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@) ) (4) (6) )
Variables

Non-coastal city ~ Coastal city Population size Population density

<2 milion 2~5million >5milion >500/km? < 500/km?

Poly 01263+ 01976 ‘ ~02338"* ~0.1405% 00828+ 01933 0043

[ (0.0280) (0.0793) ‘ ) (0.0046) (0.0324) ‘ (0.0380)

Size 0.0021 00052+ ‘ 00040 ~0.0031 00128 00012 ‘ 00053

(0.0019) (0.0016) ‘ (0.0091) (0.0072) (0.0060) (0.0025) ‘ (0.0030)
Observations | 2,190 | 520 \ 450 | 1243 [ 1011 1671 | 1,039
Year FE Yes Yes " Yes | Yes Yes Yes ‘ Yes
City FE Yes Yes ‘ Yes Yes Yes Yes ‘ Yes

Note: Standard errors in parentheses, ***p < 001, **p < 0.05,p < 0.1. Columns (1-2) use whether the city s located on the coast as the classification standard, columns (3-5) use population size
5 thio chiski Boution waariad. and colimne 16-7) ine gosralation deasity as the clissificution: stcdant.
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) )
Variables
TFP(OP) TFP(OP)
(Size)* ~0.0043*% -0.0035*
(0.0020) (0.0021)
Size 0.1262+ 0.1019*
(0.0596) (0.0618)
Optimal City Size (Million) 236 M 210 M
Observations 2,710 2,710
Controls No Yes
Year FE Yes Yes
City FE Yes Yes

Note: Optimal City size = EXP (-(Coefficient of Size)/(2*Coefficient of (Size)?)). Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.





OPS/images/fenvs-13-1545346/fenvs-13-1545346-t008.jpg
) (4) (5) (6)

\EUELIES
TFP(OP) TFP(OP) Citations TFP(OP)
Poly 0.6741% 03557 08365
(0.1599) | (0.1657) | (0.1710)
| Size 03479 [ 03393+ 0.3863
(0.0105) (0.0109) (0.0112)
Central ~0.0048* | |
L o
Patents [ ' 0.0050*
(0.0027)
Citations [ [ | 000847
| (0.0026)
Observations | 2710 2710 | 2710 2710 2,710 2710
Controls Yes ] Yes Yes Yes Yes Yes
Year FE | Yes Yes | Yes Yes Yes Yes
City FE Yes 1 Yes Yes Yes Yes Yes

Note: Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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Variable Mean Std. Dev Max
TEP (OP) 10106 00627 05713 1763
TEP (LP) 10084 00623 05047 19979

Poly 00234 00434 00052 00836
Size 151377 0.6587 126105 17.3466
Fdi 100176 19068 13863 149413
Hr 104594 1348 03221 137814
Rd 94896 17592 38067 155293
Pgdp 64926 11545 32813 105495
Area 7.0556 0937 39703 9.6884
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@) (3) ) (5) (6)

Variables
TFP(OP) TFP(OP) TFP(OP) TFP(OP) TFP(OP) TFP(OP)
Poly -02022%* ~02013* 02038+ 02032+ 01996 ~0.1892+*
‘ (00275) (0.0275) (0.0274) (0.0274) (0.0270) | (0.0270)
Size 00050+ 00058 00044
‘ (0.0018) (0.0024) | (0.0023)
 Observations 2710 2710 2710 2710 2,710 2710
| Controls No No Yes Yes Yes | Yes
‘ Year FE No No No No | Yes Yes
‘ City FE No No [ No No Yes | Yes

Note: Standard errors in parentheses, ***p < 0.01,**p < 0.05, *p < 0.1. Columns (1-2) control for any fixed effects, columns (3-4) add city-related control variables, and columns (5-6) add year
and city fixed effects.
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4

Variables
First stage Second stage
TFP(OP) TFP(OP) TFP(OP)
Poly 02449+ 02467 02480
(0.0538) (0.0537) (0.0538)
Size | | 0.0050* 0.0087*
| (0.0018) (0.0042)
Rugg 03285 |
(0.0109)

Area [ [ 00015+

[ (0.0001)

Observations 2710 | 2710 2710 2,710 2710
Year FE Yes Yes | Yes Yes Yes
City FE Yes [ Yes | Yes [ Yes Yes

KP Fstatistic 9136 9141 | 2937

Note: Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1. Column (4) includes only the instrumental variable for polycentricity, while column (5) includes both the instrumental
variables for polycentricity and city size.
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Variables

