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ABSTRACT

There are many studies on the health and protection of Old-growth and Giant Trees, concentrating on empirical judgment
and basic protection measures. The problem this study addresses is the relative importance and priority of the health evaluation
indicators of Old-growth and Giant Trees. Firstly, this study exports the evaluation indicators of Old-growth and Giant Trees.
The evaluation system for the degree of danger of Old-growth and Giant Trees are composed of two layers: 5 fields and 46
indicators. Secondly, using the AHP and PCA method can determine the weight of each field and each index factor. The process
of AHP establishes the relative importance judgment matrix of each field and fully proves that the main cause of danger is individual
aging. The PCA method suggested that trunk rot status, light conditions, tree surgeries, bacterial diseases, and soil moisture level
are the most important factors in each field. These aspects should be given priority in the management and protection of Old-growth
and Giant Trees. Weight values obtained in this study seemed to be useful in the evaluation of Old-growth and Giant Trees.
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5 A = of & tjidoltt. 77t 7d7JL}E}—t— T e gegh A%
AT B E 9l #d HES A& Agste] AL 9l A S whd sl RoltHLi ef al, 2009). A7 e 7
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and Kang, 2017).
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Table 1. Result of Delphi survey(Xia and Kang, 2017)

fol

AOIEIUIEIQN - HEE - BEH

Making - Make questionnaires according to level and
questionnaire method
|
2| Select expert

|

3’ Questionnaire ‘ ’ + E-malil or interview ‘

+ Select 150 experts related to Old-growth
and Giant Trees

7
1 | Result tatistics | | - Use the AHP and PCA's calculation methods |
!

5 ’ Verification ‘ ’ + Consistency and correctness ‘
[

6 ’ Weight ‘ ’ - Calculate of the weight value ‘
[

- Ranking each index through the calculation

7 Priority of the weight value

Field Index Field Index
Tree vigo(u)r Drainage
Trunk rotting status Light condition
Branches' dead status Air pollution
Tree bl Soil thickness
ree hole
Grgwth_ Other tree species’
Tndividual erviron intrusion
. Crack ment
aging .
Stamping
Tree form
Concrete cover
Elongation and
germination Biological diversity
Density of branches
and leaves Root competition
Leaves' fallen status Soil property
Bacterial diseases Soil pH
Root pests Soil moisture level
Soil . .
Boring pests condition Soll organic matter
Diseases Sail total nitrogen
and insect Defoliator
pests Soil effective phosphate
Fungal disease
Cation exchange capacity
Parasites
Disease and insect pest
Virus disease control
Management cycle
Thunder
Precision survey
Hail Manage-
ment Tree pruning
. Flood
Climate status Management register
change
Drought .
Trees' surgery
Strong wind Nutrition supply
Ozone injury Support structure
EAGF YHE FAEE o] ZIHE Fa Wekd A%
2 73 67) diole] QA A4HUT W ES B
A% ARS AR ol UT B, 4% 98 thizoks 4
FA ol ot @o] Atk I2EE £ AFE AHP 7]
ol g&sto] 7+ AF tiitoke] 7FEAIE ek, PCA 7IHE
Faol AR ARS A9 FAS F247)2, HARHOE
VoA Fate] AT AA Adshel Fitsle AdF |y
AR g st A+ Figue 13 2k
152 3=2x7Ei5(X| H| 458 65 (20174 12%)

Figure 1. Process of this study

1. AHP 7|

AHP 71" 2] 7FA] QlApel et 3=l ahd
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oA G s AR ASste Aotk WA 9y
A% (Cl: Consistency Index) & AH&3}aL, CI= (A, —n)/
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F2+9) A(RI: Radom Index)E ZtoH(Table 2 #%) th
215 ma} d#A ¥)S(CR: Consistency Ratio) S 2H&3ith

CR= CI+ RI
CR= 01 okl e P A= Aol o= A=

BE L W 7FER7E Bek(Saaty, 2007). CReE 0.1 o)/do
As= T XA we A2 5 o) WEd w9
=]

2 oA Eopt A% Fol oA d3AE A5
2. PCA 7|

PCA 71o|gt B2 We] Fabikale] gjg s 7HEsH &
et W o R FARS AY W NYATORM FE
sl 24 7198 o)th(Political Science Council, 2002). ¥
= AIF AxS ARt Lﬂ-‘?— 2y dAS RS M S
AN Bt 4 94 (g} o 18eg

