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Abstract: The Yellow River Basin has been successfully managed in recent years. However, due to the weak ecological
foundation of the Yellow River Basin, problems such as reduced biodiversity, ecosystem instability, and degradation
remain. The main problems of ecological environment protection in the source, upper, middle, lower reaches, and deltas of
the Yellow River Basin are different. In the context of the Yellow River strategy, the problem of a fragile ecological
background is becoming increasingly evident. Regional coordinated development is the target direction of the Yellow River

Basin governance. Constructing a multi-objective ecological security pattern and realizing a harmonious coexistence between
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man and nature are the focus of ecological research in the Yellow River Basin. This study constructs an ecological security
pattern for the Yellow River Basin from the perspective of regional cooperation. The main contribution is to construct a
comprehensive resistance evaluation system for the basin from three aspects: natural environment (land) , human activities
(people) , and land barrier ( human-land coupling) , based on the integrated data from ecological, economic, and social
levels, and to propose a new framework for constructing ecological security pattern in the entire Yellow River Basin. Specific
contents include: (1) identifying ecological source areas in the Yellow River Basin based on morphological spatial pattern
and landscape connectivity methods; (2) constructing a comprehensive resistance evaluation system from three aspects—
natural environment, human activities and land barrier—and ranking the ecological security of the Yellow River Basin; and
(3) combining it with the minimum cumulative resistance model, the ecological corridor extraction and strategic point
identification were carried out in the Yellow River Basin. The results showed that the number of ecological source patches in
the Yellow River Basin was 75, covering 23.13x10* km®, accounting for 29.09% of the total area of the basin. The high
security area was 17.83x10* km® | the medium security area was 27.83x10* km®, and the low security area was 33.84x10*
km®, accounting for 22.43%, 35.00% and 42.57% of the total basin area, respectively. The basin had 94 ecological
corridors with an average length of 37,503 m, and the main land types were grassland and forest. There were 12 ecological
strategic points in the basin, mainly distributed in the east of the Yellow River Basin, with relatively high resistance values.
This can easily become a “bottleneck” affecting the connectivity of the Yellow River Basin. Finally, the impact of ecological
security pattern construction on the overall ecological protection of the Yellow River Basin and the existing ecological
environment protection plans for the Yellow River Basin were discussed. Suggestions for future ecological security pattern
optimization in the Yellow River Basin were proposed by optimizing the identification of ecological source areas using a water
resource assessment system, optimizing the identification of ecological corridors and strategic points based on circuit theory
combined with the migration of indicator species, to provide evaluation and optimization strategies and methods for
constructing the spatial and temporal allocation of resources in the Yellow River Basin. Genetic analysis showed that the
prominent ecological degradation problems, such as grassland desertification and wetland meadow reduction, water-sediment
relationship, soil problems and river pollution, water and sediment change, agricultural non-point source pollution, and
wetland biodiversity reduction were the reasons for the low ecological security level in the upper, middle, and lower reaches
for the Yellow River Basin. Simultaneously, this study establishes a basin-scale paradigm of ecological protection allocation
pattern and jointly promotes high-quality economic development and high-level ecological environment protection in the

Yellow River Basin.

Key Words: ecological security pattern; ecological source areas; ecological corridor; ecological strategic points; the

Yellow River Basin
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Fig.1 The Geographical location map of the Yellow River Basin
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Table 1 Resistance surface index system and data description
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Table 2 Evaluation index system of ecological comprehensive resistance for the Yellow River Basin

He A FH A T FHLF1 M fE Resistance assignment

Type Resistance factor 1 2 3 4

EEZ3Z81 W /m [0, 1135) [1135, 2345) [2345, 3715 >3715

Natural environment 3%/ (°) [0, 0.5) [0.5, 15) [15, 35] >35
IH—fb R B R %1 [0.61, 1] [0.48, 0.61) [0.36, 0.48) [0, 0.36)
BT R A oy A RIS X rh XU b X ol XU b X A XL X

N2 5 ] PN A 72 A/ (JT 76/ km? ) [0, 657) [657, 2795) [2795, 6575 >6575

Human activities AT YeFE % [0, 6) [6, 20) [20, 40] >40
N/ (N/km?) [0, 3351) [3351, 18093) [ 18093, 61652] >61652

H oy BHL R - A 2R A At K AE Fi B HoAth il 3t

Land barrier T 8 S/ km >0.367 [0.173, 0.367] [0.055, 0.173) [0, 0.055)
FEAK AP /km [0, 0.332) [0.332, 0.676) [0.676, 1.213] >1.213
FE A SRANA SR WL 25/ km >0.332 [0.197, 0.332] [0.086, 0.197) [0, 0.086)
PEFER F M B B/ km >4.047 [2.232, 4.047] [0.836, 2.232) [0, 0.836)
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Table 3 The description of methods, corresponding formulas and parameters

