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Abstract In order to reveal the coupling coordination relationship of "production-living-ecological" functions
and the spatial-temporal difference of its influencing factors in Guangxi Beibu Gulf Economic Zone, the

study constructs the evaluation index system of the national space of "production-living-ecological" functions
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from 2010 to 2020, and analyzes the function relationship by using the coupling coordination degree model.
The spatial-temporal heterogeneity of the factors influencing the functional coordination of "production-living-
ecological" is then discussed by using the geographically and temporally weighted regression model. The
results show that: 1) The production and living functions of counties in the Beibu Gulf Economic Zone are
gradually improved, and the spatial pattern of production and living functions is "high in the middle, east
and south, low in the north and west". The ecological function is slightly decreased, and the spatial pattern
is opposite to the production and living functions. The high-value areas of production and living functions in
Nanning city have diffusion effect, and the high-value areas of production and living functions in Yulin and
coastal city are at the polarization stage. 2) The improvement of production and living functions promotes
from basic

the coupling coordination degree of ‘"production-living-ecological" functions to improve,

coordination to moderate coordination, and the functional conflict of "production-living-ecological" is
gradually reduced. The basic coordination of the "production-living-ecological" functions in each district and
county is the dominant type, the moderate coordination is the diffusion stage, and the high coordination is
the initial polarization. 3) Terrain is the basis for the formation of the spatial pattern of the coupling
coordination relationship between "production-living-ecological" functions, and per capita GDP is the key
factor. Population urbanization, land urbanization, duality of industrial structure, total investment in fixed
assets, agricultural labor, total power of agricultural machinery, cultivated land protection intensity and
ecological protection intensity have effects on the coupling coordination degree of "production-living-
ecological" functions, which are not only related to the stage of regional social and economic development,
but also have regional differences. In Guangxi Beibu Gulf Economic Zone, the coupling coordination
relationship of "production-living-ecological" functions and its influencing factors are spatial-temporal, and
the improvement of production and living functions is the key to functional coordination. The research results
can provide reference for the efficient and sustainable utilization of territorial space aiming at the
coordinated development of "production-living-ecological" functions.

Keywords ‘"production-living-ecological" functions; coupling and coordination; spatial-temporal evolution;

geographically and temporally weighted regression model; Guangxi Beibu Gulf Economic Zone
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Fig. 1 Geographic location of Guangxi Beibu Gulf Economic Zone (a) and its cities (b) and counties (¢)
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Table 1 Evaluation index system of "production-living-ecological" functions

H¥r )2 T 2 FRARI E
e T 18 b 2 15 U ) B 2 w0 8 1
Destination  Criterion Index
Index level Index description or calculation method Unit : Property
layer layer weight
WEA™ N AR AR/ AR t/hm? 0.064 +
CRUECE A AE Wy A% A AL/ Bk i AR % 0. 060 +
ATy gty o M WL A
A BB B J1 /B M 1w AR kW-h/hm*>  0.102
o 3 3 ) ‘ " +
Production
) Mo #5— 7= 7l — 7P/ L M T J7 It 0.135 +
function
TH RS T 88 A/ + b 8 A % 0.180 +
gelr by My — = A TSR/ A T R J5 96 /km®  0.335 +
TSI T S/ X R T % 0.122 +
I R RN Y AT S A
2 11 % 45 0.086 —
IRE BRI R R T R
N
Pyat 420 2 E
NIRRT o o/ B A1 /A 0196+
5
At Bl X T AR WAL AR R R A X km? 0.116 +
ETRIIRE R o B g N B LR R/ M 3 T A km/km®  0.090 1
Living
function 1 18 4T 98 1 e N 2K 1 3 3 I 0 A 0.176 +
FTAHR/NFWAE & AN ER R/ XA AD Ar/10° A 0.136 +
HNEY i)
}F,\ R P& B PR A 850/ K BN 1 fk/10° A 0.094 +
NS AR
/\ 17
ngﬁr”ﬁ ST T8 (POD /K 303 AT A0 0.106 +
H
K 38k i A E K 3 i A/ - AR % 0.241 +
SR Y EERRCY WA ) 2 kPR R SR 0. 150 +
A e OB RIS 7 ) R A R K CBARR g/(ma) 0285 +
Ecological
function 2 B HE g S e 7 ol g iR kt/km? 0.145 -
REBES BE R kT e A A 7 R HE kt 0.110 —
4 bR b R R S DX 5 L w Al | A Ak R % 0.069 —

T RIRIET AR bR — RN U AR bR . B AR = 5 R A R 1 AR/ b AR

Note: + indicates a positive index and — indicates a negative index. The degree of land degradation is the ratio of saline-alkali land and bare

rock and gravel land to the total land area.
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Tab. 2 Classification of coupling coordination degrees of "production-living-ecological" functions

