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ABSTRACT

Forest ecosystem functions —carbon uptake and storage, productivity, and biodiversity support —are
strongly governed by three-dimensional structure. Key features include height distributions and canopy
organization. Airborne laser scanning (ALS) provides highly accurate structural measurements.
However, its cost and limited acquisition frequency constrain broad, repeatable monitoring. NASA’s

Global Ecosystem Dynamics Investigation (GEDI) waveform LiDAR offers global sampling of vertical
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forest structure. Yet its performance in seasonally varying, species-diverse temperate forests remains
insufficiently characterized. In this study, we evaluated GEDI Level 2A/2B footprints against
leaf-on/off - matched ALS over temperate forests in Gwacheon-si and Uiwang-si, South Korea. Across
deciduous, evergreen, and mixed forests, GEDI RH95 exhibited strong positive associations with ALS
CRH95, but showed consistent height-dependent bias, with slopes <1 (0.315-0.716) and positive
intercepts. Agreement improved under leaf-on conditions and was highest in mixed forests (R*> = 0.668)
with a minimal mean difference (0.025 m), indicating that separating leaf-on and leaf-off observations
is important for calibration and sensor fusion because opposing seasonal biases can partially cancel
when pooled. GEDI Level 2B metrics captured complementary aspects of canopy structure. Foliage
height diversity (FHD) primarily reflected species and forest-type differences with relatively modest
seasonal shifts, whereas plant area index (PAI) increased sharply under leaf-on conditions in deciduous
and mixed forests. Two-way ANOVA supported these contrasting sensitivities, with significant effects
detected where expected (p < 0.001 for all significant effects). Collectively, our findings demonstrate
that GEDI can deliver actionable canopy-structure information in heterogeneous Korean temperate
forests, while emphasizing the need for forest-type - and season-aware interpretation and bias

correction in quantitative applications.

Key Words : GEDI; airborne laser scanning; canopy height; forest type; leaf-on/leat-off; foliage height

diversity; plant area index
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A AEAY] A 715 BAE FF 2 A Zof A2ko] Qo] FAA.-F7A RUE Y=
A A, BETEE AAA AT & A7} UTHLefsky et al,, 2002). ©]S K317

2 Al
AHe 3k &, 53] 1 TEoF T3 A&l & efo|th(Airborne Laser Scanning;
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II. Materials and methods

1. 97 CHAKR] & & XIZt HA2|

2 AT A= 7% HHA 9 o gA]
E(Figure 1), 7 7} A& tid o= #9¥ ALS
AgE A7 ARgaith FHHA = 20219 11
A3} 202213 490, A= 2021 7€ 3
Yol ZFxfo] 2 do] U= A7I% fle
Al719] ARE BT ZEstith FH A9 ALS
Ag5E 1 AF vE B F 409 A =S
7t 9lom, oY AaEe aHT AL 107
o] A+ WEE Zt3 vk GEDI A& Level
2A ¢} 2B = Abgstgon, 2021 5YHE
20239 11€714] &9 28 F A9 9
GA] A 8= ARE

(Table 1). B=3H 2l Aol A A AI=E
&3l GEDI 2= & A& tdoR 2949 4
gt e FEste] Aol &8st <
ol 84 JFFQ HE= aefste, A
FEs BHAQ 29, A9, 850
ohd Eol e I, AR, £
o2 FEste] A Frksith

ALS A5+ 7]=3] Al Eo|(Canopy Relative

Height; CRH)#4-S # 53171 918t A 1A
9} Normalized ALS point cloud (Normalized
ALS) A& A& AR FAH R, AT
AAEE wolz AA, A lf AT 3 S
A AA, AH A £/ SA=2 AUk
wo| 2= ALS Y HHolA BT F Sl o
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Forest type Distribution of GEDI footprints by month
. : @ Jan (Off; n=1,877) O May (n=5) O Sep (On; n=650)
Deciduous (32.2km?2) ¥ Mixed (7.4km2) @ Feb (Off; n=4) O Jun'(On;n=327) © Oct (n=39)
Evergreen (7.0km2) % Others (2.7km2) @ Mar (Off; n=133) O Jul (On; n=18) @ Nov (Off; n=429)
O Apr (Off;n=731) O Aug(On;n=1) @ Dec (Off; n=1,300)

