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Landscape visual impact assessment and optimization of
Guanting Wind Farm in Beijing
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2. School of Public Administration and policy, Renmin University of China, Beijing 100872, China;
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Abstract To comprehensively assess the impact of wind power facility construction on the surrounding
environment and propose optimization solutions for future upgrades and retrofits, this study investigates the
landscape visual impact of wind farms, taking the Beijing Guanting Wind Farm as the study area. Based on the
Analytic Hierarchy Process, the landscape visual impact evaluation system was constructed using indicators
such as landscape visual sensitivity and landscape visual magnitude. Relevant data were obtained through open
data platforms, remote sensing and geographic information systems, expert evaluation method, and Delphi
method. A comprehensive evaluation was conducted at both global and local scales. The results showed that:

1) Compared to irregular wind farms layout, regular wind farms layout has a lower degree of landscape visual
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impact, and the closer they are to the wind farms, the more significant the visual impact they receive. 2) Within

the 5 km buffer zone of Guanting Wind Farm, the landscape visual impact is relatively high, with the frontal

direction of the wind farm Enclosure Rectangle being the key affected area. 3) Wind turbines have a significant

impact on the water, village and road landscape of the key areas of the Guanting Wind Farm. Compared with

the land, the visual impact of the wind turbines on the water bodies is more obvious, and the visual impact on

roads passing parallel to the wind farm is more significant than those passing vertically. 4) The landscape of

Guanting Wind Farm can be improved and optimized from multiple aspects, including building ecological

networks of water bodies and wetlands, optimizing networks of farmlands and forests, connecting road

landscapes, and reconstructing waterfront landscapes, to reduce the impact of Guanting Wind Farm on the

surrounding environment. This study can provide a reference for the scientific assessment and optimization

practices of landscape visual impacts in wind farms.

Keywords energy landscape; wind farms; visual impact assessment; GIS; spatial analysis; optimization path
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Fig. 7 Diagram from various perspectives (a) and overall orientation assignment map of Guanting Wind Farm (b)
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Table 4 TLandscape sensitivity score of the Guanting Wind Farm

- OB AR KR - BB 4R

L AEME EEE EME LA | L. WEXE O FEE ORWE  Sars

J¥ 5 . . . . . =2 . . . . .

Phot Environmental Vegetation Adjacent Composite Phot Environmental Vegetation Adjacent Composite
e contrast coverage scenery score o0 contrast coverage scenery score

number . . number . :

richness  aesthetics richness  aesthetics

1 0.784 3 0.617 6 0.7255 0.709 2 14 0.8529 0.7353 0.8529 0.813 7
2 0.539 2 0.848 0 0.612 7 0.666 7 15 0.671 6 0.5539 0.607 8 0.6111
3 0.7157 0.656 9 0.7157 0.696 1 16 0.7255 0.784 3 0.745 1 0.7516
4 0.8137 0.7255 0.833 3 0.790 8 17 0.720 6 0.764 7 0.730 4 0.738 6
5 0.642 2 0.416 7 0.583 3 0.547 4 18 0.838 2 0.696 1 0.843 1 0.792 5
6 0.833 3 0.642 2 0.828 4 0.768 0 19 0.7059 0.789 2 0.696 1 0.730 4
7 0.710 8 0.348 0 0.681 4 0.580 1 20 0.710 8 0.558 8 0.642 2 0.637 3
8 0.764 7 0.514 7 0.7059 0.661 8 21 0.808 8 0.857 8 0.828 4 0.8317
9 0.740 2 0.828 4 0.769 6 0.779 4 22 0.661 8 0.4510 0.578 4 0.563 7
10 0.833 3 0.7255 0.794 1 0.784 3 23 0.647 1 0.720 6 0.622 5 0.663 4
11 0.872 5 0.852 9 0.862 7 0.862 7 24 0.7059 0.598 0 0.686 3 0.663 4
12 0.794 1 0.598 0 0.774°5 0.722 2 25 0.676 5 0.500 0 0.622 5 0.599 7
13 0.750 0 0.862 7 0.701 0 0.771 2




