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Abstract: As an important geographical unit for the development of the national economy and society, how to properly
address the issue of “tragedy of the commons” within the watershed has always been a major challenge faced by policy
makers and academic researchers. How to clarify the rights and responsibilities of ecological compensation in river basins
from the perspective of ecological equity and determine the ecological compensation standards and spaces at the township
level, is of great significance for breaking the dilemma of sharing compensation funds in river basins and promoting
comprehensive ecological compensation. This paper constructs a framework for calculating ecological compensation standards
in the Irtysh River Basin based on the value of ecological services. The Least Squares Dummy Variables Regression (LSDV')

model is used to determine the compensation standards for the basin, and the compensation priority discrimination method is
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used to analyze the problem of spatial selection for basin compensation. The results show that; (D From 2000 to 2020, the
land use conversion in the Irtysh River Basin showed a characteristic of forest to grass, grass to other, especially from 2000
to 2010, the net transfer scale of forest land reached 2088.34 km”, accounting for 7.16% of the total area. The net transfer
scale of grassland reached 5916.94 km®, accounting for 12.21% of the total area. 2) There is a significant two—stage trend
between the total compensation amount and the total payment amount in the Irtysh River Basin from 2000 to 2020. The
corresponding amount tende to stabilize after 2010, and the compensation intensity in 2020 decreased by 56.06% compared
to 2000, while the payment intensity decreased by 23.72%. (3) The ecological compensation spatial zoning in the Irtysh
River Basin had a significant north compensation-south payment feature. In 2020, the scale of priority compensation funds in
the Irtysh River Basin was 1.453 billion yuan, and the scale of priority payment funds was 1.923 billion yuan. The areas of
priority compensation areas and priority payment areas reached 1665 km® and 720 km®, respectively. The watershed
ecological compensation plan provided in the paper has scientific reference value for diversified ecological compensation
work in township units. Relevant departments can improve the accuracy of ecological transfer payments and develop a

comprehensive ecological compensation plan recognized by multiple parties based on this.

Key Words: value of ecosystem services; ecological equity; watershed ecological compensation; spatial options; Irtysh
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Fig.1 An analytical framework for ecological compensation in river basins from the perspective of ecological equity
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Table 1 Ecosystem service value equivalent of different land use types in Irtysh River Basin
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DX, X — MU AT & 22 RO AL

N H B (InPOP) Y REUAE 1% 7KV W3t BN % B s 1 X, i 3ol 245 3R G I 45 (i BRI
N RE A A 25 R GE WRB VR TR, AT AR M AT ) 2 2 3R, Bt i N e A3 R 5 &
MR Z TR1 )27 T, HAT 1o B8 A 25 STk ) b AN W st iR CRORIBE ol , T AR A5 R G A5 I T e dlE it
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Table 3 Reliability test of the model

- B 1 2 W2 o B 1 D 2
"}‘% " (DFESV) (DESY) (DFESV _w) \’;‘Ef " (DFESV) (DESV) (DFESV _w)
anables Modlel Modle2 Modle2 anables Modlel Modle2 Modle2
% AN
ZYF I InGDPP -39.783 *** -46.240 *** -33.681 “** il 1 ﬁi s YES YES YES
Controlling individuals
(-15.194) (-14.557) (-14.276) _Cons 519.780 *** 574.687 *** 468.908 ***
NH % InPOP -1.625 %" -1.977 " -1.087*** (34.299) (34.812) (38.321)
(-4.938) (-5.024) (-3.797) N 15327 15327 15021
SR TEM -0.893 *** -0.784 " -0.855 """ R? 0.886 — —
(~2.988) (-3.560) (~4.535)

