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Cross-border ecological compensation standard based on dynamic measurement

model; Taking Xin’an River Basin as an example

YANG Lan, HU Shuheng®
School of Resources and Environmental Engineering, Hefei University of Technology, Hefet 230009, China

Abstract: Aiming at the problems of single compensation standard and incomplete compensation content in cross-border
ecological compensation, this study takes the Xin’an River Basin as an example, builds a dynamic measurement model
based on opportunity cost method and ecosystem service value method, and carries out cross-border ecological compensation
standard research. According to the current agreement on the water quality of the Xin’an River Basin, the ecological
compensation is divided into two trial phases: trial and restoration. The compensation period fall in 2012—2014 and 2015—
2017 respectively. Opportunity cost method is used in the trial phase, and ecosystem service value method is used in the
restoration phase. The results showed that: (1) the direct and indirect cost quotas for ecological compensation in the Xin'an
River Basin in the pilot phase increased from 1.849 billion yuan and 228 million yuan in 2012 to 3.247x10° yuan and 401x
10° yuan in 2014, respectively. Among them, the averagely annual ratio of industrial indirect costs was as high as 55.10%,

which indicated that Huangshan City has gradually strengthened the ecological management and investment of the river basin
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from various aspects, especially the polluting enterprises that had a direct impact on the aquatic ecological environment of
the river basin. (2) The amount of ecological compensation in the Xin'an River Basin also showed an upward trend from
2015 to 2017. The annually average increase in the total supply and self-consumed ecosystem service value of Huangshan
City were 5.08% and 4.32% , and the total supply of ecosystem service value was 0.76% higher than its own consumption,
which reflects that Huangshan City has improved the quality of the water ecological environment of the river basin by
increasing the ecological area and changing the type of land use etc. (3) The total amount of ecological compensation in the
pilot phase of Xin'an River Basin from 2012 to 2014 was estimated at 8.067 billion yuan, and the total amount of ecological
compensation in the restoration phase from 2015 to 2017 was estimated at 12.565 billion yuan. However, the actual amount
of ecological compensation amounted to 3.6 billion yuan since the pilot of the Xin'an River Basin was much lower than the
upstream investment and loss in environmental improvement. Therefore, in order to protect the ecological environment of the
Xin'an River Basin, we recommended that both sides of the basin established a dynamic and long-lasting ecological

compensation mechanism to increase the amount of ecological compensation.

Key Words: ecological compensation; opportunity cost; ecosystem service value; Xin'an River Basin
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Fig.1 Xin'an River Basin water system distribution map
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Fig.2 Flow chart of calculation of ecological compensation standard in Xin’an River Basin
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Table 1 Ecosystem service value equivalent per unit area of ecosystem

E=BUN LN b A& H T H T/ WA Biwi
References Forest Grassland Farmland Wetland River/ Lake Desert
Costanza' 2! 1.00 0.25 0.09 2.35 0.97 0.00
it 121 1.00 0.42 0.28 1.95 1.61 0.05
s 22 1.00 0.46 0.10 0.66 1.72 0.02

(2) B N F23mE>

E, = (;J i (mip,; qi] (i=1ceeer n) (12)

i M
K E, A YR EF AT E (T hm®) ,p, 058 i BEIRE BN (TT/0) L q 050 @ FTERIER™  m, K
55 0 MERITEAR M Ry n REYETE AR 1/7 RARTETCA TR B AR AR S R G- ML A0 2 5 (B2 A SR 02 ]
BUAH ) 1/7,
(3) BB MRS MME

E, =F, XE, 6 XA, (13)
A, E S R X AR S R GRS B E F oA | AR S RGBT AR Y Y i AT B, O B 2
K28 AR5 § Fh A S RS,

http ; //www.ecologica.cn



5962 JAE = 40 %

222 AESIRSNE A S

(14)

si=Eﬁx(WFR]
. WS,
K, S sl Bl X AR S R GRS H B SN B E R SRS R GRS Ml ; WEP, i 7K 2 8 B &, WS,
K BRI
2.3 BdEkIE

AR F R T (R G AR5 (2012—2017 4F) (B IS HHAE %) (2012—2017 4F) (B I
MEITFELE) (2012—2017 4F) (ZRE ARSI (2012—2017 4F) (ZEAE K TR A ) (2012—2017
AR ) FICHTITAR K BRI A ) (2012—2017 48 ), 7K FI #3152 FH A5 508 o U8 3% LU i 7Kk R Ry, 580 ke U5 mT &g |
FLSL,

