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Abstract The processes of cloud electrification and lightning parameterization are introduced into the Weather
Research and Forecasting (WRF) model, in which the supercell and squall line are simulated. The numerical formulation
of the electrical processes includes the noninductive graupel-ice, hail-ice, hail-snow and inductive graupel-cloud,
hail-cloud charge separation mechanisms coupled with the Milbrandt two-moment microphysical scheme. In the mean
time, a bulk lightning parameterization is considered in the model. On the one hand, the simulation of supercell produces
a normal tripolar charge structure, consisting of a main negative charge region (—10°C to —30°C) with an upper main
positive charge region (—40°C to —60°C) and a lower positive charge region (near 0°C). The maximum total charge
density is approximately 2 nC/m’. The simulated vertical profile of charge structure is in accordance with the previous
classical structure observed in the severe convective weather. On the other hand, the simulation of the squall line shows
the inverted dipolar charge structure in some cells and the maximum total charge density is smaller than that of the

supercell. Moreover, the simulated distribution of lightning density is similar to the observed cloud-to-ground (CG)
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lightning density in the mature stage of the squall line.

Key words charge separation, mesoscale model, lightning parameterization, charge structure
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Fig.4 The profiles of maximum charge density for different particles with time: (a) Total charge density; (b) hail; (c) graupel; (d) ice; (e) snow; (f) rain

(X30)

I, A O Bl ) A 2 (AU [R] S B A AE
(00 2 BT LA DA P 3 3l 10 A ULt 2 AT 1 52 3152
M o

4 L5t

ARG AR K B KL IR BT IR L 2 5 IN
WRF £, NGRS B 0K 52 AR AREAY
AL FEMLHI A S By g 2T 1) AR SR AT L o
#3ET Milbrandt XSHT %, JFRM T KK
HSH T 5, SEOL T/E WRE Bt e, T8
AR o R i PR S RE A AL — 2 102 ) H iy 45
PRI 500341, ] DAOMANRIR SR G i) F S5 AR Ik
BEAT M. th T WRE A S5t s OB AR
i HRH T 28 i %, IR & i aid
FATIN G s Bk O 18 -

FIFAE AR OB RS FE G 1Y WRF B
Xof BRACER 2 PR — IR PR I FE AT T B, Jf 5
SERR AN G5 R T T WP AT, EEL R

(1) B, R 5 ) i far S5 4 LR T
Ey S IR =AM A, IE AT X AE—40°C 3]
—60°CZla], FHMHMXAE—10CH—30CZIh], T
S L FELAT DX T 2 5 R BT o A A R R e KA B
2nC/m’, B B [RIVK R 18] [ I L 7 A
A R Pl TR R R, TR A PR
590 ABFFUHE A IR R A IS I 4518 (Ziegler
et al. 1991). XLz QL5 OV (A HAH— 3L,
P WIS F s 45 0 AT — 2 I & B

() MAMHBSEATTZT, BB H
Wi BEAE 100 kV/m, ZEALIIN A H &5 2 780
50 IRIeAa e R EAAA R RLALL IR LA 25 7 R A7 5



5 3 TR RS TR ACE ) B R AE WRE B (RS & Sk
No.5 XU Liangtao et al. Coupling of Electrification and Discharge Processes with WRF Model and Its Preliminary Verification 1049

42°N -

41°N —

40°N

39°N +

38°N

37°N

T T T T T T T T
112°E 114°E 116°E 118°E 112°E 114°E 116°E 118°E

0 10 20 30 40 50 60 70 dBZ

K5 1100 UTC I #IRALE BOH ) () MEIAT (b) BEALEER
Fig.5 The (a) observation and (b) simulation of radar combined reflectivity at 1100 UTC

o Total charge density contours: —0.36 to 0.18 by 0.09 (nC/m3)
12.0 —

é 9.0

E e IR 2 — — — —20°CH

=
6.0 ——10C

0C -~

3.0
0.0
117.2°E 118.8°E

10 20 30 40 50 60 70 dBZ

6 1100 UTC IVE K] 5b M 4 rn Tl T PR SO % GROIR) MG RAIRIE (%) 2. 8. Mgk 1E. fuE
Fig.6 The distributions of reflectivity (shaded area) and total charge density (contour lines) in a vertical cross section along the black dashed line in Fig. 5b at