Poly

Size

Pop density

Observations

Year FE

City FE

) @ @ @ ®)
Forward. TFP(OP) TFP(LP) TFP(OP) TFP(OP) TFP(OP)
2010-2014 2015-2019
-0.0739** =0.1981*** —0.1988*** =0.2262*** =0.1740***
(0.0305) (0.0270) (0.0270) (0.0447) (0.0314)
0.0061%** 0.0051*** 0.0033 0.0065***
(0.0016) (0.0018) (0.0029) (0.0021)
0.0606*
(0.0347)
2,434 2,710 [ 2,710 1,331 1,379
Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes

Note: Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1. Column (1) considers the impact of polycentricity and city size on the lagged TFP; column (2) uses the LP, method to
aaasa TEP: cahuiis 13) ralione it ad with vopilution denans: colimns (4-2) divide (e saopte hossd o i
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iables type
Dependent variable

Explanatory variable

Control variables

Symbol Definiti
TFP TEP measured by the LP and OP method
Poly Polycentric index
Size ‘The logarithm of the average annual resident population
FDI Actual se of foreign capital for the year (US $, reduced to 2010)
Hr Human resources (population with tertiary education)
R&D Proportion of urban scientific undertakings expenditure in fiscal expenditure
Pgdp Gross regional product per capita (2010 deflated, 10k yuan)
Area Built-up area of the previous year (10,000 square meters)
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Variable

)

(3)

(4)

LT 0.052** (2.490) 0.044** (2240) 0.045* (2.260) 0,056 (2.830)
1 0.003* (1.820)
EG 0,193 (2.920)
TMT 0,005 (2.260)
R&DE 0.196"** (3.130)
Control variable Control Control Control Control
Year Control Control Control Control
Region Control Control Control Control
N 390 390 390 390
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LT ES
Moran’s | Moran’s |
2010 0283 2742 0.189* 1.886
2011 0287 2723 0192 1915
2012 0310 2.899 0217+ 2133
2013 03330 3.094 0243 2371
2014 0373 3439 0264 2.574
2015 0349 3.209 0289 2.885
2016 0406 3.685 0306 2,979
2017 0420 3783 0285 2.803
2018 0.221% 2324 02957 2,936
2019 0430 3.892 0235 2302
2020 0453 4120 0216 2170
2021 0416 3.776 0257 2.565
2022 0374 3392 0207+ 2101
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Geographic collar matrix Geographic distance matrix

Geographical adjacency weight matrix

LR_Direct LR_Indirect LR_Total LR_Direct LR_Indirect LR_Total

LT | 0035* (L810) | 0.185%* (3850) | 0219°* (4000) | 0.059°* (3.070) | 0.093* (2230) 01547+

(3.020)

Control variable Control Control Control Control Control Control

Area effects [ control Control | Control Control Control Control

Time effects Control Control Control Control Control Control
N | 390 390 | 390 390 390 390
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Variables (1) () (3)

Major agricultural region Major food marketing area Food balance area
dig 03417 0725% | 0227
(2218) [ (3.323) (1.622)
gp 00143 00228 000528
(-0743) | 0.712) (0323)
dag 0.0582 -2410 -0.309
(0.124) [ (-1.705) (-0.786)
med 00602 0235 00397
(-0640) | (-1.704) (0575)
psi -0327 -2075 1087+
(-0961) | (-1.195) (2287)
wag 0370 0276 03547
(2.281) | (~1246) (2045)
Individual fixed effect Yes Yes ‘ Yes
Time fixed effect [ Yes Yes Yes
Constant 0500 1181 ~1.039*+*
(5.047) [ (6.378) (-7.994)
Observations | 169 | 91 130
Resquared [ 0374 | 0475 0622
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Variables

dig 0267 00628 0353+ 0.0104°% ~00210* 0.0819*
(-2268) (2.194) (-2.820) (2.303) (-1.742) (1.708)
lan ~0.165*
(-7.251)
kap -0.182"**
(-8.712)
lab 0,180
(=9.074)
gdp ~00234% 00134 ~0.0377* 00497 ~0.177 00135
(-2.153) (2.904) (-3.267) (1.020) (~1356) (3.039)
dag 0.606 00166 0453 ~000119 ~0.0743 ~0.0968
(1.358) (0.0883) (0.956) (~0.00650) (<0.150) (-0.534)
med 00152 T 00696 ~0.0564 0.0501* ~0.0485 0.0516"
(0223) (1.393) (-0.782) (1.798) (-0.644) (1.868)
psi ~1193 I 0216 ~0745% 0278 0502 0323
(-2913) (1.235) (-1.710) (1.649) (-1.105) (1.935)
wag 0467+ 00908 -0.00337 -00143 -0.182 ~0.0464
(-2.832) (-1292) (-0.0192) (-0.211) (-0997) (-0692)
Constant 12330+ ~0722%% 1024+ ~0.740 1037+ ~0.740%
(1067) (-1285) (8342) (-14.26) (8.091) (-14.43)
Individual fixed effect Yes Yes Yes Yes Yes Yes
Time fixed effect Yes Yes Yes Yes Yes Yes
Observations 390 390 390 390 390 390
R-squared 0351 0752 0360 0766 0314 0.770
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Variables

