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Evolution of hydroecological spatiotemporal pattern and
its influencing factors in the Yellow River Basin in the
context of the territorial spatial planning
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Abstract: [ Objective ] This study aims to understand the characteristics and influencing factors of the
evolution of the hydroecological spatial pattern in the upper, middle and lower reaches of the Yellow River
Basin, to promote the integration of water resources use regulation into the territorial spatial planning

system, and to enhance ecological protection and high-quality development in the Yellow River Basin.
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[ Methods ] Spatial transition matrices and optimal geographic detectors, among other quantitative models,
were used to analyze regional differences in the evolution of the hydroecological spatial pattern across the
upper, middle and lower reaches of the Yellow River Basin. This analysis delineated the paths of spatial
pattern evolution and revealed the underlying influencing factors. [ Results | (1) The scale of the
hydroecological space in the Yellow River Basin was 27 600 km?, accounting for only 2.28 % of total land area
in the basin, with the proportions in the upper, middle and lower reaches being 22 : 2 ¢ 3. During the study
period, there was an expansion of 4 989.90 km?”, with the largest growth in the upper reaches and the most
drastic increase in the lower reaches. (2) In the upper reaches, the hydroecological space transformation
involved interactions with other ecological spaces, leading to a large-scale expansion of hydroecological space,
followed by a minor loss due to interactions with agricultural space. In the middle reaches, the main
transformations occurred with agricultural spaces, leading to a small-scale expansion of hydroecological
space. In the lower reaches, the conversion of agricultural space into hydroecological space led to a large-scale
expansion, while hydroecological space also was converted into urban space on a large scale. (3) The core
factor influencing the massive expansion of hydroecological space in the upper reaches was the ‘liquefaction’
of water resources in the hydrological cycle, with losses mainly driven by the demands of primary and
tertiary industries. In the middle reaches, the evolution of the hydroecological space pattern was
predominantly governed by governmental fiscal policies adapted to local natural geographical conditions and
socio-economic development. In the lower reaches, the changes in hydroecological space were associated with
urbanization processes, shifting between agricultural and urban areas. [ Conclusion | The characteristics,
pathways, and influencing factors of the evolution of hydroecological spatial patterns in the upper, middle
and lower reaches of the Yellow River Basin are significantly different. It is necessary to establish a river
basin collaboration system for joint governance and coordinated development based on the developmental
positioning of water resource protection and utilization in each region.
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Fig. 1 Basic elements of natural geographical conditions and hydroecological space in the Yellow River Basin
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Fig. 2 Framework for identifying hydroecological space elements under the context of territorial spatial planning

F1 BEAREAKESTEHERS A ALBNEGE
Table 1 Integration of hydroecological space elements and land use types in the Yellow River Basin
JEU— s N - "
I @i%@ﬂmm%ﬁiV ‘ (mmumwimﬂmﬁﬁh
— Gk Y FHY W
A1 3 7K T
WA K .
TR 57 il 1t 0 DA K A a6 0 IR A I
Hb K g 7] yi
Bk bl A AP i W K P S
YUK
FRMIH
HENTR B 57 T i b F0 7K 388 14 38 B AR R BUK
K Bk TH R o TR L, 2 A KA T AR SO
3 B 4 1 Hh BENIIRTERE Y 1 Hh AR . AL N VR IR E LT
YR IRE TV A U L7 N ML B PR/ R W b U8 Ak VA
P i 8 T [EEA R N
AN i)
. HAKAFREMKEERZN L, T2 M
A A v B R WA A A RS DA
AR KK AR RS KN FAR AR E 5 2L X K AL
R IE T GlobeLand30 72 @ 6 BH 5 (http: / www.globallandcover.com/) (( [ - 55 [A] J8 £ BLRI | FH i 85 6 F b A 20 2K 36 7 ) (Bl b AE S &

G B (GEP) A ARER) .
1.3

KEBZEHRBEZHRLME
Pl 2 AR — A LR AR, 5 B K AR 2 s )

