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ANEL', BRZE?, REFE', fHgi', FHz’, Ar'

1 PR R ERELE 515 B E2E R, Kb 410083;
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DEM F1 Sentinel-2 Z Y £ AR FHUE R . 1558, # TanDEM-X DEM Fl Sentinel-2 1 2 I Bt {5 BAE 4
AR EE A F M EE (LVISI R At ) Ve AR i, 8l BEHLARMARL A 7 b A Mo S s A 5
U5, BRI GRS G 2 2% Bl X SR AU MR AR, O T IRAIE A SCHR B vk, e TR N
FERY A TS AT IR TR . 25 SRR B BT L BB S A SR IE TanDEM-X DEM A1 7 A9 ZRAS BE i 22,
IFi] o] BT SR A AR R b4 8 AH4R T 5L AG TanDEM-X DEM, 7K SC75 125 7 i B A Mb B 5 B 0 A 381X 43
FARTE T 76% F163%; BLAL, AR SCH A BT U 45 AR S T 80 58 B B 808, ol AR AR R AR T
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gl 5

7 AR DEM  (Digital Elevation Model )
B RERIE S BT RS, BRI
Br i) RN AR, Cog iz N T E M
KA BT . B AR B IR A B 7E AR 2 A 4
(Yamazaki 55, 2014; JiEA 5, 2021; Zhao %,
20165 ==iEnt 4%, 2020) . Bl XTI 4 AR AN
Wi & e, ARECDEM Bl () 7 ok ik £, . 9%
J6FRIALIDAR (Light Detection and Ranging) . J&2737
et . A ALAR I T InSAR  (Synthetic
Aperture Radar Interferometry) FRE, [EIEy, AIEk
BB BB A 5 ) 43 0 30 FORG B ok i vy . A e

FE B EA: 2022-11-01; FENA: 2023-03-14

A, RAE BAA R 2E 5 e J) LR LiDAR 7] DL
P28 5 M 36 )2 IR B R B (5 8 (TE ¢ 4§,
2017), fHH FAREUE B AR R . B w5,
SECHL IO L G I 1 750K o

InSAR £ REE SAR AR 5 T Wl 5 R T —
i, FEEIGEM . SaPeR . mRE . 2R
& RAGFCIR AR I 5 i, EL B W7 LA ey 8 S 4Bk
RO IE I 2: i E 22 F- Bt 2 — (Rossi %%, 2012;
Zebker # Goldstein, 1986) ., fx B A b= XAy
FFJ2 2000 45 36 FE LK CAHLE I8 M B U 24T 45
SRTM (Shuttle Radar Topography Mission) , | H]
WK RHLIE AR SAR LIy (CIBD), {L11d
IR AR E T 7 56 4 BK 80% Pl IR (56°S—60°N)
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1 153 B3R = 4E P A5 S (Farr Al Kobrick, 2000);
2010 4F—2015 4, {8 & 5= i 7P .0 DLR  (German
Aerospace Center) F| F XU 4 BA 73 41 20 SAR R4
KA T S AN TanDEM-X InSAR 4, T
2016 4F9 H A pl T 12 m 43 R 19 4 BR TanDEM-X
DEM /=i o SR, TR SAR I FS (e
W B X P B ) MR R i, HAEZE o R
il )E R S HRMECT . R A EAE R A B
FZH R, AL S InSAR £ AR TE 25K X 5 1Y
I 5 B 38 L T ARMOE 2 TR S ke (a4
) DEM 08 rh 4 & ARbk e BE AR 5, ok e &
SA T G B (Wang %5, 2021), RAEK
AR Pk Bei ik BAT SR ZEERE ST, (HIR %
BOATIME LA 2 2 38 1 9k 7 55 )2 PRI B AR R HOB AR
B (FufE, 2016; /30, 2019). KWL, &4
InSAR $ AR TC I AR T HOB 22 1 752K, HARAR
J RITE T1% 52 InSAR HOAR 32 WLINAE AN 2 B FR )
TCk X 43 [l — 43 ¥ 550 N AN [R] 3R AR 0 2 L 3 A1
(CRE% %, 2018),

