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Three-dimensional urban landscape pattern changes: A case study in the Central

Business District of Futian, Shenzhen

FU Fengjie, LIU Zhenhuan” , HUANG Qiandu
School of Geography and Planning, Sun Yat-sen University, Guangzhou 510275, China

Abstract: Landscape changes associated with rapid urbanization are one of the most dramatic forms of land transformation.
It is essential to quantify landscape patterns and their changes for urban landscape management policy-making. In the
compact city, the growth of building height is the main form of landscape expansion. How to quantify the three-dimensional
(3D) landscape patterns and their changes has become a hot topic in landscape pattern analysis, which is vital to
understanding ecological consequences of urbanization and the interaction between architectural landscape and green
infrastructure landscape. However, further research is needed to improve 3D landscape pattern quantitative analysis in
comparison to previous studies that mainly focused on urban horizontal expansion. The focus of this paper is the vertical and
horizontal urban landscape changes based on high-resolution remote sensing images and building census data by employing
3D landscape metrics and the landscape connectivity index to quantify the rapid landscape pattern changes in the Futian
District, Shenzhen City. The results showed that (1) vertical growth was the main expanded feature of architectural
landscape from 2003 to 2016. The high-rise buildings (27—99 m) and super high-rise buildings (over 100 m) dominate

architectural landscape in Futian. These changes resulted in an increase of 6.53 m in the average building height and an
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increase of 135.58 X 10°m’ in building volume. However, it only increased the building coverage ratio by 2.42% , which
indicated typical three-dimensional spatial heterogeneity in Futian. (2) The architectural landscape pattern turned from the
“Stepped” style into the “Pyramid” style. Because of the vertical expansion of the architectural landscape, the proportion of
built-up landscape and green landscape changed from 1.20:1 to 0.99:1, which resulted in a decrease of 4.03 km” of built-up
landscape and an increase of 2.80 km® green landscape. (3) The transformation of landscape type and its spatial influence
showed that the three-dimensional transformation of the built-up landscape released the space for green landscape, but also
restricted the external connectivity of the green landscape, which led to the Central Business District (CBD) having low-
level landscape connectivity. The green landscape patches are isolated by high architectural landscape. There are inadequate
corridors to connect green patches. Our results provide a scientific basis for urban landscape optimization and land use

policy-making.
Key Words:; three-dimensional landscape metrics; architectural landscape; green landscape; Shenzhen
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Table 1 Data source and description
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Table 2 Statistics on 3D landscape metrics of architectural landscape in Futian during 2003—2016
HESFH BE/m e BEARIEZE/m

il Average building Building height Eijﬁﬁ; ijﬁ;ﬂj) Bﬁlﬁiigfty Floo?iiiatio
Subdistrict height standard deviation

2003 2016 2003 2016 2003 2016 2003 2016 2003 2016
w3k 20.11 22.26 14.00 19.57 49.92 72.82 9.80 12.19 0.93 1.30
A H 20.67 23.46 16.42 23.85 68.26 109.07 13.74 18.18 1.76 2.73
T el 20.78 20.76 12.60 13.02 16.95 18.54 2291 23.81 2.60 2.85
Mgk 17.91 20.24 12.32 17.38 24.37 39.70 6.00 7.11 0.44 0.71
FEM 13.20 24.84 14.57 29.20 17.09 40.01 8.35 12.80 0.57 1.35
FEAE 25.82 28.10 23.84 28.99 36.40 53.88 11.10 14.39 1.49 2.24
e 16.05 19.10 15.83 23.52 18.32 30.72 13.38 14.07 0.92 1.52
el % 19.43 20.76 22.94 23.92 38.34 40.48 23.67 23.78 2.55 2.70
£X 19.60 26.13 16.50 22.31 269.64 405.22 10.95 13.37 1.10 1.63
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Fig.1 Spatial distribution of building density in Futian during 2003—2016
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Fig.2 Spatial distribution of floor area ratio in Futian during 2003—2016
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km”, /7 b 42.46% ,2016 4F-4 35.58 km®, 1 [ 46.10% , 4K 3.64% ., 13 4F [l A S5 0L T AL N 15.88 km®,
MO TR 13.07 km* (£ 4) .

