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Review of Remote Sensing Technology for
Forest Canopy Height Estimation and Suggestions for
the Advancement of Korea’s Nationwide Canopy Height Map
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Abstract: Forest canopy height is an indispensable vertical structure parameter that can be used for understanding
forest biomass and carbon storage as well as for managing a sustainable forest ecosystem. Plot-based field surveys,
such as the national forest inventory, have been conducted to provide estimates of the forest canopy height. However,
the comprehensive nationwide field monitoring of forest canopy height has been limited by its cost, lack of spatial
coverage, and the inaccessibility of some forested areas. These issues can be addressed by remote sensing technology,
which has gained popularity as a means to obtain detailed 2- and 3-dimensional measurements of the structure of
the canopy at multiple scales. Here, we reviewed both international and domestic studies that have used remote sensing
technology approaches to estimate the forest canopy height. We categorized and examined previous approaches as:
1) LiDAR approach, 2) Stereo or SAR image-based point clouds approach, and 3) combination approach of remote
sensing data. We also reviewed upscaling approaches of utilizing remote sensing data to generate a continuous map
of canopy height across large areas. Finally, we provided suggestions for further advancement of the Korean forest
canopy height estimation system through the use of various remote sensing technologies.
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4=31(Tree Height) 2 <& 31(Forest Canopy Height)«=
AHEA A, AT, ALY F Ao Zagth
AR Se] 4o AL WA g 44 ARZA A
S7Ps R AR 3 A Ry e 9
o]l B3k FQ ¢1xlo]tkSimard et al., 2011; Zhang et
al, 2016). 3], = Ao] Hekah 4 P QJET
e QJEAA, AR o] 2, B AR U,
ol 44 BEE 9 4 A4S Peldtel Bat 4%
2, Bold 2|7 Bt glo] ARIAR £33 AP}
g @ 3}th(Alexander et al., 2018; Hill and Hinsley, 2015;
Li et al., 2015).

g Aol +ug SHshs

N |1

= Y2 ZA 7R =
AzAtet fAEAE s 4 dck 9
AR BIE BARE Am7E @A, to] golshA] ok A
off thek AL of2& SHAIZE Qlof =9l 2 o
2 o] AL AASH = W2 Algho] w-ETKSt-Onge
and Achaichia, 2001). oo u]=:, 7jutch, &Hak - A
Z=0) 79 iAo 4 e Qlef it AR Ao
B FH e 2|9 gjAd o2 23} (Horizontal Structure)
9l 3x}-9(Horizontal & Vertical Structure) A]AL% A=
HE 2 A7k fole chaket AATA 714710 AR
034 AP Sus) 03 gk oS S, Aqtw Ak
A 9(Local Scale)o]| A= 3} LiDAR (Airborne LiDAR)
(Chung et al., 2019; Lefsky et al., 2005), &]o]th(Radar)
(Kugler et al., 2014; Garestier et al., 2007), JZ3fA= A
AARS &89t =01 & AF(Li et al., 2020; Kugler et
al., 2014)7} &bt vbd, o= &9 AFH X] <(Regional/
Global Scale)of|4]+= MODIS (Moderate Resolution Imaging
Spectroradiometer), Landsat¥} 72 A A= QA JA; A}
£ Be YRR 24 AT FRE o219t
(Potapov et al., 2021; Wang et al., 2016). £3|, X]A}o]
olejatE Ao} RS FHEHE S5 UATAL A
2 Hl(Active Remote Sensing Sensor)¢] LiDAR®} Radar+—=
SEe] 3319 SY AR W AT g W HEo]
FRg ol ek 31 W QT SAo] wol o]gHaL glrt
(Lefisky et al., 2002; Treuhaft and Siqueira, 2000). Z|o]|
L ASAE S Aol RS § 4 9 Wt
o= ot §HBY AR ohd 2@ 2 (Stereo) 914
A} AF=(WorldView -2) (Ullah et al., 2020; Goldbergs et al.,
2019), $]4d(Space) LIDAR 7|4} = 2} & (GEDI)(Potapov
et al, 2021) 2 VU= LiDAR A=} Y1494, AAZA}

Amolel §Ee Fa QR 324 =Y AU A75o|

A11E A35 (2022)

3] 3% 3l Qth(Mora et al., 2013; Hyde et al., 2006;
McCombs et al., 2003).

