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Variability of Hydrologic Partitioning revisiting Horton Index
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Abstract : In order to explore vegetation adaptation to climate variability and the impacts on water balance
dynamics, the inter-regional and the inter-annual variability of both water availability and vegetation productivity are
investigated. The Horton index, which is the ratio between actual evapotranspiration and catchment wetting as a
measure of vegetation water use at catchment-scale, is revisited to quantify the effects of growing-season water
availability on hydrologic partitioning at catchment scale. It is shown that the estimated Horton index is relatively
constant irrespective of inter-annual climate variability. In addition, the Horton index is compared with
catchment-scale vegetation rain use efficiency. The results show that there is an interesting pattern in the response
of vegetation water use to water availability. When water becomes the limiting factor for vegetation productivity, the
catchment-scale vegetation rain use efficiency converges to a common maximum value in agreement with earlier
findings at the ecosystem level.

Keywords : Aboveground net primary production, Ecohydrology, Horton index, Hydrologic partitioning, Rain use
efficiency
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Fig. 1. The relationship between hydrological
components and vegetation.
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Table 1. Characteristics of study watersheds
2 Station
Name Area(km®) CN a - —
Thiessen Coefficient
) Wonju Hongcheon
Hoingsung 209 75 0.9175
0.122 0.878
Moongyeong Boeun Chungju
Goisan 671 78 0.9276
0.058 0.476 0.466
Choonchun
Choonchun 4,736 78 0.9899
1.000
Imsil Jeongeup
Soyanggang 2,703 80 0.9416
0.902 0.098
Yeongju Euisung
Andong 1,584 75 0.7870
0.438 0.562
Yeongduk Euisung
Imha 1,361 74 0.6370
0.102 0.898
Geochang Sancheong Habcheon
Habcheon 925 80 0.9545
0.325 0.158 0.517
. 80. Inje Choonchun
Seomjingang 763 0.9001
3 0.377 0.623
Legend 2.2 Horton x|
|:| Watershed N
o Station Horton> e 7|8k 9 &F&%9] H

Fig. 2. Study watersheds
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P
V,. P=S+W
w=U+V
'}T V=E+T

Fig. 3. Hydrologic partitioning(P: precipitation,
S: surface runoff, W: wetting, U: subsurface
runoff, V: vaporization, E: evaporation, T:
transpiration, En: evaporation from bare soil
surface, Ew: evaporation from water surface,
R: runoff).
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Fig. 4. Separated streamflow into groundwater
and direct runoff by digital filter method
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Table 2. The mean Horton Index and Hydrological components in each watershed

Horton Index Mean Precipitation (mm) PET (mm)
Name
Annual Wet Season Annual Wet Season Annual Wet Season
Hoingsung 0.651 0.608 1497.18 1130.37 992.05 492.59
Goisan 0.658 0.642 1295.20 943.25 1033.53 497.39
Choonchun 0.849 0.864 1396.93 1053.89 950.25 472.06
Andong 0.596 0.567 1240.74 902.77 1062.60 490.48
Imha 0.654 0.625 1139.35 826.54 1005.65 476.06
Habcheon 0.667 0.652 1376.74 1023.12 1067.76 493.95
Soyanggang 0.590 0.557 1357.57 1015.99 972.01 481.64
Seomjingang 0.644 0.591 1363.19 975.10 1022.20 499.80
Table 3. The coefficients of variability of precipitation in 8 watersheds
Annual Wet Season
Name
CvP CvHI CvP CvHI
Hoingsung 0.2274 0.1507 0.2271 0.1873
Goisan 0.2375 0.1298 0.2615 0.1647
Choonchun 0.1670 0.0736 0.1725 0.0400
Andong 0.2755 0.1746 0.2754 0.2184
Imha 0.3159 0.2331 0.3220 0.2859
Habcheon 0.2552 0.1868 0.3505 0.1965
Soyanggang 0.1771 0.1203 0.1744 0.1745
Seomjingang 0.1771 0.1203 0.2170 0.1993
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Fig. 5. Inter—annual variation in ANPP as a
function of mean annual precipitation.
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Table 4. The annual Horton Index and Hydrological components in Andong watershed

