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Abstract: Environmental footprint represents the degree of the impact of human development on the environment.
Environmental footprint and human well-being are the important indicators to measure the sustainable development capacity
of a region. This paper calculated the environmental footprint and environmental boundary of the Three-River Headwaters
region, constructed a framework for evaluating human well-being in the Three-River Headwaters region, and evaluated the
coupling coordination relationship and the dynamic characteristics of the environmental footprint and human well-being in
the Three-River Headwaters region from 2000 to 2018. The quantitative relationship between the environmental footprint and
human well-being in the Three-River Headwaters region was obtained. The results indicated that: (1) overall, the
environmental footprint per capita of the Three River Headwaters region from 2000 to 2018 exceeded the environmental
boundary limit. (2) Human well-being in the Three River Headwaters region indicated that social and cultural well-being

was higher than safety, health, and basic needs in the order of importance. From 2000 to 2018, the overall human well-
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being in the Three-River Headwaters region showed a fluctuating upward trend, of which safety and health fluctuated the
most and contributed the most to the overall human well-being. (3) The coupling degree and coupling coordination degree
between the environmental footprint and human well-being in the Three River Headwaters region showed a fluctuating
upward trend, and the level of correlation between the two gradually increased, and gradually tended to be coordinated. The
results of this study can provide scientific support for the relevant departments to formulate reasonable regional development

strategies.

Key Words: environmental footprint; human well-being; coupling degree; coupling coordination degree; the Three-River

Headwaters region
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Fig.1 Location of the Three-River Headwaters region
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Table 1 Carbon emission coefficients of all kinds of energy sources

i JEUE far J3h Sk bRl A S wALA R
Type Raw coal Coke Crude Fuel oil Gasoline  Kerosene Diesel fuel — Liquefied petroleum gas
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Table 2 Nitrogen content of different foods and virtual nitrogen factor
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Table 3 Phosphorus content of different agricultural products
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Table 4 Evaluation index system of human well-being in the Three-Rivers Headwaters region
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Table 5 Classification of the coupling degree between environmental footprint and human well-being in the Three-Rivers Headwaters region
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Table 6  Classification of coupling coordination degree between the environmental footprint and human well-being in the Three-Rivers

Headwaters region
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Table 8 Indicator system of the assessment on the environmental footprint and human well-being in the Three-Rivers Headwaters region
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Mgt IR bR KR 3T X YR BT/t Y6
R f(x) e AL TR % ARAEY R AL (hm? ) ¥7
Indicator system of R X3 BANAE/ A Y8
environmental footprint T 2 Xy I RBL/ 5k Yo

A BT xs fiscor U AN VIN Y10
J& RAR MR bR A7 RME/ AT » pRTEE N v Y
R g(y) ART i R E AT ST/ T ¥2 RSB N Y12
Indicator System of I i BT SE R A/ Te Y3 RS I VIN Y13
Human Well-being AR/ Y4 WEBC R R/ % Y14
PRIZE R H /L ¥s TMER AR5 N Yis
*9 ZITiRMRX ARG R
Table 9 Environmental footprint per capita of the Three-Rivers Headwaters region
=TT X ) FR B R
. Environmental footprint per capita of the Three-Rivers Headwaters region
ii NI 3 S IS R JNET Y N
Carbon footprint per Water footprint per Ecological footprint per Nitrogen footprint per Phosphorus footprint
capita/ (t/ \) capita/ (m>/ \) capita/ (hm?/ \) capita/ (kg/ \) per capita/ ( kg/ \)

2000 4.39 474.23 1.80 4.27 3.43

2001 4.54 501.37 2.07 4.59 3.67

2002 4.88 519.05 2.49 4.35 3.54

2003 5.31 532.84 2.81 4.26 3.49

2004 6.40 553.03 3.10 4.34 3.56

2005 7.77 594.39 4.01 4.41 3.74

2006 8.79 593.66 3.84 4.58 3.72

2007 9.60 614.86 4.91 4.80 3.86

2008 10.39 595.80 5.85 5.02 4.03

2009 10.65 585.97 5.93 5.09 4.08

2010 11.52 689.61 3.14 5.27 4.17

2011 14.19 695.56 3.29 5.43 4.31

2012 15.54 603.45 3.71 5.69 4.51

2013 16.71 620.59 4.15 5.37 4.33

2014 17.29 631.41 3.24 5.41 4.40

2015 17.76 648.46 2.49 5.46 4.47

2016 17.50 674.16 2.49 5.55 4.58

2017 17.71 702.05 5.14 5.48 4.55

2018 18.29 704.42 5.85 5.47 4.56
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Table 10 Environmental boundary quotas in the Three-Rivers Headwaters region
VLY b X PR 1 5 BR A5

