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Characteristics and driving forces of wetland landscape pattern evolution of the
city belt along the Yellow River in Ningxia, China
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Jiaotong University, Lanzhou 730070, China; 3 State Key Laboratory of Resources and Environmental Information System, Institute of Geographical
Science and Natural Resource Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Wetlands are one of the most productive ecosystems in the world, wetland has functions including water
purification, climate regulation and carbon sinks, yet due to the stress caused by human social development and changes of
natural conditions, wetlands have been seriously damaged. To explore the evolutionary law of landscape pattern of wetland
along the Yellow River, acquaint the current situation of wetland resources and dynamic change. Based on satellite images of
year 2000, 2009 and 2018 from Landsat, this paper used the method of landscape indices, geographic detectors to
quantitatively analysis the characteristics and driving forces of wetland landscape pattern evolution of the city belt along the
Yellow River in Ningxia from 2000 to 2018. The results showed that the wetland area of the city belt along the Yellow
River in Ningxia enlarged first and then became smaller from 2000 to 2018. The wetland area increased by 52.2 km? in the
early stage of the study with an increasing rate of 8.2%, and decreased by 26.8 km? with a reduction rate of 3.9% in the later
stage. The wetland was mainly transferred out for construction land and unused land, the transfer out area was 166.7 and
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158.4 km? respectively. Increased wetland was mainly transferred from unused land, forest and grassland, with an area of
543.1 km2. The fragmentation degree of wetland landscape in city belt was on the rise, but the balanced distribution of all
kinds of wetlands was gradually strengthened, the landscape diversity was also increasing, and the dominant landscape types
were gradually weakening. Natural factors and socio-economic factors jointly affected the evolution of wetland landscape
pattern in city belt. Among them, population was the most significant factor in socio-economic factors. Precipitation and
temperature played an important role in natural factors. Other driving factors were relatively weak, but they could not be
ignored.

Key words wetland; landscape pattern evolution; high quality development in the basin; arid areas; city belt.
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Fig. 1 General map of the city belt along the Yellow River in Ningxia.
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Table 1 Calculation formula and meaning of main landscape index
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Fig. 2 Dynamic conversion map of land cover types of the city belt along the Yellow River in Ningxia.

UL: £FIHH Unused lands; FB: #filhiA7% Beach and marsh; GL: #k¥ih Forest and grassland; PR: 7KJEHTH## Ponds and reservoirs;
AD: V4% Canals and ditches; CL: 4 H Croplands; CS: &% /it Construction lands; LK: 5JH Lake; RV: ji[#i River. F[E The
same below.
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Fig. 3 Spatial and temporal distribution of wetlands of the city belt along the Yellow River in Ningxia..

4 2000—2018 4F 7° B #Y B3R 13 77 % P 1 5 2 T AR A AR Ak
Fig.4 Changes in the area of each wetland type of the city belt along the Yellow River in Ningxia from 2000 to 2018.
HN: E & [X Huinong; PL: “FF%'E Pingluo; DWK: KR O [X Dawukou; QTX: FH#il1i Qingtongxia; LT: Fl#[X Litong; HL: %%
B Helan; LW: RE T Lingwu; YC: #1458 [X Yinchuan; YN: 7k E Yongning; ZN: &5 E Zhongning; SPT: ¥k X
Shapotou
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Table 2 Landscape element patch characteristic index of the city belt along the Yellow River in Ningxia from 2000 to 2018

T Ffy RKBESUESLPL  BEUUH NP SIEZIEFR CONTIG-MN - BEHGSKTUTRLL PLAND (%)  SRAEIETRYL AL
Wetland type Year

R I 2000 0.4292 251 0.0254 6.0 8.2474
Beach and marsh 59 0.2407 22 0.0333 0.7 142857
2018 0.5291 767 0.0359 5.0 12,6984
T 2000 193254 16 0.0968 202 17.2414
River 2009 25.6053 92 0.1087 243 21.8667
2018 21.0043 46 0.0894 222 22,9032
K G 2000 2.0386 1797 0.0576 50.4 16.6295
Ponds and reservoirs 59 1.2034 1913 0.0434 36.6 12.7424
2018 1.0582 1267 0.0289 34.1 8.0745
IR 2000 0.4292 746 0.0191 203 45714
Canals and ditches 0.6017 840 0.0223 174 6.4151
2018 03968 822 0.0206 17.6 4.1322
W 2000 1.2876 143 0.0486 3.1 31.9149
Lake 2009 2.8881 597 0.0599 209 25.8567
2018 22487 834 0.0395 21.0 15.0685