INESAN L P<0.1, % P <0.05,*** .P <0.01

3.2 2000—2020 4FE&U/R FF T - AR 3 5 A A AMEbR AR AL
3.2.1  BURSFHNANR I 1 A AR Bhit #

2000—2010 4 2010—2020 4% /5% 7 Hr0] it A 5] 4= i A FH 2R A0 2 (R A7 A B R BE 22 53 (LR 4)
2000—2010 4EH b Ak AS fh 5 o W S B 0 T 1429.19km” MRHBEHE /D T 2087.63km? ; 54 B AR 4k +5

20004% 20104% 20204%
1689.890
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27788.440 27915.711
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78.840 —— 223455
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Fig.4 Transfer process of various land use types in the Irtysh River Basin
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3144.39km* AR A0 FE L NTFRE5H & A3 K AR b, KR SR AR AR A3/ R ER eR Hh  4 kT oK
FIFH A H A0Sy 230.01 km®, SR RS2 K3 8N T 146.62km’ ;2000—2020 4[] A F1| F
b T AR AR BN 3B R DR R RO 2 (R LA RS R N 358.91km” | {H 2000—2010 4= [a] N6 & A 5K R
FEAEZ . 2010—2020 4, & /R 553 i 0 b R PR S s R | A R AR BRI AR AL
3.2.2 BRSO A MR A B s AR )

2000—2020 4FE& /R S5 W A2 4 A 0 S AME S A AR L Y B < R B B (LR 4) 2 A
M\ 2000 4E14 56.934 /270 T % 2 2010 4719 20.914 {ZTT )5 , T 2020 4F LT+ 2 31.764 1470 ; #MZE 4 2000 4
52.394 {ZIC TR % 2010 4F1Y 35.952 /4T , B8 B B2 2020 4F119 32.134 1270, MARIME T BRI 52 42 T £
F,2000 4EZ LT FR A 1.918 J7 km?®  AME2TRI R 2.680 11 km*, 2010 4E32 B2 IR ARG N 2= 2.256 J7 km? , KM 1
FURFEZE 2.342 J5 km® , ZJ5 7F 2020 45/NMIEREE R RS 2.139 J5 km® , 2410 AV NIEFE T2 2.459km’, LAk,
ZAEEBRFE M 2000 4F 29.404 J70/km® R [&ZE 2010 4E19 9.269 Jiot/km*, [ )5 F T+ 2 2020 419 12.919 Ji ot/
km® , &M FE M 2000 4 A9 19.683 J7 Jo/km’ P %% 2 15,352 J3 J0/km’ | 7F 2020 4FFEAYEFEAE 15.021 7
JC/km?,

F 4 20002020 £ R E T LS AMENE LIHRE

Table 4 Changes of related indicators of ecological compensation in the Irtysh River Basin from 2000 to 2020

F5H% Tndex Hf7 Units 2000 4F 2010 4 2020 4
Z A4 Amount received 75 56.394 20.914 31.764
M4 A Amount paid f¢.7t 52.755 35.952 32.134
ZALTFL Reimbursed area 10*km? 1.918 2.256 2.459
#MET L Compensation area 10*km? 2.680 2.342 2.139
ZAEIRAE Reimbursement intensity  J7I0/km? 29.404 9.269 12.919
HMEBRE Compensatory Strength Ji 76/ km? 19.683 15.352 15.021

