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Abstract: [Objective] The study on the spatial-temporal change characteristics of land use/cover is of great
significance for the protection and rational development of land resources in the Yellow River Basin, and can
provide an important reference for the implementation of ecological protection and high-quality development
strategy in the Yellow River Basin. [ Methods | Based on the annual land use/cover data of the Yellow River
Basin from 1980 to 2021, the characteristics of land use/cover change in the Yellow River Basin in recent 40
years were investigated by using Mann-Kendall and sliding ¢-test, geographic information TUPU standard
deviation ellipse and gravity shift model. [ Results ](1) From 1980 to 2021, forest land, shrub, water area,
and construction land increased significantly, while the cultivated land, grassland, and wetland decreased

significantly. (2) The periods of land use/cover change in the basin can be divided into 1980—1992, 1993—
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2001, 2002—2012, and 2013—2021, and the quantitative structure gradually presented by rapid changes,
and the changes of construction land, wetland and water area were sensitive. The balance of land-use
structure was gradually increased, and the stage changes showed a high correlation with the implementation
of major strategic measures, and more consistent with the divided stage. (3) In the middle and upper reaches
of the basin, the main changes were from 2012 to 2021 and intermittent changes, and the main changes were
from 2001 to 2012 and from 2012 to 2021, and the main changes were from 2001 to 2012 and from 2012 to
2021, and the main changes were from arable land to construction land and grassland. The basin changed
frequently in northern Ningxia, eastern inner Mongolia and some areas along the Yellow River system.
(4) The centers of gravity of wetland, water and construction land moved westward, showing concentrated
distribution to the southwest, east and northwest, respectively. [ Conclusion] The overall trend of land use
structure becomed better under the guidance of policies. In the future, we should pay more attention to
wetlands and areas with frequent land use changes.

Keywords: Yellow River basin; land use; Mann-Kendall test; sliding ¢-test; geographic information TUPU
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Fig. 1  Location of Yellow River Basin
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Table 3 Turn—in rate by land use type from 1980 to 2021 %
3 B i pSii L T 1 b K I B SRR KL
1980—1992 3.01 2.50 2.21 3.02 3.97 6.42 42.61 2.93 0
1993—2001 1.53 0.71 0.89 1.26 7.55 11.30 15.21 3.21 0
2002—2012 0.91 1.61 0.67 0.59 7.44 25.10 41.34 1.91 0
2013—2021 17.57 21.78 15.57 29.89 35.05 32.95 42.54 23.35 15.37

T4 1980—2021 EZETHFI ALBHEHE

Table 4 Turn—out rate by land use type from 1980 to 2021 %

i 4 it pzSi b THE A T2 b K 35 B R A e

1980—1992 2.90 2.42 2.30 3.73 8.35 7.88 4.38 5.73 1.58
1993—2001 1.64 1.18 1.25 0.92 6.22 16.18 0.50 2.39 0

2002—2012 2.77 0.52 0.98 0.47 9.33 12.60 0.67 2.86 2.14

2013—2021 20.29 22.35 14.66 30.86 38.10 31.90 28.58 22.17 13.72

http: // stbexb.alljournal.com.cn



172 K AR IR R

5 38 4

(a) 1980—19924F

0 175 350km
11

[ smmms brp o #hsin sk [ | &dsm
] s M B e [ AR

[ ETICS N ERrs ety ELS

(c) 2002—20124F [t b
[ I
I i
[ I=mzm
[ 1

iR

A [k
0 175 350km Huks R
| S —

\/\

1

(b) 1993—20014F

[ s ke o [T s iptsh I = A
[ % [T s s I 3
[ # ok N = [ AR

(d) 2013—20214F

0 190 380km
N —

[ Izmmgerrw ] wwpte 2k [ ] b5

[ #msn
| sk

8 EIRIS SN EREE

Fig. 8
(a) 1980—19924F

¥

[ semmmm b mie [ A

| EINE
[ Az REIN TS [N
[ # ki | NSRS NS

(c) 2002—20124F

0 200 400km
I —

(b) 1993—20014F

Falling TUPU of each period in the Yellow River Basin

B s [T ks,
I sscksonirmsts (N % vk =

[ st bR
[ #%Azm
[ # ki

(d) 2013—20214F

N
] A
B i

| E2NGE
| BN
I 2 AR

0 165 330km
I —

(S or AN A PN R
LN [ # ok
| BN | BN
[#amm I SRR
[REIN I | BN

9 EmE AN RS EE

[ s Lol REIN 3 | BN

[l #Azm [ #Amm | EINGE

REIN T | BN [ A
Fig. 9

http: // stbexb.alljournal.com.cn

Rising TUPU of each period in the Yellow River Basin



el

B3 A B AR AT 40 4F A R /B B =S R AR R AR 173

Shy Hy 7R T S5 AR AR Al R L AR R AR 40 BT
I BB R 4> oA T 41 (1980—1992 4F) . 11 )
(1992—2001 4F) ., I # (2001—2012 4F). IV )
(20122021 4F) . 3 1 %t 4 b 1) 22 Ak B X o A7 40
25, 03 5 FE 10,

