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A study on ecological compensation standard for Zaoshi Water Conservancy

Project based on the idea of ecological footprint

XIAO Jianhong" *, CHEN Shaojin®, YU Qingdong', CHEN Dongjing' , LIU Huaping’
1 International Business College, Qingdao University, Qingdao 266071, China

2 Hunan Technical College of Water Resources and Hydropower, Changsha 410131, China

Abstract; Ecological compensation has been adopted in many countries and proved a good approach to protect environment.
The focus of ecological compensation study was how to set ecological compensation standard. The ecological compensation
standard was assessed mainly based on the methods of market value approach, opportunity cost approach, willingness to pay
approach and cost analysis approach. Thus, the ecological footprint ( EF) was applied rarely. The EF was defined as the
biologically productive land and water a population requires to produce the resources it consumes and to absorb part of the
waste generated by fossil and nuclear fuel consumption. The EF provides an aggregate estimate of demands upon the
biophysical productivity and waste assimilation capacity of nature imposed by human lifestyles. This aggregate indicator
permits the estimation of the equivalent land/sea area, or biosphere, required to support productive activities. Its unique
attribute is that it accounts for the demand upon natural resources, in terms of an equivalent land/sea area, or global
hectares. The EF method has been proposed as a standard methodology to evaluate the environmental implications of
alternative development models. The EF analysis becomes widely adopted as a key environmental indicator of sustainable
development.

River ecosystem services imply the natural environmental conditions and their effectiveness formed and sustained by
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river ecosystem and its ecological processes, on which, human life relies of existence. Ecological supply footprint was
defined as the enhanced river ecological services’ supply ability caused by the project construction. The enhanced ability
was converted to the total biologically productive land/water area. Ecological demand footprint was defined as the weakened
river ecological services’ supply ability caused by the project construction. The weakened ability was converted to the total
biologically productive land/water area. Five value models ( ecological supply footprint models of flooding control,
hydropower, reservoir irrigation, improve waterway and reservoir breeding. ) of ecological compensation subject and eight
loss models ( ecological demand footprint models of reservoir sedimentation, reservoir inundation, construction of
resettlement area, soil and water erosion, river ecosystem occupied by project, energy consumption of project construction,
sewage discharge of project construction, and produce cement and steel. ) of ecological compensation object were
established based on the idea of ecological footprint on Zaoshi Water Conservancy Project (ZWCP). And the ecological
compensation standard of ZWCP was evaluated by the models. The results show that; (D Five ecological supply footprints
were 88482.2974 hm’/a in total, which was converted to 6. 2353 x 10°Yuan RMB annually. Eight ecological demand
footprints were 14946.4861 hm’/a in total, which was converted to 1. 0533x10° Yuan RMB annually. The values were the
losses’ 5.92 times. (@ Three schemes of ecological compensation standard were proposed, on the premise of identifying the
ecological compensation subject and the ecological compensation object. The second scheme was recommended. 3 The
second scheme of Ecological compensation standard on ZWCP was 0. 5238 x 10° Yuan RMB annually. The central-local
government and hydropower development owner were the main ecological compensation subjects, which undertook 52.50%
and 35.77% of ecological compensation standard respectively. The resettlements and the river ecosystem were the main

ecological compensation object, which obtained 72.16% and 15.68% of ecological compensation standard respectively.

Key Words: ecological compensation standard; ecological compensation subject; ecological compensation object;

ecological supply footprint; ecological demand footprint; Zaoshi Water Conservancy Project
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F1 ENMIBRESHBEIE
Table 1 Ecological supply footprints of Zaoshi Water Conservancy Project