[ EEL:E| RT3 12 U/ EHUAN ZHBLH
Purposes Methods Formulas Parameters description
S TR AR T 25225 A% Ry Mt PC ] REVEE MR E; n S BT SR BT B 5 5

Identification of ecological

source areas

Ecological corridor extraction

Ll =e bl

Strategic point identification

( Morphological spatial
pattern analysis, MSPA)

B/ BB AR
( Minimum cumulative
resistance , MCR)

ArcGIS 7K 30 Hr

i=1j=1

PC =

A7
PC = PC,ove
dPC = -
pPC
i i a; X a;
e = S1/3 1+l
A7

i=m

Ryc = fuim Z D; xR,
=

0o
5
XX X xp

x 100

Ha, Moo A3 BIEE i AR p AR
FHYEBEBR i 8] 20 1) B e R AE SR 54, A=
ST B 5 dPC A2 3% B B Hle Xof 4k 45 57 L 32 3
P A4 B R B (K U R R L B B} 3 1 5
M TTHRAL K 5 PC., 000 TR NS BS B UL BRE
HUG W PCAE; 1C B R iEm EFe 8, o,
0<PC< 1, BU{E bifi 25 55 L322 422 8 A 8 v 348 o
O<IC<1,% 1IC=1 i fRFEAZ ML HE
AR Y HC=0 B, R4S BEH 2 8] B %
., MSPA Jrik PC W] fE 3% i@ M8 B0 1IC
A T L e O 3 T KRR A, B
T4 PR (0 B Ry A 25

Ry A5/ N BB I 3 £, 9 S WS 5 51 B 7
/N BB 5 A S R I IE A DC R B D, R
SR B SR TT j S PREE B R, AT
FE X 3 PN S WL BTG @ X i B 4 BEL T AR B
MCR #5823 T Knaapen 55 AW 57 1) 9% R
BB S, AT LA 4 Rz sl v 7E T RE PR
Ko $, B R0 A B 5 AN T S U 3 T Y

I,

5B ArcGIS A/ SCo AT T B | 38 3 45035 43 17 45
PR BRGNS BH o 2 1h1 BH 7 8 5 v 9 < 5
257 PRI AR S D il AR B B 487 5 A 2
TEHYEE A

3 ZBRES

3.1 E A S R MR

F BRI SO I AR GE 1T (3% 4) A (el 40 A (1B 2) v R 5 XS0 X Bl 259151 km?, (5
HA FE I IR 32.60% , o 4 i 3 A 25 FH LT AR Y 52.43% , 3 B4 AT 7E B I ek %) P R R L AL AR
6, FRER A O X B g H SRR AS B B BB il M 22 R A T AT e R e R 5 RS

http ; //www.ecologica.cn



4630 JAE = 44 %

e s EFERFAE R AR ARG A8 R I 25 A PR R 1, T A 98918 km®, i Yt 482 245 HI 1) 20.01% , 1 i T 7E
R X B A3 AR D FE IR T M B 55 1R B SR BE S AT W A A AL B DA SR R R AR AR I 2R IX T R
51552 km®, 5 kA= 25 LAY 10.43% ; SR AR AR 25 R0 =2 18] H B 322 v I, o i 3k A 285 T b 1) 6.36% 5 9K
A B H R R /NG, o DA S FH R 4.54% 5 FLBRAN o sl AR A FHHL Y 3.27% , 3R WA A6 25 H i 434
NP2 45 5y 52 A SR RS A B T AR B/ N, SR BRERR A A AE W A B REAR o I AR S T Y LU 2.96%

[ s, BT AT dak 1 e DX ST A A RO R A 7 5 v R, (T Wi DX 3 A R 88 0 DXl 8 o 1 /S L3
FER o5 gD B R R AL A B AR TR B W B Re R sC e, A 2 RE AT A2 U

F4 ET MSPA BB EMNELBMERS T
Table 4 Statistics of landscape types and areas based on MSPA method for the Yellow River Basin

e S TIRY (km?) S X B 4 L % di S I E 53 L %
No. Landscape type Areas Percentage of the study area Percentage of ecological land use
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Fig.4 Data visualization of 12 integrated resistance factors for the Yellow River Basin
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Table 5 Eigenvalues and contribution rates of principal components

P F FREH DUHRR/ % BT TTEAR/ %
No. Principal components Eigenvalues Contribution rates Cumulative contribution rate
1 K 1.25513 30.8737 30.8737
2 Yoz 0.72446 17.8203 48.6941
3 H—AL B AE %L 0.41632 10.2406 58.9347
4 R FH A Ty KA 0.38055 9.3607 68.2953
5 FE A7 A 0.34992 8.6073 76.9027
6 IR T8 %L 0.30643 7.5375 84.4402
7 ANO#E 0.25516 6.2765 90.7167
8 AR B 53 H 0.21765 5.3536 96.0703
9 iERER S UEr 0.10794 2.6551 98.7254
10 BEK (AR S 0.04440 1.0922 99.8176
11 ENE R IDNS'S - S U ER) 0.00535 0.1316 99.9492
12 A1 FH B 0.00206 0.0508 100.0000
x6 EHOBEIERE
Table 6 The load matrix of principal components
b R Principal component W
Index 1 2 3 4 5 6 7 8 9 10 11 12 Weight