Figure 1. The location of study site and distribution of GEDI footprints. (a) The location of study
site (Gwacheon and Uiwang); (b) The distribution of GEDI footprints by month and the
forest type distribution; (c) GEDI foorprints distribution at the wesrtern part of Gwacheon;
(d) GEDI foorprints distribution at the wesrtern part of Uiwang

2 1%e] wol2E dutxor 27 3 LiDAR360 (V8.0. GreenValley International Inc,
2 B0 9gt Ho|A HiALZ HAYIT) Berkeley, CA 94710, USA) AZEdo]9]
A& wolze FE UF AR v 27 Remove outliers 7155 AH&-at] 2 AsHtt. 4
(Multipath effect)= <13l A3, Ho|# A~ o AAlF9) S-S CRH AHY Al vl ¢ &

ANz sokgte W, A4 SAlgke] AREg  eREE o1 ok webA, Akl A

AOE Qs WY 5 Aek wol2 AN % YA APE BT {o R Belgjo] o]
MY BT ZAEv} o5 0] TAEG = AAR AASA Fe ARG SARE
PT ADE ANE 5 1IN PAANE o S o W), $ATE Txu o
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Sehs BTU RIS Aol BAASHE  ARE 2T AAANT, o] Ao, GEDIE F
2 S| A sk A HH g B A Zroll B &k w7 Fol] g2 o} ozl o] w2
< A8kt ALS AW A& Zhao et al A =E Holx9HDuncanson et al., 2020;

(2016)<] TIN densification filtering algorithm®]|
719kt LiDAR3602] Classify Ground Points 7]
= AHgate] BRI

Normalized ALS & ALS @%oﬂ el = 1
58 7208 kol AF8E SYshe Ao,
A+ }\Mg 9 7|e} AAl= AHO ZHE ] A
Zo|& Ht}, Normalized ALSS| A X-]roﬂt
=74 Xlﬂﬂ ATo R A4 1 m =]
DEM (Digital Terrain Model)= A}-&-3}3i .

GEDI A& Level 2A #|32] RH (Relative
Height) #k2} Level 2B #|%<] FHD, PAIE 9+
of &gk 7 AFY FHUES FIAIRL
7} shotIDE 7]E2.2 3t FY footprintdl] %
st & ABE ARSI B4 28
& GEDI #A5.9] #4 g5 E 93l Liu, Cheng,
and Chen (2021) ©] AAIZH AZ} FLsH
Sensitivity #k°] 0.9 ©]’do]™, Quality flag %t 1
= 7IFe® FEY st AMgSigith ®Ed
GEDI footprint = ©F 10m ©[te] A%z o7
2e Aoz oA gev, oldd e
B A, 4AHF FAA F2 LK Roy,
D. P, et al,, 2021; Tang, H,, et al., 2023). 2}

A, GEDI #32 &4 %, Degraded flag 7} 03!

=

=

Potapov et al., 2021), & A-olld Al 2§
gk A AEE 7|53 HolH 8] F71E
fJste] Filolztel] w2 FE-E e &
ot} FEH o7, Helg " GEDI footprinte]

g o me} o] A= AI7I6, 7, 8, 9, 108)9}
9= Al7132, 1, 2, 3, 49)E a5k ALSS

23 A7EE 435 Blart HssleE oY
o} FEE o]xe] ¥ GEDI footprinte

6,15270 lem, FHHS Fl 2448749
footprint7} A= o] HFAHOZ ZF 3704712
GEDI foorprint 7} ¥4 &% 9]t}

o] ALS ¢} GEDI ¢ a1 H|wE ¢35},
e o] ¢5¥ GEDI footprintE 402 1t
73 12.5 me] HHE A 8-3to] GEDI vl°|H
J7 FdT I9S AT Sl
902 Normalized ALSY] z,
CRH #& AAtsto] Ao g3tk o] F,
GEDI At&e] 9] 5 Al7]& T3t ALS
CRH #t& 2184tk A7 ti2dA1Ql 2l Al <)
ofgA] mit} o] FF A719] F ALS #AE7}
eormz F4fe I 270 TUI YL

