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There is a rapidly narrowing window of opportunity

to enable climate resilient development

Multiple interacting choices and actions can shift
development pathways towards sustainability

Conditions that enable
individual and collective actions

Outcomes characterising
development pathways

Sustainable Development

* Inclusive governance Goal (SDG) achievement

* Behavioural change supported

= Diverse knowledges and values "y ) . & \
» Finance and innovation Zan® & S emissions
= Integration across sectors & i %W“WMQRW S
and time scales IR
= Ecosystem stewardship oY Transﬁ"”“'m?"
 Synergies between climate Low climate risk
and development actions Equity and justice

SDG achievement

T
by policy, infrastructure and 2 5 5 s
socio-cultural factors 5 E‘l ;;L -~ ,
Governments 3 é% - g
— aBd
Se0 w
JIII[SN 28e 3
2
T o
sals,
e 27 % % o
o i -
Civil = Private Past condjtions "
society sector (

issiong, climate
elopment)

Conditions that constrain
individual and collective actions

* Poverty, inequity and injustice

« Economic, institutional, social
and capacity barriers

* Siloed responses

High emissions
Entrenched systems
Adaptation limits
Maladaptation
Increasing climate risk

# Lack of finance, and barriers
to finance and technology

= Tradeoffs with SDGs

2100 R

IPCC ARG

T 2

EX: IPCC, 2023: Climate Change 2023: Synthesis Report. p.25.
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Green Infrastructure based on
regional data
Case Study Eastern Waldvertel and Westerm
Venvene, Austra

Czech Republic

311: Broad w-w!orm
B 312 Condercus forest
B 315 Miced orest
221 Mot grassiands
224 Transtionai woodiand shrb

512 Water bodies
Green Infrastructure under specific circumstances.
o partly GI
e I 112 Dcontirous urban tabric
N [ 122 Rioad and ral retworks and sssocisted land

: - 222 Frut vees and berry plantasons
Austria - 3 s 2 Not Green Infrastructure
‘ A A . " W 111 Contruous whan fatrc
» I 121 industriel o commercial unts

5 .nu.r,‘ln:g-
e MaCiCLandscapes.

[38 5-1] ZAITS J2QITEt 115 AL
£X{: Danzinger, Florian & Fuchs, Stefan & Wrbka, Thomas. (2021). Going local - Providing a highly detailed
Green Infrastructure geodata set for assessing connectivity and functionality. Landscape Online. 89.

1-16. 10.3097/L0.202189. p.7

o]& Yol I FAF A=A ofY gl Landsat, Sentinel-2A & Sentinel-2B2} 22 ¢

[o e o]
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O SEe| J22IQIZ2) HlofH

EASY H A9 22 ] 2l met Aols 22°3 H LiDAR H|o[HE X9}
I dAFALElofE7E HIRSHA ARG E T 223 tlofEl= Tt vl HH
£ Aot 429 F 2 AHE B0 Hl -85, LIDAR HlojEl= A 242 =
oLt FH ARZS] FIAHEE B B& 5 ol 5 F2E F7Yshke dl Aol
ot o]} FL2 HolHE2 +F B, F1A7, il 5 Izt £ E H5

3 4 ZGA 28 . 53], FF
7] 719 283 5L LIDAR E°|8 9] ¢t 71e2 5 27 =7t 88%C] ok w2
73S Holal vt B3, 571, UAVEF-IZS7)), A3 LiDAR AIAE o84t

[18 5-2] Hote| J21o1ma} Hlo[E 5 A
EX: bluesky. https://bluesky-world.com/2022/03/09/https—-www-bluesky-world-com-post-tree—-carbon-
capture—figures—are—more—accurate—thanks—to—bluesky—s—national-tree—-map/. (2024.05.22. H%)

O &= Tel 22IQIZ2t HOE

7V 2o 22 AN AE G91e] AollA= Google Street View} 22 AEZER o]
EI7} 2 thFsiA 8851 St o] HolHE2 Al B2 FH 71240 fAE A
gt mhefstal, o & 7Nte R F 1, FALA W s S5k H 8 7hsst

t}. £3], YOLO(You Only Look Once)2} 22 Hei'd Hlo] o] 23t tjo|g A 2]of T
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o] ARE&-E]| 11 Qlt}. ol & E0], Choi et al. (2022)2} Velasquez-Camacho et al. (2023)
o] AN 7t 70l YOLO RS 28510 +F 7 e °F 80%, FaL4]
7 92%, 511 87%, = 7] 7 A= 80%2] IS ZESIGITh olHe V&5
A W AAES] S A 02 Y E 5l sk H ul-e- f-85h, 755
tlolEE v o2 LA 879] A-Z g7kt o= QIA A etk

b, Bronx ¢, Brooklyn
el
7/ A
N 4
2 & L
g /[
“Land cover I Water  Grass/shrub T b
Tree cover Building Road/paved
! “:d:' 4 .
@ ;A v
§ | . e & @9
: 198 LAt *‘? a“fg wﬁvf‘irﬂ
R, ol ok % i - 4 ! .g:f
: LA R ,i’; ll:r g . 4.9& &
. S & TN A, g Ty
:'." l%"ﬁw‘; _;’ G, @&‘ 5 h@ﬁ?a&
: R il 5 “'E
% :;-"‘3% CJiaed e ST o g
d, Manhattan e, Queens f, Staten Island

[23 5-3] 7HX|= Tl J=2IQ1T 2} HIO|E] 7= ARl
=X Ma, Q., Lin, J., Ju, Y. et al. Individual structure mapping over six million trees for New York City USA. Sci
Data 10, 102 (2023). https://doi.ora/10.1038/s41597-023-02000-w. p.9

3) JQlmat £4E HO|H =F JI=

0o +4

FEEE 9 EA(traipe] tEA UEhd 4= 9loH, o= #FHEE E4 o
(wavelength)ollAl A2 o2 WA} B8 7 4+ 2L Yu|sttKspectral
signature). °]o] Wt 3G A (spectral imagery) @ FEFFAN hyperspectral
imagery)= &-85to] 5 9| 54 a3 AAE 2394 HlolE -8l AlEol
T2 Q9] 4 WBtE TAIst, oS A sho] A TRlTeAE A ] 4
50) 585 a7 BuE AT U
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Uibo 2, w1 U] JEERe W band o) 47 eSS S5HR AT 3715
= AoZ 4#HA 2™, NDVINormalized Difference Vegetation Index),

EVI(Enhanced Vegetation Index)@} Zo] H1E 7t AXLS: B3 Z&H APASFE
PR 25 EF77H AP E7| = ok HE] 8 W 278 MEQ] WA 312
EE(HZHAL DE FEFEFE AT AT, E EEE7| = St

2EGGY] A9 FHES WER dolelo] Hash oh In), 2o sy f FHE
WI=S0] 870, BE Hlo]El S AgRee AoH: AL £8H0|A) £ 8 4 ot
o] S2517] 915 PCATH 2L AU54 BA7ISY HH1E s, 550] B X

Ao MHEE ZH= A+ T3 A= Q)
54 9 FEiH EAS ST Bl ol EEoks A=k XYL 9o,
& LiDAR tﬂolEi—% oto] ke 7letehy 4= AgEeiet o] o 851
ATt AT Fefy EATEC 2= 5170 AL o, FE o2t e &
F47er st 2 JQ‘H TEET PP A E Fol=t &&HI itk
fofs=2] A7} Random Forest(RF), Support Vector Machine(SVM) 53 22 H
Aleid 7153 YOLO & Held 2E 75 24 &A1& Bof 357 77 A=
Ath. RFS}F SVM H 2o H-¢- o7 ol A B84 0 & E-8o| 7hgohH, A3 ¢ H]
A5 Bdlyg mfo] &8o] 7k stk Aol k. YOLO ¥ate|&e] 7% shte]
CNN Y EQIFE &&-sto] == S 18t FE= 2adsto] 2k 1=8|s Y £
HRg HA0] 7|48} 7} 18| E7F ofH ERo]| s =A o] thal &2 AlLtsHA =
o, Ay}F o2 7+ ukA Y EF BE AF ol st E(likelihood)E E&5HA H}

of

O +x

2 LIDAR HI°o|E)7} 7HA]= 33 A EE ET = 7dps =53 HE0] 1L 581
AA SREAA =18 52 A4 Itk T35t Google Street View(GSV)2F 2
ETH olu| %9 photometry 7|HE& 2-&5to] 7t249] 1A 115 EEBI"C
A+ EF EHsHA JPE I ek

LiDAR H[oJE]9] A EE(TF, A, UAV)I} AAof mat HEE = JoEe
(point density)7}/dolstH, 1o w2} o8 27 E Ay eEd 4= e 5727t
E3HE0] w2t AREE 4= . olE S01, A/ LiDARS] ﬁ—?—ﬁ—%%ﬂ oA mm
@919 A2 WS 4= 9o, o w1 =11 52 Ho[H=RE AY
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5T QAL A AT 52 &0kt A7 U BHH, 93 LIDAR
tlo]Elo] e 4= FEE ’%%"01 Al FEs1710 A4 LiDAR dlo]El o] v]sl] HEE+=

AEg=E7 }Z’] glo ]HE—.—H AY F1A7 = =3t
LiDAR Hl°o|ElE &&3t /fAE EHE= 8 $T=o|2 9 (canopy height model,
CHM)Z 7|9ko 2 X3y =]A| Hr}. CHMZ 24 Hol8 = ZF 12 E9] zo] Fhof| s
A9 o] Zh2 7ote] AE . kA ZF I8 A #ol3kE 7HIA "ok
CHM 7|92 2 watershed @Y £ 7|&= A-&5t0] A5 ©&5he d+=01 A
P11 Qlom, o] 3t watershed JFES 7|&3} o EddolH 8- Bl ot
et A B A7 AP Qe

0] A7 A 52 ol 3T FR0A Vet e B
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2. 2hQ=z} glojy +37]& dRHO)

1) ZAl & Z7Hcke] J210182t HjojE f87|&

TAEACE o] AR 52 AY o9 2 oA £F5S ERFS] {8
Hemmerling et al. (2021)2 Sentienl-2 YA G4 &85 A5 APttt £5
=S #o]7] Hof o FRG(Cll: A BAE AB W ES 7F 5251t
A HEZA (spatial texture metrics) 7P 257 AL S AHHSLE slo] AF
31t} AAE Sentinel-2A E37gH WO 2% 7|E9] £5-& HF51= ] 9lof vl
A =0 el el on 244 0 2 ARl Qs 75_ A 2= AT s
7105HA] Q= A0 & YEGiT

Spec

Spec — SpecEnv  SpecEnv — SpecEnvTxt

Scots pine
Norway spruce:
Common & red alder
Common & sessile oak
European beech
Silver birch
European & Japanese larch
Red oak
Douglas fir:
Robinia
Weymouth pine| m—
Black pine | m—
R —
—
-

Small-leaved lime
Great maple
European ash
Poplar| m——

-

!IIT!'HIIIIY HEHLLLLL

I
¢ %TWPW‘}I‘}ITI*EHIIIrx,xh;]p
Ifl*[IhHH- S

Hornbeam

00 02 04 06 08 10 00 02 04 06 08 10 04 02 00 02 02 00 02
Accuracy Accuracy A Acccuracy A Acccuracy

M Producer's accuracy User's accuracy

[18 5-4] ©® AMEY EXM(Spec), @ &4 EM(Env), @ AHEY Dea AHEZ-5174 75 oy
(SpecEnv—-Spec) Zte| Mstr M3} 2|11 @ AMEZ-51Z men| EIAX HEEIS Talst
2(SpecEnvTxt-SpecEnv) Zt2| ™Et: H310]| 7|85t 22| ALSA} HEHTof JHAAL Hat:

Z£X: Hemmerling et al., 2021. “Mapping Temperate Forest Tree Species Using Dense Sentinel-2 Time

Series.” Remote Sensing of Environment 267 (December): 112743. p. 8

A 02 5YU 744 9] AJAIY Sentinel-2A2] & EF W= S 1-8510] 17719] %
=5 5?93\@ TE 5 = THHAEE(canopy cover ratio)& AHA|She ET R
< A HIES Hol= 559 4% 25 Ao 3lof Ale)7t ZA skl o,

A H]&o] 0.5% o1l UHF FE9 B7 A== AR =4 EE2= U

49) HYAT 24 ROREL HE 3 Hx
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A& =01, AFEWE AF(Scots pine)2] A 57 BT 98.9% L& 1w
© AREE e o L AT AR Ao E R 37 HelolaE
Sentinel-2 A]A|G H|o]E]E 0] 83} $2 & B=0] 38719 gjHdic},

AP A W SRS e AAR] AL, B4 S5 BEY 99 < 5 TR ABH

A *iﬂl*—@ A

105) o121 o] 91t oleie 71 98 LDAR HIOTEIS] SHS 335171 91 197

Hh o]u| X5 283t S A A v %OHEHOP A7} A& AL Sl
= 1.0

2 R? = 0.52*

e - )

3> 08— rRMSE = 21% 5 .
52 ° ° L
55 0.6 . o0
§5 . . < -yl
TE04- o o @ C.e °
- s §°

- O

(O & e @

5> 02 = > .

i :

o 0.0 T T T

|
0.0 0.2 0.4 0.6 0.8 1.0
Observed values of understory
vegetation density

[73 5-5] shAlY U=0f St 250t DU S5t 0I5 1:1 Hln J2HZ
ZEX: Xi et al. 2022. “Quantifying Understory Vegetation Density Using Multi-Temporal Sentinel-2 and
GEDI LiDAR Data.” GIScience and Remote Sensing 59 (1): 2068-83. p. 2077

Xi et al. (2022)= Sentinel-2A TH33 214 JAK10m 3ATT)T} GEDI L2B €4 2fo]
TH25m S ) Hol8lE ARE-sto] A4 7719 BIAA7] B A sHRA He s
S5k A= Ykt 515 TS Qo] @Al A PAVD(Plant Area Volume
Density) S £33} 0|5 %<4 W42, GEDI L2B2] PAI(Plant Area Index)E = ¥
2 olo] Ay REgS 633} t}. o] 2El-& F5f GEDI L2B 7|9t PAVD H<E A
T A HellA -3 er, R° = 0999 ZAAE AJt Recursive feature

ﬂl
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elimination Y2 AR&SIo] PAVD A 83 2394714 Hp35(B3, BS, BS,
B11, TSAVI, GNDVI, S2REP, ARVI, MCARI, NDI45, PSSRAZ L& oH,
SVR(Support Vector Regression) REHS E3f 315 4449 PAVDE R 0.52,
rRMSE 21%2] Age: 2 =439},

a) b)
TPI{—— - | ) TP|{ —— - 1=
Roughness Foughness |
n w
& L
-1 o
= -
= =
s )
= >
DM s M
Aspect] = Aspe
1 2% 50 74 0 2% %) TA 100 0 25 %0 75 5 3% &g T 0 2% R0 TH 100 0 2% £0 78
cwD Shrub Grass cwD Shrub Grass
c)
Roughness
n
2
=
£
s
DS M{ = — —
AsE —

5 100

20 40 80 A {

|. 20 } 25 50 7
CWD Shrub Grass

[T 5-6] HHEHAE B2J|E Sol| ZEE B SR, (a): TLS 2t0ICt GIOIE, (b): ULS 2{0IC} C|O|E,

— T
(c): TLS2}H ULS HIO|E] 88 AFE.
EX: Shokirov et al. 2021. “Multi-Platform LIDAR Approach for Detecting Coarse Woody Debris in a Landscape
with Varied Ground Cover.” International Journal of Remote Sensing 42 (24): 9324-50. p. 9338

AFoA] =A] THH(Coarse Woody Debris, CWD)2 THet E-4122] A4A A5, B

F & T F A2 AT sto] AHA 82 A ¥t Shokirov et al. (2021)
UAV 2tolot (Bt A 2+ A 10em)@t A 124 2folot (et H 2F A2 1em)E ©]
|l A2 tE Al A {04 CWDE "AISH WS AR o] 2lo|tt 1
oJefoflA] A2 BAE, B, HH AZ7|, £0] 52 U W E HAEHAE S
= ARESte] CWDE ER3eH, AA| 57 Hg=s 72.5% o3 o= AAISH A
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& S 2telttet UAV 2toltt Hlol B & § WS Ul 7 =7t A 2leltt
= UAV toltte] 7HE Hjojefet ARS-ghe =t AR 0 2 5~10% 7HA = AR,
4 A T2 FFolM= 7NE HlolHtE AR RS W ¥ &2 ¥ == CWD7F &
FH71 & she A o= Uehhth 25 g0l 3 A 7|9 o] M7 CWD 4E
of Aol 7HE 583 24= Eejylth

Wang et al. (2022)= Google Street View (GSV)E &-835}%] PGVI (Panoramic
Green View Index)E AWloks S 7d5}3Ict PGVIE GSVOllA 54] 32 A&
o] AXBH WA R, SeaNet UL Fal FEHLE v AP EA) AT
£ o= sto], 55, 34, AL E59] Al F2ol Hish == 10mutth PGVIE A
AFSHRITE PGVIa= SHeeh} o|n]R|9] F7t £0]5 7|08 9% 5 3, o
2 VE 9 Ay BRo® SLEsl3ih

[33 5-7] 708 GSVERH FE& PGVI i IHnt TA| =X| S| M2 PGVI Zk. (a1) H2 Hcll=
PGVIZ %7 05 (0.192); (a2) 2 i =0l= PGVIE =2 215 (0.412); (c) S Ao LIt &
O] U2 X2 H|HEH A JAHS 848 (0.275); (d) S A LUETHE2 X2 HEX 1A
HOIZ A (0.420)
EX: Wang et al. 2022. “Numerical Characteristics and Spatial Distribution of Panoramic Street Green View Index Based
on SegNet Semantic Segmentation in Savannah.” Urban Forestry & Urban Greening 69 (March): 127488. p. 6
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A9 A Ao A S5H GSVE PGVIE A BEE whEc), PGV RS 1A
£ AR °=‘EH£P e a7 $3E0] F YRV PGVIY 71l 34
#0] o35k u|Hch 3t 2 Eu} 29 9 s33ko] 9% pGVIof 8-o]u|st GRS u]
AW, E&2 Z2 10mol 7S, 39 4 BT 7RSS PGVIZE 71T,
A= 7129 GSVE E88 et tEA, A 5 E*Xl%}i e ]
o] Thedt 1A /2150 WA Bl &YhE Al4tgtth= oA, A E €89 7
3T AR 71 EoFe] S 7kt

Kwon et al. (2023} TA] oA 7HE U g o} =5 EPXI £ 9ol vhs Al EH
2 deldS AT RS T3 E ARSI o] =72 T3 9 A =
Al ERFO AT HAAQ] 7S E8oto] =A| AAel A 2% AT A A =S A
gotqitt. FFolA B2 oW A& Bl A2 X2t EAE g6k, ATl JF=Fo.
ERE A2 HolEE AMgolo] AA8S AEslh

O.

H%@ﬂ%%EW%%NﬁQ@Q€%°WOwIﬁﬂﬁmﬁﬂ%ﬂiao§4$
A AT} A2) 432 0]u] X5 B85}o] A U 52 80% o) 4Fe] HShe As
o g3t

-

A 2= 3 ATE Fekat gl Ao 2R E A2 U A o]u|R|E 2
R TRt Al ESECIA HlolEE e, 35 olvAle F2 3 ARl
AR, o]F B3l A W L] AR EAE dit LR AT
O A = olulAlE GSVe 22 AH|AE B3l FS53 o, U A oA A

1l Tpe mRAES 59 SYER
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Counting and localizing trees Species mapping

l Citizen sensed data

___( uiving 1ab project
tree bark photos
___( Background
segmentation

| Airborne sensed data

DeepForest

linear regression
with GPS reference points

Tree Base Map

LiDAR, GPS Validation

point sampling Final Tree Species Map

Field Validation

[32 5-8] 7HE LR 0jT & LIT 3 ZX|0fl CiSt MN| SEE
£X: Kwon et al., 2023. “Merging Multiple Sensing Platforms and Deep Learning Empowers Individual Tree
Mapping and Species Detection at the City Scale.” ISPRS. p. 203

k.