2000} o] ol A= AAFAARRS o835l 4t
O a1 9 QRIS FAS = A7 S| ARy
11 9Jth Woo et al.(2007)- = A R]E o] EAJLS 11
g A Q1A B 1 EEE 913 &5 LIDAR AR 9]
7122 Ae)7|S AAsHL =4 A RS 285
4= 1 2 g x} 7 (Digital Elevation Model: DEM) A3 4] 11}
412 & (Canopy Height Model: CHM) A} & 0| A]
09 408 REshe G 7Y A TS 4
o}, KimQ013)& A RELS o] 45fo] 525
N ETER TS
AoFst9lon], LIDAR A}&
FEe BT T AYYAS
t}. Lim et al.(2015)-& UAV 9]
1] X|(Stereo Image)E AL AH| 2
| £ H 2 d(Digital Surface Model: DSM)=
£ F4s5t= A5 Pkl o, Kim et al.
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Digital Canopy Model (DCM)& A|Z}sto] =313
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9 SAR o]u] %] A+ 7]W¥KImage-based Point Clouds), 3)
Uit ST G 2 e ol s
, 2 AAGAH o] E4S A 2 (Processing),
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37 LiDAR, ©]u]x] H+ 7]4KImage-based Point Clouds),
S d A A=(Combination of Remote Sensing Data
System) &= UpiEof AhwHfom, 7} AT S Fo|
w}2} LIDAR+= AJA4F LIDAR (Terrestrial Laser Scanning: TLS),
=2 LiDAR (Drone LiDAR), 3% LiDAR (Airborne Laser
Scanning: ALS), $]437]4F LiDAR (Satellite LIDAR)Z, ©]
)R] HES AH|F| 2(Stereo) L SAR (Synthetic Aperture
Radar) 934} 7]8F 9181 24 71 o] thopsl YAA} &
S AARIS AR T A8 A Alle] s 14
o} eh(Figure 1).

oly 77

UT.J__ ZZE,]

1) LIiDAR 7] t,'_}(Light Detection and Ranging)
LiDAR 7]9F 4=31 9 QJ519] 3242 LiDARQ] o] 4]

B A Ao FARRLTL whAbE 2ol Ale] et

9 7 (Intensity) J B E SO 2R HEAL R -9 21T
A S AU 0 323 2501 39
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AlS
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Satel SO A ;w SEE T PR
U3 Aol olgslel 0 o
(Figure 2 and 3). =, AJA19] 31 A
A (Point Clouds) o & THE DSML]- zm Az A HE
AHE AE2 e XA Y (Digital Terrain Model:
DTM)e] #fo]5 ol 5te] AaHel CHME o] g3t} 4L
4 JEIE A3t (Luscombe et al., 2014; Anderson

et al., 2010; Jang et al., 2008)(Figure 2). LIDAR= A]A} 9]

Y P2 YRS AST 4 Uk T AARA Yo

Image-based Point Clouds (IPC) LIDAR-based Point Clouds (LPC) o pination ‘
(Multispectral Image + IPC / LPC)
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Figure 1. Illustration of three main remote sensing technology approaches for forest canopy height estimation.
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LiDAR (ALS), 9J4 LiDAR (Satellite LIDAR) A]AE] S
ks 4 SlehFigwe 3). 53 8 QT 2L 9T A
Aeje] Wajo] 242 94 LIDAR, $F LIDAR, =
LiDAR, A4} LIDAR®] &0 & wWo] o] && 11 01211]
WO iti AFIA|OY(Y - 2k THee] 431 9

nz ru2 rhu nﬂ l-ru

23 4ol §F - 52 - A4 LIDARY Bo| 0|5

11 Utk Lee et al.(2008)-2 313 LiDAR A&7 E 7|HlIo &2

Figure 2. Illustration of a canopy height model (CHM) derived A8 DTM, DSM2] =0]x}2 0]8-3) A3t nDSMAL=Z
by differencing a digital surface model (DSM) which depicts o } N

the top of the tree canopy, and a digital terrain model (DTM) 2 Bl A WelRe k5 JfAgef mE Yk, 50,

which represents the underlying terrain. 2 oWzl BAL 3 Al Al 9o ]—aﬁ A

el B Rk A e A0l A v

B2 A A HUEEE R A 9 R Ao oS olsh 2= 9l9irh Almeida et al.(2019)-2 =2 Lidar

7P wol AREY o AAEAR WRat vis) ekt 2 B3 2age B 29 A AWES grtstuzt

O

wHojut Ao g A#A QUrHLi et al., 2020; Van Leeuwen LiDAR Ho]E|Z 0]Q3)] 41, 23 &, JuRA|5S
and Nieuwenhuis, 2010; Sexton et al., 2009). ¢|& & ! ;q. z@ 0 L2 EAS wUHYs}
Sexton et al.(2009)2 HH+Hy dH-H =11 =4 = Au3A 9S4 949ith Liang et
% LiDAR, SRTM (Global Shuttle Radar Topography al.(2015)& Single-scan, Multi-scan, Multi-single-scan 37}
Mission), GeoSAR (Geographic Synthetic Aperture Radar), A W o g 25351 2)AF LIDAR A 22 52E B34 U
i A% ASE o838l alE S5kl Blul 24 A= me slo] FuAA, S, 1,]77}4 A=y
23, FF LIDARY} Radard] ¥]3] N2 o 22 o 5 angel 54 g0l et AqRE S/ §

