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Determination of Moisture Index in Korea'
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ABSTRACT

This study amed to obtain basic climate information for effective moisture control in wood in Korea. Two independent
climate indexes, namely drying index (DI) and wetting index (WI), were determined using hourly weather data for
82 locations recorded from 2009 to 2017. These data were collected from the Korea Meteorologica Administration
(KMA). Hourly data had not been measured prior to 2009. DI and WI reveaed that al regions were cold and wet
except Baengnyeongdo, which was classified as a cold and dry region. DI and WI were normalized assuming that
wetting and drying were equally important phenomena. Then, the normalized indexes were combined into moisture
index (MI) to rank the moisture loading of the regions. The MIs showed that Seogwipo had the greatest moisture
loading in Korea, followed by Seongsan, Namhae, and Geoje. The MIs suggested that Korea exhibited severe moisture
loading. Further studies are required to investigate the relation between M| and moisture content on wood surfaces
from a wood maintenance point of view.
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1. INTRODUCTION

One of the fundamental principles in wood science
is that wood or wooden materials must be suited to
their exposed climate to prevent premature failures.
Such problems have been particularly reported in
various regions of North America (Chouinard and
Lawton, 2001; Cornic et al., 2002; Cornick and
Dalgliesh, 2003). Thus, determining the moisture
loading level in a given location is important for the
prevention of deterioration and the maintenance of
exposed surfaces of wooden constructions.

Currently, several climate indexes based on
temperature-rainfall combinations have been developed

to help designers and builders (Lstiburek, 2001; Russo,
1971). They were determined based on either
wind-driven rain or the decay risk of wood used for
exterior aboveground applications (Boyd, 1963; Kim
et a., 2011; Kim and Ra, 2013, 2014; Ra, 2017; Setliff,
1986). Although these climate classifications were
useful, they were not developed to evaluate potential
moisture loading on the envelopes of materials, such
as wood. The requirement for a more quantitetive index
than the available indexes resulted in the development
of a moisture index (MI) (Cornick et al., 2002; Cornick
and Dadlgliesh, 2003).

M1 is a function of wetting index (WI) and drying
index (DI) that express the moisture entry and exit,
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respectively (Bailey, 1958; Cornick et al., 2002; Cornick
and Dalgliesh, 2003). Since WI is defined as the
wettability of wood, it can be effectively measured by
determining the availability of water using rainfall and
driving-rain indexes (Cornick et al., 2002). DI is defined
as the potential evaporation for a given location. The
potential evaporation is defined as the possible room
in a parcel of air that is available for moisture take
up. Cornick et al., (2002) combined WI and DI to
determine the M1 of cities in Canada and the United
States.

The potentid for moisture loading in various dimates
can be determined by calculating the MI using the
avalable climate data. Because the method of
calculating the MI is generd, it can also be used to
compare the amount of moisture loading in different
regions. This sudy ams to determine the Mls in various
regions of Korea to obtain basic climate information
for effective moisture control.

2. MATERIALS and METHODS

Domestic hourly weather data recorded from 2009
to 2017 were obtained from the Korea Meteorological
Administration (KMA) for 82 stations, including Seoul.
Mogt westher data were measured every third hour prior
to 2009. The hourly data of interest were temperature,
precipitation, relative humidity, vapor pressure, and spot
atmospheric pressure. Spot atmospheric pressure is the
atmospheric pressure at the measured site, not the
pressure modified to the sea level.

Herein, rainfall was used as WI. Rainfall was the
preferred parameter over driving-rain indexes because
it is strongly correlated and commonly available for
most locations (Cornick et al., 2002). And DI was
calculated using equations (1), (2), and (3). It is more
convenient to use long-term climate data instead of
hourly data because of low amount of data. However,
the use of long-term data has been reported to

underestimate the DI by 21% (Cornick et al., 2002).

AQU (h‘) = Wsgturation (hourlytemperature ) """"" (1)

T Wyt (h()urlytemperatm’e )
w = 0.622 X (vp/ (p—vp)) kg water/kg air - (2)

n

k
D]:lEEAw(h) ............... 3

Ni=1n=1

where w is the humidity ratio (kg water/kg ar), v,
is the vapour pressure (kPa), p is the total mixture
pressure (kPa), DI is the Drying Index (kg water/kg
air-year), n is the number of years under consideration,
and k is the number of hours in a particular year.

