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Ecological network construction of coupling spatial carbon emissions in the

Hohhot-Baotou-Ordos-Yulin urban agglomeration
GENG Yushuang, LI Wei”, YUE Rongwu

State Key Laboratory of Environmental Simulation and Pollution Control, School of Environment, Beijing Normal University, Betjing 100875, China

Abstract: Constructing an ecological network is an important means to maintain landscape connectivity and improve
ecosystem services, including carbon sequestration. To better respond to the goal of carbon sequestration and its policy
requirements, it is necessary to incorporate spatial carbon emission factors into the framework of regionally ecological
network analysis. Taking the Hohhot-Baotou-Ordos-Yulin urban agglomeration with high energy consumption, high carbon
emissions and fragile ecology as the study area, the ecological sources were identified based on ecosystem services and
connectivity analysis, and ecological corridors were extracted by combining circuit theory and the gravity model to obtain the
regional landscape ecological pattern. The grid-scale carbon emission spatial pattern of the urban agglomeration was
simulated by obtaining nighttime light data, spatially superimposed with the landscape ecological pattern to supplement the
“ecology-carbon emission” coupling nodes and planning corridors, and then constructing the urban agglomeration ecological
network considering the regional carbon emission spatial pattern. The results showed that 1) the regionally ecological
network constructed by only considering ecological factors had insufficient connectivity between ecological sources on the

&

east and west sides, and it showed a “central-blocking” distribution. 2) Regional carbon emissions had obviously spatial

EETE : BK A ARA LS YIS H (72050001 )
o5 H #7:2022-05-17; & H#:2022-08-15
# WIRAER Corresponding author. E-mail ; weili@ bnu.edu.cn

http ://www.ecologica.cn



10 3 BRHAE A5 P4 SIOAa o T R 2 T e il A 25 I 245 4 4087

characteristics, and high-value areas appeared in the central mineral resource development zones and the major urban areas
with significantly anthropogenic ecological disturbances. 3) By coupling the regional carbon emission pattern, 23 “ecology-
carbon emission” coupling nodes and 67 planned corridors were added, the ecological network structure changed from tree-
like to honeycomb-like, and network circuitry, line-to-node ratio, and network connectivity increased by 92% , 30.48% ,
and 27.45% , respectively. Therefore, the improved ecological network construction method coupling spatial carbon emission
factors is of great significance for improving the multiple functions and stability of the ecological network, as well as

promoting ecological protection and restoration aimed at increasing carbon sequestration and sinks.

Key Words: ecological network; spatial carbon emissions; ecology-carbon emission coupling nodes; ecosystem services;

carbon sequestration
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Table 1 Calculation methods and data sources of ecosystem services

BRGNS AR VRS B KA AU
Ecosystem Services Method Unit Data Sources
bISU S B o g ) HEEILR RO,
Water conservation KB e mm/ km SRR BT AT
TRAi% A7 Carbon storage InVEST-Carbon i3t tC/ km? S 30—32)

g (L FE BRI ALBHE U -
ez IV Sh RUSLE J7 ki ERZIERF R TG

Soil conservation

i AU

PIAE L V kar?
Sand fixing
B InVEST-Habitat Quality o
Habitat quality [E8ES H

A EE AR ZH 21 Soil Bulletin)

FF HWSD 9P E R (v1.1)
ERRGRE IR P

KUK A+ U TRk 24 B vh O ——vh B 2 3R K
T B A 4 5

HEBRIP AR E AT ™

Bigemap H1 I3 SR K114 5
o R S B VU PR BB

2 WIRAE

B DU S5 T T 16 [ g 3 H A 308 e R 5 2 LA HE i IR R etk A A R s K i T 0k, o3 3 20
PROE 2) o oo R IR A AU R - A 2 BE T TR A - A 2R T F B A8 A 5O sl DX LA A% R

http ; //www.ecologica.cn



10 3 BRHAE A5 P4 SIOAa o T R 2 T e il A 25 I 245 4 4089

HOREE T o R AZ S AR T I AT SR A0 MRS ]BERRHE RS (B0 A% J) 5 f5e 5 XF R 2 28 BT A B
SO AR S SRy BRI 2 A% SR AT B N, 6 38 ) 25 TB] np SR AR B e AR 25 HE R 5 il RIS B
AU AR 2SRRI N AR 2SR R AR ST BRI, DA SR 5 2 AL BRI ) AR 2 R 2

