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Territorial spatial carbon neutrality realization degree of the Yellow River Basin:

A case study of the Inner Mongolia section
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Abstract; Based on the background of global climate governance and the important position of the Yellow River Basin in the
construction of ecological civilization in China, taking the Inner Mongolia section of the Yellow River Basin as an example,
this paper uses the improved IPAT model and Integrated Ecosystem Simulator (IBIS) to predict the change trend and peak
of carbon emission in the study area from 2018 to 2060 under different scenarios. At the same time, the realization degree of
carbon neutrality in the Inner Mongolia section of the Yellow River Basin in 2060 is also analyzed, combined with the
simulation of carbon sink capacity. The results show that; (1) under the baseline scenario, energy-saving scenario, low-
carbon scenario and extensive scenario, the Inner Mongolia section of the Yellow River Basin will reach the peak of carbon

emission in 2040, 2035, 2030 and 2050, with the peak carbon emissions of 122.09 million tons, 112.13 million tons,
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97.84 million tons, and 176.35 million tons, respectively. (2) Under the IPCC RCP2.6 climate change scenario, the
terrestrial ecosystem in the Inner Mongolian section of the Yellow River Basin shows a carbon sink effect, with the net
primary productivity of 15.33 million tons. While under the RCP6.0 scenario, the terrestrial ecosystem presents a carbon
source effect, with the net primary productivity of —5.06 million tons. (3) Considering carbon emission from energy
consumption and carbon sink level comprehensively, under the RCP2.6 climate change scenario, the Mongolian section of
the Yellow River Basin could achieve 18.42% , 22.37% , 34.46% and 9.90% of the carbon neutrality process in 2060
respectively, if the baseline, energy-saving, low-carbon and extensive scenarios are selected for carbon emission. While
under the RCP6.0 climate scenario, it is difficult for the terrestrial ecosystem in the study area to contribute to the
advancement of carbon neutrality because it appears as a carbon source. Therefore, for the Inner Mongolia section of the
Yellow River Basin, it is necessary to scientifically formulate the time for the realization of peak carbon dioxide emissions
and carbon neutrality. In the future, we will do more to protect important carbon sink ecosystems and enhance the capacity
of carbon sequestration and carbon sink increase; to adjust energy consumption structure and increase the planning targets of
renewable energy development; to establish carbon emission trading market and promote the flow of carbon indicators; to

formulate the standards for carbon emissions from land use and improve the patterns of the territorial spatial.

Key Words: the Yellow River Basin; territorial spatial; carbon emissions peak ; the degree of carbon neutrality ; ecological

process simulation

SERAAR AL E R S A BT I A R R ARE G 2Pk TPCCC Bk THE 1.5°CHERIRAE Y 45 LA
FE 21 20 o I ST B A BRI R N v R HE A 1T Rk S AR B s Rl e 1.5°C LAY ) TR e B4 i 24
T SRR BRI R SRR S S TR SR AR B E AR A RSHE AR
[, Sy 4Bk X SR A A T BTk, 2020 4Rk UMt B4R R T 74 2030 4R TR AR B HE iR B0
{H, %% 14+ B 2060 AF R SEBLAR R AT SR RS PR 9 R IR T -5 i PR MAC A~ e BB AR S R g
AN, — 7 TETEE DA TR 18 £ BE R0 N A RHET, 55— T2 DAV B ff BE B s AN ) 2 78 R G Y B BE 7, LATE
ARRRRE L AR BRHERC T R R SRR

FERK PRI SZ I F) AW R AT 56T, B A2 FL P R | PR i IRtk | S A2 R S R TT T 09T
HETEEREA 136 M E AR T 7E 2050 4FFiJ SE g R HE Y B AR (R F E R RfFAE R 255, ARR
AR AR A 15 16 6 R L ARAE A3 BB EL AR | B v Pl 0 LR B A28 A5 s AR 9 38 T R TP R R K
ZAF HARAE AT H FR G BB A& | Salvia 2811 8 3 %P B 327 AN sy BRI B3 BT & BREA A 78 % HI K
T e T I BARP SR, NBOREARE LR E YR fF2 5 14 MEFRESF R LT TR
ATV D 36 L AE 30 A ] SR D003 58 5 s SC AR O B s R AR A S, MR | 28 1 455 4 B R A T T
PR A, BT A T Bt R SRR P A B LR A, SR B TR T 3 AR HE A S B | B D
B RAME R E M R R T R