A JE
e e $5 1
Coupling coordination o
Type Characteristic
degree
T 8 42 Severe disorder [0.00,0.40] PR AROKF BB R P i R R
h O 45 Moderate disorder [0.40,0.50] A7 A6 52 AP Tl e S, T G &R A T A
F A I8 Basic coordination [0.50,0.60] ) R A K TR TR O & A TE LR T e 0 2k
7 & 1 8 Moderate coordination [0.60,0.70] WHERE K, WEXERELUEIEME T,
f= B #3 J8 High coordination [0.70,1.00] WhEAKTFRE DR AFFERA T RELZEHE.
2.2.4 B E I A AR )2 AL S5 A REAS SRS R AN AR SR I R PO AR R

A 23 i B A [0 05 CGT W RO 3 it [] 5 28 %5 it
() 125 (] JE R0, S 30 0] Ml B B0 42 B 2 2% SR ML
) 20 g e o AR WIF 9T 32 FH RF 2l B AL [l )9 4S5 8
PRV = AR I RE R G O R B 32 4% PR R AR s 22
SR AN
Y, = B (u,vit,) + z:ziﬂk(ul,v,»,z,) X x4 e (D
AP YOI s Cayyop, ) RS A X E BT 1 B
25 MEFR 5 BoCut, vy, ) R TRV E B 5 B0 5 B Cuyy vp, 2D N

B, H 5 R R R e 8
AT 5 B B 2%

3 ERE59MW

3.1 “SHEHERNESE

HRAE = A= " D REE A 48 b5 R &, 0 B LR T 2
UF X 20102015, 2020 4F 1 = A= " Dy g 48 %5, B A i
2o SRR 3,



%123

ZEE A RS LA R ) P AL R 2R 5% X = AR T D RE TR R B B I S AR S e TR R 309

3.1.1 A FH

I 3Ca)~ ()] W23 i) |, 2010—2020 4F 4= 7
DR i AR S e — P AR A R . Ho
TN T TS XV S A XA T e b
R, BN X R A RO 5 B 3 Xk 2
77 ) BE X F AL A, Bk 2 XL 22 b Ak A M e —
£ T TR, M 3O 28 HOK T R ol A 7 AR
T, 77l AR IT A R AT AU E Sl AR R PR R R
BRI T AR X B A PR R AR, XX A £
Oy A TR L X, B &2 B ARl AR 7 AR 25 7l
FE Al 99 55 16 = 2h o WEE] 1, 2010—2020 48 X35k
A PRI RE I AE 43 ) R 0.17.0. 22 5 0. 26, 4 77 I AE
b BT BN RO X COE AR 7 T e K
e, 77l & i 5 G 40 L R, SR AT > B X L R AR
H 5 BAE X, A = Dy gk 75 $2 71

3.1.2 AEHR

A 3Cd) ~ (D AT I 2 25 1] |, 2010—2020 4F A4
G 5 4 72 Dy e 2 0] 43 S A O, B AR S e AR
A T i — P AR A SR o A TR T RE X O A5
I X H A b B G 5 1) B B, 2 B Ll B
BN N OER R RIS T, 28 3% % R X
THARFR LY 5Kk, A IR 55 S AR BB B 58 . 1
T VR 45 3T 3 I B T RO XA Ry A T T g
DX b W AR B B o G Il AR IR & & R R
i, A RSO S A BR 2 B % BE A, AR TG D) e
SRR, KB M S X i B R S, A LR 55
KOV 55 23 1] K AR ) AR, K O A TR )RR AR (E
X5 B JE] |, 2010—2020 4F X 38 AE 1 2 B ¥ 43 531
0.22.0.3050.37, 4G Y EE A R T, Sk
1% T AE e AR 7 b W 3, B PR T R L A 0 D) R

Grade

= 0.058~0.092 m= 0.084~0.108 = 0.066~0.124
0.093~0.130 0.109~0.152 0.125~0.200
0 100km 0.131~0.212 0 100km 0.153~0.204 0 100km 0.201~0.297
[ 0.213~0.293 N 0.205~0.275 [ 0.298~0.445
== 0.294~0.367 = ()276~0.577 | (.446~0.742

(a) 20104F4E 7 Th g (b) 20154FA: 7 Tyt (c) 20204F4: 7 L fig

(a) Production function in 2010

(b) Production function in 2015

(c) Production function in 2020

-
7 0%
#Y Grade

PE4) Grade 7'. m‘ P4y Grade
o 0.127-0.145 ol 0.156~0.209 = 0.226~0.262
0.146~0.186 0.210~0256 0.263~0336
0 100km 0.187~0.220 0 100km 0.257~0.280 0 100km 0.337~0.397
i 0.221~0.269 L 0.281~0.377 (R 0.398~0.495
m= 0.270~0434 = 0378~0.551 = 0.496~0.605
(d) 20104E 135 ThiE (e) 201 4L I T () 202044 75 i fig