DI and WI were calculated for each year for a
particular location and were combined into a MI. A
higher M| suggests a greater potential for moisture
loading (Cornick and Dalgliesh, 2003).

Both WI and DI were normalized to have values
from 0 to 1 and combined into a MI using equation

(4).

Loormalized = (- Loin )/(411;13; - [min) """"" @
For comparison, WIs and DIs of 20 cities in Canada
and the United States determined by Cornick et al.,
(2002) were included in the dataset. The obtained WIs
were normalized to that in Seogwipo, Korea, and DIs
were normalized to that in Phoenix, Arizona, which
had indexes of 2091.94 and 129.47, respectively.
Wetting and drying were assumed as equally
important phenomena and were therefore given equal
weight in the determination of the M| using equation

).

MI= \/ Mfm'malizcd + (1 - DI,

) 2
normalized
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The determined MIs were compared and analyzed
to evauate the level of moisture loading.

3. RESULTS and DISCUSSION

Table 1 lists the average domestic weather data and
the determined vaues of the DI, WI, and MI. Herein,
WI was defined based on the tota rainfall in a region
and the DI was determined using the hourly westher
data obtained from 82 locations from 2009 to 2017.

The average annua temperature varied from 7.39°C
to 16.96°C depending on the location. Seogwipo showed
the highest temperature, followed by Jeju, Gosan, and
Seongsan. The location with the lowest temperature
was Daegwallyeong. The average annual precipitation
showed values between 739.17 and 2091.94 mm.
Seogwipo and Seongsan had an annual precipitation
levd of >2,000 mm, and Baengnyeongdo had the lowest
annud precipitation of 739.17 mm. The annual relative
humidity (RH) was ~65%. The highest annhua average
RH was 80% in Mokpo, and the lowest was 57.94%
in Gangneung. According to Russo’'s classification
scheme (Russo, 1971), most domestic regions can be
classified as mild and wet regions.

DI was cdculated using the hourly climate data and
ranged between 10.7 and 18.03. Seogwipo had the
highest DI, followed by Gosan, Seongsan, and Mokpo.
Daegwallyeong had the lowest DI. A high DI suggests
that the potential drying capacity would be higher.
Among the North American cities, Vancouver and
Victoria, BC, Canada, have Dls similar to those in
Korea. Their values are 16.10 and 17.03, respectively
(Cornick et al., 2002; Cornick and Dalgliesh, 2004).

Fg. 1 plots DI versus WI, where esch point represents
the nine-year average indexes calculated from the data
for 82 locations. Cornick et al., (2002) divided the
climate zones into four categories using DI and WI.
A DI of ~20 and a WI of ~800 were used as references
to distinguish between hot and cold regions as well

as wet and dry regions, respectively. According to this
scheme, al regions of Korea, except Baengnyeongdo,
can be dassfied as cold and wet regions. Baengnyeongdo
is the only cold and dry region. Cities occupying the
lower right-hand corner of the plot have low DIs and
high Wis and can be assumed to have a high potentia
for moisture loading. The plot also suggests that the
potential moisture loading would increase with an
increasing WI.

The variation in DI between the regions in Korea
is not severe when compared with those in Canada
and the United States. If the range of the DI is varied
significantly, the ranking will be changed, making it
impossible to compare the MI between regions.
Therefore, the determined WIs and Dls of severa cities
in Canada and the United States were normalized. In
this study, the WI was normaized to that in Seogwipo,
Korea, whereas the DI was normalized to that in
Phoenix, Arizona, because Seogwipo and Phoenix had
the maximum WI of 2091.94 and the maximum DI
of 129.47, respectively, in the given dataset.

In Korea, Baengnyeongdo had the lowest MI of 0.99.
Other locations had Mls greater than those in Victoria,
BC, Canada. Cornick and Dalgliesh (2003) used five
divisons to categorize moisture loading. Their
classifications ranged from zone 1 with low moisture
loading to zone 5 with severe maoisture loading. Victoria
that has the Mis digtinguishing between severe and high
moisture loading zones according to Cornick et al.,
(2002), showed the MI of 1.02. Table 2 lists the
calculated Mis of the cities in Canada and the United
States. According to this criterion, Korea appears to
be in zone 5, a division of severe moisture loading.

The high MI of Korea is due to its higher precipitation
and RH. Although Korea lies in a severe moisture
loading zone, it is not in a severe decay hazard zone.
According to the Scheffer index, Korea is generaly
classified as a middle decay hazard region (Kim and
Ra, 2013, 2014). The reason for this is unclear but
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Table 1. Average annual moisture indexes calculated from hourly climate data for the period of 2009-2017.

