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Abstract

In order to correctly grasp the relationship between ecological environmental protection and
economic development and provide a theoretical basis for the construction of the Minjiang River
Basin Economic Belt, the economic development index and carbon footprint index accounting
system were constructed to evaluate the economic-ecological system of the Minjiang River Basin
using 33 counties and districts in the Minjiang River Basin as the study area, analyze the spatial
variation of carbon emissions through spatial autocorrelation, and analyze the influencing factors
of the carbon footprint index based on the GTWR model. The empirical results show that about
38% of the districts and counties have RC values > 1 from 2012 to 2017, the regional ecological
carrying capacity exceeds the level that should be borne, and although the overall carrying capac-
ity of the region-wide ecosystem is strong, it shows a trend of weakening; the spatial layout of the
carbon footprint index shows multiple heat values, and there is an imbalance in the spatial distri-
bution of regional economic development and carbon emissions; agricultural activities, fixed asset
investment and energy consumption are the main contributors to the fluctuation of the carbon
footprint index. Therefore, in the process of constructing the Minjiang River Economic Zone, re-
gions with high carbon footprint levels should both develop their economy and protect the eco-
logical environment, and carbon emission control and carbon sink absorption should be carried
out simultaneously; within the basin, the development model of the low-carbon economy needs to
be promoted, and the level of urbanization should be continuously improved, the allocation of
energy use should be optimized, and the level of agricultural productivity should be enhanced in
order to achieve green water and green mountains.
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HON NAZS RGN VTG AR AE S B 1) BEREAT R 9T o FE AR S AMEARHER € 2 0, MRFFER[2] [3]. ==
B [A155 K L2 AR AR ZS RGNE PG 7 VENT IV R AR S AME R HEREAT 1A, S T
— BT 5 RCR KT A S AMENL . BEEE2] [5] [B1FMHLE A ERRGRSME . KB
HaE. 0 REFROEE I 2 R8O VLR AL S 25 5 ARSI EHAT TR vhe, HIRTAR
(RS 53 ST T AH LI AR S AMERRHERIZE 3L, FEA EE R AR SRR Y AR SAMERE R, AME T
G P M Ty TS A SRR SR 5 S 7] A TR T T AR A 20 T TR VLR AR A
MU IR B R0 BURFRE R A R S AH O, BEHE H B STl A 20 SRR A AL 2 58 B A 7
AMENLHI DGR e B T XTSI ARHEA I AR S AMENLI AL, =B ATERTT T IR A S R 525 R R
KR, BIBHE[BISEMNET KR tha K RFIIELLR Y (1 M A @A VRPN R br A R, FIH 7151
AT, g R VT JACHAS () 1 DX R A [ Bl 1 P R 75 B R R R o IR R AR i B . 8 T R R Vi J R
Fa R R R A, FRER AN A G A AR T G T ) B G [O] SR TE A 28 [ VLR I A A TR A
FESEAE b, @R ER BT, AR X AR A T R R B R I 1) A SIS M, SR TR T
—Hr =X B B VA AR A 2 A SR AR I PR S — R B L TR it

GRERE, FIYRIN T VLIS AE A R I e 2 AR R AR R A 5 F BB Y LA SR e, T
RIS RGEWIEM AL, Rl “B” FEET B KA CIR, W0 Dl 75 ik il 5 4 5%
DX FRIAEZE R F 10 Y37 30 20 5 s P 28 R ALK T R BR T (5 1 258, AR 2 B DI HE 1 1), th 2
BURF RO IR o BHE M ST Y LIRIR A Gy, B AT RIS A 5 RAMAS RGURFFVEAL[10]. [EVE
TIRGFFAH I, 58 BT IRV 4578 RO RE A 15, IRk, AW 78 DLMYT IR IR 4 6 M HiTiT 3
3B3ANIX BTG, DL 2008~2017 SFE A FEIX A, FYERZA TR RABEONIBRAR . B 2 A% AR R
M) YL P A TS RS0, B TR M2 (MU 701 77 1%(ESDA), 15 S 2% 5] B AH A 56 43 4t Foik
JE TR 23 25 S 5 4 ORS8RI [ U5 (G T WR) A 3 38 4 Bl A 28 T 2 73 48k K G 52 i BT 2 5
TG 24500, DASARE S 4 MDA VT IR B R R R AE SR B B, NP R A S S o, i
VLRt 48 50 7L SRR R 2 5 5%