= =0
o
)
o
Y o
N

B>
_°|_,
i..
to
-
"
O_u _Ll.,
oL
oL
|o
il
oy
A:‘
mlm
>
BN

2y
2 r{n
N
it
=2
X
_>;
=2
—_
Zi
— ::,'
;o
[
ot

-EH, 3@(&%). 4@(1‘%‘1}

=X

(3
[N
i
&
i
_YE
X ¢
(m
o &

E :ulllﬁ“’»u?]l.‘l+ Uy T,

Fy = gy FgyTy o0 w0,

F‘m = ulmq"l +’lt2m1‘2 e unma"n

QAR Sl 2 Al el
u, - A ool FAEL A 27 A
x : Hﬂaﬁ Z]‘u_‘/] %Ec}:

1=}
R

ol EU® & F¢ Wt e vt 2

Table 2. Random index(RI)(Saaty, 2007)

n 1 2 3 4 5
RI 0 0 0.58 0.90 112
n 6 7 8 9 10
RI 1.24 132 141 145 149

Questionnaire Factor Initial
i . PCA
Evaluation | g yey | Index | o weight Weight
index score
model

Figure 2. PCA’s calculation process

Y T, + o)
=wry twely T w, T, W= Y ey
11 272 n'n 7:1()\1+)\2+“.)\n)

wi A 7SR N L 3L

A9 AEE Y8 KMO(Kaiser-Meyer-Olkin) <F B2
(Bartlett) 9] frel2tE< 2-&3tth KMO %ol 055 715 (Kaiser,
1974) 0.2 19 7/7125%, Bartletto] 23&2 005 w7
H A esltH Park, 2010). B3t S50 284S AS3]

el A E FAS AAjgt) AlEE B4 A Cronbach el
- A7 06 oldeld AlgAe] 2 o2 ATETH Jung
and Choe, 2001).

M
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¢74—r APz HrF AAE AR A2E 2 S 7k
A2 FA 995 57l tlEeke AHP 7[HO R 7HEA|
= Tk, AF ART A 7}?;%1 PCA 7IHo & 2=
St AEzAbe] 8 g Foll AHP 9 PCA4 AEA
= 6/ AT 99 ool ’”EHH FH AxE Q1A
HAeng o] FAEG ZAKAFAA = A gA7) 7 o
IgHE 20~508480=2 AA AFthde HAas 1009
o]Ato] wojof 3THSeong and Si, 2014), B AFo] et
w7k 2738 o) Aush s é]EEig}% Aye
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fol