e
ru{)n

i 34 AgEg HYS o+ At o8 FEFGon, Y 408 471 g, 47t %_!E,
LIDARE o83t il Bl 2ol 42 S3&el Wet gux7y, 3, 334, 30 A4, vfo enljs, F4,
A4} LiDAR (TLS), =2 LiDAR (Drone LiDAR), 3% 3} Bz 24 A1 AHESS AEsw Hrlskoch
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Figure 3. Representation of types of LiDAR platforms (terrestrial laser scanning, UAV (drone) laser scanning,
airborne laser scanning, and space-bome laser scanning) with pulse return systems (discrete return and
full-waveform) over a tree canopy.



9144 LIDARE= % - E& - A4 LIDARZE 40| &
7453t A9, 271 9 AR LA (Regional, National, and
Global Scale) =53} Zro| o WA Q] =11 W JE T
A4S Y8 aetE Wi o 2 ICESat (Ice, Cloud, and
Land Elevation) )4 Z33&o] Z2F=] GLAS (Geoscience
Laser Altimeter System)”7} Z]%9] £]4 LiDAR A|AH] S
2 2003~2009d0] AA A 9] wlo]eujA A 9 y|E
o] DEME 7l1Ast7] 9l AR5 o] koL, 2010E <
E| 93} 9l th(Harding and Carabajal, 2005; NASA, 2009).
GLASE o] g Qi %3 4T Al theat 2ok
Lefsky et al.(2005)-2 ICESat 9430l ©AE GLASZ 2}
A g &¢44=9, Tennessee i L P47, Oregon =i
#%‘ A 0] A 3x3 H‘?a_h— gy Hof| A aYE
g 48 & 2
J‘l}, /\Eé A JEI(RMSE 4.85~12. m)ﬂ- 59~68% A
S 2polE B I = dglon, Bepd o] A
A9 plote] ICESat 7|9 Y&l A4 vlo] QujA
2kul A (R?=73%, RMSE=58.3 Mgha')7} &&
o 4= 1%it) Simard et al.(2011)-2 ICESato]] &%
GLASZ?] g|o]E]E E3]] 1 km A =2 Wall-to-Wall =
2 QEA NeE A/t A GLASZIRE Q&5 go]
Ele} 7719 22 o= <(Annual Mean Precipitation,
Precipitation Seasonality, Annual Mean Temperature,
Temperature Seasonality, Elevation, Tree Cover, Protection
Status)E ©]-83f Random Forest =22 7|¥st A}, ©d
o|Z B3 A7} RMSE=6.1 m, R*=0.50]¢]o.0, 7
e oA 2E o= Y319} GLAS footprint
2265 m) LIDARO| A 3Pl Q1 247 2o]o] o
27F Z71eRS oF 4= 9tk E3E B Ao A AAE
e YRT %S Fof AEA9e Ay B 37
e sae 4 gt
LIDARL: o] 59| ¥hajo] whe 215 efelo] we} ol4b
3 WlAKDiscrete Return)?} ¢1<4:3 HEAKFull-waveform
Recording) 2 s 4= )th(Figure 3). ©]AFs HEA} LIDAR=
glolA Hagh Ao A WhAE AdE 9 nEE HIE
o|-g3f AYF2E fefsh= wh, A&5P H
&R o2 HhALE Ho|AE Fste] A9 32+
25 upolsti® oikg HiAL 2lo]Hof Hlsl| & ©f -4
Ql A E2E A|F3tcH(Danson et al., 2014; Armston
et al., 2013; Mallet et al., 2009). Anderson et al.(2015)-2
o]4F% HEAL LIDAR®} $14:% HEAL LIDARE o]-8-8f F=
o A 9ol din 2 L sk ol WAl
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o) o) £ wack ol 5k A% 2 2ol
5 LiDAR7} o]AFg HFA}F LiDARO] v & &HsH
oF % I3tk 914 LiDAR] 7%, 7)29] o]4ka
914 LiDAR (i.e. NASA GLAS (ICESat), ATLAS (ICESat
2)E e YL 4 AR E(Vegetation Mapping)
o =g sty QIR it m T 5o 53
HEAL €]4 LiDAR?] GEDI (Global Ecosystem Dynamics

Investigation) S g3 &3 4 A7} o]ojx L A
t}. GEDI:= H|=NASA FZolg] 2018 o] 2Al=El A
A A4 WA} A LIDARZE 51.6'N~ 51.6°S Alolof €]
Az o) W o) AAEAle] 444 T2 W ol o)
2 24 ZYUEY dlo]HE 25 m footprinte] SJAEZ A
+35tch(Dubayah et al.,, 2020; Duncanson et al., 2020; Qi
and Dubayah, 2016). Potapov et al.(2021)+= 2019 o] =4
3t GEDIS] 4=1L ¢|o]|E]|Q} Landsat7|4} 5467 2dEl H-E
0]-&-3}o] Bagged Regression Trees Ensemble & 7|HF &
A T+2](Global Scale)?] ¢JHE 11 =4S 3 Ay}, RMSE