BT B 73 BE AT 308 3t g e Y S R S Bl R SR A7 T 2 = B TR S S 2 — kLS R
I T RS AL S 4 42 T IR E 2020 4F 2 2100 AERRHEBULIE K Z 550, Zhou S5 B8 T 4 F i SExT
T ] SR G HE A W 1 B A TR AT, Yu 2501 508 ot by — 0 190 22 55 R HE -l 22 B 1 A A 80 T
IR [ e R HE R, 38 AG ) R T BT ket 3 AN ] X 5 40 BE VR T R B IO e AR AL SR IT I S 0#r
IR, A T AR S e RIS HE , F B T kS EBRglg ) R AR R R b X wHE A R i A
FOURSH R RIF T Kb, 455 Bos il B R IR FAR QIR ot & IREEBUBHRE A BEIRECR I ™
b EE A T2 45 DX 2230 RE S B HE | AS T AR RE VR L 00 45— X R kI 1 M 1 P, T 422 1 34
KAEA ] [ R 48 5 R S ) B BV AR [ 52 5 T8 A T b s M B R Tt L , 20 S 80h I
WA R BHERE N S eah AT A /D2 ST RE IR BT AR RB B A OB & A, 26 K B BE L RUARE Ak
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RE A5 TP AR AR N 2 RV | A 0 5 R U i BV T R VR B A D J 7 s IRI e O T 14 R R Al
S A S EAFHAR (CCUS) il E L™ 2 4050 CO, ATl JEtL 2 S BT B AR BB i FAT ]
SBRRTHLA A R GEAE 2007—2016 4722 5 A RS W cine i1 15 36. 1 A2, AH 24 T AN B HE )

33.7% VAT UL AR BERR R E AR Y 928, T AR S R GBI M B R L, YR, S E A E A x4
PR G KX A RER A S R G5 LRI I T A, £ 258 g Ak ARG

TR0 KA A A T A AR R P RN ST X SR R BRIV g A T 5 A L 0
A b YR RS AT AR B Z | 2 A T H AR S R G B, 4N CENTURY B 4 i A= 75 P A 40
7% IBIS'® [FORCCHN A1 48 | ok | AR A 3 432 28 0 asd b 17 975 2 0l AR 2 A8 407 45 )y o o oA ke i
it AT

B R TR AR IR LT EUR R RN b S | E A IR B A O S RO B & A
{5 B P A T 0 TR ) A AR ERBE (M) AL, 2019 4F 9 18 H v v Jefffy s 1 BT IR A S AR AN
T TR R A R TR SR 2021 4 B TR i e A AR B A v T R SR LRI AR Y R NS B
HiAL T L A R R FE AL 7 LAY B T 5 B X, R AT SR G i T I 2 K VD O RN AR S IR BT AR 3
TIATE W7 BRI S L1 T 28 5 5 o ak R JR o 5 A [RI RL, M7, B AR A 5 432 B R BT it 3 0 2R A R
Pl AR Ub IRl R kR IR TS (R Al 7E BRI BT SR, i A ERHER R AR S
RGBT J R i 0w BE o B e b R Sk A e B AR 5T, E AT SR A R . St R SCRE L 1
IPAT FRFISE B AE Py BRI BEADL 25 (1BIS) |, 43 1% B Tm] i 358 P 5 iy Bt 2018—2060 4 g i 11 3% ik HE i AT 2060 4F
ARG KT R FF 2215 ST, A3 BT AN [RIE 5T 0 e s e 52 AP [] L R i v AR B R 6 428, 45 B
DX S B 0 AR TR) 1 B 48 s JBOOR AL, AR R Rk 3 T 28 Yol 37 e v R B A B (4G 288, S by b S A A8 4k
HABE X,