2. IRMREHIE
2.1, BiEKIR

WEFCHE K Lk ) 33 A X EATEX R /K SRS 8] 70 Al shp SR B A (K 1)RIETrh [ R}
BEt B AL A S IR ST B X B IFERZEGE (FMERREERIE T (REFEE) - SMmgiHHEE
ME LT AR, I ArcGIS10.6 #X1H A1 Geoda it L2 WAk BB HEAT AT WAL 1 A A0 23 18] 73 A

22. BHARIBEREEH

N T R A R AR bR I 0 JEE AL A P AN R T B4 0 R FEAR S, AN SCR R I T ARG B R LA
BF R TR B (Ec) i & VLI Va5 X B A BF R B K, 437X} 2008 4F, 2011 4F. 2014 4 K 2017
FIX 4 FHI ALY GDP, kP %% X B &5 sk s DL BE T N A i 7 o

SR BERBRIERWT:

Ec _ gdp./gdpﬂc (1)
P Py

KO)HF, Ec R BRI KA, odp Fonsl i A B3 A E M B RA ™ S EH; PR i
BN I (A5 N D3GR, gdp 301 P 38043 51 3R VL9 X 38 1) GDP a5 8 A 115K
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Figure 1. The administrative and water system distribution of 33 districts
and counties in the Minjiang River Basin

B 1 @I 383 MR EITH KRS

# Ec < 1, NWUHHZEIK AL GDP /KPR XA, S5 R AT AR, 18,
# Ec =1, RUNZEIBM A GDP K-V 5T BKF—3, SUFREEONEE: & Ec>1, £WiZE
KA GDP KT X T BKF, GBF R AR B, U R BT . FEHRINTIIR A Lot A T ik
AR, & B IA T R AR B A i b N S B X I0A PB4, By BSOU A FERRAN T Ao TR, 7 Ec >
15 Ec <1 MEEHEMILI, Ec>1MNEEEERITEEEMN 50%, NI NI EETHK, Rz
PR FEAS T4 o

2.3. BRAERE R HEIERIR

A SO N, ARBRE PR ECRIER SO B R R IR, mRERE MR AR G4 5 R R ASE UM
ANE T UE K TS B RV, AR AR I T 7E 22 5 R R I R A R IR B AR . RIS i 2 28 ) 5 S 2
PR —RIRRER L BRI SR A B () 1 CO, HEE SR =KL CO, S tcE, AN
BRHEBCE () [11]; 2 FR A RN CO, BT M ZE 7=t - i AR, BRBRHE A 7 M T X (hm?)
[12], ASCH BT R FH AR 2 308 A% B 2 L2 55 i A2 28 58 S

B TAR M T 7E 2011 A L REIR SR v Ab, WA SCIER I 2012~2017 421X 6 SR EHE, FH Ak 2 2 1% B It
PN VTR 33 X B IAES RGURNL.

2.3.1. BRHEHER R ERHE
BEASRE R T ER A TR MRS EARRIEE A — 2 TR, Rl
FROl B 5 BT = A R RBCHETBOR AT BORRIR S A R N 2 AR P AR 5 5 Bl I R o BT 7 A O B Bl R, X
HELFE T NS, RV A R A R
A Co 2 XS N 1 e e i i, Ul
C,=CF+Y.C.Q=CF+>C,Y/a )

K@), Cr AL (M) P bR b AR 4P W — S AL A B (A Cr = 0.6 g/m?), F kit 1
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WAHTAR, Co N i SRR — A PR B AT R, Q N i RRIEMIRI B - &, Y
AN T8, o T FANEMIIRTE R E FET IPCC CL28 A1 IR FIURH 2 SR ) 2 B 1t
REAT 754 i T ZUR AR A5 2R B (o) BRI R (Co) i 1 s :

Table 1. Economic coefficient («) and carbon uptake rate (C.) of major crops

1. EEREMEFRE (o) FIRRIRILE (C)

EIES TEP) 4 T o Ce
WEEY IKH 0.45 0.4144
£ 2 S 0.70 0.4226
ZEAEY JERE 0.10 0.4500
MiES 0.25 0.4500
S 0.55 0.4500
i 0.50 0.4500
el 2 AE) BEoK 0.30 0.4500

FTANE. HE DR RIX 3 M AR, A E (M)t A T
Mc=Mx +Mg + My 3
P Tt SR IBCHE AN ) A 7 A A R, SR I B AN KM B MK & v T, JRLUE
JRILE RO E AR E, SEHERCRE DL 365 RitH . [FIFE, 4% BRI A P~ A i A R R T FEARR AT, TE%
SREVRIH AT AR BT Th, OB R . IR Sl RS DR R k. FE T IPCC &
LNAMHIBHE, = AMRHR TR BRI T 2 Bk