TOE YET 599 7t wE U 2 9] Alg) 7]l dafo] BHO T TEH 467 Ax= 67 tEopEE 54
Aap Wojz| L, BE7p i, el tid SR oA A B BEAS A4
A FE AL E A F glod, Ayl met Table 58 HW AL 2|8} Fol= & 97l A&7t
5ol o] 2t AL, SPSS 180& o] &3 QRN E F& I FAERE =
Z315th TEHAE(KMO) & 082322 vl =4 Yehsth
2 ME XE =X 22 Bartlettoll e fogh&o] 000002 FAE FZo| 7153
27& FF319 0 A8 e #4243, Cronbach &3} Al57}
Lo . [e} =0 [e} by Z =
Table 3. Characteristic analysis of responders 083022 AFo] w2 Aoz Agkdny T8z A 4
- T A9 27 VbR A BEe 58 v 2
-y Number of | Real effective .
Division Ratio(%)
survey respondents ) )
—— — m - m F, = [0.782/(4.097)" ]z, + [0.289/(4.097)/? ],
NAscal arcnitecture
e + [0.648/(4.097)"2 ]z, + [0.686/(4.097)"/2 ]z,
Forestry % 2 17 +[0.709/(4.097)"/2 ]z, + [0.752/(4.007)"/2 ]
Mabr Ecology 2 12 10 +[0.841/(4.097)"? ], + [0.477/(4.097) 1/2]1:8
Horticulture 20 20 17 +[0.713/(4.097)"2 ]z, = 0.392, +0.24z, +0.322,
Plart protection 2 " 10 +0.34z,, +0.352, +0.37z, +0.42z, +0.24z, +0.35z,
Total 150 120 % Fy = [0.231/(1.254)2] 2, + [0.795/(1.254)"/2] z,
Professor Ry 3 19 +[0.358/(1.254)"/2 ], + [0.285/(1.254)2] z,
Researcher 50 49 4 +[—0.326/(1.254) ], + [ 0.280/(1.254) "]
O:ggn Technical specialist 40 35 29 +[-0.219/(1.254)"/? ], + [~ 0.350/(1.254)"/?]
b Administration 30 13 11 + [— 0.063/(1.254)1/2]1'9 = 0.21.%’1 + 0,71.%'2 + 0.321'3
+0.252, —0.29z, — 0.25z; — 0.192, — 0.3124 — 0.06x,
Total 150 120 80 5 0 '
Doctor 0 8 40 Fy = [0.229/(1.099)"/2] 2, + [0.413/(1.099)/* ]z,
Education Master 80 52 43 + [ 0.413/(1.099)"/2 ], + [—0.300/(1.099)/?] z,
degree Bachelor 2 2 17 +[—0.293/(1.099)"/2] z; + [0.070/(1.099)"/2] z
Total 150 120 %0 + [—0.134/(1.099)?] 2, + [0.694/(1.099)"/? ] z,
+[0.158/(1.099)"/?] 2, = 0.222, +0.39z, — 0.39z,
Under 30 i 3 2 —0.29z, —0.28; +0.072 — 0.13x, +0.661, +0.15z,
30~40 140 2% 2
Age 40~50 0 43 % ol & I, B, B 29 BAE F3 B2 ) AR,
Over 50 0 A 7 REARE o XFY F Yok X K o XE F AR W
.
= = o Folt), Mg FAHE 7 AHA AATHe V&S BRI 5 9
= o] Ax WP 3t NEAFPL AHale NEAE 7
5~10 30 29 24 ‘
e - " - F Atk &, FAY AT 4 FAEAR ACB B RN A
Working - : 3 13 2 X WEEA 49 7 A=
. H NEYEA, &
time 920~30 30 16 13 6 L0 & A4 ] ]T ]"é‘ ] =
Over 30 20 ! i 030 45.518-+0.21 X 13.920 +0.22 X 12.207 _ o
Total 150 120 80 (45.518 +13.929 +12.207) ‘
Table 4. 5 fields” AHP result
Division Individual-aging | Growth environment |Diseases and insect pests| Soil condition | Climate change | Management status A
Individual-aging 100 178 279 487 354 652 0.39
Growth environment 0.56 1.00 157 2.75 211 367 0.22
Diseases and insect pests 0.36 0.64 100 175 127 233 0.14
Soil condition 021 0.36 057 1.00 0.72 133 0.08
Climate change 028 047 079 139 1.00 183 0.11
Management status 0.15 027 043 0.75 0.55 1.00 0.06

" A =6.0004: CR=0,0001,

154 sH=x7siE(x| H 458 65017 12%)
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Table 5. Individual-aging index’s PCA result

Table 6. Growth environment index’s PCA result

o ) Component ) Component
Individual-aging Growth environment
1 2 3 1 2 3
Tree vigo(u)r 0.782 0.231 0.229 Drainage 0532 0.553 —0.098
Trunk rotting status 0.289 0.795 0413 Light condition 0.173 0.557 0.7117
Branches' dead status 0.648 0.358 —0413 Air pollution 0.614 0.367 0.004
Tree hole 0.686 0.285 —0.300 Soil thickness 0.770 0.200 —0.341
Crack 0.709 —0.326 —0.293 Other tree species’ intrusion 0.855 0.062 —0.025
Tree form 0.752 —0.280 0.070 Stamping 0.715 —0121 0.454
Elongation and germination 0.841 —0.219 —0.134 Biological diversity 0.366 —0674 0.361
Density of branches and leaves 0477 —0.350 0.694 Concrete cover 0.801 —0.145 —0.345
Leaves' fallen status 0.713 —0.063 0.158 Root competition 0.614 —0.608 0.046
Intrinsic value 4,097 1.254 1.099 Intrinsic value 3677 1.654 1.099
Proportion(%) 45518 13929 12.207 Proportion(%) 40.853 18.381 12.207
Cumulation(%) 45518 59.447 71654 Cumulation(%) 40.853 59.234 71441
KMO 0.823 KMO 0.782
Bartlett 0.000 Bartlett 0.000
Cronbach 0.830 Cronbach 0.787