Year Rainfall StreamFlow Runoff Vaporization Wetting HI
2000 1198.90 552.42 220.54 646.48 978.36 0.66
2001 714.34 354.15 142.95 360.19 571.39 0.63
2002 1502.73 1064.85 446.11 437.89 1056.62 0.41
2003 1837.71 1242.28 498.66 595.43 1339.05 0.44
2004 1434.92 836.61 345.33 598.32 1089.59 0.55
2005 1047.70 540.95 199.17 506.75 848.53 0.60
2006 1444.37 815.03 345.62 629.34 1098.75 0.57
2007 1390.70 630.85 236.36 759.86 1154.34 0.66
2008 907.48 393.70 181.71 513.78 725.77 0.71
2009 928.51 375.75 168.06 552.76 760.45 0.73
= AN Horton #[4=7F 19 717k A AERA Sl dg 7skge] vz F 8=
A% A4 Aol gafo]l YeFHom MA% 7] Horton A% AMksel fofelAe] i el
Fo] A Aol & g£(0.42¢/m'/yr)(Huxman 1ol W AAe] & ol8rbes el tidk AEsks
5. 2000 $HEw i AL ¥ S S s
S0 BAglel Horton A527} 1ol 7ba Fevet | fo 832 didew BAg it
= A A4 Aol gas gho® Hshs @4 Horton AFE Od el WEdst vlas) &
o fo RS FREDN FLF J5E AT 0 YiHom I glo® ekl Horton
o 5 9 Aol (1933)9] 7hdo] $eukel fredol Hene o
A7) AR gtw fodldel SR B & otk wF A5 ANPP, SEAGe
el Aol MR JIFE olelishoEl = Horton A|zke] Hlag s S8l A e
& E 7 e Ao, 7|5 sl wheba AEd #7e] Feedback #AIE A¥E 4= 3o <F
M9l FEAY D A4 o] oW YA BHFN & Bt Horton Aok HwE
= A7 Aol "7t 2 Aed = S A 3l ol Aolel WHHAA} ES A= 5

o g AT
Horton #|<=9k 29| o] §aiS Hlula)
A3}, Apoldmaol =S5 Horton A7
1l 71743 U% °lE &dll 4 +
45 1 odle] F SEEe] i Vs
E)= AL o 4 9l w3 Horton A

N 4y X r_>.£ to rir rlz
2

=

4 uhe B =

A gestel Wals AuME BHow A4el ¥ 2 *

T= S = 7}

ol g7 AT A AIke] Aohd A WA VhesE WA 71N dehhs A

- _ - oleg 490/ mt/vro. 2=HEl 9= AL

& RS S /1Eel NRCS FEA [BRE Omglifyrtr TR A

: Q ol E3 &8 9 uA%

Wt Digital Filter 7IH& o]&3te] FE4Ee R e U
S o) Q1A =

P F olzE fele] A4 Zolgel gy ) TA0) SOl D4 Aul RUE e

Y ARe K9 FR FEEfN o 2

42 -



2 A9 4 9 Aow ped,

WS A4S Uehls ANPPZL e A9

(Normalized Difference Vegetation Index, %7t
FAPARS) e AARAARE ol gale] 2
A kel AAFE AR HS ek AL
o eutete] AAs SERT TS A8 B

T 9 Aotk
At A

o] =E2 20109%E [HP A+ e Aldoe=
2|98 wol i A,

Xt

Y1 EY

M

I 7FEAR T S A 2 H,
http://www.wamis.go.kr, 2010.

Aells, W], A<=, g-Evele] NPPEx
Aol wkd, A J5it 49, o
AIfsk=H, A44, A1ls, pp.171-179, 1999.

ol A%, st FH| A, 2006.

AFAN/NEATY, ARF FRYE A%

48], AR, BRSET A 2 el o
we] fEs)

S FHoE, FHRA dHEIHTIA

A244, A1Z, pp.99-106, 2008.

