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Abstract: The ecological protection and high-quality development of the Yellow River Basin is a major strategic decision
made by the Party Central Committee, and the scientific construction of a new pattern of land use and ecosystem in the
Yellow River Basin is of great practical significance. This study starts from a relatively novel research perspective of

landscape ecological vulnerability prediction in multiple scenarios, based on the analysis of land use type transfer in the
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Yellow River Basin from 1995 to 2020, for the four different development objectives of natural development, ecological
protection, economic development, and coordinated development with ecological protection and economic development, the
Genetic Algorithm (GA) optimization algorithm is coupled with the Patch-generating Land Use Simulation ( PLUS) model
to optimize the transfer probability of land use types, then simulate the spatial distribution of land use patterns, saline alkali
land and wetlands in 2030, and calculated the landscape index and landscape ecological vulnerability on the basis of Land
Use and Land Cover Change, and the evolution of ecological vulnerability characteristics of the Yellow River Basin were
analyzed accordingly. The results showed that; (1) in the multi-scenario simulation of the LUCC in 2030, the forestland,
grassland and water have increased to some extent in the four scenarios, and this demonstrates the effectiveness of ecosystem
restoration ; compared with other three scenarios, water expand the most in the coordinated development scenario, and the
expansion rate of construction land is substantially lower than that of the natural development and economic development
scenarios; (2) compared with 2020, salinization increases in 2030, with the most severe situation in the natural
development scenario; the wetland ecosystem restoration effect is obvious, with the greatest degree of recovery in the
coordinated development scenario; (3) the fragmentation of forestland, grassland, water and construction land in the
Yellow River Basin in 2030 is weakened, while the opposite is true for cropland and unused land; compared to 2020, the
overall landscape fragmentation of the basin has decreased, and the richness and diversity of land use has increased; (4)
Compared with 2020, the landscape ecological vulnerability in the Yellow River Basin will continue to increase in 2030. The
degree of deterioration is slower in the ecological protection scenario, and the coordinated development scenario is very
effective for soil and water conservation in the wind-eroded areas of the upper watershed system and for ecological balance in
the central plains. The results of this study provide a new theoretical foundation and practical evidence for land space

planning and ecological protection in the Yellow River Basin.

Key Words: land use; multi-scenario simulation; GA-PLUS model; landscape ecological vulnerability; the Yellow

River Basin
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Table 2 Information of landscape indexes
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Table 3 Land use transfer matrix in the Yellow River Basin from 1995 to 2020

2020 4

Bt bs: Fiil K B AR L Bt g TR
1995 4E  Hf 181380.57 4560.88 17580.22 1726.44 10661.18 949.52 216868.35 35478.24
ity 3014.46  87658.96 6299.42 207.32 601.96 204.60 97999.49 10327.76
F il 16267.87  13548.55 344691.51 1679.78 3705.98  12793.44 392723.57 47995.63
K3 1380.53 125.46 609.27 10154.14 300.42 360.05 12943.18 2775.73
R 2505.19 106.54 337.86 216.92 14826.05 77.66 18071.11 3244.17
AF i 1536.27 754.45 16240.46 1045.10 828.80  49823.58 70238.55 20405.08
=ty 206095.04  106761.73 385774.72 15031.83 30926.45  64215.97 808844.25 120226.59

EINITEA 2470433 19095.88 41067.24 4875.56 16098.33  14385.25 120226.59

3.2 BT GA-PLUS B BTl 4= b FH 221 SeAsidnd
321  THUERERERAE RIS,

iz R AL S = MR AL AR I T AL, il B A AT 50 Wk, B EAE N e & 45 3 1E 95% H {5 /K F
R IES AT = AME S BRI 22, B K AE 43R 0.0208 ,0.0048 ,0.0194 , #4755 /N | i BRI ZE S HAT — &
FIRGE TR, ARIEEE RS LR MR 25 S AN 2020 445 b2 AL, T HA 3] 2030 45 PUFRHE 24 Ay AR, ansk 4
Fi7R . Zefil ARl S 2020 4EZSAERAIE B, IniEl 3 s

BEPRRT , DURIE S 8 ) FFZE Ak S B0 R A s R0 R ) T e v R/, o o s 7 sl A 38 P o A
ik, BRI EP RCT  BEH b AR i o, HLER SRR B /N s KR AR B AE CD
T N AREROR , B T SRR AT ND 15 50R ED 1650 T 15% 8 SKRREE
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R4 DEOFEST 2030 &£ 105 AER km?