olth, o]& Excel 0]¢ RE A8
THHt FRYEL oS 2k

Y'=0.33z, +0.362, +0.20z, +0.222, +0.122, +0.19z;
+0.21z, +0.212 +0.24z,

S 1oloIM AR THEAE T
B Z 9ol RolHlth miA|RtoZ kAL AA|
i, & A, F F 3, 7 A A, 3 2
A, 78, 7S] AT wol, A Uk, H94H Y T
2 WEE w=[016, 017, 009, 0.11, 0.06, 0.09, 0.10, 0.10,
0121714,
kA AT AT H7HE A% AA sk ok AF A
i RE ¢He 7 H JEH>—rHl>”°WEH>%%>
A4 BE>TEA 9] A3} wop>7EA] JAL Ade>E>7ke)
A £o2 Jeith #7F Bois Uit 289 7 °§°&
O AEE ANT & 3, AAE A, S ol
Atk 7eAE 017, 7P =2 98 BEE YEYEE A
o 147 Bo #Aeelr] flete] 708 R FelE Ads
AEHOZ AFs| FI FAZ Ao gt
Table 6= E™H KMO= 0.782>05¢] 2, Bartlette] 0.0002
E FAE FE0| 7bss 210 E A= It Cronbach €9}
AG7F0.787Z A Ao] =2 02 ATA) AT A%

.
3 Hok= T 9 ARE Eotstal, 2ARAE B3l 30 A4
]
R

BS 0ol A3t AR SR AR PO AET
W, S 4, 37109, BE, BeE A9, Bk

A% Ty, 2aRE D%, 24 D0l AW AR vEs
w=[014, 016, 0.14, 0.12, 0.15, 0.14, 0.02, 0.09 0.0417°]c}. w}
2 AR B ok AT A JYE #9153 gee
F AP AR BE>RAE 38>
o A>FN AR G 202 et 1 A
& 22 oA 41 2 40 43 9

000082 F4% FEo] 7Hed 27 % JJrD}El s1ek Cronbach
@3} AFE 076022 Aol w2 AR et k7l
o FEWHF Loks T TN ARE TS 2084 E §
o 7 AJRLE Tk 919 22 TREA At o A
=8 Al e, el el A dg A9d als A
o e, /1A, velE s Walel 7eA WE e w=[017,