()

Central section

(€)]

Western part

dig 0452 0.166 0205
(2529) (0702) (0.886)
gdp 00103 00438 00106
(-0.728) (~1.489) (0.369)
dag 0222 0490 1563
(0287) (0.698) (2.036)
med ~00513 0.0284 ~0363*
(-0597) (0:265) (-1.675)
psi ~0209 I -0.430 -1.063
(-0217) (-0.787) (-1.111)
wag 0776 I 0308 0232
(-3.203) (0649) (-0.738)
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Constant 1531 0.528* 0791+
(6:600) (1.898) (3.447)
Observations 143 | 104 130
R-squared 0443 0433 0317
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Variables

(1)

The Southern part of the country

2)

The Northern part of the country

dig 0401+ 0.130
(2473) (1.076)
gdp 00646 00138
(-2382) (0.999)
dag 1903 ~0.130
(1.539) (-0301)
med 0.106 0.0382
(1.101) (0.644)
psi ~0354 0726
(-0358) (2.344)
wag 0242 ~0.0889
(0.552) (-0.434)
Individual fixed effect Yes Yes
‘Time fixed effect Yes Yes
Constant 0,852+ 0797
(5.688) (-6.396)
Observations 195 195
R-squared 0411 0.695
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Level Secondary

1 indicators indicators
Digital Rural Digital

Development infrastructure

Digitization of
agriculture

Rural digitization

Tertiary indicators Definition of indicators Unit (of measure) Causality
Number of 5G base stations Number of 5G base stations Classifier for individual things +
or people, general, catch-all
classifier
Construction of rural Length of rural delivery routes Kilometers +
distribution facilities
Agricultural electricity Rural electricity consumption/number of KkWh/person +
consumption rural inhabitants
Digital base level Percentage of Taobao villages among, % +
administrative villages
Digitalization of agricultural | Number of enterprises utilizing Internet  Classifier for individual things +
production technologies for productive activities and | or people, general, catch-all
adjusting the ratio of agricultural classifier
employment to total employment
Scale of digitization in Online retail sales in primary sector/rural | Million dollars per person +
agriculture population
Digital trade in agricultural E-commerce retail sales Billions +
products
Level of digitalization of Rural Financial Inclusion Index % +
services in agriculture
Rural smartphone Year-end mobile telephones per million Troops +
penetration rural households
Transportation and Transportation and communication Yuan/person +
communication expenditures per capita
expenditures of rural
residents
Rural Internet penetration | Number of rural Internet broadband access | Ducal title meaning lord of +
subscribers 10,000 households
Rural meteorological Number of rural weather station Classifier for individual things +
observatories observations or people, general, catch-all
classifier
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Variable Obs  Mean  Std. Dev. Min  Max.

Iue 390 15.648 8277 0650 ‘ 60193
dig. 390 | 2.648 | 0277 2121 ‘ 4309
gdp 390 5.66 3063 1288 ‘ 18999
wag 390 059 0181 0065 ‘ 0952
dag 390 0035 0041 ‘ 0159
psi 390 0113 0.069 0002 ‘ 0348
med 390 0.649 0239 ‘ 1387
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Level 1 indicators  Secondary indicators  Tertiary indicators Meaning of the indicator Unit (of measure)

Rural land-use efficiency Input indicators Land input Area of rural arable land ‘Thousands of hm?
Labor input Number of employees in the primary sector All the people
Fertilizer inputs [ Fertilizer use Tons
Expected outputs Economic benefit Primary industry output Billions.
Social benefit [ Grain production Tons

Non-expected outputs Sewers Agricultural wastewater discharge Tons

Atmospheric pollution Agricultural ammonia emissions Tons
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Level Secondary indicators Specific indicators Causality Unit (of measure)