BARC A IR T Ak T SAR R PollnSAR
(Polarimetric InSAR) #1 JZ #F SAR BJJ TomoSAR
(Tomographic SAR) FARTEM T HUE A& HR b By AT 17
PE (FuZ, 2016; PengZs, 2021; XIHEAE 45, 2020;
JASCH, 2019), HIX P RNE AR X £ 1Y BOR A
JUA% . HATAERLIZ AT B R 4K SAR R 40 v Jo ik F 1t
T N 9 A2 S DRI - 7 S N o
] B b IR AT DEM £ Hh 1 SR AR B 5 R 90 =5
TRZERTARETE . kS BT M 2

BEXF Ak i), [ N AN ST TAS R 1 B
TRHIE DEM s oAl & M g 22, ik sy ik
AT DUE AR 328 (1) SEY¥E bRk, %38
7 V) FH b T 3 288 B840 50T 2 1 B GE AR 4R IR 1
B D, MR R G B Y M AS i, R
FH B /I3 T 9 Aty B34 e 7 5 b R X6 7 114 40 v
25, JIF4 H A DEM E 45 b 411 BR 45 B ART He P
(Gallant fl Read, 2016). 1% 7 kI KA AT
TSR E s, AE PR T 2 T AR TR A ) |
B4, PO T T/ INE L L 20 5T AR XY R
THUBHREG (2) AR, ZOrER O R
FUAE B AR T B Al AR B, PR InSAR
DEM % 35 H F1B%  (Baugh %%, 2013; O’ Loughlin
&, 20165 KR AF, 2021; BRIE, 2020). XHKJy
TRATAE I 0] A T S A R 7™ E AR A T AR A

o BOHE ARG BE RN o BER, HOJCTE % R InSAR [R5
FHBRE AN ER 2R (3) MLEsET k.
ZOT RO AU R G DEM R Z2O6iE 218 2
eS8 (4n: NDVI, EVI, AVIZE) /ERM
SEEN TR P b T v AR A A I 4 A s A T
BRI 25, A5 2 B9 2R T & S B2 DEM
PEHC (Wendi 25, 2016; Kim%ZF, 2020; Meadows
1 Wilson, 2021; Prasetyo, 2022). FH THIM
R, XBFELHAET I TG RN R]
it oA s BT 1 B SRR bR s B i

Zi b, XFHOH & AT TanDEM-X 90 m DEM,
1 H A i = 55 ) A SR kG R AR
BAE, S BOE T AR BB AR HUR SR O
PEME LA 1542 % F T TanDEM-X DEM; H 3UA E N
HMIFE i R 4 3B W] AR 4 TanDEM-X DEM %4 $2
WO 1B . 48 B A 2 B 58 S03IF T 2 TR 4L
PR A H AR ] UL — @ BE BT DEM RS (X
¥, 2019; EARE %, 20215 HIEEE 45, 2021),
3K B 5 P AR T b 2R T i P B — DEM S8 ih A7
FE 23 VBRI e  MRs DA S i, Tk EE
HFMRTHIERE ., STk, R THRF RS
DX b 2 B0H B4 43 HE R RMER P, AR SCHR S T —Fil
B4 TanDEM-X DEM 5 Sentinel-2 £ 154 () A
THIEAREOTEE, i A AT TanDEM-X 90 m
DEM /i . Sentinel-2 Z Y154 A1 LVIS (Land,
Vegetation and Ice Sensor) R4 {9 /5 A% 5 1l T U /55
ARSI AP L SO T HE o 207
AR AR B . B AL P . f4E Sentinel-2 £
T HCH 1) T Ak B K AN [ ESCH B) 1 A R 5 4
G —; FEPLARMILE . Ff TanDEM-X DEM 5
Sentinel-2 ) 22 i1 Bt {5 BAE M A S HE, LVIS R
(1% b T 000 v 5000 1 by i i A8 i, ST S T RENLAR
PRIUA B AT Mo I TN A AL 5 R FBLAR T bR 4
WCSORE BB E . [RIE, A B kAR SO i A ok
FURT AT M, SEHE T TR n & ) w1 S 8
X (f245 Mondah #1 Rabi) #EA750E, LI A H
INTFF R AT ) TanDEM—X DEM A= J 4K % $2 4t 7
ZRHE