Environmental Boundary Quotas in the Three-Rivers Headwaters region

7
oy Wil it AR AR B
Carbon boundary/ Water boundary/ Ecological boundary/ Nitrogen boundary/ Phosphorus boundary/
(V' N) (m*/ ) (hm*/\) (kg/ N) (kg/ N)
2000 2.20 660.91 2.12 5.65 9.04
2001 2.18 652.59 2.09 5.58 8.93
2002 2.15 644.44 2.07 5.50 8.82
2003 2.12 636.43 2.05 5.44 8.71
2004 2.10 628.56 2.03 5.37 8.60
2005 2.07 620.80 2.01 5.30 8.49
2006 2.04 613.14 2.00 5.24 8.38
2007 2.02 605.60 1.98 5.17 8.28
2008 2.00 598.15 1.97 5.11 8.18
2009 1.97 590.85 1.96 5.05 8.08
2010 1.95 583.68 1.94 4.99 7.98
2011 1.92 576.65 1.93 4.93 7.89
2012 1.90 569.76 1.91 4.87 7.79
2013 1.88 563.02 1.90 4.81 7.70
2014 1.86 556.47 1.88 4.76 7.61
2015 1.84 550.10 1.86 4.71 7.52
2016 1.82 543.91 1.85 4.65 7.43
2017 1.80 537.91 1.83 4.60 7.35
2018 1.78 532.09 1.82 4.55 7.27

3.2 =TI IX R AR AR
3.2.1 VLR IX R RARHE PR F58 bR ik R AL E
f % 11 7] DLEE 2R 2 B e KR4t & SO Al , LUk 2 28 4 filt B AR AL, S5/ 8 S JE AR 5 R A ik 5 HL A
AR A2 Akl 0.3411 Ze 2 @Mk 0.3369 JEART R FEHE 0.3220, X TUEN] 24T , AR (8 i A
11 STEHEEREHINSRERINE

Table 11 The weights of the evaluation indices on human well-being in the Three-Rivers Headwaters region

BEE & N2 & bt AN
Element layer Weights Criterion layer Weights Index layer Weights
AT SRAR AL 0.3220 FEARUA 0.1979 A7 BB/ ALt 0.0832
Basic needs well-being AR i R AT Sl A/ TT 0.0735
FRUE R ] SE I A/ T 0.0832

FEARY) o 0.2702 WA SR/t 0.0449

IS vas 0.0405

ey =1 0.0462

ARAEYFIAE H AL/ hm? 0.0536

A AR AL 0.3369 B f R 0.1328 BANE /A 0.0392
Safety and health well-being VS 0.1101
s 0.1357 S U AN VN 0.0525

PRIV 0.0305

Frgs Ui AR AL 0.3411 ESIEEE AT S 0.1962 B AN e 2 YN VPN 0.0964
Social and cultural well-being EIFIRRE SR ALY N 0.1212
WU ID R/ % 0.0714

AHF 0.0672 HNHER AR A 0.0535
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FNHEFIMR O - FEA Y ot AW | R A2 56

