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Abstract; In the context of the high-quality development of the Yellow River Basin, it is important to simulate spatio-
temporal pattern of production-living-ecological space and analysis of eco-environmental effects of the typical urban
agglomerations in the Basin. This study took the Zhongyuan urban agglomeration as an example. Based on land use data for
2010, 2015 and 2020, coupled with the future land use simulation (FLUS) , the shared socioeconomic pathways ( SSPs)
and the eco-environmental effect model, we simulated the spatio-temporal pattern of production-living-ecological space in
Zhongyuan urban agglomeration under five SSPs scenarios from 2025 to 2100, and analyzed the eco-environmental effects of
different scenarios in 2035. The results show that; (1) from 2025 to 2100, except for SSP4 scenario, the area of production

space will continue to shrink, the area of living space will expand significantly, and the area of ecological space decreases
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slightly under SSP1, SSP2, SSP3, and SSP5 scenarios. (2) Under the five SSPs scenarios, the spatial distribution pattern
of PLES is relatively consistent. The urban living land presents the clustered distribution pattern, while the rural living land
is relatively scattered in a dotted pattern. The agricultural productive land is large and evenly distributed. The woodland and
pasture ecological land are mainly distributed in the west and south, and the water ecological land is distributed in an east-
west strip in the middle and north of the Central Plains urban agglomeration. (3) In 2035, the spatial distribution of eco-
environmental quality in the study area will be uneven, showing the characteristics of high in the southwest and low in the
center. The ecological quality is higher in intermediate development scenario (SSP2) than in other scenarios. The results of
the study will provide helpful reference for territorially spatial planning and ecological civilization construction in the

Zhongyuan Urban Agglomeration.

Key Words: Zhongyuan Urban Agglomeration; production-living-ecological space; FLUS model; shared socioeconomic

pathways; ecological effect
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Fig.1 Location and scope of the study area
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SEZR VG 1) R A3 A AE H RO TR R R, I8 R Kk ek A 25 Ml 2 bR 0 A 7 R R T I 1V A S 5 A R
A5 FH b 32 5 R R IR AR A3 L rh SO T R () WS o A A 2 P Wl = B 2R A A AR AR A S b
3.2 FERIJH L SRS R IE

S AT ST AR 0> Stk o SR T A - R 2R R AT A0 R R - S B0, gk 2 FioR, IR RS AR
Pt 7 JLAMBR - 5 — 3 AR 1 AN e 2 A ok A A= 25 A b At 26 285 FH b AN BB e Ak Ry 304 A6 0 FH b
55 Al A R A R S Ak Ry ELAt A 25 P M 5 58 =, A A 2 FH R RE G Ak O ol AR S 0 AR SR A
FLUS R4 T - MR FH AR ARAAL, DL 2010 45 %) 4= A1) AR o R, 43 0% 2015 4EF1 2020 45 (1) 1 Hb A
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Fig.4 Distribution of production-living-ecological space of Zhongyuan Urban Agglomeration from 2010 to 2020

FHASE AT, BREAULER3R I, 2015 4FAY Kappa RECH 0.89, SVAKE R 0.94;2020 419 Kappa R EUF1S
AKEEE 23914 0.75 1 0.86, Kappa Z2 50 A BEHOR | H AR BEH0S

F2 WENERE
Table 2 Neighborhood weight settings

T A ol M BEAS KBUES S WBUEN RNAE T4 HAl A=
Land Agricultural Forest Meadow Water Urban Rural Industrial Other
types production ecological ecological ecological living living and mining ecological
A i

BEE 0.4 0.5 0.5 0.6 1 0.7 0.9 0.3

Neighborhood weight

3.3 Rk Ssps 155 A= 23 [V B A= 25380 oA
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20252100 4SRRI 91 2 35 =i
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B HA 4 RSN 2025 4EF) 2100 4EAEAS RO SIHE £ 175000 |
TR — B R T RS %, 2025—2095 4F ] SSP5 HY 4z 7= 170000 |
23 (AT AT B de e, T RER N 9.59% , {HTE 2095 45 3
2100 4F- ] A= ;=23 () 1 AR A Wl b T 3 SSP3 i A 7= 0000 252035 2045 2035 2065 2075 2085 2095 2100
25 T T R WEIRAR , R IERALY 4.59% ;75 SSP4 55t T el Year
A s [T FRSE T RS LT R TR E , 2025—2065 B 5 2025—2100 £ R T B £ 7= 2 B B E