] mmksHR - N 1% -
| : | | |
- AT | . |
! v | ! BeHEO S |
| AL | | I |
| v i | BHZS R |
i MR i i |
_A ............ R __T

L———— BN -———:
v
A IO A A
L s AR AT R |
____________ l |
B R

2 EEMEMEIEL

Fig.2 The analytical framework of ecological network construction
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Table 2 Ecological resistance index evaluation system
BE 7 BH /1 24X Resistance value
Resistance factors 1 3 5 7 9
R Altitude/m 0—1110 1110—1278 1278—1443 1443—1646 1646—2295
+ M F 2 Land use Al i KR Hhih ) i H A
IH— LR NDVI 0.51—0.92 0.35—0.51 0.25—0.35 0.16—0.25 0—0.16
335 Soil conservation/ (t km™2 a™") >3.92 1.86—3.92 0.78—1.86 0.22-0.78 <0.22
JKIEHFF R Water conservation/ (mm km™2 a™!) >330 234—330 148—234 55—148 <55
B X 70 Sand fixing/ (t km™2 a™!) >2.39 1.87—2.39 1.52—1.87 1.06—1.52 <1.06
kA% Carbon storage/ (t km™ a™') >270 202—270 58—202 18—58 <18
A 355 Jfi i Habitat quality >0.85 0.6—0.85 0.4—0.6 0.25—0.4 <0.25
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Fig.3 Evaluation results from single factor of ecological resistance
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Table 3 Reference coefficients of various energy carbon emissions

AR i st ol s
Energy type Raw coal Coke Gasoline Diesel fuel
PRI 225U Standard coal coefficient/ ( kgee/kg) 0.1743 0.9714 1.4714 1.4571
TRHERCZREL Carbon emission factor/ (kg/kgce) 0.7599 0.855 0.5538 0.5921
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Fig.4 Spatial pattern of ecosystem services
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Table 4 Eigenvalues of the principal components and their contribution rates

EW s EAIE S ST EWSr s TR ES e
o FHIE(E - . . FFAEfE 0o .
Principal . Contribution Accumulative Principal . Contribution Accumulative
Eigenvalue o Eigenvalue 0
component rates/ % contribution rates/% component rates/ % contribution rates/%
1 1.6552 45.63 45.63 5 0.0858 5.98 92.70
2 1.2864 19.94 65.57 6 0.0608 4.23 96.93
3 1.1731 12.06 71.63 7 0.0396 2.76 99.69
4 1.1306 9.09 86.72 8 0.0045 0.31 100
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Table 5 Principal component load matrix

ZIH AT Restraint factor PCI PC2 PC3 PC4 PC5 PC6 PC7 PC8

T FI 2T Land use 0.435 -0.315 0.714 -0.444 -0.038 -0.051 -0.005 -0.004
iR Altitude 0.046 0.128 -0.059 -0.174 0.343 -0.782 0.463 0.068
AL A ZRENDVI 0.147 0.462 -0.133 -0.478 0.178 0.525 0.455 -0.060
B K& ¥ Sand fixation 0.012 -0.160 0.103 0.330 -0.591 0.044 0.706 -0.077
+ B FEF Soil conservation 0.027 0.030 0.013 0.014 -0.069 0.081 0.044 0.992
Tfi# 77 Carbon storage 0.359 -0.165 0.117 0.577 0.643 0.213 0.196 0.004
JKIE W FE Water conservation 0.480 0.718 0.172 0.286 -0.241 -0.213 -0.197 -0.031
A 35 it Habitat quality 0.653 -0.320 -0.644 -0.143 -0.153 -0.104 -0.045 0.002

PC iy F 47 Principal component
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Fig.8 Spatial pattern of carbon emissions
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