90% of area covered by trees

~
75% of area covered by trees
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8
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2
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8
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8 g
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° T
s
g
g % Zg+-o® © ~ oo X Zaoo o ] Zoma3 Zpow g o0 N
vomoropanpw P N L L LY L L] SESS2 <
2 e S S PR e R R S L L N M SRR R S S 0
3 58533350 SES538E 38538508, 285cS°c2caNSas2825288E£882052
S SLE LS S L L REE P E S Ll S H P L S E I L R HE
s 50 2223822°52839¢8 T§sd33.° FE; ¢ 43°52y 3803338385 25883EES82
2 ws 53823F5 o:884 8o588 E0F £ 23 2§83 OF o8 3gs38552g88,89
a 53 53292 S88a 5 2833 § £ s &2 £ 2§ 2385 a8y m2Ts
25 &33fy 2903 8ES32 g € 8 £ & 29 23 22583as8 82276
£e <88 g2y 2 SRL$ 8 s 2 s £ 23 % 5883z 8S2EE
b ec 8 3 ggréad 2 Bl ) S 52 8 s22 £ = §
= 2 sE 5 2 E o3 3 E£ESsg g8 @ z
8 g 5 8 ] 5 3 8 3&s §5 @«
] g 5 g @ ¢ 8 &g & B
<} <) s = £ & 5?5 £
2 &

[23 5-9] Mixed A|LI2|2: SHAH F1 ST U 0|5 HolM ALE SHASH HE HIS

EX: Niedzielko et al., 2024. “Airborne Data and Machine Learning for Urban Tree Species Mapping:
Enhancing the Legend Design to Improve the Map Applicability for City Greenery Management.”
International Journal of Applied Earth Observation and Geoinformation 128 (April): 103719. p. 13
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¢

o] =RoA = v E A 2-E CatBoost ¥ 8]E3} M LiDAR Ho[E & 7|uto 2 &=
T 275 AP, Al 79 AU 5 AAste] Lot UTHGenric T,
Species =, Mixed ). Generic &A= 427 55 53] A=+ 0.8009,
Species =0l 4= 817l E-7-E B9l FEE+= 0.728, Mixed =00l A+= 607l &5+
£ 539 HBE 0.798% YERGTE Species 0] 7MY g £RE 7Hl o
Mixed AlU&] 7} =4] o] QlojA 71 7835 2 o= RRIF Tt o] AtoflA
52 H2 6071 79 HHES Z0h= U S W= 7Sk, TA] =A4] HEe )

oA dgA 0w AT 4 e WS A= At

.

2) HoQ| J2IQ1T 2L Ojo|E +ET|E

Guo et al. (20222 £A] B9 724 Slo] UL Fo] §29| 4729 =4 FAL
o U 58 APdshs A28 Fesks E4(morphological features)& Al
Sl e ATt

o] @7 91449} LIDAR Hlo|El2 F85t0] T4 b 7H ofdy
URRO] 45 BR2 Q1 WA RS AXSSIT S5} e obdh ] Aol At
4o AASAL A 1270 452 E5517] 9190, LIDAR Hlo]Hz R 42
o 53 T2 EEIIGL) oS ATH O EE5p] 99 H]ehY Tk Awn] 54
2 makH o 25507 98] EHOA WA S ALt Aata o 45 Bio] 9ol
88%0] eHES SO, £ Yeety EAGTY TaotuEtY 72 Bt
e v Hetert B F=si

1
>

ol

L. L.
1 3
o . ogn ity
L oA g‘, IR
w i X e
. W !
[ Royal Palm 55 Mountain Fig = Chinese Banyan | Paperbarks [ White Jade Orchid Tree g Slash Pine
(R. regia) (E altissima) (£ microcarpa) (M. cajuputi) (M. alba) (P elliottiiy
Hainan Ormosia Big-leaved Acacia Frangipani Queen Crape Myrtle gu Hong Kong Orchid Tree Dragon Juniper
= (0. pinnata) 0 (A. mangiuni) L] (P rubra) L (L. speciosa) = (B. blakeana) L (8. chinensis)

[123 5-10] Ol EA| £+Z3 22X, A) EJO[X QHIZE Z2, B) FEMH A SH L S+ E2 38,
C) 2lojx|Z 3
EX: Guo et al., 2022. “New Morphological Features for Urban Tree Species |dentification Using LIDAR Point
Clouds.” Urban Forestry & Urban Greening 71 (May): 127558. p. 10
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F50| FEjehd B4 F oA 9 vt A 25 T EolH FHAIY s =Y
A= AL R YelHT 53], TA] Eo)A &
ERTh ey 5 570 82 o413
Wei et al. (2024)= TA] 752] F=4 ohd2 UAVE 258 Y= E-&sto] 45t
= S AT 258 QYS EEMH FEAFTS FAAT T UL OlE T
S 50 1 AHE HUE Foks RS AASIIT BA| 50 B9
Z, 75 0|9 ofATE FIZE 2] 5 Aot v, 18] il 3iElo] Bl A=
I3 g Bkl B2 FEdt o} 7-g FEo] tiet 9AlS As- 0 = Alkto] it
Sh= S AlAISHA . T3 radiation transfer ©& 7|8 AlEd|0]4& &3 Urban
Tree Chlorophyll Index (UTCDEk= X|4& 7SI o] A= 7|1£9] H2 Y
AlS(NBIs)l BIsH B2t b2, vl g 9 g 204 FE4 FdE 745kt
E2 5= Uil A 22 ZRl=Sih

it

(b)

300 S00 600 700 800 %0

(c)

e &
g
\

400 500 0600 700 800 90

suniit

(d)

" ¢ qu 500 600 J00 800 90
| [ 1
sunlit Shaded Bright Dark  Background

[23 5-11] 20214 28 270] E535HUAV 7|4t =2% 0|0|X|E AE3510] RALE LIR7IX|Q] TM XI5 2

F. (A) RGB 7-80flA RAME! LE2] 2~2F (B) NIR CHZ(850nn)0ilA SHZ LIF2] =2 (C) NIR &

AETH ZM U 2RE 5 71RA O|E (D) LIRS| 2 27 Zut (B) CiYst SR Ha HilkE

£X: Wei et al., 2024. “Estimation of Chlorophyll Content for Urban Trees from UAV Hyperspectral Images.”
International Journal of Applied Earth Observation and Geoinformation 126 (February): 103617. p.4
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o] A A 42 1] Ul mU o] 8% 7|olE T 4 glon, Aoke e
UTCI A4 theh 5972, Te)3 27 2AlN9) G4 Fer 549 HeHeg
PP

Wang et al. (2021 EA] 39 U] AJo] sk A 241517 gk A1 Thele] 2
He U A7 AYSAT S ool 91303 24 109 ol 2879 =4 B
S thafo st of 2t A L0 B ST 1m) GF-2 94 GAFL B0l A8 5t
Gick. S G FU ¥ 0F B9 BF, 52 Aiey] o, 9

al
O\j:] ‘St?]_ /\].__E——H/ﬂ }_/\]-_étﬂ Z'\_.ZF__Q]- 1 1;_1 Z'\__]“_y_‘ .‘%‘_121761 .E_O__é_x—h‘j o]
|

Jo

2

32

—_— a2XN2

. 0] Qo FFFAFA] LAIE §HA A=At

o

21 =9] g4 A& 884 (Carbon Sequestration Efficiency; CSE)< &9 H3E 4
ZES —E——Ar%k_io o)E], 2 1ol d Aol Z4H LA] B I = FEHIE
= =3t F, ©a HE Al 3.672 Fot0] ARt S A6 SAE L &
147 5L Sato] APIR vlo] QuiAS AXISle] B4 A B84} Bl wskt.
Planting design Carbon sequestration cascades of plants
‘ Objects H Procedure || and ,elate-d pm,?,em,s | | Structure | ‘ Process | \Function& Servicel
"ll‘la‘l\.l‘l‘(il:lsl‘;lﬂ‘l;ts  Plant selection { Plant species Compoattion and Photosynthesis  Respiration
A, g forindidual pants L plant size (H, DBH, CD...) | ] Fcf:ﬁl"l:ﬁguﬂ’“iﬂ'" ] Net photosynthesis |- cmo:ﬂs'i?e':\ecs;ramn

Blntope: I Land cover types Stored .
% i Structure design‘[ Planting density organic carbon
: for biotopes (tree coverage) Plant growth
i Dominant plant category (Increased biomass)

[12! 5-12] ¢7L XIsHe| Conceptual Framework
ZX: Wang et al.,2 021. “Promoting Sustainable Carbon Sequestration of Plants in Urban Greenspace by Planting
Design: A Case Study in Parks of Beijing.” Urban Forestry & Urban Greening 64 (September): 127291. p. 3

A B B9 BRE v 0E S8 5 167 S50l ATt B3] hersi
BRsiglt B7 WAE 45 B 107502 fEH0R 4R TR g 7hy
S AAE Ik, AT Ty FUY) B AR A 4G BRHE 872 6C/m2/day E
£} A1) Bighst vlistol YA O e ghe Uehglon, vl 0F 3] et
A B3 5 ~ 8gC AJo]] REES HEIch T2]T v] 0F HREE AXK XA vlo]
Ol Gk e G4 HRAE W BT 2T E Alo]o] §oln|e ek S Urist
or], ofi= A4 ulo] 9r|20] Aol w2 Tk §4 TR0 Halet P 44
7 2 WAl F94E BT 5 Udick

webA, £ AT 91 B4 B 241 B BelE B4 3 ) v 0E 99 B8
of W2 Tk B4 BRI AAR vlo] OPIAT AT B wte] £A] FU0 A4 Tl

-
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Tianyuan Taiyg“gf:"g’
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@ P
Wangxinghu- Wanfeng
West Wangxinghu- Dongxiaokou-
East West
2 |:| Park boundary Aboveground biomass High :53.34
(kgm?)
Low: 0
(b) Biotope types
== BPO-D
=~ BPO-E
*
L:>,~ 06 en T — BPO-G
2 — BPO-S
S R=0.98, p=0.00015
& R=0.97, p=0.0059 &= ccD
= R=0.96, p=0.009 — GC-E
S R=0.97,p=0.027
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g R=0.89, p<2.2e-16
] R=0.75,p=6.5e-11 - GOs
El R=0.98,p=1.3e-15 - GPO-D
o4 R=0.98, p=0.0023
2 R=092,p<22e-16 == GPO-E
S R=0.87, p=2.8e-10 ~= GPO-G
S R=0.92,p<2.2e-16 t . GFOs
g R=0.98, p=1.3e-05
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(TR W A = HPOS
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[33 5-13] (a) EA| SEIE X[ HI0| QU|AZEC| HIL; (b) HIRE S EtA XE
IjAQ| 2HA

ZX Wang et al.,2 021. “Promoting Sustainable Carbon Sequestration of Plants in Urban Greenspace by Planting

Design: A Case Study in Parks of Beiiing.” Urban Forestry & Urban Greening 64 (September): 127291. p. 9

UL AL 719 A 4] Tejolis 2 B G 3L g 48 o
el WAt A9 Hek. ol A8 422 FAISHe 20 R4S AAsH, et
A Tanhuanpzd et al. (2019} Tl 4 727} 52 o i) ol m A o

24 % XL Bl



SRS oI5t} 519tk olE 9sto] 971X E 4% =X (Individual Tree
Detection) {5 ARSI o™, et o3t 200 -8 = Q= W 138 WS
7stal Hrkskeich

2 A0 VA= EHEE E R @471 3 B of7F FA4 9] A] ol ARt 3770
E30= F WAL 2F 2000ha oltt. Aol &9 HA (m2)F 2F 20 points/m2&
Zre FEEelt ARE F53to] ARSI, ol9] HAZE B8 CHM (Canopy
Height Model) 84, &9 9 £5% S9] BAx Adsigct 3¢ 319 Ex=
stratum 1, 2, 39] Al 7HX 2 EFE] AT stratum 1= =3 1&- H]&0] 50% oJs] &
£&, stratum 2+ 58 TE B]E0] 50%E T =1 Hat =17} 15m oJolQl E-&, 1
A0 stratum 3= T8 T & H 0] 50%ETH =11 F a7 15 mET =2 &5
o= A5t B 7 HolAe 8% AR B0 el 3334 %, 9

A 52 235,

B 5-1] M 572 32 7% 28 71F1 2t 7018 S 4%
Stratum  Definition nplot ntree CCmean Hmean DBHmean DBHmin DBHmax
1 CC <50 % 12 82 26% 8.0 m 20.6 6 108.2

CC > 50 % and

2 Hmean< 15 m 1 453 74% 10.5 m 19.6 6 65.1
3 %?nezm 3015%111 and, 277 83% 18.0 m 256 6.2 116.2
Total All plots 37 812 63% 122 m 217 6 116.2

ZX]: Tanhuanpii et al., 2019. “Effect of Canopy Structure on the Performance of Tree Mapping Methods in Urban Parks.”
Urban Forestry & Urban Greening 44 (August): 126441. p.10

NE 5 g4 e 1:‘3‘5"}0]‘:} AtzolA =5 CHM 7|REC 2 5t 7l o5
9] &gx]ofl= YA = £ (Watershed Segmentation) B ARE-3HC} o 71| 9]
ITD B2 S £ oA 7RI ZEE A-8stAY Ad 2719 1%, 4
I =olof| mhE 7Re-AIRE B 2hs 24 5] weHHE 2dste] A& thEA tAR]l
HAoh F1A e FHol = L e A7), R U S HPRE S HEs Y 2
A AE WOl AR E QI

2 A7) Ayo] = Mg tE 73 2] Tl tisiA Z2-9] ITD W2 g5l
& AolE UErigled, &347 } A5k GQolA Ael7t 7Hd ZA vkt 7

Fl]I‘ ool‘

ool B2 WHL A F79) 79 oA GO.7, F2, Gadapt ITD ol Slch 11
2)739] #7830 FaL A7 B e Q12 4 95 o] W2 FoolA U2 A
= B3t
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H 5-2] 97i9| ITD2t S 7 2 &0l M2 2X| == 2| RMSE®} bias. E 5 Total €2 T H&HTE

LiEHH
Stratum 1 Stratum 2 Stratum 3 Total
Method | ™ | =z : - Tz : o | T | 2 : o T2 : o
g @ SI = % @ % = ;‘,,; c % = g a SI =
g ) g g g 2 g )
Gepz [1.23]1.79|-84|-1.23/20.9 | 0.69 -14.1|-0.47| 24.1 | 0.78 |-15.3| 0.5 | 19.3 | 0.81 |-11.9| -0.5

Geos 5.3 |-3.78| -3.2 |-4.69| 12.9 | 0.43 | 7.1 | 0.23 193 | 063 | 7.4 | 0.24| 148|062 | 48 | 0.2

Geos 37 | 054 |-12|-017|15.2 | 0.5 | 109 |0.36| 21 |0.68 | 11.8|0.38(16.7| 0.7 | 83 | 0.35

Geo.y 47 | 16 | 16 | 086|185 | 061|153 | 051|238 |0.77 | 157 | 051|191 | 0.8 | 12 | 0.5

Geog 53 | 0.77|0.17 | 0.94 | 19.2 | 0.64 | 156.7 | 0.62 | 24 | 0.78 | 16.2 | 0.53 | 19.8 | 0.83 | 12.4 | 0.562

Gio 62 |039| 09 | 063229076189 | 0.63|27.1|0.88|19.4|0.63 (222|093 149 0.63

F1 6.3 |-0.567|-3.57-11.11 11.1 | 0.37 | 1.9 | 0.06 | 186 | 0.6 1 10.03]137|057| 0.8 | 0.03

F2 5.8 |-0.34/-0.43| 0.3 | 13 | 043 | 63 |0.18|19.7 | 064 | 49 | 0.16 | 148 | 0.62 | 3.3 | 0.14

Gadgept | 4.7 |-0.69|-0.24|-2.45| 11 [0.36 | 3.2 [0.11|21.2|0.69 123 | 04 | 15 | 063 | 48 | 0.2

£7X: Tanhuanpid et al., 2019. “Effect of Canopy Structure on the Performance of Tree Mapping Methods in
Urban Parks.” Urban Forestry & Urban Greening 44 (August): 126441. p.7

O}Oﬂtﬂ A $E2 o8] A 7 s uiEo] 71€ dalgE o 2= ARt A

EZ7T o]}, o] BAIE slZst7] ¥all Qin et al. (2022)= Watershed-Spectral
-Texture-Controlled Normalized Cut (WST-Ncut) &1 2]&-< 7L 3ict. o] &g
S ARG NS RS o, A Al it 228 94, Bteldh, 2l
RGB ¥4 715te] |5 Aibsto] 8 E7E PR 2= F1 score 0.91,
Recall 0.95, Precision 0.86°.2, B394} glo|t}, RGB FAS 212 ARE-S wj v

o} ZF2F 10.2%, 13.6%, 19.0% 22 7fA3c}.

7= S ShenzhenA| Julongshan S-HoA JPE AL, 0] A H-L ofAH] &= 7]
Fof AR AeH & 185 wF0] B}l e UAV 2to|th& ARl ¢
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EALHIEE AR o, tlold 3 & 3 o] BH(CHM)S B8t 288
3432 UAVOl HAIE] 0] 200m AFaoll A4 10-144] Alo]ofl 400nmefl A4 1000nm Tl
9] 1507 &8 ¥iE, 0.3m S == FISHTE 216 RGB G44= UAV] EAH

AAE AREEl 160m A50llA FEE9T, LiDAR o8 2 H5= DTM} GPS Ho]
Bl ARl AL A S Z ST, A A AAIE o] 7} 0] f1X|et Fo] 2
ATt
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[13 5-14] WST-Ncut €252 85t H 5 2] SEX

Z=X: Qin et al., 2022. “Individual Tree Segmentation and Tree Species Classification in Subtropical Broadleaf
Forests Using UAV-Based LiDAR, Hyperspectral, and Ultrahigh-Resolution RGB Data.” Remote Sensing
of Environment 280 (October): 113143. p. 5

WST-Ncut €18]&0 2 7jH= BER7-E 5121, CHMOJA] o] gk wijA] Inverted
CHME TF= 2 local minimum & &1 8Z2 AR5 L4 A9 ] 4 o] ZF
= YEH= e 28I ol AES 7N e 2 2 0 & HAIA 0 = SHAIA THE H9
watershed®F G| 7] Al&sk= A 5ol A2 T10] watershedE F 3. o] ZHoflA
7|Z watershed®] tHdS H&s}l7| Qo) 5 W Bl A ARE g2} 7 Z2j g

287 GH HAA YRS 240 B)E =2 F EFEE Bk AltsiaL, 29
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7hel B8 544 EEFE 11 ¥, normalized cut ¥ ES ARES 7 ET2ES
B SR} ATAT 7 R 2R 93t A0 R 755 B2l Alole]
A 7FS A2 Bf= weighted undirected graphs &3t}
H 5-3] WST-Ncut 2112|152 Sdll == JHE=S BX| FE:
Site Tree l;us(iative Ezlssifive E:,l::tive Recall Precision ~ F-score
Site 1 350 336 39 14 0.96 0.9 0.93
Site 2 257 245 43 12 0.95 0.85 0.9
Site 3 369 351 66 18 0.95 0.84 0.89
All sites 976 932 148 44 0.95 0.86 0.91

£7*: Qin etal., 2022. “Individual Tree Segmentation and Tree Species Classification in Subtropical Broadleaf
Forests Using UAV-Based LiDAR, Hyperspectral, and Ultrahigh-Resolution RGB Data.” Remote
Sensing of Environment 280 (October): 113143. p. 8

[E 5-4] 2IZ{EAL C|O|E MEHO| M2 +FEF TA| HET H|u
Z£%: Qin et al. (2022)

I

Data Feature z::?acy Kappa
Hyperspectral Spectral 81.60% 0.797
Ultrahigh-resolution RGB Textural 72.80% 0.711
LiDAR Structural 78.20% 0.73
Hyperspectral+LiDAR Spectral+Structural 88.50% 0.865
H tral+Ultrahigh-resol
YPOrspecrarUIHanign=resol  spectral+Textural 86.10%  0.846
ution RGB