EO

0.14, 0.16, 0.13, 0.18, 0.10, 0.12] 7]}, w}ebA E‘ﬁﬁﬁ% ol
A Az YEE e A WAl Ha>H3A 8l
£ b il e R e B> e] S s 05H>7V§*§€ Tl
2 UehEth W] o, Y 5tk Al Rl 9
af 7“’”“3} Mg A4 A3, 70~80%2] A& Walle A+ W
°Jxﬂ 7} 4otk (Kang, 2010). I3 B2 FEHZ Fotk 7t
A AR AT A W] o, 1A, A8
< d FAste ok sttt
Table 8& E™ KMO= 0.717>05°] 2, Bartlette] 0.0002.
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Table 7. Diseases and insect pests index's PCA result Table 9& ®® KMO+T 0.765>05¢] %, Bartlett+ 0.001%
Component FAE F20| 7 2702 AdE At Cronbach €3t Al
Discases and insect pests ] 2 3 S 07372 AFAe] Be Ao L}E}%} wge) B
Bacterial diseases 0.847 —0,024 0060 F% Hoks F o7 AFolH, SJAEAS B3l 2 FARS
Root pests 0711 0220 ~0198 2 T 99 22 TeA ALt u——i AEE YE, &
Boring pests 0082 0339 0919 vl A 74k vl 7HE 9F E9] 713EA WEE 5=[0.25
Defoliator 0791 | 0276 0101 024, 022, 002, 016, 01117]ck. wekx 7)15ms} Fof A%
Fungal disease 0.828 —0.003 0.118 AFO YT 9= YE>OuSASTHE >0 E>7) z
Parasites 0154 0903 —0281 Uehdth B2le] AR 728 SAAA LA 2 o
Virus disease 0.785 —0.104 —0.153
Intrinsic value 3.181 1.066 1.015 s 7]—6}71] %q— =
Proportion(%) AL 525 o Table 10& E¥ KMOT 0.815>0.5°]%, Bartlette] 0.0002.
Cumulation(%) 45443 60,666 75.160
KMO 0817 Table 9. Climate change index's PCA result
Bartlett 0,000 Component
Cronbach 0.760 Climate change 1 )
Thunder 0609 0448
Table 8. Soil condition index's PCA result Hail 0.443 0.589
— — Flood 0713 0222
Soil condition 1 > Drought 0.641 —0576
Soll property 0721 0013 Strong wind 0.825 —0.169
Soll pH 0551 0,65 Ozone injury 0.726 —0.253
Sail meisture level 0625 0607 Intrinsic value 2654 1021
Seil argenic matter 0757 —0.149 Proportion(%) 435 17012
Soil fotal nitrogen 0:856 0,061 Cumulation(%) 4505 6L917
Sol effective phosphate 0,830 —0436 KMO 0.765
Cation exchange capacity 0.527 —0.662 Bartlett 0.001
Intrinsic value 3486 1453 Cronbach 0.737
Proportion(%) 49.798 20.757
Cumulation(%) 49.798 70555 Table 10 Management status index's PCA result
KMO 0717
Bartlett 0.000 Management status Component
Cronbach 0819 1 2 3
Disease and insect pest control 0.648 0.331 —0.124
2 3% F30) /58 24 BUEUT Cronbach 23} frees sugery R L
A7H08192 A540] £ ACE et wASel E pn R T
g Bope ) ARE T, LARHS Be) 2 F Tl praine R L L
Aoz TBEY oo 2o 71EH AA WO e Management register 0.745 —0.356 0.087
= e T R AT = ooH— = Trees’ surgery 0053 0717 | —0539
B AR B AFE A7 AdA FE ol Al Nutrition supply 083 | —0111 | —00m2
&3] 7HsA MEE w=10.16 019, 020, 014, 018, 011, Support. structure 0744 | —0210 | —0078
0.0217e1ck, weha] Bk AFS) ok MY A3 HE £le Tntrinsic value 3378 2 | o0
EG AFESAESHALSEAS R E>FEID> ol A Proportion(%) 2921 15139 | 12517
e T et EFFEE e B2 A Cumnulation(%) 2221 57359 | 69877
ol A S v F YoM AF et 7 =T EY KMO 0815
AL IR F84, B xR A A Bartlett 0000
o] Wolx ¢ =93 IAEZE ettt Cronbach 0.767

—
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) Bobe % &) AEE TAL LABHE ol 3] A
RO etk A% 2e JEA AY o e ¥F
A WA, Slsee B, AUEAL AN, KA, ey A

= W= [014 017 0.16, 0.15, 0.11, 0,03, 0.13, O
A e7A%) B Rk AR AL JHE £91% 935
& TARURAL QA 39
g AT YT 877 208
A=)
T

o dkres e kA £ T

Table 11. The total weight and ranking of each index

T TARE AY 54 2 oke el E VreRsTH(Ha, 2003). 11
HuE Qe AAe 9T 20 TEAT0fok i
a38A) ko w$- 91335 6@%7} =1=

npA et o 2 g okel A = A
x| HF I AE AT F ME}(Table 11 #x). +443,
F7HRSAE(0.066) 2 =TT 7P =A Uelton, A
(0.062), SHAEN(0.047), 25(0.043) 59 £22 Yt
W 5 o] St whet 7ER) 9] A ol Bajo A W=
FEIEE ol AR Ha, Bo] FE3H FA7} o
At JYEE S LALE ﬁié}ﬂ %’6‘ T s
At & Asfe] theh A I ES Q8] A d%TH

