abatement costs of undesirable outputs. So, this paper ap-
plies the parametric directional output distance function estimated by the linear programming method to calcu-
late shadow prices CO, caused by agriculture for 31 provinces, municipalities and autonomous regions in
China from 1997 to 2014. Based on the trend of shadow prices since 2011, this paper estimates the average
price of the payment will be no less than RMB 24 148.99 yuan per ton nationwide. Meanwhile, there exist
huge discrepancies among prices of the payment for different provincial regions. The highest price of the pay-
ment for Shandong (95 079.17 yuan per ton) is ten times more than the lowest one for Tibet (8 052.59 yuan
per ton). Moreover, given the goal that the national intensity of CO, emission falls by 3.1% in 2015, this pa-
per finds the amount of the payment for animal husbandry is much higher than that for farming in the scope of
the whole country or provincial regions. Last but not least, this paper discusses the relationship between prices
of the payment and the emission of CO,. It shows that prices of the payment will rise with more CO,, but de-
cline with less CO,. This potential relationship is confirmed by results of the robustness check, that prices of
the payment will rise (decline) with the more (less) application of production technologies and management
modes (the use of the N-fertilizer) triggering the emission of CO,, while they will decline (rise) with the
more (less) application of those technologies and modes (conservation tillage and deep fertilization by ma-
chine) leading to the mitigation of CO,.

According to the findings mentioned above, this paper puts forward three main suggestions for the gov-
ernment-driven program. First, the program should be planned and implemented as soon as possible. If the
emission of CO, from agriculture keeps rising, the government will bear more financial burden for the mitiga-
tion in the future. Second, as the dominator and payer, the government should undertake the main responsibil-
ity at the first stage of the mitigation program. Meanwhile, it should prepare for building local markets for
tradable carbon sinks from agriculture that don’t meet needs of the cap and trade market. On the one hand, the
market will gradually play the decisive role in the allocation of resources, which does good to the sustainable
development of the low carbon agriculture, especially animal husbandry. On the other hand, the market can
take its advantage in broadening sources of the compensation, sharing the financial pressure borne by the gov-
ernment in the development of low carbon agriculture. Third, the government should formulate a list of tech-
nologies and measures suitable for the development of low carbon agriculture in China. Technologies and
measures, which are easily handled by peasants and close linked with relieving climatic and environmental
problems, should be taken into the consideration first by the government.
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