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FEME, BRI RER 22 1 13.20 em FE A 4.03 em; (2) SIS 30T A5 RH BR ) 0 25 SO 1 K R ) A TR EE R
(3) CUBAEIRHAIAR TR BA RIS, WA—R GRS, ER—WRIK, FEZMge Sl
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HEWH b AR A4S (45 :D2023402033) s [E5K A SRRl 4 (45 :42307255,41901286) ; H I ARl # 364 (45 :2025M770250)

e A S AR Y 45 2% (4955 1 2025-KJIC-A03)

FE—EEE N A W57 4 SAR/InSAR s Ab #L 5 8 e A% 1% . E-mail : masurq@cumt.edu.cn
BIEEBRN A4 L5555 18 InSAR/UAV-LiDAR b5 % % Wil f# 1% . E-mail: niuyufen@hebeu.edu.cn



1010 National Remote Sensing Bulletin i & 54k 2026, 30(4)

(Interferometric Synthetic Aperture Radar) i T3 2
PRUCRT S ARG, 22 R AR U R AR B, Tk R
FAPAG BE o BEARO TV A T (LuFl Dzurisin, 2014).
TEMEHBIREE T, EIAME S 5 A AR AR T R
AR, TETT KR, Pk I U R 2 3R
T HC . 7E SAR TR AR bR S5 HLGHA, 12
InSARAE B P A Ay B ARAH T DI, 3l LAV B i 55
IKPZEAE R (Kim 4, 2014), SZAHBEER KoKAT
ALHISENE , TEAMEAE B DL, AT (B2 5
JK TR JSE B0 T AR, R AR T AR
SRR v JoT S ARSI S0, Ay D JEE K ZROKS JBE 1 7K A3 728
RIS LT 550 (Lee 58, 2020). BB T A
Z TSR UE T InSAR AR AE {8 i /K A7 W 0 o Y
R ST Alsdorf 45 (2007) I 3R B TE 2 i
N LR BRI R, ST O AR B K T ARk
AR G0 & . Lu A1 Kwoun (2008) i C i B &
IRV AR A WL % ) 34y 2 TO PH A8R AV 36 118 7K A6 28
1k, UERH C B FR ik A al ) e P AR A e J2 7 w5 Y
AR MR B R KA E AL o Liao 5§ (2020a) 1 i
Sentinel—1 LR AR T 1 il 2 HEL 8 DR T 73 Ml A9 I
J¥ KB AEAGI R4, UEB T Sentinel-1 £ 1K
I KA A8 A M I 5 TR A o

SR, THT 1] U T 52 23 180 10 1) InSAR 7K A3z 1 il
SR 5 2 PR (1) A2 RIASZm (A
Wik . KA B B AR T R4 ), 1R HEE o
F AR S CE AN 22 5 B E R BOT, SECTAR
QERITI A 2 R 2L (2) TEBh = AhARSE
HELRATEDL T, InSAR AL RER IR X 7% 55 i AH
X AKALARAR, T2 mOME LA Ry s (] A R
IR SCER T IR BE G — 1S5 R, AT T ¥ v
RIS K SCHTT N B 4 X KA AR 16 (Aminjafari 55,
2024); (3) {2 55 1 T VAR AR 5 S T
CUBAR T, JEHAE R —HI R 1 2 2% 45
BB, WA A T R BUR RS 2 IR, e gtk
AR PS (Persistent Scatterer) FARXT [ 4RI HL
FARAE e 2 (XiedF, 2015).

BEA TR B AR, He T 2 I8 S A B
M PREIAE BRI T IR (PN 7R 45, 20255 AR
J14E 55, 2025), Mg BRI AL TR RE . AR
T, ARG — R R TR SCRR IR S 2 5%
JUREIE B9 5 Bk 28 4E SBAS-InSAR  (Small Baseline
Subset-InSAR) W 2% KA W 5 12 o %075 D

InSAR I P K (i 580 2%, S5 AIH Lo A 55
DEM 5 T i 525 Se 3 £ B B s R (o7 3 i — 25
PERESG , XK SCHRITHAT S AR ; AL H/K
SCHHBHE EINE S mACIE, AR R BT 2
Xt KA AR 23 50 A, Ol SR FRRE 3 7k S 7
3R BT A B AR L S AR

2 WE5E XS B AR

21 FAREXHER

WFSE DX AL T 5 ] 6 2 22 T M) A T 0 7 5V v
Hoil Rtz S (s 1 (a) Fis), FEAUERT
Eo RS TAAL K N Az I 2 s WG T s e B i
RIS N = e I (1 5 VAR R B o it W o <]
IS, 294 30% MK 2053, Rk
P51 B DX [ 0 AR AR S VR (Ford il
Nyman, 2011), WF5%XEERMBT-Z2, Wk —Bfr
10—20 m 22 [0], J& T~ ML A0 {7 PRy 70 2 XU e
BERMEZW , AFEARE, FRKEFEE.