T s ] AR G v B A SR T A O, R T

AR 22 T At LR 36 7 o R o Y LA S i A, o fi



5% 2

WE ST A5 ] s (DA T T K A A 2 T AR SR 38 AR R R S H R R P R 183

T 5 WA 4 K A2 25 25 T OR AP T 8 XA A 1Y ) A
AT . KPR Z B H R % ﬁ:’j‘rﬂi*ﬂ/\%ﬁ
PR P B0 52 e T A BR U Bl o e A5 18] b R B K AR 2

[i) E DX 3 RS R 1) AR A A ) 4 2 @%éﬁqj
D)2 30 A 7K A 25 5 1) 55 3 B 2 ) L Al 2 ) L At A=
A S (A BT R 25 [B) 4 . 9 DA J) T8 28 R AIE L A8
A e B A P A A B A il P bR v 25 MR TR L 2 ) A B8
R I o) T O K AR S s TR S A A B . o AR
7HE 25 9 162l R 5 B i) 48K T 2 T 3 B K AR A A T Y
ATFO | EO R AT A R A K 2
5 SCHR[ 24 ] 5 25 18] 2 B 50 9 T LA 48 7R 80 Y] 0 K AR 2
75 8] 55 HoAth [ A 23 (8] 19 28 B AR A0 RS KA B L A
PSR 25].

1.4 KEFZTEEFHEZFMEREN

L4.1 HraBFmB KA AR R AL R R 2
| HARREE M ARG A4 E AR ZE R G5,
F 9 3 T B BF 5 B ) WK T BB AF AE (1 N TEBR &R L W)
EFEANT 5 A 75 B ARK SCIE R fe b, 2 AT F
FE IR B R T M S | R K I DA R IR P A
H SR M3 25 A B4 2 5 7K SCHR 2R B B 1 Ui 3 70 78 1
AR P TE B R b 38 48 400 20 1k - 20 4k (XD
PR (X HIE R R (X)) SEEIREK R (XD P
AR X5 ) S S IR R T 5 () I A DG A 52 e Wi N2
T gl o AT O DL AR P AR TEAT S TR A A
KA AR L I L B e A T R it A A 15 it 114
AU S XN B TR R R 2 S BUE A M I fg
KRR DRI TR 28 XA 2 B A A 3k 5 R K R R
(X o) HEEBN RS (X)) M R W2 (X))
HrLO R ES (X ) R SR B (X)) SF 2 [R5, A 4L
/z:\?é{f?ZﬁE?ﬂbFL?:%'j)\D(Xn) WAL R (X ) M
A= B (X ) B — 3G e (X0 VB ol 3
I (X5 B =7l I (X0 AL HLBRCE 3 )
(X)) B (X ) S5 R,

4.2 AR EFE (R E 4o A R
L ATy B X T2 S {4 22 5 A B[] J Je A 4L
il B 5T . BT U e ) X 2 AL T
B AL I R B X 7K B8R 25 0] 43 A5 AN 3 50 1)
BUAR o T BT A v TR i DR A | b 3
DA K AR S50 22 5 0K AR G AE M 98 8 Tl U K AR 26
23 [B) Y A BR Bl 7 43 B A5 AU B, G PR RS 78 7R O[] b 3 R
B4 AT BE 7 5 DA R B S 80 BT g L L T Ui
IRAZS 23 (B SR AL B AR i D R AR . eS8
Hb B %8 (Optimal Parameter Geographic Detector,
OPGD)# AL T-25 [0] 4 S MR R X A2 0 5 H A8 6
23 1] 73 A 4 Ry i — 2ok 7 2 1) ROBE )2 T2 AT 800 1Y

T R P FEE P A DAY 0 e 226 SR D AH R 7 1 TR ) g
T LA DR S T R PR K A 2 (]
AL PR R B, HAR 2 U225 S0k 29 ]