. . +
Uttrahigh-resolution RGB + 1 wral+Structural 82.60% 0811
LiDAR

+Li + i

HyperspectraltLIDAR+Ultrahi Spectral+Structural+Textural 91.80% 0.91

gh-resolution RGB

ZX: Qinetal., 2022. “Individual Tree Segmentation and Tree Species Classification in Subtropical Broadleaf
Forests Using UAV-Based LiDAR, Hyperspectral, and Ultrahigh-Resolution RGB Data.” Remote
Sensing of Environment 280 (October): 113143. p. 14

Parmehr and Amati (2021)+= A 3-HollA UAV 7|9F RGB ©]u]| A 2 A2 Mt d
o[E|9} LiDAR < Hlo|H 7He] Alo|5 FAFSHL, 4L, Bl A7, ok Y], Ui |
ﬁl% H| W ol= AT-E PP A A, F 43 HlolE 7H] YA ki=99.54%= UH
A UER o™, UF9] =0]= 99%, L A2 95%, = L Hl= 96%, U
= 97%9] YA =E HT.
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10 m 10 m

LiDAR Photogrammetry

[23 5-15] UAV LiDAR HIO|E{(2Z)2t RGB 402 S TEE HUZHI0|E(ER)
£X: Parmehr and Amati, 2021. “Individual Tree Canopy Parameters Estimation Using UAV-Based
Photogrammetric and LiDAR Point Clouds in an Urban Park.” Remote Sensing 13 (11): 2062. p. 11

Choi and Song (2022) TA| F-ollA4 F5% 5 LiDAR (ALS), SLAM 7|4t Xl%‘é‘é
LiDAR (MLS), 243 A4} LIDAR (TLS) HIo|E1E ARG3 TA] £59] o3 125

A5tal o] & 7k] vl AE MY AT A3, o =1 gl Al glolH
95% o132] 2= =S HY O, Bt #olet Zo] Fat Yol P HFES
2157} 2ortt 53], 34 #ﬂ&ﬂ 785 Al EllolE Aol %‘ﬂEﬂ 7H‘§% il

= Hlﬂoﬂfﬂ 80% Wol Qqomg 431 J}?j A ér% 4 CHM A}o S S EHE
| W2 =7l mhE Xpo| & X Ast 3 4= QL& A0 R HAlr 3 WAL HE ]

ol A °F 95%2] A =5 HHI, $ B34S UEE Rumple index:= 78S

ol 70% o)l AR =& AL B Ath. GHAAG(LAD Bl oA =
E W57} 5As ) ALSOIA E&F LAIZF MLS®}F TLSH T &9k, ALS-TLS,
ALS-MLS H| Wol|X= S8 E v w B} 7fE 5 S H|wofl A o 22 A =S
ERJCE MLS-TLSOIA12] LAT Hla= 1:1 A8 TAE Yepoy, $3E 3 v
NEE o v R QX7 =9k (22 85%, 25%).
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[12! 5-16] TAIZ0A FSE &= LIDAR HI0|E{(a), TLS HIOIE{(b), MLS HIO|E|(c)
EX: Choi and Song, 2022. “Comparing Tree Structures Derived among Airborne, Terrestrial and Mobile LiDAR
Systems in Urban Parks.” GlScience and Remote Sensing. p. 848

Heo et al. (2019)= X HFY LiDAR AA & ARES| A] 3¢ 53 712420] Fa121%
I} 15 S5}, ol & @ 2A} HlolEleh v wEt A4S XF L A+ At FaL
27| tofl LIDARE =& 2 % AL Aot v FARSHA] Vet 2w, RMSE
(H AE 22D= 71240] ti3] 0.36m, TA] 5ol 8] 0.46mZ H2 =S
Bk B3 F12)17 240 AE= LIDARE 24 glo] o &7 Yehton, RMSE=
7t24o] i8] 3.77cm, EA] F-Lof i) 8.95cm®E WERHTE TA] 3 5o A 7}
E4HTERMSEZH B 3A] Urehd 22 A Ao o 7hEdl 53t F7F 2o 2 A
A= 3l
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a Height road b Height park

20 207
® tree height @ tree height
13 y=x 181 y=x
linear regression line linear regression line ]
161 16 |

=
=

E €
=12t = 12}
g 3
S0t Sqof
= pr
£ z
i) o
28 28

@
@

IS
IS

Height lidar = 0.96382 Height measured - 0.12625 Height lidar = 0.96823 Height measured - 0.066416
2 R square = 0.98843 2t R square = 0.99382
RMSE = 0.37181 RMSE = 0.48678
0 0
0 5 10 15 20 0 5 10 15 20
Height measured(m) Height measured(m)

[ 5-17] =1 0f CH$t S1%= H[0|E|Qt LIDAR CI|OJE| HIW. (a): 7124, (b): EAIS TS
£X: Heo et al., 2019. “Estimating the Heights and Diameters at Breast Height of Trees in an Urban Park and
along a Street Using Mobile LiDAR.” Landscape and Ecological Engineering 15 (3): 253-63. p. 260

A DBH road b DBH park
100 1001
® tree DBH ® tree DBH
90 y=x 90 y=x
linear ion line linear regression line
80 e 80
®

70 70
E E
£ 60 = 60
g z y
g 50 = 50 L]

[ ]
z 2 .
a 40 a 40 ° °
L]
30 30 L]
20 L 20t o
DBH lidar = 1.0339 DBH measured - 1.9318 DBH lidar = 0.92612 DBH measured - 6.9827
10 R square = 0.97314 10 R square = 0.78621
RMSE = 3.7793 RMSE = 8.9554
0 : . 0 - - -
0 20 40 60 80 100 0 20 40 60 80 100
DBH measured {cm) DBH measured (em)

[23 5-18] S ZZ0]| Cist %= O|0|E{2t LIDAR HIOIE H|W. (a): 7t24, (b): TAISESS
£X: Heo et al., 2019. “Estimating the Heights and Diameters at Breast Height of Trees in an Urban Park and
along a Street Using Mobile LiDAR.” Landscape and Ecological Engineering 15 (3): 2563-63. p. 261

3) JHAIS B¢ 2ot HoE fETIE

Choi et al. (2022)9] 7= AE&Y 71245 HACZ Google Street View ©|H] X2}
Hed YaEE2 B85to] U F SRt U 22U A1E, &0l 78 E5)

= F795k= HES 7St Bk 5 72 Bt A EE(mAP)= 0.564%
LR T
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A&9] 7tz HloleE AREste] 7HY g AMGElE dEld A FAl(objective
detection) ¥18]& % 31421 YOLO(You Only Look Once) &l 8]&2 ARS8l %
= S ESE o] HHlo] A5 T S| vt 24 el o, A
Ade TA 7tEs 22 ED] 449 7S Eollth

37N ElolElel el d= &8sto] A 7tE] F Rt 224 I E =S A
Pk S AASIAT % 72 A9 vl A w2 Bt AU E(mAP)E B4
Fou YR $EoE A E= AEA B4 flgel 5 e T BA YE

= =21 =
2749 49, L 0] 340 2L A= S ke

o] k=™ Google Street View ©]0
2 AQlo] U g3t Tl W 27 A] JEo] 2 e 14 4 93-S AN}
RaL, AHA 0 7 LA ¢ Ao} A AYEA ARl A B7HE §1%t Y
= Aelsto] AAISHAL QU
Khan et al. (2021} A Yol $20%A 220 217 el AAZE 2 B7Fs}
T BN AAE A A deid Jp dEYaE AL S4
SCNN(Siamese convolutional neural network)¥ 585 brute-force 7]4F2] B
& AQFst3ict.
2 wlEelol Ug AlE 7kes ool Ago] Sgsglon], $uURA ok
Qg B doleile Salo] AMgsisich Aol AAIE 84 Al of
4,500749] oIPI AR ZHF o]F 500749] olT|A| 2 EJAESle] ATMLZE LS
I, Bt AEHE 93.2%21 A0 F A A5

o] AT LA W9 2473 AHIE B7IskaL A|2]4 A5 AlEsk= T 21o] SCNNY
1EE0 FRHS ASSHTh AAE B Fet = o] 7|9 A0l 252 5
H5FA]t Google Street View (GSV) o]u|R| 9] 414 &1 tfjgFo] &3 Hlo|g W]
g, AR FAo] Bolgt Ui 4 At EAeF 22 AL o, o|Hgt EAlE
o % Q7oA B A Bast dekn Aesdt
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Absolute tree location accuracy

20.0 1 All trees
Street trees

17.51 Private trees

15.0 A

Nr. of trees
N
[6)]
)

7.5 1

5.0 1

2.5

OO T T T T T T T
0 2 4 6 8 10 12 14

Distance prediction to ground-truth (meters)

[T 5-19] WTH K| 7t24(HZH), AFRX| LIR(=M), RE LIS(II2HE)o)| et =il 2Ix] He:

£7X: Lumnitz et al., 2021. “Mapping Trees along Urban Street Networks with Deep Learning and Street-Level
Imagery.” ISPRS Journal of Photogrammetry and Remote Sensing: Official Publication of the International
Society for Photogrammetry and Remote Sensing 175 (May): 144-57. p. 154

Lumnitz et al. (2021)&= 2EZE 1 o|u]x]9} P& d2 ARE5Io] EA|9] 7t2 45 uf
ol= A 2L HHEE AAoF T} =20l 4+= Mask Regional Convolutional Neural
Network(Mask R-CNN)E AR&5to] W75 AEZE f o|u]|X[of| A UF-5 E573}L,
Hi-Fe] Zo] YN AASTE AMESto] o] YAI1E 745t 2asog o
T A U2 70% oS FESHRIL, 71E AR 5 IR} Blud o] Bt
4~6m QAR $F] A E =SS

LA 7k S 18] 71E9] @A ASS sk WA JRASkIA} SHA
o, TA| & B 4 AZES A ¥k b 283 Y HE AIEoILA ST, A-lA
TS IS E8Ado] wo, tlRt A] oA 9] A8 7hs kS ERIE 4= S
o). Ao 2 o] Az kA Yl 71ES JIHIER] Q] 15 9 W& 2R AH|E 118
WAIS AAsEl o, 7kEae] B ofuzt EA| 13t 3 8 Alglo] aas A
T U= S A ST AL HehE .

nk - o

A A Y U9] A7) e E 7157 ] 915H Degerickx et al. (2018)= &5 228
4 LiDAR H|o]EHE &850t} eCognition 2T E o] AL&5}] LiDAR H|o|ElE &
gato] A E-S 91%9] FBE 2 T2t} Et 250 dlo|HE JPRER ALE
o}al, PLSR(Partial Least Squares Regression) 220]| Z-85lo] &4+ W E54A &
o 1} QA2 25T S5 A70) AHSH PLSRS BEo] )3} |2 W
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7 H B2 7390l dutA 0 = ARGE= HolE A o2 2 HoIHE VRS
2 1429 7], 74 Bsker 9 geun,
[ 5-5] ZEFYA 7|8 AMKIS0} O[S BB JIE MUITS U Zat By
Leaf or
Abbreviation Full name canopy Source R? RMSE
level
Chlorophyll
VOG1 Vogelmann red edge index 1 Leaf Vogelmann et al. (1993) 041 7.9
VOG2 Vogelmann red edge index 2 Leaf Vogelmann et al. (1993) 041 7.8
VOG3 Vogelmann red edge index 3 Leaf Vogelmann et al. (1993) 041 7.9
SIP! Structure Insensitive Pigment ¢ b las otal. (1995)  0.04 205
Index
PRI Photochemical  Reflectance | ¢ Gamon et al. (1997) 018 137
Index
itel Merzlyak
GitGreen Gitelson Index Green Leaf Gitelson  and erzya 0.31 9.7
(1997)
GitRed Gitelson Index Red Leaf ~ Citelson and Merdlyak 5 g
(1997)
RGRI Red Green Ratio Index Leaf Gamon and Surfus (1999)  0.02 37.9
|
PSRI IF;'Z’;L Senescence Reflectance | ¢ Merzlyak et al. (1999) 0.01 4738
Clgreen Chlorophyll Index Green Leaf Gitelson et al. (2003) 04 8
Clrededge Chlorophyll Index Red Edge Leaf Gitelson et al. (2003) 042 7.7
SR680 Simple Ratio 680 Leaf Sims and Gamon (2002) 0.06 23.6
SR705 Simple Ratio 705 Leaf Sims and Gamon (2002) 0.37 85
mSR705 Modified SR705 Leaf Sims and Gamon (2002) 0.4 8.1
ND680 Normalized Difference 680 Leaf Sims and Gamon, (2002)  0.04 28
ND705 Normalized Difference 705 Leaf Sims and Gamon, (2002) 0.37 8.4
mND705 Modified ND705 Leaf Sims and Gamon (2002) 043 75
DDn Double Deference Index Leaf Wang and Li (2012) 0.34 9.1
NDVI Normalized Difference  -nopy  Rouse et al. (1973) 0.04 292
Vegetation Index
REP Red Edge Position Canopy  Horler et al. (1983) 044 7.4
First-order derivative green
1DL_DGVI vegetation index with local Canopy Elvidge and Chen (1995)  0.03 30.7
baseline
NDRE Normalized Difference Red Edge  Canopy  Barnes et al. (2000) 041 7.9
Chlorophyll  Absorption in
. . 7
CARI Reflectance Index Canopy  Daughtry et al. (2000) 031 9
MCARI Modified CARI Canopy  Daughtry et al. (2000) 0.31 9.7
M Zarco and Miller Canopy  Zarco-Tejadaetal.(2001) 0.41 7.8
MTCI :\:SZLS Terrestrial - Chlorophyll Canopy  Dash and Curran (2004) 0.46 7.1
NAOC Normalized  — Area  Over -\ Delegido et al. (2010) 029 11
Reflectance Curve
Spectral index developed using .
OMNBR the OMNBR approach Canopy  This study 0.46 7
PLSR Partial least squares model Canopy  This study 0.77 2.8
PLSR_spp Species—specific PLSR model Canopy  This study 0.83 24
Leaf Area Index
SR Simple Ratio Canopy  Jordan (1969) 0.1 3.1
NDVI Normalized Difference  Canopy  Rouse et al. (1973) 0.12 2.8
156 EtASEIALS| SMS QIS TRIQITE} HEH|H| JHLEE 67



Leaf or
Abbreviation  Full name canopy Source R* RMSE
level

Vegetation Index

SAVI Soil Adjusted Vegetation Index Canopy  Huete (1988) 025 1.8
Atmospherically Resistant Kaufman and  Tanré

ARVI Vegetation Index Canopy (1992) 01 3
First-order derivative green

1DL_DGVI vegetation index with local Canopy  Elvidge and Chen (1995) 0.27 1.8
baseline

EVI Enhanced Vegetation Index Canopy  Huete et al. (1997) 025 1.9
Visible Atmospherically Gitelson et al.

VARI 01 7.7
Resistant Index €AoY (50024,20000) 00
Vegetation Index using Green Gitelson et al.

Vigreen Band Canopy (20022,2000b) 0.01 8.3

SLAIDI f:jgjard'zed LAl Determining ¢ iopy  Delalieux et al. (2008) 027 18
Spectral index developed using .

OMNBR the OMNBR approach Canopy  This study 0.33 15

PLSR Partial least squares model Canopy  This study 0.66 0.5

PLSR_spp Species-specific PLSR model Canopy  This study 074 04

LPMlasts tla;'i; penetration metric. from Canopy  Alonzo et al. (2015) 0.56 0.4

&R Degerickx et al., 2018. “Urban Tree Health Assessment Using Airborne Hyperspectral and LIDAR
Imagery.” International Journal of Applied Earth Observation and Geoinformation 73 (December):
26-38. p. 31

Velasquez-Camacho et al. (2023) -2 éEE]E Hojujx|e} AT H T2 I
e BYHoR FEI] N25E VA, BRI A B A2 97 A=
(geo-location)”} 7Fss HE-& 7H%}3]“ﬁr4'.

Aoz =LA ou]A] R0l T2 AREE= HeEid 22l YOLOvSx, DeepForest, L
2] 31 Faster R-CNNQ| A| dlo] E-25]Qic}, zF rElo ofu]z]of Qi B BEd]
= ARGEY GSV W] Ao AT &I} IS R e on|AYf BHoE
A3 53-8 gA)st1A} 519tk GSVe] 7FE4r ¥l YOLOvSx Hgo] E-8E o
H, QT4 9 & o|u|A] 9 7[2S © A= YOLOv5 Y] th2 H =3} DeepForest,
1231 Faster R-CNN Z&lo] ARE-E| Q]

2 L2 22 GSVF 9149/3E owIA Y o= TR o) -8 HY, HA] A=A

‘%‘3 (rlangulatlon)oﬂ ofsf] 12] Ak &go] F7HETh ApF o= A4

B 22 79%Y 75 EF JgEE L}E}”“’% ER A x2S AT 2

© Ao S48 /1202 60cme] 917 HSHES Ueek o} B A

7}§—r«1 AR} $F7HA] e8] AR 4 U= %Fﬂ” 2 e} RS AAToF

o, FF LA 4] HeEoh RUET TAS AT 4 ol A 2AE AT AL
E593

=

T N (o
) JBI 7
[e)
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West

o

[22) 5-20] SAE DS S5 24 OJ0IKI0IA TH2AS BIX|S 24 (S AT} DUS S5 OIS b
S UAE LiER)
£7X: Velasquez-Camacho et al., 2023. “Implementing Deep Learning Algorithms for Urban Tree Detection and
Geolocation with High—Resolution Aerial, Satellite, and Ground-Level Images.” Computers, Environment
and Urban Systems 105 (October): 102025. p. 6

Liang et al. (20232 GSVE AR&-510] ol a|7}of] AX|H Y] LA (%.‘%”Eh Ljo] 2H],
EFEHQL 8sHAHM Y 712455 FASHL 550 A7) 9 S/ AR 1A A
B, 2] 2, FH Y 4 5 S SEPEE ?Lw—}%h:} Zﬂ% geet 4
539 T2 GSVE B9l 9o & IRIskSinh 174 Al 4o A, 71 &4 o
., AN v, 23 AR AR gRlsilon, 4] R ik, T 229
Y 25 7|Hko 2 WrIEQItt 5 271 IMP10.0 £2ZEgofo] G,

of Z74Jsk3ich
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N O | Number of shop Dead trees
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3 Supporting-bracke TH Longitude
< Unhealthy leaf ertical structure
O g . Latitude
(8 Number of lanes o

Nairobi
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o
;] T

- raffic flow UBH
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A

15 10 05 00 05 10 15
PCA Axis 1=55.11%
(221 5-21] £ 271, 22 45h, 59 7E U A2 42 291 53 Ajole] PCA 24 21}

EX: Liang et al., 023. “Assessment of Street Forest Characteristics in Four African Cities Using Google Street
View Measurement: Potentials and Implications.” Environmental Research 221 (March): 115261. p.10

GSVERH =28 $5 &4 FH P ARS|A] 2 I Ato]o] Ex49t A sS4 st
of FAEEA (Principal Component Analysis; PCA)Z -85t} PCAS 59l =
SH A WA F52 5 7], 9 2 Ao AsH AutEo] o, 50 E¢
A E/Jo] A E4 A HollA FARRE fidS T2 133 AXRITE F WA 252
5 217 et DA 6] wRE o] Qlow, A7 AR EA] A 1 HFE S e
ERiT}. whebA, & As GSVE B8sto] 755 7HES FE 9] PCA #4253
TAG ZF2 0] F7], A, F9 &2 BE 0 AR -2 A aQlETe] A

e AT 5 Uik

i
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Pu et al. (2018) = 5WHY A[7] (&7 2, 4, 5, 8, 119)°] &J= Ed|o]
ott|A YA G4t (Pléiades satellite images; French Centre National
d’'Etudes Spatiales)& Argslo] LA W 5 F& 7MsAS H7ksHAoh
EdolotelA 94 FAZ 0.5m ST HWA=UY W=y 2mo
MmﬂﬂR%EE%MEP1%q

B

A

I Send Live Oak (4)
198 Laurel Oak (8)

AL Live Oak (C)

B e

ML L T Iueters M L InMeters
02040 80 120 160 02040 80 120 160

A. Sand Live Oak; B. Laurel Oak; C. Live Oak
D. Pine; E. Palm; F. Magnolia

I Sand Live Oak (4)