Spot
Location T(?g‘)p A\lgrae%i;‘rgt? Zﬁal (Fzz) p\r(/%z):e ﬁg‘gjzc DI wi MI
(hPa)

Seoul 12.81 1391.42 60.03 11.20 1005.89 12.84 1391.42 115%1
Busan 15.10 1519.02 62.16 12.99 1007.44 14.93 1519.02 117
Daegu 14.59 1058.37 58.04 11.68 1009.26 13.40 1058.37 1.06
Dagjeon 13.18 1253.28 68.44 12.62 1008.31 14.52 1253.28 101
Gwangju 14.32 1332.51 67.92 13.24 1007.97 15.24 1332.51 111
Ulsan 14.39 1183.67 64.76 12.89 1010.48 14.82 1183.67 1.07
Incheon 1251 1202.26 71.74 13.08 1007.96 15.07 1202.26 1.08
Ganghwa 11.32 1229.49 69.16 11.81 1010.83 13.56 1229.49 1.10
Baengnyeongdo 11.22 739.17 70.74 11.64 998.93 13.34 739.17 0.99
Dongducheon 11.62 1382.26 64.17 11.01 1002.80 12.61 1382.26 114
Suwon 12.64 1345.37 69.58 12.63 1012.31 14.54 1345.37 112
Y angpyeong 12.01 1400.94 67.91 11.72 1010.69 1344  1400.94 1.14
Icheon 11.66 1258.46 64.54 10.97 1007.07 12.54 1258.46 111
Paju 11.01 1294.66 70.54 11.79 1012.84 13.59 1294.66 111
Sokcho 12.64 1274.1 64.92 11.80 1013.07 13.53 1274.1 111
Cheorwon 10.41 1377.01 68.82 11.00 997.84 12.62 1377.01 1.14
Daegwallyeong 7.39 1239.21 72.71 9.40 925.99 10.70 1239.21 112
Chuncheon 11.52 1345.22 70.17 11.82 1007.13 13.57 1345.22 1.13
Bukgangneung 12.56 1214.39 61.81 10.97 1005.77 12.56 1214.39 1.10
Gangneung 13.40 1235.08 57.94 10.85 1012.22 12.42 1235.08 111
Donghae 13.20 1119.52 63.66 11.82 1010.44 13.55 1119.52 1.07
Wonju 12.34 1281.38 63.7 11.25 998.32 12.89 1281.38 111
Y eongwol 11.58 1175.56 67.96 11.28 987.68 12.92 1175.56 1.09
Inje 10.52 1194.21 66.9 10.45 992.38 11.94 1194.21 1.10
Hongcheon 11.30 1185.43 66.13 10.94 999.54 12.53 1185.43 1.09
Taebaek 9.17 1200.92 66.20 9.51 932.52 10.84 1200.92 111
Chungju 11.99 1137.41 65.35 11.25 1002.74 12.89 1137.41 1.08
Cheongju 13.30 1198.43 62.05 11.56 1009.48 13.26 1198.43 1.09
Chupungryung 11.81 1121.51 66.53 11.27 987.25 12.90 1121.51 1.07
Jecheon 10.33 1307.44 68.38 10.59 984.97 12.11 1307.44 1.13
Boeun 11.38 1261.62 69.92 11.44 995.72 13.10 1261.62 111

"I MIs were calculated using the DI normalized to that in Phoenix, Arizona, and the WI normalized to that in
Seogwipo, Korea.
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Table 1. Continued.
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Spot
Location T(?g‘)p A\;re%i;;%r; gl;d E /:; p\r(/%:):e mgﬁi ¢ b wi Ml
(hPa)

Seosan 12.10 1238.28 7696 1320 1013.45 1518 123828 109
Cheonan 1233 119051 6859  11.95 1012.03 1373 119051  1.09
Boryeong 12.80 1164.21 7419 1338 101453 1541 116421 107

Buyeo 1257 1277.43 719 1251 1015.20 1437 127743 110
Geumsan 11.87 1220.32 60.03 1150 996.07 1318 122032 110
Gunsan 1292 1190.21 7850 1413 1013.77 1629 119021  1.07