2 WE5E XS

2.1 MRKX
2 8B R B M T S 2 e A T 0O R,
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A SCHEFET AfriSAR2016 151 H H i) 14 3 75 3 56 [X.
SPEVEPATIAE, BF5E X ERA B 1 R, %
FEBY 78 55 1 52 DL K XU B A 5 2R B RE 1 1)
PR, 7 553X P58 X ) TanDEM-X DEM 341
BT R R R A I S w2 . e, A
Al 5% DX A2 T AR D1 K Bl hn 3% 5% 9 /9 Mondah [E 5 2y
bil, 85 Libreville §13% 25 km, H 3 AIHHIEA N
TEPELIR AR . TR ARMOR B 5L, i v AR MR R BE 1T
ik 60 mo BFFE X HBIE 8R40, S AR AR A [
0—60 m, 7EIZIAEE X, B T 280X BUAATE o A 1
Gb, ALE T A 52 R AT T 5 /N B AR R A
BEIX, PRGE A SR BIEA SO o FE AT I,
R T 2 B E AR SC AR KA FEIAR R HE $
WY T, WESTEERE T N5E P e B AY Rabi it
55 XTI R g B UE , i AF 9 X HE B Libreville #1137
260 km, = BAH IS RN B PO AR, £
R A T 30—60 mo I HLIX ARG X 24 7 35
A R A B2 b T e AR B BN, RT AR ALY
SRR FEIAR T T &5 S (0 561

1°N

1°S

2°S

8°E 9°F 10°E 11°E 12°F
1 W XA R = A

Fig. 1 Locations of the study areas

22 WEREE

2.2.1 TanDEM-X DEM

TanDEM-X (TerraSAR-X add-on for Digital
Elevation Measurement) & — 11 8 () 4 A ®AT
KRG, BREWWIN K MTENBTITE TR
B IR BT AL T, o H ARG R R e o
B BRECT E A (Krieger 55, 2013) . o,
ARG TR o B (RIS T3 I A )

WHT . WAL R, T 5 R
o R T PR 1 e RN N W 1 A 3PS O =
JEHIE AR BRI (Krieger %5, 2007). H 20104F
12 H—201541 H, TSX/TDX B4 5¢ i, T P LE b
BRI, 58 B T TR Ik BOHE SR AR
(Rizzoli 5%, 2017) ; 7# [# 5 fiif J&) DLR  (German
Aerospace Center) F 201649 H 58 i%, T 4Bk = FE 4L
PR AbBE, JF & A0 T 3 AR B 12 m oy HER
) TanDEM-X DEM ;= (Zink 55, 2021). #&F I
IFRUE =, SR YRR R SR T
30 m &% 90 m 43 ¥ F )4 Bk TanDEM-X DEM %545 ,
FERE 90 m 3 HEAE A B ) A BR P e 2R IR, H
L, T 12 m A FERA DEM P 5y (30 m 22 90 m 7~
TRAPRE ), HERPRRE IR . 465 S A A 10 m
(LE9O, 90% Z&Ph152%) ; AHXE ERGFE 730518 2 m
(YR <20% | F14 m[ B E>20%] (Krieger®:, 2013),
BEAh, AT PEAE 12 m 4 HE R DEM (1 52 P i 72 R
J&, DLR{EFH 2RI 1.5 740K, = FlbG o s 2 1
£ ICESat (Ice, Cloud and land Elevation Satellite)
Wy SO AT PEAL , FEAF B RE ST (UK.
FMEES) WIENT, DEM A48 X 2R
(LE90) i fi T HARFRAG E  (Rizzoli 55, 2017;
Wecklich %%, 2017; TangZ§, 2021). 2K, 1E#%
M T, T X B (5 5 2R 5 e T i R
FVFE B RS 5 B HL , TanDEM-X DEM fir 4
NI AR R B B AR N OB (B, HIL
o 5% = A BE 5 RS | RO )2 R BE R AR AR
AR FE ML (Wang 4, 2021; #K+HFH 4%,
2022; 2504, 20205 LiuE, 2020), &TiE, A
HEET AP K A B TanDEM-X 90 m DEM 344 17
PR T O FEHUFSE . 83T https : //geoservice.
dlr. de/web/dataguide/tdm90/[ 2022-11-01] 1] fp 2% 3k
W78 55 4R TanDEM-X 90 m DEM %%4) .