Bai, Y., Wy, J., Qi, X.,, Pan, Q., Huang, J.,
Yang, D. and Han, X. (2008). Primary
production and rain use efficiency across
a precipitation gradient on the Mongolia
plateau. Ecology, Vol. 89, No. 8, pp.
2140-2153.

Horton %|=2| x=2|E S5t TE2E2| HEY

Boutton, T.W., Tieszen, L.L. and Imbamba,

S.K., Biomass dynamics of grassland
vegetation in Kenya. African Journal of
Ecology, Vol .26, pp. 89-101, 1988.

Budyko, M. 1., Climate and life. Academic,
New York, 1974.

Deshmukh, I.

between precipitation and grassland peak

K., A common relationship

biomass for east and southern Africa.
African Journal of Ecology, Vol. 22, pp.
181-186, 1984.

Donohue, R. J., Roderick, M. L. and McVicar,
T. R.,, Vegetation dynamics and Budyko’
hydrological model. Hydrology and Earth
System Sciences, Vol. 11, pp. 983-995,
2007.

Fang J., Piao, S., Tang, Z., Peng, C. and i,
W., Interannual variability in net primary
production and precipitation. Science, Vol
293, pp. 479-480, 2001.

Gill, P.E., Murray, W. and Saunders, M.A.,
User's Guide for SNOPT 5.3: A FORTRAN
Package for Large—scale Nonlinear
Programming. University of California, San
Diego, 1999.

Guo, R., Wang, X., Onyang, Z. and Li, Y.
(2006). Spatial and temporal relationships
between precipitation and ANPP of four
types of grasslands in northern China.
Journal of Environmental Sciences, Vol.
18, No. 5, pp. 1024-1030.

Horton, R. E., The role of infiltration in the
hydrologic cycle. Transactions of the
American Geophysical Union, Vol. 14, pp.
446-460, 1933.

Huxman, T. E., Smith, M. D., Fay, P. A,
Knapp, A. K., Shaw, M. R., Loik, M. E,,
Smith, S. D., Tissue, D. T., Zak, J. C.,

Weltzin, J. F., Pockman, W. T., Sala, O. E.,,

- 43 -



Haddad, B. M., Harte, J., Koch, G. W,
Schwinning, S., Small, E. E. and Williams,
D. G., Convergence across biomes to a
common rain use efficiency. Nature, Vol.
429, pp. 651-654, 2004.

Kim, S., Han, S. and Kim, E., Stochastic
modelling of soil water and plant water
stress using cumulant expansion theory.
Ecohydrology, DOI: 10.1002/eco.127, 2010.

Knapp, A, K. and Smith, M. D. (2001). Varia—-
tion Among Biomes in Temporal Dynamics of
Aboveground Primary Production, Science,
Vol. 291, pp. 481-484.

Lyne, V. and Hollick, M., Stochastic Time
Variable Rainfall Runoff Modeling. Hydrology
and Water Resources Symposium Berth.
Preoceedings, National = Committee  on

Hydrology and Water Resources of the

Institution of Engineers, Australia, pp.
89-92, 1979.

McNaughton, S. J, Sala, O. E. and
Oesterheld, M., Comparative ecology of
African and South American arid to
subhumid ecosystems. Biological relation—
ships between Africa and South America.
New Haven: Yale University Press. pp.
548-567, 1993.

Porporato, A., Laio, F., Ridolfii L. and

Plants

Active role in

Rodriguez-Iturbe, 1., In  water—
controlled ecosystems:
hydrologic processes and response to
water stress. III. Vegetation water stress.
Advanced in Water Resources, Vol. 24, pp.
725-744, 2001.

Rinehart, A. J., Vivoni, E. R. and Brooks, P.
D., Effects of vegetation, albedo and
radiation sheltering on the distribution of

snow in the Valleys Caldera, New Mexico.

Ecohydrology, Vol. 1, pp. 253-270, 2008.