HEASHEL LT Ecological supply footprints ( ESF) 45 Results/ (hm?/a) H /T Percent/ %
PHE KA UL I3 ESF of flooding control 44478.2129 50.27
7K J1 k& r RS HE4s T ESF of hydropower 38637.0000 43.67
9 LTS HE AL S35 ESF of economic value of hydropower 15741. 0000 17.79
K ELIREER S A A 2 ESF of environmental value of hydropower 22896. 0000 25.88
IKEREBR A 2S5 HEZA I3 ESF of reservoir irrigation 4385.3415 4.96
AT IE A 245 R 78 ESF of improve waterway 449.5016 0.51
DS 205 4% 25 A B4 JE 7 ESF of economic value of improve waterway 241.6396 0.27
O AT PR BT AR A S JE 3 ESF of environmental value of improve waterway 207. 8620 0.24
IK R FF A ZS AL LR LT BSF of reservoir breeding 532.2414 0.60
411 Total 88482.2974 100. 00

F2 BNMIBRESEKREDL

Table 2 Ecological demand footprints of Zaoshi Water Conservancy Project

TR LI Ecological demand footprints ( EDF) 255 Results/ (hm?/a) HY I Percent/ %
IK R PRV AR AR 2575 5R /L35 EDF of reservoir sedimentation 1112.7312 7.44
IR B A5 TR 238 EDF of reservoir inundation 10785. 8316 72.16
R XA A TR L EDF of construction of resettlement area 891.4894 5.96
K i LE 257K I3 EDF of soil and water erosion 748.6185 5.01
TR ¥ A 257 SR L3 EDF of river ecosystem occupied by project 339.7053 2.27
TRl T RER N #E4: 2575 5K JE 7 EDF of energy consumption of project construction 569. 6522 3.81
il Tad AR P 5 K HERUAE A TR SR JE 3 EDF of sewage discharge of project construction 0.1008 0.00
A FEEESFUR R K R AN AL AR A5 TR K23 EDF of produce cement and steel 498.3571 3.33
A1 Total 14946. 4861 100. 00

2.3 AEASBEL IR AT R R R R A

iHdAr B] WWF ( World Wildlife Found ) |, ZSL ( Zoological Society of London) F1 GFN ( Global Footprint
Network ) [ ¢ HbER A=y 774 45 (2004, 2006, 2008 ,2010) ) A [E K G811 J5 59 ¢ B SETH4F 45 (2008 ) ) 3145 3k [
20012003 2005 #2007 45 A2 AR 25 A2 08 RN K (] A A 77 AL, T34 L A SR 3 1 249 FL7 A4 285 A TR Y
{4 7047 Jo/hm? , B3 1 FI5E 2 P AR SR AG JEa FI AR ST SR IR IR S SR EA T B AL 4 (3R 3) .
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K3 ESMEEGZHEMESIMENKZHE

Table 3 The values of ecological compensation subject and the losses of ecological compensation object

4 EL 4
f\iff Conﬁidﬁresults fjji Congfi:r}lﬁj:diriuhs
/(108 JC/a) /(10 Jt/a)
PEHLIK Flooding control 3.1344 IK P VIR AR 0.0784
7K H1 % B 2 3558045 Economic value of hydropower 1.1093 INER RS 0.7601
K H1 % B FREERL2E Environmental value of hydropower 1.6135 PR E Xk 0.0628
JKJEHEBE Reservoir irrigation 0.3090 KAk 0.0528
AT IE 2 55335 Economic value of improve waterway 0.0170 TR A 0.0239
DCEAE PR BE AL 25 Environmental value of improve waterway 0.0146 TR T RE IR AE 0.0401
JK I F#TH Reservoir breeding 0.0375 it T3 R A= 7= 5 7K HE i 0.0000
— — A PERESTRL K R R B 0.0351
At Total 6.2353 it 1.0533