483t A% HolHT P49

¢

" of o

4

s 29

Z7E WS footprintiHS 712 HE RS} 2. GEDIQ} ALSC| ARISS/A|7|E 21 H|m B
o Az F4 9 AYFx At 7ol e A2l #4 o] FY GEDI footprint %<l
Table 1. Overview of ALS and GEDI datasets used in this study and the derived metrics.
Pointcl Deri
Dataset Site Sensor Acquisition Date omtc.oud erl\{ed unit Reference
(or product) density Metrics
. 2021.11.03. (leaf-on), approx.
AL Gwacheon TerrainMapperl 20220402, (eaf-offy 40 pisfm? CRH95 m
. LiteMapper 2021.03.23. (leaf-off), approx.
Uvang | \g00-Is 2021072327, (leaf-on) 10 pisfm? OB ™
Level 2A RH%5 m Dubayah et al., 2021a
h
Gppy Cwacheon & 2021.05. - 2023.11. FHD Dubayah et al., 2021b
Uiwang Level 2B
PAI m?m®  Dubayah et al., 2021b
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A 853 ALS 9} GEDI $°1 ZEO.2 OLS T
3= 3Pttt o= Ea ALS-GEDI Ato]
o] AXA vlwE dol, = 2kelel Al71HETt
AJol| W2 GEDI #A&2] &84S gelsla

FIUE FEHUTFYHE S
olglel el Shgko] S|AAF FH ol A=
FaFs FHasket7] 918, boxplote] ©]/dA] #

W FLe IQR 71WE FE S B3l oA
st £AlA A9lstsith OLS €4 o= #

H EE Fm), SAAFCIE7], A9), 24
S(R%  Eq.(l)), “F¥AS(pearson-r), p-value,
RMSE (Root Mean Square Error; Eq.2)& AH&
atitt. ®3h GEDI ¢ ALSO| i B#7 1
#to] 9 y=x A7} OLS 3|74e] watde] xat=
A ol FASH th(Figure 2).
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o}7]4 x= GEDI RH95S 9|v|éH, y = &
o footprintell /| =¥ ALS CRH95E <Jv| gt
o yE OLS 3ARPonrE ALE ALS
CRH959] A¥ake <fn|3tt}. y & ALS CRH95
o] HitgtolH, ne Hlwol] ARE-E footprint2]

% A4 Jenir,

3. GEDI =& FHD2} PAIS| AD|H 38 24

GEDI Level 2B A|#-2 FHD <} PAI #5 Al
Fotal itk FHD S} PAI= 247} 4 2 A4e] &+
s

44 BPY3 48 RS OS] R, o]

£ Z&sto] Tl A A Od e} &
# 4= E4S GEDIE %3 A7, $£3HE=
stolstzzl stgith. FHD9 PAIE  Shannon
diversity 2} gap probabilityel] 7]%Fet FA 3k 7|
WA Hol S ZA|nh Az e AAEE Aol
3lt}. GEDI= footprint ©$12] waveform 32
Z5E] FHD$} PAIE 4F&E38= WHH(Dubayah et
al.,, 2021b), ALS+ discrete return Y] 43
XS VMo F A RE 4E o] A}
o2 Q& F A|e] Adlgkell AAA Ak A
o7} dAE & glom, HPATo= ALSS}
GEDI 7t PAIS] |7} R* 0.162.2 A|gH <l A
© 2 B 1% 9 tHDhargay et al., 2022). wabA,
B AoAe F AA o] Adgk A5,
GEDI FHD/PAIS] A171¥, 34 Jul4 e
gl sfAel] 2H= FAC

FHDS} PAI ¥4]o| A= GEDI 9} ALSS| 4
3 Hwe] &899 G945, FET, £89
AR BFED @ OA o AEssid,
M FF FFdA F AI719 gs Bl
o S9rEe YA (Larix kaempferi, LK),
OVM Y F(Robinia pseudoacacia; RP), 71EF
A(DE), el YF-(Quercus acutissima; QA),
2V (Quercus  variabilis, QV), 7€
QUE Yoz 3t F2FHde AR
2|71t - (Pinus
rigida; PR), 22U Pinus densiflora; PD)7}, &
FHE ALEEIMX) S HeR st &
A Al &7 #% AAE 93] FHD ¢ PAI 25
0 Bt} 2 HET FE sl AL

GEDI ©3 FHD$} PAIQ] A]7] & 54 b
olE] EX & boxploto . A|ZtslslE], of-glo]

