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Fig.1 Spatial distribution of wind turbines, oil wells, and roads in the Yellow River Delta
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Table 3 Statistical table of average nearest neighbor analysis for oil wells in the Yellow River Delta in 2000 and 2015

AEDOY T3 /(4 /km®) -8 UL ]/ m BUTPHREE /m RAIEHRE/R 2135y PE
2000 0.71 189.66 594.35 0.32 -140.95 0.00
2015 1.21 191.93 454.98 0.42 -156.35 0.00

4.4 EESWIFE

2N AL 43 B ¥ 15 9T AT A AR A5 B 2000 4F F
2015 4F- 18 [ %5 3 25 8] o3 A B (B 1(d) (B 1(e) ) o 7
B Ol X)) GO AT B X )23 1 T B A S AR AR REAE N
T 22000 4F , G8 H 9% B O AN s AR OE OB EERCOR,
B K% 25 0.49 ke /km”, J& T3 6 50 %% X5 ) 158
Bk, K2 0.32 km/km?, J& T 18 5% h %5 )i
X TR X AR X R B R OR X RO
i@ T 1 AR B X, B K% R 29 0.23 km/km’,

2015 438 i % B ol W E AR S R E XA R A
W RS K, B K IR #) 1.25 ke /km”, J& T 18 % 5
WP DX R L A O T R R e R
29 1.0 km/km”®, J& T 18 i %5 B X oAl v 4k
DX YA T XA B R X R R SR AR e R Ak #
0.69 km/km’, J& T i L% E X . Bk RFE,
2000~2015 4F & o] = £ I £5 17 B X 35 % % 1
AN TR AR AR v, v AR X — O T o X
I e BT B R B X T i R X, R



% 3

FRAS 4R JLTF RS A GIS 19 B = A W 52 T b Wy B} 25 545 0 #r 757

SRZE06T A RS B X BT s B X, T R B
3 T 3 G 2 R R T R R e K, B ) X T W
/I R AR A — R b R el T 22 B A 2 Y
R EATBL , BT A7 TR e B T 28 5 ke
B o MR WA T I o B v o R X
G A FE BT = A YN e R IR O A A T Vg M
DX, 0 R TRT = A T 0 A T s 18 2 B B A
T AT A R

K 38 B 0 A B E AT v BL G 4 (B S A B 08
P S () AR (1B 4) , ROk, 0 B 2 v 1 2
B0 A AE B AU R D R O AR B XL
¥ P L P g S R B M) X S, AR e
ML AL LB ARE U R BRI R

(a) 20005F I B 2 BE S A1
B4 20005 20158 F M= RFNERZTES HETEE
Fig.4 Spatial trend of road density in the Yellow River Delta in 2000 and 2015
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Fig. 6 Cold and hot spot distribution of road density in 2000 and 2015
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Analyzing Spatio—temporal Characteristics of Main Artificial
Features in the Yellow River Delta based on RS and GIS
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Abstract: Oil wells, wind turbines, and roads are the main artificial features in the Yellow River Delta (YRD).
It is of great significance to clarify their spatio—temporal characteristics to ensure the ecological security of the
YRD. Based on medium and high—resolution satellite images, such as Landsat, SPOT, and GF2, the main ar-
tificial features in the YRD in 2000 and 2015 were extracted, and then their spatio—temporal characteristics were
analyzed, using the methods of kernel density, average nearest neighbor, weighted analysis, Kriging interpola-
tion, and spatial autocorrelation analysis. The results showed that: (1) The spatial distribution of wind turbines
was uneven in 2015, showing a distribution pattern dominated by two core regions and assisted by three small
agglomeration regions. The overall trend was northwest to southeast with an obvious spatial agglomeration char-
acteristic. (2) The spatial distributions of oil wells in 2000 and 2015 were both uneven and characterized by time
variation. In 2000, oil wells showed a spatial distribution pattern with two cores as a main part, supplemented
by a patchy distribution of clusters. However, in 2015, oil wells showed a spatial pattern characteristic of three
major core areas dominated and a saddle-shaped distribution of wells around the core areas. (3) From 2000 to
2015, the road network density had been continuously increasing, with obvious spatial agglomeration character-
istics. The high road network density was mainly distributed in the central region of the YRD, and presented a
spreading trend to the west and south. Overall, the wide distribution, fast growth, and the large number of arti-
ficial features in the YRD have posed a great threat to the ecological security of nature reserves. This study pro-
vides a scientific basis and decision-making reference for wetland ecosystem protection in this region by identify-
ing and analyzing the spatio—temporal characteristics of artificial features in the YRD.

Key words: RS;GIS; Yellow River Delta( YRD) ; Artificial feature ; Spatio-temporal characteristics



