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Abstract: Human activities have become the major driver of global environmental change in the context of the
Anthropocene, thus reasonably maintaining human socio-economic activities within the Earth’s environmental boundaries is
a prerequisite for achieving sustainable development. As global environmental boundaries, the planetary boundaries adhere
to the Earth-system view and provide a new perspective for coordinating environmental sustainability assessments in different
regions. In accordance with the planetary boundaries, this paper assesses the spatio-temporal patterns of provincial
environmental sustainability in China, and discusses the socio-economic influencing factors of environmental sustainability

based on the spatial econometric models. The results show that; (1) The unsustainability of carbon, nitrogen, and
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phosphorus emissions in Chinese provinces are generally higher in the north than that in the south, and the degrees of
differentiation gradually increase over time. The proportions of unsustainable provinces for those environmental elements
have exceeded 2/3. In the meantime, the overall sustainability of both water and land use in the southern region are higher
than that in the northern region, and remain relatively stable. The proportions of sustainable provinces for both water and
land have exceeded 3/4. (2) The spatio-temporal patterns of provincial environmental sustainability in China are jointly
affected by factors including population, economy and technology, and there are certain synergistic effects between various
types of environmental sustainability. Among them, all types of environmental sustainability are positively driven by the
population size, while the sustainability of nitrogen, phosphorus, water, and land are negatively driven by agricultural
activities. (3) The sustainability of carbon emission is mainly negatively driven by energy consumption intensity; the
sustainability of phosphorus emission is negatively driven by the urbanization rate of the population; the sustainability of
water is negatively driven by the proportion of secondary production. The study of environmental sustainability in accordance
with the planetary boundaries can provide scientific references for the regions to rationally define and effectively implement

global environmental sustainability responsibilities.

Key Words: environmental sustainability; planetary boundaries; spatio-temporal pattern; influencing factor; spatial

econometrics
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Table 1 Global per capita values for various planetary boundaries
NS UES N CESUE PN U PNy SR NF L
A Per capita carbon Per capita nitrogen Per capita Per capita water Per capita land
Year boundary/ boundary/ phosphorus boundary/ boundary/
(v N) (kg/ N\) boundary/ (kg/ \) (m3/}\) (hmz/}\)
2001 2.35 10.01 1.00 645.82 0.32
2002 2.32 9.88 0.99 637.68 0.32
2003 2.29 9.76 0.98 629.73 0.31
2004 2.26 9.64 0.96 621.93 0.31
2005 2.24 9.52 0.95 614.27 0.30
2006 2.21 9.40 0.94 606.73 0.30
2007 2.18 9.29 0.93 599.32 0.30
2008 2.15 9.18 0.92 591.99 0.29
2009 2.13 9.06 0.91 584.83 0.29
2010 2.10 8.96 0.90 577.88 0.29
2011 2.08 8.85 0.89 571.20 0.28
2012 2.05 8.75 0.87 564.51 0.28
2013 2.03 8.65 0.86 557.91 0.28
2014 2.01 8.55 0.85 551.40 0.27
2015 1.98 8.45 0.84 545.04 0.27
2016 1.96 8.35 0.84 538.77 0.27
2017 1.94 8.26 0.83 532.69 0.26
2018 1.92 8.17 0.82 526.87 0.26
2019 1.90 8.08 0.81 521.27 0.26
F2 HEBIEKRE
Table 2 Provincial data sources

bR P T A IR} [ S Rl BRI

Name of indicator Unit of measurement Time scale Data source

B HE I Amount of carbon emissions Mt 2001—2019 4f: CEADs %t /i

BERIH 2% B4 Total energy consumption 10* Ml b v 2001—2019 4F rh E RE IR S A

BEHL T AT Area of cultivated land 10* hm? 2009—2016 4 + M A R I = R R SS

AHEiTE Amount of nitrogen emissions 10* t 2001—2019 4F

WHERCE Amount of phosphorus emissions 10* t 2001—2019 4F

7K Water consumption 108 m? 2004—2019 4

A HHUE Population size PN 2001—2019 4

IR N A% Urban population density A/km? 2004—2019 4

A P4 L% Population urbanization rate Tt 2005—2019 4F

1415 S —
éﬁri[;[)z?id;ri:s domestic product e/ 20012019 -
H#n . X

ﬁiﬁ)l;:jzp?iﬁ:\ personal income A 2005—2019 4 EZ g1t R Mk

;Z):ofisi of secondary production TR 20012019 -

AEVR Tl 3¢ .

F:&i:njr%jﬁinjenergy industry ¢t 2001—2017 4F

Al 5 P {H Total agricultural output value 12T 2001—2019 4F

HRHEB AN Effective irmigation area 10° hm? 2001—2019 4

RAEYIHEAPHIFL Crop sown area 10® hm? 2001—2019 4

AV FiFE 2544 Agricultural planting structure To 2001—2019 4F

CEADs ; H [E B A% B U5 2 , Carbon Emission Accounts & Datasets for emerging economies
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Fig.1 The spatio-temporal patterns of provincial sustainability of carbon emissions in China
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Fig.2 The spatio-temporal patterns of provincial sustainability of nitrogen emissions in China
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Fig.3 The spatio-temporal patterns of provincial sustainability of phosphorus emissions in China
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Fig.4 The spatio-temporal patterns of provincial sustainability of water in China
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Fig.5 The spatio-temporal patterns of provincial sustainability of land in China
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Table 3 The spatial econometric result of influencing factors of sustainability of provincial carbon emissions in China