222 EWKTE EEWNEBTHIFE

3 3 ifLLAEH, 2000—2018 4, W FCIX B se W AL i 632.7 km2 34 N %) 684.9 km? Jg S i/
% 658.1 km?, H NP {EAWE N, 15 MPS AW/, 2% B30 T 7 18 S5O0 0 Bl e A2 B IE 75 IR 4 T
. O AWMSI E AT, 2000—2009 4 [A] 7 B v 28 30 17 7 e Se R IR T B 2% HA R, 2009—
2018 4 [A) g M 5 U IR B T U, (B REAR AR AL AN K. SHDI BERS (A& H EFE, &R B HAE 5o b &2
B AT, SHEL AW, R ZE iR mm iR sl H s 28, S8R sl BE R Ak
JE T 4T, SOMARAF AR o T B O B PO A A DL A R R, S EUR £iE
Wt G A, W IR R PRI K, P BT AR N, R R A BEER A E ARG i, A 2RVE SN
TP LIRS AGE — EFEE Lk 7 BRI MIR S, A E N iz,

3 2000—20184F 7 E TS M s SOMFAL 1 4k
Table 3 Landscape characteristics index of the city belt along the Yellow River in Ningxia from 2000 to 2018

4 T O IR TA RSP R TP H TEARFEbR Shannon Z 1 HE 4L Shannon 45 BEHE 41
1 (hm?) 7N NP AWMSI SHDI SHEI
Year MPS (hm?)
200 63268.29 21.54 2937 1.2123 1.2687 0.7883
0
200 68491.83 20.31 3372 1.2452 1.3793 0.8573
9
201 65808.98 17.83 3690 1.1828 1.4851 0.9227
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23 RIS MIE/ETHIEIIEER
T BT AR S A R B 2 R R LR AR, AT AL 2018 KB X IR Hb T R
TERG R, DIRBUZHX ARER. @tk K FEF PN L. GDP. — =/,
BeKE. il BB, dl =8 8 NMERMENRE TR, 18I H BRI E8 14 PR 7 PRI B R 2 A
I DAL -0 1 b 55 R S ¥ A% R SR BN A
R4 HLSRFAHRBERNFE TR (9fd)

Table 4 Explanatory power of social economy and natural factors (¢ value)

Fhr UNEE-E s GDP H—rale ol R K B AR ik BRSNS
Year Population Primary Secondary Precipitation Air Fishery Duration of
industry industry temperature production sunshine
2018 0.9017 0.4401 0.5565 0.4969 0.8554 0.8541 0.4253 0.2343
2009 0.8766 0.4548 0.4482 0.4349 0.8240 0.8766 0.4482 0.2591
2000 0.8569 0.4045 0.5563 0.4265 0.8770 0.8569 0.3811 0.2375

231 BRMMENER[ETHHSELFEE

R 4 vULEH, HFRXIER SRS XSS5 R RV N DX Hb 5 A% = 758
AR %, HARR S (qf8) 7E 2000, 2009. 2018 443l 0.8569. 0.8766. 0.9017. [H#E L
TSR E, BABURMAS DEMK T XHEH AR J1 5, [FIES 24N T, {E 5 P 500
RmARR. SRM, AN K7 AR R, < SoKG M i ZR [ ) @i e
R R AR R . YRR R R S R R S A A, IR R AL RE B T . DR ITE A
1, 2000—2018 4, A1 T & R X m AR SURIYT 9K, 2018 fF# A X AL 2000 SEPOK 4.3 15, SE A
Z VRO (5 B E L BRI A L Ath 4 TR A A AR Rk

F—r2kf g fH7F 2000, 2009. 2018 “E43JIA 0.5565. 0.4482. 0.5563, {8 U BIAR(LERE,
55— 7l 0 VR b SOU A R AR RIS E T R . B g fE 432 0.4969. 0.4349.
0.4265, ZIZWF TNREES, (HIL RS R AR B+ EENEW . T B ISR S
BTHE— SRR ERA T REMNAEF UG, ERm REHR RS KK KL ZAE
A2y AR E G R, AR AR PR R o ] B . A B K R T DA R A K R R, TR
T E B K, SEGEHGB AT e Tl A N b TG K, A5 TR e N T
ME R K ) 7 DX, 3 RGN AR A PR B A R o DA MY TP T A W L T R, R AR R AR 4000 Tt
AL TG KR AR R K, 358 4330 9 B A Tk PR K B9y, iy A ¥ty 5 e H 2N, iR i AR S
RYTNREM™ L, R AR ™ E . il & KT 4E 2000, 2009, 2018 4E() q 1EH 5 A
9 0.4253. 0.4482. 0.3811, S /KFZFRAE K2 K s BE IR 5, (H vl & J AT 55 vl 5 itk 12 it A 1R
KR, HE RV SO AS JR s Ul B e R P o b R A A TSRS, &
2, VIRV 2 S . GDP ML T — ML IX (A 5F & B, (H DU BGR ) & @ kA2 i GDP 1%
KA A DA A 53 AR A, 0 1 52 380 1 52 i AN 25 A0
232 B EMEFETHEREE