FF9E XA LA B A 1 = A N2 S T b
W, I HZETHARARE SRR BAES—9 AN
FKW, TR AIIA KA BT, KRR
Wi, TR ADK RIS 10 H 2RE4 AN
Wik, AKOIEITE, BRgEATEMN 2, WER45H
BT RREL o JE A 0 7K A7 K V5% AN A S8 3 T 1 b il
FRRIE T, o TR IR] X AR A a5 4R
B, E1 (b)) JBR T IX IR A Bl A SR
Bl FERIREAMAG [, RIS A 7 3t 55 % VG P Lo
AUV Vi Y AR ARTE R T, T BT A A A
Hb DU F MR E AR ML A S A0 A (Xu, 2006) . UL
Hh, BRI NS R T K SO &, 4
K1 (a) Fios, RERSHRMLIEZE . KEAH AT H XK 07
WL B, R KT Bl InSAR 7K A6 Bz 73 45 i 4% 1F
RS B B E SR T OB S

2.2 HIEFRIR

ABFSE AT R B 2R,
Sentinel—1 52 15 5 4f 55 M 17 7K SC 3k w5 52 0 7K A7 %)
i o Horbr, SAR U 2 H] TR U b w5 43 B R
(AT AL AR A 235 5, T 7K Sl S5 00 45 48 W) 1
InSAR 4 R IRCHE SR IR, AN, AT
FH b B 55 s 2R AT I X R 3l 43 LA SR DEM
Bt AT OB AR 1 K BR
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(a) Land cover types and the distribution of stations within hydrological units in the study area
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(b) Overview of vegetation cover in the study area and a schematic diagram of double-bounce scattering
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Fig.1 Overview map of the study area
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SO R FERE AR, TEARUE KRR
B2, RIKME R E R AR % T
FrK S SR R S AL, BN ATE P OO 8]
gtk AR B AR, NMSERA T, AHIE
IR I ) AT, AWFTE IR T VV Ak
IW AR A S AT S0 XA 7 2 (2022 4F 8 ] —
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TR DB o AR S 04 7K AT 08 S B A 3 4 T
TR S D 7K S 0 S K A SH L iR T 4R

BN b N FR AL H B, SR VR T 5% 1 M 5
P4 J5 USGS  (United States Geological Survey) . B
FE NSRS Tz - IS R A 16 4> 2K STk SRy
WL e S, B A B 5 2022 4F 8 H —2023 4F4 1,
RE 8 AL U S WA 9 IX N 22K SO R, A& 7K Sk
MR EAAME L (a) Frs. b, Atk
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land cover and land use 2019) (Hansen 4%, 2022)
o3 BT 52 2R 10 N AR Y K SO TR P, O R 36 1
[l G0 25 LK JR) 30 m 23 B R (1 SRTM DEM R % B
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b, JET SBAS-InSAR AR, BEA R SARFEG A
b THT 7K Sk s BOH L AR B [l A 2% 1 b 1 4
IKOIARAR I 23 5045 . Horpr, SAR 8 2R T3k
I 3 755 43 R SR A AR K AR AT, i 7K e S
TS0 DU T InSAR 25 5 1 A e 50K BE 30 0E, M
ARG XS KA AR 23 0 A . BRI, 8 5ess
AR S TR R LIRS RE B HT X Sk
SCEEETE, FREE AR AT R 25 R T
SO0, KRR 5 2 ST K SCRRT s HRAR