(d) Living function in 2010

(e) Living function in 2015

(f) Living function in 2020

P4y Grade 1143 Grade P14y Grade
= (.282~0.371 = 0.266~0.280 = 0.246~0.337
0.372~0.526 0.281~0.498 0.338~0.461
0 100 km 0.527~0.563 0 100 km 0.499~0.577 0 100 km 0.462~0.545
[ 0.564~0.649 E 0.578~0.656 [ 0.546~0.622
== ().650~0.758 . (.657~0.785 = ().623~0.714
(2) 201044 23k (h) 201544 )R (1) 202044 D)6

(g) Ecological function in 2010

(h) Ecological function in 2015

B3 JEXHZTEFR'ZE"DRHESRES

(i) Ecological function in 2020

Fig. 3 Spatial and temporal differentiation pattern of "production-living-ecological” functions in Guangxi Beibu Gulf Economic Zone
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Fig. 4 Evolution curve of the coupling coordination degree
of "production-living-ecological" functions in Guangxi Beibu

Gulf Economic Zone
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Table 4 Descriptive analysis of coupling coordination degrees of "production-living-ecological" functions

F A U IR S U BT 5 L A5/ %

Proportion of each coupling coordination type

1 N 01 ‘ , ‘
Year Distribution range ~ Mean Jmi%ﬂ MR TR A SR 5 E
Severe Moderate . L Moderate . L
. . Basic coordination L High coordination
disorder disorder coordination
2010 [0.43,0.67] 0.51 — 41. 66 52.78 5. 96 —
2015 [0.45,0.71] 0.56 — 19.44 58. 34 19.44 2.78
2020 [0.48,0.76] 0.59 — 8.33 55. 56 30. 55 5.56
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Fig.5 Spatial-temporal differentiation pattern of the coupling coordination degree of "production-living-ecological" functions in

Guangxi Beibu Gulf Economic Zone
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3.3.1 GTWRAEA £irz R

AW 5EfH T SPSS 26 44 # OSL AR AL X 748 & i
TP ILER T2 W, 8 b VIF Jr 22 I Bk R 7 35 <75, 3l i
ZE LR K . 3T SPSS 26 # #H 1Y OSL A& Al
5 GTWR Betal. 1 ### GWR . GTWR #i #l | %
HUR*  Adjusted R* 5 ATC ¥ JU) ] 5 A [] 455 754 401 45
JEFEHEAT L, GTWR AL AL () R 5 Adjusted R*
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Table 4 R?and AIC based on the OSL., GWR and GTWR

models
R D
OSL GWR GTWR
Index
R? 0.894 0. 945 0.965
Adjusted R’ 0.883 0.926 0.962
AIC —161.923 —130.958 —487.451
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Table 5 Statistical results of regression coefficient based on the GTWR model

e = 2010—20154F 2015—2020 4
Influence gy FME BORM P R i BoME Rk P bRl
factor Mean Min Max Mid Std Mean Min Max Mid Std
X, 0.003 —0.041 0.072 0.001 0.023 —0.002 —0.048 0.082 —0.008 0.028
X, 0.066 0.011 0.177 0.058 0.037 0.063 0.015 0. 160 0.061 0.032
X, 0.094 0.034 0.169 0.088 0.036 0.097 0.039 0.168 0.088 0.036
X, 0.162 0. 057 0.414 0.120 0.109 0.158 0.061 0.409 0.118 0.104
X; 0.038 —0.027 0. 086 0. 045 0.028 0.041 —0.017 0. 086 0.048 0.027
( 0.094 0.026 0.164 0.088 0.035 0.087 0.017 0. 155 0. 085 0.032
X; 0.033 —0.052 0.175 0.026 0.052 0.037 —0.055 0.184 0.028 0.056
X 0. 060 0.026 0. 145 0.054 0.023 0. 056 0.020 0.152 0.049 0.024
X, 0. 042 0.015 0.077 0. 040 0.013 0.041 0.015 0.072 0.039 0.012
X 0.003 —0.041 0.023 0. 005 0.014 0.002 —0.043 0.021 0. 005 0.014
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Fig.6 Spatial-temporal differentiation pattern of regression coefficients in the GTWR model of the coupling coordination

degree of "production-living-ecological" functions in the Guangxi Beibu Gulf Economic Zone
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