5535 %45 1 1) H &
REMOTE SENSING FOR NATURAL RESOURCES

2023 4£ 3 J

BE Vol. 35 ,No. 1
Mar. ,2023

doi: 10. 6046/ zrzyyg. 2021415

SURARES: RN, RS, IEME 5. S5 TRT InSAR 1355 B A4 1 X HL 2B A8 ol 55 43 B [ J ] 1A AR B 3 /g%, 2023,35 (1)
171 =179. (Hu X Q,Yang S W,Yan H,et al. Time — series InSAR — based monitoring and analysis of surface deformation in the Axi

mining area, Xinjiang[J]. Remote Sensing for Natural Resources,2023,35(1) :171 —179. )

BL T InSAR ()55 58 Bl Ay 87 X b SR AL -5 0 A

Boag' o et g e, B OR', kA

(1. ZMXBAFMNEL EHEREFK, 2N
Lo SR

730070 2. 7 [E I S M B AR B A B R Bra TR
730070; 3. HF HHFEEFEN TR LR E, =M

730070)

FEEE . BB A DO PR 5 2 KM 7 BRI R B DX At b T R A TR M TR RT3 R TR
WA 7 2 A B BN A I AR S IR AORIIR o g 1 e — 2D ARS8 70 A Bl i B DX T T A R 23 A8 A R ME A T AR R
B e, R/ N AR & N AL12 55 35 T ¥l 48 (small baseline subset — interferometric synthetic aperture Radar, SBAS — In-
SAR) HARXE 2017 422 H 9 H—2021 424 J 25 HERERIY 127 5t T140L Sentinel — 1A SR KR S AT TURETHA; HIK,
A5 InSAR TR I 25 R 55 /K vl R 45 SRJEA T LU BGIE s BRJ5 , 70 T BT X 5 a M TETOT R I 25 A8 AR R AE , JF-BF
FET ST X HU T O R A BBl R 3R o 5 SRR T FE AN s 00 S0 ) 1, B 7 40 X b 22 T 720 252 0 e e (A s TR
R JR IR B B AYRFIE . 68 BT X TR EZEH R 77 IFR SO I8 WK S R I 2K 4% o AT
FER A DXHI AT O R M DA R A S bR BT 09 B R AR AR AR -

KGR PIAHIX; SBAS — InSAR; HbEITRE 3 25 AL el s 9K 3 8 5%

REESES: TP79 XEIREH: A

0 7l

guill%

NN e N S RN S E NS ISP AS Eib e AL
& B T P s I PR R R A AR R
FhIGTE A B ARSI IR b 7
M DA g 8 BT 70T K g | A T AN [ R ) st R
AR WK T A A BR B, il TR A SR A2 A
Mo HI, TR TNBTTE Bl 2 7 XA 3 180 2 2 Ak LA
L s AR AR A AR B R B

UEAESR, LA T b 2 AL W ) 7 vk 32 A ik
TR K I B R AR A R G SR,
1% ¢ s DN T B RGN FE ) HL A [ O3 B R
R BT AL AR T TR RO 1 5 U Cinter-
ferometric synthetic aperture Radar, InSAR) 7 R % J&
G, GG TTEMEE, %07k B BRI
SELRL, C A 2N T X SR A8 i 3 3
TR S ARG AE L 2200 ok T b A
(differential interferometric synthetic aperture Radar,D —

InSAR) B A FRATHGE 1K AR B s FIE AL 5 L

Wi EER: 2021 -11 -30; f&iTHEA: 2022 -05 - 16

NXEHS: 2097 -035X(2023)01 -0171 -09

B RS 2 25 ) 52 ) 28 JRAH T FIOR A UIE IR 55 R R 5
U, LI I 43 B AL LA 7 o B IR 41 InSAR
FEORAT R pe ik T I 2580 T ORAIE IR S8 DL
A 2223 B A IR ) e, 4R R
I InSAR H A X SiE 22 5 X 101 37T g ) 2 35 1
T THEFES 43 B 5 Dong 557l I 6] )7 51 InSAR
HRGEE I RIUBA XS FREFAEXT R X HEA T =4GR0
S s Yang %38 F Z AR InSAR H AR X A k4
XHFRIEAZ AT TR S 0. &S R iise It 4s
A Ho SR AT %0, 1) InSAR AR TEW X b A8
I BTz B TR R PR, AR SCR I
InSAR FZ A i 55k B A5 Db [T KA 2R 4 Bsf 25 A8 4k
4RI 8

b A8 2 i ) A ™ X ™ B ) O AR O 6k
KA A 7 3 U™ A AR B R A A AR R R
RABIR o BT XoF 5 i B i ™ DX b 2T S A A5
B RAEA R B S e X b 2 A2 A
I, T S MBI 5 BT A B DX AR AR DL S B S
ALK, AR SCIE L Sentinel — LA JHELER 15532 154K
&, % ] SBAS (small baseline subset) — InSAR 4% A&