YA K SCHITTE T R B TR, WL
TR IR AT T e, S T A
) K SCEATTHY I 25 SRR R 2% 5 SR, AT RS R Y
IKSCHTE, o3 i R A [ 2 25 s g 47 AR O A 9
H Ao AR ] P 47) i B30 A+ 1) 4% 7K SC BTG AR ARG KA A
s B, BRBHTFE X N A5 K SCHTT N B 7K ST 55
DA, %F InSAR ZK AL B 285 R b AT R I
e A AR Bl 52 2% 000 M 4 0 36 7K (37 728 A P 8] 7
Flo TEANEOR AN 2 R

x1 KHARFAKIES

Table 1 Summary of datasets used in this study
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Sentinel-2 126 — — — 2022-12-26 — 2 10 m
USGS 7K 33l — — — — 2022-08-01—2023-04-30 — 16 —
GLCD 2019 — — — — 2019-04—2019-10 — 2 10 m
SRTM DEM — — — — 2000-02-11—2000-02-22 — 6 30 m
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Fig.2  Overall technical flowchart
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3.1 InSAR;EHhoK L M5 & 38

InSAR ZKAS Wi S BAR FoK AR S P ZEFT IR AL
B T A (Chen %8, 2020a) o % HUSH R AE
VU S B H AR S AR RS A T, NI T
PR K A AR A AT B (A 3 BE F7 - (Yuan 55,

2015) . HETIZBEARFFE, A SCREPIR SAR WL ]
(K AL AZ AR A 5 B TR IS LK LOS  (Line of Sight)
T ARG B AR EEAF SRR —, JFRAT
WARBIXZ AR A AR R R OGRS R A8 Ak . 3
JoR TR MU 50 T ARG AR S Bk U DG &R o

B3 FA(E S SRR AT 56 2R BOK A AR (R LT 5 R n R

Fig.3 Schematic diagram of radar signal scattering in wetlands and the geometry of water level changes

HRIEE 3 FTR U &R, Hhii K A7 19T ARk
Ah 2> 5] TR 5 41 18] LOS [H) #4528 4k AL,
I HizAs i 5 AR oHC ., HIk, KAAE{E AR
55 LOS ] B AR K BE AR AL AL TR Y ¢ 2 4 R 2R

Ah = AL/cos6 €8

InSAR JIrill (1) LOS [n] /K A2 A2 Ak 5 AH A AZ Ak A

FER IS AL RS I A 1) () PR R I F

_Ad
AL =7 ") 2)

HagEA (1) 53U (2), /K& EAEL AR
Al InSAR BTl A 2678 (Liao%F, 2020b):
1 A
cos 6 ’ ﬁ)\ 3)
M= (3) P, TG RENS & & R K 7
AL 38 XA A A B HEAT o B S IE, RIAT AR
FHA V0 A A7 S B N K A7 A8 A i i 5

32 KXHEITHSH

2 JE R AN [ 7K SC 3% 38 X 30T 9 b 7K A3 722 Ak $i
WA SZ , Ry S BN A DX A e RS v B
ARILEG Z SRR B 5l R AL FE— EE XS
WX BRSO Tk 7y . BRI, & eA L
Mo o R S E — AR R, R E R
SRR RS B IEIE ;. U, FIH] Sentinel-2
T RE G AR PRI 3 DL R IR A XA T
FEAE S, BB X N A] e 1K 7 BHL B 1 2 1k

W, NI AT T e K SCHITI A s TR REA)
b DI EY B A RO T A S B A R R o
B, A SCRIHIRFFE X PN USGS 7K SCl i H 357K A7
BEF, SIABREMHIEZREL (Pearson Correlation
Coefficient) YENE IEHR, KI5k 5.0 K &
BTG Z 8] (R 7K o 3 A — B

TESEATAHOCHE I BTRG,  i OR e £540a 1 25 [
RS RS F I, A SCE e Rl 2/ 16 4>
wli RHEAT T O . B BB R NI b T8 HE K
£, H InSAR TEFF [ K W X8l ) R A0 T, fir
TR IR 1 4 A ulh SR FEWE N, A EA
MK SO, WKL T InSAR A &4 S i 5
DT DA B, S B Je L0 B 1243 i 7K S
FATTIN I3 B IR AE AR S PEAG S o

FEXTTRI AR A RIS 5, R T BRAS ] 3l gk
AL HEHE T 22 5 %0 K 2 AR S, 1 e &
3l SR P I FAR AR AL S, BELLZ, £
HAHBOWNAENE S5 L, 132X
SIAR(t). BlJG, MR S), AEZF R
BAG RO H IS Q, BRI, Dk
o B B DR 2%, HANDC R BUE Ll

ztEIIU(Ahi(I) - A_hi)(Ah/(t) - A—hf)