2.2.2 Sentinel-2

Sentinel—2 & BRI &F (4 8 3R] A A& HH 5 43 %
ZHTER)F DA (Guzinski Al Nieto, 2018)
Z P A2 i R Sentinel-2A (2015 4E & %) #
Sentinel-2B (2017 4F % ifit ) W il M i 19 2 2
B, BRI TSR T N B B R 786 km. LA,
PR T — M EE UG (MSD), 3R B AT
WLEEE LT b 134D Be i 8 (2 i) 43 3 2R 43 5i1)
S 10m, 20m, 60 m), 3% Pushbroom ¥ A 5L



XE T %5 B4 TanDEM-X DEM 5 Sentinel—-2 £G4 (9K F H B #12 H 2543

T A A SR
4, 2013),

MHECFSERTe A (4n: MODIS, Landsat
%), Sentinel-2 A B & 1Y I 25 43 B3, FE25 [A]
Gy, R R AR A DGk B 1 2 ] 43 B R
910 m 520 m,  HooR P B 25 6] 73 BE R 60 m;
TES () 73 B T7 T, YA PR R, H
B[] 2 B R0 AR 40 2 S do i F I A ] 4 B
W U R A A R Y T AR R
Sentinel-2 EL )2 i H T 40 HE A8 L b R FH 2325
L o B Ak B S 22 P AR 78 M I 45588k (Fakhd D
Gkanatsios, 2021; 253042 %%, 20205 Roy5%, 2017).

TEARWTSE T, O T e R i Y Sentinel-2 £
BB E W, R T R/ANAB RNk,
H T AR SO A Y S F 5T DX 2 T A R AR X
L= N SR [T ol R A o i DO I 2/ N S 2 4
Sentinel-2 5 TanDEM—-X DEM 3B [8] | (1922 T AN
R ZOT B FER R R 1ER THER
P BIF 5 X 1Y Sentinel -2 JTCEUE (U AHOCAE B, B2h
L1C g7 i H T A 09 5084 ol A Copernicus Open
Access Hub Z Hho0o e 28 R

F1 AW FETAR Sentinel-2 BRI S

Table 1 Parameters of Sentinel-2 data utilized in this study

% ¥ 3% 290 km  (Frampton

.
s FFTIX
Mondah Rabi
2020-02-01
AR 2018-03-28
2020-03-22
- T32MNC/T32MND
] s 2 T32NNF
el G 32NN T32MPC/T32MPD
ZHE % 44 8
RPN S-2A S-2B
HEs LIC LIC

2.2.3 LVIS#l &S iz

TR A B RS AR, RSO T
NASA F20164F 2 H—3 H 1E AfiSAR i 5% X R RY
RG FEAR T HOBBUEAE 2% o %80 R I PLEL
Fifi A B 5 0K A% B4 LVIS (Land Vegetation and
Ice Sensor) SRAE, WHL ®ATm BEAL T HuTH DAL 10—
20 km, JEZRICT MR EAS R 5—25 m B RIE L
¥ (Blair %%, 1999) . 4 T % Uk LVIS I = F il 14
KSZ, NASATEAR[FZRAMERL | AL &40 T T
& T R AT, SRR LVIS HAag gk iy
KGE BE WA P | v kS B2 AR DL i B2 RS 4 =

HAEMEE T (Hofton 45, 2017) . ARAFFTHESRE T
Level2 88 SO, 284D S AT T2 S AE S
JEAEE R, W B AR TR BRI R 5 1 1 B IE
WAL, ASSCA A LVIS B8 T B 36 [ [ K0k
K0 NSIDC (National Snow and Ice Data Center)
Wk Nk, T 24 N hitps 1 //nsidc.org/data/aflvis2
[2022-11-011],

3 WFFE T
3.1 HETAME

3.1.1 Sentinel—-2 £ #E ¥ 4bIE

KR P ALK J5) ESA - (European Space Agency) i
HEAY Sentinel-2 f& L1C 9 JF A58 ™ i, B2 &ead
TE SRS E AU 1F 9 AR )2 2 W B S 238 54l
(Gascon 5§, 2017). FEMFHZ AT, 72X HiEfT
RS EAS . KAKIESFWA R, M, AR
P T4 BTSSR H ESA $2 Y Sen2Cor T HAE X} i
UGB LIC 207 Sh il AT 58 i AR TR AL IE, 4
A BE 5 R R IR 2 1Y L2A R 5 5 B
(Main—Knorn %5, 2017)., It4h, Sen2CorfE A L2A
o= A RS ALY T AR, R T8 A
W IESEZ ATk aE . Wik, A 7T A
Sentinel-2 £ 4f& 1Y b1 £, R ] T SRTM 30 m DEM
(Reuterds, 2007) 1EMHIESHEE, XF Sentinel-2
HWATHOIE B IE AL B . FEARMESE ., A T IE
TanDEM-X 90 m DEM H 6% (A 8% & B AR 5, 4
bR 175N SMEgOCOCh B (B1, B9, B10. BI1,
B12), JFKHA 8B (B2, B3, B4, BS, B6,
B7, B8, B8A) {ENBEHLARMIU GBI AL 1