1 MRRER AR ESHIEERE

1.1 BT XA

BN B N S B TR R i, 4 KB 843 Sk, i S i AR R MR B R B L
S ) R A DX, AR BT I A AR R R T R R ) A ARG Ay, 5 TR A D A AR AT S L
FERl PR M X A T X R BT A SE R b X A 2 22 B R 5 BT Y B S i = AR SR U AR SR
S )R] Y 3 PN 5 ot BB AR VT T S I 2 PRI R SRR 20 Ak (T RUR VS S 25 | B
T (E ), B R 52.30 J7 km?®, (5 NS 2 XY 44.2% ,2020 4 GDP 2 11691 17T, i 4= X 1
67.3% , FAENE 123712 TN, (54X 49.4% & N G S RIZ 5% & R il o B2 (X ek, 2017 4F 385 Y] i duk PN 52
B RETRIE S B 200 14247 J7 e BRUERE 29 NS A XY 69.8% , A H kA S RN A R T A
2017 AR X REIRTH P HE LR R 295 9281 7 t, 29 5 2 XY 59.3% , Hfi GDP B HE & 244 0.83 Wi/ Jy
IG, o T A E R KAE  SEEL XER B ARG Bk,
1.2 Al fefs stikss

i HR ARV B A TPCC 56 HUITAL i 15 F AR S A8 1k 1% 5% 43 RCP2.6 \RCP4.5 .RCP6.0 .RCP8.5 1Y
Rl RCP8.5 1 5t IE T i HERUE 5%, 43 0 78 3% D AUHE BAT 50 0% (o P 42 w8 A5 Ik A2 H B, i R Bt 5 4= BR
DAL IR G 75 RE TR BUARFF 2 TR B SR AR T RE &2 421 RCP2.6 17 5t )8 TARHERUE =, & 1Y
i 5 rh v —BEW 2 2100 A FHRAR T 2°C B8 5, 5 Y Eiik A B HFR 34 . RCP4.5 1 5t A1 RCP6.0 15 &
J& TP AEHERCS S EBUR BT IR HERC A5 B 28, L TR E RCP2.6 BYHTH , A 58 18 I b v 5 HE ik
5 5% ) B B 1) 2100 4T 5 S 3 AF X 458 25 1 i 1 55 RCP6.0 , LA S B HllE st 2 it o2 A AP i 0 58 IX A0 Bt 3 15
#l, RCP2.6 Ml RCP6.0 5 BROIEHET 5 T W FHENE O , 76— R b ] LLFE /A 2o J WA ARt iy
fiE, 7€ RCP2.6 T 5t T, AR 2FRIG R UK I BE i il HERS it , CO, HERU I A 2020 4FFF 1R TR, R 49538 78 21
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Fig.1 The geographical distribution of the Inner Mongolia section of the Yellow River Basin
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EERARE
1.3 fiseHoRn B2 4

A SCHET I ) TPAT A5 RTINS [l Ul HE S 5 F 2018—2060 4F # 0] 7 38 74 52 1t B 1) g JE T 2 Bk HlE e 2
FE RN R IR IGO0, JE T4 i AE W B REALL 4% 1BIS AL AE RCP2.6 F1 RCP6.0 8 5 T # il it 35 P 5 7ty B ki b
HERRGERINA T T7, AT 2060 4EAF 5T XA BE 77, AR 4 feHE i & AR I K- 1153 2060 4F 3 10] i
B 52 Bl AR S R GEXR T R R A BRI STk B 2 kb AR R (1 2)
1.3.1  BHEBIIN ——E ) IPAT BEAY

M, NG B AR HERL 7 90% DL EARIETFREIRTN 27 | 2 T THE RS v i s HLAE O [X sk HE
USRI ABFFAR AR A 7512, IPAT BERYH Endich 55525 76 1971 4R42 DU A B 283
FEARXTIRBE s O AT TPAT AR 12 B A TSR AR S RE TR L 20 5F N T 256 DR 22 0 22 L ik
PR3 Zh EBRBLZ AN, 7= A5 R R AR KSR 2t SRR HEROE R, B R R W 45 F AR 5 A
P57 Bl AR LA O, 57 b B AR A AR G, IR AR SCS 5 i ™ (5 9551 55 Bl SR s ok R A =
b &8 R g AR R AR AR (TP R BRI K 0912 IEXT IPAT BRI GEAT B IE , AT AR R B . itk