/E,E%(Ahi(” - A—hi)z ,/Zzeni,(Ahf(t) - A—h/)z
4)
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K, r sl o SN Z ARG Q0
93 3 15 1) I LA A W i TR B 5 A, 5 A,
S JOEERF )5 2 42, YR K 3 P R TR 5% DX
AUty A B B8R 53 A DL SR A AR DGR B ge it
IR ARHRAE, A A 3 SR % G ) B RE B 7 b
IKSOIRZS, ARSCBE A REUR (B r, = 0.907E R 7K
SCEATTAN A3 FHE - 4505 B0 N Rk a5 6 A7
MR RFORTZEER, DKM SR8 BA
IR SCHER R 5 Y et i S R 00 sl o5 1) ~F- 34 A5G &
BAR Tz BE RS, A izl B0 AT & 7K J7 BH
B, WAEAARIKSCEICH 73 5. ik iR,
WG IX B 2K 43 Bl A L vz - (AF) . Bif
RMDTVEEE (AS) . 4ETRFHH (LV) 5% 7875 i
JCEBHT IR (CW)  PUASAH X Al 57 1 7K SCHLIT
FHITAE EREE WK1 (a).

3.3 B KA EE{LIREN

AHF5E R FH SBAS-InSAR AR X} Sentinel-1 SLC
ARVEATAC IR, DUREE R KA AR, B
BRANR . EAe, FIHKS S EEEE DL SRTM DEM
BHE EAT AL B 5 IR AR L BRI 58 G AR BC
e SRJE, AR I 2s (R SR B A T 2200 T
W, IHRYEA TP 25 55, 43BN 45 7K SCERITE
TP v 5 M F Ay ;. i#E—25, FIH] Goldstein
A I AR 18 U e T 2 0 U TR T UE s FEA
FHAR T PEHERE S BR AR T A v 540t R &
N (MCF) Sk AT AR 7 ff 285 B IS, X
fRIETHEXT, 1A GACOS HE AL % 37 )2 48 38 7 i
(Yus§, 2018) LAHIES KAIEIR XS KA AR A 5E0A 5
e a, BEXEASK SCHLTT P I JR 6 2 AH T XA T
23 A AE, SR /N AT P AR AL, AR
3 IR B AR — KL 4 O R, R B T A 5 O8N
(ERZ 1SN NA o S AT

(1) ARG X fE . %IRRT
VA ] A 3 I 235 b 5 %% P 1Y B T S v v I A
IRSCEFAF RS B 225, [l —RARAEANR K
SCHRIG N A TR R BN — 2, & S 80T
T SBAS i (1) 1 ¥ % 241 & 55 FE 2 W 48 47 7 2200 o
R B ARAE T T P X 5 1 i 2 15 2 7E B[] 5 4
G , ARDFIEAE 45 7K SCER TTIE [P X R 46
BTV T AT, Il E A S B
PRoK SCHLTT I I 28 SR L I 2% . ELAR ML, & X A

TR A T R B, IR R B A U 1k
WA PR R AR, THEAIT

N,
P=7$EXIM% (5)
total

K, N, o AT RECKT 0201%5C8, N, N
BOCEE AT PR R R 50%, HIY
TR EAATBOT T £%0>0.2) & H#EE 50%
IF, A% A ORI 3 LR B

TE N M PR e, () B 2 A B TR
B AR, (AR T T ) F
2 ZE AT PR AR K SCIRBLSZ R . R R 5
QERCSIS FUb ey R S N E = AR RIS he,
B AR T PEGETE 45 R, R I [i] B2k BR ] 7
24dUAN. LACW HIAF BT R, 7ECWHIT, %
V5 X BE 0 A S A IS ) P ORI, e
et 22 MG R T (B4 (a)); TIFEAF
HIT, REAERFRC AT PR T ECR >, e
RE T VAN TI R FSIE R T (1814 (b))

(2) AN[FZKSCRTTHT F KA AR AR . X T4
P 158 A R e S B0 R A7 i 2 285 SRS 58 3% 111X
B, HE 20K A 3 A (X 7S B 43 i1 T
RS, LA K SCERIT NS KA 56 o il 7E
FHf AR OC A B RS 0, RIEABREA S
HUO R IT Y A TR EE B 3 BCAE , HSRUIn AT 241
PIHFE 25T (Lu M1 Wong, 2008). 5 fij 24 (E
AHEG, %05 ki 3 B B A 5 4 3 A 3 1 378 4% B
SRIE SRR, INITTSE A F T ORR R i — Bk . I
Joi o AR g R UL R P T e b, T RN
3R 1k X I 18 e ) AT R B, AT SR IBUCRIE 5 DX 4% B
JCHYFHR KA ZZ it #E (Hong 55, 2010),