3 ESIMEIRERER
3.1 B FAESHMERE TR

FESS 1 PP A S AMERRHETT S8, A A IR A6 B R4 A P Ve b DX R K ) R L 3 (R LA T
Wt 2 i) JKEEHEMESZ 25 5 KRG SZ 2 G ITIE 52 4 5 (WDIB 2 TF A0 4 52 4 ) /K ) & WL
LT PR EE K 25 32 2 A AR R —— P R BUR AL BUR A5 B TAAVE M X LA bk B 42 240, WA B A
1) 17 T3 2 52 g SO AR FIAZ SR SOOI AR B 136 A2 4 1 R/ INBE IR, e L, AR TFF 50 06 B T 2880 2k 2 28 % 3 AR
TE R FATE L DX B AR ——rh R BUR R T BUR . A SAMEXN R EEB R ZHRESREA S (1
FEK VR VD IR R ] B P2 i IX AR | TR (R R AR ) S AB TR I B (LG K R R
TRt TR VR T AR e A T S AR W R T R A P K HE R e B4 2R X B R BRI TRV R A R A
AFURRIK U IR P A R 2 SR HE G Wi A 7K 8 ) RV T T e B R BT B Ve L e AR ) &L BT
FHAf LA 1) A28 TR M P SO A A RIAZ SR O A A A2 52 Wi ) R/ INER FRIHE T LA, AR AR 50 0 3038 4 A 2 b
PN G0 3 N 2 5 ) J B AR e —— 3T R X IR SR AR b 3 4 2%

FESRS | R A S AMERR T S A S MR Ry A S AT G2 0 2 40U, 45 A2 A5 A M T2 R Al A2 25 1
(7R Z R (R L B R AR SRR R . AR 4 TS v S B A b BT 2 i T A AR AR ME i, R HH
B A AR | AR S AME B 76. 39% 5 FLURGER K HL T &l 3, LR HH 9 A AR A 7 AR AR A 1Y
17.79% ;11 /K HEME A2 35 5 01 32 25 5 7K P FRH 52 4 7 S5 A M F AR FH A A Mz H oy B 2R 28 b
RN 5. 83% , BT TS RS i A A M XS 42, HgRAG I AR A M | AR S MR 1Y 72, 16% 5
HRIEM R AS ARG AR G HPA A A S RMEE G A S HMEB 15. 68% ; JFE X 5T S @R 5 4 &0k
PR A S M A S AMER Y 12.15%

3.2 552 AR RMENRE TR

TESS 2 P A S AMERHE T S, B IS SR LA EL AR W it 1) A 20 M S 1A (BRI T /K A2 23 AT b IX
AR ES) B 1 B AE MR IE 28 1 A A M2 P 4 LU A1) (50. 27 % ) TR B UL AL 25 52 4 & A8 AR 1K
I 7 B AR A AR 5 55 2 P AR S AMEARIE Ty S AR A AME AR A SAMEXT R W 5,

