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Analysis of decoupling relationship between carbon emissions and water resources utilization in the Qinhe River
Basin based on Tapio and LMDI models,// JI Yihu', ZUO Qiting' >~ , MA Junxia' (1. School of Water Conservancy and
Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Institute for Ecological Protection &
Regional Coordinated Development, Zhengzhou University, Zhengzhou 450001, China; 3. Henan International Joint
Laboratory of Water Cycle Simulation and Environmental Protection, Zhengzhou 450001, China)

Abstract: On the basis of defining the research scope of the Qinhe River Basin and analyzing the trend characteristics of
carbon emissions in the Qinhe River Basin, the Tapio decoupling model was used to analyze the decoupling relationship
between carbon emissions and water resource utilization. The LMDI model was used to analyze the main driving factors of
carbon emissions. The results show that the overall carbon emissions in the Qinhe River Basin show a fluctuating upward
trend, but the fluctuation of carbon emission growth rate decreases. The carbon emissions and water resource utilization in
the Qinhe River Basin have been in a state of strong negative decoupling and expanded negative decoupling in the most of
the time. The gradual emergence of strong and weak decoupling states indicates that the relationship between water and
carbon was gradually improved. Water resource utilization effect and carbon emission intensity effect are the main factors
driving the increase of carbon emissions in the Qinhe River Basin, while the water efficiency effect is the main factor driving
the reduction of carbon emissions. The driving effects of carbon emission intensity effect and water supply structure effect
gradually become more significant.
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Fig.1 Zoning map of the Qinhe River Basin
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Table 1 Classification of decoupling relationship between

carbon emissions and water resources utilization

B MR AC BT AW BT e
e g UREE W Ef 508-1.2
B mmm s fE »0.8~1.2
WL i Al <0
il GEYiIR | 1E [ 1E [ >0~0.8
EME U il 1.2
WO iFA i <0
G ERBE i h) 50~0.8
ywGBE e 1.2

LA AW TE ) 22 AR I 417 L XA AN [ Jd 44 4R 25
B DR B PR IRDIR B AT R, QSR 1 R i
SR HRAS IR F K S 18 5 e i 1 sl e, AR
W S KGR A A — 2 IS HC R I T
TR 285 B M XK 5 R AR 3 B AR BB AR KA
1 JA T KB O R — PR L X 5 i AR S RN B A
FZK BRI WOI R, B HEBOK R B AR BRI S
KGR FH 200 Jd #40 , A T X AR 2SR 1oy i X
TR B A R I 55 AR T, FH K R 1 K
TR, R BRI K G IR FH AR 4
Ak 553 3 AR S ) b DX K SRR T A8 R A v,
JHCSR AR JR T /K BBA X P 2 R ) 1l X 95K 671
JE AR A5 A B HE T T A 5 v T R R e, Ak
T AR B4 M DR FH AR K SR AR LA
R, 75 b X R B OC R
2.1.2 LMDI ##

it S R BE A6 A A 1 RRHE IS K SR A T =2
A OCSC AR (H AN BE Ul W B HE I A SE A AL BE g
PE— PRI I0 A L Stk HE L A B K Bl PR 3R i



Xof 45 it B HE AR AL IR AT B 2R 43 . LMDI A
HA A0 JOHR 25 S5 5 e BB A 5% i R
FO T EARE] T Tz N . A SCR AT LMDI AR
P B HE A AT AN R

C = Zci = ZWSL.EL.LL. (2)

He S =w/w E, =G/W, L, =C/G¢G,
K € RS @ PR K R R 5 S, o 25
FhH R K R HEKEE 1 5 £, 05 @ R 7K 0 FH K3
%5 L, WA o R TR K BB HEGREE ; W, 5 o FH
WK KR 3 G, 5 @ iR a8 K G L 8 7=l 384 i
5, ASCRH Costanza %>V B E B R GRS
ARSI EAT R ONE TR & BT A ST . R IR
LMDI A R — i I B A b X108 i ik 728 Ak i 3k
A

AC = ACy, + AC; + AC, + AC, (3)
Ky AC, MK RSG5 Y Bk HE il A2 1k, 2
SCRAKGERER RN 3 AC, K 4528 L 51 Y
AR Ak, SO HE KR G5 F 300 ; AC, K
R s AT B A HR R A8 Ak, A SR 7K 3L a8 54
5 AC, SRR o B2 28 Al 5 | S ) ik HE i A2 1k
S SR BT E 500

i 20 (1) A1 (3) 15 BB sa 5 Eemy o A =

e=e +e +te te, (4)
AC,/C AC,/C
Hr “CTAwow T Aww
AC,/C AC,/C
“TAaww 4T Aww

s e, AKEIRFIHIFEEL; o, T LK EE A0 45 5L
ey NHDKBGRIREL; ey FIBRHFHCR BEFREL

2.2 HiREEKIR

ARICLA 2000—2019 47y BF 58 391, W 52 B4 vh
30 m PR BT (e R R AR R U T b 2 S ) 4K
P52 (www. gscloud. en) ;25T FYAE P2 RE 4047 38
T 25 Ll ] R 28 T 48 A B R U T P AR & T (¢
THEYE) | DA 7 BB % BR 2000 45 A2 4 #E 4T
Proa-, 2T 0 K & K43 AN Tl T 0 FH 7K 2k T
TR ORGEIR AR 5 2 17 A B HE R K 2047l /Y
Bk ik £ o IR T [ Bk A% RS B ( CEADs )
(www. ceads. net. cn) , #7345 173 i 2 1) Btk HE 8 P
R S8 A (3 B H1E TS 1 24 48 it B Ak B 4 b R ]
AR U5 T v R A B B IR A B R S s o