1 indicators

Digital Rural Level of consumption of digital Rural Engel coefficient Negative %
Environment goods and services direction
Number of emploees in the rural | Number of employees in the information transmission, | Forward Man
informatization industry computer services and software industry
Rural digitization Internet penetration Proportion of administrative villages with Internet Forward %

‘broadband service

Cable TV coverage Cable TV coverage Forward %

Digitization of Number and size of rural online Digital Inclusive Finance Index Forward -
agriculture payments
Agricultural and Rural Digital Number of Taobao villages Forward  Classifier for individual things or
Base people, general, catch-all classifier
Farmer Intelligence | Number of students in rural | Number of students in rural general secondary schools | Forward Man

general secondary schools

Average years of schooling of | (Number of rural people without schooling x 1 + number | Forward Surname Nian
rural residents of people with elementary school education x 6 + number
of people with lower secondary school education x 9 +
number of people with upper secondary and secondary
school education x 12 + number of people with tertiary
education and above x 12)/Total rural population aged
6 years and above
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Variables

dif 0,580
(3.070)
dig 030507 0128
(2616) (2.209)
gdp 00110 -1706 0.0112¢
(2.068) (-1.587) (1.701)
dag -0.110 -1731 0000803
(-0.548) (-0392) (0.00356)
med 0.0506° -4.890 00403
(1652) (-0727) (1.095)
psi 0309 7133 0.334%
(1.648) (1758) (1677)
wag 0.00991 1086 00390
(0.133) (0.665) (0.409)
Individual fixed effect Yes Yes Yes
Time fixed effect Yes Yes Yes
Constant ~1159%% 2075 ~0.886%
(~11.68) (1.814) (-13.57)
Observations 390 390 338
R-squared 0718 0255 0.682
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Variables

dig 0,139+ 0114+
(2.604) (2.138)
gdp 00172+
(3512)
dag 00834
(-0.414)
med 0.0603*
(1.964)
psi 0.413*%
(2.230)
wag 00136
‘ (-0.183)
Individual fixed effect Yes Yes
Time fixed effect Yes Yes
Constant ~0.800°+ [ ~0926**
(-6182) (-17.73)
Observations 39 | 390
R-squared 0.687 | 0714
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lue internet

System GMM
dig 00247+ 0853
(8.67) (3.145)
Ldig 0110
(2398)
dtc
gdp 00226+ 00036 ~0.0328
(8.368) ©.77) (-2.720)
dag ~0.255* 06527+ -1.270°
(-2790) (2.70) (-2.826)
med 0.00892 01095 -00518
(0.310) (-1.19) (~0.908)
psi 0416 ~0.2297* ~1.078%
(2042) (~6.63) | (-3.367)
wag 00288 ~02410°* 1312
(0.383) (~6.63) (13.30)
| Individual fixed effect | Yes Yes Yes
Time fixed effect Yes Yes Yes
Constant ~0.725% 02452+ —1312
(-9.688) (6.10) (~10.94)
AR (2) ‘ 0276
Sargan’s test 32.189 [0.528]
Kleibergen Paaprk LM 75.18 0.000]
Cragg-Donald Wald F 67.74 [16.38]
Observations 360 390 39
Re-squared [ 0670 0542 | 0216
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(1)

(2)

(4)

LT 0211+ (10.980) 0.083** (4.440) 0.040° (1.940) 0.037* (1.870)
Control variable Control Control Control Control
Year Control Control Control Control
Region Control Control Control Control
LM statistic 298.823
Wald F statistic 1724260 [
N 360 390 360 390
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Variable

(1) Eastern

(2) Central

(3) Western

LT 0037** (2490) | ~0031(-0.790) | -0.045 (-0810)
Control variable Control Control Control
Year Control Control Control
Region Control Control Control
N 143 104 143
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LT 0,093 0.120" 0.125% 013174 0138 0155 0.173% 0.156" 0210+

(4.870) (9.550) (12.300) (12.900) (9.520) (9.610) (9.040) (6.270) (5.480)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region Yes Yes Yes Yes Yes Yes Yes Yes Yes

N 390 390 390 390 390 390 390 390 390
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Primary

Secondary

Tertiary indicators (units)