T 5 AR FEES 2 FhA S RMEARE 7 22 T, rh SR R D7 BURE K B Rl 3 2 32 B A AR
A R 1 A A MEEAT 2 1) R AE S RMEZA ) 52. 50% F 35. 77 % 3 K REIE A7 35 3 AR HH 10 25 S A M40
A AMER 9. 96% 5 T ALIZ 5% 25 5 MK P2 F7 58 5% 25 8 A A5 A M S PR HH 19 A= A M I o i A AR ME 4
1 1.76% . BT TRERS RS B A S AMEXT G, ARG 10 A M2 5 AR MR 1Y 72. 16% 5 HK
SEMAES REA S A A S AMER b B S AMEBN 15. 68% ; ) X IS 5 (RO 3 3 4 S 4R 15 11
A S MR 7 B AR S AV 12, 15%
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Table 4 The first scheme of ecological compensation standard of Zaoshi Water Conservancy Project
FRVEBAERE R A A1 v
N Obtained ecological tt‘u%MKX\T% N Undertook ecological Ctlu%MKfﬁ:
Al . Ecological Al A LA . Ecological
c()mpensatlon e § compensatl()n . e
Type standard compe‘nsdtlon Type Percent/% standard Lompcrilsdtlon
s — object s — subject
/(108 J&/a) /(108 J&/a)
KB IEL  0.0784 WRASRLE WEMK 50.27 0.5295 ;;ﬁhﬂﬂﬂﬁ
2. LA X
K P B 0.7601 B ZJ;;; BWER 5 0 0.1874 K FF o
BREEKX 0.0628 WA RGO RRIE g o 0.2726 R BT
i Lyen B
; JFEIX PREE 5 fi e . s s s
ISR/ 0.0528 PN 7K P HE 4.96 0.0522 FHAKHEBE 1Y) 32 45
£ i 2 E NS T
TR AR 0.0239 Wk ARG MG o, 0.0028 LT LE
By € fiey
TR T e FERXIAEE SR 3 A E I B Hh R BUR A T
ke 00401 [EE TN i 0.24 00023 HOF
it T AR 7 G JE X ERHE 5 fek B =20
KA 0. 0000 (AP o K PEFRAH 0.60 0.0063 IKPESRIE 2 35 4
= UL L S PRI e B B B
e IREY v ’ RS2y
&it 1.0533 — Ait 100. 00 1.0533 —
x5 BEWMIBE2MESIMERAEAR
Table 5 The second scheme of ecological compensation standard of Zaoshi Water Conservancy Project
kA RIS
N Obtained ecological iu%MﬁX#% N Undertook ecological iu%MﬁIﬁs
B3| L Ecological S| TRAH L A1) L Ecological
compensation o . compensation . o
Type standard compe.nsalwn Type Percent// % standard LOmpeI:lsdllOn
§ — object § — subject
/(10° JG/a) /(10° JG/a)

: WL N
bINERIAUSI 7l 0.0390 MRS RS ;j;;g 2R 35.77 0.1874 KETFRLF
IR B 0.3780 B 7ki7 Baa 52.03 0.2726 R BRI

L& BN
R IR X3 0.0312 MRAES RS K PR 9.96 0.0522 FHAKHE BRI 32 25 5
; FEXIAET SR o A E 2 BB B IS 2
2 He
Kk 0.0263 PSP e 0.55 0-0028 i
BB R 35 5
TR A 0.0119 ks RG L WU 0.47 0.0025 R BT
E € U
T i T fig I8 X I 55 5 fik - s
mli T e 0.0199 i;ﬁggzﬁ‘)ﬁ IS =0 1.21 0.0063 KPR 354
M T B A 7205 0.0000 PEKIREE B B B
K HETKL ’ PRApIE o
AR SRR K 0 o175 PR IX B K 15 fi e B B B
AN ’ RIS
&t 0.5238 — it 100. 00 0.5238 —

3.3 53 MAESHMERE TR

TES 3 b AR S AMETR DT S8 I AN 25 R LR P T ) 2 25 A2 2 AR (Bl B DR 3 A FA S 3t IX s 18 )
FIE L ELAAR B 1) A A MR R (BIK R 2% | TR T RE R #E )7 A i 3 MR HE B it T e R A 7 75 7K HE
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JHRCRE e ) P2 DX S TR R T 3 B A Bl 7 S B A 7 SR R K D R A 7 A Wi = SR HE G i 7K e ) R )
Jii) 30 i IR B B S B R T i R ) DA 2 o A A A M AR o J7 228 09 A= A AME A Hh sl K Rk | TR it TR
JRIEHFE | TR T Az V5 K HE A = s SRR U R AL S5 B G M5 56 3 P A S aMEbr ey RAESAME £
R BRMEXT R ILF 6,

M 6 AAR FEES 3 P A MR E 7 22 v, rh S BURE R 7 BURE 7K H T Rl 3 02 32 B A AR
1A HORCHH I A SR M43 1) S S AMERAR 119 52. 50% F 35. 77 % 5 FeUR & K BE B A7 25 %, HORFH I 24 28
AR 7 B S AMER Y 9. 96% 5 Wiz 3% 35 MUK B 3258 % 35 4 AL S M ORI A= S A& H & Bk
BAMEFI 1. 76% , BT TR R e £ 8 0 A ST 5, HAR A A9 A= 5 4280 15 e AR 25 R 2 46 Y
82. 16% ;M i A=A R GEA B RAS I AR S A A S AMERI 1Y 17. 84%