Section () Subsection % Formula Total w; Priority
Tree vigo(u)r 0.16 0.16x0.39 0.062 2
Trunk rotting status 017 0.17x0.39 0.066 1
Branches' dead status 0.09 0.09%0.39 0.035 8
- ' Tree hole 0.11 0.11x0.39 0.043 4
I“dwﬁjlf;;agmg Crack 0.06 0.06x0.39 0023 20
Tree form 0.09 0.09%0.39 0.035 9
Elongation and germination 0.10 0.10x0.39 0.039 6
Density of branches and leaves 0.10 0.10x0.39 0.039 5
Leaves fallen status 0.12 0.12x0.39 0.047 3
Drainage 0.14 0.14x0.22 0.031 11
Light condition 0.16 0.16x0.22 0.035 7
Alr pollution 0.14 0.14x0.22 0,031 12
Sail thickness 0.12 0.12x0.22 0.026 16
Growth (gr;goment Other tree species’ intrusion 015 0.15%0.22 0033 10
. Stamping 0.14 0.14x0.22 0,031 13
Concrete cover 0.02 0.02x0.22 0.004 43
Biological diversity 0.09 0.09x0.22 0.020 23
Root competition 0.04 0.04x0.22 0.009 41
Bacterial diseases 017 0.17x0.14 0.024 19
Root pests 0.14 0.14x0.14 0.020 22
) ) Boring pests 0.16 0.16x0.14 0.022 21
Diseases a&ijgsect pests Defoliator 013 0.13x0.14 0018 21
Fungal disease 0.18 0.18x0.14 0.025 17
Parasites 0.10 0.10x0.14 0.014 33
Virus disease 0.12 0.12x0.14 0.017 26
Soil property 0.16 0.16x0.08 0.013 A
Soil pH 0.19 0.19x0.08 0.015 29
. N Soil moisture level 0.20 0.20x0.08 0.016 27
Sl gggtm Soil organic matter 0.14 0.14x008 0011 »
Soil total nitrogen 0.18 0.18%0.08 0.014 30
Sail effective phosphate 0.11 0.11x0.08 0.009 42
Cation exchange capacity 0.02 0.02x0.08 0.002 45
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(Table 11. Continued)

fol

AOIEIUIEIQN - HEE - BEH

Thunder 0.25 0.25x0.11 0.028 14

Hail 0.24 0.24x0.11 0.026 15

Climate change Flood 022 0.22x0.11 0.024 18

(0.11) Drought 0.02 0.02x0.11 0.002 46

Strong wind 0.16 0.16x0.11 0.018 25

Ozone injury 0.11 0.11x0.11 0.012 36

Disease and insect pest control 0.14 0.14x0.09 0.013 35

Management cycle 0.17 0.17x0.09 0.015 28

Precision survey 0.16 0.16x0.09 0.014 31

Management status Tree pruning 0.15 0.15x0.09 0.014 2

(0.09) Management register 011 0.11x0.09 0.010 39

Trees' surgery 0.03 0.03%0.09 0.003 44

Nutrition supply 0.13 0.13x0.09 0.012 37

Support structure 0.11 0.11x0.09 0.010 40
TS Zstoiof gtk ATy wdetEnh 7 Rl Wi A% Wk kA #
2ol glof Folo] $EeA JHa sk Asabl sho] 4T
V. A= g Hode] Wt Yol 7hssitt $5ATE P ATt
w7l QARE QA dE Sol, 57 Yool A 43 5
wAS] 9F Wb A|AE LE2S o5 67 tlEol 2 46 vl we} A8k e ATt AR WS Tt

o} @t

M AR 5 B R4S 2ATOE o] AAlsiT & A
]

o
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ol
s
&
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~
ofN
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it

X
N
re 2o
)
‘0,
fo
Yy
o
do |

A 7k e S
37, FEHE S, EFES ddHET 919 At =
Al YERsT

duto] oz 67 teoks 2 970, 970, 870, 77N, 671, 8
el F 4671 A F7HRRE AT § PCA 71HE g3t
7 W7 ko] B, g A, A B B A

O:] -
F&, 943, e £4 5ol /Mg T8 AX AR Y
i} BE 3 A o8 EAlES $A4F o7 v sefo} s}
PCA & A7t & s st A7) S48 HA4
8 3 4 JARE st Hrb Age] YA RS Foqd
ok AA H7HARe HF A 2 SAEHE BEeH,
F7re] F3) g, FA, 9E dE, T SOl i 98 A
E 4 978 Bdl risEE AAse] A3k e 58
atejof g,

B AT e wAG 4 AR AR Ad For 2 ¢
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