Weights  Quality

FS

indicators indicators
Food supply Volatility of total food (Total food production in the current year - average of total food 0012 :
security production production in the last 5 years)/total food production in the current
year (%)
LT mobility Cultivated LT per capita (mu/person) 0047 +
Grain reserves Total grain production (tons) 0054 +
Resilience of crops to Area affected by crops/area sown with crops (%) 0.004 -
disasters
Food supply stability Grain purchases (tons) 0.102 +
Food Circulation Grain sales (tons) 0.064 +
Food production Stability of food Grain sown area (millions of hectares) 0.050 ¥
security production
Agricultural financial Grain sown area/Total sown area (%) 0.016 +
support level
Agricultural Total power of cropLT machinery (10,000 kW) 0050 +
innovativeness
Level of human capital Qualified food workers (persons) 0079 -
Agricultural productivity | Gross agricultural output/primary sector employment (yuan/person) 0296 +
Infrastructure Number of agricultural water conservancy facilities constructed (units) 0076 +
development
Food access Rural Engel coefficient | Rural food consumption expenditure/total consumption expenditure (%) 0005 =
security
Food price volatility | (Current year food price index - previous year food price index)/Current 0.004 -
year food price index (%)
Food share Total food production/resident population (tons/person) 0044 +
Road density Length of transport routes (rail, road, waterway)/Urban area (km/sq km) 0.053 +
Sustainable food | Pesticide application rate | Pesticide application per unit of food sown area/Crop sown area (%) 0004 -
security T
Fertilizer application rate | Fertilizer application per unit of food sown area Crop sown area (%) 0.008 -
Agricultural film use | Agricultural film use per unit of food sown area/Crop sown area (%) 0004 -
Quality assurance Effective irrigated area/crop sown area (%) 0030 +

All indicators are calculated by the authors themselves.
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Variable Code Def on
Industrial structure 1 ‘The proportion of the added value of the primary industry in the GDP of each province %
Degree of agricultural DAM Logarithmic form of the total power of agricultural machinery in each province Megawatt

‘mechanization

Foreign direct investment DI Logarithmic form of actual utilization of foreign direct investment by each province as a share of each %

province’s GDP
Human capital HC | Average years of schooling = (illiterate x1+ number of primary school education x6+ number of junior high %
school education x9+ number of senior high school and secondary school education x12+ number of college
and bachelor’s degree or above x16)/total population over 6 years old
Urbanization rate URBAN ‘The proportion of the urban population to the permanent population in each province %
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Variable N Average SD Min Max

Food security 390 0155 0077 0039 0464

Land transfer 390 0313 0171 0.001 0958

Industrial structure 390 0.098 0053 0.002 0258

Degree of agricultural mechanization 390 3417.614 2924.189 93.970 13,353.020

Foreign direct investment 390 11935 59.559 0770 833705
Human capital 390 9341 0891 7.607 12698

Urbanization rate 390 0.585 0132 0226 0895
Industrial pollution investment 390 199,739.500 200,984.700 476 1416464

Proportion of energy consumption 390 0.105 0071 0030 0409

Technology market turnover 390 0017 0028 0.001 0192

R&D expenditure 390 0110 0.060 0017 0324
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Variable

(1)

2)

(4)

(5)

(6)

LT 0,058 (2.890) 0.060** (3.080) 0,065+ (3.420) 0,062+ (3.270) 0.064*** (3.370) 0,053+ (2.680)
1S 0497+ (4.500) 0513+ (4.770) 0,509+ (4.75) 0.506"* (4.730) 0.476*** (4.400)
DAM 0032+ (4.503) 0033+ (4710) 0,034+ (4.850) 0.038"** (5.150)
DI ~0.005* (~1.700) ~0.005* (~1.780) ~0.005* (~1.81)
HC 0.106 (1.580) 0.110 (1.640)
URBAN ~0.114* (~1.730)
Year Control Control Control Control Control Control
Region Control Control Control Control Control Control
R 0409 0442 0473 0478 0482 0.486
N 390 390 390 390 390 39

Note: The t statistic is in parentheses; *, **, *** are significant at the level of 10%, 5%, and 1% respectively, the following tables are the same.
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Layer of criteria

Layer of factors

Layer of indicators

Tnputs Labor Number of employees
Land Area of built districts
Capital Capital stock CNY 10*
Outputs Desired outputs GDP CNY 10°

Undesired outputs

Net carbon emissions

million tones (mt)
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Chengdu—Chongging