B9 IPAT R K H .
G\(E\(C
c_P(PMGME)xU—0.91f)_PAMka (1)
A, C MBRHERCE R, P U ANE, G GDP, E NEEJRIH T Mg A W A GDP, M NEETRSRE , D HLiGHE
TR HEL 250, 2RI IR | b FREARIEAL 0 280, W) ¢ i3 AR R HE R A
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Fig.2 The research framework for carbon neutrality measurement in Mongolia section of the Yellow River Basin

C,=P,AMD, xk =P, (1 +p)"' xA, (1 +a)"' xMy (1 +m)' xD, (1 +d)" xk, (2)

K, p FORN AR A 0 IR A GDP AERB AR m 3R AR IR R B2 AR )8k 3 BIAE T RB R, d R
55 e IR R BUE A BB BE IR AR AR

Horp SEERBRHERCEE A TR T b FE 5 AZ 558045 /% ( Carbon Emission Accounts and Datasets, CEADs) $2{it )
Hh ] L GRRAHR O B (https :// www.ceads.net.en/) , ZEUIE 8 i HE 7 A8 9 CO, HERL S B 18] KT DR Z 18] 14 ¢
Z A R A B SRR A T AR e EL RO T34 3] 2009—2017 AEWFST IX S BRARHE R =Y
DA 5538 5 Ot 1 TPATT AL 53048 30 10 s %o L, AT A A 284 ) R 474, 2009—2017 iﬁﬁaﬁlz
GDP HAEANE BRI P it B TP 3 TR BRI T AR N S8 SR L) (NS STt A 4R %) Fl
BT GHHAEYL . RN ¥ GDP FIER TR T %6458 —3 2009 4EHEHE Hﬂ?%ﬁ@”’iﬁﬁlﬁ%
RS =4 E 2 A PO BEIE S i B IR AT 1R DRI AR ST AR R 8 AL AR A N M X 2009—2013 4
WFIE XCRETRT 9% B AT R | DADRIE B 1 2tk . BE RSt Wk 1,

R1 IETEMRMESIT

Table 1 Descriptive statistics of the main variables

AR b oy AR - {E bR I/MAE i PN]
Variable Unit Sample size Mean Standard deviation Min Max
G x100 1278 9 121.06 29.87 75.40 162.10
P x100 J7 A 9 12.30 0.35 11.50 12.70
E %100 J7 Wiy 44 9 125.70 15.84 92.00 142.50
14 TIC 9 51.62 11.08 34.20 68.90
C x100 J7 t 9 86.91 10.68 63.70 94.00
M LARIERE JToT 9 1.07 0.15 0.88 1.25
D 1 9 0.69 0.03 0.65 0.73

G: HiIX A= B AH Gross domestic product; P; & A1 Permanent resident population; E: AEJRIE 2% A Total energy consumption; W, BT
WT% Average wages; C: SEBRERHE M Actual total carbon emissions; M R VE o 3 Energy intensity ; D. ZEE e HER 23 Comprehensive

energy carbon emission coefficient
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X 2009—2017 4F & 0T i ds P4 52 vty B B U3 9% e i A0 S B HE R e AT 00 A 45 2 25 RE VR HE R &R
B A TN .y =0.6343x+7.2061 (R =0.883) , ] 2009—2017 4ELE & REVRBRHEL R 40N 0.6343, Xf 2009—
2017 48T I 3 PN 5 oty BEHR TSP 24 T O 08 B R T35 T h 28, 35 7 B2 M -y = 0.0807x - 151.61
(R*=0.970) , IHR TSP T8 R sl Rl R RAERHE AR B 4 Foh 55 80 1 A2 5 R 5L R 0.0807 , MIHE R i 20 1H
1 0.0734, FESRHE AT BIHE — BT ZLE S AR R, WA S AR H AR BEE(E R 7.34% , UH AR I 1
MR RECN 92.66% , M BAEH AR K RS2 k2 98.53%