1043 mE 7FA|H Ao & S-S Helom,
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Ry AT RS 3

olatgie}. ojBE, 03’:63 HEA} LIDAR A| 282 ke
o], giolE A& A3t 7k 12
HEAKMultiple Scattering)o]] €]3F AAJLZ0
Aol et Hloje] Baje] ojele W e ul&(Disney
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LiDAR® A4 329l F<X(Point Clouds) 7|4 CHM
2UL B A1 BB 43 24 A Y
2 UHA JQTHYu et al., 2015; Lefsky et al., 2001). 3}%]
¥ LIDARS o[ §3F 334 412 o]l 7]ut 53 Z42
o njgoz 9_]3]] tfH A Ake] QB 1 _‘_xqoﬂ QJH}-7]
o8 H83}7] ofge AAolct o]of 7]E2] LiDARY
B8] 1/2~1/39] A3t v]8-0 & LIDARS} GAFSE HF2]
o2 g AHH L AX(Aerial Stereo Photopgraph)
AAE AH L 94 9AH(High-Resolution  Stereo
Satellite Image), TanDEM-X, TerraSAR-X d@|o|t} ¢JA4 %
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*H(Radar Satellite Tmage) ©]u]%x] 7|8k 32} - (Image-
based Point Clouds)2 =3t DSM #&& &£3 CHME 4+
Foomw 41 9 ARTE 2R ATv} Bl
(Yu, et al., 2015; White et al., 2013). ©]o]| =
2HE 2 AR 2 G4, SAR ofulA] 7|RE 33 Hak&
B3 W QBT 24 WaT 48 AT Aol s

Ao E

<
=
O

(1) 2H|Z|2(Stereo) F7 718F A2l 74

2HlEle 94 7INE JEA

T AAE e AR I 2EHEL AR B siiE
iEﬂi'ﬂﬂ A AGAHe.g. WorldView-2, SPOT,
Kartoset, and Quick birds) ©|n|X|& TIXE A}Z=TF
(Digital Photogrammetry)”7]5i o] 7|8Fs}o] 321 9] E
Q1 E(Three-dimensional Position)2] -2 o|u]z] w3
(Image Matching) &1728]=g 2-85}0] LiDARO|A =&
=i A3 el 34 FAARS e 51
#5 AT, o1, B AN DMk DTS 41
2 AAJEt] £m B IE =ASr)
(Figure 4). 9| & £, Ullah et al.(2020)2 =& X0 9
A%k 279 #EFWO JE-E, S, EFH Hat
115 2457 €8l 3+ Stereo AFA1I}F WorldView-2
AN FE ol &sAth 2H e FA7IRE 32 At

Ikonos,

A11E A35 (2022)

= o&s IxI m ¥ =] DSMe &35}
DTM-& LiDAR 7]Hlo =2 1
157121 ¢] CHM 7]k 231 2
el WY Uil dRsitene 9w dn,
AP L AlFo R =
136 m), 2 I:ITF/]\:!(I 54 m ), i
(1.71 m)©. 2 WorldView-2 YA JAro 2 A3 =11
A& =(RMSE: 942(2.01 m), %}ﬁﬁ#ag,(ms m), 2
#(2.00 m), Y2(2.04 m))EE} = ATE HSi o]
= 3l 5S¢ A ArIHer A= &
Q. ‘Eﬂ—:ll A]—X]_O,] il-_g.e = E3} /‘K_]_— _,] X].&:X—l?_]_ _/,:j_r_
HUE Rttt e e AHE o Ao, 914
2L JAH(WorldView-2) E3F &5 AH| A
Foll AlRte] W2e B9 A = e ddd=
AT SHAR /\Eﬂeﬂi B 71 2
Q3 DTM #5229 74
W LiDAR 7|¥lo =2 xﬂ&ﬂ AB 7} =L DTMO|
3 Algho] mem, Abd B 4] B ke A9 1
o 43 FA0 ojgo] k.

Goldbergs et al.(2019)= LAEH Ao} EH O wo
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Figure 4. The overall workflow of Stereo and SAR image processing to extract the 3D point clouds for a CHM generation.
a) Stereo image based-point clouds (Shaheen et al., 2021; Gong and Fritsch, 2018), b) SAR image based-point clouds:
Radargrammetry approach (Markiewicz, et al., 2019; Agrawal et al., 2018), ¢) SAR image based-point clouds: InSAR approach

(Torun and Orhan, 2021; Hong et al., 2018).
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