19 Laurel Cak (8)
| W Live 02k C)

U LT Imeters ML LI Imeters
20 40 80 120 160 0 20 40 60

[33 5-22] ZiZto| BR7V|E 5t 4+5 25 21} (a) false—color2 E3El 9|M M 2R E 42 7H_‘|:11| £
+3; (b) RF 2R7IE 88 +3 27 21k (o) SVM 2R7VIE S8t 3 E5F Z1k (d) LDAER
712 5t 4% 28 AN
ZX: Pu etal., 2018. “Assessing the Potential of Multi-Seasonal High Resolution Pleiades Satellite Imagery for
Mapping Urban Tree Species.” International Journal of Applied Earth Observation and Geoinformation 71

(September): 144-58. p. 155
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O = A tstshs Brgol AtE.

o] ERE 3 ou|X] AAE 77 £Fol Wt £t flste] dAEEEEA
(Stepwise Discriminant Analysis; SDA) H¥} P EZHAE (Random Forest; RF)
£ &M 5712] 9144 Bl 37719 W7t 24&8E 2] 914 Y= 2ETt BHollA
70709] S &5 21 M2 EE RF, SVM (Support Vector Machine),
LDA (Linear Discriminant Analysis)i-57]12] & Al $59] S 53| 53} o|v]
A AAE E5Fot e, 1L 23 REZF 7P Hold e Hlth 59], 4¢3} 243}
842l 2ot FoIAM =2 ALZ7F Rt W, o]= RF #5771 ARE Al E547E A

NN 52 B0 2R S5 vttt SVM E77 1= REEH o
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3. &F

TRl Hojee] 72 452 o] Het 27k U w4 B E D}%’ TR
90 0] A 7P ol 4 Ik 7k 9 wA] ©9Y o] Jelolmaks B o] b
2 9l 7] §39] TRIT e} GAIR FRE L}EMM T
#) 0] TRglna), A ey TRigl ek 42 gao] TRl natel {7 Hoj
A A4S erdc

ATIDNE D A SHEAFEL UAVARE
=7 FoAE =2 = SHE o X[ & LiDAR,
B EIZE 1 LAl Fomay
fE3E=E
SESE ks
SHZAbTl AEZ|ES
£ ETEHE AT 3 = TELE, S
T= BJ——|§.TJ— T O :‘HE”T LAl = UAVE:I x|g LiDAR,

[33 5-23] J=IQIna} HOJE| 75 7% &g X! &8 7I=CI0IH
Sxf: G K

AR, EA D =7HER] dlolE= 7Y B S ti o= Sttt AlRlo] =2 o] &
off =M, JHA = SlEThs H 999 B R FHE stk A9 BT
=7F 9 A 0] T EE Holy S0 2= 39U H =X AH|, BA| ANte] =
A WA} FIL7} ZEH, o5 GISeE ARtsto] A A} o] 2 EEsh= A
02 A QI Hlo|E =3olli= Landsat, Sentinel-2A ¥ Sentinel-2B2} 22 914
BT F5 Aol ARGE AL T,
A, | & HolE e T2 BASHolu BX|9F 22 TRl neE} G0 AEE =+t
Lot} A e glo ]E]L =7F 2 A T o] Tzt Ho|E 9 v wed off B AR
20l £/474 5 O] F50] 7Fs sl 0|22 HolE G-50] 7Fs 3t olf+= 28 ol
9} LiDAR Hl|o]®| & 11zt Hlo]8 AAtS 9t 7|2 AR 2 s = HlofE % 3
A+ HolH 5 1E4 Ho[HE AREZ7] wiizolth. HEke] 11} Hlo]EoflA
SEHE T8 SR T FUAA, A Hlo] QU A, A A 5ol 3o,
T2 571 78 288 4 LiDAR To]E|, UAVe} 243 LiDAR AIAE A&l 712
A=mE A6l o]of 7|5ksto] 1iQle} Hlo|e & AJAkstal Qirt
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AR, A 9] Hloleli Thmaeel 22 A 1ho] 91212 HekslA Yehf T, 7
Ame] B4 molsi ¥ 242 SIS THE glole] UL Saf 1Rl 9
A 4% B2 A7, 1, 40 37] 52 A5 492 st Ak W e 19

B, UAV2} A1443 LiDAR A4 5 1L
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Aled 1J =2t FRAA =0

L 759 9 200 52 9
2. BAFYAS SRS % Tl ABAA 75 718 9P
3, B A A

= 71 5Re) ool A2 =7t gASH - 59T TIEAE & B8l A, BAs
=4 59 Haded &5 FAI6kL o, Hhe] FE () A HA, g W
5 A E B85l ok T2y AFolME e RS FaLAY, Al S AlY
& HRE BB/ FATTFE BASIAL . 7158} 232 913t R0l A]
T F2 HE HEIFAREA, AFoMs NE = SR 245k S, &
5 71591710 H35taL et mEbA RS HAR] @S AsiAE szl 11
Azt glo|B et At £/ Ao &-go] Wasitt

gzt HolHe F2 A= o= Hehe] FHo AFE o 55 AU Al

ZQlaefo] st glo] el mjulah Ao 2, W SRR AL 7o) Telelaet 5]
ole] 75o] Wasich
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TRIglele} e MBS oF 12702, 2] ThE §99) Telzels thaRl T
A TSI k. EABY, 4, Y 5 ot MBI /N A=A JRlel
218 thi WBo] g, 53] A W Tl a4 38 THsAe] S 94
E R L E—E—u@—'ﬂ o] vo]e] 7%o] ulFste}. mebA ofelet
52 /o R 2771 TIRiolelo] Bt dole 75 2 welvh Wasic

A=) J-Rlxet Hlol8E #5517 {3 FEAM, UAV 4, LiDAR 59 7]
<S0] FEH1L . HY] HlolEe s % 3D HolEE S5 5, LA, '
& AFF 50 45 A5, JiAlE 29 diolHe 2ERE | 01“'1119} ek
7S E8olol N =2 fRIeE£/dE o] meftt. ot Vese S @
A =R g2 2Rl ze} Hol B g Aitste] eagHARe] 2ol 1012 4 Ak

J2I9IZE} 0|5 HE T G| 28
2 535G U7 750 ZRS 1T
FECTE e

T PIES oSOl 4T PSS F
EEERERESE R

AT, UAVALE, 22 3! A2 LIDAR DB 23y THRMIE S
~EZEF 0|0 F BRI EE

J=zlel=at =
AYESE HES= 127K £ o= = =3 S == ===
FE D IS0IZalo| @R G EE A EHEY GE JEY=C RE TE A TR GEER
S EAZE U sR SO Dl BE s SO 54 Y B0 DY E usg s [0
£2 SAZ S5 ZE 3 B30 B 2B U=E S
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2) Jlmat YEHA 75 FEUE o 4

O Jloidar JEMA 75 4

2 Qe 2 AR A Ae A nets B BB wAs e
7Je¥ 2 4getdct. o] 2 Slak Qlme} AR AAL) 7% 71 S Al KR 9%
sheact.

A 712 Al O8] P el TRlele} Hole o]
FEwojgls Il et o] HEo] W3kt SIS st
o} B aEE AE S3o) e 4 Y Hole A BRI TZolck. of
£ TRIQle} ARAAT FRH 02 SaS ANl T 4 Gl 5L
- % W] SiStoleh Arhe Telelsiel elole] 821 S A A F5o1ch
TIQlze} Hlol8 o] (49l k-5 Bl 9ol WAY|E 2L A A

2| AA Zetolct. 71E
2842 =o7] figel

Tzt FEAA L Al 71A] 712G S 5 A== Al 7HA] FAE 1
StaL, Zh 3R o] 7HA] 23| 9 2 S04 o Hiet 2382 A E skt

7= J2IQIZ A} HIO|Ef LYAlSH

B HIA e 7] J=iRl et dlo|g o] Walsto|oh 7Hg Al el FE2 A 7=
F3L 1= HIo1E7 BAIEA] QAL QAU ARAE = FRo] oIt B¢ A5AR]
JAlo] dofute = 3hal A=) F-50] 7hssHeS sk Aol 7P tia{<l
A& 7k=4 glo|E7t ekd 4= Qlrt. HlolE Wdslke 71E HloE o] A4t -5
2 AAE HdEste] T2 o2 HED o= Q| 5, HlofE 284S wole A BH
Q. ol 93f tlolE o] EESteh 59 B A2 F55to] vt Hlofel e o
e FESIL He| a&43 F2Ae doiitt HolH 9 ﬂiﬁr@}h glolE7k %@
=] Rt 712 2 e, glolE 1t Al ¥F=
T AAE ool ot AlE S olaL, VAU FE A uﬂr Ml &se %611

N

A

I
RlEd

Yolejo] =S §A3tet 2442 Hole 341 Sast, 4 Tel AL 54
3ol {429 vo]] Tl S 20 B} oIk tho], YolHS B 4 e 7
AHQ 505 WIS, T8 A F65t0] ole] 284S ol Tk

M 6% - JRQITa MEHH TS 167



rm
[
Of
o
=
olo
mjo
40
roh

FIZIQIZ2} CIOJE A 5

5 W) e TS the-g $Ie Telae} Hloje] A1 itk 2 ol
A 2. 313} o] @ A1) TR} Hlofelis Taf- ] Ao TR SAF YA
2 91k TIQlet ST SRS EFSA) 5t ek oS Sol U % 54
of 1% o] 9Jo]| A8 4B F AR} A7 % 431 HR 5o] Jolokehh F
532 APIY 4= 901t o] 22 HlolEzt 15l 91| gk Aol olo] uket, 7]
2 Yole| 2t SN DS St B W AE o) B4 9 4 9l
94 Tk G2 WIS 2T 4 U HlolEE S35k, o} 91) Bast &4
9.8 gk, Holo], 7| Hlolelo] 44 RS F1eka s ThaFY Al

% Sl dlolE 2 sk o} 9ia) Al Blo]e] AR 91371 Hlo]e]
225131 Blo]e] Al Hlo|elE TE5] 913t 7142 A8 Wast ek E3,
$-2 Slgk =B Blo|Ef o] AT & 5te, thaet Hloleot 51
E% golex AlARE T A B

et ;l.:
(e](]
J )

e
ol
o
=
x)

_0|L
K
u)
X
st
o
%0,

o IZIQIOC} G|OfE 2 S MEHA 1=

Al RIA) ek -1t glolE AR B AR A 5ol ol 2d I zE HEAA
T2 A A 2 vhold, AA| JEAAE 2FEY] A AHdA F5E S8
2oty JiQlzet Hloje o] ag2]l dejet &-8-2 Al ¥, A, Hde sHokL,
55713, U719, 971 22 HolE SRt @ WEHIE 75010 AlUAIE
3. 23t glolg o At 7, 8-S Aldehe Al 7|k vhsta,

JeA BABE 9 ANIAS 755 LGt

>

168 EBASTEALS| FHS 5 J2IQImat A JLreie G



7IE Y HE 2fel FE5E
JQIna} OIo|E 2| gHA st

Jzolmat
x5 EIAZE S ST (f2E 2 gl
HEHH EVERTE T e

75 w3

JEIITe) GIO[E B2l HE AHidA

GIO[E EE8E 5! S e AAH 2F
+ Cet DQIOa} Gl0|EO| IFSIS S5t H|0|ES| Y2k =ha 9 o4 A3t
o HOIE SE #| LS 2ES F2XQ H0|H w3 g2y 49

HIOJE Galk 5! M2l M
+ HI0IE +E 9 B HA 25
o 7ML EHOIH BE MY % MY TS 4

AEE HI0E AN S FA] 2|
+ H7|1H HOIEf BUE S EH0|EO] XM 2t
o A B M S R A

Jeitet GiojE2] HEYH M
+ THH J2QIZa) |05 22 9 Mot
+ GIOIE 22 Al 3RS S8 H0IH 22 &1

7|Z HI0|H A=at
+ HABEAE WSS 2% 71T G0IE 49388 FoE 2 N

EhA S48 BA A7 TUPIDE HOJE 47
- E1A F4 T3 1A 916 LISt 8] THRITR| HOJE A
- Has ot e s 2is AuEE 47

HAZEAE] LS CIOIEHO|A 1=
+ HABEAE| OIS WO 0FES 98 E0IE HE
« JEQIERCO|E HAS SE SR DB 018 ALY TE

A HOIE 75 71 483
- N7 IEOIER OB RES Ol Tl 4Rat
© 7l U2 U H0IE TEES Fot 7 IEH0IR =

- J2e1oe) HolH 1% o 228 Y +F
- JTQIZSHI0E B X HES fot YHE o B 4 E

HolE 3% 5 g2 HEAI 75
= DE7IE RIZEIY, gt 7O E0IH 3R 9 HE HEAR &
« GIO|E 2RE S0t 4= ¥ L8t Y AUX

Jielmet ojo|H YeAS 2fet =g or
- JERIZA HIO|EL] MRS RS PI8t M I8t O

- RO HE YEA HYSE I8 AuEA PX 5 2E
¢ BEEHE HE YA

[23 6-2] JIZat HEHH 715 7|2 LK)

EX: AT 2y

HI6 & - JRIQIma HEH TEUE 169



3) ME7t A =3

O #=7t 18 74

a9l me} Y RAA FEYE 2L, 20 8- Aty s 99l

et e TG 287 fd SHE FAGKI B I5 TWnet o
B A Tl gl ek olal7} el R A 24 A1) BE Bt SR TA)

IE) w9 A IS A5 ASA S I sk 2 e olag
Hlga 5 Qe S9ith

[E6-1] 271 18 74

AP & o7 E0f
QI 11 16 17

FGISI A1BE AR A 5S #9402 TG, AR HOHHL A
2 Bejslo] vHe Al st fasiEe

bl e
el 2 1 el et ARl el ok A Aol
W ez st

A

AEAES 98] £ 7 9 TRl et R A0 SRS §es] AL o)S
F15olA) Tl A2 AAIs] APHA AL B3I 2 AaAe) AF B
S ARG, BHE Aol 2 Aol thet 8-S o8t 4= YEE 6lo]A|9] 4
WA T B ATHEE 4).

B o2t & el ko2 3T Telet YA 73 YTL g
AEAE A4S TSI =ofat Fa FA0L A8 E AR 37 A
nEow %’%ﬂ%‘ﬂﬁ‘% 4. AR S5 sl Telmete Hak, B8 7

BN
i
4o
_|L
rE
(o,
Iz
_rg
oX,
ke
g
E
rx
ﬂa
gL
O
f§
%
by
o
o)
]
=
fru
[
T,
-0,
=
i)
X,

SAAS] Al T S 7500500, B 75 Lol A 75
718 k0] YL FOI1A), F71 WAk Hlo]el: Folo] Wagko] ek 3=
& ISt peko 2 Telelmel R AAe] A 919 Wag Aol o

170 SASEAE| 2dS QIe T2t FEAH HLLd o7



AR AL FUSHA 5 87P P02 el 5 Slek. WA, TG Hlole] 57
T} A7 BAI] RS 3Bk, Hlolelo] A4 el AAS Sl Ak o

7o) Qlr}. B4 7+ S Zoksto] FUHRL} A4 7k A AAE TSk ke
A Th: QI T AR oL A AU B ARHR|e) Teigliet

A
F7HEEE G a7t 2 AASIAI L™, ARl Y o sjRARTE A st
28T 7 = HEAAE vhsto] Foioh B-8-2 ZAsfof ke o= AT
1 vH ] A AAIE Aoietal, 2 A9 A0 S S EAA
A o] Pasith= A4 &’1‘212@1, TRz A7 A TS Y AIE gl
& H a7t vk oA AR A 7RI E
3l A B Bl 848 % EXﬂﬂlOﬂ Ztsfior e A= AAH.
X

* ClIOIE ofieffe 704, Az Y =

JRQzate) wsiAel Belel aEAND TS o) okt dlolg 4yt A
A7t 34 AAZL M) oS Bo 7 X0 vha Bk G4 28, 2 MJ%
gelnete] GkE Aaks] B4}
162 ) LAY HolElE 2o, T2z} clole] S 7HHOP°4 .

2 A5lo] W tf2o] W RsIth. TAE dlojel ks Aol 1417 @, A
24 0 2 734l51o] 4 dlo|E S vlero 2 84 Aale] 2Ag s Wast ot =
3, dlole} A4 2718 AAH 0w sk, 47143l Hoje Be] A4S Aol
Azo) AZHS FRgo 2n SagPA s Bt S e Bavt ol

ojf
N

[E 6-2] S 74, A4 3 #a| 2 ofzdky Zat

—O - —oT
Z1& L0JE] st 7|Z HIO|Ef =3}
-EAZRAS (1SS 9B 4y -HAZEAS (1SS 98 448
2 27 7% 2 hM 2 2775 W HM
7|= JQ1mat Hlo|E -ISHAE J2191T3} Ho[E| 2=
Li&lst b = e e Ty (&ﬂ‘“)

M6 g - agelmet HHEHA A= 171



=X|X{2F
EER] HES
)
HIOJE] et & M2l ML HIOJE] Hete & MY ML
THE X :lg E- o; (@"I'”)
S ELER M (M)
S (A
A

i

T
—H7|% BO|E| M2 S8 HMY 7N BIO|E] BAIS S AIAY
s s
-RX| 22| Al aE AR -SA| 22| A2 2 2 ARY

b

o Y71H 2ol FEstet H0|H EEst

Riglaete] 47149l S UEIH] SIo) B B4, 94 A3k U9t 5 Tt
%@A}sﬂ 43 ;sq~ a}ow* e o] ) s o@u} ofefet

5

HEUE—— Efe‘_k i“é el 9 elole| 732203 el Aol 4
T ARlE WA Bert ol °1%%'H%Xﬂ’“ W2l AAZ 7ok 4 ek o
102 B gu Yold 7152 P8 5te] Bt Hlold F48 US| 5t
Sl S} Bl HelT 4 S5 ook e o] 2 o]l B
A4 7R5 87 A S S SHINE B8 77} om, 7149 avt 57iet 4
A ol 489 A B8 7HsHo]

l

2
5
iy

H 6-3] 22t st 3! H|0|E| EEs} 2 o8 Zat

=X|X{2F
et o
HEH HEs
HiO|E EFEst X S &2 AIA” o EESH X S8 22| AlAH
= 4%t
-Cfsh J2I0102 HOjE(S| EE  ~Ciret JRIQITef BIO[E S| BE
SIS S0 Uy = 2 A 7*54 SIS Sot Uy g 5l oA st
71E J@lelzat HojE -OIO|E| S& &2| AIAH =202 -H0|H SE AU AARS ESIS
L&t S OOH 2| A HId det X HofE &2 % H2Y st
Jgioimat Hiofy 284 M1 Joimat Hioje 284 M1
-THEQICI0H 2 £ mfef  -FLHIXQI H0|H 2& =2 Tjof
-HiolEH MM SRESEEE  -ORoIZo| EARE Oigsut
= st
EASHAR| S HOEHO|A T HASHAR| LS HO[EH|0|A F
= =
BASEH OS J2m2t -3 HQrOFES QISHCIOIE Mz -THE Wot 0p2e 5t SHE3 6|0
HolE A+t 315 HIZ A HNS
- [ S o;|_ o;l:I —
#g==
X AT A

172 B©AZEAE] F4S QI5t J2I1mat HEH|A sy



o A2 H OJoiAXL 0|8 =2 S¢St HO|H 283 Lat

Tzt HlolEe ges] AR7ReE A dlolg7t oid, AWl YAellA H

A FTBL S8 o A== ﬁ]%'—?’;_ o7} ok AllEe] A3 &7 HEE olsfst

OJAle AALYA ol gol it E3 Alwlo] IRiRlzet ElojE| o Fg &1l
3hal gEsto] JIQIzet HofH S A T o Al ARl AlAE EYS A
B3 g g7t Qlek TJRiQlmek: alofQlaete} vjwd W A7t w2 Wkt St

olof] Alglo] Fofete =4 tlolE 74715 P71l HolH e = = Tt

=X|X{2F
=X|X2F TeEA
TS Egﬁ ﬁg_?_
HOlE 75 & &8 Hd 3 OO 715 2 &8 33 3
—GlOJE 22222 St HeH  -H0|E H2|E {8 H- Mz ~E
e S R —GlOJE| 22 2|5t HO|E ZIH Al
AE 9l 37 ¥ HE A2
o 4zH = (445)
O olte] waros arag o O 898 g2 ot
—_ -2 =3 o
MEA 7= 0|59 Mi-RS 222 2ot HEX 7|t o2
M= 7|9t op
M MEH SIS QUSEAREA (4K
= 1| o
= =-O
—— g o 3

Tl zet glofefr} of 7] ol ZAFE o] AL HloE It Aol FERM 3RS N
| 18l S e AA7E B stk ool v A E . FAuT H|olE <
T=olu B 7|Eel 2| gigo] @, =R, A S vt B A e 9
2Rl glol8 &z AAE F=3foF dit. o] 53t e AlAl= wlolE ] A

= [
olu ot Eat opdzh, F2 24 Al a9t FEHdTt AF A4S ole b g

Zolc}. 3k o] gt AHHAS F5] dloje] £ ofle} TolelS 283t /15 et

M 6% - JRQITa MEHH FEUsE 173



08 b ASsHA st AT o 1o H, 22 Al w2 ]lzet
2 2= 7Jord == itk HlolH SHoMe & mofl ke dde &3l
g e HlofE 7= % =7 7hsdl .