SAR
B ~0.354 %+ 0315 %+ 0425 *+* 0198 ***
(0023) (0.043) (0.029) (0.043)
0 0,086 ** 0223 % - -
(0042) (0.108)
pord 0238 0,105 ** 0018 * 0.120 *
(0.043) (0.060) (0.011) (0.072)
Loan 0070 0.044 0114 0073
(0.026) 0.048) (0.036) (0.050)
Gap ~0.624 %+ 0525 0383 % 0743 ***
(©.113) (0.150) (0215) (0.185)
Indus ~0.007 *** ~0.004 ~0.007 * ~0.005 *
(0.002) (0.005) (0.002) (0.004)
Pgdp 0061 ** 0.004 0192 -0.123
(0.029) 0.047) (0.052) (0.076)
Fdi 5313 5119 12.560 *** ~0.440
(1.778) (2.44) (3.85) (4.53)
v 0029 0.025 0037 0015
City-specific fixed effect Yes Yes Yes Yes
Time-specific fixed effect Yes Yes Yes Yes
r 0053 0.051 0062 0.001






OPS/images/fenvs-13-1577863/fenvs-13-1577863-t004.jpg
Chengdu-Chongging

SAR
B ~0.282 ~0.234 ~0407 *** 0157 *+*
(0021) (0.037) (0.030) (0.040)
0 0095 ** 0.164 = =
(0.037) (0.073)
pord 0274 0092 * 0044 * 0159 *
(0.042) (0.055)< (0.026) (0.096)
v 0022 0.018 0035 0011
City-specific fixed effect Yes Yes Yes Yes
Time-specific fixed effect Yes Yes Yes Yes
® 0041 0.040 0023 0076

Note:*, **, and *** are significant at 10%, 5%, and 1% levels, respectively. Robust standard errors are in parentheses. The econometric model was selected based on the results of the LM, test,
Wald tast: annd LB st
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Distribution
location

Main peak distribution form

Distribution
Ductility

Differentiation
trend

Overall Shifted left first and then | The peak value first increases and then decreases, and the |~ Left-trailing, broadening Unipolar or bipolar
right width first decreases and then increases extension differentiation

YRD Shifted left first and then | The peak value first increases and then decreases, and the | Right-trailing, convergent Unipolar or bipolar
right width first decreases and then increases extension differentiation

MRYR Shifted left irst and then ‘The peak value increases and the width decreases Left-trailing, broadening Unipolar or bipolar
right extension differentiation

Chengdu-Chongging

Shifted left first and then
right

The peak value increases, and the width first decreases and
then in-creases

Left-trailing, broadening
extension

Unipolar or bipolar
differentiation
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Variable on Code
Financial deepening Loan balances of financial institutions at the end of the year/regional GDP Loan
Fiscal gap (local fiscal expenditure—local fiscal revenue)/local fiscal revenue Gap
Industrial structure Secondary and tertiary industries’ added value/regional GDP Indus
Economic development Natural logarithm of GDP per capita Pedp
Foreign direct investment Actual amount of foreign capital used/regional GDP Fdi
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Province

Coupling degree

2015 2020
Heilongjiang Mudanjiang 0914 0885 0.900 High Medium Medium
Heihe 0722 0743 0753 Medium Medium Medium
Jiamusi 0.968 0975 0979 High High High
Jind 0975 0951 0.946 High High High
Shuangyashan 0945 0936 0.908 High High High
Yichun 0.740 osss | 0723 Medium Low Medium
Hegang 0.981 0976 0974 High High High
Daxinganling 0339 0386 0.400 Low Low Low
Jilin Yanbian 0942 0950 0.949 High High High
Tonghua 0.998 0999 1.000 High High High
Baishan 0.904 0897 0.866 High Medium Medium
lnner Mongolia | Hulunbuie 0.000 0000 0.908 Low Low High
Xing'an League 0948 0746 0.696 High Medium Low
Liaoning Dandong 0.993 0998 0.999 High High High

Coupling degree classification: Low (C<0.70), Medium (0.70<C < 0.90), High (C>0.90).
Coupling degree ranges from 0 to 1, where higher values indicate stronger coupling relationships.
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Land use type 2010 2020

Scope 1 Scope 2 Scope 1 Scope 2
Cropland o4z 0459 0,159 0447+ 0377% 0362+ 0509 0223
Forest ‘ -0043 0072 0213 0105 0,006 0013 ~0.154 0134
Grassland ‘ 0787 0760 ~0752% 0674 0852 ~0.840% 0752 0804+
Water | oaw o 0247 03 036 0382+ 0282 0251
Built-up \ 0458 0485 0145 0448+ 0367* 0369 0359 0286
Unused |