Jeonju 13.69 121758 6767 1273 1009.76 1463 121758 109

Buan 13.07 115373 7188 1288 1015.27 1480 115373 107

Imsil 1151 1333533 7050 1144 987.17 1309 133353 113
Jeongeup 13.60 131174 6942 1286 1010.85 1478 131174 111
Namwon 12.48 1262.48 6878 1191 1003.19 1366 126248 110

Jangsu 1092 149352 7307 1141 968.36 1306 149352 117
Gochang 1362 1306.30 7123 1328 1009.58 1528 130630 111
Sunchang 12.70 1415.10 7014 1220 1001.54 1397 141510 115

Mokpo 13.84 1147.02 8028 1497 1011.95 1729 114702 105

Y eosu 14.61 1457.68 6378 1297 1008.10 1492 145768 115
Heuksando 1356 1140.10 7941 1438 1007.17 1656 114010 105

Wando 14.41 1542.03 7194 1412 1012.14 1627 154203 117

Jindo 11.74 1451.84 742 1262 960.26 1446 145184 115
Y eonggwang 13.06 1261.48 7363 1330 1012.05 1522 126148 109
Jangheung 1373 1435.11 7297 1360 1010.92 1566 143511 114

Haenam 13.60 127351 7398 1359 1014.75 1562 127351 109
Goheung 13.88 1499.84 7124 1343 1000.78 1544 149984 116
Ulleungdo 12.67 1561.83 60.83  11.99 988.60 1373 156183 119

Uljin 1272 1029.34 6770 1211 1009.56 1388 102034 105

Andong 1252 999.93 6453 1142 999.34 1310 99993 105

Sangju 12.70 1064.82 6266 1136 1004.71 1303 106482 106

Pohang 14.70 1065.46 6350  12.99 101551 1493 106546 105
Bonghwa 9.91 1047.97 6950 1046 977.62 1195 104797 106
Yeongju 1173 1217.48 6467 1100 990.83 1259 121748 110
Mungyeong 11.99 1224.26 6093 1062 995.90 1215 122426 111
Y eongdeok 1338 964.57 6238 1171 1010.69 1342 98457 104
Uiseong 11.88 888.36 67.86 1146 1006.45 1314 88836 102

Gumi 13.42 1022.47 6474 1214 1010.46 1394 102247 104

Y eongcheon 12.96 1025.90 6361 1144 1004.80 1310 102590 105
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Table 1. Continued.

Spot
Location T(?'C“)p A\lgrerea?i;:q%? Zﬁa] (Fj /':; p\r:%:e agﬂim DI wi M1
(hPa)

Changwon 14.69 1469.44 59.8 12.94 1011.39 14.89 1469.44 1.15
Tongyeong 1451 1516.49 70.52 13.93 1012.07 16.03 1516.49 1.16
Jinju 13.32 1552.87 66.46 12.20 1012.57 14.00 1552.87 1.19
Kimhae 15.13 1316.2 60.98 12.89 1009.43 14.76 1316.2 111
Bukchangwon 14.34 1399.16 63.88 12.70 1010.06 14.43 1399.16 114
Y angsan 14.81 1420.33 61.00 12.50 1015.15 14.31 1420.33 114
Geochang 12.01 1195.1 68.62 11.72 989.11 13.45 1195.1 1.09
Hapcheon 13.33 1325.69 65.06 11.84 1012.26 13.58 1325.69 112
Miryang 14.02 1178.78 63.63 12.24 1014.61 14.06 1178.78 1.08
Sancheong 13.22 1530.7 63.87 11.81 999.60 13.54 1530.7 1.18
Geoje 14.72 1849.5 64.9 13.08 1010.44 15.04 1849.5 1.28
Namhae 14.54 1913.9 65.43 13.10 1010.70 15.06 1913.9 1.30
jeju 16.23 1439.68 69.08 14.63 1013.93 16.84  1439.68 113
Gosan 15.69 1171.52 74.29 15.24 1007.33 17.57 1171.52 1.05
Seongsan 15.64 2053.90 73.74 15.13 1013.77 17.45 2053.90 1.34
Seogwipo 16.96 2091.94 70.83 15.61 1009.66 1803  2091.94 134