(www. resdc. cn)

3 ER505m

HER B ST
0 AT S A HE T 53 AT AN A, R R 43 b X AR
S I N B HE O 3 A 3 IR 8 43 b DX At HE
FLE KA TR, AN 2 B, J0 ] 4 T iR HE
FETER 2 H 2000—2019 4ERR BRSNS iR HE
TR 2 I A E R HE A Y 3 K L PR AR A 25 57
PE o IO SR AARTE I 5 91 N B HE S B R PR
MG R ASH BT ED I AGEIEK B B S 500
TSR HE G RS AR — 2, G B IR HE R
[ AR —FE R R 2R 18 3 K 34 IR AR R T 18
iy LB BB HE AR R O 5 DA b XA [R] I 3 i
FEVERRHE R B 5 1 By B AR fLRRAIE , 3 R 5
WK WD B fE TP AR i S Hor il U i HE
JRAE 2011 4F Z PR FF 22 18 K A8 34, 2011 4R 2

3.1

TeHpiCR TcHEE KR

12 470 o 1200 770 . 800 70 <
3 1.0 —~ 150 ® - 50 52 —~ so #
= f—g 31 000 ¥ Se00 T ti
Jﬂﬂo.s 30 & & %00 30 “E(H 30 g
206 v 10 & & 10 & 2 10 2
= \/ o 600 =400 / =
%0.4/,_. - —10% & i _10% E=S 108

0.2 : : s - -30 400 -30 200 30

2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020

4 f) )y “fy
(a) WK (b) Ki& (e) Iy

ﬁLO 70 R 400 70 1 400 70 5
Jo.s {50 #5 R i
s A~ 0 ¥=300 ) 50 t; 21200 0 %
=06 30 i 30 3z 1000 30 sz
S04 S—A] 10 %?;200 B 10 ﬁ% 800} - "o B
N~ = e F =
ool — ~1033E100F -10= ¥ 600 _103

-30 0 -30 400 -30

2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020

Ay AEy AEGy
(d) EI (e) Wi (f) B1E

B2 bR 2001—2019 FRRHEE R RIS K E#ED

Fig.2 Trends of carbon emission and its growth rate in the Qinhe River Basin from 2001 to 2019
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2001 1.00 -0.14 -0.64 0.57 0.79
2002 1.08 -0.15 -1.44 -1.56 -2.07
2003 1.11 -2.32 0.54 -0.63 -1.30
2004 1.02 -0.33 2.00 -1.28 1.41
2005 0.99 0.64 0.39 -2.31 -0.29
2006 1.02 -0.24 -0.54 0.96 1.20
2007 1.03 1.09 -1.58 2.50 3.04
2008 1.08 -1.64 -2.10 0.26 -2.40
2009 1.01 -0.08 -0.14 0.64 1.43
2010 0.95 0.88 -1.38 -0.70 -0.25
2011 0.96 -1.03 1.06 -1.17 -0.18
2012 0.99 0.22 -1.62 1.00 0.59
2013 1.01 -1.53 -2.09 3.61 1.00
2014 1.23 -0.29 0.51 -5.41 -3.96
2015 1.02 -2.75 0.31 4.07 2.65
2016 1.00 3.08 2.46 -5.06 1.48
2017 1.03 0.79 2.12 0.65 4.59
2018 1.00 2.17 2.56 -5.17 0.56
2019 1.03 1.21 0.35 -6.50 -3.91
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Table 3 Decoupling index of carbon emissions and water

resources utilization in five cities of the Qinhe River Basin

EE0) Kif v HI TR fEff:
2001 1.14 -0.11 0.67 3.53 1.24
2002 -0.66 -1.58 -1.97 0.85 -2.81
2003 -0.40 -1.26 -2.45 -0.87 -1.64
2004 0.68 -1.58 1.39 0.96 1.56
2005 1.30 -2.64 -0.16 1.09 -3.20
2006 0.60 -1.08 1.58 -1.75 1.38
2007 1.85 0.22 0.30 -3.20 -0.40
2008 2.00 -0.48 -1.93 2.09 1.14
2009 -0.51 -1.49 0.91 1.92 -2.14
2010 0.07 0.47 -0.13 0.74 0.90
2011 0.66 0.50 -0.02 -0.50 3.41
2012 -0.30 -0.20 1.55 0.18 -4.25
2013 2.00 -1.30 0.36 0.95 1.02
2014 1.42 -0.09 -8.86 -0.06 -0.40
2015 -2.07 -1.32 -0.98 0.60 1.12
2016 1.33 0.50 -0.04 -0.25 -3.12
2017 1.48 1.02 -3.67 -0.87 -2.60
2018 1.54 0.22 -1.31 0.91 -1.26
2019 0.39 -0.20 3.68 1.16 -2.85
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Fig.3 Decomposition of carbon emission driving factors in the Qinhe River Basin from 2001 to 2019
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