Sala, O. E., Parton, W. J., Joyce, L. A. and
Lauenroth, W. K., Primary production of
the central grassland region of the United
States. Ecology, Vol. 69, pp. 40-45, 1988.

Scanlon, B. R., Levitt, D. G., Reedy, R. C,
Keese, K. E. and Sully, M. J., Ecological
controls on water—cycle response to
climate variability in deserts. Proceedings
of the National Academy of Sciences of
the USA, Vol. 102, pp. 6033-6038, 2005.

Schimel, D. S., Braswell, B. H. and Parton,
W. J., Equilibration of the terrestrial water,
nitrogen, and carbon cycles. Proceedings
of the National Academy of Sciences of
the USA, Vol. 94, pp. 8280-8283, 1997.

Troch, P. A., Martinezl, G. F., Pauwels, V. R.
N., Durcik, M., Sivapalan, M., Harman, C.,
Brooks, P. D., Gupta, H. and Huxman, T.,
Climate and vegetation water use
efficiency at catchment scales. Hydrological
Process, Vol. 23, pp. 2409-2414, 20009.

Veatch, W., Brooks, P. D., Gustafson, J. R.
and Molotch, N. P., Quantifying the effects
of forest canopy cover on net snow
accumulation at a continental, mid-latitude
site. Ecohydrology, DOI:10.1002/eco.45,
20009.

Webb, W., Szarek, S., Lauenroth, W., Kinerson,
R. and Smith, M., Primary productivity and
water use in native forest, grassland, and
desert ecosystems. Ecology, Vol. 59, pp.

1239-1247, 1986.

O=EH5Y @ 10d 07¢ 249
OAAYFEY @ 10 07€Y 30Y
OAAIEY @ 119 03¢Y 159

- 44 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /04b03
    /04b03b
    /04b08
    /04b09
    /04b11
    /04b19
    /04b20
    /04b21
    /04b24
    /04b25
    /04b30
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus
    /Bauhaus93
    /BCcardB
    /BCcardL
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ChosunilboNM
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /Dungeon
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /Exotic350BT-Light
    /ExpoM-HM
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadlineR-HM
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Hooge0553
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYmjrE
    /HYmprL
    /HYnamB
    /HYnamL
    /HYnamM
    /HYporM
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYtbrB
    /HYwulB
    /HYwulM
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KORAIL
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Kroeger0553
    /Kroeger0554
    /Kroeger0555
    /Kroeger0556
    /Kroeger0557
    /Kroeger0558
    /Kroeger0563
    /Kroeger0564
    /Kroeger0663
    /Kroeger0664
    /Kroeger0853
    /KunstlerScript
    /LatinWide
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaGrande
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Matchworks
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftSansSerif
    /MingLiU
    /Minimum
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MoeumTR-HM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NanumGothic
    /NanumGothicBold
    /NanumGothicExtraBold
    /NanumMyeongjo
    /NanumMyeongjoBold
    /NanumMyeongjoExtraBold
    /nari9
    /NewGulim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /PyunjiR-HM
    /qpdi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RosewoodStd-Regular
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Sevenet7
    /ShowcardGothic-Reg
    /SimHei
    /SimSun
    /SnapITC-Regular
    /soya_barun9
    /soya_but9
    /soya_dadum9
    /soya_koma9
    /soya_nallim9
    /soya_non8
    /soya_ulum10
    /Standard0755
    /Stencil
    /StencilStd
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoEnterForever10
    /TypoEnterGalip9
    /TypoEnterPulip9
    /TypoEnterSolip9
    /TypoEnterStroll10
    /Uni0553
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YDBomnalL
    /YDBomnalM
    /YDIChbinB
    /YDIChbinL
    /YDIChbinM
    /YDISomaM-KSCpc-EUC-H
    /YDIYGO120
    /YDIYGO130
    /YDIYGO160
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYMjO220
    /YDIYuroB
    /YDIYuroL
    /YDIYuroM
    /YetR-HM
    /ZWAdobeF
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