Table 4 Land use in four scenarios in 2030

{Eps B Mt HiHl Kk B ARFU
Scenario Cropland Forestland Grassland Water Construction land ~ Unused land
2020 AEHR Status in 2020 206049.75 106869.00 385631.25 15013.50 30968.00 64312.75
SRR G

AR . 200382.00 107269.75 386668.75 15899.00 35620.25 63004.50
Natural development scenario
ED ﬁ%ﬂf’ ti . . 190715.82 118660.38 386668.81 16867.81 33974.79 61956.64
Ecological protection scenario
LA o L
o {ﬁji@ tii . 200287.63 107613.83 386649.28 16399.84 35595.38 62298.29
Economic development scenario
TR R RS
ﬁ}ﬁ?’i% fi . 190923.57 117600.13 386646.79 17486.57 34279.27 61907.93
Coordinated development scenario

3.2.2  ZNEE A RS S5 AL 2

BALL P Ffs 5T 18 A H R AR SR i AR T O, 45 SR S
WL 4—F 7,

FEND ST (E 4), g% 10 4 AR bR 5
ik 15.0228% ,TE A HZE sk AR 2 ok, R TE TS Hb
TS5 e i, 78 35 ) Ml Bl 2 N S S i ) i bR sk 3
K, 4 BRIk IX 8 3 AR o e i T i A B
VYA PYZETT  LLVG 4 RJET ] R 48 B M T R BH T | L
ZRAB R TH AN 2T A ; B ik XCEAR R —&8 732k A
FHkHb

ED 1% 5t N 9 £ b A AR 55 ND 1% 502541,
{HAEZS AR A 2R TR, X2 R BUAR ED 1 5 T DA
LT R R e KA B AR R e AR (B kA ik
B AT RS A IR HRA MR B K 5 I SR UK 1)
SN X RS R AT T 290, L, ED 1% 54 28 H
THTRRBR M B8, (i An K 3 sk AR R BAE N 521 AR X
ELE P RTT 7 R B% F A R ) T A L v
AR 3 T A DI P R BT K R (B S)

[ NDfi§ft EDf§
EPfi5t B8 CDIE %

R
Area change percentage/%
W

Bt
Hh
Fid
2]
MBI L
ARF I H

T A 2R Land use type

B3 mfiERE 2020 £ A AR EATAR
Fig.3 Area change percentage of land use type in four scenarios
compared to 2020
ND: {4k % 1% 5t Natural development scenario; EP ; 42 253 471 5
Ecological protection scenario; ED; 2 ¥ % J& 1% % FEconomic
development scenario; CD: b 98 & J& 1% 5t Coordinated development

scenario
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Fig.4 Comparison of land use in the Yellow River Basin between 2020 and 2030 natural development scenario
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Fig.5 Comparison of land use between natural development scenario and economic development scenario in the Yellow River Basin in 2030

T EP 15T AR 2T T AR 25 08 0 7K Sl v AR 2 A TR R BE A R 2 SO, Mk sk 4R Hh e
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Fig.6 Comparison of land use in the Yellow River Basin between 2020 and 2030 ecological protection scenarios

CD 55 T A AL B S EP 55, Bt Fbk i A2 AL S AOR T EP 155, /K SRt e i b A8
RS T EP S, AR BRI I S A BUAE B0 3 5 BT ik B AR R BRIP4 R
JECTT RIS HR T TR A KR T L AR A B R T S (18] 7) , LK AR R I AR T ND i ED R 5
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Fig.7 Comparison of land use between ecological protection scenario and coordinated development scenario in the Yellow River Basin
in 2030

3.2.3  Ehbd S b As [A] S A A4

S ER B s T AR PR AT A 1995—2020 4E AR 5 AR Al B b AR 3 B A 3543.60 km?,4779.81 km?,
4787.84 km®,3162.66 km?*,3193.14 km?,4171.83 km? . R4 R ffitth £ M F] FAEALL 45 2 1155 2030 4F PUFp i 5t
(R ER B TET AR 43 504 5023.22 km?,4733.72 km?,4463.47 km®,4613.47 km?, FL23 (6] 4345 40 18] 8 Frzs, b
F B A B IR X B N S IR X SRR 2T, S5 AMBA AR T I Sl A IX T LR T AL
FETT ALk, TR IR AR X ST B A AT S5