[ 6-5 SERHP 2 o8 2y
=
N N CEE
EIAZTAS| D12 COJEMOIA 7 EAZTAS S HO[ER0IA 7
5 5
s ng Juams IS BUUBERUANN NS U8 Y 0XE e AN WO
A S = (=)
HoIE| M7 75 e s
R
HOE 27 2 B HEYS 75  HOE 2% ¥ 89 HEYE 75
“BEI, PN, SR 2 BRI, IO, BRI 2
ol g2 UEYT 75 o g2 EYT 75
OO BRE 53 ER 2 YAl -COIE BRE 53 B2 2B U A
JwATB HOE Y Y LK U x| &
e 75
R TR NTE S X
Eues

l
u)
®
rlo
o,
of
QS‘E
o,
N
)
HT
ol
::l‘
re,
,

ol
ol
2

2
ZApSE=Y] B 430

174 SA5EAME 2Y

o

RIS TR FEAA LY A



[ 6-6] HX 7|2t D2at 24 | e oty Zat

=X|X2F _,:Elx_lﬁéf
TS =
e EEES
HOEl 75 LB FMAY  HOE 75 o B8 IH 4
-HO|H H2-2-2ES flet M -HO0[H &2E 2ot E-Hx &
LIRSS
- 3RS O[5 a1
T CO|E] $SS 915t O|E) B7H A]
[ o= x AE u_|_‘—”.71 H-i_I.IEAEI
MEfA 7= = T
HIOTE-AEA-PIFRITA B (MK
-HIOIE9] Mi-RS-H#ES ?ISt -C0[EQ ¥i-RE 2485 25t
HEX] 7|ut 0f2t M= 7|8t Opt
B TR

o BHA QUMEEL} WYX XIH Zst

glol8 75 & ofdzt 2Rl zekE &5 f1sf FAA e HekE
s

—L
L=
sto] A ) HA8L RASHE 2o] asth ol Bol, 9P $29 54 vgL
o

o= AAA S-S Algoks Wt vheS HESE " a7t Qlek. o] =g A x|t
QIAIE| B= TR 2] F 842 SH4A7] 1 A AHA| 9} RiIZto] =4] S5 H=2 0
2 3T 5 s Fegtt) 55, 1dQlnets 283t 7|9l fi-go] A4 &
il

oA aipAoleh= Q1A SitAIE a7t Sl oE 501, B4 & o] 713

AL A 4= I} o] 2 YIS AR Telelme} Hloje 7] 523 B of
et dlojele] 743 53 w5 dole Algol Wag 4= Urk. oS Fo) X418
£ TRIQIeE S8 AF YA he-S BRA O Sstn, Iuolne} vl
o) 24T ARAS Y 4 ork

M6y -zl HEAH FEUe 175



[ 6-7] XI%i S40| 25 L5 YemPoH 4 22 21 oty Za}

=X|X{2F
=X|x{2t TS
FEES v S
EASHAR| S HOEHO|A T HASHAR| LS HO[EH|0|A F
= =
EASH 08 D2t -HE LRI OIS AISHCIOIE MS  -THS et 0r2is ffet A& H|0|
Hlo[E] A+ 1% B 1= 32 NS
- Py g on___ O;I:I — (AFI'“)
B3T=

ox

B
© MENE JhxIo MER HT 24 g

JRIRIz e} 5 A Thd] 2] o] ofueh, A o] 7x| e} AAs A1 T
S HAdo] o]Fojd " art Qluks o] AXE U olE S0, T lxe} HlolE o
€ 75 F JEe} o] & AN AAE HE E ot A9E EF AR, oMs =
AAA] HE 5 A 8 48 RG22V Sl olE S5l 1=} HojE 7 e
SEARR] U8 & ofet AEA 2= 7o o Yl HolHE 82 5 U=E N
A= ofoReitt= ofFo] ATt ol &8l 1A= HlojE7F Al W e <
A, B 715 B0 7|8 5= & Aol &, &@AFH o]9lo SHAME &
A BAE op e e 714 o s Jdflnet JEAA F5ole =eol 2 4
< 71 0= webEh

re

176 SHASEAME| S QIet T2IQZat FEAH Y T

mjo
00\



Jze1ma}
AP
75w

S 9t 1gQl=et HRAA

JIE HHEZ 2fs] PS5
ainet dloje 2] gelHA 2et

EHASE AE Ho| dSE U=
GIOJEf 4t 5! Pa|HH 7=

Jeine) Gloje HalE HE AHids

HOIE FEa 5l S B2 ALY Ust
o CI2BH RISl H|0|EL] DFESlS S5 Upy o2 Y st
= HIOE S& #el AIA=S 2560 231 G0IE M| 2 H2d 29

COJE] F=te S MEld me
+ 1M HOIE BMS S8t Mg g
o FA A ST S A

TAQIT2} TOJE ZEH FT
« RAFI HPIE 28 22 1jo}
- JEQIEAOSATE (25T H

H 2

Horg

71& HOIH 28t

¢ HATTAS| GSS A A MEE 275 LM
 sHAE JEelE

SLAZYALE TS CIOIEIHOIA 715
- g etz o

At HolH 75 Jl2 488
+ HIOIE &S Bt J1E St
+ JIRH0E HE2 V)% 28 U HOIE 75 NH

GlOJE &

Bt HEE HOIE 75 X RIS

GIOJE 715 ! 28 Hi 8
= HIOIE B2IS floh E-H= 3
+ GIOIH HES 8GO\ SO AL L B H-HE =
+ HIOES| Wit RE 2B E 22t = J]¢ O

HolH S8 3 g2 HEAI FE
+ STV QDY 7R 2] HE HEYI A
- HIOIE ZRE Sot 82 23 sl AR 22

[33 6-3] 2= et HEHMA 75 7|2 LeHHeh

EX: A7 =Y

Hl6 % - JRiolmat MEHA 7EWE 177



O 7|& JZQimet Hjo|e LHAst

 HO|H Exst & S 2] AAH Zst

=

(1

0

Hlole] 28} 9 B3 Te) AAT A5 SaS A 240 e Tl )
olE|0) LT A|TE B Ttk TR FA7L A A The Tiele} golg
7} skl ﬂwoﬂ ok e, Hojelo] Ealo] ShAlE| T Hlole] 1t A} Rolsial

o} 53], JRiQele] Y4 12t 3Y L l_w 240t 5 A T BRI
golel7t 4418 4 OB, Hlole) AAS 9lak Ex8pL WHole). o] Bef 2

7| & 718y @A HIelHE Hlﬂﬁ}i%ﬁﬁﬁ golstH, Hlol& A% oA E
S AsiA 7158} 32 At ARl AH o] 7HssHAl "k

=

glole] 53 7] AR oleje Hashe Hlo|EE 3 o4 BeA 0 Helto
EA AT ol GBS ek B Wl AL B dolH S AnsA A5
4970 740 o 0183 %= QA AL ek B, AR, A7, 1)
%15 g olSAH S UG A2 B dolel S 28T 4= A Hlo] 717 7t
Fo] Zo olAl}. oS o, dlo|el7} B Aol Z2H dlold] 53
ZYo R AR U 8L BB TS 7| 5 9o, ofo] 2 weA H
59 208 4 ot
& Uolrt, glolel Ezsle} B AAEe TRlelxete] Blo]e st 2|44 0 2 AlE)
TS FABE | Ego] k. 71208 BAHE dolg il 7142
S5t} 7lERrh HUT LAATE B2 4 9ok, E3, B B A2 BEIFO
54 dlo]8] A T2 dlole] o] Aol FAT 71507 A4 vl AFE 5

9l A7) ek,
-+ HlOIE Hak U A=l HD

dlole] et=et 1zl At J2ielmet 2 ohlek BE dlojele] AAtolA B
ol Hlo]e} HEHoh Al AN 9 F8 84 F Shb H714 dole Bae
59k 2414 2hole. T21Q1ae} gl Lol Qluelet A Ao ule wat
7} 21, olo] wkek 2|4;210] 34lo] g0 HHzol Bg4o] 23] WolAlek. X4
202 ek, A4 5 Helske Jae] Tolet ole|o] HAS SHush o
o JlIete] AR 4L WG] ol 4 Uk Z, Jelmet Hlojele] A
A SRS Fo AL A7 BAEE £ 5 Ak

178 EHAZEAE et

mu
0x
o
H
i
]
ru
|'O
[

2t FEHA T

HJII
OII
o
re
By



A B AZ 9] 1 B AP Hlojgf 2] 4l
A ] Algells gloly =4, A%, 734, F2 4 52 He v

of o, HloJElE A A2 o= el 5 Q= AlLHS 2EojoF Jitt. ER, 7]
9] @75 4Jsto] sk IS S0l HiolH T2 7AIZ = lojor gt
el Ao 1 H A2 Hol8 o] 45 HElste] HlolH ol 8 Z&de rAg &

S 714 It Sgg Wk

A}
ox.
o
o
o,
dh
ol
rir
N
o2
ol
o, ko
o =
H)
nolll O_Nu
W o
o

r
Jo &
o,

2

¢ 29Ot H|0|H &Y ML

TIolme} Hlole] 284 AE I8 FAIH HlolH 28 5.5 vl Wat gl
of. ol Sha 4 B4 A 9l A4S thoby B 5 ohorst 34 Al
2] 2AS 9fof ARG EITL QIrHE A E ATolA SIS 15 2i7e) At
A, Hole §3 52 wiotste] 42h9] B0 g Ho]

O

s "7} . ol 3l thgRt o3

[
i
r o
[H
&
e
ofy
o
u)
olo
1
)
i
o,
g
3,
rir
paus
H
o
o,
LD
ol
:

R

a0l HAFYH ARIE 245 Asiie 2hdneb) 715} kg vjRl=
YFE FAH oz S, ol& 7Hke s HF 9] a3tg dSshA Y 7Sk A
ol " asit}. T Lete] g Fdfolut @4 A4 et Ayt o= 9, 7= ot
IF7t Auhhge] 'S sk, 7hE 288 ol AAlskeAl 5 2
€ B3] Arote] - AR duft &4 o] dE At 4T 5
= TAE AN = Ut ol e 2hd2 A B =AIA R Fshy IAE
A5kl 1)1 nete] 7IXIE HEs] st o) E S A3 Fol tiek A= e &l
ot o1& B3l dAFH S A o] 2t Hloly E8/4de wY = ot

O BASHE S 22T} Hl0|H A+ 7

Hi

© 7IZ Hl0[H 18t

Jh et Hole 9 sy 4R BaFH AR e A I H A
o

23S 9o ST aboltt =, TQIneE BT BASY THSS s $44
8.8 271513 TAE Hol e S 75 5H 2elo] Waolth. £ A olA] A 2
3} o] WA} Tliet Holels 7l theolehs SRol HYELE 44

Hed -aielma YEAH A=Y 179



47} RS Agolc} BB UAE] The-S 919 A=) A, 71 ol o] 44
A8 37175 47D HolE 25 5 284 A0 Aol dash o
of, Teiglmeto] ehaggolt TRl ete] S A7 fal 8l A S8 0] £ A
7 malet 9] 52 BAsl] S8 FIA, SUE S, 45 5 AR LA AL
& 81E]n, ojo] that Hlole} 70| Wasic

THME T1AQ1 Blo] o] 7% 3t Hlol LEske] BA B sk 2 4 ek
A S5 AT 49 A TS B934 SRS 99 45 ALt 2]
o BEl 2 5 AR RS W9l astc) A, o] 2 SR 2719 1)
A Yole] 752 Telelmete] Hake o 45 4 Gl 7R AQl vt
£}, o] e AAZ w10 dole] 722 9ol LT Tl mel YR A A} b
o] wJolo} gk}, I Hlo]E 722 94l o] tHLIDAR)L & sﬂr 2ersey
851 508 712 dole7t WAt Ao ARSI, Z, 7]Zeo] Sy5E 1l
52} o]l 75717 olszi= AAS vheIR WAt Sick

o EAZEAR S J=22102t H|0|EH0]A 15

TQlae} HlolE SaB AL TS 98] AM87Hse 8 of ) e, A X
S7K5d, AT 24 S Therst ol Wv%# 9k AR} mRElo] gk 2, 12
note] eha% RS o-g TR Tlelnete) tepst )% & shtolct. Teiglua)
HlolEE ol8sto] B4%UAID] 30| BolsiE x| gal] Tz} Hols %
BaE AL -2 98] W Rt HEe Fatslo] Belsln 353 Wat ok v
2% 28 942 98] B Rt ol S Sysia pelgto 24 g dAe o )
olEfo] 2 FZo] 7153t Aolth
U123 Hjo] = tiaket ol 847} 47 Hel 1 TR 4 YwE A AE]ojof Firt,
2t doleHlol Ak FPAR, AUAARHA, W19, ARl Sol 47 88 4
%FHE Aol 5}, o] S Bl HaFY BR DAL o A5
Qlt}. ol Sol, 7 X|oje] s Ax dolgg Aggon, Ao
877} 71510 o] 2 Hjgto w gl A Wax e REe 4 9L
10151111101&7} eeRloR F2xo] AX7EoE ulolETThH, 7 Zixir}
2 uikow g wieke 2SI 919 Ale Helat 4 QA He
A13) hS: TR} Hlojefdlo| Ak Bhan i AL 95 BT o
F2510] A Zel=d] RS Folo} gtk Hlo]EjHlo| A% Fa) A EH:

[0}

—_

F[l“

we e xo
&l' rksl ok
oﬁ _|>

B
2
O_u

>
&N
i)

P

>,

o
HI
o)
filo

180 EAZEALS| FHS IS J2IQIZat HE|A| JLrele G



W5 Yolei AP ?ﬂmﬂﬂﬂmmkl%ﬂﬂE%%@EEwL
FON, HAFYS I8 T eke] WS QA 4 e o= A8 Auto]
N
A1) 22 Slo) 2D %

- A HOIE 7E 7l A8at

AT EloT8 75 7149 AF88H A 7554 gk TQlmet dloje] 720 B
Aotk 4 L HYAT AES 5 HEEﬁﬂﬂﬂEﬂﬂﬂHT&%ﬂ1ﬂ¥w
A 2 1 A5 11} Hlo]H o] THE W4HQl A0 Holm, o] F 95T
% 7]40] A7E oItk L, RS 74 EL A7 Bl ALET S o
oIt FHT A°] HelslglS # A8oiElo] YA B M5 ol FH
52 915}, o5 S, oIHLDAR), S B9 A 5 Bslo] 5 B2
o mlel ShAES] TRigliet HlolE 75 7142 Ut ATEL o Shelsglch

ol pE 714:0] AH8THE B AR B8 7R5T K| oArke] @ ek o]
g 7%o] wasit
7z e0]E]9] S A Hole] 75 714 F83to] Al Telnet HolE S

=317 Hl8f 2]l 8 4ol Boluhg 9t 1l Le} 1]0151 7= 71&0] AUA
B SEe A 9 7 "olE7E /lthd HlolEE 752 & Qs Zlo] @dolth
& 7|0 Wtz gkgatolcto] EoIE Wl H3r 7} Eolx| 1l glow xjeko|ut
EE0] Bfolehg AR Hutd 2lofo}, &0l Al e A== Ao Soln 5 &
& 7kt 71zHolH 5ol S Slnt. 27 ofEt YV IeS e R I
AR EE 98 087 3R HlolE F5 7he s, ARl A9 il A
Aot} Egdhs 2EFE f o|ufA]| 9] EE 7hsAd EF EorA| AL itk

2oz, Hlolg 15 7]&9] AJ8atet ol € 13t 7IzH o H SEE TRz} |
ol&{ 2] A - HA] Foll 7103ttt +AE 72Tl B} FEod 71E2 B8t &
&30z It gojHE 7591, o] HolHE AAlA s delgewA IY
IZHE o]t 7|5 Rig 3ol m¥ta oz 230E 4= 9 Zloln. 53], FH
T Aol B ot ek ZAE A o2 AAE 4 S Zlojth

l“ol‘ —r‘ f

M 6% - JRolmat HEHA 2EEE 181



O JZloiTa) ClofH i J HEA A5

gole] 75 2 8-S s A 2 52 WeAQl aolth, Tgliet Hole
AT 7%, Hole] 75 918t 71245 44, 7EE Pl 28-S I SE 5 B

A Ao] Wasith 53], Hloleo] He4, N4, WS wAseld vlole 75
22l B 3 A vielolo} ek 2 Aol Akeh A oole] 5.
ol 8] 2] A 75 5 2ATA|] il Mak A% Slol x| 230 4 ek, =k
A AwA 7]k dole] A4 0 B Tol A AT & Y 0 F FEL Zodx
o, 27| hE Ao 7EE gl o) YL 1% 4 gl Vo] e

—

dlo]e] B2} A AT Hlole] B84 ATE 8] FaT A4, Hole] Sax7} Ho]

B 752 98 £83H= AR} 2]
e
9]

7k Q=) 47 HR1g 4 9L, Hle
2 F&atchel Tiolet Blojelo] B84 A1l 2 FFL Z Holtt. E3, o]
RIS ERERESE R DEEERERSE I  ER1] 414
o183 4= QA A gkt o] 22 wlo]e} A Al L3S 918 dlole] ML Ast,
A}G B ol Bt TAZ 43 WA 2747} vhislolof gk, g 1A Wbet
dlolg] el ete] dhet A 3E T4 et ek
- HOJE B Y B HEYT 15

glole] 434 9 e 7]eke] Wee Slet WESIA To] Bashth Az the 7%
o] T2t glojelo] Z-RHE, FEAo] Y Hole 2t HE B3t dlold 4 A1
5 7} 7)¢k0] HA3k HlolEe} AR ARto M AT 7k] VNS HET 4 ek
Holel S Sush] B3k -} uzk, s 7 Hole] 758 98t B FAE UK

T olom, AT &S Y o QU 9§ 501, A7 el et addxe dF
S

n=
re
-
N
r o)

gl Yo 45t elshe o) Yol Tpel Ay
25} 9t oS So] A B L S20] WAE Aol A9 TIQlxe} ol 7
o], FEAPRAS §E 499 Hlofe] 753 e S2o] Holut

ol

182 EHASEAE| 2dS QI5t TRt HEAH Y

re

__’.L

mjo
B
00\



)
v
)
oz

i
)

o} o] &2 A2 B o = HolE o] fgd At e B8 &
o

Q.

o

2,

>,

(o

2

N

gl

ol

ol

o

)

S

N

2

flo

B

o

N

m?%

o

l_m B
:%

1

o o
2

rS
2_,‘
3
T,
4
i)
=T o)
N, ok
o o
o £ 1o
oo o &

)
K
ot
e

)
1o
(I

&
)

1

oy

0

£
olN

2
2
N

)

st
4 N
o)
o

2) EBAFEAE DI} YE AIA- 715 Yot

r
r

2,
HE
il
oZ
H,
i

2 Aol M AR ZAH ou] TRt 7] efl A Z1Ql et ¥
AL T} o]0 7] H|o| el e} FF- 414t AJAkE HloTE 7} 1A
Lol Wasity &, Izt fFE HlolE it T 53t
- Z a3t HlolE A golE o] 53t A B E, 1Al -8
Are] o8- TRl e} Y H AJAR S AIRISHALA) Qi

ol oy
el ojl
oy, o

9
%
il
~

f
o,
fr
¥
-3,

I~ o
0

T R 2

2
)
I
;

i
ofN
ot

HES Hlol o] FEA YR, WAR, FELEY, AY 571 U5 P3O
U} gfolct Hlofeloh 2 TQlme} A 752 9Igt 7% HolH e EAuEEY
SRR LRI CRESE QEER AR RS QERRAEY
t}. o] % Z2ielet lo|eli dlole sk SR Hel, HIEAA WE 5 AH
Yol QAlS Siat Mehe SIS Tk T 371 7%0] Wast Tl 6
ofefo] hBAI Hlole] BAt7| 2o R 7] xulo]e) B Age B 7] xdo]e]
2 Aot Ak,

At Holi Hlold A BES A4 T9let SUDBR Syt 449 o)
oleli: HolE AF ELS B AFHAL B4 L TG A2 Fo) v 1A
Q=S Aulag 4 QLS dh 7EE SaFYAE T 1Az Hu A
58] AR AL TlolEIE ATl BaF YA S-S gt Teolmet B
sjobt 4 glom, ol 2 Higo B HAFYALIE Adsh] I3 AL +YT
o}, glohel B4 W F8 ALY B BEOLHEARA BES 59

T A9o] F5HHES, A|2g Atekat gk

4
]

[
o

gl
olot
2 30 o o >

S

o
2

M 6% - JBloImeL YERA 2EWE 183



GOIE| =S
API A AH]

A 2E

o

N

H

EAZH o =X|

AE
==

J2Io1mat M A|

=

| ChS

=1

EtASEAL

1

GIOIEf Hxz2|
GIOIE 713
HIOJE o1 25
pehpal Al AR
HER 2 2

ES

21T a} HlO|E| A4AF AJAE

GlOJEf ZaAAR

E

7|
JEQIZat HIO|E B2 AlAY

4

AUy

Q) =8

)

o
=<
A
T
o

KEI”

B
El

51

397

2

2t G AL YT

9I3t T2I0Imat HEAA T




2 AT A AT 2] Y 89 AR ol 500 7H BA N8RS
% BR3k 9lom], A% ¥ FPIRE IRE FEAY YR U AR 44 3
AL S 5 G FAARE 7] eS80 U So
SR R A 2T 29T F]do] 2ol Aefolct.