RES SR SO, BRI REY - 00065e— 129 ..
0.067, HrP BRI IR B FIRIS S R ABO TN £ () R2=0.9086
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AR L AR LA B BT S B % 2 1 KT 4 by Year

i, 2 e RO S SO AR Ak T oK H 2550 80 2 2000—2018 £ = TEHEERELHESESH

322 E/I//}Ei ﬂ'{_j‘ [Z }% E}g}ﬂ: E/g Hﬂ‘ I‘EJ /}'j/ft Fig.2 Comprehensive score of human well-being in the Three-

2000—2018 4F = JTY5HIX i AR Mk 25 5 15 r As g, Rivers Headwaters region from 2000 to 2018
RAANIE 2 7R, 19 4R [A] = VT IR i IX i B A Ak 7K SF %
AR5 T 2000—2014 4FE Sk 5h T #a#, 2014—2016 BEA FFE,2016—2018 5 b FFa#, Mk =,
UL IR BAR AL AR fb 5 B B Bt e R AR, 156 P R AR AL T 2 M R R, 1 A SRR FE AL S 4k
g
3.3 RS R RARALEE G PR R O A

H1 2= 12 A&l 3 W] 0L, 2000—2018 4F = VLI M X P53 vF 5 a5 R ik 3R G R & B AR A D B 22 0 5
TS, MG EEFR R ,2000—2018 4745 7 5 8 BOAR HERE G B S Bk 3 b Tk A B A )

Fz 12 2000—2018 F = ;TR X I ERITERBLSE S HARKR

Table 12 Coupling coordination conditions of human well-being with environmental footprint in the Three-Rivers Headwaters region from 2000

to 2018

BB RS SRR
(x) (y) [ P S ) Coupling Coordination ~ Type of
g\y
phase level development

e

Years

2000 0.0010 0.2456 0.0018 0.0693 0.0112  92.0719  {R/KFHE RS TEAE R

2001 0.1130 0.2636 0.7225 0.1054 0.3119 1.8682 JE A B B BRI L e i i
2002 0.0888 0.2249 0.7850 0.1021 0.3171 1.8402 A B B P S L 22 SR i 784
2003 0.0940 0.2034 0.7783 0.1118 0.3307 1.8107 A B B BRI L e i i
2004 0.1688 0.2200 0.7365 0.1647 0.3928 0.6954 A B B BRI RBE R R i i 7Y
2005 0.3175 0.2181 0.7633 0.2471 0.4343 0.4756 VA B B BRI W8 K S Je A
2006 0.3422 0.2674 0.7123 0.2587 0.4292 0.4337 A B B BRI IRBE R JRiis Je A
2007 0.4834 0.3008 0.7709 0.3687 0.5331 0.4822 VA B B BN bt % e I Al
2008 0.5824 0.2953 0.7348 0.4351 0.5654 0.4515 AR B BN PRBE R R v i 78

2009 0.5989 0.2894 0.8334 0.4764 0.6301 0.5442 RS BN It K SR S Al
2010 0.6255 0.3112 0.8705 0.4967 0.6576 0.5888  m/AKFHEA WK IRBE R SR Je A
2011 0.7236 0.3920 0.8828 0.5800 0.7156 0.6053  m/AKFHEA BN Itk SR S Al
2012 0.7374 0.4377 0.9302 0.6337 0.7678 0.6827  m/AKFHEA WL IR i e Al
2013 0.7188 0.4583 0.9778 0.6606 0.8037 0.8090  fm/KFHEA NG L5 B R R [ A0
2014 0.7125 0.6163 0.9992 0.7079 0.8410 0.9608  F/AKFHEA rh b L5 B e[ A0 A
2015 0.7197 0.5289 0.9989 0.7092 0.8417 0.9536 KRS NG L5 B R R [ AP
2016 0.7734 0.5725 0.9840 0.7124 0.8372 0.8354  mAKFHEA NG L 5 Bk R ) A A
2017 0.9202 0.5630 0.9965 0.8806 0.9368 0.9200  FKFHEA T b TR L5 B R R AP
2018 0.9563 0.6401 0.9829 0.8806 0.9304 0.8304  F/AKFHEA NG L5 B R ) AL A
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g 300 5 i BAR A B A DR IR BE AT LA & B, AT AR 0 5 S AR ik vy 2 98 & SR BIn L 156 B PIRJE 2 ST- Bt 2 B ]
W AW S BEAh, & X & RIS AT 2000—2003 4 = YU 3 X Hp 8 & J 2 780 hy 4 ik & i i I A0, 2004—
2012 AEWMR & B SR PRES K B Je A, 2013—2018 4EBMJH & RS R AR Ak 5 PREE & 2 ] 25 L sk 156 B = 9T
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