EEWB: WK A AP H VIS Rl iR AR U 77l el DX 25 R BRSE 2R (S5 - 42161069 ) FiI[E 78 FH AP} 242 4 10t
H ST 5 0 iR TR AR IR MBS S IR T 28 M S5 R AE R R BT (4’5 - 41761082) JLI BB

SE—1EF  JR/NR(1995 - ), WL BP0, DP9 07 6004 InSAR JEZZH I . Email: 1938204120@ qq. com,

BREEE: BHWIC(1975 - ) 5 18 4, Bl BFFE 07 1) a8 RO 7 IR AL B B £ 6L A BB K 188 Email ; 825198827@ qq. com,,



<172 - B % %

2023 4§

AT 2017—2021 4F S a [AFT 4R P B X 92 AL 15
S0 TN TR S S PR &bl et EPS P DL
HUUREIR S R R AT 70 M S 4R T, 100 4 i o]
S A BOTRIE AR

(NSNS YW & &3

1.1 WRXER

B i 0 DX TR R 45 R B IR KT BRI,
b 78 L PG BE A R IR Ll T A e
BB B4 A7 75 E81°367 ~ 81°38', N44° 13" ~ 44°
137, BRI ER RS 0 . B Kk
KE,LIRZR 3, Kt 2 S HA vt 28 35 S v by
I JE AT, ) Esm 0 RS ARSI 1 TR

1 HRRXMEE
Fig.1 Location of the study area

1.2 #HIBIE
AT I FH ) KU TR A Sentienl — 1A 5218 %L

6qu:qD(tB> _QD(tA>zagp;ivf_’_agp;npn+5¢;1m+6¢;nisc , (1>

X 8o W TR @ (1) T @(ty) 3R,
Filey it Z0 A AR5 & @) R AR 2k 7 1) 1A 28 A A7 5
S NHIEHINL 5 8 i W RSAMIL; 8 )™ Hy e
FADE o Fir A T 95 14, i 3 47 3 {0 il 1% ( singular
value decomposition, SVD) ¥ £~/ NMEGEA AR
A3 3R , 4 T AR BBOCRE A UL S99 [R] P 1) e = EF (] ) 571
JEAE R
2.2 HEAERETIHE

FI ] ENVI/SARscape K14 %F Fr 3R UG 127 5
Sentinel — 1A C4f £ 17 i 6] J 5] b BEANIE A2 1155,
AR A 2 iR, FEMAFEUT S M
e 1) AEBUER R TR G o R A XY
I A0 A A5 R 0 M, R S ) R B I
60% , ARy 1k 58 4223 (B R AH 5 [R]INF, i G JoAH 1
B RT K ik (E] B2k B AR 300, 15 T Al SEAIAH T
PEDR, @RGSR s NE PR AT
ATALH, AR U s B (18 3)

& .SRTM DEM ( digital elevation model ) %4 [ /K %k
i HUFEHEFD Google Earth 521545, FH.A, Sentienl —
1A FHUAG R T T X 8 X b 17 0 R R AIE 25 15 A
FE, HASA P HER N S mx 20 m, M 12 d, A
Sk 39° AT RO VYV L O T SR Y
AT L TR TR F) IR 2 R 1 A B TR LB, s R T
2017 42 H 9 H—2021 4£4 H 25 H# 127 5t F+-51
Sentinel — 1A B3 47 5 (single look complex,SLC) 5
%o FFRHMIZS 070 BE2R 09 30 m () SRTM DEM % 4fs
ZERHIEAR AL 0 . eAh, SR 2017 4EF1 2020 4§ 2
I Google Earth 28 X T RE g5 1) %5 ] A2 fb ik
Trfe , T UURE I R 434

2 BRI

2.1 SBAS - InSAR 70 B& M4 il [ 18

SBAS — InSAR & —FFIHZ R ELBREET
R 2 FELRAEN] Y InSAR B ) 50 400 5 15, % 07
DA — R AT DU 850 5 iR 2 48 InSAR H2 R
23 AL AT, B e ) A s () R A T4, g
AR I 55 K ASIE IR 52 [) I3 TR AR
TP B[] 43

