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Fig.3 Vertical deformation field of ascending and descending Great Wall corridor

EVAZ K I B K o 85. 1 km, IR 3 AT,
K RIBAFIE S HAAE - 10 mm/a F 10 mm/a
Z ] {HAE (E115°27",N40°44 ") [k 3 77 75 88 K 1)
TR DX, 205 301 K 3 5 UL G 38 TH 8 InSAR W i b
KRAEHR -34.5 mm/a, FEHL InSAR Wit j f K
fH4 —55.2 mm/a, G 4 (a) F(b) iR, 458
SAR BREEE K DEM 48 7T A1, Z A T 1L A, 4
AT REAFAE AN FRUE B AR A, 5 35002 X B R B A7
TEREAS . RINE (E115°13", N40°47 ") [ L 77
FESRA Tl X, AR &P 55 00 R 38 T4 InSAR W
iR KA M - 35. 8 mm/a, B4 InSAR Wyl i [

BKMEHR -64.5 mm/a, (N 4 (c) FI(d) iR,
HFL R X6 408 3 ks WU JER 8 Hh R F2E E — 5
M, SEHL A EX 2 S REUIRE X, K 5 iR, &
PO T ORI B ) 3 0K 8l g, BN 28R 1
BN H SR YR . % R B A WS e AE
BIXFARIT K It ik (4 5 e, e PR AR 4 FE 2 Wil
o B IR S O B T, WA 45 5 & B THL InSAR
VRN —41.6 mm/a, 5L InSAR VTR K
fE R -44.7 mm/a, WE 4 (e) F(f) iR, #R A
T AR %K 3k R 3 ] 3 b AR 1) B B A gk
RAEH



fATEE 45

5K I SR R

V4% SBAS JEAS Wil 7R yE

Sentinel — 1 3

« 209-

e [ T AR I L[] AR T 2/

4 (mm-a') (mm-a™)

R ik .! Ytk bh
[ J0,11.0 [ ]10.1.2)
Cr100) [ ]1100)
[ 1-20-10) [ ]-20.-10)
[ ]1-30.-20) [ 130,20
B (-34.5.-30) B 552,30

(a) I {40 3T g 3 TH L IR B A

e [ T A T I B ) AR T
(mm-a') (mm-a!)

S 175 - 4  hukEtk
i 0.12.7) B 10.27.5)
[ 100,-10) [ 1[0.-10)
[ [-10.20) [ ][-10,20)
[ ]1-20,-30) [ 1[-20,-30)
[ [-30,-20) [ [-30,-20)

2 I -358-30) I [-64.5,-30)
e 5 ) JB AR R L[] AR TR A
(mm-a™') (mm-a')

Ak MR RS
B 10.133) = (10,170
[ 1[0, 10) : N 0,10
[ ]I-10,0) o el [ [[-100)
T [20-10) 1 [ 11-20-10)
[ -30.-20) [ 1-30,20)
I -41.6-30) | I (-44.7.-30)

S AR AL RRE THEL T B R
4

(f) & BR300 AR RSB W L T Y 8 3

PERBFENERXEAENERRY

Fig.4 Vertical deformation field of ascending and descending key areas adjacent to the Great Wall corridors

(a) R SR A T

(b) AFEE Y b Iz A% A W8 A

B5 ShlseitiizERE
Fig.5 In -situ photos obtained from field campaigns

3.2 ABRMEETRZXER
FH T A1 b T SIS s (K HEE GNSS)
TS FHAH [ 000 S5 1A 7 7R3 21 SBAS — InSAR JE
A SR P9 58 S ELAGE SHC AN A I RS BE B 1T
P, RS XA AR L i A b 5, e o e
FF, AAKITEINE 5SS M AR R [R5 S e

FSCRA™ L1 DX R A O S b IX - 3l B T8 A 6, O
JEFHREH SBAS — InSAR WLR# H %K € w115
X2 A DS B, e 6 fras, Ho 2k
T T 0 AS TR 30 LR T ) R L X i ) 2 T
|\E VA 55 =9 V51 R N PO | 5l vl TS Y 1 e R R
R 3 B A, A3k 2 i



« 210-

=
£
L:-m

2021 4F

1 1 [/ JE AR 34K /(mm-a!)

T E [ AR (mmea )

—— FH,
—e— [0

100 200

300

400 500 600 700 800

25 /m

(a) HIZk 1

0

—a— FHH
—e— 5L
100 200 300 400 500 600 700 800
PR 2 /m
(c) HIZI
Ee6

T . 7] JE AR % /(mm-a)

1 15 [7] /AR 340K /(mm-a!)

& 200 400 600 800 1000 1200
#H 5 /m
(b) #ILL 1
2
1
0
-1
2
-3
4
S| —a g4
—— [
-60 100 200 300 400 500 600
B /m
(d) HILNV

FrEFEILT T, MFNVEERTE XEIE

Fig.6 Cross - verification of vertical deformation of ascending and descending using profiles of I , 11,1l and IV
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Tab.2 Measurements of ascending and descending vertical deformation profiles (mra™")
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Deformation monitoring along the landscape corridor of Zhangjiakou
Ming Great Wall using Sentinel —1 SBAS - InSAR approach

HE Haiying'”, CHEN Caifen’, CHEN Fulong' , TANG Panpan'

(1. Aerospace Information Research Instiiute, Chinese Academy of Sciences, Beijing 100094, China;
2. University of Chinese Academy of Sciences, Betjing 101408, China; 3. Beijing Jucai
Zhenbang Enierprise Management Consuliant Co. , Lid. , Beijing 100038, China)

Abstract ; The cultural landscape of the Zhangjiakou Ming Great Wall is susceptible to surface deformation , making
the systematic conservation of cultural landscape in this corridor quite challenging . In order to fix the methodology
and application gaps of Great Wall monitoring (large — scale linear heritage ) systematically , the authors applied the
SBAS - InSAR technology to the time — series deformation surveillance in this pilot case study . In the procedures of
InSAR data processing , an external weather model ( GACOS) was firstly used to reduce the atmospheric artifacts on
interferograms ; moreover, a 40 m Gauss and the Goldstein filters were sequentially applied for the phase noise
suppression relevant to the natural landscape . In total 67 Sentinel —1 SAR images including 33 ascending and 34
descending data acquired from May 2017 to July 2018 were collected for the line of sight ( LOS) deformation
calculation using the SBAS — InSAR approach. The derived deformation rates were then projected onto vertical
direction for the further analysis. Afterwards, motion rate profiles of ascending and descending datasets from a
typical mountain and a flat area were selected for cross — validation, resulting in the maximum and averaged root
mean square errors of 9.3 mm/a and 4.0 mm/a, respectively. With considering the significance level , the result
demonstrates that 79. 5% of the Great Wall corridor (85. 1 km totally observed ) is relatively stable ( with
deformation rates in the range of —10 mm/a to 10 mm/a) while remaining 20.5 % shows significant motions ( the
maximum subsidence rate up to —64.5 mm/a) using the 10 mm/a as the threshold. This pilot study implied the
applicability of the applied SBAS — InSAR approach to the synoptic deformation monitoring of large — scale linear
heritage sites.

Keywords: the Great Wall ; SBAS — InSAR ; ascending and descending ; atmospheric correction
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