1100 UTC. Solid line indicates positive value and dashed line indicates negative value

1 53 A B 2 R vh ROBE XSRS & RGP DI b b AR, TR ARRL T ROR, R ECT RAT A

THAUE TR AN 73 BT ) R S5 A8 2 AL SRR PR S e o L il AT B DA 3 3 WL N 5 A4
() Megerh, TAHMXAT-5CH—20C2  NATESIIN RS, BEUEE R AENS B3 S SE s

], NESIE A AR R ME . M A ATy NSRS, RS SRR 2 TR B

WEILT B MIER R ERPERa . 0 RSB .

SR IR~ A LA A58 ) A L7 AR P O e, A N TR ML 45 B R



X A OB F 36 %
1050 Chinese Journal of Atmospheric Sciences Vol. 36
Graupel charge density contours: —0.08 to 0.32 by 0.08 (nC/m?) Ice charge density contours: —0.65 to 0.1 by 0.15 (nC/m>)
15.0 15.0
() (b)
120 — 12.0 - ’
E 90 E 90 ' ‘ é
. .A\é o //\\ I\ >
gﬂ —20°C = ey \\'f:';"{‘-\j\-\:— N I7l'; \:\- —————— —20C
B3 . B LA ol U 47 A\ R B N 1ne
2 6.0 —10C £ 60 (‘\—f_:\:} " (@9 _J\r\@}-, D 10C
0C == 0C
3.0 3.0
0. 0.0
117.2°E 118.8°E 117.2°E 118.8°E
T 04 14 24 34 44 T 002 022 042 062 082
Graupel mixing ratio/g -kg™! Ice mixing ratio/g -kg™!
7 1100 UTC I¥5IE 5b M0 2 iron T HH T PR T R G L (B15%) SHAIRE (BHELR) . (a) ¥ (b) UKah. S5, Bk 1E. Ul

Fig.7 The distributions of particle mixing ratio (shaded area) and charge density (contour lines) in a vertical cross section along the black dashed line in Fig.

Sb at 1100 UTC: (a) Graupel; (b) ice. Solid line indicates positive value and dashed line indicates negative value

40°N —

39°N +

7
38°N

37°N

36°N

35°N +

34°N -

(@)

T
114°E

T

T
116°E

T
118°E

T

L

0.005

0.02

0.04

T
120°E

0.12

(b)
40°N
39°N N o
@ | @ny ¢ s ©
y © < ) 35>
Qo 0% @ @& e
N ® R’
<2 oG
° ®
37°N
36°N
35N — | I A S
34°N = T T T T T T T
114°E 116°E 118°E 120°E
0.4 2 4 Flashes/(km?-2h)

K 8

1000 UTC-1200 UTC FIF/ME (a) WML (b) ASTHRLIA L (035 55 93 A1

Fig.8 The distribution of (a) observed cloud-to-ground (CG) lightning density and (b) simulated lightning density from 1000 UTC to 1200 UTC

IE ISR, JRAT A S e il P B 3E {1 —13.8 C AT
TP AU BLATIIR 2 B Fof e 1 A P S
(I TE, IX UL AR LL K REL 50 70 PR A 4 e e
I ANTE H TRl A 7 8 i A B A K R
A i, T A T AL AL i e

HI TN A E BAT KIS I B S, EikiR
B /K — AL DNAE ] 7 LA PERI 2220, BT PASE B
P HL 23 TRV R AR AR AR T DA L O, ST BT
T TRVEE AN Z AR A (HBH AL
FERS i EREAT R, AU [ i R 2B A TN gk
Ho SBR[ B e, RSl B AE

