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Abstract: This study categorized the damaged trees by Supervised Classification using time-series-aerial photographs
of Bukhan, Cheonggae and Suri mountains because oak wilt disease seemed to be concentrated in the metropolitan
regions. In order to analyze the spatial characteristics of the damaged areas, the geographical characteristics such as
elevation and slope were statistically analyzed to confirm their strong correlation. Based on the results from the
statistical analysis of Moran’s I, we have retrieved the following: (i) the value of Moran’s I in Bukhan mountain
is estimated to be 0.25, 0.32, and 0.24 in 2009, 2010 and 2012, respectively. (ii) the value of Moran’s I in Cheonggye
mountain estimated to be 0.26, 0.32 and 0.22 in 2010, 2012 and 2014, respectively and (iii) the value of Moran’s
I in Suri mountain estimated to be 0.42 and 0.42 in 2012 and 2014. respectively. These numbers suggest that the
damaged trees are distributed in clusters. In addition, we conducted hotspot analysis to identify how the damaged
tree clusters shift over time and we were able to verify that hotspots move in time series. According to our research
outcome from the analysis of the entire hotspot areas (z-score>1.65), there were 80 percent probability of oak wilt
disease occurring in the broadleaf or mixed-stand forests with elevation of 200~400 m and slope of 20~40 degrees.
This result indicates that oak wilt disease hotspots can occur or shift into areas with the above geographical features
or forest conditions. Therefore, this research outcome can be used as a basic resource when predicting the oak wilt
disease spread-patterns, and it can also prevent disease and insect pest related harms to assist the policy makers to
better implement the necessary solutions.

Key words: oak wilt disease, aerial photographs, geographical features, Moran’s I statistical analysis, hotspot analysis

* Corresponding author
E-mail: leewk@korea.ac.kr

310



AAPAARS ol g3 HUFASS

Sl A AS e URAES i
HURAS ST ot 2402 ggBe) )
Folgol UAHOR WeEE DS TR FURA
=82 AUFEFLe| &b S UNYEE(Platypus
koryoensis)2] SA34F21 Raffaelea quercivola®] 23l 2HAY
'5]-]:[:1 /llOd/H —3“%0]1,} E,Eﬂ&k—LQ_tﬂ 59,] _TLA]—&‘EHQ}h ar
A alo] BFEA QA FLtH(Kim, 2005). A o sf

% of T} RG] WEHol S FRAEEY
2 Aol = wja=e] %7} 20104 oF 181,000

oA 2013\ 2F 309,000 02 TWolx|al ) S H(Park,
2014), bl IS Y A7ES} R Aoz o
== Aol itk FRAIESH Y WAE Sl ok
T o] ALEET AR of 4 ehua A ol )
el ] ool f-Euhet 4bdel & s dslaL Stk

HURASSY WAo] ALSEE WHORE metam-
sodium HAYEZFHH, IpA|7]o| AFA| Az, &
FUAFANYH, At B w7 o] jlon, o
ool A B JS5E7= PANE B2 ASE
/‘K_]_— ;qzsﬂoﬂ/q_,] I’./\]-E 14:_/1—1 g :LE;Q?_] tﬂg,] s
9 odfe] o]z AlFo|tKChoi, 2010; Park et al.,
2019, AUTAEEIS FUD WA R B 2L

L&) QAL W WA TajRe] B
Edol EH?FP 712A57F Bash, gl FolA St
b AR o R mE SPAR
| 59 JAARE B30l YST 4 Aot

M rle d
N
4K

m

126" 1274208 129", .\\
w- € " 2 )

255000 area

— i

A

araemn

ok
&
%
1o
o
¢
A
il
B
5
Mr
T
(OS]

(Yeum et al., 2013). Kim $(2014)2 20064 =2hat
Z*H%A]—Aﬁ 73 =-2] hotspotZ} 2| & Q1z}e] A

N
12

Y
ot

& FSHACh AT, HeBe A WA BAN RS
AERTE A3 B BASE e 4 5

A ZAL] SHAIR Q| theFgt F7HEAS ket Al
EISElbei=d

% ‘?“i:rloﬂ*i—t« BIAL FAAL, ik R ol 4] theF

GRS gHsto] oaj S ©X|st

&"‘iﬁh Eﬁ* Ak, AL Aol gk A =S 25k

SAEAS A ERE T AFgHd 545 &
I & =2

o
>

>
L
>
>
2

hotspot #4154 AI5}Fe] hotspot 2] 5712{Q1 o] F/do] 9l
e Hosidlon, JUFASEHY ¥ F= A%
89 9 JEe dAE st

1, APAX & T2

QAT A 2010950 714 FURAS S| 5
Si7h ERloPA e B AA4 AR, el
20179 @A) AUFASSHe] Sk ol3] TALES]
7SR G ekt i K 1)
T AT WAL oF 1,905 haoli(HaHA, HA,
2JAF Z} 635 ha), 1 pixelo] EH??_P A EE 0.25%0.25 m
oftk. obee, WajRe] RYEAL melstel G5
9P AFSE GEALE AAo] FRobAN TES] A

l:l

< Bukhan mountain

< Suri mountain

Figure 1. Map of study areas.
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Table 1. Spectral characteristics of damaged trees extracted from aerial photographs by year.