N
A

AR

[
I
[
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[ Ehmkh

0 100 km
[
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Fig.8 Spatial distribution of saline alkali land in the Yellow River Basin in 2030

XY g sk v AR R AT G 1995—2020 AEAERG 5 AR Y T M 1 AL 4> ) A 21398.38 km®, 21329.84 km”®,
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21853.68 km*,22777.19 km?*,22950.93 km*,23647.66 km®, #3457 1 4 M A AR HL S5 S 1155 2030 4F PU A% 5
TR Hb TR S35 R 24485.60 km?,32209.30 km?,27005.83 km?,32245.55 km?, Hezs[a] 434 40 1€ 9 frn . 1
i LA T VIR b DXORN 5 SRR, BRI 4 =2 A, VA5 3 B 40 A7 78 T WA SIS 1A N | B R R
T LI N VG S TGO 1 IE M DU 48 BT L SE TG 1 A M, H o 48 H R RO 13 M A5 b A A T
St IR X SRR 2T R DR T 25 . ND 55 52 A1 ED 15 5 1038 /0 A5 15 00 5 2020 4R35 HI4L, i EP 1
SR CD I 56T (01 AT BH S 4775 388 o DX 38 3 43 A0 76 0T — SRR R B, A HOR 8 F R T = G A
TG AR N T ATAWE LT NS B X BT B B 44 T e T A

N
A

CD1f 5 .
. 2
| R

0 100 km
[E—

B9 FHmis 2030 £IR = E 5
Fig.9 Spatial distribution of wetlands in the Yellow River Basin in 2030

3.3 SOUAANESSYE AT
3.3.1 SR RIS BB

AR 2030 4F LUCC BERIZS S, 1% By SE00MS S B 1 Fragstats 75 81 4738 2020 421 2030 4 DA 5
I BEH AR B SO AR, g 5 A 6 iR,

&5 WoR T 2020 47, 2030 FERER BRI R HL G NP PD (LST {E 34 FT G, B0 B g i i
T M HIE AR TN RN e 53 A T W R T 465 COHESION {54 — R N e, Mo |
M KSR A T P b ) 17 200 D) S B i AR B 5, NP PD (ST B Y498 /)N , T COHESION {E#2 . A1+ ND
15 5H ED % 5, CD 1% 5t F A S FHHLE NP PD LSI AT /)N | 75 0 25 U R A0 A5 B T8 /N ik b | 78358 1 b
R I b 1 i A 14

£S5 2030 FEERTIRUEZRHERRAIEH

Table 5 Patch level indexes of landscape elements in multiple scenarios in 2030

SR Ay SEYHH /A~ BEHE /(1 km?) JEAR SR EL BEH A 2R T4 5L
Landscape type Year Number of patches Patch density Landshape shape index Patch cohesion index
bt 2020 4 33095 0.0409 344.9080 99.4329
Cropland ND 5t 34247 0.0423 351.2312 99.4149