3.1.2 AiREME S PERG—

25 FHAL P S Y Sentinel—2 $ 4% 4 2 WGS84
AR T B UTM #5248 FR . 1fif TanDEM-X 90 m
DEM F1 LVIS il = 845 242Kk FH )& WGS84 AR & T
M HBERARFR , PRI X Sentinel -2 £ 4 2E 1 7 [ 4%
R AT LA WGSS4 H AR AR R S %, F)
HH snappy Jfi 5 N B 5% B X Sentinel -2 £ 4 i
TTBGE AR AL . Ak, S T ORIEAS [F] 2 B A
[i1] 245 [14] 43 23R 10— B I 7040 K 4% 220638 B di (1)
15 25 (] 3 BE AR e, SR e il A A R 5 Tk %
TanDEM-X 90 m DEM #F/ T4 {EALHE, fZ455] 10 m
I3 PR ) TanDEM-X DEM, I HAE g 5 22 BE AL
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FRMAR IR 0 FE At oy A BB
3.2 FEALFHRMIUE

B WL A P340 8 T Bagging 4 W 28 R — b,
JELAPCRM R SERI AR 1, AR B2 LgR 24 >
HY4E 2 > JUAR (Breiman, 2001), iZ&E 2@ H
Sl ARy 2 R AL ) A T R A L O A g
PSR, S5 S AR i o el v P R (LA Sy Tt
I, (AR B LA B e RS i B2 Rz A PR e
T AFEHLOR, FEHLARARC Ln oy —Fh 2 A 5L
P BT TH, 812 0 T RE2E B 5T B AR 2240
B, W #8025 (Ham%%, 2005) . ARMRE AL E
(XUmNGE, 2022). AR MEM iR (B 4, 2016)
Rt g B AL (B0 45, 2015) SEWFFE4R .

BEHLARAR NI RS IR 34088 (1) X
FEARBOIE ST A R A RE , A5 8] 2 FEACEE
(2) XFEFERIFEAREE A BIA (unpruned) AY[H
VERRE, JEAE R T  NBE AL A 22 o B fe AR
BI5rEls (3) XHETA WA A B 25 R T R A
15 B I 2 BN 25 5% o ASIF 5 3 i Bl ML B LVIS
5 1) b T o P SCH A S i R AR o, R e BRI
A BRI O A Sr AR B (ARG 8 AN IEEEY
Sentinel—2 ZYGERHE AN 10 m 733 TanDEM-X

DEM) fENfm AAS &, N7 5T REHLARAMRAL G 1Y
AR P BN A, S, ITZR15 30 0 AT
T IS HE DB AR T B
TR, BEALAARIL SRR rP A E P
BRI SEL, 230 SRR R D A~ 4
MRS R XA SECE G R ALE 1T
R Sz AevERE . AR T AR IR 2R S
B AT AL, @l Ry 2R Y e A
PERE. N 1 S BBEALARARIL G, AR T
python T & 1Y Scikit—learn i (Pedregosa®y, 2011),

3.3 BEIIE

1% 22 RMSE  (Root Mean Square Error)
Xof S H (R O UG RE S BT 1Y R R RO A
LA SORE HAE S P R bt 25 R AT 2 L
I HaZHe b 2 sy rp Ty i g/ (.
DEM) A5 B/ —4~% HHE4r (Lin 55, 2020), H
HEARXT

RM%:/LE@;QY (1)

b, 2, Mz, AR i A2 25 Kl A PR %L
PR NS I R R, NI TERE 4
RZ, RSB A A B AN 1A 2 B

Bk :

N EEIEEY
1. i v

® AT IZIE ‘

® KA IE DEME Xkt Iy[ﬂfé%%é%ﬂ

® HRRE
1. BEALZR AR v 82

LN
(B2, B3, B4, BS, B6,
B7, BS, BSA, DEM)

1. Python
2. Scikit-learn/Z &

<>
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Fig. 2 Flowchart of the proposed method in this study

4 LEIR 50T

4.1 FFEIGIE

N T BAEASCR LB AT, 7E Mondah i{E6:

