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ABSTRACT

Ancient trees are long-established biological assets that embody not only ecological functions but also historical,
cultural, and landscape values, serving as key elements that shape place identity and continuity in urban and garden
landscapes. However, increasing urban density and climate change induced extreme weather events pose growing threats
to the structural stability and growing environments of ancient trees, highlighting the limitations of conventional reactive
management approaches. Prior to empirical validation or case based analysis, this study aims to establish a theoretical
foundational framework for ancient tree protection and management by integrating public data and digital measurement
information. Methodologically, the study restructures the logic of management decision-making by organizing information
flows and procedural steps into a sector-based framework consisting of public data based definition of management targets
(S1), digital measurement based structural data input (S2), data standardization and structuring (S3), interpretation and
indicator generation of structural measurements (S4), integrated management decision making (S5), and implementation
of protection and management actions (S6). The proposed framework provides a structured logic for shifting ancient
tree management from experience based, reactive responses toward information driven, proactive management design.
This theoretical framework is expected to serve as a foundational basis for future development of AI based ancient

tree management models and devices, as well as for subsequent empirical studies and policy oriented applications.
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1. ME 7o R g A% A w4, A7 g %L B 48 Ade
THOE A %\”‘4'((3 ark and Matheny, 2010: Rahman ef
EAFCEER) T 37170 AA 54 A9 AASAR a4l 2017). 7 drelMe B A 343 A% e E
A7t Eol THE A2 A e ARtezA, A At A N1ES le*l'é‘}t T7F ASHLR o] Fo)A
A 71SE oz At 3t AR VRIS SAl 7k ko (A o] 4HE, 2012 WEFEF G, 2017), FHZol
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e B AT A A AFACE s 9 3 ] A FREY o] EF] Ak FH3] o] FoIAA o
UH(Allen ef al, 2015: Cadaval ef al, 2024). ot} 712 w5 B AFME B gido] Akl A
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AE QlEete] yeshE kAT AP AAl MEE A% 75
A& AFstL Ah(Drysdale, 2019: McRoberts ef al, 2020).

=AY YA, 7 78, AR 5w, #E oY 59 JEE
sstolE FEHE 2 - AL 9lom, o= #F] e 7]
2 4% AYsta o 7 Vs gRee 3 - 31
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HlolBe A #e] oA 7 712400 AR Y SHAE
TdahH, Al o] Mook A S Ak e R
289 4 9tHEsperon-Rodriguez ef al, 2025; Sharma ef al.
2025).
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o] & F WAl AY HAE A K Ferreira ef al, 2024).
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olof wh} o] A2l Elo|HE FUT el THelE Hslet
H Y 7hs st e S RHEE HloE 3 9 33 WAV 2
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STHLi ef al, 2022). B3 wASF BT AR gl F419
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E =97 B2 ANt HolA o2 AYHFry ef al,
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ol £ AT AZE el S sy Sl SrEE o
g AR 5+ wH, dofe] Al Mzt v @A 9] 25 A
Mo gYshs o]F4 7]& A A -(theoretical foundational
design study) ] WHES AYSATHLI ef al, 2022: Fry et
al, 2026). o1& &) HGoNA SEEe RS I HE
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THLi ef al, 2022: Caggiu et al, 2023).

oo & AT kAT #E TAE T Ve 89 ¢
A7t okel, Al7E ek 3istr] Slaf A Elojof & e
welot vy +x8 FAE A1 1) (Fry ef al,
2026). &, ¥ A= Al 29 Shgolut 7171 F3ol A e
etell Fo3 4 FE| 74, dloly A 7, ddt ©Al
o] FXE o|BHoE HIs fste Ae A 4
o2 HAs tH Esperon-Rodriguez ef al, 2025).

HEbA B Ao A EAS e gig 71E]
7A8A AR de A Aok HEE, Al 7N B B
d . 717] 7 NS AA R 3 ) =y o] 2 AAE AA
HHESE AE stk HolA 54E& 7Ht o2gr Wy
24 A 58 £ At olF A % 1E AN AA
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Sl Hle =
ato] #e] o l 7] E4&
Ordofiez, 2019). ©] AN E =AY A, £5, $3, A
4 5w, & od, A FA 5 AH - 37 7N JRI #
2l 948 doJHE &&Hm, ol A i) W% =d&
Aske ol 712 AEE 715 SHMcRoberts ef al, 2020).

szulolE 7k e o Aole tiY 1 Hla 7FsAdE

B3ty #e] Ao RS FAsHe H BFAY QAR
7}E1 2 AeHDrysdale, 2019: Sharma ef al, 2025). £
TAFE B AFM e o’z Al 7 g
g9] 718 o8 WMF AAE Hske I AEE 484
o] AAEL AcH(Sharma ef al, 2025).
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3. 82 EHAl: CIXE AIE 7|8 7= FE

|

2 M= UAE AF 7Ees EEste AT 1324
EX S S AFFHoR dosts d¥ Aot
(Ferreira et al, 2024). ¥ A7 4= LIDAR % 32 2714
3 22 9 d AF Ve AT § e A HAE T
AR 3 £X 7127, 7] FH, & 4 55 A
o ARE AASIATHL ef al, 2024).