3.4 InSAR 57K3zuh  BHEEL & & B 48 X 7K iz
&

K InSAR JIr i A5 1) AH 57 28 £k 5% Ak R 48 %68 7K
PEARAE, 75X InSAR Bl #5 ) 7K 457 A8 Ak 28 a4 7
M (Kim%%, 2009; YuanZ, 2017), %THEHL,
T R XA K A O [R]K SCER T ]
KT e BE AR A I AN S, 45 BT R) R 7K A6 22 A6 38
WARGSMELNE (XFF 48, 2020), FFXFEIK
SCELTTI RS SEEA TS A HE . I, XTI
WIS R K SCELITTHEAT ST A0 8, 43 R A LA
HB 0 3k ASEHE AR S 25 AT InSAR UL I £ 4 1Y
MU
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(a) Temporal—spatial baseline diagram for the CW unit
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Fig.4 Temporal-spatial baseline plots for the CW and AF units after coherence—based screening
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P as b, AR 7K SC B IR HE e Y 4 %)

KA ZEAE -
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TEACHERLRE T, Syl B 57 bl )52 i 7 2 8K
AITFEE, AR SO 5 i AL Y InSAR i E 64T 1
fiiik: (1) MR PERE S AT, RERTE
SALE AT AR TR A InSAR WL ;. (2) X
TAFKSCERTT, 2T 7K I A SN SO REHIAE
Z2% 1, e HEBRAT IS AN i A 2l s (3) X
— LK R Bt Ak Y 7K SCk i, AR B B A 2 i

BN IR A A, o S W b Y ) S BR K A7 AR
b, o e 2SR

RSO TR AR, AS, LV LK CW % 47k
SCELTT A B TR A S50 TR S da X KA AR 4k
PRI, DAAR BRUAS ] 7K SCBA.TC Y 268 X6 7K A A2 A Bsf
[E] 751, ﬁLﬁ%%Amiﬁﬁmmﬁﬁwt%L
A, Wz OV I e A2t ot K A AR AR
35 EEEM
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Wetland water level monitoring based on hydrological unit division using
SBAS-InSAR: A case study of Louisiana, the USA
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ZHOU Zhengpei*,NIU Yufen’,LU Zhong'
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Abstract: As one of the most important ecological indicators of wetlands, water levels directly reflect hydrological processes and
ecological patterns. Therefore, their efficient and accurate monitoring is critical for wetland conservation and restoration. Interferometric
Synthetic Aperture Radar (InSAR), with its advantages of wide coverage, all-day/all-weather imaging capability, and high precision, has
been successfully applied in monitoring wetland water levels. However, considerable variations in internal hydrological connectivity within
wetlands lead to challenges, particularly cross-hydrological-unit phase unwrapping errors and inconsistent water level reference baselines,
for conventional InSAR techniques during large-scale water level retrieval. We propose a hydrological-unit-based small baseline subset
InSAR (SBAS-InSAR) method for monitoring absolute wetland water level changes to address the above issue. First, multitemporal
Sentinel-1 SAR imagery and global land cover data are used to analyze hydrological connectivity comprehensively and divide the study area
into multiple independent hydrological units. Then, within each unit, a short baseline interferometric network is constructed to retrieve time-
series relative water level changes, which are calibrated by using in situ observations of water levels from hydrological stations. Finally,
least-squares estimation is applied to obtain the spatiotemporal distribution of absolute water level changes. The results obtained by taking
the floodplain of Louisiana, the USA, as the subject of this case study demonstrate that (1) hydrological unit division significantly improves
the reliability of time-series inversion, reducing the overall root mean square error from 13.20 cm to 4.03 cm. (2) Hydraulic barriers, such as
levees and urban areas, significantly alter the spatial continuity of variations in wetland water levels. (3) C-band coherence in wetlands
exhibits pronounced seasonal differences, being highest in late winter to early spring and lowest in late summer to early autumn, and is
mainly affected by vegetation phenology and inundation. Overall, our proposed method enables the centimeter-level, large-scale monitoring
of changes in wetland water levels, providing technical support for wetland water resource management and ecological protection.
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