Olf

3) 4yt 715 ORIt HEeL 7 St

O =x|

B ATl FES vl w2 o)A 74 2
e o)A THE 24N, TEAR Y 9 2] Sl B W oH TE
9, FUSA), FUAN, 5], TEAE 5O 24 W Tejo] Bk ME o FE A
ST YL S HAR B 4 9k, TE 210 BAT wlolel v Aro] 4R

g 2 FUAHE TRLOIFOH, AR Y, 515 AR A

A=) 9k, o2 Hx) Arsl AR Do FEET, FAE, 41, 5%
SoRd 5 ARr T 2E0E BB UA 24L 9% @87 LAY o) 2
71491 o4& AN e

ool
431
A
E
N
N
b ¥
N
>Ji
3?1{
o,
o
N,
T
;

oy
p

o
A
=)
=2
>
I
)
N
N
)
5
i

s EML e w-‘%l , BLA7 5 HEIEFEE 0] lofof dih. FAlE ARHA|
7hold2 RS Evo} A P HH P55 ) BFEAPE BRI, o] A
MR 75 913 w80l H=sto] thRR o] wA7 gagdo s QAR Esla
= %ol

7155} 23 SHolA 549 B At et A S A7 2T HUsHl £5
R =2 S0l A AIXD = Ut @A AR L1 TeNE BRES A%
At EAIEA ARERE APGoHs AR AR W 529 fAo| 1915 4]
A G 0] 83H= ot F, A7 ERE0J9)= g
Flep/do] oAl A, -2 EAIGA B R RE FgA o tis) AlAlsHA] Zsta
ot} B3], e Ho] Ex|etE 4280 FHL, 428, 4271, Sapto] 7] Sof uhel =
Foll &g & A= s=ol Aolsit A AT o5 'HYshA] ZstaL Al

0

M 6% - JRQITa MEHH TS 185



"G 5O 24 9 welo] R M oM TR HR4S fusel suo B
QLOR, 790 we A% 3k FE ol A Y E 274 o] 13k 4= 9lck. 1=

S AR AN A 02 TEIE A7 GO, ThEEe] A4
o 7kz4: HlolE 7t gick. ik oflet HlolE7} Qi A9l HlolE o] Hzx At 3

;'5'_
ZATEA] okt BAS A3 whelsiA] Fohe A7t jFRolh E8, 274 A7 el

S

U EAREA w4 U5 EHHOINS 5 U SOl AT Bole] 48 AR E
TEE A SR A 7124 dlolHrt 2 $4HRQ 45, FAA,

= O O A ‘{l\A
SE st WeH 0 2 FEElolof ] 27140 G Aot Helye 5

A 2
3} ghistol thopst o] 1g 9 4 ok, AlREe) Bayel] AR R4 o
91 £ 95} A Holek. 7hEe] B Yot Wik 7Y T FHA] 712054,
SE 9 S0 uheh o] Yol o] WSk, LAI] uet QA
Aerohis 5 ejo] Wakich, TR NS Th919] R T 45 71 o] dhet
HHE P2 2 9lo} FPo MR Tt HES £5F 5 ek

186 EASEALS| FHS 5 JZIQIZat HE A sl G



H AlF el met 55 AR e
WE, A=, Al 5 1ol zetet
Q4] et HEE 5= E PASH

BEIFFEEAUNZ Ao, 759

& ko e
o
st L i
o B
) f
= M
oo
g L
o
30 S I
N 0%
i
L1
= [
> o
o |[H
2o
e
r
i

SEIXIE X KRt

A9ZABFHHE 9] %H)

O FAAZ B A Y - A2 =F BE 7|3 59 FHI2 e 2 51e, Z4zke] A - A &9 ofist A
B Ao £45d2 AAste] YehfAYG S AEA ] A4 B2 B A2 vEhyof gt

@ FAAELO0 2 £AAE2.00 BEEE AY - AEL 2 XA E] A4 4 &8& 55 A5t o &
59| BRAA | uteh 53t of gt

1. 25(A)

2. A&(B)

3. A1A(0)

4. AA(D)

5. AI(E)

6. AF(F)

7. AA(G)

8. F71(H)

® FEAFBLAFL2 FAA L] A4 B2 utet H239] EFAAS AES 5 ot

SA: FAAE 2 AAFA. SELTTF A209%, 2015. 6. 4., EFAAA

AP A 2 D AT B Y, BE 12 A AR EETEEQD

2 AN Sl FAAE AYA R BEI QD] i A, SEF A5 32

o= SAAE 1.09] 49 ke, AFA 5| H A R FUSES 9, 712
AYA, BY4 5L Ao H/ISHES Holgle). E EYLe] 4ol B

AY5E Y PR BI)5hES Helgleh thit A4 1.09] 3

. A AUUA7} Gl Fefol7] o] Tilmet FHAAS 913t 7]

sp71ofe Fel7t sl

9 o

i

A g}

2

‘T g

¢

o7 X

%

Hed -agielmat YEAH 1Eue 187



FAAE 2.02 T} HEAAE At FE 7= 7oz ARG = 9l ot

B ARAEER SO ERTE HI|SHES Holglo] shaF NS e
FIT 3L Telixet o] 2R Y Yefole,. 29 A 200 7
B4, BY%, AGS, ARA 5 T0lmet Bl ARE 71402 BAshs o)

A5 Aole) 26, A TRe) A AR 25 g A A S
A=l 3oz T dlolel 7t 754
BA

15 A= 287t 3ot

_‘rﬂ

ZARE 1.0 AR 20
=g BER L2EB(NEN=S) Syt 1:5,000 1:2,500 1:1.000 - i HI2
2 | 5@ k] 2 | 2d oy 2E | ad oy *E
RAFEANOER 00020000 o
EE RS 2B 00023371 i
N RS R/G/E
2= 00023372 3 | oressso B 40| grms
= = | pweme 1wl a4 RIB/E |y | e R/6/8
(NEZHMER DO025110 Ll “ Py M n/0/0
_ T F./6/E
» Y] 00025111 o 0/255/0
A D00Z5114 3
= |—m—t| RAG/B
_— JNErEY 00025115 = 0/0/0
- R/6/E wme | ReEs wme| RS
2R Don2s215 AR SR s R R Al T
. S I R/6/E ECE R/6/B
=R Doozs216 2 = | n/essio 2 - 0/255/0 8 - 0/255/0
a0 e R = RG/E R/G/B
MENO2E 00025230 = o 0725570 L] 0/255/0
N I R/B/E b3 [ b3 Fi/G/E
29+ poozszst g et /28570 8 =~ |  0/z85/0 8 =+ | 0/z55/0
s [ R/G/E [ R/G/E [N R/6/8
e
2e= huzszse a VEh e @ U o | ® | i
. o R/G/EB i R/G/E i R/6/E
Tee pon2s2a3 B ojzssm | B nzssm | 3 0/755/0
o 1 R/G/B I R/G/B I R/G/B
Hue= poozs2ss 2 LA wmsa | BONR] amma | B DR omsn
=MER) 00030000 =
=7 Reass i R/G/E =T Ri/6/E
O - 1 1 =
SEs  |sEsEs) poosess 2 1YY gasmsa S e I R
=
P P R/G/B T R/G/E s R/6/B
e D065z B om0 Y gossa T I I e

[12 6-4] £XIX|E XISX|E B=TC=(0H
SX: XX 2 2 2 At 246t 78, ZEX|2|™E/A| H[2022-3600%, 2022. 8. 26., YEIHY. HH 1

It HEAA e A7




TeIlae} el Al Aol SISt A Y TRielmeks horet R0 o]

glom, Aol S, h24t TEA: 50 24 9 B

of ek 8 o] thta Qlofm, EAIZUOIE S92 TR (EAZY
1}

F

4 2] Sof I HE), SASoh Riks 5L AR T EATY L %A 5
o Tt ¥ 8 oA ThRa ik Telmete] g S ek 3 4 i YA Al
1 Abglol ool cha gl MAHIARA] 24 9 Thelol T HE oA A=) A
AL FAISAL 9k o)A E ThE IRt §go) AL 2w eIA] me) A
AbS AT 5 91 Aol

A=A F =] 24)

O AR ) B2 A - Belo] 837 SIste] W20l Alglo] dhsle] £80] £8 - AE - ol 5
Argle] 93 FFH 02 HAG TH(ols "It e} St AAstolof gt

2 AuAEe 25U 44 B APRAGA ] FolA Y= A0l BRF AR A2 47T
4 Itk o] A9 Az AFL LTS 71%He] FL AP 437t gLow olo] wefof gt

® YFE A4 P - A7, 1 ”*°ﬂ 9% AFL SAFA BT o2 Jorh

EX: AP 24 L Felof A3 HE. HE A20086F, 2024. 1. 23., EFEAA

E3, Y] A9 THPAAL] 24 W pelo] B WE AR oA P

A1 9l e]of tisf w7gotar Qlek. ol AE Lilaet R dlole 734l Bl T Wok
off tefA = AAIL = U Aol

ArRIRIRo] RN W B0 B3 HE Al

AZZANQHES 24 5)

® ¥ ABZE A1) THE Y (I3 YT Frh vk AT b, 4K AG 2 B 5o

Qlsl A}-%_] Hig].ﬁ;r}i H]—ogtﬂ u1_9_7]. A= 75_,_01]\— OIAJ-EE 1\1\]; Zl/z-)]tg %;}
@ YT FITAR, FHGY L FARAE 7122 A4S, $3 295829 1 o4 AEE HAstelof
gk

24: A 24 % B2o] B BE AIFY. FVFALAERE 46793, 2024. 8. 6., EEA
7t= Hlole 752 918l 'eAle 52 24 3 Aol wt MEs o HlolH =0l
et W8S BAISHAIE, 7t2a & ofdzt sig ‘ﬂ oM thfs EAlE, Adse =

goto] Hlofg F50] 7R s, (A 52 24 9wl At HE ol A
< 8w 7tRsE S0 BAsToE B o}f'% 3y HES B3l =AlEse

H 6 F - agelmat e 15U 189



A% 2 B2 EA4E] FelE S EF 4 Ak WA A v 5 9k
T, Eieo] bt EAI% 59 91Xet RS HISHe Zlo] ofd, BaFuA
32 St Elo]E TH2 98l B ASEOSATSY IS At SRS

FESES o Bast ek

H 6-8] tA= Sl =d ¥ 2o 2

o

HE JHM(2)

Y piibs]
Mg SO =4 Y H2o st HE Al S9 =4 U 2|0 HEt HE
A A HI6Z2I3(EAIESL| X|= EHA)

O MEYEE =S 2852 Y - 2o &
25}7| Iot0 H=2| =AIESl ol =2 &
F-XE - U0| 5 EAEE viEs ERHo=
TSI X2 (0[5 “EAIEXIE"EL BILhE 2
St040F BILY.

@ L2 A SYEF7 1= F = XURR|
BRI ZoA YT Zgol 2T MR MES
278 4 ULt 0] AR X2 HES 272 7|
| T2 YT ARZH G2 0|0 [K}2fOF BiLt,

@ ZAER=Q 2ty U - Al7], 22 5j0l| 223t AL

&2 SHSUAERZOZ Holtt

A 59 =Y R 220 2Tt HE Ay TAlE SO = H 220 At EHE AMHA!
&) BZ2(TAIEXI=S| 2y 5)

® ¥ HOZIBH1 30 M2 EAEKIZ(OI5t “EA
#XI="2} SICh= 6NN ARITE, ISt EAI
So| 24 o E2|Z OISt EAIRSO| HErANE
HIE LR U R0l EARKIZE 242
ApEH 4 T

@ ARKITE SBAT, HBY, STAOKEY
AAH, OSHEBAAY U HKITAIS 7|52
RpA5HE, S5 20150 1 OlAe] K| AhY
31010F BiL.

® ¥ F26X0120] W2 EAZ4I02 olu| 9
3 B2 SpI010} B,

-

22039l w2t Th=A e BASY, B4, 194, 3554 ' AA|eE 4]A80]
ke 7, 28al £/t § HHss) 5o] TeEn =, S9sA] Ao 15

O
(e]
Al
e
ol
o
>
Tor
o
0x
o
4
o
]
ru

QUI2t FEAH sHeet g



E3H S HAR] 8-S I3l B A522 22 A7 HilE AEAIE S )2 9

a3 W
SAIZR O =X] S0 B3t S TARBR U =X SO B3t ¢S
W8 HAZO(BYUEA| S| 15 B2 5)

O FEDSLLYUS AT U SX|0 et HAH
YT AR U =X|O| HES 0I5t Ho| ¥

o= X T

HAt - B S3 flolt SHA=X| SS Hutet

e

X

3 =

F KIZ(0l5t “BRHs| XIz"2t SICHS 755101
Of 3ict.

@ FEDSLIYTL WY HoH S=
X KIzo| 7% - B2l BRF KIRO| HES 2
34 QICE, 0| P BT R0 2 Szt A
97} glo9 1 Q0| wajof Bt

@ FEASLIYVUL Bo=K| X2 FBH 75

FE ?Iot0 2 FR0= SH=X| X9
o
|

ror

e

B o

- B2iZ FE7|H0| SIS 4 Uk
=X XIES| 7 - BH2| U MBI QI
[o] LRt MBS IEnERHOR FIICY,
# Y =X| SO B3t @B AIGTA SAIZY U =X S0 Bt ©E MY
) 3ZOR(BYSK| XIS XY 5)
@ & HAZOI2A1 30 T2 Fek=| K= (0I5t "3
=X X|E"2 BIC) BADICH RASICE Cigt,
TeumR|o| TN U TR Q15 Bk=Ko] H5H
T2 BB HOT QI 220 SREXIXIES
SAIZ Thet 2 QCt,
@ BYSK| XIEE FBAT, 2B, FBHOIXS
YAAL, OISHETAAL U HXZNS 7|22
EpAOHE|, S5 2015320 1 00| XIE2 By
SI010F BT,
@ ¥ HB2Z o0 2 2U7}A B ZEAlR0R

QFUY| Yot EE Adol0{0F Bit.

®

r OH
i

F

ol

)
i
Iz,
)
rd
kY
_O\l"
T

T
5
o
)
o
v

et foll digt doly +5% 274 E of
E7F 752 & -z} dlofEE dAIsH BElsh]

R

)

oN @ ok

N

(o
[H
A

2%
i
3
rr
N
o
do
N
4,
oo

(©]
o
=
)
li

Zolzet 4
AAZ % e Aok, 715917 hg-2

©)
ot
T
b

¢

. =
JQlxet A A Ak}l Agtsitt 4]

=
o\l

;
ik
1o

b

2,
ofx
_o|£
K
rir
i
il
N
[>
U\I
i
W,
N

ol
£
N,
i)
oo

—_

0

JiX
W

Hed -aielmat YEAAH A=Ee 191



S S 7 RAR] 7ol WA R S S SR 7R A
of “S7 bt LAk 715 B T AR 0| 7] Bk A - ol - 4

=z
Hopgmzt L AdEA 5 AL I A mYHT e

71597| LSS QI5t EIA ST . AIMZL 7|2

A102EF7 SA2TH S8 712439 9 - A3)

@ BRE A3z 7|24 wet F7HHA 2 FA7|AESE RS G4 fi5te] 209& AY7|Ho R st
27t A 544 71 ZA (03} =7 BA G o2t ghth S 5wttt 27 - AJP5}oiof et
@ Z7P7)12A 2o oS 7k 5.9 Aljto] ZgHE ofof 3ttt

1. F7H| A3 2A7kA 2H B3o] 3t AR

2. ZHe] 715 Hst A 9 vl Adat of7] F9 247FA RS

CRATMAHE - F5 AR LAY

CBRAIAEERSY S A R - A g

. 713 Hske] HA] - o - Gk - HAHIE 2 AdA] 5 &S Ao gk AR

. o2& Hgho] TSt AL}

LM7)& - A 84, ST 8443 5 SAHF AlFd e ALY

7139017 83 EE AN D FAF ) Fe A

7139171 82 figk F7ket AR A o] g2 of Tt A}

10. 45 A3 29 o]} ZMA0] S 9ie A A et 2 Wt

11. 1 8] e&t4%3 AS|2 9] o] 33t &M g0 2213 9jote] AT AIFOoRA EFHOE k=

B AR AP EAYS £ - WAt 4 543 A2 58 Boto] 2T BA AE7L ol BAA 59
9AE £ 0|5 HYSIES e stoof gt (A4 2024. 10. 22.)

@ =7}7| A 8-S +PHAY M she B9l 939 AoE AR F F53]9]9] 495 Ao} gt Tl
dEFF oz Hoke Auet AHdS AAHsH: B9 93] 2 27399 AoE T = 9ot AF
2024. 10. 22.)

® FARZTL 77| EA T £ - A Fof] Fet AFE X A5t ALt FF+3F
712e] AoA "agt Az o] AlES 83T 5 9t o] A FA FIAG 7| He] F>
Zt5 Al Zol F=stofof gt <714 2024. 10. 22.>

® AFEEH A4F7HA 9 A0 b2 F7P7|12A 9] = D WA v - A} 5ol Wad A2 EEH
o2 A3}, (14 2024. 10. 22.)