U W I J E ot ) i R — X
N +1 i SAR F2AR , 1% — AR AE N % 3= e 15 ik
ATHCHE 38 3 15 B A 24 A I 2s F 2k 13 (8 4H AN R 1)
TUXT, A2 4y T B . MR AR OGS TE TV &
W T AR AT AR R O

| DM

ES AR RO HE

AR RCHE

v
KRS |
| y gt [
| [Esbtpasit s (- :
"""""""""""""""""""""" R AR 2R |

e R T A

v SEIECR

% (R T R
N T |

HEAE A 21

i P i i

____________________________________________________

2 SBAS - InSAR 4 IBiFRTE
Fig.2 SBAS -InSAR processing flow



55139

JR/INER, G5 RTINS InSAR AT SE T A5 7 X R A8 W 5 70 Hr - 173 -

(a) IJTAJIEZL

(b) =[]k

3 SBAS -InSAR Btz &2
Fig.3 SBAS -InSAR spatiotemporal baseline

2) T IARRAL B, Jo A 2 B g 3
AR T, FA 2% DEM L5 BRH
JEARDE, R ] Goldstein 3531 AH T BEMR A, $2
T ARLCHE W . 1B /) P IR (minimum  cost
flow , MCF) 5995 3145 22 73 1 88 17 51 14 e 2 AR 2 1]
FHBRABEAE 1 T 18xT

3)SBAS — InSAR BB AG KR AT L7 e HUH
PR Hoam BB AL XY 35 4> i 1 445 il 53 (ground
control points, GCP) , RHZ B XM G AT . &K
B BRBHBEON , & IEARNL R RS , Al LA e 2 BRak R
fEE AR H Y

4)SBAS — InSAR [ S5l id it 37 AR AR Y
THEC L BT (5O0] B8 5 A% iU 1 3t SR A8 3 %, )
SVD IEMRBAHES R, 13 TR X 1P 28 A8
RG22 o AR P g R PG BT L 5 BROR AR
(LRI B ARANAL , R AT 18] 7 51 3 F% 14

5) HhPRLmAG . KT SBAS ARFR FR A ST 4G
FEAC A M AR R , I i 3 B AL AR 2R T B 1] T R
HIE E LA

3 I R AR KR E AT

3.1 HEFEE B R HHE

FIHHT SBAS — InSAR HARXF 2017 4£2 J1 9 H—
2021 44 J1 25 H HATa) R B B 2587 95 Bl A 0 XY
Sentinel — 1A JH 52 546 HE AT B Hi AL 3, 7531 1
PRI A 0 XA R 2 i e B AR B B (B 4)
o A7 AR N I TR E S5 301 2 b T TR R 4R
Fho TEIEXTEL 4 S8 &I, 7E W] P, BT 2540 Xl
TP AR MR ] E B A AE - 15 ~ -5 mm/a 2
8], e R AR R AT 58 - 21 mm/a; B3 07 X b
THITTO R AR TE 32 2 43 A 76 3 A0 0 2 N1 ~ NS ([&] 4
H/INBLA ) BRI o A5 DN A 1 P B8 T AR TR i 3k 1
It S TEAR 3 2R f R X IR A A 7E N3 BRI,

PIAS BB R/ NI o A NS SR ) X3 2%
i E W B[] P AR A F R e RS SR AR
KA -2 ~1 mm/a Z ],

B4 20172021 E£FHBEMHY XihFREFHETER
Fig.4 Average annual surface deformation rate of Axi

mining area in Xinjiang from 2017 to 2021
F1 20172021 FHEN S FHARETER
Tab.1 Average deformation rate of monitoring

sites from 2017 to 2021

(mm-a™"')

A I YT A A
NI -14
N2 -17
N3 -21
N4 -15
N5 -10

3.2 InSAR Y545 EISiE

EGIE SBAS — InSAR 47 A Wi i) 45 5 %) m &g
5 —FobE G TS IX P 8 A Hl 1T K o I 2 3R of
FCE4 FNTLR ) DU BRSO o0 R E 212
(BEHCERA 10 m) AR TTIY -S4 728 3 284 Ay %t
i InSAR U 2554

WG 2019 4E 3 H 112020 4F 3 H 527K v
HE 55 Sentinel — 1A B84k B T 5 AR L 7% FE
YR, AR BRI T RTS8k O g Rk
20 e XMHEM, B ZRIFE—-EMNER N
U, TR T RN IK I SR InSAR FK HED 2 22 [H] 22



- 174 - SN

2023 4§

FRYITAR IR 25 RMSE, I8 7 2 A EZRZ
[ ) R AR/ NiR 22 . RMSE 2y 0.75 mm/a, Bz K
/MRZES N 3.3 mm/a Fi1 1.0 mm/a,