FOE AR R L K (76.52%0) , 2 81 5 1 Al
BRI A AR B B2 A% Jmy 78 B 5 e e KL 3R
i3 e | IS S S 2SI S S e A
(16.26 %) LA “#f Hb %% S 5 b " 2 32, [A) @K AR b 7Y
(3.15 %) I 22 A8 A 7 (0.37 o) 45 T 3 Fr o e o A
IR LA b R, ) e 48 Sy L W T2 40 A T

U E A FE AR BT EACER AN S AR U
PN 5 i B L P B P R TR R 52 A B T e B BRI K
RAEFME . HHASAERL(1.68 %0) LA #F 5 S s 15 FH
MR 3 AE T U T o bR R R, S A A AE T A
M ARE RN RE T Z AU R E A, A e
(1.37 %) FNII AR fE 7Y (0,65 ¥6) BI7E U7 i o b B die K
JF DL B % SRy kst Sk 3 L A B v oA e T BT
AEFRUA S N 52 Tty AR BB 45 I 5 4R v 4 A A Ui B AL M
RS, TR AN S AR 2 A, T LR L
IV 325 Ak 78 i i) Bk A8 £k 74 5 3 (22.50%6,16.58%6) s
Ui AT A2 A B R0 IV I A8 A AL 32 (18,74 %6)

&S5 1980—2021 E LA ARBTHEX
Table S Patterns of land use type change from 1980 to 2021

A = KA1k
AR A 5 T AR A - - " - ; - .
Il ” W B R T 55 K TR i B/ km?
T #1(1980—1992 4F) HA 173k, Hofth
1.37 1.02 1.66 2.14 L — 2 352
A5k At 3 N AR
11 #1(1992—2001 4F) HA Ak, HiAth
. 0.65 0.77 0.44 1.64 B — Ak b 979
A5 fp Y B 3R AR
I # (2001—2012 4E) A AL, HoAh
1.68 1.41 1.67 5.06 Bt s — 7 15 FH b 3379
254w B39 2 ’ PHb L B
IV (20122021 4F) R VA 1k, HoAlh
16.26 13.83 18.98 13.68 Ho— 29 569
5 {8 B 3 A5 PH 0
, Bl 335 816
FaE AN AR T LR R RIGA A AR 76,52 79.89  73.33  73.40
Ak 176 324
(1) B A b Y 2B S 2 TR AE 315 2.75 3.52 3.61 B M — Ak Hb— 5 b 1451
FreeAp by Al 3~4 ) 0.37 0.33 0.41 0.47  HFHL— B b —# Hb— 25 Hb 308

[ 11 #(1980—1992)4 4L B \ ] Hﬁﬁ(199272001)§¢t¥
B 135(2001—2012)38 L B [ vio12—2021)3 fL &Y
[ mersn I e e R | B

B 10 EAiE 1980—2021 £ 0 E
Fig. 10  Change Pattern TUPU in the Yellow River Basin
from 1980 to 2021

34 ZTEIE/SW

R B V5 7 2 P51 91 0 5 e Y 23R g 1 R 5 K BB
e N R e I R P MR AT A B . N M K R
FH Hb A A o 22 M R S O AR RS a0 (181 11,58 6 Rk
T) AT PR M O AE 2001 AE Z AT PE AL, Z 5 D 19 7Y
T b 1 2 1 (BR3[BT R 1Ak 1) 7Y R A% 3, T R i
I /b ¢ BH 0 A i 1] 5 R 0T 28 0 4R v RSB B RO

PR Dy M, O TR R AR N, K
H0 (1 3 B B B 1 AR, B0 A 2001 4R Z 1 ) 7R
RS o 25 1m0 O 1) 75 b, A 15 78 55 v PRl A 1)
AR A% Bl HL I BB W 0 2 W 40 A R AR AR O 2 3
SRS B R R K R Ty .
JH 1 T 0> 4 RS S B N R 2012 4 22 B 1) P R . =2
S O 1] 9 AL o B8 152 7 55 0 L 4K 1) P L A% 30 L T AR B
WU /L o i 2R3 A /S S 3R ) A AT A AR A
4 g

Wit TR B ) 28 N W R R B — R AR SR
PR B St . 2 U B4 b R R 4 R A ) T 22 R
P AR A B R W R, 3 5 BRI AR I o 4 R A
W8, AW I AR I AF - R FH /78 Bl 5 ) 4 B
B, A b R FH 485 2 A R 52 300 Y BB A AR TR B K 43
(4 o B2 B B Y I 5 S0t ) IO A 0 I S Bk
P 158 IR SR 1 A Y 5 i 4K