3 ZRE5SH

3.1 RATB B AR I 5
311 BHERA

2012—2014 4B TSR SR B B RARIE BLPE LR 2, WT LA R4 T B BOB &2 VLI I
AR R KRR IR A R AT BTG R A R A 23l R 2012 4R 4.05,8.08 ,5.85 F10.51
fCTC¥E ) 2014 4ERY 4.60,14.76 (12.55 F1 0.56 1270, Herr /K 3 R K P14 8 36 2% FH B 38 i 1
80% , P U, 35 1Ly T %o 3 22 VLY 3l K R 1 MK BRI 7 R B AR

®2 HFRIRE ERESRIPERRN/CT

Table 2 Direct investment of ecological protection in the upper reaches of Xin’an River Basin

. Ik F A K PR KA .g‘iAﬁ I .
A ol i K 5 TR AR VIS %{n e
. Water conservany Watershed water Comprehensive
Year Forestry construction K ’ X L A Total
construction environment remediation rural improvement
2012 4.05 8.08 5.85 0.51 18.49
2013 4.51 8.74 6.48 0.53 20.26
2014 4.60 14.76 12.55 0.56 32.47
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Table 3 Loss of planting opportunity cost in the upper reaches of Xin’an River Basin

- P P RIEEREREL FHOLBL 2o A

- S d/; ) Output value per output value/ Crop planting area  Output value change/  Planting opportunity
ear own areasfim unit area/ ( X10%JC) (x10870) change/ha (x10%70) cost/ (x1087C)

2012 129410 3.67 47.54 -119 4.58 -0.04

2013 127356 3.85 49.09 -2054 1.54 -0.79

2014 122333 4.05 49.63 -3825 1.77 -1.55
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Table 4 Parameters of industrial opportunity cost loss in the upper reaches of Xin’an River Basin
FIHLIX District A 7 X ' P
1T Huangshan City 0.1938 0.1925 0.0418 0.0845 -0.044
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Fig.3 Change in output value of per capita secondary industry in the upper reaches of Xin’an River Basin
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Table 5 Loss of opportunity cost of government in the upper reaches of Xin'an River Basin

4y ol = Aol FitE Tl BN E/ % BUM AL A

Year Fishery Animal husbandry Crop farming Industry Tax rate Government opportunity cost
2012 0.2660 0.1386 0.0437 1.5810 12.78 0.25

2013 0.2660 0.1386 0.7917 1.6644 12.21 0.30

2014 0.2660 0.1386 1.5519 1.7366 11.06 0.32
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( 1) %%lﬂ%é‘%{;? ﬁl\ﬁ Fig.4 The amount of ecological compensation in the pilot phase
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Table 6 Estimation of economic value of equivalent factors in the upper reaches of Xin’an River Basin

AEY RIS HE R I AR CiVES TEW i a /o YEH) ST Z /It
Year Crop type Sown area /hm? Yield per/t Crop price Total crop area/ hm? Economic value
2015 R 36438 7.24 2646.91 53226.00 2285.54
N 281 1.95 2285.19
E N 9866 3.06 2521.50
PN 6641 2.22 5141.50
2016 RS 35460 7.14 2555.03 52668.00 2126.85
N 268 2.04 2289.38
EP N 10179 2.77 2385.62
K 6761 2.06 4945.54
2017 R 33772 7.26 2601.19 50698.00 2182.00
N 93 1.75 2147.24
/S 10116 2.86 2246.85
K 6717 2.16 4950.29

RT FRIBBRESHKENERSBGEE

Table 7 Estimation of total ecological service value supply in Xin’an River Basin

M FOR0N B 4k H it T/ WA i
Year Forest Grassland Farmland Wetland ~ River/Lake Desert
AL FRAE SR S5 i/ TT 2015 2285.54 1051.35 228.55 1508.45 3931.12 45.71
Unit area ecological service value 2016 2126.85 978.35 212.69 1403.72 3658.19 42.54
2017 2182.00 1003.72 218.20 1440.12 3753.03 43.64
SESMAE/ (x10850) 2015 18.29 10.52 2.07 2.87 39.31 0.01
Total ecological value 2016 20.38 11.05 1.92 3.66 39.20 0.01
2017 21.79 12.95 1.97 3.76 40.22 0.01
B3t Total /(x1087C) 60.46 34.52 5.96 10.29 118.73 0.03
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4 22.33.21.03,20.05 12 m* 1 0.46 0.45 .0.44 , SRS TR, UL LT b T8 R 8 2V s i K i, [
KT BB MIEES RS ME.