(RIS H AN AT KA, (HI L R T B 4
SRS 0 FER M, R AT B IE 1K 22 18] 73
A REALE T ST 1) DA L P2 TR] S o MO0 00 PR PA) L s 2
FEE L ERAT I BUH ROy S R R
s OB S A I S, R TR 2y
HEeEA, RERR AN ARG A A B 5 DA [
IR HL, A RERI S8 7 1) 3 H A T R
AR

B TR D A R i Ly
5 ATEAERA VKRS HLAE A IR B 22 ra AL 5 I
FE 3, I AN [] PR AR SN H 5 G HEAT X B )



54 RRES. W R AR B AR WRE B S R AR
No.5 XU Liangtao et al. Coupling of Electrification and Discharge Processes with WRF Model and Its Preliminary Verification 1051

o BUA FTEOE T S P SRR RE 2 oK B RS A0
g%, HEAT €MLK )25
KB, AT £ 5 25 B S e e i [ 2
KA AR A AR AT BRI s[RI
FEN B R SN A T O B BT SRR Al Ly
U B RE R R AW 20 TAR R Z AR

BB PR 4% AL SOR SR AR A OIS R T S BT VB
W, FESLRR R .

S % #k (References)

Altaratz O, Reisin T, Levin Z. 2005. Simulation of the electrification of
winter thunderclouds using the three-dimensional Regional Atmospheric
Modeling System (RAMS) model: Single cloud simulations [J]. J.
Geophys. Res., 110: D20205.

Barthe C, Molinie G, Pinty J P. 2005. Description and first results of an
explicit electrical scheme in a 3D cloud resolving model [J]. Atmospheric
Research, 76 (1-4): 95-113.

). 2008, SRR T A HURFIE & 55 5)) 00l R AT B K 5 4 55 2%
FIBESE [D]. h E RN BT A Bt L% 4718 3. Feng Guili. 2008.
Studies on lightning activity and its relationship with dynamics and
prediction structure of severe convective weather systems [D]. Ph. D.
dissertation (in Chinese), Graduate University of Chinese Academy of
Sciences.

Fierro A O, Reisner J M. 2011. High-resolution simulation of the
electrification and lightning of hurricane Rita during the period of rapid
intensification [J]. J. Atmos. Sci., 68 (3): 477-494.

Gardiner B, Lamb D, Pitter R L, et al. 1985. Measurements of initial
potential gradient and particle charges in a Montana summer
thunderstorm [J]. J. Geophys. Res., 90 (D4): 6079-6086.

R, K SCFE, FREA. 2007, T U D AR 2 HLG S R
TERAE R (1] KR, 31 (1): 28-36.  Guo Fengxia, Zhang
Yijun, Yan Muhong. 2007. A numerical study of the charge structure in
thunderstorm in Nagqu area of the Qinghai-Xizang plateau [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 31 (1): 28-36.

PR, KE, FR-GA. 2010, H A SR HT AR RN E B 2
B MR 7). KA R, 34 (2): 361-373.  Guo Fengxia,
Zhang Yijun, Yan Muhong. 2010. Comparison of two parameterization
schemes for noninductive mechanism before the first discharge in a
simulated single cell storm [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 34 (2): 361-373.

Hayashi S. 2006. Numerical simulation of electrical space charge density

and lightning by using a 3-dimensional cloud-resolving model [J]. Sola, 2:

124-127.

WINHE, EIKDI, BREEHE, %5 2008. LT REA G 5L
B B e R BB ] KRR, 32 (6): 1341-1351.
Huang Liping, Guan Zhaoyong, Chen Dehui, et al. 2008. Numerical
simulation experiments of a thunderstorm process based on a

high-resolution mesoscale model [J]. Chinese Journal of Atmospheric

Sciences (in Chinese), 32 (6): 1341-1351.

Jayaratne E R, Saunders C P R, Hallett J. 1983. Laboratory studies of the
charging of soft-hail during ice crystal interactions [J]. Quart. J. Roy.
Meteor. Soc., 109 (461): 609-630.