~0.656*** -0.638*** ~0.665* -0.526* -0723*** ~0.710** ~0.645*** ~0.679***

“*p<0.001, **p<0.01, *p<0.05.
All correlation coefficients are Pearson correlation coefficients.
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Province/Region 2010 (%) 020 (%) Change

Forest Cropland Built-up Forest Cropland Built-up Built-up*
‘ Heilongjiang
Mudaniiang | 7562 2194 147 74.25 2290 185 +0.38
Heihe 6320 3356 [ 088 o 3488 119 4031
Jiamusi 17.81 | 77.03 226 16.27 77.90 296 +0.70
Jixi 3215 59.14 205 3188 58.53 260 +0.55
Shuangyashan 3635 60.24 1.68 3547 60.91 2.16 +0.48
Yichun | s 854 0.90 87.80 1030 111 +0.21
Hegang 4749 4833 228 44.19 5109 284 +0.56
Daxinganling 9752 133 044 96.87 196 053 +0.09

Yanbian 85.86 1261 110 84,54 1334 149 +0.39

Tonghua 65.83 3125 223 66.85 2978 271 +0.48

Baishan 9279 565 091 91.34 643 117 +0.26

Inner Mongolia

Hulunbuir 58.95 921 036 5943 929 045 +0.09
Xing'an League 2848 2930 126 2872 3399 172 +0.46
Liaoning

Dandong 6825 2538 422 69.05 2425 476 +0.54

* Change in Built-up area shows the percentage point change from 2010 to 2020. Other land use types (grassland, water, and unused land) are not shown but account for the remaining
HRTGES:
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Bearing pressure index

Cultivated land

Construction land

Ecological land

Water resources

QN GZ (AVG.)
2000 033 -0.01 | -016 | 002 -010 | 0.00 0.09 -0.09 -0.14 0.49
2010 075 011 -024 | -002  -005 & 0.06 -0.01 -0.13 -024 072
2020 123 -0.04 =029 0.05 =013 0.08 -0.21 -0.28 -0.36 0.98
2000 240 -0.77 | -020 | -033 273 -121 -1.59 0.04 -043 971
2010 230 -0.19 | -002 001 101 -079 -2.19 -142 -134 6.98
2020 057 022 -052 022 039 0.10 015 -0.32 -062 202
2000 -0.14 076 -073 063 144 -135 125 -124 -141 2.66
2010 077 023 -078 | 027 1.00 -071 065 -051 -0.80 233
2020 133 029 064 | -043 024 0.03 037 0.00 -030 213
2000 083 016 -085 093 104 0.12 005 -0.79 -083 124
2010 1.02 -0.01 | -109 096 1.02 -0.12 005 -109 -107 1.59
2020 L1 013 -115 095 131 -0.11 -0.24 -129 -124 1.83
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Variables

Land Use Structure Variables

Cropland Proportion 14 133 7703 2324 14 196 7790 2329 | %

Forest Proportion 14 1781 97.52 2579 14 1627 96.87 2569 | %
Grassland Proportion 14 002 3001 1278 14 005 3456 1156 %

Water Body Proportion 14 028 65 166 14 030 684 171 | %
Built-up Land Proportion 14 036 422 1.00 14 045 476 L5 | %
Unused Land Proportion 14 0.0003 0.6514 018 14 00006 05711 015 | %
Carbon Emission Variables
Total Carbon Emissions | 1 80280 357720 87832 14 94240 4664.00 128442 | 10" £ CO,
Scope 1 Emissions 14 556.84 241572 589.90 14 587.60 320277 86673 | 10" t CO,
Scope 2 Emissions 14 15485 61042 12871 14 11060 887.89 23092 | 10"t CO,
Scope 3 Emissions 1 8652 879.46 21643 14 21455 1,089.44 239.89 | 10" t CO,
Socioeconomic Variables

GDP 14 99.22 93201 24045 14 14191 117220 259.02 | 10° yuan
Primary Industry (%) 14 1017 4478 10.85 14 9.12 4847 1306 %
Secondary Industry (%) 14 1712 6009 | 1172 14 1256 3325 686 %
Tertiary Industry (%) 14 2488 5009 713 14 35.00 61.69 852 | %
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Goal layer

End Hunger (SDG2)

Clean Water and Sanitation (SDG6)

Sustainable Cities and Communities
(SDG11)

Terrestrial Ecosystems (SDG15)

Criterion layer
2.1 safe and sufficient food
23 secure and equal access to land
2.4 sustainable food production systems
6.1 safe and affordable drinking water
6.3 improve water quality
64 increase water use efficiency

66 protect and restore water-related
ecosystems

11.1 safe and affordable housing
112 sustainable transport systems

11.3 inclusive and sustainable urbanization

11.7 green and open public space

15.1 terrestrial ecological protection
15.2 sustainable management of forests
153 combat desertification

15.5 conservation of natural habitat

\tes a negative indicator, the smaller its value, the greater its contribution to the system.