9 LT 2015—2017 4EAEASAMERUE TINS5 2R . AT LUE Hh,2015—2017 4558 & T E 4 4t
B AR SR S A RN B 22k S IR S (B0 3N 73.07 .76.23 .80.69 12 ITHI 33.49 34.41 36.44 17T, % fk
TR EFHEH, o 2017 AR S A SRS U (B AT E B 9% AR 2SR S50 (8 0% b e e oK, 43 i) ) LL 3
T 4.46 {CTCH12.03 1270, TEAESKMEAE BB, B & VL3380 Vi b XN 43 ) #2811 T 39.58 . 41.82
44251275,
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Table 8 Self-consumption of the upper reaches of the Xin’an River Basin
. 7 R HERLK
PJ\ ot Unit product virtual water 2015 2016 2017
roee content/ ( m*/kg)
A food 1.84 4.60 4.13 3.71
3 Fresh vegetables 0.135 0.11 0.11 0.11
¥ A Pork 3.561 2.26 2.19 2.10
£ 1A Beef 19.99 0.23 0.23 0.24
£ A Lamb 18.005 0.02 0.02 0.02
K& Poultry 3.111 0.18 0.18 0.18
#E Egg 5.651 0.69 0.66 0.65
75 Milk 0.79 0.05 0.05 0.05
KR Fruit 0.387 0.04 0.04 0.05
D 4 s 3
Z@Mﬁ}um&t\ﬁ/( x10% m?) o 818 761 711
Agricultural virtual water total
PSS =X 8 3
Tjkﬁ]](;/( x10° m>) — 6.4 6.23 6.00
Industrial water demand
Tk B 8 3
LR AR/ (x10° m*) — 6.7 6.28 6.05
Water demand
j:(\/frf’ E=N 8 3
H 75 ﬁﬁ:]J(;[:l/( x10° m”) — 1.05 0.91 0.89
Ecological water demand
Wy 1 E=N 8 3
KGRI R/ (x10° m?) — 48.71 46.6 44.4
Water availability
P 9 2R
A B 2 A B » o4 s

Ecological service value consumption coefficient

®9 HFRIREEEMEESIMERAE LT

Table 9 Ecological compensation standard for the restoration phase of Xin’an River Basin

. 9 A A MR S5 I v
0 DR 95 R0 0 RIS i A
. . Ecological service value .
Year Supply of ecological service value . Compensation standard
of self consumption

2015 73.07 33.49 39.58

2016 76.23 34.41 41.82

2017 80.69 36.44 44.25

4 SEigFEW

41 %5

(1) MG Rl ) 5 S S A A M Sl A DN A A | 23 B 30 1 2 T S A A B, i3 42T A
AAMZIIAT I B, SR FHAIL 23 A 1 X 8 LT A Y03 A A A o ) A 55 T3 AR 0 R A I B 5 A 22 7T
A ZSAMEERMEE B BE, SER T2 4 Pk SR 2 T ) B A A R 55 (L, PR3 B K R S VI A 1 1) 1
L2 A A, I sh SRR R IR R RS A0 ARE A, LN A B AR DT AT R o 4R S

WA

(2) M2 A5 203 1 LA TP Be (2012—2014 4F) FUE S FrBL (2015—2017 4F ) A A ME: S50 2 51k
80.67 AZICH 125.65 12.7C . X 5 BT LV S B A A5 R M AT AH 22 50, XoF LU 7 48 1 AR A R M SC PR, £ b
S BAE . F0k HETC 28 AW 36 1270, 710 T B B A& 52 B BOA 75 A M i X 5351 R 65.67 42
JCHN 104.65 127G, HRTHTLIL LTI T T CLBE UL S 2K W7 AR S AME ) (H i TR A
EBIMETH B SLPR R R L | WA A L bRt 2L TR ARIGY , 14 H B 114 T 32k B f ik e 28 0 FIA B %
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JRE () PR ()
4.2 Al

(1) 2R AMEARUER AR A [R] i S8 AN [A] B A vfe B85 i A A MR — I Ry 3h A8
SR TEREA M B A AR S (AR AN [ Y)  i2HR HE i _b  Tie b DX A8 28 5 RO &M A I FR A K b
PR A S5 200 AR R AR S RMERRAE . H BT T3 3 A M B 22 0 A8 2 L I 1B 1 7 7% S A5
FBUN 5 BUR Z [ A M5 4 | I A A8 B — I AR MR M T 3538 5 P2 I & R BUR 5 AR B AMEE AR 2
B, IO L it b DX R A ) R 1) e B S AS DA R0 4 B3 [T I b DX P A A AR O i oz e 9t 1 52
R I X A2 KRR

(2) K< g . oy 35 0 AR S AME DT AR T RS B A AR R Ui DXGE R 28 U R A
DX VR 2R IR P ORI SRR TR DR B, W SRAME R N A T N A B S iR A
AP Z R F &, B, e A i 53X 38 sk e e €2 77 ol S 0 DA< i 1™ 3810 a5 0l ™ ) e A8 |
P L A A AMEAIL G A AR (e, — T, B T A R, 4 R S R SR R R e Sk Al G R A A i A
ZoE R TRl B PR B R M b AR €, A )T SRR B R AT 5 — i, AR R P R S
AR TR R A SAME S TR PR R B A K
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