&3 2003—2016 F 15 H R ZFIUBRIEH ST
Table 3 Patch indices of architectural landscape in Futian during 2003—2016

i R T T T T Ei”‘?ﬁﬂ AR
Patch indices Year ~ Lovrse  Mulistory  Middse  Highurio (., Total
building building building building building buildings
BEYER 2003 4449 3655 7065 1728 99 16996
Number of patches 2016 3923 3472 6816 2071 241 16523
AR 2003 4.78 4.99 4.44 6.67 11.76 5.15
Average patch area/perimeter ratio 2016 5.49 5.88 4.68 6.92 8.64 5.75
-2 5P i AR 2003 344.48 424.17 442,77 1192.93 3624.35 507.85
Mean patch area/m? 2016 390.36 550.71 479.61 1474.46 3257.79 638.58
BEHu i 2003 2907.84 2358.06 2257.19 838.83 275.00 1969.11
Patch density/ (n/km?) 2016 2564.05 1917.80 2084.40 679.02 305.06 1565.99
20034F
CERBREE/m
m0—9 1927  mm100—345
m 10—18 mm 28—99
B3 2003—2016 FEHERERASENFHE
Fig.3 The 3D distribution of architectural landscape in Futian during 2003—2016
R4 2003—2016 £ A X G TSR H i+
Table 4 Statistics on patch metrics of green landscape in Futian during 2003—2016
BEHE B G0 At 5 F S0 3 5=
Patch indices Year Forest Grassland Green landscape
ST 2003 14.93 17.85 32.78
Total area/km? 2016 30.81 4.78 35.58
BEYs 2003 20025 13031 33056
Number of patches 2016 24828 16307 41135
K 2003 11.24 4.74 6.37
Average patch area/perimeter ratio 2016 11.74 2.86 8.22
S BEHL RN 2003 719.12 1394.71 985.45
Mean patch area/m? 2016 1261.84 307.80 883.63
BEHu 2003 1390.63 717.17 1014.92
Patch density/(n/km?) 2016 792.47 3248.41 1131.64

R S5 UL SRE R R SR b R S 5 o, P R Bl v AR AR, TR LU RAEARR , 2 ) el SRR AR s e
Ao PR ST UL IRE B ASE n, REBR 8 R A /N | S R BE R I AR 0 T BR ] G /N B 1D, 2 PR 3t S e s e s
Yedl, w50 13 4R )47 1] S 1R
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Table 5 Transition matrix of landscape type in Futian during 2003—2016

2016
. t"yr;‘ o Wi Kb PPARE AR s o
Forest Grassland Water Unbuilt Impervious  Architecture out
M3 Forest — 0.61 0.13 0.16 1.09 0.13 2.12
FiHh Grassland 9.52 — 1.34 0.35 3.83 0.41 15.45
KA Water 0.34 0.22 — 0.02 0.09 0.02 0.70
2003 P AL Unbuilt 0.75 0.26 0.18 — 1.15 0.49 2.83
AifEIK R Impervious 6.99 1.28 0.22 0.46 — 1.66 10.61
AL Architecture 0.15 0.06 0.01 0.07 0.67 — 0.96
% A Transform in 17.75 2.43 1.88 1.06 6.83 2.71

A

= ik - KfE - TR
m FEH = PR wm R

4 2003—2016 EEAREHTEUEEHHE
Fig.4 Spatial distribution of landscape in Futian during 2003—2016

2.4 SOWEEMEAEE

FH 2 6 T LU M, Ztth s O 4% U4 7 380 P R AT R 3% 38 P 354 /NI b ot 9 IX AR B R 22 ) 7 32 58 M
HAN SR FE R AR XS5 X0 38 AR T IR T B R K S 2 I Ak 0 T A X ) 4 X 2 e S5 00
Zad Z A A P B 3

T AET 24T 2003 4FF 2016 4F-A H DX 50 0 BE B E 2P AR LI 00, 1 2003 4R H11 2016 4R BEHH 1 2
5 RBRANFPEHE TR BUE R B B 2R B (] S) |, 5 HBE R E ZAE R 73 49 <0.5.0.5—1 . 1—
5.5—15 f1>15, 2003—2016 4,5 K EEHEHA AR, TG 3.18 km®, &7 LT 5.86% , 4 P EEHEH
B /NMEHE I AN 3.62 km®, BEHe 5 e 7.64% FTFE 17.61%, 3 Y EH B R E 0, 5 b

http ; //www.ecologica.cn



8 S % 39 &
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Table 6 Statistics on landscape connectivity in Futian during 2003—2016

EEO) HARE B AR R (11C) I RBEE PEAE L (PC)
Year Integral index of connectivity Probability of connectivity
2003 0.04 0.10

2016 0.06 0.16

B

LI - 2 3 mm4 mm5

5 2003—2016 FEARSVUMREBEEEESHE
Fig.5 Spatial distribution of connectivity important patches in Futian during 2003—2016
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