Table 2. Carbon emitters and CO, emission factors

2. BRHEER R CO HEMEF

HER R AR LA BRHETRA 7 (UTI)

N AN¥K(kg, A - H) 0.9
kg, k- H) 11.0

. *(kg, T - H) 2.1
kg, %k H) 2.1

K& (kg, B« H) 0.1

PR 0.8

HRL A 0.6
R/ 0.4

24, BEMEE

S 2030 AERTIRISIE H AR5 2060 RIS, MlE LT KR T, e
RER 5 SRy MM . DRI AE AR R I — BT P, [ R HE G 8 T A . X T 2R AT s n
T HETBORN B IR WS P e s i A A% SR N o 6 7 S B RS Ak W A e v AR R S5 75 B AT AT S5 A B EE R
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AHEAIAE FH o WA SR R TS AT BB VB AR ) 2 AR A% B [ T LI e e ) XA A 35 R G
MDA AR 238, B iU #(ECO)L A KA
ECO=Mc-C, ()
FH TR AL 8 S 48 1 A A AT RRHEIBUR) CO, Jir 55 R A 77 1tk Lt TR, AT A4 2 — AN AE X H s LAAZ B 1)
YL 33 AN X Bt I RAE, F AR VI A 8 RGO, ARG R bR A :XN:
RC - E?Oi /E?ojﬂa )
i I5;

A(B)H, RC Ay B8 X 45 P (KB 2 28 P8 50, ECO; Al Ly 20 AN SR | B i Hl s &A1 L TR AR, ECO
wA L w20 AN VLRI R e i e 5 R iR . & RC{E < 1, MR BZE 5K Ll Fe B8k,
K B ) VLI A X AR BRI T20K -, AEASTIREM 8T, AR EE KPR E; HRC=1, R
1% EL A M 55 B [ VTR AR R R AE BT 2 K7, A STRE—M%; %5 RC > 1, B Z B BRAEBFE B &,
BHE R T X B SRSk, AEAREIRES, TR S M T R R R rh AT R R
3. fIRG*

3.1. ZEBHEXEE

TE M IR S A B A B R S A5 4 2 B, 1 2 T B S A 36 [ Y 9 3 ) 65 X2 S R I A ) 25 43 A b B 25 (]
A (B2 WA R L) . 2R B AT — Mo N4 B B A SCHR 3 B A5 4T, 4R B A R 7L
X IR 2= m G A, B3 E AU R oeF — AN UM E K R 28 0l [11] -

3.2. BB MR EYIER (GTWR)

AL 40 B IR R[] VAR Y 3 B T AR I B AT 0T, BEAREUEEA R, o R e

AR, DREBRIFIAE TR S T i 2 H FBINA BT AR RS 7 PR DA (2] U i L mlt b 51 330 7 isf [R) 44

B, CRAUEAIR W 7 B ()R 2 1] (R~ A s Pk 1) @[ 12], (S0l 145 s e 2, HARE A Bk anF
[13]:

Yt:ﬂo(uivvi!ti)+zp:ﬁk(ui’vi'ti)xik+gi (6)

et Y X 4B AR A BRI A . | oW SRR A ELIK s U, v S92 LT M E A, ¢
TG B (U t) FRBETG: B, (Ut ) SRR R AR (B8 o S BEHLIRE) T,

PEMEAF A2 B, 0 B3 2 RS SR 2 B L SR T, T 25 B A A ]
SR P Huang 25 [13] T4 it i 07 0 00 2 2 B8 ORER 2 BEL B AT 50, BRI B A S A R 3 T
7N

= 2 (w0, ) +(u-v) Jralt-n) ™
A (u=u,) +(v =y, ) |+ p(t -t,)
e (v u,)+(vb2vj)}+u( ) ®

Horb, b, JARERIFRIXNAFER R T S804 A 0 R R AN AR 5 3R Gt i 42 B 1 AN [ S M R S B
FSIR
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1% STIRPAT ¥ B R AR BUE , BB EIRITLACT . SR — A R . AR
T 9% 55 58 S8 LA 3R AT e 2 X v B Y B e RIS 20 A R [14] AR SCR i 22 Ju e PE TR R 4

p
InC,, = e, + Y Inpk, (%, )+ &, 9)
k=1

X, RS IREOV PR R E L C kR, MRRRD ARG R RIGE. BIE B SR, AR
iy R T A e A BRI R A ML SO 4 BARSERE T BB, DL X R0
ARG WK 3. i1 T St XM 1L X A RER ST TH AR AE 5 JF e A R e T REVRH 2 B HL T X P08 ok,
BRRMEEZ , NORFREEE AR E, BB St DRG0 X X R AR B 4, A 38T 31 MX BT 4t
pax it EIVE