X BEHLIERE T 20% B9 LVIS Hi i = P8 /e =%
Bn SE AT RN S, 38 2 4 80% 1S5 Bl
XTI 285 S AT ST RS BE IR UE . 18] 3 IR T %R
6 DX AN [] LT K090 (40 %k e 25 51 . AU LVIS $di A=
AT M A AL (LVIS DTM) . U4 TanDEM-X
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DEM VU B A SOl R BU AR T M IE . 1500, k4
THA XKL (X Im MK kn) XF45 5017 4
Mro Z5REH . X TFXkm (FEEEEX), 2
HE B o AR 5 B E R, R LG 1) TanDEM-X
DEM £ 3 1 5 25 A I s i 22 5 AR SCER S Y 7 v
A LU 30K IF TanDEM-X DEM Hh4 & B A B 15 5
iz, HRMMRTHIESER (B3 (c)) 5LVIS
DTM (3 (a)) HAEH—FE, T Xiln,

P T e 7 7 28 A B R AR b s R R A B, X
TanDEM-X [ HBJE I 1 52 0 4se /)N, KK TanDEM-X
DEM 5 LVIS DTM 7 i% IX 38 B A & 47 0 — 8k
(Schlund %, 2019)., #ig I, ZidAR )7k 3]
AR HE 7 ) AT RE () O/ B TanDEM-X DEM 119 15
FRAG S o A A X b A ) b T Bl i 245 S A 12 X 3R
K, X — G587 ARG R IE
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(¢) Sub—canopy topography derived by the proposed method
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Fig.3 Comparisons between LVIS DTM and the TanDEM~-X DEMs before and after vegetation

height signal calibration over the Mondah test site
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B, AT AKX A3 R RN b 3 7 55 2K . 7E

HEERE |, HR¥E Sentinel -2 229 Bl 28 88 a0 &
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B FRe AR DT e AR | ) A5 30 0 Il A 280 o o 2
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AR SCEIEA AR T I 25 R AT e bR . K4
X T ) iR TanDEM-X DEM ., #k F #11E 5 LVIS
DTM = F2 (8] B 0 40 A ], 9 BT 3RA5 A0 I 1Y
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(b) Validation results of sub—canopy topography
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Fig. 4 Validation results of the TanDEM-X DEMs before and after vegetation height signal calibration
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Sub—canopy topography extraction via TanDEM-X DEM combined with
Sentinel-2 multispectral data
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Abstract: The Digital Elevation Model (DEM) is one of the most important data sources for various scientific studies and applications.
Currently, one important data source for large-scale DEM generation originates from the TerraSAR-X add-on for digital elevation
measurement (TanDEM-X) mission, which provides bistatic interferometric Synthetic Aperture Radar (InSAR) data with high spatial
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resolution (12 m) at the global scale. However, in forest areas, the retrieval of the subcanopy topography using TanDEM-X InSAR data still
faces notable challenges because of the effects of the forest scattering process on InSAR height measurements and the limited penetration
capability of X-band’s signals, causing the measured elevation to be between the ground surface and the top of the tree canopy. Although
SAR signals with long wavelength has strong penetrability in the forest layer, subcanopy topography still cannot be measured due to the
volume scattering effect from tree canopies or trunks. In addition, the missing space-borne PolInSAR or TomoSAR data pose another
limitation for subcanopy topography estimation. In this study, a new method to extract subcanopy topography over forested areas is
proposed. The method uses a combination of TanDEM-X DEM and Sentinel-2 multispectral data. TanDEM-X DEM and the multiband data
of Sentinel-2 are regarded as the input variables, while the high-precision ground elevation data was considered as the target variable.
Subsequently, the random forest fitting method is used to construct the subcanopy topography estimation predictive model. According to the
obtained model, we can extract a large-scale subcanopy topography over the areas without reference data. Results show that the subcanopy
topography derived via the proposed method has an RMSE of 3.7 and 7.78 m for the two forest sites, representing an improvement of
approximately 76% and 63%, respectively, in comparison with the original TanDEM-X DEM. The experimental results also show that the
resultant subcanopy topography can maintain more detailed topographic information. All these findings indicate that based on publicly
available data, the proposed method has great potential for extracting large-scale subcanopy topography at high spatial resolutions.

Key words: remote sensing, TanDEM-X, Sentinel-2, machine learning, Digital Elevation Model (DEM), sub-canopy topography
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