ﬁEI‘ETJ ,3:,3 IJIE_F W%%T IK% /_%-5 %7 3.86% M 2065 5'3 @J 2075 Fig.5 Production space trend of Zhongyuan urban agglomeration
" fi 2025 to 2100
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TN 2025 4F5) 2045 AFPLHIE I, 2045 45 2065 AFZASIE N, 2065 4F- 2 2100 4FA 12 [B] A THE .

7k 2025—2100 FH IR TTHE 5 ARG = R AN SRIL AR, BRT SSP4 15, Har 4 FiE s
2025 4FF] 2100 A4 23 (B B b T FR 2 B0 T a3, b SSP1 RN SSP2 (1% AE 2823 [ [ BN [ 345 Ry
T, NIRRT N 3.49%F1 3.58% ; M\ 2025 3| 2085 4F SSP5 Y A= 2525 [a] i A K B bl , FRER Ky 3.49% b5
TE 2085—2095 4F 8] [l BN, 85K RN 1.28% , 3EEAE 2095—2100 4F (] L d R, R R 1.93% ;2025—
2100 4 6] SSP3 (A= 4525 [a] HIHBTHI R T B et , B R R 2.48%  fHER T 2035—2045 W] THIFR T B bR, AR
BRI R V2% 5 SSP4 1 5 T 114 A 25 28 [a) i AR A UG B B B4, #E 2025—2055 4R (R 2 L R FE G, FREERN
1.33% , E 2055—2065 45 [a) [ AN, 3K RN 1.46% , 78 2065—2075 4F 6] 15 FL T [, FFER N 1.86% , bl
JETE 2075—2100 4F[A] AR G2 23 hn , 39K %58 0.53%
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Fig.6 Living space trend of Zhongyuan urban agglomeration Fig.7 [Ecological spatial trend of Zhongyuan urban
from 2025 to 2100 agglomeration from 2025 to 2100
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AN 8 fran ., MEIFRT LA | B B ] RS | AN [R) 1 S 0 FH 2 0 A A A [R] Y, S v S B A 35 P L )
A IR [T DAE— Ui, 7E SSP1 SSP2 (SSP3 Fil SSP5 1 5+ K ,2025—2100 4[] S bk i B i A
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FH RN A A AR 106 b7 B B A= 16 FH S 5K sl /D 152 i e K, 3508 B S 3B A= 16 FH L sk i, ol A 7=
HURNAAT Az 155 FH M %) T RO 250820, I 2 08K i S A A, AR SSPs (49 st AR AR AR AR X 4 156 A K
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Fig.8 PLES simulation diagram of Zhongyuan urban agglomeration under five SSPs scenarios from 2025 to 2100
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Fig.9 Spatial distribution of eco-environmental quality in multiple scenarios of Zhongyuan urban agglomeration in 2035

MNZS [ 534 R T, 5 Tl SSPs A% 5S¢ T 1425 () A= 285 T ft 4 A SE AR [R], S AR 30 “ V5 B e -rh ik, Herp
SSP5 55 T A e o i 1A ARUAE T LA G e /N o JO i DX 2 B A A 7 v D ol AR 8 D, A B A e R
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ZRIREE R A A A TR R AL, O 0.01183531 ; SSP2 X il Hh JEUIak riy 8 v 20 S IR B8 I B 19 2 S iR i

