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ABSTRACT Biological damages of wooden cultural properties are closely related to the preservation
of the environment; these damages can be accelerated because of rapid climate change. Therefore, to
preserve cultural properties, it is important to understand environmental characteristics. This study aims
to investigate the status of termite damage and the characteristics of major environmental factors such
as micro-meteorology, meso-meteorology, and local-meteorology of the Josadang shrine in the Seonamsa
temple at Suncheon. Damage was confirmed by visual observation and the response of the termite
detection dog at the north-west corner. Also another damage was observed by the termite detection
dog at the north-east corner. These pillars had lower surface temperature and higher moisture content
compared with the pillars in the front. The mean temperature of the entire time was similar for the
meteorologies; however, the relative humidity differed. High relative humidity, greater than 70%, was
observed frequently. In particular, it was determined that the termite activity days were the most inside
the Josadang shrine. The statistical analysis confirmed that there was a difference between the
meteorology events through the F ratio. In addition, the difference of environmental factors with relative
humidity and temperature was identified more great difference in relative humidity through the
t-statistics of temperature and relative humidity. And then relative humidity was confirmed most great
in the difference of meso-meteorology and local-meteorology.

Key Words Wooden cultural heritage, Environmental characteristics, Termite damage, Seonamsa temple,
Statistical analysis
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Figure 1. Environmental monitoring equipments in the Seonamsa temple. (A) Installed location of the equipments, (B)

Micro-meteorology(outdoor air) monitoring site.
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Figure 2. Termite damage status of the Josadang shirine. (A) Damaged location, (B) Image of the damaged fourth pillar.

Table 1. Mean of environmental factors at atmospheric and pillars

Air

Pillar

Pillar No.

Percentage of

Surface Moisture content

. . e ;
Temperature (C) Relative humidity (%) temperature (C)  of surface (%) . ;Irllgz:uzf/o )

1 20.5 58.7 21.0 8.8 353

2 20.7 58.5 21.9 11.8 44.9

3 20.3 58.8 19.3 13.2 47.7

4 20.0 59.8 19.5 12.5 46.9
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Figure 3. Monthly mean of environmental factors around pillars and pillars of the Josadang shirine. (A) Temperature, (B)

Relative humidity and moisture content.
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Table 2. Descriptive statistics on the micro-meteorology of Josadang shirine

Mean Min. Max. Median Mode Stdev Variance
Temp. 21.7 15.5 25.6 21.8 21.9 1.7 29
Indoor
R.H. 72.2 34.1 87.5 74.9 80.0 9.4 88.0
Outdoor Temp. 19.9 11.4 27.6 19.6 19.6 2.9 8.4
R.H. 78.1 23.0 94.0 83.0 87.1 13.8 189.9
Temp.: Temperature (C), R.H.: Relative humidity (%).
Table 3. Mean of temperature and relative humidity inside and outside of the Josadang shirine
Year 2015 2016 2017
Index Temp. RH Temp. RH Temp. RH
Place Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor
Jan. - - - - 2.1 0.0 66.5 68.8 34 0.9 62.5 67.2
Feb. - - - - 4.0 1.9 62.2 62.6 42 1.8 57.1 61.3
Mar. - - - - 9.1 7.1 59.9 62.0 8.6 6.3 53.1 55.3
Apr. - - - - 15.5 13.5 63.3 69.4 15.6 13.6 57.5 59.8
May - - - - 19.1 17.2 64.3 70.8 20.0 18.0 58.2 61.6
Jun. 21.7 19.9 72.2 78.1 22.6 20.8 75.9 82.6 - - - -
Jul. 24.6 232 80.7 80.3 26.1 24.6 81.6 86.9 - - - -
Aug. 257 23.7 76.8 77.4 28.0 25.6 72.0 80.0 - - - -
Sep. 21.9 19.4 73.2 75.5 23.1 20.9 78.8 86.8 - - - -
Oct. 17.8 14.8 66.6 69.7 17.7 15.9 77.9 82.1 - - - -
Nov. 12.6 10.7 77.0 81.9 10.9 8.4 68.1 73.0 - - - -
Dec. 6.5 43 71.9 73.8 6.4 3.9 65.1 70.2 - - - -

Temp.: Temperature (C), R.H.: Relative humidity (%).
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Figure 5. Seasonal characteristics of meso-meteorology. (A) Accumulated precipitation and number of days with
precipitation, (B) Distribution of temperature and relative humidity.
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Table 4. Results of ANOVA test between micro-meteorology, meso-meteorology, and local-meteorology

Descriptive statistic analysis F-test
Site <
Mean Variance F P(F:f.) F crit
one-tail
Micro- Indoor 15.1 75.7
meteorology Outdoor 13.5 83.6
Temp. 134.7 <0.05 2.6
Meso-meteorology 13.2 85.9
Local-meteorology 13.8 97.8
Micro- Indoor 66.9 200.1
meteorology Outdoor 72.4 293.9
R.H. 1002.8 <0.05 2.6
Meso-meteorology 77.3 388.8
Local-meteorology 69.1 463.5
Temp.: Temperature (C), R.H.: Relative humidity (%).
Table 5. ANOVA test results among the factors of temperature and relative humidity
Source of variation df F P-value F crit
Treatment 2 16.8 0.00 3.0
Temperature -
Residual 50076
. o Treatment 2 737.3 0.00 3.0
Relative humidity -
Residual 50076
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Table 6. T-test results between micro-meteorology, meso-meteorology, and local-meteorology

Micro-meteorology Meso- Local- t-test
Indoor Outdoor meteorology meteorology t Stat P(T=t) two-tail
v v 5.6 1.7E-08
Temp. v v 2.1 3.2E-02
Vv Vv 16.8 3.1E-63
Vv Vv 36.1 2.7E-280
RH. N v 24.2 4.7E-128
v v 317 52E-217

Temp.: Temperature (C), R.H.: Relative humidity (%).

Table 7. T-test results of annual data

Temperature ()" Relative humidity (%)™
Mean Variance t Stat  Mean Variance t Stat
Prim.” 14.5 73.8 65.5 2324
Indoor - -11.5 -7.6
. Second. 16.1 80.5 67.3 170.5
Micro-meteorology —
Prim. 133 80.0 71.6 267.6
Outdoor — -4.2 -2.0
Second. 14.0 91.0 72.2 330.7
Prim.’ 132 83.1 71.7 367.7
Meso-meteorology - -3.5 5.7
Second. 13.7 92.5 75.9 423.8
Prim.” 13.9 90.3 69.6 460.2
Local-meteorology - 2.2 5.6
Second. 14.2 109.6 67.6 479.6
_ Prim.: Primary Jun. 2015~May 2016.
*:* Second.: Secondary Jun. 2016~May 2017.
P<0.05.
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