© FAA Al Qfate] Eelatgith ek FY
AEHE oA A7I9E el wE FHD9}
PAI®] zto] & A 8] flal WFd MTE X
g3t OLS AW Ry S Agtstal, ofd tist
two-way ANOVAE F3j3lo] 2
FEY FIS AUk & AT E 2

lo

(Pinus koraiensis, PK),
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(a) deciduous forest (b) deciduous forest (on) (C) deciduous forest (off)
307n = 2588 307n =356 3070 = 2218
y = 0.376x+(7.945) y = 0.411x+(10.817) y = 0.315x+(13.3
25{R2 = 0.224 P 254 25{R2 =0.193
. pearson-r = 0.473 4 — pearson-t = 0.564 — pearson-r = 0.44Q
g p-value = 0.000** a E) p-value = 0.0 =] p-value = 0.00!
— 20{RMSE = 5.152 (m) =20 2. =20 A
[Te) 1D feoe e S [Te)
(=] (=] (=]
154 ¥ = 14.144 ( 15 154 e
g % = 18.374 (m) g X=19.444 (m)
| | |
010 A @10 @ 10
= 1 x=12.738 (m) = =
5 54 54
X-y= %-
o0k =16.474 (m) 2.331 (m) X =19.112 (m) ok =16.150 (m) -2.
5 10 15 20 25 30 N 5 10 15 20 5 10 15 20
GEDI_RH 95 (m) GEDI_RH 95 (m) GEDI_RH 95 (m)
(d) evergreen forest (C) evergreen forest (on) (f) evergreen forest (off)
301n =427 301n =48 i 3074 = 369
y = 0.556x+(3.055) y = 0.716x+(4.292) y = 0.604x+(5.172)
25{R2 = 0.373 | 25{R2 =0.659 | 25{R2 = 0.463
. pearson-r = 0.611 . pearson-r . pearson-r = 0.680
g p-value = 0.000%+* R El p-value = 0 E) p-value = 0.00
~ 204RMSE = 5.663 (m) .~ = 20+ =~ 20{RMSE = 3.888 (1
n i . n n
(=2 H (=] (=]
T 15 ]
E 15 T o 0 @533 (m) E 15
o\ - o\ o\
3 10 3 10 3 10
< < <
5 54 ¢ ¢
& i X-y=
o L& = 14.920 (m)| | X=12.333 (in) -0.794 (m) 0
5 10 15 20 25 30 N 5 10 15 20 25 30 5 10 15 20
GEDI_RH 95 (m) GEDI_RH 95 (m) GEDI_RH 95 (m)
(g) mixei forest (h) mixed forest (on) (1) mixed ﬂiﬁest (off)
3070 = 558 3090 = 69 3070 = 487 i
y = 0.533x+(4.66¢ y = 0.597x+(6.998 y = 0.500x+(8.477)
254{R2 =0.328 | 25{R2 = 0.668 25{R2 = 0.312 i
. pearson-r = 0.573 . pearson-r = 0.817 . pearson-r = 0‘559, %ol
g p-value = 0.000%#* e El El p-value = 0.000
~ 201RMSE = 4.981 (m) = ~ 20{RMSE = 3.9
n n n
‘” ‘“ 385 ) 2 b 2
T 1515 = 13.212 5 : T 15{y = 1643408 958 (m)
S, S, S, t
w0 10 2] A 10 1 i
E =990 m 3 & IS €
5 ¢ o s{ # o i B
! x-y= . X-y= : X-y=
% =16.025 (m)| 2.813 (m) R % = 17.447 (m) 0.025 (m) 0% =15.910 ()} -0.524 (m)
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
GEDI_RH 95 (m) GEDI_RH 95 (m) GEDI_RH 95 (m)
(]) Forest type and period .
R2 Torest type period | sub-fig # RMSE (unit: m)
all (a)
deciduous forest | leaf-on (b) |
leaf-off’ O e e
all (cl) | O
evergreen forest | leaf-on () |
leaf-off () | —————
all (o) |
mixed forest leaf-on (h) | ——
leafoll | () — |
0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0 0. 1.0 2.0 I 4.0 5.0 6.0

Value

Figure 2. Relationship between GEDI(x-axis) and ALS(y-axis) canopy relative height 95 across forest types
and periods. The hexagons represent scatter density, and marginal histograms showing data
distributions. Red line indicates the ordinary least squares regression fit, and the dashed
vertical/horizontal lines mark the mean values of GEDI and ALS respectively. The gray dotted
line indicates y=x line. (a-c) deciduous forest; (d-f)evergreen forest; and (g-i) mixed forest. The
left, middle, and right columns respectively represent combined, leaf-on, and leaf-off period results.
() R* and RMSE of subfigure (a)-(i).