EP 55t 34489 0.0426 360.9891 99.3752

ED {5 34357 0.0425 351.3601 99.4142

CD %5 34591 0.0428 360.3076 99.2534
Mt 2020 4 33044 0.0409 243.4411 97.5556
Forestland ND 5t 32890 0.0407 243.0801 97.5776
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FOE A AR BEHACH /A BEYL BE/ (4~/km?) TR S AR 5L BEH P IR 1455k
Landscape type Year Number of patches Patch density Landshape shape index Patch cohesion index
EP {55 30559 0.0378 234.8664 97.7829
ED 1% 5 32815 0.0406 243.0944 97.5663
CD 1§ 5% 30663 0.0379 234.6869 97.8102
L, 2020 4F 28213 0.0349 325.7307 99.9067
Grassland ND i 5% 27811 0.0344 325.1069 99.9081
EP {5t 27783 0.0343 325.1596 99.9077
ED 1# 5% 27749 0.0343 325.1535 99.9078
CD T 5% 27744 0.0343 325.1849 99.9141
K3k 2020 4E 12455 0.0154 123.2200 83.5306
Water ND 185 12255 0.0152 123.1881 85.1794
EP {55t 12031 0.0149 123.6115 87.1576
ED & 12241 0.0151 123.1755 85.4558
CD 5 11905 0.0147 123.6585 88.2818
A 2020 4F 39180 0.0484 208.8196 75.7113
Construction land ND 1 5t 35352 0.0437 209.4623 84.3897
EP 155 36554 0.0452 210.4864 81.5214
ED 15t 35310 0.0437 209.4093 84.9381
CD 1% 5% 36204 0.0448 210.4318 82.9048
SR FH H 2020 4F 13507 0.0167 163.1379 97.5975
Unused land ND 1§ 5 13754 0.0170 165.2915 97.5257
EP 1§ 5 13863 0.0171 167.8394 97.5095
ED & & 13886 0.0172 166.8458 97.5236
CD 1% 5% 13870 0.0171 168.0161 97.6271

ND: H 4R % 1% 5t Natural development scenario; EP; A4 25 #3971 5t Ecological protection scenario; ED: 28 3 & J& 1% 5§t Economic development
scenario;CD:ﬁJ‘iE]?’ih‘_t"‘%% Coordinated development scenario
6 R RTINS ,2030 4R PUFPE 5 F 9 NP PD . COHESION (¥4 —E LR AY TR, LSI{HHR &, Btk
S IR AR RGN SHDL SHET {(E A4 —E R EE M5 T, R F ) =F & MR 2 RS T

F6 2030 BB T=MRHNEH

Table 6 Landscape level indexes in multiple scenarios in 2030

L1 3K L e TEMRF REH A Shannon Z#f Shannon J%]
BEHECH B2 . 5
st % T s ROuER bHER e
. . Number of Patch density/ )
Scenario ) Landshape Patch cohesion Shannon Shannon
patches/ /> (/km?) . . L .
shape index index diversity index evenness index
2020 EFLIR Status in 2020 159494 0.1972 297.2676 99.7355 1.3692 0.7641
PR % R o
AR 5 . 156309 0.1932 299.5032 99.7345 1.3800 0.7702
Natural development scenario
SR
£ ﬁ,})ﬁ IR . . 155279 0.1920 300.4942 99.7307 1.3855 0.7733
Ecological protection scenario
LAV R
S _ 156358 0.1933 299.7273 99.7337 1.3796 0.7700
Economic development scenario
Y iu . AEE\
P 2 et 3 154977 0.1916 300.4066 99.7361 13873 0.7743

Coordinated development scenario

3.3.2  SoUHEES b
ST 2030 AF 5G5S B AS (8] 40 A A B B AT, B ArcGIS #a gt i ) | 315 5o A A 55
PEFEBC, FHF AR 25 4% e 0 /N DX H s a5, ) P o R 4 97 1892 A J0RE I 2 0] 43 A TR 8D 43z IEOR ) £ 4 26 5
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Fig.10 Spatial distribution of landscape ecological vulnerability index in four scenarios in the Yellow River Basin in 2030
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Fig.11 Area proportion of vulnerability zoning
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I S B RS X Ay Mg 58 DX 32 A T A A H R A 22 M T S 4 e 1 4 S 22 T R L PR A i T A
MH A T B A6 D BRI FLL P4 AR X 2 B R AR S RERE . EP 55T A A 2SI 58 P AR B2 e
2, ED TSRS e s PR B A "™ o A LT ND 1 SR ED 15 5%, CD 7 55 B A g 55 1 B 0 AR, R ol 2
TR S5 H R B PG L PG S5 4 v B 55 DX AR CD A8 57 B 24 B T AR 4 b I 0 . B 11 A EE T
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Fig.12 Spatial distribution of changes of landscape ecological vulnerability index in four scenarios compared to 2020
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Fig.13 Sankey diagram of area shifted by vulnerability zones in four scenarios in 2030 compared to 2020
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Jo  Eh A — e R, SR, EP 15 5 N AR08 b i AU T ED R ST O, I AT RE R i A AR
XA 1 B 4 FIR a5 e 1) - 49 R AT, SO A B AR R BB A B R AR I, TEAE SR
BEn H PR BE—MRE SR A A8 2S HAR , T 75 BEEE A 7 RO S it A 45 2L , 80T A1 b o) B A D007 e v
VLA 52 B0 184 A BRI 76 AR S AN K 55 TR S0 B A B RS E R R 8 B AWK E =
1980 4ELARTAIZKE" % 2030 4F BTN AT A B #4a34, H EP 15 = A1 CD 1535 F AR ™ 5k i B &
T ND &5 A ED 1 5, Xt S&1E L R Hin—3, 470, T dF— D R IA T CHHEE ) o x J dth R 47 4 7Y
BB RS, N H R AR 5555 £ R M B 5 B e o B InT 3 3ok 9 b R A= 23R B, 340 20 ol 5 o Tl i 3
A S MESS IR