1980—1992 4 fiz K Y 75 Ak, T FR 28 AU J2 0 1l 5 Oy
B, 2 v 43 A FE TS N T ORI P 52 AR L A
AW R AT B, 19932001 4 Bk Hy % K & #E
Mo, EEARLE RS By B A A [R] A B K

http: // stbexb.alljournal.com.cn



174 K AR IR R

5 38 4

Ry Y L A L B8R I R b 5 Ol R R % B R
SLRTE TR BT A 1990 4R ARV X RN b AR R
ek /0 S BN Wi & A TR L i RS 4 K 8 S i
Hb, J5 3 AT RE 5 R A B L A SRR K B B
1B AR 9% i AL R K B i A 50— T U R A
SR RS I K L A T A P K O 58
bR AR A e IR T 5 5 — T v A I Akl
Ao A ) S K T R 5 B R A S B0 R R
Tl R A2k, R K T e R A B 4 K i
H, 20022012 4F K &2 B b 0 b 5% Sy oK 88, mT
fE =2 %2 5 S0 ) A= A5 IR BFBOR L5 i K SRR A D
SR K 38T 45 56 a3 FH M K g 8% 7 Bk st , £ o
OYARAEVG L GBI AR ) SF AP R R E i, X R 8
r A AR AT — e D R R A e X —
B 300 Bl DA O R B R S R 5 s R
HH 3 A b 2 S R L B v A3 A A Y S AR AL B
WPEAEES, X EE Al fE 5 1978 47 4h 1 =6 by 1 bk
T2 2000 4FJ5 3l RARARAR 3 e 2002 4F 4 TS 2l iR

2 20014F
1 20124 19804F
1992
202148 g

20

0 150 300km
I —

(a) iEHh
2 19804,
20214 19924F
20124
20014

0 150 300km
I —

(c) B

B bR B 4E TR I H A6, UEI 923 i — R A1 A 28
P4 B A W G A R k7 6 1 A B 3
X5 MG e — B, SRR LI TR X B
A7+ B0 A 7 I R AR R AR Ak B 0 T O B
2005 4F il = VTR [ SRR P X AR S d ik, Bl %
BEEAR  (H R T 5 5 11 X dn 2 1 A 2 7 65 4 3t K 5
Gy = B2 IR 3o B CBORT S A BT AT 2 28 Ak i i A
R DR PR XA R TN G T X 4
20132021 4F #F Hb 25 45 2 B = 00 5L M B 9K 0 50,
2002 4741 Je 2 i IR PR AR w7 e e R . EL
T 2 Uk 7™ L, 349 LA ) R b, A T RE R E A
IR 22 A0 SRR B AR AR DL B A
A1 A SR AP IO B SE G L 1T S A T RE— T ]I
FhE SO T % 2 R E ., 1Rk )RR B S,
T b 328 9 3R AR HEAR) O — D7 THAE 2018 AR IR K L
TUK e 157 JE 34 A0 219 EELOY, LK A T/ K
K P P S 1R 4 3 BT U K ASE T g 2 T X = A £
0§ AL

1 1980%F 2
199268 20014
20214
20124

0 150 300 km (b) ﬂ(ﬁ
« HED [ 20126 r e 2 R

—— 1980202 1FE B LER [ 20215 hn e 2 W R

1 19804 FRvE Z H [
19924 F 1 2 16 [ [ *iw
200 14E AR 1 22 1 [ [ T

B 11 #SEFREM KE BEAMBNREERERECTIBIT
Fig. 11 Standard deviation ellipse and center of gravity migration trajectory of wetland, water, and construction land in typical years
Fo BikE . ZEAMMIREEHRESH

Table 6 Standard deviation ellipse parameters for wetland, water, and construction land

1 b K3k M
G A/ Kt EisE i/ A/ Kibrm EiismE i/ A/ K EisE i/
km? % /km 7% /km ) km? 7% /km #/km ) km? % /km #/km )
1980 767 838 681.29 358.80 55.2 667 697 616.12 344.98 78.41 587 008 526.00 355.25 102.89
1992 742 692 683.50 357.00 55.11 665 686 610.45 347.14 78.96 570 234 515.20 352.34 100.42
2001 751 510 683.60 350.00 54,12 672 544 620.85 344,84 79.63 566 639 513.81 351.06 99.21
2012 729 802 668.90 347.40 52.39 678 716 628.49 343.78 79.65 562 394 512.20 349.52 95.19
2021 742 692 676.40 349.50 52.91 694 540 643.55 343.56 79.62 571 310 516.79 351.91 90.73
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Table 7 Migration rate of land use type center of gravity for each period km/a
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