1.3.2 BRI —— A A AR A

S A Wy BB AU (Integrated Biosphere Simulator, IBIS) J& T — s SR AL 1996 4F | IBIS H 3
T RR 2 K2R BRI S 0 L R R O E & USSR 2 N, AR AL R Bl 4 43 R4t R X R B AR
AR R K i Fe K L B i b 2 4 Mo R AL A I R B 2 25 A AU 0 75 e, 1T DAy SRy B v i 7R el )2
AP AERE G AR ShAS | SRR A kA 5 B TERLRLAY S R v BRSO T A BB 2 R TR Y
Rt | e L KK o B3 5 o 25 e 20 B 5 T B ) i 2 A BRI 5 M e 0 A A s e 2 R 2 ) B A 5 it
it TR IR B M BB AG FRAN AJL | 25 Ed o G 7= J1 K LBV e | - HERR RN LI 4300 IBIS A8 ]
FEAN TR Bt (] RUBE - HEA RN, M 1 /NG 28 1 4 DR R A A AS R () RUBE 2R3 AR B A B
BHLIEA A,

AR SCFIFH IBIS A58 A 2 A 72 1 (NPP ) Filige A= 25 R G842 7= 1 (NEP ) R4 ki i1 A= 745 28 40 19 15 6k BiE
NPP BIH5HL B [ 58 AR 8 NPP 25 +HE R 2 0P, ] LIFS 8 NEP, NEP # FIfE— A EE RGN KA
[P R RS S ) A P R 0 FE A7), N IR, AR S R G BRI, I Z M RRIESY . 325 Bl O B
53 IBIS B A KO B R IR Ry (1) G505 . MoK R MR W7 K AR B 2s A%
KB AR ARG AR S R, AR b AR o G il B T A B R A R, (2) R RN . AR A
1 :4000000FE B B PR A 2, 44 AR R R AN ALY 28 70 4325 45— 3] IBIS ALAY ) 15 PP gAY, B 1 IBIS 45
RIF B AR BRI WAL . (3) 3B AR [ 1:1000000 %07 Ak SRR EE . (4) UK >R
SRTM version3.0 ) DEM $5dita gt (5) Fifi ve s S 454t - 3 22 FH ok 2% 7 i 0 9 7K AR o g b b e S8 % +
SR PR X3,

2 ARMBERTETREBANR G REBGAEMRPHEES T

2.1 ARRBRHECE R E

XF R TPAT #ERIH (1 A 35 GDP ZRLR o A ZARIER p AEATBER m AR RE IR0 d X U4~ A
T E P R R g 2 Bis . Hod, AX GDP RN ARk AE 10 4F —ANBir B, 1 fiE J5 0 B 45
A REVERRHE R 28 B0 Ak D) AR 5 5k v R 92 B B A O B BERE . S5 A A WFgE % B rh A S B AR T 4 A
4 BBz, B 2020—2030 4 R ik, 2030—2035 4541 5 1, 2035—2050 4F 4 P BT, 2050—2060 4F
SRR EE AR, PRI XT 3 4 A B B o3 S aE A 9 RE AR AMIRAR BEIRAE R . 7E 2020—2060 4 F 728 bR 1
B, AY) GDP ZE bR A5 % T NG < 0 A BRI R SCBE Y AR SRR AT N AR R R A
¥ X 2010—2020 4 [a] A\ FHAE AR A 3 I7 s S T 8 5 AR 9 e R AU RR VR AR B AR S i & S
HRFRE AR RS, A AT XA A GE IR B L | RE R 45 KA R A0 | T F A BE VR R R A
AR BT 22 SCER P I SECEE AT TR 0 ZEARE R (b, 2% DR 728 A 2 1) 1 8 U 5 v (B A 7
AOTEEE R AR AR RO 2 2 B 2018—2020 4E &SRS AL AR B N 55— B BekfIR]

RGP T o K3 AR AR HEST T 4 BG5S, 20 0 D BR RS B 1R St AR SRR &t
FEAS I SO BRI N 52 ity B ) AR RS A R 3t A T T o B FLIR I 0, 3% 3 SRR T 4 R S
HFEEAE.,