% 31 BRI AF b T XU H 3 5 W B R P 5 Ak 257
z 1 15"3'6'0"[3 1 15°414’0"E 1 15°512'0”E z
S < 5
& g
g g
z &
¢ o
5 5
g g
% 2 Visual sensitivity value
% S PRk Max: 1
b
e/ Min: 0
— K H13%3E FEl Wind farm area
- Z a JHL Wind turbine
o S B JT/KJF Guanting reservoir
Y r ' r S I EFHY Building footprint
S 115°36'0"E 115°44'0"E 115°52'0"E — S Highway
0 12 16
km
E8 B TX A5 5 E
Fig. 8 Degree distribution of visual sensitivity of Guanting Wind Farm
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x5 KHAME

Table 5 Orientation values of wind turbines
pZRDA W i T AR G M iz g T AR L O,18
Orientation Static blade area ratio  Dynamic blade area ratio O, Value
1E T AL & Front view 1.0 1.0 1.0
Xt ff1 M Diagonal view 0.8 0.6 0.7
) 1 A8 & Side view 0.6 0.2 0.4

B, AT AR 4 B B 2 AR AT A P o A A
e A o WA 6 FIK 7.

3 WEMERSSM

3.1 2E =R mITEMN
HRAE L3R PP 6 Ar A5 050 L T Are GIS

FH S HRAEH Z2 48 B 5 T E AT KUHL 3 4 5 0L A
LB VM, I EE R DI A S8 B LK T AR T
SR L AE B WA O HEAT 0 A o T KR 3 B
Ab DI R D, NI AR DX I B XU 3 B
6 H AL 5 ) PP A R SO P N T A
NP ARAE S

x6 EREUREBHITR
Table 6 Road visual magnitude statistics table
i SR A B K BE /km ik vm
Road Total sampling points Length Total VM
G6 100 20. 37 9.52
G7 22 4.98 0.61
G110 49 10.61 1.52
S313 87 18.23 3.72

7 HETHARBEITE

Table 7 Statistical table of average visual magnitude capacity of villages

% e R B R i1 A /m? EiT VM
Village Total sampling points Area Total VM
A 244 188 582 0.957 7
Xiaoqiying Village
bk
KA . 483 400 326 0.970 4
Dagucheng Village
Rk . 234 197 399 0.923 2
Tongzhuang New Village
% P . 317 268 299 0.736 8
Guanzhuang New Village
/N S R R
943 793 504 0.697 8
Xiaonanxinbao New Village
TE M A
E?J | ﬁﬁ . 350 296 089 1.668 9
Dingzhouying New Village
T v
B LAY . 203 172 532 1.751 6
Duanzhuang Village
P 169 144 586 0.795 8

Siying Village
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Fig. 10 Road visual sensitivity grading map

HH 2 8 1144 45 AL mT i, WU 0 52 i) S0JR% B e )
RHEF M :S313>G6>G110>G7>G234>S241>
S217>>S216>>S239>S220>>SL.71, H 1 i #% S313
PLASE I ) BE B8 LT W) XL A Jm 47 15 {453 %
25 A FE B L B e A o e B G 6 B o
JRUH 37 60 2 S TE 0 K 300, 9383 Rl PN RUAIL A
P, B b T e A A Y R
T 32 AL 5 WA B o e R G110 R G7 AL T K
F A6 A 5 XU R S R G RS R G A £ | G B
SO B AR A AIG T 32 PR R T AT
3.1.2 K&

T 2o B HROK TR A 2R o BOHE o T R R
TR BN N Y 4 B 8 BBORR B (E DA T 3R A5 K
T AL SRR R Ay R . H IR LD AT AR AR T~
VIZR A 7K T X388 5 v e XU 37 1 TE R D7 1]