Indicator layer

Grain output per unit area of cultivated land (kg)
Per capita cultivated land area (m?)

Per capita permanent basic farmland area (m?)
Urban per capita water supply (m®)

Treatment rate of domestic sewage

Water consumption per 10,000 yuan GDP (m’) (-)

Water area growth rate

Per capita residential land area ()
Per capita transportation land area (m?)

Ratio of construction land growth rate to population growth
rate

Per capita urban public green areas (m?)
Forest coverage rate

New plantation area (m?)

Proportion of non-rocky desertification area

Proportion of nature reserve area

0.045

0.077

0.058

0.086

0.043

0.054

0.079

0.071

0.031

0.089

0.046

0.086

0.077

0.123

0.035
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Jilin

Lisoning

Inner Mongolia

y/Region Ad trative level Bordering country City type
Mudanjiang Prefecture-level City Russia Port-type
Heihe Prefecture-level City Russia Port-type
Jiamusi Prefecture-level City Russia Ecological
Jixi Prefecture-level City Russia Industrial
Shuangyashan | Prefecture level Gity | Russia Industrial
Yichun Prefecture-level City Russia Ecological
Hegang | prefecturedevel Gity Russia Industrial
Daxinganling [ Regional Russia Ecological
Yanbian Autonomous Prefecture Russia, DPRK Ecological
Tonghua Prefecture-level City DPRK Ecological
Baishan Prefecture-level City DPRK Ecological
Dandong Prefecture-level City DPRK Port-type
Hulunbuir Prefecture-level City Russia, Mongolia Port-type
Xing'an League | Mongolia Ecological
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Goal layer

Resources utilization status

Resources matching status

Criterion layer

Bearing pressure of land resources

Bearing pressure of water resources

Matching status of WLR

Indicator layer

Cultivated land bearing pressure index
Construction land bearing pressure index
Ecological land bearing pressure index
Water resources bearing pressure index
‘The matching degree of WLR

The Gini coefficient of WLR
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the PLES
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Soil texture (Xi6) 01017 Clay Loam Silt Sand
Soil erosion (X,7) 014 Micro Slight erosion Moderate Intensity
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road (X;5)
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Topographic relief (X;0) 00288 65 m< 65—35m 35—20m 20—0m
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use type

Production space

Living Space

Agricultural production space
Industrial production space
Urban living space

Rural living space

Paddy field, irrigated land, dry land, orchard, tea garden, and other gardens
Industrial land, mining land, transportation land
Urban land

Rural residential area

Ecological space

Forest ecological space
Grassland ecological space
Aquatic ecological space

Other ecological spaces

Woodland, shrub, open woodland and other woodlands
High coverage grassland, medium coverage grassland and low coverage grassland
Canals, lakes, reservoirs, ponds, tidal flats and beaches

Saline alkali land, swamp, bare land, bare rock and stone land, and other land
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Level

1 indicators

up

Level Level 3 indicators Specific definitions of indicators Attributes
2 indicators

Population Percentage of employed persons in secondary Employed persons in secondary and tertiary +

urbanization and tertiary industries industries/total employment
Urbanization rate of resident population Urban population/year-end resident population +
Urban registered unemployment rate Data-direct -
Urban population density Data-direct +
Economic Economic level GDP per capita +

urbanization
Per capita disposable income of urban Data-direct +
residents
Percentage of tertiary sector value added Tertiary value added/GDP +
General local budget revenue per capita | General budget expenditure of local finances/year-end +
resident population
Total retail sales of consumer goods per capita Total retail sales of consumer goods/resident +
population at the end of the year
Social urbanization Investment in education Expenditure on education/general budget expenditure +
of local finances
Scale of education Average number of students enrolled in higher +
education per 100,000 population

Level of healthcare Number of beds in healthcare institutions +
‘Total number of public library books per capita Data-direct +
Level of public transport development Public transport vehicles per 10,000 population +
Eco-urbanization Level of green space in parks Parkland area per capita +
Daily urban wastewater treatment capacity Data-direct +
Waste disposal level Non-hazardous domestic waste disposal rate +
Forest cover Data-direct +
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