F£3 2015—2035 £ SSP1EE THMARERBEHTHASHEREN T ERMERRELES

T e

Table 3 ~Main land use transformation and ecological contribution rate affecting the eco-environmental quality of Zhongyuan urban

agglomeration under SSP1 scenario from 2015 to 2035

BE

Patterns

A T ER

Land use function

LES/QIEA

Area conversion /km

A TR A

Ecological environment

TR

Ecological environment

transformation quality quality of contribution/%
BT GE A A TR A A7 11611 0.004268674 35.67
Ecological environment Al A 7= — M A= 25 2815 0.003414309 28.53
improvement Al Az rm— R AE S 2712 0.001860573 15.55
A M A S 2193 0.001155374 9.65
Al Az E— oK A A 509 0.000449666 3.76
TH R A 471 0.000255874 2.14
Mt 20311 0.01140447 95.29
HEAABEE Al Az Fm IR A TR 5568 -0.002047022 19.78
Ecological environment Al Az PR A A TR 5552 -0.00204114 19.72
deterioration M A Sl A 1543 -0.001871502 18.08
et A gl A e 2378 -0.001631432 15.76
KA A A 1280 -0.00113079 10.92
M A SR A S 1515 -0.000798172 7.71
it 17836 -0.009520059 91.97

F4 2015—2035 £ SSP2 EETHMAPRERBEHTHAESHEREN T ERMBERRELES

STTER R

Table 4 Main land use transformation and ecological contribution rate affecting the eco-environmental quality of Zhongyuan urban

agglomeration under SSP2 scenario from 2015 to 2035

bl KIS j\
Patterns transformation Area conversion/km quality quality of contribution/%
BTG A A TR A A 11514 0.019737002 67.19
Ecological environment Al A 7= M A= 25 3820 0.004637291 15.79
improvement Al Az - AE S 2597 0.00178441 6.08
WA M A S 3090 0.001627955 5.54
Al Az PR oK A A 395 0.000349021 1.19
it 21416 0.02813568 95.79
Ay Az PR A A TR 5521 -0.009463956 53.86
HEARHET T Al A Fm IR A TR 5273 -0.001933021 11.00
Ecological environment M A Sl A 1488 -0.001806358 10.28
deterioration Pt A AR A 2330 -0.001600953 9.11
KA A A 1285 -0.001135422 6.46
M A AR A S 1336 -0.000703867 4.01
it 17233 -0.016643577 94.72
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R5 2015—2035 F SSP3 ER THMHPRHHHESHMERENEIEABER R HESTTHE
Table 5 Main land use transformation and ecological contribution rate affecting the eco-environmental quality of Zhongyuan urban

agglomeration under SSP3 scenario from 2015 to 2035

piat ii&%ﬂﬁﬁiﬂﬁ‘é%ﬂ B4 T ” iislﬁﬁlﬁg i?‘&flﬁkz
Patterns Land use function Area conversion/ Ecological environment Ecological environment

transformation km? quality quality of contribution/%
BB UG A A TR A 11559 0.004250431 35.91
Ecological environment Al A 7= M A 2 2741 0.003324348 28.09
improvement Al PR R A S 2667 0.001829499 15.46

WO A M A S 2160 0.001137988 9.62

Al Az E— KA A 502 0.00044255 3.74

TR A 494 0.000268406 2.27

Mt 20123 0.011253221 95.08
HEEABEE AN 7 A A 5595 -0.002057372 20.68
Ecological environment M A Sl A 1521 -0.001844704 18.54
deterioration PR SOl £ 2463 -0.00168956 16.98

Al Az Fm IR A TR 4476 -0.001645897 16.54

K3k A gl A 7 1318 -0.001161914 11.68

M A A R A S 1518 -0.000799753 8.04

Mt 16891 -0.0091992 92.46

F6 2015—2035 £ SSP4 BER THMAPEHTHESHERENTEAMRR R HESTEBE
Table 6 Main land use transformation and ecological contribution rate affecting the eco-environmental quality of Zhongyuan urban

agglomeration under SSP4 scenario from 2015 to 2035

Bt iﬂﬁ?ﬁJFﬁiﬁﬁ‘éﬁﬂ ﬁ‘ﬁéﬁﬂ{ ijsﬂlﬁ)ﬁﬁ STTHRE
Patterns Land use function Area conversion/ Ecological environment Eculoglcal environment

transformation km? quality quality of contribution/%
IR LS AT A 11370 0.004170421 35.68
Ecological environment PV TR AE TS 2828 0.003432478 29.36
improvement Ll A PR AR S 2627 0.001804489 15.44