1 0.25617  -0.2147  0.28663 -0.15081 0.33183  0.40873  -0.09281 -0.49085 0.43277 -0.26335 -0.00201 -0.00088 0.043
2 -0.01972 0.02182 0.03517 -0.12676 -0.00959  0.05431 0.05754 -0.26792  0.16580 0.93604  0.00014 -0.00517 0.072
3 0.00856  -0.17187 -0.15882 0.82508  0.31818 -0.16273 0.28541 -0.22432  0.05519 0.04306  -0.00401 -0.00056 0.070
4 -0.16362  -0.34505 0.23061 0.20615 0.29543  0.37069 -0.33145  0.57390 -0.20771 0.22679  0.00132  -0.00080 0.074
5 0.00422  -0.00732  0.00137 0.00240 -0.00573  -0.0031 0.00043  0.00670  0.01964 0.00434  0.27048  0.96243 0.108
6 0.06477  -0.00273 -0.03248 0.07807 -0.12125 -0.14523 0.00821  0.47019  0.85266 0.00345 -0.06827 -0.00315 0.095
7 0.00608  -0.00789 -0.00040 0.00748 -0.01231 -0.00766 0.00751  0.02856  0.05582  -0.00215  0.96020 -0.27139 0.066
8 -0.02599  -0.05044 0.05639 -0.07594 -0.14613  0.47937 0.83166  0.20469 -0.04954  -0.02484 -0.00694  0.00179 0.103
9 0.38440  -0.20369 0.15634  -0.39082  0.63328 -0.38308 0.25654  0.12199 -0.03392 0.00821  0.00028 -0.00035 0.047

10 -0.27003 0.83906  0.17763 0.07659  0.40265  0.02612 0.06048  0.13686  0.00937 0.01488  0.00997  0.00556 0.128
11 0.52058 0.12063  0.75738 0.25863 -0.2478 0.03377  -0.04473 -0.09534 -0.01073  -0.01243 -0.00382 -0.00242 0.110
12 0.64072 0.20518 -0.45204 0.02298  0.20114  0.51255 -0.18304 -0.03253  0.06850 -0.00906  0.00245  0.00045 0.084

AR X6 AR 22 A A5 ) o A AR A 25 1] 32 1800 20 B 485 R AT INALS I, #5385 AreGIS X/ Spatial Analyst
REH Y Reclassify T ERFHI 43 USG9 A5 BB it A S L 2 F R MR (E 6) . B R EL X
BN 17.83 J7 km? .E%Hmlzﬁaﬁ 1) 22.43% ; AR5 8% 2 X U T 33.84 7 km?, (i 0F5% X G T
FRUR) LA 2 3 42.57 % , 13 BH B 0] 3 3 A 2B 28 2 KPR &

)5, 31T ArcGIS #K 4 Spatial Analyst FLH AR i AR B 28 T H 728 (A1 4041, DAAS 2SR b oA 22 R IR 8
W AT VM 25 A AR B3 | 75 BT 5 X BE ) 40 A, BT 4028, e X RAR BT i sk BHL ) 45 4 45
[ AR (B 7)o 228 [BRFAE 3 A, A5 X A A BE g 1 o b Kok 72.28%,,@% M 57.46 J7 km? ; =5 B Sy 1
07 F e/ NR 1.48% , LR 1.18 5 km® | B0 AT AE LA g 28 A0 G R At . v A RIS /o A5 R BEL g T R,
1122.62 J5 km?®, (5 02 28.45% , F B A ATAE H A < B EB B VE VU R R AR AL ES T Rg PE S L LU P AR B AR A AR L
AR VP R LA S P S P R, 2 8 X 3 R R A S VR B S e, BHL D (AR A
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Fig.5 Grade distribution of ecological security assessment indicators for the Yellow River Basin
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Fig.6 Distribution of ecological security levels for the Yellow Fig.7 Resistance grade distribution for the Yellow River basin

River Basin

i WA B ArcGIS BRSO TR, i o AU 7 M 45 B VR4 M i /N SR+ BHL ) 2 1 BHL ) (A i O 45
227 PR IS S RE AR A 287 5 A2 A5 IR 1 A 52 it , RIVAE 25 s (P 9) o Ha 181 9 mIRN, B Tm) g S A 25
W it 12 A4S, FE A ARSI ARER , L A HIZE 2 LOBE b AR o 3 BEL S (BRI A, 25 5 1R 52 )
A A A T P P L SO A g R DX AR

-
0 310km
| I

B8 EARESESHEN B9 BARBESRERSH
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