Jennings S G. 1975. Charge separation due to water drop and cloud droplet
interactions in an electric field [J]. Quart. J. Roy. Meteor. Soc., 101 (428):
227-234.

Kasemir H W. 1960. A contribution to the electrostatic theory of a lightning
discharge [J]. J. Geophys. Res., 65 (7): 1873—-1878.

ZTTH, XAHE, T, . 2012 FET RAMS V6.0 HFRIE N AL
VR AR B W s A S AL [J]. M ERZEAR, 61 (5): 059202, Li
Wanli, Liu Dongxia, Qie Xiushu, et al. 2012. Evaluation of noninductive
charging mechanisms and simulation of charge characteristic structure in
the early thunderstorm based on RAMS V6.0 [J]. Acta Physica Sinica (in
Chinese), 61 (5): 059202.

AL 2010. 55 B R G0 P A DN IR B RFAIE B FG v 45 44 PR B A
WH5¢ [D]. T EBEEBF U ERE I L% 6783, Liu Dongxia. 2010.
The characteristics of lightning activities and numerical simulation of the
charge structure in thunderstorm [D]. Ph. D. dissertation (in Chinese),
Graduate University of Chinese Academy of Sciences.

MacGorman D R, Few A A, Teer T L. 1981. Layered lightning activity [J]. J.
Geophys. Res., 86 (C10): 9900-9910.

Mansell E R, MacGorman D R, Ziegler C L, et al. 2002. Simulated
three-dimensional branched lightning in a numerical thunderstorm model
[J]. J. Geophys. Res., 107 (D9): 4075.

Mansell E R, MacGorman D R, Ziegler C L, et al. 2005. Charge structure
and lightning sensitivity in a simulated multicell thunderstorm [J]. J.
Geophys. Res., 110: D12101.

Mansell R M, Ziegler C L, Bruning E C. 2010. Simulated electrification of a
small thunderstorm with two-moment bulk microphysics [J]. J. Atmos.
Sci., 67 (1): 171-194.

Marshall T C, McCarthy M P, Rust W D. 1995. Electric field magnitudes
and lightning initiation in thunderstorms [J]. J. Geophys. Res., 100 (D4):
7097-7103.

Milbrandt J A, Yau M K. 2005a. A multimoment bulk microphysics
parameterization. Part I: Analysis of the role of the spectral shape
parameter[J]. J. Atmos. Sci., 62 (9): 3051-3064.

Milbrandt J A, Yau M K. 2005b. A multimoment bulk microphysics
parameterization. Part II: A proposed three-moment closure and scheme
description [J]. J. Atmos. Sci., 62 (9): 3065-3081.

. 2004, 7 HLGAMEARMAHE R RS8BT 5T (D] EBRERAR
KEFH %18 L. Ma Ming. 2004. A study of the relationship
between lightning activity and climatic variation [D]. Ph. D. dissertation
(in Chinese), University of Science and Technology of China.

Pringle J E, Orville H D, Stechmann T D. 1973. Numerical simulation of
atmospheric electricity effects in a cloud model [J]. J. Geophys. Res., 78
(21): 4508-4516.

Rawlins F. 1982. A numerical study of thunderstorm electrification using a
three dimensional model incorporating the ice phase [J]. Quart. J. Roy.
Meteor. Soc., 108 (458): 779-800.

Sun A P, Yan M H, Zhang Y J, et al. 2002. Numerical study of thunderstorm

electrification with a three-dimensional dynamics and electrification



N W 36 %

1052 Chinese Journal of Atmospheric Sciences

Vol. 36

coupled model I. Model description and parameterization of electrical
processes [J]. Acta Meteorologica Sinica, 60 (6): 722—731.

Stolzenburg M, Rust W D, Smull B F, et al. 1998. Electrical structure in
thunderstorm convective regions. 1. Mesoscale convective systems [J]. J.
Geophys. Res., 103 (D12): 14059-14078.