%2 SBAS -InSAR M5l 45 RiEEWIE

Tab.2 Accuracy verification of SBAS -

InSAR monitoring results (mm-a™")

K InSARJBAs R kB A ZMH
NJo1 -2.5 -1.2 1.3
NJo2 -3.7 -1.9 1.8
NJo3 -3.1 -2.1 1.0
NJo4 -6.6 -4.3 2.3
NJOs -13.7 -11.8 1.9
NJo6 -4.8 -3.4 1.4
NJjo7 -9.1 -7.9 1.2
NJO3 -15.4 -12.1 3.3

PR, T Z 28 S ERIH AT
JKHEDN R A InSAR LI 2[4 F) 437 5 A1 2R £ B[R] 1
FFARTERMIE, KoK eI ik I Ah JR S 4 45 TR 30
RIRERIA —E IRZ IR, IX PR 2EXT InSAR i 45 1
A P2 AR 85/ o DAL, RT LA AT TnSAR

2E BRI M DX T T A s 23 Y A A A A b T T
HEWRFRZ LR
3.3 HhETURE RS S AFAE D AT
3.3.1 M@= 1A IR ALEFAE T

PL2017 422 H 9 H iR 4s H 11,2021 4F 4
25 H kil A3, L6 A~ Sk B ] B, BEHCT B 5
X[ 9 M Sentinel — I A FHHLFZ AL AT TR0 X Hh
TITRA Y 25 () AL A (18 5 ) o st B 5 3 ik
BL,2017 42 H—2018 42 H , & X M 1 L R4 A7
AR B B3, BRUE AR E I fE 25 ~ =8 mm [
XS JE o B2 2018 4F 8 J]—2019 48 J], 4"
DXl TR 23 A o T R R 1, HL R DX (41
I BE ) T 8 T AR £ B R e, SR R TR = R
B S, LA S A NT ~ N4 [ BAR A R B
2020 4F2 H—2021 4E2 B 5K N ERUEAS &
-15 ~ -8 mm (B ) Z A1 1Y XA Frigi/; 167
AR, ZRUEAS T -20 ~ -9 mm(£L6) Z 8] 1Y
DX IR TR A K, FLIT R e A8 AL T fin B g .

(a) 2017 42 A 21 H

(b) 2017 4£8 J120 A

(c) 201842 A4 H

(d) 2018 4E8 H 15 H

(e) 201942 A 23 H

(f) 2019 48 A22 H

(g) 20204F2 A6 H

(h) 202048 A4 H

(i) 2021 2 H 12 |

B S5 HEMAT XbEikEsEELERE

Fig.5 Spatial evolution process of land subsidence in Axi mining area, Xinjiang
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Fig.9 Relationship between geological structure and

land subsidence in Axi gold mining area
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Fig.11 Relationship between mine water storage and settlement
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96.

Time - series InSAR — based monitoring and analysis of
surface deformation in the Axi mining area, Xinjiang

HU Xiaogiang', YANG Shuwen'””, YAN Heng', XUE Qing', ZHANG Naixin'
(1. Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. National — Local Joint Engineering Research
Center of Technologies and Applications for National Geographic State Monitoring , Lanzhou 730070, China; 3. Gansu
Provincial Engineering Laboratory for National Geographic State Monitoring, Lanzhou 730070, China)

Abstract: The Axi mining area in Xinjiang has a complex geographical environment. The long — term exploitation
of mineral resources has caused severe ground subsidence and deformation in the mining area, as well as safety
hazards of mining and production and the destruction of the surrounding ecological environment. This study aims to
further investigate and analyze the spatial — temporal variation characteristics of the ground subsidence and the
patterns of surface deformation in the Axi mining area. To this end, this study first calculated the land subsidence
using the small baseline subset — interferometric synthetic aperture Radar (SBAS — InSAR) technique based on the
127 scenes descending Sentinel — 1A images acquired from February 9, 2017 to April 25, 2021. Then, it
compared the subsidence monitoring results obtained using the InSAR technique with the leveling results for
verification. Finally, this study analyzed the spatial — temporal variation characteristics of land subsidence in the
Axi mining area in recent five years and investigated the driving factors for the land subsidence. The results show
that the surface deformation of the Axi mining area showed a roughly stable trend and significant local subsidence
throughout the monitoring period. The main factors affecting the ground subsidence included mineral exploitation,
geological structure, precipitation, and the impoundment of open — pit mines. This study will provide a scientific
basis for ground subsidence monitoring and the future proper exploitation of underground minerals in the Axi mining
area.

Keywords: Axi mining area; SBAS — InSAR; land subsidence; spatial — temporal change monitoring; driving fac-

tor
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