o>
)
Ho
Oﬁg
=)
>,
XN
=2
=)
rl
Q
(a3}
=)
E
%]
4
=]
e
S
oXx
]

1 GEDI 7% Z|3(FHD, PAl) 54 &4 -ZAA e} oA & g3z 29

s4g qAE THA| e FEI BPS A
&aleng, 7t golo] =94 avs Wil
71 918 Type II AIFS F A4S AH&stsith
g A7) B = RE SUF Eddct B
Aol LS 7K ol ER, SAAT
o #F2 9 Fo&E AMtelE HC3 B4
robust TF 922 ALslgt) g0l gt &

(Bstimate) & 2F&3}9] o, ol
239 JAAFHLRE &5}
Tt ZFo](leaf-on - leaf-off)E YERATEH

ITI. Results

1. AkEiwEnt A7I0f| 2 ALS o GEDI 9| 1
I

2%y

GEDI ¢} ALS 119 dXA& H7tst7] ¢
3l, GEDI <+ 5
wateh £A4 A7, BE A7)} AR A
T AAE fFoe ¢o BAE EATh(Figure
2). 3|k OLS 3|9 71719 %e](0.315-
0.716) thAIZ 1Ht} a1 AHo| ko] k& 7}
132 8le], F kol L1E tigsl7] Boke 54
T HYdA o et dA|she FHE o
St Aol Rtk ol T Akl o9
oA GEDI Fagke] W2 1A= GEDI
% F17h ALS grell ¥ls #d 3% = 31, GEDI
Faghe] 2 Pl HAa % Hgo] YEl
g S AR whebA, S Aol A
GEDI 1% 2§33 A7) 210 wkedgh
M B HAZ AHEste Aol dasith

A fEHE AnE g9181H, leaf-on T}
leaf-offe] ¥ A7 A 12182 v (Figure
2a, d, g), ¥=FEY EEHR™: 0373, 0.328;
OLS slope: 0.556, 0.533)°] YI<H(R™ 0.224;
OLS slope: 0.376)2t} & R* 33} 19 717t

N

T AIAe vt driHe R o
A + gk Girde 2

A
g A
121782, Al71el mE a3 72 1
7§|
}

o Mo

rlo

LUV AT )

o
j=}

o

T =2

3 footprint WHF 3 o]&do] Al
72 EL footprint Wl A= F A7} 1
© TZ 847 92t TheAol o
o meb Gl GEDI

e

N
2 r

B He oo ol |
o ol
_

fr o

02 Azl §3E AAR gt Aol vt
stk A7 R WA Slg Aol A, Al
@ ZFolA] leaf-on A719] AAA0] H
. 53] o3t e AN g%
Q1] o], leaf-on Al7]9] & A¥}
gz} A7)e wE R A 3 M
A4S HATHR™: 0.668; OLS slope:

©

=

SE YO o
9§
=

N
o

rlo S

o

597).

GEDI 19} ALS =119 Ht zfe] & Hlw
3l AIHGEDI H-ALS #H1P), leaf-on ¥} leaf-
off AI712 W k2 Bluadls w7t F A7
do|HE A ALtds wrt it Aol A
Agkol 27 vebstth. 59, leaf-on A1719] ¥
T 2po] Adigke] RE AP FElA 2gton,
1 FAME 5 leaf-onS 0.025 m & 71
2k S BAth AE5E S leaf-on} leaf-off
Al719] 3t zfo|7h Z+2} -0.794, 0.893 =2 U}
Bt Agigh 2ol 7t Ak W, HgE
o)A leaf-on & ] 0.434, leaf-off & W -2.256
o2 Yeh} A]7]o] wt2 GEDI-ALS 1 31
Zpol7b BE M §3 & 7P 3A JERs
T3 g Al7]oE= GEDI $17f &3, o 3t
A7l ALS Fart =2 53] g9l
o, olo] w} Al7]E FEehA] ow vy
gkl Aol A& AfEo] Hd eart Aof
Bl 4 sk

Aoz ) kel GEDISH ALSS| H]