WA S M A S 2169 0.00114273 9.78

A IR AT 398 0.00035216 3.01

T A== qaol A7 428 0.00023215 1.99

it 19820 0.011134427 95.25
BB ANy Az Fm A A 1 5661 -0.002076407 20.21
Ecological environment A A 7 IR A T 5280 -0.00193666 18.85
deterioration M A S — Al A 1549 -0.001880095 18.30

WA S —Aol A 2290 -0.001573003 15.31

KA L A7 1249 -0.001105145 10.75

M A SR AR S 1553 -0.000818192 7.96

Hit 17582 -0.009389503 91.37

9 0.029372804 , LAk, i K B 2015—2035 4F Hp Ji A AR AR PR o e e ) 3 i R R A AR T ok A
FEREEAR | Al A 7 ) R A 2SR A 25 A DR A S MR AR A A ORTRME S R R
TR AR e ok A 25 i A R 1) FE TS TR] 23 5918 95.29% (SSP1) (95.79% (SSP2) .95.08% (SSP3) .94.54%
(SSP4) F195.17% (SSPS) ., X2, FEUE S IAEEEAL By 35 2 PR AR Az 7= 1] 3l BEUR AR I A 08 1 76 728 |
M ORI AR Sl A 285 1) Ml A= 77 8 2 A8 PR Mt A 2 1) R AR R AR, O [R)R T S 3R R
A A = 2 RV A 5 L FE 43R 91.97% (SSP1) \94.72% (SSP2) 92.46% (SSP3) 91.37% (SSP4) Al
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43 %

91.84% (SSP5) ., A& b A JE T e A7 AE A 25 03 FEAL G P R Ra 34 7E 5 Rl 50 8 AR S PREE B 19 2 B AR
KT IR B AL R OB AR R 2035 AR A 25 A5 0 B 48 2015 AEMEfHE & . 76 SSP2 & AR
BE P B R AR, TR INE Ak P 7 8 e K 7 SSP3 AR 5 T A1 25 P 588 e 1) R B2 /N, [ s 2 Ak ) PR 3 4,

2N

R7 2015—2035 F SSP5 FERTHMHPEHTHESHNERENETERAMERR HESRRKE
Table 7 Main land use transformation and ecological contribution rate affecting the eco-environmental quality of Zhongyuan urban

agglomeration under SSP5 scenario from 2015 to 2035

pist imﬂmmﬁﬁﬂ %mﬁﬁ iﬁ%ﬁﬁ% iﬁﬁﬁ%
Patterns Land use function Area conversion/ Ecological environment Ecological environment

transformation km? quality quality of contribution/%
HASABEEGE AR A IE Al A 11518 0.004222816 35.62
Ecological environment Al A= e — b A A5 2825 0.0034293 28.92
improvement LA e R A S 2716 0.001866069 15.74

L& REEP N TA B 2277 0.001199629 10.12

Al Az - KA RS 361 0.000318648 2.69

T AR 455 0.000246721 2.08

Mt 20152 0.011283182 95.17
HEEABEE LM A PR A A T 5650 -0.002071446 19.92
Ecological environment A A YA A T 5552 -0.002035516 19.58
deterioration MAEZ A A 1591 -0.001931333 18.57

oA s AR A 2335 -0.001604297 15.43

KA L A 1233 -0.001088346 10.4

M AR S HORE AR S 1554 -0.000818719 7.87

Bt 17915 -0.009549657 91.84

4 THEE54ie

4.1 g

DAL - iR FH AR AR RO 5 733040405 o i B H I E O FAR R RIS = BE AR S S AR AR
Pl s, AT B E Markov PR ML AR MR S8, R RAE AR AR K R 5, Ho S B0 1 B A7 AR BRI 0
AR FLUS B8 CH A+ H R FHAZ 6 RN 5 F SSPs (B S AR A, i WY & FLUS BRI S8 (i A H |
GDP FIHHIFTR) A5 BIAFIG F AOBSEE SR, S 221 5 1 b A A AR AL BT PR it — oy R