A5 4 Variables SLM SEM A5 Variables SLM SEM

Inrkgm -0.0007 ** -0.0006 ** Ineczb 7.9059 4.8698
Inrgdp 2.0286x107° 1.6363x107° Inrzsr 1.5039x107° 7.0967x107°
Inxfgd 5.1495*** 6.0467 " Inngtz 0.0025 ** 0.0024 **
Inrezh -3.2559 -1.0419 R? 0.6720 0.6695
Incsrm -0.0000 -0.0002 Log likelihood -83.1026 -83.3236

SLM . %5 [l JE B AU Spatial Lag Model ; SEM ; 2% [B] 1R 2245 Spatial Error Model ; tkgm : A TR ; redp : A 34 4 A 77 B AH 5 xfqd : BE TR 2% 5%
B svezh s N VIRBAE R csrm; BRTT A T35 BE 5 ecab s 7™ i Bb vz, JB RIS AT SCECURCA 5 ngtz: BEUR Tl 4% 9% 5 Log likelihood ; X £ AL 8K A 115
wox o 191 BFHIKOE 5+ + 5% K

3.2.2  AHETRREEER I N &R

T SEM S ARCRIE T SLM( 3 4) , AR SCEESE SEM K40 M7 4 Sk B HEB T RE e i at S 435 2K
Hodr ) N RS S A0 A i i S s, BN OB 22 | AR BN RAE AL TG sh 28 5% 7= B ARk
SATEE R TE Bh RS A AT R IR T R %o U B0 A 2 Y 1 [ R

F4 BELSEHRTHEMENRENSEITEER

Table 4 The spatial econometric result of influencing factors of sustainability of provincial nitrogen emissions in China

A5 Variables SLM SEM 7545 Variables SLM SEM

Inrkgm -0.0003 *** -0.0004 *** Innbmj -8.4114x107° -8.5256x107°
Inrgdp -5.8245%107¢ -8.8508%107° Innzjg -0.6065 -0.0506
Inrczh 2.5016 2.1482 R? 0.5582 0.6086

Innzcz 0.0007 * 0.0008 *** Log likelihood -39.7366 —38.5962
Inggmj 0.0004 ** 0.0003 **

nzez : AN S H 5 ggmj A ROE IR AL nbmj  RAEWIREFI I nzjg : LMV FIAEZERE 5 + £ 10% 1) & KT

3.2.3  BEHEROT RS R R R R

T SEM USSR T SLM (36 5) , A SCREHE SEM 384347 45 Sl HE T rT HR e v A S 2 55 2 i IR 2%
Hodr ) NTRUBSE ¥ GDP 0Bl 400 A 35 10 S s, BN D RS 22 A 35 GDP s, B 48 B0k /)
N FUSRAEAR S A 0 R TR A AR % e T R S8 e Bl 250 A 38 04 IE il 52 g, EL N TS T % 1) o R
LWRTEME,

®5 HEHEBHIMATFEESHNERNEEITEER

Table 5 The spatial econometric result of influencing factors of sustainability of provincial phosphorus emissions in China

A5t Variables SLM SEM A5 Variables SLM SEM
Inrkgm -0.0002 -0.0004 ** Innbmj 8.5190x107 0.0002 *
Inrgdp -0.0001* -0.0001 ** Innzjg -0.1452 -0.1974
Inrezh 4.3007 * 5.7278*** R? 0.5921 0.6494
Innzcz -0.0005 0.0004 Log likelihood -41.1439 -39.7517
Inggmj 0.0007 ** 0.0006 **
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i T SEM SLARCRIE T SIM (3£ 6) , AR 0k % SEM KA & UK l gtk it S @ e N &, H
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Table 6 The spatial econometric result of influencing factors of sustainability of provincial water in China

A5 E- Variables SLM SEM A5 Variables SLM SEM

Inrkgm -0.0002 *** -0.0002 *** Inrzsr 9.8824x1077 -2.1746x107°
Inrgdp 1.1045x1073 6.7211x107° Inggmj 0.0004 *** 0.0005 ***
Inrezh -1.8370 -1.2060 R? 0.5546 0.7230

Incsrm 7.9977x107° 4.6210x107° Log likelihood -25.5132 -21.2566
Ineczb 1.8256 3.0769 **

3.2.5  LHIWTHRSE M R

BT SEM LA RCRISAE T SLM (38 7) , A SCEE 5 SEM Sk 43745 85 1 b T 3R 22 Ve i 4k 23 25 5 52 ) (R 25
oA, N TR - i 48 2507 A 3 A S g B2, BN 1 BB | - b R0E /I s A RO I i AR A A 3% ol
TR A AR 25 W 0o = b R0y 7= A W 2 A L T ), Ll bk 45 ) 1) B Rk o g T LA R 3%
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Table 7 The spatial econometric result of influencing factors of sustainability of provincial land in China

AS it Variables SLM SEM AF g Variables SLM SEM

Inrkgm ~5.4606x 1075 ** -3.4132x107%** Innbmj 5.6342x1075*** 4.8078x1075**
Inrgdp 4.9916x1077 2.8211x107° Innzjg -0.0566 0.3999 *

Inrezh 0.1158 -0.0699 R? 0.8503 0.8667

Innzcz -5.8407x107° -0.0001 Log likelihood 15.2821 14.8556
Inggmj 4.2268x107° 8.3772x1075**
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