WISCR A3 B0 2 X 2000—2020 AF-45 /R FF 8l kA S MR RT3 2%, Il i AreGis 10.8 5k
AT AL R (E5) o 2000—2020 4F- 401 /R 55 5] 3t 3 A A R AR HE 19 23 (8] 20 A A% sy & A T R A8 1k,
AL B3 2000 AEER ST I R R A2 A% X 2 A R T AU O L T X IR R A2 A% XA TP b A
TR XT3 5 v FEAMEIX 43 A7 7 T 388 H i S 0 S N L A 30 DX 3 A R P i DX 3, R M X S v T
PR R 55 X, 2000 47 S5 , A ) R kb, SRR FH (T ) g (A5 AR A AMEE R 25 1) o3 A1 4 sy & AR AR Ak
Az 2 P A4S A A 7 e P b s 1 S B A 28 R G S5 (B T B, 2010 AR5, BT I 3l T 7 19 B 8 2 b DX PR A 7
FARIREXBOR , BN — RSB TR S0, 38 ] 1Az 28 R Az 7 P 4 (45 I Ak 25 b
PERRUER 5340 25 (A% R FEARRUE , 2020 AT Hh At 38 s B2 3242 XA 38 1m0 Tl 3 7K S8 9 A B2 32 4 X )
JEZEEREEAL . BEA, At — 2R AR S T ek & AR A A2 A (RME2) 3 X, I8 SGE T AreGis 10.8 B 4%
W8 S AT BOA A 5109 MR T 43 X Ge it , B FHER 2 ow & B oa 508 A OB A7 3 | 4 Ll B L A R
HAAE TN AT BOR RN, 43 X Ge i s AL SAMEAR A R O ERAR (81 5) o BAOK R BUR S5 JTiml i
WA RN 2961km? | (5 HER 6.44% ; 52 A8 #ME A THFR R 16218km?, (5 LR 35.27% ; #MEAE hy 32 4%
BT AR 21627km?, (5 o 47.03% ; #MEAZS AN 5175km?, 5 R 11.25% 5 N £ RESR T %5 2K 55 37 ) 9 35
1) 2 BATEGH FE n 2 e B 2802 B R AR R S SR IAE A S RGBT, A S
PRSP e Z AT A S AMETE A, Z A2 A HER 5 — 19 £ HEL53 ) R W P 55 50 ( 505.94km® \3.36 1270) >
KBTS (138.11km* \0.87 147T) >HE/RFF £ (136.91km* [1.42 4270, #METH AR B =1 £ B53 J1) 2 W6 hir 35
TEHH(241.18km* | 1.33 1270 ) >R AW G H 55 (205.23km? | 2.82 12 70) > /Rt £ (171.76km” [ 1.93 {270) >H 4K
B8 5 (152.08km* | 1.25 1270) ;20 45K, /R ST RUUAMEE 5 2 4 0 R B W8 0« LI 0K B, AR
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Fig.5 Temporal and Spatial Changes of Ecological Compensation Standards in the Irtysh River Basin from 2000 to 2020
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SeAME X E AL 2000 4Ef 783km” _ETHE 2010 4514 873km”, F] 2020 4FIH N 720km” ; IR P AME X i T AR
2000 4F ) 846km” I T+ 2 2010 4F 1 4068km’ 5 T B 2 2020 4F Y 3627km’ ; 1 78 #M 2 X [ AL 2000 4F (1)
25173km? T[4 F] 2010 4E14 18477km? J5 %L 17046km> ; NAMEZS Sl 3R F | 13 B 45 2K 55 17 1) 7 4\ 2
TG A 2 ZR G0 M 55 ) i B S O 2 e 4,/ \ R Lok [0 5% U2 T 4 ) %) 1L ZAORR A v — AR b v B i
W T NI HARES R MIE L 5w, A SR 8] — i i

£S5 2000—2020 FFHRFHARBZERESIMEZETTN

Table 5 Change of ecological compensation amount in the compensated area of Irtysh basin from 2000 to 2020

et 2000 4 2010 4F 2020 4
Type &/t T AL/ km? &8/t T A/ km? &/t T/ km?
X WTERMEIX 11.497 25173 6.511 18477 5.247 17046
Payment IRPAME X 9.580 846 8.656 4068 7.674 3627
PderMz X 31.678 783 20.784 873 19.213 720
MG 52.755 26802 35.952 23418 32.134 21393
ZAEX WIEZ X 7.620 387 5.168 1017 8.805 1242
Compensation R ZAEIX 19.927 3672 5.560 20061 8.430 21681
WG =3 28.848 15120 10.186 1485 14.530 1665
ZEEI 56.394 19179 20.914 22563 31.764 24588