SR . Sk R, KO, IR YO E B A A EE R R, HE G A A O VR AU &
B, BEFCHA TR EM A S . A RS R R IR R A E R, FE KA
—— A TE R R AR R A, OO A WA R T AR ) 32 2 SRR R 45 T AR AL . 2000,
2009. 2018 4, PBF/KERIEEM q 15 %4 0.8770. 0.8240. 0.8554, iR AR q &2 %~ 0.8569.
0.8766. 0.8541, P /K& AR T 3 20 Hb Ak v 40 5 X 19 7° B i 330 7 s Vg o 1) oW = . IR i Ae
i B g B R X RS AR AR PR AR B K SO R, e BROKRD, SECTRR ARG N, TR R
K, AR KGR HE 73K, #KIEAGE S b4y, SR KA FRE, AESThERBRik, HEimssm
FNRHOE AR, SRR =AM 2 . RN, 3Pl BRI R ARt . WA
X P B Z R A, R MG ZIR, KT . BokER, MERKERER, BHK
PETF @ TR R, S AHAT R A AL iR i, 2 BRI, RN E R R, X555
PRAEFF . B THFAXNZER R K TREKE, FBARNE— 2R EReh 7 &2 R EBUR I 0 K&,
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AR A I B AR T A A A SR TR AR R A S 3R B 9

XHEM A LER R R 7 EEAE, HEKICE AT 2 WG, Bilhn, R KRR R TR AL R R
AR XL kT B85, @mAR RN, BRBONREE, MaEFmkd . hri, F2ESE
Mo, FEKIG RN, AR E AR A AN FIRE RN o AR R E TR ) AR O B B R, Ky
ARHOGERER . ZRRER, ERALBKEASIHELT, SERLTEEREEL, Mk, TREKE
—E R A BT R AR M A O KU o AR AR B AR S LR, W IRV B Sk IXCORUTR B T
1.2 °C, BRPIHEAKENTEEEM 7 EA AR Sh,  HoAh I S w0 AR s N 3. H IR RO 1 1Y
SRS SR — R, ER RS .

3 i #

T B VR BT A TR WS R S IR T A BE AR B DA O, DASE N A% O X AR )1 T EE X A, 2000
—2018 4, RN HEXEHTA 2 TREES, BFiEA 10.4%, 1A i FU0 R Sk AR5k T
279.3%, 2000. 2009. 2018 4, 1%k X N ¥EHh 5 [F] A 2 % F b i T AR EE 43 ) O 53% . 20.2%
17.2%, @M T AR G 17 % DT AR B EG 2 B8 4.5%. 4.2%. 4.0%, i Hb AR G R X T AR A EG A 4 )
N 3.9%. 9.5%. 7.5%. fE£ 2000 4F X JEEF, 2] 2009 FRHRHLITA S 2000 FEAHEL TFRE T
27.4%, W HHILE A @ WA 3SR BN T 22.6%, 2000—2009 43 7E 1% 75 Y A5 EE A
3.9% K& %] 2.8%, f & v FH A7 5 B U A 2000 4E 1 74% EFFF] 2009 41 91.3%; £ 2009 4 &k
X G, #2018 4R YR M T AR 4G 2009 AEHE N 1.3 km?, HEHEA 8.4%, V@M AR & Lbig A LT

WEFTCIATE], T 5E X IR T AR IR/, (H 3 AN A A A X PN SRR 5 LAk T B R I e, B
TR b B R R AR R Ak, [ VR S O M A LY 2R PR Ss,  R IR AL R
Hh g T A B sk 5 B v TR, AR AR B ) VR AL, IR ATV R S WA R E . WAL
B, W R BRI WO IR, S5 BT A R AR AT, A2 BIAC AR R R R AR, R
Wk A7 1A E B R B 2 BAK T B AR, )N W X T A R s gg, B SR kT it An,
IR e PRI T P Q1) S MRt L 2 Pl 4 A A T FE IR, A X A S b T AR AN WG K, VR R A
WL, SARENZ, WS R R A T B E AR

4 45 i

ASHIE 7T T 000 B T R ot %4y 28079k, AN 2000, 2009. 2018 4 3 WIRE AL TR R T B U B
WO AR R, o BTV SOUAS R AR AR S UK R 2, e T

1) 2000—2018 4F, By EE I g A B AR, (EOR R B AL A% . 2000—2009
SE AR ML T AR B N, 2009—2018 AEE LI FRIS Jk . VAR . JKEEDUHE N AN TR 5 Y 74%, H
SRIGHL 5 EE 26%. 7F b 78 o5 R M Ak Jr i, YRt 3 B S i I M. SR R P MR AR B ) R A
1., 2000—2009 4, V@ih FEEALHBE B M. KA H AR, B, KA. A H R AR
ML N iE ;. 2009—2018 4F, Y HE = B 3 O R v MR R R B M, BT VE A S ok 5 TR R A
Hi, AREHE.

2) FOIEE TR R B E, K ZE ST R R AL R BT A, H Al 2 A M
WEFE AW T 5, oA SN . MR B AR B AR A R P R B TS, (H R ISR ) 0 A IR 2 Y
SN AR, SMZFEERARE N, SAIE ARSI .

3D TEIBTF TR S MR AR R EEZ BN BKE. RS Bk, Rk gE
REMm, K, HS@FERZPHAORRENREE, BRAERPWEKE. REFEH SRR
W RARL R AR A IR, BkAh, Bk, B Ak, k. GDP. H RN K SR R T IR RS A
L EE R NS R I
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