TR, 2006, AR BCE S TR B AT LA AT AT LG AR BB A
[D]. HERFFER AR F I A-2= 4718 3. Tan Yongbo. 2006. Numerical
simulation of relationship of lightning discharge with the space charge
and potential distribution in thundercloud [D]. Ph. D. dissertation (in
Chinese), University of Science and Technology of China.

Takahashi T. 1974. Numerical simulation of warm cloud electricity [J]. J.

Atmos. Sci., 31 (8): 2160-2181.

Takahashi T. 1983. A numerical simulation of winter cumulus electrification.

Part I: Shallow cloud [J]. J. Atmos. Sci., 40 (5): 1257-1280.

Takahashi T. 1987. Determination of lightning origins in a thunderstorm
model [J]. J. Meteor. Soc. Japan, 65 (5): 777-794.

F 7K. 2010. GRAPES H RS A LG B BB BLUBTE [D]. HH
Bl BEWE 9T 2E Bt 2% {7 8 ¢, Wang Fei. 2010. Numerical
simulation of lightning activity using GRAPES_Meso model [D]. Ph. D.
dissertation (in Chinese), Graduate University of Chinese Academy of
Sciences.

Weisman M L, Klemp J B. 1982. The dependence of numerically simulated
convective storms on vertical wind shear and buoyancy [J]. Mon. Wea.
Rev., 110 (6): 504-520.

Wiesmann H J, Zeller H R. 1986. A fractal model of dielectric breakdown and
prebreakdown in solid dielectrics [J]. J. Appl. Phys., 60 (5): 1770- 1773.

HRAL, R, FIEE. 1996a. Bash SRR BT L
WA [7]. hERY B 244K, 39 (S1): 52-64. Yan Muhong, Guo
Changming, Ge Zhengmo. 1996a. Numerical study of cloud dynamic-

electrification in an axisymmetric, time-dependent cloud model. I. Theory

and model [J]. Chinese Journal of Geophysics (in Chinese), 39 (S1):
52-64.

FHREL, FEW], BIERL 1996b. B 28 Jy AL RE T 4ERECRT ST L.
THEEE R (7], HUERMELAEAR, 39 (S1): 65-77. Yan Muhong, Guo
Changming, Ge Zhenmo. 1996b. Numerical study of cloud dynamic-
electrification in an axisymmetric, time-dependent cloud model. II.
Calculation results [J]. Chinese Journal of Geophysics (in Chinese), 39
(S1): 65-77.

Ziegler C L, MacGorman D R, Dye G E, et al. 1991. A model evaluation of
noninductive graupel-ice charging in the early electrification of a
mountain thunderstorm [J]. J. Geophys. Res., 96 (D7): 12833—12855.

Ziegler C L, MacGorman D R. 1994. Observed lightning morphology
relative to modeled space charge and electric field distributions in a
tornadic storm[J]. J. Atmos. Sci., 51 (6): 833-851.

iR, FRAA, QKA. 1999, F B BB R MRS (1], B
R, 44 (12): 1322-1325. Zhang Yijun, Yan Muhong, Liu Xinsheng.
1999. Simulating study of discharge process in the thunderstorm [J].
Chinese Science Bulletin (in Chinese), 44 (12): 1322-1325.

JREH, #E . 2009a. SRR A P 2 R0 BB G RE N — 4R E
EBIIFST [7]. KSR, 33 (3): 600-620. Zhou Zhimin, Guo
Xueliang. 2009a. A three-dimensional modeling study of multi-layer
distribution and formation processes of electric charges in a severe
thunderstorm [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
33 (3): 600-620.

JAER, FHeER. 20090, SRR S AN RS TR RBUK S BR
A = BB )] RS AT, 14 (1): 31-44. Zhou
Zhimin, Guo Xueliang. 2009b. 3D modeling on relationships among
intracloud lightning, updraft and liquid water content in a severe
thunderstorm case [J]. Climatic and Environmental Research (in Chinese),

14 (1): 31-44.




<<
  /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
  /CreateJDFFile false
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 841.890]
>> setpagedevice