AR I, v A T AR A A AR I e A 19 = i DR W B AN A 3 FH 1) M A= 7 b P 5 B8 AR
A7 FH b ] A b R AR A S R e A 3 A AP T e A A 2 i PR AT R Al A 7 FH b ) AR
ARA A 1 FH -0 6 L BOMR b A0 A 285 P g Al 2B 7 FH L 5 RS . 2035 AR 451 AR T 2015 4R AR
B TP B0 I = A SR R R TRk . RWALE 2015 & 2035 AP (1] rb JE 3k i A 4 R
AR AR S EREE 77 AR (A 1E ) 2, AR S EREE A T, iX 5 2035 ARG s B AR A — 30, #EUCH DS TR
2R TR A SR AT 2R R A MRS AR A I R SR B, Ak, SSP2 1 R IFSY IX B AR A I
R K, SSPS YA SR TR SR/, SSP2 JE ) & RS 5 i B N R 2 A B IR BUA 1K &
RRRE Y A DT ST R AR, SSPS JE—Fh L KA A AR AR AN Y i e R AR S, R A SR [ R
IR R MATHARTRE BRI T, /D A A OB, ANWTRZ B R IR HE Sl e IR = o i R R, ) 4 58 1 3™
AR, B kA S FREERAL . AR 2035 A b T A1 5 T AR IR RN B PEA R LA IZ X A 25 AR g
EOR B E S SRR

ARG SE A WA - MRS T = A2 23 ) 40 28 (AT AEAE L b D BE2E L H Z A 8, A SCRH
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(AN 1 km (1) R R At S 2 B B, AR T R DA B8 o8 3 ) B R W 2 S 540 2%, DT
PERAEIL AL S TR T 0 R R AR O RTORE B, = A7 23 (RIS Jm) 14 28 L0 R 7 A A A0 1) S A —
ANEH 2R B AR AR SCH R A A PREE THE HE BORN A 25 BT RR R A A 13X v S Tl A R R AN [ 15 5 R AR 2
BN HEA AT, AR BoK 30k AERZREME AR IR SRR AR 5T, B TR ik — 20 9%
42 %

AR SCAEW T RERUEE | A48l T 2025—2100 4E7E 5 Fh SSPs 1548 R HFFTIX « =287 2% 6] - 1] F 28 Ak il pif 2
GYATHE SR, I R I T B 2035 AR TE (AR SOV AT T T, FEESEWR .

(1) FETEFR/IN L, DA 2025 45 2100 B8 T SSP4 i S AR 4 P 5, A2 7 23 [B) TR AR R 2L 4 ok A 1 25
[ T A S sk A S A 1) T AR A A AR B AR i

(2) FEZS 434 1 ,2025—2100 AEAFFE X = AR 25 [l A 3 A #E 5 F SSPs i 5 T RSO ], Ik 2k 1%
H R A3 52 R A A E RIS X P AU AR A 106 FH i 52t s R OIR A A FE 45 Ak, AR Ml A= 7 FH b A T B 7 =6 A
GEIK. PR TP A 285 FH s, =2 B2 0 A5 A P T R e 0, /K 265 P b 22 RV g R0 A A v B i A e B

(3)5 Fi SSPs 15 1 ,2035 4R 5% X A A= AN A5G ot dat 48 7 25 (W) 40 A 24 “ P g, PR, ARrp VA
I FEOAE S I STICR K T S EOAB0EA M sk e, Ui 2035 4F b U T B ks B AR A B R AL
R, AN, SSP2 MR T AR A IREE T L = T ILAE 5, UL AE AT 2 B R AR R S A B 8 O g ) R
PR AR B0 A 2SS T B A i
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