FEFRUERE 5 (S1) R, B 45 B FAR ML R 0 R (E, BPEEA PR R IR B 28 05 4k 4 K J /K S A RE IR T 9% A8 1k
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Hag, ERENT R (S2) T, BE A GDP M H AL Fr (L, T 4F 15 BE R I AR BE DR AF AR I AE, B
TELE VAT 2 DR BUAT A2 KT B [RS8 T i SR 3 REDRCHE AT , PR BE RE R B 24y , AR RE DRI 2 . 7EAIR
BRI R (S3) T BEE A5 T AR AR, RIS (R Ge A A A o, AL T2 M 4544 , 1 w8 B U AR
FBEWA IR, 81 BN BT R AETRR |, 32 M i RE TRV AR S ASR G JRIR AL A0 v o R
TEMUICRE 57 (S4) N, B 4% I 7 A2 AL 388 S v (8, BIVIH I 22 5% O RAT) 9K S BT I el P 52ty B & e i 28 H
R, BRSSP REDRHE T AR ARATEI 48 1 Bl I 0 28 5% S RS U0 A4 DX 3 A 1) BB 3R J3E T 3
AR BEIRAR R AUR B

R2 2018—2020 FEMMB AR A R #H IPAT REREFEURIRE/ %
Table 2 Change rate setting of each factor of the Improved IPAT model in Inner Mongolia section of the Yellow River Basin from 2018 to 2020

LT s} i) AFALFRBE E Change rate setting/ %
Indicator Time % Low F1 Middle =2 High
a 2018—2030 4.50 5.50 6.50
2030—2040 3.50 4.50 5.50
2040—2050 2.50 3.50 4.50
2050—2060 1.50 2.50 3.50
p 2018—2030 0.30 0.34 0.38
2030—2040 0.10 0.14 0.18
2040—2050 -0.10 -0.06 -0.02
2050—2060 -0.30 -0.26 -0.22
m 2018—2030 -2.40 -2.00 -1.60
2030—2035 -2.60 -2.20 -1.80
2035—2050 -3.00 -2.60 -2.20
2050—2060 -3.40 -3.00 -2.60
d 2018—2030 -0.18 -0.14 -0.10
2030—2035 -0.28 -0.24 -0.20
2035—2050 -0.38 -0.34 -0.30
2050—2060 -0.48 -0.44 -0.40

(1) TIPAT e} RN BT HR 58 R AR Impact = Populationx AffluencexTechnology; (2) a, A GDP 28L& Per capital GDP change
rate; p, NI Population change rate; m, 4F77 fiE %R Annual energy saving rate; d, {5k fiE I 4F £ %% Annual replacement rate of low—

carbon energy

®3 BURBARGRBEAHERIRE

Table 3 Scenario setting of carbon emission reduction in Mongolia section of the Yellow River Basin

i 5% &5 E Scenario setting
Scenario a » m d
s1 i i T
S2 LR L3 ik ik
S3 (18 {18 {(i8 ik
s4 # & [ &)

S1, FUENE 5 Baseline scenario; S2, JTHEIE 7t Energy—saving scenario; S3, flkHk1E 5t Low—carbon scenario; S4, HUI% 35t Extensive scenario

2.2 A[ATEECT 2018—2060 4R HEH TN A 5 Kk 1 1F i

P I G ) TPAT AR RAS B 1) 2009—2017 -0 78 X B HECR A 6571—9037 J7 t, 111 H Bk 2% 5
B E N AR 1Y 2009—2017 4ERFZE X BRFEICR 298 6368—9402 J7 t, P& F iR 240 K -2.64% , n] LAY H
ARG EEE, AT LAEATRRHEACS S, PR 0 Se i B 8 2R A9 TPAT BRI 53 M BT g 3l 56
B 2018—2060 4 1 RE R I D i HE A A2 Ak B A R Ttk st 1] (181 3)

FEREMENE 5T, 2030 4F BT sk P 52 1t B RB IRV DR HEAICE T 2070 11800 J7 t, Bl A3 K & 2040 4F
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SEEURR IS OB HE RS R 2017 4E %) 9281 J7 t( PR
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Fig.4 Carbon sink of terrestrial ecosystem in Inner Mongolia section of Yellow River Basin in 2060 under the RCP2.6 scenario
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Fig.5 Carbon sink of terrestrial ecosystem in Inner Mongolia section of Yellow River Basin in 2060 under the RCP6.0 scenario
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