2 HREHMH

2.1 BARBKESTEIERETHE

& 3.8 2 W], BT I Bk AR A A ) R AR
2020 42 2.76 J7 km® AL i [E 445 [ALE AR 2.28 00,
b R KA S A R e 22 ¢ 20 3,3 20 4F
B 4 989.90 km® , %5 [A] 43 A H O R LR A7 T B IE 22 M
7 AR 22 W B Rl ] A28 G, R P O ) R A 3
B0 BRI HT T (1) i M X K A 25 28 18] 4 A
F 58 9 A2 0 DX, A 2 K AR 25 28 ) B 58 43 A AL
RIZU X, b i XK A 25 4 AR 2020 4F ik
22 351.20 km® , (7 b A ST 48 B R 80 %4, 20002020
EPEK 3 412.26 km® . 7 PR KRB Y 68.38%,
UMb XA AE RO RS V8 M LA BT 3 19 YH 45 Ak £ 7K
TR S (R AR AR K A AR s ) R H O S B kR
A, FLrb R R B0 B B Ty 2 BT T AR L — B AR R
AT EE K 3 i B0 ] A 3 i BE Y b TR K i
H KR 45 % b b X K AR 2SS fa] R ML
K A [ Bt A 358 4 b X 3 AR Ak, A L VR
LI R RRV S DX 8 9 T 1 W A0 R T A Y 0 1 S IXC
W, (2) HiEH X R T e K A A s ] AR Pk
TR /N DX 38, i X 3 A T v R XL X
B VD b ST AR 22 L ME LIRS SRR A K R S TR R AR
2020 AEK AR A2 VAT 2 130.98 km? , HAE20 4F ] 2 B
SeH R BB B EE 2000 AEHE AN 173.09 km? L {H
A7 B LL ) T B 0.94%0 . NS TH] LR, i i IX
BATE LGS Hh ) K A 2528 [R1 5K 45 ol 11X, AFL 75 3
TSR R b X 32250 T B LV R, U R
20002010 47 HEIA] JL 7 T8 P 1 DXL 52 20 4 T 4 9k tR
AL HIEEH K, (3) F i X K 4E 225 6 3 7k g
JEE 5 KB DXk, B 9] = U b X A R B T i i X
2000 AE K AE B MIA(A T 691.25 km” , o B JR
BRI 7,49 % AHZ 15T 20 4F Rk 83.05 Yo i Y
KB 5K, 2020 4F 2155 3 095.81 km*, (7 HL 3G
F11.23% ., Hd 9ok X 3 A e AR R G
S = B B S | B PN S S A S 3 37 Sy N
R A 8 TI0  BC T 4 U X 32 0 A A A T PR . 2
BKE WK A A s LR/, HLAE b
WA AR A A lEﬂ/\Z‘ETi’JItﬂ 1,3 20 4F B AR
PR FRASEAS T 384 hin , AH 32 22 R4 7 A A L U0 5 DX RN T JiE
HE U 0 BT T 2R P 5 1) R A Y B — 2 R, rh il
DX K G IR 1Y 5 ] AR AT A RN



184

e o V3 S U/ T

532 %

A KRETEFNZSHER

AT N

IIDDD

B /KA A 2= (8] 22 AL AL AR
2000—20204F

22 A/ km?
Il 5316
-531.5~-40.4
-40.3~-5.7
-5.6~0
0.1~87.1
87.2~234.1
234.2~425.7

i

LA e’ 2000—2010F

-189.7~-150.3
-150.2~-59.6
-59.5~-13.5
A3.5~0
0.1~93.9
94.0~265.0
265.1~828.3

2010—20204F
AL BB/ km®

- -409.9~-355.9 R

-355.8~-55.9

-55.8~-24.7
-24.6~0
0.1~143.5
143.6~386.5
386.6~798.0

I ks EE N maEE [ &z ©  E[E4A G
S X 345 A B I R b Lo REEEE
B3 2000—2020 EFEARBKESTANESHIRERELNE
Fig. 3 Spatio-temporal distribution patterns and change magnitude of hydroecological
space in the Yellow River Basin from 2000 to 2020
R 2 2000—2020 FEAREBAERT WHHE

Table 2 Data on hydroecological space in the Yellow River Basin from 2000 to 2020
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Fig. 4 Cross-conversion map of hydroecological space in the Yellow River Basin from 2000 to 2020
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Fig. 5 Centroid and spatial autocorrelation of hydroecological space cross-conversion in the Yellow River Basin from 2000 to 2020
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Table 3 Cross-conversion map of hydroecological space in the Yellow River Basin from 2000 to 2020
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Fig. 6 Impact intensity of influencing factors on cross-conversion of hydroecological
space in the upper, middle, and lower reaches of the Yellow River Basin
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