30 olsd -

o, B, =& ol 3o] leaf-on I} leaf-off
A71e] PR =2 Here) Fa48 9t 9
A GA7E 9 4 9tk GEDI £1E A §3 1)
Al71e) wa ALS 43 thH] RMSE 3.261 -
5663 m 30 9= R, GEDI 4il =
ol Mol vt Wl IFH, =& W JAFH
o] 7Fs/del AUtk mEkA, Il A Al
GEDI && A, A 1 33 2o s &
371 ETh AR 2 Al7]o 7]NEsE S A
HAE A2 Feete Ao] gdsit)

r

MElFS | GEDI FHD % PAIS| =
PER

I} GEDI Level 2B FHD 9} PAT} &
G A A7) D 2Fel me oy
£ gEdow Selse Ag 24

- A= T

oy WE e

o T oo o
> o

= 1l

2
o= ) wEbA HolHo A7) B &
+ Figure 30 AAIBFR L, Al719} 5] o

ZFol = two-way ANOVAZ  ZA 3tk
(Table 2). FHD&= ZWHA o8 5 It zfo]7}
VR o, A7) 3 Abel= ATid o= wH] g
Aoz RISt 94 (Figure 3a)°lx=
FHD Z%%ko] leaf-offoll A <F 2.85, leaf-on©l| A]
k2952 &% FUIske AEE BHeon, £F
H2e YHSLK)°l F A7 2T S48k 3.00
oo ® Yeht iAo s w& gE Bt
GAFH] two-way ANOVA 23} +=F g3}
(F = 7.00, p < 0.001)S} 7] EINF = 12.39,
p < 0.001)7} 25 frolatA Ve, FY A
8 HollA FF3 A7l & s Zpol7t
EAACRZ FRlF At byt % X](Estimate)
7122 2 leaf-one leaf-off TIH] 0.07 (leaf-on:
2.80, leaf-off: 2.73) = UYeh} Al7] E3+= 7+
oJstt, 11 A7 dUAeR gt

&S (Figure 3b)dllA = G9T-HIA= O
£ djdo] Yyt FHD 972 leaf-off A
71l iAo R =3 X WUt vlwd FA
Ehd WHA, leaf-on Al7]ell= #ke] #4to] ok

o
ol

¢

b

T

leaf-on leaf-off ©HH] HITHS=Z  0.30
(leaf-on: 2.32, leaf-off: 2.62) St/ YR, A7)
of W Bt o7} dgFHET A et
o ole AEFHAME A7l 24w
GEDI 7|¥+ FHD7} ¥4 +59 ¥eS BY +
&< A AFgtt}. GEDI FHDE waveform 472
x| AA #58S wkdstnz, A7 Wl
7} 34 gdge £4 oduA] Bxo| AtiE
H)go] AW FHD7} ®iEd 4 ok whet
A BEFHAA leaf-off Al7]¢ FHD7} 7
Uehd Ads, A7l mE dF WstEte
T2 29 A o7t v EAE 7Hsd
= AR
E R #(Figure 309 45, HEY F£F 3
I glol A7 &Zaeks AAsidt. &89
HD Y2 leaf-off¢} leaf-on A]7]olA]
Zpol & Ho|z| gskown, Fx Al F A7)
frake R91E HElth SAH 2R A7
e oA ZAUTHF = 0.20, p = 0.653).
AZ] 715 leaf-one leaf-off tHH] 0.02 (leaf-on:
2.68, leaf-off: 2.70) 2/ UEto W, o= &7
HOo 7 frofatA] ¥ Folth wekA] £1
o= Al7]o] W& FHD zlo)7} FelshA U
ERbA] FkTh
WA PAIE FHD®F B2 Al7]o] w2 Aol 7}
B} FslsHAl UYebstth. 995 (Figure 3d)l
A PAI 5932 leaf-off A7)l 0.59 - 1.672]
WS Hdon, leaf-on Al7|oE 3.40 - 3.89
FEo 2 AA Fleth Ga T = PAI
% A7l E3HF = 606.37, p < 0.001)9} % &
IHF = 12.97, p < 0.001)7} 2F w93t F
AX] 7] L2 leaf-one leaf-off THH] i 1.83
(leaf-on: 3.39, leaf-off: 1.56) ¥/ Y, A7)
of W& ¢ zko]7} FHDET @] 27

N

es|
e o



3

93 A)7]o] W2 GEDI-ALS 1 94 % GEDI 7% A E(FHD, PAI) £4 24 -3}A19} o 9] A= S o 31

(a) deciduous forest (b) evergreen forest (c)mixed forest
3.0 . .
2.5 . .
% 1
I 2.0 1
1.5
1.0 Woff 1.0 Doff 1.0 Hoff
Hon Hon Hon
LK RP DE QA QV QU PK PR PD MX
Species Species Species
(d) deciduous forest (e) evergreen forest (f) mixed forest
77 M off 7 Doff 7 Ooff
Eon Hon Hon
6 6 6
5 5 5
4 -
&
3 .
2 -
1 .
T T T T T T O h T
RP DE QA Qv QU PR MX
Species Species Species