R7 FHMEERKE 2030 £ #F HER km?

Table 7 Results of two algorithms to solve for land use in 2030

- Rz 7/t ¢ b Ik=R7S BUid i RTS

A Sequential quadratic programming Genetic algorithm
Land use type

ND 5 EP 5 ED 5t CD 5t EP 15 ED {5t CD {5t
#FHb Cropland 200382.00 200382.00 200382.00 200382.00 187624.96 200205.97 187284.13
Mt Forestland 107269.75 107269.75 107269.75 107269.75 107280.71 107540.13 107287.16
b Grassland 386668.75 386668.75 386668.75 386668.75 397888.33 411172.62 397804.06
7K Water 15899.00 20551.25 15899.00 20551.25 31120.73 16153.79 31722.75
A ML Construction land 35620.25 30968.00 35620.25 30968.00 31000.78 35620.25 31017.15
A A FHL Unused land 63004.50 63004.50 63004.50 63004.50 53928.74 38151.49 53728.99

TE LUCC 21 SR A R i REa b THE30 55 0UA% S5 48 80, 70 5oL e 2 A8 AR5 L . 2030 4F, Bi st 5
DI A SESR AR B0 5 18] 4 — 2, 5% v U T B IR R 5K BRI AR A2 BB, AHLOC &R 8 5 A7)
BT AR R, i A B 2 S 2R i el B BT R R A S B
FR R IT B A R BT Vel U AR P i, 3 S PR B T LD 2 BB R AR B R o A Ml A=
RHOR, AEBTTR AR IR BT AR AR S | A2 25 T A RS AL R BE AT T M, ARSI EE $ T, X0 T sk
WRTR IR OREF SR R LS R G IRE I MRS A 2R EP 5 5EA CD 155t FACRE NI &,
R 1A ,2020 42 2030 4Rk HARR], B R 0T VLR AL B T R A, S 3RS SR R AN
M 225 o) S o P B g, 5 R T ) R R 3 A e o SR, b — 20 068 S5 LA 25 553 38 415 8 70 M 50 48 7 ek
2030 A S A A e S VETIAT AL R B 35 T R JRORE 11 36 PR 28 R RO 11 3R N 37 SR 1A X BT
AN ST R S 22 T RGP T 25 M A0 A AN T 2 8 8 G 35 P o e 7 0, 00 m] B ey T A AR S A7 A — 5 i
Je e, Bl A A IR ARAT 25 PR PR AP R 3t PR R MR BB S 1) A 52 A 283 BEA T S AT, 7 2t Hiy
WEPE RS A A SRR, 255 75 T B oW BB AN SOOI I B, TR 455 B oK Lk | sl il ik |
i 1 2 45 25 2 H TR RE A O L ) AR A BRIP4 . ARBCT ND 1 3R EP I 5T A9 A S eSS M ] 2 2
A, X 51 5T A R FURRARAT , DUl v fdy A e Je 55 DXR oo Mg 55 XA 18] — SR A RO TS OO, 3 P B ph
T DR AR A T o5 HER, 7 A AR A0 AR fe A DR BRI, T30 46 4t [X 32 el (g 7 BB SR AR /K 9 0 AT PRI 119
MR, CD i 55 EP {855t BOARML, Rl L P8 45 KB A B ey B P 4 SE 22 i | H 48 DR BH T
I R TR 1 IE M T FRL ) e g 553 DX B . G2 ik , 328 1) w e DXIsi /N , PSR DR i — oA 7 A BT T e
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