Table 3. Definition and descriptive statistics of relevant variables

= 3. EXTEME N Rttt

A i e BT HMH Pk % WA /N

T A TR R RC 18 1.025 1.919 ~5.177 9.09

I E 557 15 B AR (O 40 Jijt 4.938 0.839 2.833 6.917
VA NI E) JiN 10.193 0.892 8.842 12.254
A X s F H A (e 4 Tk 9.613 1.302 7.107 13.361
NP AGaE) JiN 3.302 0.602 2.313 4.871
GV R RIRE T L) EC {4 -0.165 0.322 —0.952 0.859
TV BRIB A B (3 ) Ja il 19.757 0.692 17.874 21.175
FAE LA b Tl A e il T 12.503 1.438 9.479 15.411

4. REGRE SR
4.1, BR R IE AT S 53 T AE

g5 2012~2017 4F RIVLHUR 33 MK BB AL S RIRC), 2 ArcGIS10.6 #EAT IRk
ST L B P S B I A AR, 3o 20 60 8 1 0 T X R BB A8 4 A AR 8 4743 (f
[l 2).

TEREI b, 2012 4EEREIK 1Y RC (AR, BHR B MO & T VT AR K I T AT, s RSBy
Mg RMFIRMAILK ., KET. DREK. Gl KA=0 5005 12 A RERILE, RCEI7E 1 b
b, TR A TR, AR 33 A FIX B, 21 MK B RC EANT 1, EAREI R, AAR
GERBLIEANRE, BT X BRI A B SN R . 5 2012 4ERIBR ISR L, HEAth 5 ANEE G B A2 754
BT 1 B BIEA EREE BRI . IR N B IO X B . MBI MR BRIk, IR
TN SR A O A A0 A TP 5 2 S TR AS TR I, (LB AE T D8R R 2

M LA, SRR ALK BB a8 FLA TR e kor, et Msia B A T A, 7
RIS AT, ERARER, EATAHR D, Wi 1 (R IEAREE =K. e
BOEESRE. AR MK, KRS R, ASTIRECNME: M 2012-2017 4E, BRALE
TR 1 (BB 2012 4EH0 12 MFHE 2017 460 13 4, BORT AA Sl F IR, (FLA SR
ST BB . AR, VT A OB A 7 4 O R , EL2 ] 4 A B Y
SRR R, ERAR A TR, A R
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Figure 2. Spatial variation of carbon footprint index by districts and counties in the Minjiang River Basin, 2012~2017
[ 2. 2012~2017 FFiEiLiRiE & X B ik B s = 8] 5 5 E

4.2. FREBHRR TR R E B HEXKE

B T4 N 17 B2 2012 4F A BOZBRIR SR AL, B %) BRIV T4k 43 2 T Bk 2k 2012 48 DART I S o 28
T R ORECHE PR B SRR 14, A OX R VI 3 L s S R i R A R) B AE DA IR I FUR B 2012~2017
.

4.2.1. BEFERERLIFE

T A3 BT 2012~2017 4 6 4 0] [3 V1 308K 2 28 i HOR 75 A 78 23 18] _E IR 4R SR = AR et R Rl 4 i

BN, AT Geoda B AFTHE T 2012~2017 4 8% Bk & 45401 GlobalMoran’s | $8%k, s
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Table 4. GlobalMoran’s | index value of carbon footprint index of each county in the Minjiang River Basin from 2012 to
2017
= 4. 2012~2017 LIS &% X B ik B T HE#A9 GlobalMoran’s | & #1E

e |k /8 ;
o I\I\//Ilcc))rr:: sS II iii%( Expec?ajt%r% index ;T;ﬁi p {ii p-value lf//l/jefin bRtz sd
2012 0.3936 -0.0313 4.9733 0.001 -0.0314 0.0855
2013 0.3897 -0.0313 4.9272 0.001 -0.0315 0.0855
2014 0.3894 -0.0313 4.9254 0.001 -0.0315 0.0855
2015 0.3877 -0.0313 4.9162 0.001 -0.0314 0.0853
2016 0.3872 —0.0313 4.9236 0.001 —0.0317 0.0851
2017 0.3799 —0.0313 4.8367 0.004 —0.0318 0.0851