MAZ A B R LS 2 A2 T AL B 2000 4E B9 15120km® R B2 2010 4E (9 1485km?, 3] 2020 4E 14 K &
1665km” , e 32 24 % 2000 4FAY 28.848 147C T % 2010 4 10.186 147G, | 2020 4FHE K = 14.530 147C,
IR 2 A2 XTI 2000 A9 3672km* 38K 2 2010 4E/) 20061km* | %] 2020 4EZER57E 2168 1km? | AN B9 IR K2
PEIX Tt B0 4 AR B 19.927 {2013 2 8.43 14.7T , UL BHIR 32 A% XS BBl e K AR BT 5 L ) 32 A0 14
TREFaS B 2000 4E1 5.426 71 70/km® FREZR 0.388 1170/ km? 5 W 1532 22X T AL 2000 4E 1 387km?* | T
% 2010 419 1017km?, 3] 2020 FHERFAE 1242km* | FH R (I8 7E 32 424 X T 5 32 A2 & FUBN 7.620 {2 IE R R
5.168 12.7C, 5| 2020 415K 2 8.805 1470 ; N2 HKTE 20 4F ], %R 55 Hrinl it A 56 52 4% X T 22 B0k
DA AR IR AT A X IV A 52 A DX T FR S I R 3 (H =35 I s IR 32 A5 08 e/ A2 4o B O R
g BE— B ENE T £ 3 N, SEm R, T/ URLUCE, R EXHES RSB E EER I, N fr gt
A A ™ ZR G I TR T X L AKObR I R0 1 A B B2 280 . R S 3 T 3 S A A v I e X e 2 11
Tz — , — LIRS [ 452 A B R UK J S v X — ) MBS (IR A MG B AR AR TR,
FRE] 2011 4 (1 7 JFAE S ARG H M B2 B3 (2018 AF 1L KR A B Vb A SR IE 0 H |, — RSt A= 25
IR b HA R 8 VR

=M S T B 53 A1 R R, DI S AMEE X 32 S R 7 dat Bl ] A S N NI 2 7 2 358 DIl S 70 PR e 2 s A
SR TRIE B D38 5 D 5 32 4 X 43 A7 R 28 [ DR A, BEAR AL T I3k b6 A AR R X IO KB 2 N SN R B A
SEEEIN R ARG, IR ASZ A X FEA AR AE LU AT b DX 8, 32 2k 5 5 S E A SE Al X T 2 A X
B3 A E R BT A A Y S BE R S X (LT 6)

EAFE R RIS, e 2 B X TR M2 DX RV B 24 S B — e R L Ak, (ERH N BT 5 2 A 9% 4 RS
ARG A A2 AR B AMEESR R — R LA NI, SRR X A B 3 AL T AL A AR AR
X5 NS AR 7= A 6 DX A8 A8 DX 5, 12 DX S R 235 ] b B 3 A 890 sl Xk, AR R R G R 55 LA R 2 N
Ferers AT RS e A R R GRS < HE B A Y B IR U S AME S BN RN E S R G
MR55 15N , B2 B X A A IR 55 i B R, T o/ A S IR 45 1 ik 4 . A0k TP R 3 & 3
X, S U EY 25 p I A S VAR TE BRI 0 |, I LR TR S ™ DX A 2 B el 8y 2% il DX A A A A
AL 2010 4511 16.138 J7 A1 T2 2020 4E11) 26.948 JT AW WK T 67% . 55— )5 i, WL AR F A ks R4k
K AL TR ZE IR BN N B BO BB RS R | B 28 s X 4 A7 RS B0 2010 4EA9 50.30 T3k ( H) BEFHE
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Fig.6 Ecological compensation priority levels in the Irtysh River Basin from 2000 to 2020
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Fig.7 The transfer track of the urgency of ecological compensation for townships in the Irtysh River Basin from 2000 to 2020
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