Table 2. Moisture indexes of 20 cities in Canada and the United States.
City wi DI MI City Wi DI MI
New Orleans LA 1601.4 36.44 1.07 Pittsburgh PA 931.1 30.19 0.97
St Johns NF 1193.8 10.20 111 Madison WI 803.9 24.67 0.96
Shearwater NS 1178.1 13.11 117 Ottawa ON 701.8 22.96 0.91
Vancouver BC 1058.2 16.10 1.04 Toronto ON 625.6 21.58 0.91
Atlanta GA 1306.0 39.02 0.95 San Francisco CA 506.6 25.58 0.87
Orlanda FL 1274.1 41.69 0.92 Calgary AB 293.4 26.71 0.84
Houston TX 1211.4 41.14 0.91 Fort Worth TX 857.3 53.57 0.72
Victoria BC 813.0 17.03 1.02 Colorado Springs CO 4245 45.33 0.70
Seattle WA 927.4 24.38 0.95 Phoenix AZ 205.1 129.47 0.05
Chicago IL 914.3 29.01 0.97 Las Vegas NV 108.2 117.78 0.09

MI is based on hourly values. WI was normalized to that in Seogwipo, and DI was normalized to that in Phoenix AZ.
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Fig. 1. Scatter plot showing the mean drying index and wetting index for 82 locations.

may be explained by the application of equal weighting
for the DI and WI when combining them into a MI.
Neglecting wet or dry spells may also be a reason.

A mathematical evaluation of the relation between
climate and wood moisture content, particularly on
wood surfaces, may facilitate better understanding of
premature failures that frequently occur in wooden
houses or structures from a maintenance point of view.
The MI approach offers a way to group and compare
countries into zones related to potential moisture
problems. In addition, it has the potential to quantitatively
assess the mechanisms of the effect of climate on wood
moisture content. Further research to investigate the
relation between the MI and the wood moisture content
is required to provide a more integrated interpretation
for practical purposes.

4., CONCLUSION

The following conclusions can be drawn from this
study.

. MI was determined using hourly weather data for
82 locations recorded from 2009 to 2017.

. Seogwipo had the highest MI of 1.34, followed
by Seongsan, Namhae, and Geoje. Baengnyeongdo
had the lowest MI of 0.99.

. Almost all the locations in Korea can be classified
as regions of severe moisture loading.

. Further research is required to investigate the
relation between MI and moisture content on wood
surfaces and to gain insights into practical
applications.

ACKNOWLEDGMENT

This study was supported by the Gyeongnam
National University of Science and Technology Grant
in 2017.

REFERENCES

Bailey, H.P. 1958. A simple moisture index based upon

- 307 -



Jong Bum Ra

a primary law of evaporation. Geografiska Annaer
40: 196-215.

Boyd, D.W. 1963. Driving rain map of Canada,
Technical Note 398, Divison of Building Research,
National Research Council of Canada, Ottawa

Chouinard, K.L., Lawton, M.D. 2001. Rotting wood
framed apartments-not just a Vancouver problem.
Proceedings of the Eighth Conference on Building
Science and Technology, Toronto, Canada. pp.
304-318.

Cornick, SM., Dagliesh, W.A. 2003. A moisture index
to characterize climates for building envelope
design. Journal of Building Physics 27(2): 1-39.

Cornick, SM., Dalgliesh, W.A., Said, N.M., Djebbar,
R., Tariku, F., Kumaran, M.K. 2002. Report from
task 4 of MEWS-environmental conditions fina
report, Ingtitute for Research in Construction,
National Research Council of Canada, IRC-RR-
1130.

Kim, T., Ra JB., Kang, SM. Wang, J 2011
Determination of decay hazard index (Scheffer
index) in Korea for exterior above-ground wood.

Journal of the Korean Wood Science and
Technology 39(6): 531-537.

Kim, T., Ra, JB. 2013. Decay hazard (Scheffer) index
values in Korea for exterior aboveground wood.
Forest Products Journa 63(3-4): 91-94.

Kim, T., Ra, JB. 2014. Change of decay hazard index
(Scheffer index) for exterior above-ground wood
in Korea. Journd of the Korean Wood Science and
Technology 42(6): 732-739.

Lstiburek, JW. 2001. Hygrothermal climate regions,
interior climate classes, and durability. Proceedings
of the Eighth Conference on Building Science and
Technology, Toronto, Canada, pp. 319-329.

Ra, JB. 2017. Determination of driving rain index in
Korea. Journal of the Korean Wood Science and
Technology 45(1): 36-42.

Russo, JA. 1971. The complete money-saving guide
to westher for contractors. Environmenta Information
Services Associates, Connecticut, USA, pp. 78-79.

Setliff, E.C. 1986. Wood decay hazard in Canada based
on Scheffer's climate index formula. The Forestry
Chronicle, October: 456-459.

- 308 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