O 0N QWU W

Sfsto]

2 3
=98 Aol glod

EA: 7197 H82 A% FAFH - =4GR 71 EW. WE A20514%, 2024. 10. 22., 27

RS YA SHE Slak TRl ARAA 5 et F S V18] thee

e BAFY - R 1R ARSI P ARISEIA Gk 1E9] of

2 X 3, A5 ZOA2Yol AT 2050 BAFT

9191517} Q1le] ARt ARFOR EFAY 5 UOM, B ATE A5EE A14stol
o o

SAZYAD] T3-S 9ot TR HHAA T3 W TG B AL HAISHL

jiALh
X
ox,

O

il
40
ot
o
B
ol
r
p
o,
ON
N,
f

192 EAZEAE| FMS ISt J2IQImat HEH|A sl G



E 6-10] 715217| LSS I3 HASE - YT 712 Al-¥E 74(2)

— | oo
ity yEs
HpZE(=7t HASE SMET 7I2AIES] £8 - Al HM6X(E7t HASE MUY TI2AIEY 8 - Al
&) &)
@ & M10ZH22M1120|M “USHHOZ Hol= @
ARe"O|2t ChE 2t 39| Afels ettt
~3 (&= 1.~3. (425
E50|| EFASE ALS|20| O[3t =AMEO| R 4, T HIoj| EtASE ALS|29| 032t = MMTO| £
2 Ploto] "E'E7P7IE71I2'01| Zelsh EoIt S foly HASESIPIZAR0 ZatE 2Rt
AT M1ZHTY0| 2 2060 BASE=E QAT B M15ZH180] M2 2060 HASES
MEERH2|7 21750 2Tt At Al

Q|RIB7} QIS0 O|ZSE ALSt
A H) B, RAITIA EA0 8l 7|59|7| (1SS 9|5t J2IQIT
2} MEXH TS U S yloto)) RSt AFS

F
9
1>

S5 715907| 22 It ABY - MM 7|2H S HIZOR PR By

H 6 F - agelmat e e 193



104 saZRAS 242 918 7
SRS DU Y8t TROEA HEA e o
= [=



A7 4

=

L a7 37t 38 Al

2. 479 B4 4 BF

e

B v gasuas g %—fm dolme} A AL B w2 95 £
o] 7S A eTh A, BAFUALS] DHL 98] 1Az} oA 4}
517 o8], o ol AL 4 A EAtellE) Sz, el 19
Qme} 4B 75 BYL RO LA BAZUA DAL 9 BLAT 12

e} golej7} .9%0] 9L, oM ol $24k) SRlstedrt. A, el
ofH 93] 91 ofwl ol ThEIg=A] Shelstol 3 IRQlae} gole 758
Sl st W 4ng mur A, TElelme} wlole] 44714 Pl
A2 24 U EAIto] WA P53t TIQlme} Hlo]eE T 4 GleA) Blsta
gole] 752 9j5) Bag 1 237|208 E AN BHAERo R, B Qo)
24} 9 A 8-S Mo 2 BaB el 94 it TRidlnet JuAA 75
W} 22 AL, o5 et WA MRS Ak,

A7e] 28 AT | 71X 2 F2ie 4= et

A, SaFYAR] 242 A8l BA Feuetel FEt T-]lxEt glojErt 73Ul
A AA A

HM7E-22 195



o
o
o,
)
_?L
=
r o)
ol
rE
:|:‘4
2
ol
2
I
1g
b
*x
ool
B
[
i
o,
=
i)
i)
)
i)
;F'
it
(o)
<t

olxro 2 BhaZEAlE SIS gt Tolmal Pu A 1) A vAEm o 4
B340 2 B8] 95 712 B AXsheTh

2) JQIna} YEFA 2E wet

T meks =A19 7]%3— s} Eﬂ%é‘}il At s

ol
&
d
i
o
H
o
o,
E
me
Z
19
gl
olok
o,
N
b=)
2,
o
;g
ol
Mo —L
o 1o
5 @
HoF
¢
< o
5
B+ flet
ral oo
oot N
o

oo
_?L
r
me
jad
gl
o
filo
c
o
3
kl

—TL—OI 7}~—0PE} IL‘?& AZL2t FEAAE o]
£ 20171 H8ll =AY 5 =] BEE 5 TRollA B4 o ok
glolE shd et S HE B8t 54 A1 e
x%__g 3_1}01-‘6_'17_ o}E H}%‘r_i
FS A& 5 Aok Eo, Eo

]
WAdo7HA] Y& vIA, AlEelA B At e Al =

2
oy
2o M
a) = | i}r‘
of o m N R
R L S R =
o o o it 9 oxt

T

A k2 A2} 2L Holel S T2 HE £ AR & e ALY 755
o 449 AL Shk. o Blo]elis 2} |9 42 Hx|ok A% A Tiotate],

G4 B0l 413 Aol S22 Heka o2 XS T A o) D
558 245H B vl 24 50 28 4= 9tk oS o), EA Mg S we}
T US| 2B Qo 2, B4 Aol o] ZAFE AL YA =
A A L5 HIA O W 4 Uk Bk ohet £ Fok ool S22 WA
oK HYAY| I AEAAS AAALSE Itk

EENESE DERE 80
o) 289 4 glom, ol 7

o] 7|3 ¥stE QU] AT = e At S ol &35}
Hioto] tf- 321 vlsh=t] &8 7Hsst Z}EOM. z
0} 22 Ao |5l mA] 9 5k 5-99] 5 W =A] AHE BYE ok, ol

196 EASEALS| FHS 5 J2IQImat A JHLee G



B0 S5 91A 9] SRl el g4 ol e g way
STk 3, 71 WS Qe S71eHe et FAR 718 4
A& vlg] EA510] thu|AS vlAT o 24, At WY A] o

TR IPCC 5 Thast 7158} 7] 71l A AN s F.8 247k B4
ol I Holele £ A7k S0 S8 0 Aol IeieIels] £
TR B4 APISIL A7k 490 Q1] 18] Boltt B3] w9l
Heph Ak S0 R U] SIS 5%, S, A4 5 27 et
glofof She ui TRiQlie} AR AA Y] F3o] LAVkA B4 B U F45E 4

4ol 5% 9L T 5 ek

A 20 5 25, 21 5 A Beekel A 58] LA
se BAORA 54 Aol £AHAE bt Eo G, ke 18
o11tet 7%0] 7Rs 3 A9} of]Qlx] BHelgk 4= ek, ol HRis 7t |0 ehaE
% = 9Ao] 7|olsh A AR 28 TRs sl
RIRH $2 o =X| 742 42

TRolme} JRAA S SAFYAS] oS B ohjet 20 $AAY U T
71 EANN = 2go] Fs3t). 2 A 0] BUSA 7| AT, EA =AY, 7
% 247 7| EAS 52 ST W), A9 1 549 42 RS djo]E 2 Susle]
o 54, 89 Eﬂlisawgu A9 AR Hole| Bg

2

L e
il
>
30

PNeg 242 71 BAT A9 B AR A 72 B 2SI AL
R 3971 2o, Folel BAlolet wele] EAZ 131 A1l LAY A9
gk, JR1e YR A A thet 7kms Hlolelsl AR A 0w %—%J}t& A
P24 24 718AS0] Sgolut A4 Fhes: Belol glo] M8 Ert % agA
273 w3e 292 Rolth

HM7E -2 197



O e 28 U $AT?HE

[
L
ro,
[H
au)
fr
oX
Bu)
Ay
e
)
>,
5

N
fo
ot
18
ot
filo
ol

o}, 1% SRt Aty Bl
T4 o] 7], 7h2g}

)

N
N

|
9]15
N

N o &
1
>,
5

o E
i)
£
e
ol
i,
gl
u)
S~
o
i)
ol
d
r
rO
[H
)
rlr

By
=)
op
&
N

2 7h2 EAZ 0 RH ofe] HBHC] MAAE AT 5te] st 4 A4

o] 7Hs 3t 2AL 2% 4 Sk TR ARFEOIA F4 BT AT ste] HAIA, AAA

A7 ST 2 WA AR|AS AZE 5 9k o] B Tk Telneto] §

of Qe AT TRlQlmelo] WA 4ol Fake et 420 A/ S AR

o] e A I} FAgIo 2K 0] BT GRS Et

SRl FRAAL gk aellnte] £ e g ekt wos
89 2 9tk 42 AR A SEeHEAS TEste] /K17 9 WS Al 5

o
v

fifo
)
ro,
i

2)7} 7hssltt. o= 50 et S

tlo]E|7} 2 , O &ofl T] &85 IS = ek E3h B, 7FES, T
H=A]9] 24 2 -FA] T ARJollA -8 4= et B9t opde} TRl A
A2 glolE & E-&-5to] YA Au| A B} e A48 B2 ae g B 312
o, ZA] Y ohgRt A1 sidstr] 1t A7 18Es-(NBS: Nature based solution)

o 282 5 AUtk

Ul
0

:
)
=

198 EBASEALS| FHS 5 J2IQImat A s G



) 2 8440 5104, ol e 271491 977} Bt

A, TNet dlole] 752 913 7|2 dolE o] 7h8 S Rt Bateict of
Eo] ZEAHRANA golt HlolgE T i AL st
= =] Yol HQlA), A7 R QK] A HES A A7H3
0] Selo] Washch 2, okt 71zeolE o] 184 U o R
Fo2 Bart ot

S, A0 Hol % AANAT TEE g oato] 9
87 AL Ao Thal B8 ek S T SE 9 4
¥ 7% 1)g 1)1 Tlelme} H R A ?-—Ml a8 ool %ﬁo}@l A A
94e 98t TR guAAe) Hade 4% Best oot

B 722 9lat 7]zeo]elot W 7]45o] 8] Felstert. e, o} A A%
TOIR FET % YA A5 S BES] I AFAAS S Bask gk e
of o]} %] mAleidolut Yo 5 HAl 14S 8ol A53k 4 olrka 5

[e]
A%k, 47} 1007} ol o) 2lekg £ B oIk, o} Sis) A Yeeg
THEHS T 98 7R3 ATkE S| 99 ool o BRTH) BI%H 4 s AsAl

2 AW "ast gt

HM7E-22 199



200 EtAZTAME| FNS 9Ist DRI} HEHA| THURE AT



References

Abbas, S., Peng, Q., Wong, M. S., Li, Z., Wang, J., Ng, K. T. K., Kwok, C. Y. T., & Hui,
K. K. W. (2021). Characterizing and classifying urban tree species using
bi-monthly terrestrial hyperspectral images in Hong Kong. ISPRS Journal of
Photogrammetry and Remote Sensing, 177, 204-216.

Ak 1n, A, Cilek, A., & Middel, A. (2023). Modelling tree canopy cover and evaluating
the driving factors based on remotely sensed data and machine learning.
Urban Forestry & Urban Greening, 86, 128035.

Allen, M. J., Grieve, S. W. D., Owen, H. J. F., & Lines, E. R. (2023). Tree species
classification from complex laser scanning data in Mediterranean forests
using deep learning. Methods in Ecology and Evolution, 14(7), 1657-1667.

Almeida, D. R. A. de, Stark, S. C., Shao, G., Schietti, J., Nelson, B. W., Silva, C. A,
Gorgens, E. B., Valbuena, R., de Almeida Papa, D., & Brancalion, P. H. S.
(2019). Optimizing the remote detection of tropical rainforest structure with
airborne LiDAR: Leaf area profile sensitivity to pulse density and spatial
sampling. Remote Sensing, 11(1), 92.

Ariluoma, M., Ottelin, J., Hautamaiki, R., Tuhkanen, E.-M., & Manttiri, M. (2021).
Carbon sequestration and storage potential of urban green in residential
yards: A case study from Helsinki. Urban Forestry & Urban Greening, 57,
1269309. https://doi.org/10.1016/j.ufug.2020.126939

Branson, S., Wegner, J. D., Hall, D., Lang, N., Schindler, K., & Perona, P. (2018).
From Google Maps to a fine-grained catalog of street trees. ISPRS Journal of
Photogrammetry and Remote Sensing, 135, 13-30.

Capecchi, 1., Borghini, T., & Bernetti, I. (2023). Automated urban tree survey using
remote sensing data, Google Street View images, and plant species
recognition apps. European Journal of Remote Sensing, 56(1), 2162441.

Chen, W. Y. (2015). The role of urban green infrastructure in offsetting carbon
emissions in 35 major Chinese cities: A nationwide estimate. Cities, 44, 112~
120.

Choi, H., & Song, Y. (2022). Comparing tree structures derived among airborne,

o
r
Ao
e
N
=



N
o
N
Al
e
ol
o
>
Ton
g
0x
o
40
o
]
ru
|'O

terrestrial and mobile LiDAR systems in urban parks. GIScience and Remote
Sensing.

Choi, K., Lim, W., Chang, B., Jeong, J., Kim, 1., Park, C.-R., & Ko, D. W. (2022). An
automatic approach for tree species detection and profile estimation of urban
street trees using deep learning and Google Street View images. ISPRS Journal
of Photogrammetry and Remote Sensing, 190, 165-180.

De la Sota, C., Ruffato-Ferreira, V. J., Ruiz-Garcia, L., & Alvarez, S. (2019). Urban
green infrastructure as a strategy of climate change mitigation. A case study
in northern Spain. Urban Forestry & Urban Greening, 40, 145-151.

Degericks, J., Roberts, D. A., McFadden, J. P., Hermy, M., & Somers, B. (2018). Urban
tree health assessment using airborne hyperspectral and LiDAR imagery.
International Journal of Applied Earth Observation and Geoinformation, 73,

26-38.

Emad Kavehei, G.A. Jenkins, M.F. Adame, C. Lemckert (2018). Carbon sequestration
potential for mitigating the carbon footprint of green stormwater
infrastructure. Renewable and Sustainable Energy Reviews, 94, 1179-1191.

Ferreira, M. P., Wagner, F. H., Aragao, L. E. O. C., Shimabukuro, Y. E., & de Souza
Filho, C. R. (2019). Tree species classification in tropical forests using visible
to shortwave infrared WorldView-3 images and texture analysis. ISPRS Journal
of Photogrammetry and Remote Sensing, 149, 119-131.

Ghanbari Parmehr, E., & Amati, M. (2021). Individual tree canopy parameters
estimation using UAV-based photogrammetric and LiDAR point clouds in an
urban park. Remote Sensing, 13(11), 2062.

Guo, Y., Zhang, H.,, Li, Q., Lin, Y., & Michalski, J. (2022). New morphological
features for urban tree species identification using LiDAR point clouds. Urban
Forestry & Urban Greening, 71, 127558.

Hartling, S., Sagan, V., & Maimaitijiang, M. (2021). Urban tree species classification
using UAV-based multi-sensor data fusion and machine learning. GIScience
and Remote Sensing, 58(8), 1250-1275.

Hemmerling, J., Pflugmacher, D., & Hostert, P. (2021). Mapping temperate forest tree
species using dense Sentinel-2 time series. Remote Sensing of Environment,

267, 112743.

Henn, K. A., & Peduzzi, A. (2023). Biomass estimation of urban forests using LiDAR

and high-resolution aerial imagery in Athens-Clarke County, GA. Forests,
Trees and Livelihoods, 14(5), 1064.

Heo, H. K., Lee, D. K., Park, J. H., & Thorne, J. H. (2019). Estimating the heights and
diameters at breast height of trees in an urban park and along a street using
mobile LiDAR. Landscape and Ecological Engineering, 15(3), 253-263.

IPCC. (2006). 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
Volume 4: Agriculture, Forestry and Other Land Use (AFOLU). Prepared by the
National Greenhouse Gas Inventories Programme (H. S. Eggleston, L. Buendia,

IZ2} HEAA T g



K. Miwa, T. Ngara, & K. Tanabe, Eds.). Institute for Global Environmental
Strategies (IGES).

IPCC. (2023). Climate Change 2023: Synthesis Report. Contribution of Working
Groups I, II and III to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change (H. Lee & J. Romero, Eds.). IPCC.

Jia, X., Han, H., Feng, Y., Song, P., He, R., Liu, Y., Wang, P., Zhang, K., Du, C, Ge, S.,
Tian, G.. (2023). Scale-dependent and driving relationships between spatial
features and carbon storage and sequestration in an urban park of
Zhengzhou, China. Science of the Total Environment, 894, 164916.

Jin, S., Zhang E., Guo H., Hu C., Zhang Y., Yan D., (2023). Comprehensive
evaluation of carbon sequestration potential of landscape tree species and its
influencing factors analysis: Implications for urban green space management.
Carbon Balance and Management, 18(17), 1-13.
https://doi.org/10.1186/s13021-023-00238-w

Jo, H.-K., Kim, J.-Y., & Park, H.-M. (2019). Carbon reduction and planning strategies
for urban parks in Seoul. Urban Forestry & Urban Greening, 41, 48-54.
https://doi.org/10.1016/j.ufug.2019.03.009

Khan, A., Asim, W., Ulhaq, A., Ghazi, B., & Robinson, R. W. (2021). Health
assessment of eucalyptus trees using Siamese network from Google Street and
ground truth images. Remote Sensing, 13(11), 2194.

Knapp, N., Fischer, R., & Huth, A. (2018). Linking LiDAR and forest modeling to
assess biomass estimation across scales and disturbance states. Remote
Sensing of Environment, 205, 199-209.

Kwon, R., Ryu, Y., Yang, T., Zhong, Z., & Im, J. (2023). Merging multiple sensing
platforms and deep learning empowers individual tree mapping and species
detection at the city scale. ISPRS Journal of Photogrammetry and Remote
Sensing, 206, 201-221.

Lahoti, S., Lahoti, A., Joshi, R. K., & Saito, O. (2020). Vegetation structure, species
composition, and carbon sink potential of urban green spaces in Nagpur City,

India. Land, 9(4), 107. https://doi.org/10.3390/1and9040107

Garcia-Antunez, O., Olafsson, A.S., Kavanagh, K.C., Gulsrud, N.M., Raymond, C.M.,
(2022). Envisioning carbon-smart and just urban green infrastructure. Urban
Forestry & Urban Greening, 75, 127682.
https://doi.org/10.1016/j.ufug.2022.127682

Liang, C., Serge, A., Zhang, X., Wang, H., & Wang, W. (2023). Assessment of street
forest characteristics in four African cities using Google Street View

measurement: Potentials and implications. Environmental Research, 221,
115261.

Liu, H, & Wu, C. (2018). Crown-level tree species classification from AISA
hyperspectral imagery using an innovative pixel-weighting approach.
International Journal of Applied Earth Observation and Geoinformation, 68,
298-307.

ot
Ei
HI
e
N
o
w



N
o
=
Al
e
o
o
>
Ton
g
0x
o
40
o
]
ru
|'O

Lumnitz, S., Devisscher, T., Mayaud, J. R., Radic, V., Coops, N. C., & Griess, V. C.
(2021). Mapping trees along urban street networks with deep learning and
street-level imagery. ISPRS Journal of Photogrammetry and Remote Sensing,

175, 144-157.

Mayra, J., Keski-Saari, S., Kivinen, S., Tanhuanpaa, T., Hurskainen, P., Kullberg, P.,
Poikolainen, L., (2021). Tree species classification from airborne
hyperspectral and LiDAR data using 3D convolutional neural networks.
Remote Sensing of Environment, 256, 112322.

Ministerio para la Transicion Ecologica. (2024). Guia para la estimacion de
absorciones de didoxido de carbono.

Mufioz-Vallés, S., Cambrollé, J., Figueroa-Luque, E., Luque, T., Niell, F. X., &
Figueroa, M. E. (2013). An approach to the evaluation and management of
natural carbon sinks: From plant species to urban green systems. Urban
Forestry & Urban Greening, 12(4), 450-453.

Niedzielko, J., Kope, D., Wylaztowska, J., Kania, A., Charyton, J., Halladin-D
browska, A., Niedzielko, M., & Ber t owski, K. (2024). Airborne data and
machine learning for urban tree species mapping: Enhancing the legend
design to improve the map applicability for city greenery management.

International Journal of Applied Earth Observation and Geoinformation, 128,
103719.

Pu, R., & Landry, S. (2020). Mapping urban tree species by integrating multi-seasonal
high resolution Pleiades satellite imagery with airborne LiDAR data. Urban
Forestry & Urban Greening, 53, 126675.

Pu, R, Landry, S., & Yu, Q. (2018). Assessing the potential of multi-seasonal high
resolution Pleiades satellite imagery for mapping urban tree species.
International Journal of Applied Earth Observation and Geoinformation, 71,

144-158.

Qin, H., Zhou, W., Yao, Y., & Wang, W. (2022). Individual tree segmentation and tree
species classification in subtropical broadleaf forests using UAV-based LiDAR,
hyperspectral, and ultrahigh-resolution RGB data. Remote Sensing of
Environment, 280, 113143.

Schiefer, F., Kattenborn, T., Frick, A., Frey, J., Schall, P., Koch, B., & Schmidtlein, S.
(2020). Mapping forest tree species in high resolution UAV-based
RGB-imagery by means of convolutional neural networks. ISPRS Journal of
Photogrammetry and Remote Sensing, 170, 205-215.