PER AT A1, 2012~2017 4% ELIgm 2 2 4R 2 Moran’s | #REUNTE 1%/K-F B3, dlid B3 MR IR,
R VLS i L AR B R DR s (e B AR H Z 50 BN IE(E BT 2,58, Ui WA B B 2
AR B () AR AR B R B SRR, 2R AR ARH B35 . 2012~2017 4 Moran’s | AU 23N
BERES, RUIM 2012 SERIR, VLSS B X TS0 BARSCIE EL2 T, EIHIREAESS . Mk
LA, FR#EZR Moran’s | FEERAANK, 150 B [V LI HE T 18] 73 A1 ks S ZE AN AR E

4.2.2. BEPRT B IR TR LIS
FIFH ArcGIS10.6 # i 78 [B G tH it B i R H R A B s (R ) Girfa s, TR B R0 ks

A (99% B (Z) BRI FE RS A (99% B (E). 2012~2017 AFE[RVTIIH & X ELAR & R HE 502 )b R ) S 58
W 5 Fim.

Bk FE, 6 ) I R BUR R A S RAR AN K, (HER A XA E AR . 3 5 AT AT 6 4
] B AR R RS E M EESEIX . BT A XK EEEh TR, KRR, FHER
FAROE o DR AREOAN 1 3 X R A A TE M 8- . SR G ol i, TRV IR %5 15 X LA A2 78 4 o
FEEEATRT R R, JF S0 ) 78 R s DX R sh (a3, B R0 T 2 R RE

Table 5. Local spatial pattern of carbon footprint index of districted counties in Minjiang River Basin from 2012 to 2017
= 5. 2012~2017 LRI &% X Bk B e S R E1E S

M@ HEBRE

B4R
2012 2013 2014 2015 2016 2017
I NTES NS NS NTES NS NTES
HHE FNTE NEE e NEE NEE NTE S
il B —95% —95% —95% -95% —95% NGE
S IX (RN TT) 95% 95% 95% N ENTES NTES
BIlX -99% -99% —99% -99% -99% -99%
BITX 95% 95% 95% 95% 95% NTES
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4.3.1. GTWR SiEER

TEHEAT GTWR SZIF [H] )2 /i, I statal5.0 X &8 & T 2 H LML, 455 Bon 3L VIF EIS7E
10 DAY, &AM 2 SRRV, TT DT RS 82 GTWR [BIAHT . 2T 3 K5 B BRI R
17 GTWR #fi {4 #1 ArcGIS10.6 B4, BT B 0 By 5o A 2 P B S8 LU D 1, X semafi 2 725 4 £ 8]
SIARRHIE (R 52 K 2T e GTWR B U 4347

TE 53 BIHEAT AL S8 19838 Bt/ — Feik(OLS) | A GTWR [BIHJE, RAFET AIC #ENFIHLELE R?
PPN RN B T, BARSE BN 6 fim. GTWR BEAL AIC -512.1667, & 1LIE R? v 0.9879, #
Lo T il /s —aRIE(OLS) i m T 0.7277, DMk, AHE TG i@ ik, 8 TR S8k
GTWR 57 (R RE I FE AR SR SE 5, tHIGE 1T A SCR A GTWR #7384 H 0 & .

Table 6. Model evaluation metrics
%< 6. WAL IEFR

T oLS GTWR
AIC 729.2163 -512.1667

R2 0.2602 0.9879
AIC Bir & 0.0000 1241.3830

R2 ki 0.0000 0.7277

i GTWR AL I R HE SR T 45 B KRR AL 45 Ko A IR R0 A 3R AT 2500 o, 193105 5200 D8 2 1Y
IR G A RN 7 FroR. BT WAL SMRREVRE B L LSS R R T A R AT AR AR A DR 2R 4[] )
B FEROR, TR HS G S L I FE B AR A I 22 57 B A

Table 7. Descriptive statistics of influencing factor regression coefficients

F 7. FWEREVFARBER G

A HALEL BE bk % e/ ME S ON]

[i5] 5 B 77 45 B A -0.841 -2.133 7.855 -36.009 26.818

Al Mol N 5 3.217 3.584 7.937 -14.204 31.199
42X EL 5 R -0.158 2.774 9.234 -10.067 40.236

N R 0.830 0.364 9.194 -30.678 21.379

BUFR TR -0.071 0.036 5.244 -13.41 20.222
VBRI -2.701 -4.612 8.045 —34.064 12.783

FAE LA L Tl A e HE i 1.988 1.786 4.401 -11.496 13.657

43.2. HERME RN ZRILEHE
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Figure 3. Time series variation trend of GTWR regression coefficients
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Figure 4. Distribution of influencing factors of carbon footprint index in Minjiang River Basin
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