Figure

Ehyte.
SER

3. Comparison of FHD and PAI by species and periods (leaf-on and - off). species are
Larix kaempferilLK), Robinia pseudoacacia(RP), other deciduous species(DE), Quercus
acutissima(QA), Quercus variabilisfQV), other Quercus species(QU), Pinus koraiensis(PK), Pinus
rigida(PR), Pinus densiflora(PD), and mixed species(MX). (a, d), (b, e) and (c, f) respectively
represent FHD and PAI of deciduous, evergreen, and mixed forests.
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Table 2. Results of two-way ANOVA for FHD and PAI within each forest type

Forest Metric Effect df F P Estimate (on-off)
type
. 0.07
Deciduous Season 1 12.39 <0.001 280 - 2.73)
Deciduous Species 5 7.00 <0.001 -
-0.30
Evergreen FHD Season 1 26.96 <0.001 232 - 262)
Evergreen Species 2 21.31 <0.001 -
. -0.02
Mixed Season 1 0.20 0.653 268 - 2.70)
. 1.83
Deciduous Season 1 606.37 <0.001 (339 - 1.56)
Deciduous Species 5 12.97 <0.001 -
0.02
Evergreen PAI Season 1 0.01 0.920 (189 - 187)
Evergreen Species 2 2.09 0.125 -
. 1.56
Mixed Season 1 88.15 <0.001 321 - 1.65)
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Supplementary Table 1. Statistical summary of FHD for the boxplots shown in Fig. 3a-c

Species  Forest type  Period n mean  min ql median q3 max  n (outliers)
LK off 66 292 240 280 3.02 310 325 4
on 18 306 274 298 3.09 316 329 1
RP off 206 271 204 254 2.79 294 333 9
on 24 285 246 2.80 2.98 305 329 2
DE off 601 270 197 254 2.76 292 331 19
on 100 282 220 271 291 305 328 4
deciduous
0A off 173 274 221 259 2.82 294 322 9
on 18 280 235 269 2.92 304 319 1
Qv off 57 275 223 265 2.82 292 316 2
on 7 282 275 277 2.84 291 3.06 1
QU off 1199 274 217 263 2.81 295 335 58
on 204 277 225 271 2.90 302 328 19
PK off 59 267 206 254 2.72 287 320 2
on 8 220 074 180 2.39 285 291 -
off 163 274 221 264 2.80 296 325 10
PR evergreen
on 15 266 244 262 2.81 294 317 1
- off 166 250 181 231 2.55 278 321 7
on 31 212 123 190 2.10 250  3.00
off 514 270 210 258 2.76 291 324 24
MX mixed
on 75 268 214 262 2.86 299 328 11
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Supplementary Table 2. Statistical summary of PAI for the boxplots shown in Fig. 3d-f

Species  Forest type  Period n mean  min ql median q3 max  n (outliers)
LK off 66 1.76 ~ 0.07 0.74 1.50 242 497 1
on 18 335 035 2383 3.40 436 517 1
RP off 206 122 001 040 0.74 1.65 5.10 15
on 24 300 001 158 3.36 456 558 -
DE off 601 1.65 001 063 1.25 246  17.01 2
on 100 332 001 263 3.45 442 690 -
deciduous
0A off 173 096 0.04 0.34 0.59 123 599 15
on 18 319 003 305 352 423  4.63 3
Qv off 57 206 015 059 1.67 369 483 -
on 7 360 0.64 3.60 3.96 426 490 1
QU off 1199 162 001 050 1.11 260 571 -
on 204 352 001 292 3.89 458 758 18
PK off 59 195 013 0.79 1.71 283 519 -
on 8 201 0.01 0.08 2.01 352 435 -
off 163 191 002 091 1.76 274 459 -
PR evergreen
on 15 3.04 002 240 3.18 379 556 1
- off 166 1.82 001 0.64 1.48 289 529 -
on 31 124 001 0.14 0.67 1.55 443 4
off 514 1.65 0.01 0.62 1.25 249  6.00
MX mixed
on 75 321 002 2.06 3.71 469 567 -