Research Area

Spectral characteristics (year)

R: 0.410~0.450, R: 0.395~0.616, R: 0.412~0.488,
Bukhan mountain G: 0.218~0.248, G: 0.280~0.536, G: 0.285~0.364,
B: 0.337~0.420 (2009) B: 0.341~0.520 (2010) B: 0.365~0.425 (2012)
R: 0.509~0.608, R: 0.487~0.524, R: 0.459~0.569,
Cheonggye mountain G: 0.392~0.512, G: 0.312~0.416, G: 0.292~0.360,
B: 0.478~0.644 (2010) B: 0.465~0.524 (2012) B: 0.454~0.550 (2014)
R: 0.438~0.688, R: 0.458~0.552,
Suri mountain G: 0.306~0.454, G: 0.285~0.397,
B: 0.401~0.603 (2012) B: 0.422~0.488 (2014)
*R, G and B refer to Red, Green and Blue band respectively.
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Figure 2. Classification of damaged trees using geo-spatial data.
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Figure 3. Effect of oak wilt disease through time series of aerial photographs.
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Table 2. Effect of oak wilt disease by elevation of the study areas.

DEM (m) (a) Damaged trees (ea) (b) Broadleaf and mixed stand forest areas (ha) (a)/(b) (ea/ha (%))
0~100 2 124.52 0.02 (0.19)
100~200 1,182 973.09 1.21 (11.32)
200~300 3,708 1,201.25 3.09 (28.91)
300~400 2,774 959.41 2.89 (27.03)
400~500 1,154 654.25 1.76 (16.46)
500~600 197 153.96 1.28 (11.97)
600~700 17 55.80 0.30 (2.81)
700~800 6 43.32 0.14 (1.31)

*NB: ea is the total number of damaged trees.

Table 3. Effect of oak wilt disease by slope of the study areas.

Slope (°) (a) Damaged trees (ea) (b) Broadleaf and mixed stand forest areas (ha) (a)/(b) (ea/ha (%))
0~10 149 254.50 0.59 (6.21)
10~20 1,618 903.07 1.79 (18.84)
20~30 4,069 1,631.25 249 (26.21)
30~40 2,483 1,059.03 2.34 (24.63)
40~50 660 370.57 1.78 (18.74)
50~60 58 123.07 0.47 (4.95)
60~70 3 85.12 0.04 (0.42)
70~80 0 43.79 0 (0)

*NB: ea is the total number of damaged trees.
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Table 4. Effect of oak wilt disease by aspect of the study areas.
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Aspect (0~360 degree) (a) Damaged trees (ea)

(b) Broadleaf and mixed stand forest areas (ha)

(@)/(b) (calha (%))

337.5~22.5 (North) 960 814.93 1.18 (7.36)
22.5~67.5 (Northeast) 1,069 553.02 1.93 (12.05)

67.5~112.5 (East) 1,259 599.24 2.10 (13.11)
112.5~157.5 (Southeast) 1,632 591.11 2.76 (17.23)
157.5~202.5 (South) 1,382 513.83 2.69 (16.79)
202.5~247.5 (Southwest) 838 494.53 1.69 (10.55)
247.5~292.5 (West) 871 479.94 1.81 (11.30)
292.5~337.5 (Northwest) 1,029 552.06 1.86 (11.61)

*NB: ea is the total number of damaged trees.
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Research Area

Moran’s I index (year)

Bukhan mountain 0.25 (2009)
Cheonggye mountain 0.26 (2010)
Suri mountain 0.42 (2012)

0.32 (2010) 0.24 (2012)
032 (2012) 0.22 (2014)
0.42 (2014)

*For all values z-score>2.58 and p-value<0.01.
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Figure 4. Analyzing the hotspot movement on different time series of aerial photographs.
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Table 6. Spread of hotspot on different geographical features (DEM, slope) and forest types (broadleaf and mixed stand forest).

(a) The area of hotspot

(b) The area of total

S . 0
Research area Year considering geographical features hotspot (ha) (a)/(b)x100 (%)
and forest types (ha)
2009 83.50 97.75 85.42
Bukhan mountain 2010 57.75 77.25 74.75
2012 49.50 69.75 70.97
2010 60.50 76.50 79.08
Cheonggye mountain 2012 51.75 70.75 73.14
2014 67.50 82.75 81.57
. . 2012 64.25 74.75 85.95
Suri mountain
2014 69.50 84.00 82.74
Average 63.03 79.19 79.59
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Figure 5. Prediction of oak wilt disease in different geographical features and forest types.
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