Oxg A% JEe FadlolHegE Fotey] ofel&
=AY EEd s Beehd, 24 19 dEE 9
A ABE AlF3cH(Rust and Stoinski, 2024). o]=#3 7% ?E;}
He Al Rdo] 124 g Adg sk - F23= v &

7Fssk #4l HolHE 7158 F Athe olA F840] ﬂu}
(Ferreira et al, 2024: Li et al, 2024).

o] £ dATE YA AZF 7N 3 JRE FFulofE
of FEEE F A oY (S22 AATOEN, =AF
] PA Fx2 FHY S5YE on|E BEe] o]EHoE
Aystaal sth(Caggiu ef al, 2023).
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S3 = S13 S2 SAA FHE o]dAQ HeolHE F
U3t A G9IR WStk A QARA ] dolH EFES
9z} BAlo|tH(Li ef al, 2022). -sElolEe U E AS
AHE dolH 32, F7F AAE, A F7] 9 @97t Aelst
b #e gl A4 €857 feie AR A I
ol 4oz 9T HETHEsperon-Rodriguez ef al, 2025).

A AR HE 9 A8 97 AFME o] 4 HlolH
o] EFEstet st # wee] AEE v RS &
Hah= 34 SAIE A= It Caggiu ef al, 2023: Sharma
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5. S4 BHAl: =X AIE HE oM ¥ EX X|E
A
S SHAE ZF3HE AS HolEE #e] st 28 7he
3 o)v] T2 s sk 4] dAlOItH(Li ef al, 2022 ). o] &

A M= HAE ]é 7‘—3_-4"5 de FAR SEahe U AR
O]—"7 ‘?__L_ \_]_- 5
F(Caggm et al, 2023).
= :MWL TEA AS AR} HE] AR A 4
] AaiMe Y SAE Ble] AxE A 9 =
S5 7 Bl JAAA A SOl A
202 HrFATHLI ef al, 2022: Esperon-Rodriguez ef
al, 2025: Fry et al, 2026).
2 d7e S HAE Fall Al Bdol A3 A 7 A
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o] dAlIXE A APL o), A e A%, T -
7] A A BZo] FYEHL ef al, 2022).

HT EAFE A AFdME 59 dd @A A o
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3 9120 (Esperon-Rodriguez ef al, 2025), o= Al 719k A}
A4 Ad A z"e] Y A SAREE AAFHIL T

7.96 B B3 - p2| MY W e 2x
S6 WA S5 AN £2E we ddo] A4 uE Y
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&2 A AA o] o]FoI A hKoeser ef al, 2014).
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HZ 3FHE 724 7Fs4S @A AAs
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SRS dolEish A4 2] oA 292 sasl 2 el THQle] TE U 2 A

QYL FAT of WANA AZ FRE 721 Yo

A4 994 BUG 5 Qe el AuE A, B D gwlelet 7 ke ol s ol e
aerel 4 P s SL RN AAE FFeelE Ju Bl g gl Pz

ol A3 AL B} 1eA A Aol Baye ¢ AT el el RO R gl 29 el A
R0l ohJZ AE WS DA AA YT Seam mzs B4 AER 2UEE BASSSIE AN olnlg A
SEGLS SuleT B NE wAS 8 B4 5B ) AFNE T2 ARRAG

A% e ) 2ES 2Ro] gronl A HoleE 24}

5) 23 B BT 2 A =2 7x0] YA HHo Bz ARE ARHOZ F4E= Ago] T

DLW AotE SI~S4 RN Aele gusk By LI IR A AL 5, R, AR S, e o)
o B WA(H)E FRHE FEE BEAg B Ay IS TEANEE AT Aelel WAt 2202 Akl 7
S5 WA Ul TAQe g Az 49 s Sal 122 st £ 979 A <= 93

o] Tl AA 9% Hrl Be SH9 AR dolHE g Zy Yo S84 oY dAZ TFoEH
F ) el Ak mEol SN, A WA @ P W A TRAS R P pERom 2
A4 WAL do] Bel AA AN A o) wyen, ¥ ELAT AN CID BARY R A AL o)

S5 A9 B2L A% v} Uadk 98 Frol & Fopol A dlolg & AAQ] FLAE 23 AF TEIAE
A - B4 P2k oI Be) Ael s vy Ay Ay EECHDrysdle 2009).

CEELEE LR EDCEEER R CISH RS A AT fe7 AP A7 sl
FaH WAoIA Boluk, ARY - 324 Wt Aol 5]
6) B3 - o A8 Ao 123 = 2 YE AAEfof T AAFSiTE

she sk B¢ ¥ wae) 2sbt A4 BE Y v
Aoz AAFE BE - g A8 9A(S6)E e =EY 2) OA€ AF 7 4 729 34 o
o % W2 AR otk S2 dAA EE8 HAE AS 7 Y F2E kAF

S6 A BE 2X|o] AL 2] AZe) A A&A el dFelA Zled g A3t ks dquE AT
2a) AA o] shte] e 52O AATL o] K3 & AFAAE bAL AZ 7)) mAFY A 55 A
B o7 9] Zod 027 Al wiraa gy, Ay o EEFC) gk F2 A Adeldt Ad Bt Ass
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