12 9 AT, BT K 32 20 Y A0 5 e T AR
b 70 %6, Ho A v R RE A G T I 5 e T AR
o i A T AU 1590, B R TR BT K R R A

DX, 7K 2R A VG 5 T I K TE H XL ER S
P 7 B 3/ A0 o B0 AT, A5 A T K LA
T, H TR, R T X E T KRR
PR 5 1)
3.1.3 MEaER

AR Al IR F, 37 4 4l 5 O R U B o G IR )
S0 TR 5 40 1 A A AL, 75 30 A 5 8 S 0 R b AR
Oy GV LR 12, 52 e X P S £ O IR OF B R
Z A, F B RAR, BB R LA R 5 i AR Y
M U R N ER

PR XU A7) 2.5 ke 0 1L P8 B9 9% 0008 5 ) 4 2 %2
RV VI, KCE 3 406 b i s B R BR 5 B XUE 3
2. 5~5 km Ji5 Bl N 19 A 9 475 52 BT TV 2209 B 08 5%
Wi 5 5 km 1 B LA M 09 00 58 52 ) 22 4k F T4, nl 22 1%
it

WFFEAR I & BRI R ] 4352 ey DX 88, I AR 418 3% 10
E— 2GR, /INEE SR BRBERR 1L 2 R VR AR
Z 2 (R L o B L AT 50 %% 2 A G AR IX e A B



260 OE R R R 2026 4F 55 31 %
x8 ERURHBRESLE
Table 8 Grading table of road visual sensitivity
B o b VS S N
B/ REESRH VS level LA 0  E /km
7N
Total Total sampling Visually impacted
Road length int TR length
name e pomts : I m m v vV VI eng
No impact
G6 35.04 174 17 84 19 27 21 6 0 31.61
G7 32.16 159 24 104 26 5 0 0 0 27.31
G110 29.23 146 2 87 35 17 5 0 0 29.03
G234 24.51 119 18 96 5 0 0 0 0 20. 80
G239 5.19 24 11 13 0 0 0 0 0 2.81
S216 4.23 19 5 14 0 0 0 0 0 3.12
S217 4.14 20 2 18 0 0 0 0 0 3.73
S220 2.60 12 3 9 0 0 0 0 0 1.95
S313 32.64 159 34 59 18 25 17 3 3 25.66
S241 11.83 58 8 50 0 0 0 0 0 10. 20
SL71 2.08 10 1 9 0 0 0 0 0 1.87
115°3I6'0"E 115°4:¥'0"E 115°5I2'0"E N
A -SSR S
25 & Visual sensitivity level
~ <
!
0= o
(| I
=V
z - Y
- S v
= 2
S é;r K #3775 E Wind farm area
) — HAbiEE& Other roads
. . P " — E#E Highway
115°36'0"E 115°44'0"E 115°52'0"E 1 EJT/KJE Guanting reservoir
0_ 2_ 4 8 12 16 =
E11 EFKEARSRESRE
Fig. 11 Visual sensitivity grading map of Guanting reservoir
*R9 BEFKESUREHBEESRE
Table 9 Grading table of visual sensitivity of Guanting reservoir landscape
VS 45
) R MR VS level AL GE 5% ) 180 AR/ km®
T R/ km® . : .
A Total sampling Visually impacted
rea
ints Al
points ® ] I I - v v VI area
No mmpact
82.99 8819 2688 3926 946 461 380 397 21 62.05
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Grading chart of visual sensitivity of village architectural landscape

MK EED R

Table 10  Grading table of visual sensitivity of village architectural landscape

I Lt VSHH e AT
2 ki n/fli ] Total VS level 01 /km?
A/ Km” . .
T S 1 -7 Visuall
o Buili-uparea ¢ 6 RIW nom owvoovoowv e
points No impact impacted area
j“.*%"ﬁﬁ 5.01 211 21 74 116 0 0 0 0 4.51
Beixinbu Town
Rl 2 . 2.24 150 11 23 47 33 22 10 4 2.07
Langshan Township
JINFE
].ﬁq#‘_%‘. 3. 24 206 27 12 40 33 30 38 26 2.81
Xiaonanxin Town
AL
ARAE 3.32 345 77 170 57 24 9 8 0 2.58

Donghuayuan Town
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Fig. 13  Statistical chart of road accumulation visual magnitude and visual impact length
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Fig. 14 Statistical chart of average visual magnitude acuity of villages
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