Shi, N., Yu, Y., Liang, S., Ren, Y., & Liu, M. (2023). Effects of urban green spaces
landscape pattern on carbon sink among urban ecological function areas at
the appropriate scale: A case study in Xi'an. Ecological Indicators, 158,
111427.

Shinzato, P., Simon, H., Duarte, D. H., & Bruse, M. (2019). Calibration process and
parametrization of tropical plants using ENVI-met V4 — Sao Paulo case study.
Architectural Science Review, 62, 112-125.

IZ2} HEAA T g



Shokirov, S., Schaefer, M., Levick, S. R., Jucker, T., Borevitz, J., Abdurahmanov, 1., &
Youngentob, K. (2021). Multi-platform LiDAR approach for detecting coarse
woody debris in a landscape with varied ground cover. International Journal
of Remote Sensing, 42(24), 9324-9350.

Speak, A., Escobedo, F. J., Russo, A., & Zerbe, S. (2020). Total urban tree carbon
storage and waste management emissions estimated using a combination of
LiDAR, field measurements and an end-of-life wood approach. Journal of
Cleaner Production, 256, 120420.

Strohbach, M. W., Arnold, E., & Haase, D. (2012). The carbon footprint of urban
green space—A life cycle approach. Landscape and Urban Planning, 104(2),
220-229.

Takanori, F. (2022). Toward holistic urban green infrastructure implementation. In F.
Nakamura (Ed.), Green Infrastructure and Climate Change Adaptation.
Ecological Research Monographs (pp. 245-). Springer, Singapore.

Tanhuanpaa, T., Yu, X., Luoma, V., Saarinen, N., Raisio, J., Hyyppa, J., Kumpula, T.,
& Holopainen, M. (2019). Effect of canopy structure on the performance of

tree mapping methods in urban parks. Urban Forestry & Urban Greening, 44,
126441.

Tsoka, S., Tsikaloudaki, A., & Theodosiou, T. (2018). Analyzing the ENVI-met
microclimate model's performance and assessing cool materials and urban
vegetation applications — A review. Sustainable Cities and Society, 43, 55-76.

Velasco, E., Roth, M., Norford, L., & Molina, L. T. (2016). Does urban vegetation
enhance carbon sequestration? Landscape and Urban Planning, 148, 99-107.

Velasquez-Camacho, L., Btxegarai, M., & de-Miguel, S. (2023). Implementing deep
learning algorithms for urban tree detection and geolocation with
high-resolution aerial, satellite, and ground-level images. Computers,
Environment and Urban Systems, 105, 102025.

Wang, J., Liu, W., & Gou, A. (2022). Numerical characteristics and spatial
distribution of panoramic street green view index based on SegNet semantic
segmentation in Savannah. Urban Forestry & Urban Greening, 69, 127488.

Wang, Y., Chang, Q., & Li, X. (2021). Promoting sustainable carbon sequestration of
plants in urban greenspace by planting design: A case study in parks of
Beijing. Urban Forestry & Urban Greening, 64, 127291.

Wei, S., Yin, T., Yuan, B., Ow, G. L. F., Yusof, M. L. M., Gastellu-Etchegorry, J.-P., &
Whittle, A. J. (2024). Estimation of chlorophyll content for urban trees from
UAV hyperspectral images. International Journal of Applied Earth Observation
and Geoinformation, 126, 103617.

Xi, Y., Tian, Q., Zhang, W., Zhang, Z., Tong, X., Brandt, M., & Fensholt, R. (2022).
Quantifying understory vegetation density using multi-temporal Sentinel-2
and GEDI LiDAR data. GIScience and Remote Sensing, 59(1), 2068-2083.

Yahia, M. W., Johansson, E., Thorsson, S., Lindberg, F., & Rasmussen, M. 1. (2018).

ot
Ei
HI
e
N
o
()]



Effect of urban design on microclimate and thermal comfort outdoors in
warm-humid Dar es Salaam, Tanzania. International Journal of
Biometeorology, 62, 373-385.

Yan, J., Zhou, W., Han, L., & Qian, Y. (2018). Mapping vegetation functional types in
urban areas with WorldView-2 imagery: Integrating object-based
classification with phenology. Urban Forestry & Urban Greening, 31, 230-240.

Zhang, B., Zhao, L., & Zhang, X. (2020). Three-dimensional convolutional neural
network model for tree species classification using airborne hyperspectral
images. Remote Sensing of Environment, 247, 111938.

Zhang, Y., Meng, W., Yun, H., Xu, W., Hu, B., He, M., Mo, X., & Zhang, L. (2022). Is
urban green space a carbon sink or source? A case study of China based on
LCA method. Environmental Impact Assessment Review, 94, 106766.

Zhao, D., Cai, J., Xu, Y., Liu, Y., & Yao, M. (2023). Carbon sinks in urban public
green spaces under carbon neutrality: A bibliometric analysis and systematic
literature review. Urban Forestry & Urban Greening, 86, 128037.
https://doi.org/10.1016/j.ufug.2023.128037

IPCC, 2022, 7|58} 2022 F%. 23 9 2ok FRAYAES Jat gops
VESTAP. https://vestap.kei.re.kr/welcome.do. 2024. 10. 24. 8<%

AL, QA8 wEs M4, ol U, 2012, 1St 49Y EATRL 9%t
“JRlelster e A7 AHRAA- A7

S5YoEEE. https://www.data.go.kr/data/15046229/fileData.do. 2024.04.27. A<
TARARS. 2023, 7 A =A% 71249

ZETER SAZIHA|E A|AE]L https://www.carbonmap.kr/index.do. 2024.11.1. <%
TEIET. 2024. 20249 HFA| FiE =7H 27 AN 9 gAE SARY
FESIFAAH7IX . A A" https://ecvam.neins.go.kr/main.do. 2024.06.01. J<&

AP, 2003, FESTTIEAA 15 2 M AT A1d FESTHEAA =4
A p. 92,93

&A1), 2022, A BHRE 1100 2]

A, B, 7823) 2017. VESTAP 7|5 71905} 3ebyd 57} A, 2h=7] 951513
8(4). pp.339-346

A3 €77 A, https://forest.go.kr/kfsweb/kfi/kfs/cms/cmsView.do?cmsld=
FC_000900&mn=AR01_03_01. 2024.04.14. A&

AHNA . 2022, AHEJRAELE 1399] Ao} o))
AR, 2023 ARRF HAESY SX AR (2023~2027)

=

AFHA. https://www.forest.go.kr/newkfsweb/html/HtmlPage.do?pg=/fgis/UIl_KFS_500
2_020100.html&mn=KFS_02_04_03_04_01&orgld=fgis. 2024.02.07. F<

206 HAEHAE 248 flet TRl FEAA| LS 37



AZEHAGHYo| 34,  https://data.seoul.go.kr/dataList/ OA-1325/S/1/datasetVie
w.do#, 2023.06.28. <&

£8b7], 254, o184, 2019, SAUTAAY Te] HRAA 7% 71297, FeEAAATY
o], WA, A4, A, 2013, B2FY VWA 24 FAAY A7, FEATY
YT, A, 2012, EABZINAAIO) Akt A2 84 A 8] Tt AT, ASTNAT

Ho
jo
N
1z
oﬁ
M
o
N
OI'OII
v
flo
)
o
N
|

)
m
i
=
)
>
=
1o
g
[«
i
ro,
Iz
o
2
ok
ko
oflt

o)y, dAT, HAE, AR, 2016, BT SIsk ARAA S AT, 3
sfep e

=274, https://www.hankyung.com/article/202308164994Y. 2024.02.03. <
A P7IATY, 2012, 7155} A8 EATES gt adolmel A 4
S4B HAIEIA, https://egis.me.go.kr/req/intro.do. 2024.04.01. 8
. 2022. =71 7|38} )T ek v e
B 2023, 7|5 H Bl E s} U Sof W3k oA
E_

. 2023, SHRFIL A2023-672% TEA|0G- EA|0l-§HSE MRVAIA 5 A2
2, Y2 FIAZID). https://me.go.kr/skin/doc.html?fn=20231110143852.hwpx
&rs=/upload_private/preview/ 2024.11.1. 8%

735 https://stat.me.go.kr/portal/stat/easyStatPage/DT_106T_034756.do. 2024.04.29.
SR

rlok

o

E3 https://soil.rda.go.kr/geoweb/soilmain.do#. 2024.04.29. <

Ny

=9 W8 A20424%, 2024. 3. 26., YEAA
7R O] 1= d #2] Fofl T3t HE AlFH. 5 H A348973, 2024. 9. 19., EHINY
ZEAE U o]-gof T3t HE. HE A|202347F, 2024. 2. 6., DEAH

oy

=]
TEFAE7IAE A E -SGAH. R A7175, 2022. 12. 19., AR

713-97] d-8-2 ¢35t HASE - SAG7 7|1EH, HE A|205145, 2024. 10. 22., AEAA

TAEY 9 =] 5o TS HE. HE A203095, 2024. 2. 13., EFENA

ot
Ei
HI
e
N
o
~



TEAVERAIA| i 0] 2o TRE A1, SPFRAIA A2024-2519, 2024. 12. 5., LEIHA

EAl 59 24 5 Aol At ME. HE A200852, 2024. 1. 23., DFAAE
AFIAA9] 24 | #Elo) TS HE. HE A200865, 2024. 1. 23., EFANA
APl AA e 2GR 7. SR #7535, 2024. 9. 11., DEAA

FEY-4Y 24 9 2180 BRI HE HE 411988238, 2024. 1. 2., AFNE
A, HE A|19590%, 2023. 8. 8., EFHAA

AR B, HE A19962%, 2024. 1. 9., SFHS

AAH 2L 9 SHER71E SOl et 4. SHFEH A16563, 2024. 7. 24., &

=]
il
2772 FETER T A2021-1778%, 2022. 1. 7., DEAAA

5% - pERA Y A)H0] Wt ME WE A119432, 2013. 7. 17., SF714
FAEr A2 2 SR B3 HE. WE 198063, 2023. 10. 31., FEAN

EXTEAE 24 ]3], SFREH A1577%, 2022. 12. 19., AEANA

A7) HE A|2062635, 2024. 12. 31., EFEAAA

A2 242 2ot J=QUEEL FEAAH T g



A Study on the Development of Green
Infrastructure Information Systems
for Carbon Neutral Society

SUMMARY

Heo, Hankyul
Park, Jonghoon

As the damage and threats caused by climate change intensify globally, the urgent need
to introduce carbon neutrality policies is becoming increasingly evident. In response, a
transition to a carbon—neutral society that achieves both climate change mitigation and
adaptation is being urged, based on the "Framework Act on Carbon Neutrality and
Green Growth for Coping with Climate Crisis," which came into effect in 2023.
Moreover, the government has designated "Transition to a Green Economy through
Establishing Scientific Carbon Neutrality Implementation Plans" as a national agenda,

focusing on devising measures to achieve carbon neutrality.

According to the Intergovernmental Panel on Climate Change (IPCC), green
infrastructure is a sustainable approach that can be effectively utilized for both climate
change mitigation and adaptation. Particularly, green infrastructure has been selected as
one of the most feasible options applicable in urban areas where large—scale physical
environmental changes are challenging to implement. Alongside various studies and
policies, efforts are being made to achieve a carbon—neutral society through green
infrastructure. Both domestic and international policies consider green infrastructure as
a carbon sink or a component for disaster response to climate change. Numerous studies
are also analyzing the effects of green infrastructure on mitigating urban heat islands,

reducing floods, and absorbing carbon.
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However, in Korea, the insufficient construction of green infrastructure data hinders its
full utilization as a tool for achieving a carbon—neutral society. The lack of data makes
it difficult to assess the current status of green infrastructure and to establish plans for
additional deployment. Therefore, this study aims to: 1) analyze the demand for green
infrastructure to achieve a carbon—neutral society through policy and literature review;
2) comprehensively analyze domestic data related to green infrastructure to identify the
data that need to be constructed in the future; 3) organize the relevant laws for
constructing green infrastructure data through analysis of related laws and systems.
Additionally, 4) by reviewing previous studies on green infrastructure data collection
technologies, we aim to derive the necessary technologies and basic data for
constructing data for each green infrastructure element; and 5) propose the construction
direction and promotion strategies of a green infrastructure information system through

comprehensive analysis and expert focus group interviews (FGIs).

Domestic climate change mitigation policies are primarily presented in the "National
Carbon Neutrality and Green Growth Basic Plan" and its detailed tasks. By organizing
the green infrastructure—related contents of this plan, we can summarize the utilization
plans and demand for green infrastructure in climate change mitigation. The plan sets
medium— to long—term goals such as expanding carbon sinks, with detailed tasks
including the construction of forests, urban forests, green spaces, and reservoirs among
green infrastructure elements. These elements are all calculated at the area unit level. For
example, policies are formulated, and current statuses are evaluated using average or
total values at the area unit level—such as forest area, the number of trees within a unit

area, and canopy area—rather than at the individual tree level.

Both domestic and international studies unrelated to policies also deal with similar green
infrastructure elements. In summary, studies focus on methods to expand carbon sinks
targeting forests, green spaces, and trees, as well as analyzing carbon absorption and
storage amounts. Compared to the utilization plans presented in domestic policies, there
is active research at the individual tree level with higher resolution, handling attribute
information such as diameter at breast height (DBH), tree height, and the number of

individuals more precisely.

To achieve climate change adaptation, the "3rd National Climate Change Adaptation

Plan" serves as a major policy, accompanied by studies developing national climate

210 BHAZTALS 29e I8t Jglolmet HERA e o

o



change risk diagnosis methods and the "Vulnerability Assessment Tool to build Climate
Change Adaptation Plan (VESTAP)." According to these tools, green infrastructure
elements like forests, green spaces, rooftop greening, and trees are proposed to respond
to floods, heat waves, and ecosystem damage. For evaluating the current status of green
infrastructure or planning, area unit information such as forest area, green space area

per capita, and rooftop greening ratios are mainly utilized.

Research on climate change adaptation utilizing green infrastructure frequently
addresses individual tree—level elements, in addition to area—unit elements like forests
and green spaces. Detailed information such as DBH, tree height, tree species, and leaf
area index of individual trees within green spaces is used. While policy analysis and
planning are conducted at the local government level, quantitative results are also

presented at street and individual tree levels.

Currently, domestic policies utilize green infrastructure information at the area unit
level, such as the area of forests and green spaces within a unit area. In contrast, studies
analyzing the effects of green infrastructure and proposing utilization plans present
results based on individual tree—level information. This indicates that domestic policies
are using relatively low—resolution green infrastructure information, and there are no
policies utilizing high—resolution data or detailed attribute information. Therefore, to
enhance the utilization of green infrastructure for achieving a carbon—neutral society, it
is necessary to understand the current status of green infrastructure information in

Korea and identify what information needs to be constructed in the future.

To grasp the current status of green infrastructure data construction in Korea, we
analyzed public datasets likely to include green infrastructure elements. Ten types of
data from the Public Data Portal and the Environmental Spatial Information Service
were analyzed, including the Forest Type Map, Land Cover Map, Urban Ecological
Status Map, Ecological and Natural Map, Vegetation Map, National Environmental
Assessment Map, and Street Tree Data. We organized the green infrastructure elements
and attribute information being constructed in each dataset, and summarized
constructing and providing institutions, legal grounds, and construction scopes to
identify necessary improvements for enhancing data quality and additional

construction.

Our investigation revealed that most data are constructed on a national scale, but
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datasets like the Urban Ecological Status Map, Aquatic Ecosystem Health Assessment
Map, and Street Tree Data are mainly managed at the local government level. Data at
the local level have limitations such as inconsistent construction across regions and
irregular updating cycles. In contrast, nationally constructed data have legal
enforcement, allowing for relatively systematic collection and updates under

government management.

Most green infrastructure data are constructed at the area unit level due to the challenges
of collecting individual tree—level information or utilizing high—resolution and 3D data
across wide spatial ranges. However, some attribute information (e.g., DBH, tree
species, tree height, age class, dominant species) is constructed as average values or

statistical figures of individual trees within area units.

Data constructed at the local government level tend to include high—resolution
information at the individual tree level. However, such data often rely on field surveys,
resulting in inconsistent construction methods nationwide and sometimes lack regular

updates.

In summary, significant green infrastructure information is included in datasets like the
Urban Ecological Status Map, Ecological and Natural Map, Land Cover Map, and
Forest Type Map. However, when comparing various data types defined in related laws,
data construction for small-scale green infrastructure is relatively insufficient.
Area—unit parks, green spaces, and forests are mainly constructed through land cover or
ecological maps, and some attribute information is built at the area—unit individual tree

level using the Urban Ecological Status Map and Ecological and Natural Map.

To achieve a carbon—neutral society, green infrastructure elements can be organized by
scale as forests, urban forests, green spaces, residential areas, rooftop greening, wall
greening, and trees. Among these, data at the level of green spaces and smaller are highly
applicable for climate change mitigation and adaptation and are often suitable for urban
implementation. However, current data construction in Korea is relatively lacking,

necessitating the construction of data related to these elements in the future.

To prepare measures for producing and managing green infrastructure information, we
analyzed related laws and systems. Approximately 12 laws pertain to green

infrastructure, each defining different types from various perspectives.
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Laws focusing on urban parks, green spaces, and gardens include the "Act on Urban
Parks, Green Areas, etc.," the "Act on the Creation and Management of Urban Forests,
etc.," the "Building Act,” and the "Housing Act." These laws encompass not only the
functions of green infrastructure but also roles in providing urban convenience and rest
spaces. Laws treating green infrastructure as foundational facilities include the "National
Land Planning and Utilization Act" and the "River Act," regulating elements like rivers,
reservoirs, urban natural parks, parks, and green spaces for flood control. Additionally,
the "Natural Environment Conservation Act” and the "Natural Parks Act” address green
infrastructure as ecological landscapes and natural parks, covering both ecosystem

conservation and infrastructural roles.

Comparing with the current status of data construction, the laws that handle
underdeveloped but highly utilizable urban green infrastructure elements can be
summarized as the "Building Act," the "Housing Act," the "Act on Urban Parks, Green
Areas, etc.," and the "Act on the Creation and Management of Urban Forests, etc." The
"Building Act” and "Housing Act” deal with elements like rooftop landscaping, wall
greening, and landscaping facilities connected to buildings or within sites. The "Act on
Urban Parks, Green Areas, etc.” covers green infrastructure types like urban parks and
park green spaces, classified as green spaces in existing data and research. The "Act on
the Creation and Management of Urban Forests, etc.” includes street trees alongside
urban and living forests. From a data perspective, urban and living forests can be
classified as green spaces or forests based on scale, while street trees can be categorized

as individual tree data.

To determine the feasibility of constructing currently unbuilt green infrastructure data
and identify the necessary technologies and foundational data, we reviewed previous
studies on data collection. The analysis indicates that green infrastructure data can be
classified by scale into 'national and urban units,' 'area units, and 'individual tree units.'
Technologies for constructing 'area unit' and 'individual tree unit' data—necessary for
achieving a carbon—neutral society—utilize high—resolution images like aerial

photographs and UAV images, 3D data like LIDAR, and street view images.

Area unit data apply to medium—scale green infrastructure types such as urban parks
and green spaces. These data offer more detailed attributes than national and urban unit
data, allowing high—quality construction using high—resolution and 3D data like
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hyperspectral and LiDAR data. Key attributes include tree species, DBH, above—ground
biomass, and carbon storage amount, collected using aircraft—based hyperspectral and
LiDAR data, UAVs, and ground—based LiDAR sensors.

Individual tree unit data aim to precisely represent the locations and attributes of
individual trees like street trees. Utilizing high—resolution techniques, these data analyze
and collect detailed information such as tree locations, species, DBH, height, and crown
size. Similar technologies to area unit data are used, including hyperspectral images,
UAV images, and various LiDAR sensors. Additionally, methods employing Google
Street View and image—based deep learning technologies are also applied.

Consequently, this study proposes the foundational direction for constructing a green
infrastructure information system to achieve a carbon—neutral society, encompassing
construction direction, promotion strategies, and tasks. We also suggest improvements
to related laws and systems to ensure continuous production and management of green
infrastructure information according to the system, and present a conceptual diagram of

the green infrastructure information system.

Keywords :

Green Infrastructure, Information System, Carbon Neutral Society, Green Spaces, Trees
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