F6 EHTIREIMESIMIFERR
Table 6 The third scheme of ecological compensation standard of Zaoshi Water Conservancy Project

AL BAMERE HRE A A MU

) . HEASHMERT 4 . HE A HME A
Obtained ecological Undertook ecological
o et el g e
Type ’ stzl; d;ll" d comp;nsation Type Percent/% ’ Stl;n d;r d comptl:)rilsation
. >t . S >t
/(10 T5/a) e /(10% T5/a) subiee
ALY . N
IR VRV 0.0390 MRS RS ;j;ffi%’ 5 35.77 0.1646 JK LT Al 3
. S NaglG ]
IR 0.3780 BR Zkfwﬁﬂ 7 52.03 0.2394 FM% R
& U
B R H KR 0.0312 WA RS TR HE R 9.96 0.0458 FHAKHEWE (1) 57 25 %
\ ALK 27 BRHAE
TR G 0.0119 AR R LT 0.55 0.0025 AL RS
A wwH
ERE IR ;
. - - Eﬂl;‘ﬂﬂ,l.ﬂﬂﬁ 0.47 0.0022 Hp e RF AN
pyEn B
— — — IR 3R 1.21 0.0056 IK P FRHE 52 35
Ait 0. 4601 — &it 100. 00 0.4601 —
4 Zig

“HEAMEHE” S 2E M S A S i 1) A2 — | AR LA RAA I 5 A 285 A M2 T AR A 2 b X GO T4
PRI T 3 Bl A MR IETT 58 (4577 S8 A A S AOR PR R A A AME T QART B UL 118 2) . M
1AL 55 1 b AR MR T SR 555 2 5 3 M AR A AMEAR 7 S8 i 35 Y 22 i Hh SR BORT FN DT BORS AR AR
MR HE R AR BVBE | Xt EAER A B 3 b A= S AMEPREDT S AE S AMEXT RPATIBUE (K 2) . WEK
SNEA B SAMESE I SR R  BURHAR R 2 2 A M ERRA S AMETE SR (LR, BB RIF E &
B ARV i A #) B B A 2 A M St ) BAR , BUR AR 22 09 A S A MR BE AR AESE B, BT L 798 2 K 2E
AAME R T HAE LB AR B0 | rTRF e AN BBt 32 45 F R H I AR AR O, ANIRT 2 T, 5 2 5
3 PR SAMAPR T R 227 A R XA SRR R e, Ty TR AR B T R TR S IR 2
BT TR UGS R P A A AR B R . TRE Bt T DI 126 DX R S58 FARE  BEHE R2 R B TR T 45
H AR, TR T R Y TR R 1 TR AR A 0], DRI, 5 B o S P X B S i R AR P i 22
AR 2O 52 ol 2 M )2 IX R S5 0 AR R AT R U5 S A (AR BIF 5 3 S8 52 M43 O {2 42 IR T R A s A7 30
B, AR (1) —(13)) o 2T L 0HT, HATHER SIS 2 AR S AMEARHETT %

A 2SR AR B EATH AR AR SE 2 1) B P (B A S DAY 2R 0 A 2 o P O P B = AN 4 T
SFBREG , MDA, FNAMFZ S R T 2R T R TR AME S B T R AN L I TR A Y
At TR MBI P TR D BGOSR A i SR AR A4S A 0t | S
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Ecological compensation subject
E1 3 #ARESIMEERABRETIMER
Fig. 1 Ecological compensation subjects undertook ecological compensation standard in three schemes
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£ 08000
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x § 06000 |
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Fig. 2 Ecological compensation object obtained ecological compensation standard in three schemes
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