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built—up areas of mega cities and conducting efficient settlement monitoring and risk analysis is crucial for
ensuring the safety of urban residents and future sustainable development. Methods: First, combined with
the Landsat series optical images and Sentinel-1 radar images, the maximum likelihood supervised classifi-
cation method and time-series interferometric synthetic aperture radar (InSAR) technology were used to ac-
curately extract the urban built-up area and settlement monitoring results of Guangzhou in 2017, 2020, and
2023. On this basis, an analytic hierarchy process model was established based on risk indicators including
settlement velocity, uneven settlement rate, and density of building points in built-up area. Moreover, a
long—term settlement risk assessment method for urban built-up area integrating spatiotemporal characteris-
tics was proposed, by analyzing the cumulative changes of multi-temporal settlement and the spatiotempo-
ral characteristics of point targets in depth. Finally, the settlement risk level of the built-up area in Guang-
zhou was quantitatively evaluated. Results: The extraction accuracy of built-up areas can reach over 91%,
and their evolution is in line with the development trend of urban construction planning. Their spatial distribu-
tion is highly consistent with the distribution of InSAR points with a density greater than 3X 10° points/km”.
Among them, the settlement in Nansha and Baiyun areas is more significant, with the highest annual settle-
ment velocity in some areas reaching — 67 mm/a; the long—term settlement risk classification results of the
research area indicate that about 1.69% of the areas have high risks and deserve attention. Conclusions:
This study can provide data support for urban security decision—making and achieve rapid and low—cost reg-
ular risk screening of large—scale urban built-up areas.
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Table 6 Sentinel-1 Data Parameters
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Table 8 Accuracy Evaluation of Classification

Oy X KB B R oMb KRR L

2017 0.92 0.99 085 0.80 0.96 0.28
2020 0.93 0.99 094 073  0.96 0.26
2023 0.91 0.98 091 073  0.95 0.35
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Table 9  Statistics on the Extraction Results of Built-Up

Areas in Guangzhou

AR IX B/ km” X A/ %

X 35 WITHE 20204 20234 2017 2020 2023

4 4 4
WX 55.25 55.81 53.06 93.50 94.44 89.79
X 28.17 28.27 27.64 83.32 83.65 81.77
KMIX  83.70 80.51 73.12 86.90 83.57 75.90
MERIX  64.48 66.17 60.65 71.34 73.20 67.08
MYPIX  179.07  211.67 25879 33.94 40.12 49.05
M=K 29272 283.34  278.14 36.78 35.60 34.95
FHHX 24441 28218  245.69 31.09 3589 31.25
FHIX  128.67  124.07  130.96 26.57 25.62 27.05
EHIX  262.54 24213 238.38 27.07 24.96 24.57
WX 173.29 17451 225.10 10.72 10.80 13.93
MEX  76.78 72.02  107.53 3.89 3.65 545
24 1589.08 1620.68 1699.04 21.37 21.80 22.86
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Table 10  Statistics on the Proportion of Areas with

Significant Settlement Status

HIX B E UL HERX B T LR 0T
X 5, X L f51] /% UL /(mm-a™')
20174F 20204 20234F  20174F  20204F 20234
Mz 203 026 205 —17.36 —17.42 —17.84
N4 1.14 063 0.75  —21.27 —21.45 —19.25
Fiiges) 0.12  0.03 0.25  —20.06 —16.42 —18.31
#E 0.00 053 0.00 — —2129 —
HE# 020 000  0.03 —16.65 —16.45 —26.45
#H O 0.00  0.20 0.47 — —15.92 —19.32
#F®W 000  0.00  0.00 — — —
MYb 10.80  0.65 1.91  —23.93 —18.62 —19.32
K#H - 0.00 013 0.20 —  —16.36 —15.10
#7000  0.00  0.00 — — —
By 029 0.01 0.10 —18.88 —21.18 —18.97
it 174 021 0.78  —22.93 —19.08 —18.60
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Table 11
Risk Areas with Uneven Settlementin Built-Up Areas/ %

Statistics on the Proportion of Medium and High-

X 3, 2017 4F 2020 4F 2023 4F
Hz 0.39 0.02 0.32
Ak 0.10 0.39 0.45
G 0.20 0.35 0.21
373 0.00 0.99 0.00
piza 0.00 0.00 0.13
il 0.02 0.00 0.07
oAt 0.33 0.32 0.00
b 2.33 1.30 3.36
PR 0.15 0.34 0.14
% 0.00 0.00 0.00
HaIR 0.02 0.09 0.04
it 0.39 0.33 0.66
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Table 12  Statistics on Risk Classification of

Built-Up Areas in Guangzhou

. Gl A (EMX EALE CHU LK
(AZ) (B&) H(CH) (D% B/ %
Mz 121898 133692 16973 12 6.23
N4 94151 10936 918 46 0.91
FEH 222528 17600 105 0 0.04
HE37S 44243 14779 0 0 0.00
W 212288 21222 534 0 0.23
#1119 250 8753 417 36 0.35
A 44 464 7523 105 0 0.20
BYb 220134 24462 6977 1161 3.22
BRG] 54 853 16403 0 0 0.00
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Fig. 14 Settlement Case Investigation Results
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