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Abstract Even if a numerical weather prediction model is capable of predicting an extreme weather event, several
questions remain such as the confidence level of the predicted event and the reliability of the information related to details
such as timing, location, and magnitude. In this paper, a method known as Ensemble Anomaly Forecasting, which
combines ensemble forecasts with climatology, is introduced and demonstrated by using a case of extremely heavy rain
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occurring in Beijing on July 21, 2012. The results show that these two questions can be effectively addressed through this
method and ensemble forecasts by providing more reliable and consistent information than that provided by a single
forecast. Therefore, we strongly recommend that forecasters apply this method in their daily operations to improve their
prediction capability of rare high-impact weather events.

The following three aspects are discussed in detail in this study. (1) By comparing a forecast with climatology, the
potential rarity of the predicted variable can then be quantitatively measured in terms of standardized anomaly (SA),
which normally indicates an extreme event when the departure of a forecast from its climatology mean exceeds three
standard deviations. By combining further with ensemble forecasts, the confidence of such an anomaly forecast can also
be estimated on the basis of the SA of individual ensemble members, which provides critical information that enables a
forecaster to make a more reliable forecast of a potentially rare weather event. A combination of the anomaly and
confidence then defines a “societal impact matrix,” which can be used to quantitatively measure a forecast’s potential
impact on society. (2) Because the synoptic scale pattern associated with this heavy rain event in Beijing is quite classical
for extreme flooding events, it was a highly predictable event from the large-scale pattern perspective. For example, the
National Centers for Environmental Prediction (NCEP) Global Forecast System (GFS) model quite successfully predicted
a rainfall event of approximately 115 mm over Beijing with a lead time of approximately six days (0600, July 16).
However, the detailed information such as rainfall location and intensity were highly variable or uncertain in subsequent
GFS forecasts, thus resulting in low predictability. Such shifting of the model solutions from one cycle to another
significantly limits the usefulness of a forecast because it is difficult to follow. In contrast, and as demonstrated by this
study, ensemble-based—particularly multi-model ensemble-based—ensemble mean and probabilistic forecasts can
mitigate some of the issues associated with model shifting by providing more consistent information to greatly increase
forecast utility. Additionally, ensemble-based forecasts may extend the practical predictability length. For example, the
predictability length of rainfall exceeding 100 mm over or near Beijing can be extended for approximately two days by
using THORPEX Interactive Grand Global Ensemble (TIGGE) based probabilistic forecasts as compared to that by a
single GFS forecast. (3) If observation or analysis is used instead of forecasts in the calculation of SA, SA can also help to
determine the possible causes responsible for an extreme event. In this case, the spatial distribution of the SA reveals that
the immediate short-range synoptic cause of the extreme rainfall is the merging of a cold front from the northwest and
strong ridge extending from a tropical system in the southeast, which formed a favorable moisture, convergence, and
vertical lifting environment for the development and maintenance of meso- and small-scale convective systems. The time
evolution of the SAs further reveals that the medium-range background cause is the flow’s meridional development to
form and maintain a large-amplitude low—high alternating wave train in high latitudes, particularly the development of a
blocking system to the northeast of Beijing and a deepening trough to the west, resulting in a strong cold front that
enhanced the north—south exchange including the northward advancement of a tropical system.

Keywords Extreme weather event, July 21, 2012 heavy rain in Beijing, Societal impact matrix, Predictability,
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HIFTE 7 A 19 H 12:00, ZabiRE 7 A 22 H 00:000. BFHDZHEH A, B R00 ARSI (M KSR &
Fig. 6 The NCEP 55-km GEFS 48-h forecasts of (a) 850-hPa ensemble mean winds (m s, vector) and the probability that the SA of southerly wind (v)
exceeds 3 standard deviations (color), (b) ensemble mean precipitable water (mm, contour) and the probability that its SA exceeds 3 standard deviations
(color), and (c) 850-hPa ensemble mean moisture flux (0.01 g kg ' m s, contour) and the probability that its SA exceeds 3 standard deviations (color),
initiated at 1200 UTC 19 July and valid at 1200 UTC 21 July 2012. (d) The NCEP 55-km GEFS 60-h forecast of ensemble mean accumulated quantitative
precipitation (mm) and the probability that the rainfall exceeds 50-mm for the 24-h period of 0000-2400 UTC 21 July, initiated at 1200 UTC 19 July and valid
at 2400 UTC 21 or 0000 UTC 22 July, 2012. The black dot is the approximate location of Beijing
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Fig. 7 “Societal Impact Matrix” of a weather forecast: the horizontal axis
indicates the anomalous (impact) level of a predicted weather event, the
vertical axis the confidence of this anomaly forecast: a higher value indicates

higher societal impact potentially caused by the predicted weather event
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Fig. 8 The NCEP 27-km single GFS 5.75-d forecast of (a) accumulated quantitative precipitation (mm) for the 24-h period of 0000-2400 UTC 21 July,
initiated at 0600 UTC 16 July and valid at 0000 UTC 22 July, 2012 and (b) 500 hPa geopotential height (m, contour) and its anomalies SA (color), initiated at
0600 UTC 16 July and valid at 1200 UTC 21 July, 2012. The black dot is the approximate location of Beijing
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Fig. 9 (a, d, the 1eﬁ column) The NCEP 27-km single GFS forecasts of accumulated quantitative precipitation (mm) for the 24-h perlod of 0000—2400 UTC
21 July, initiated at 0000 UTC 17 July and 1200 UTC 17 July, respectively. (b, e, the middle column) The NCEP 55-km 21-member GEFS probabilistic
forecasts (color) of accumulated quantitative precipitation exceeding 25-mm and the ensemble mean 25-mm contour for the same 24 hour period, initiated also
at 0000 UTC 17 July and 1200 UTC 17 July, respectively. The right column is same as the middle column, but for the multi-model TIGGE ensemble (21
members of 55-km GEFS + 21 members of 32-km ECEF). The black dot is the approximate location of Beijing.
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Fig. 10 (a) The accumulated quantitative precipitation forecasts (mm) of the single GFS, GEFS mean and TIGGE mean (the horizontal thick black line

indicates the observed average rainfall during the same period) and (b) the probabilistic forecasts of accumulated quantitative precipitation exceeding 25-mm,
50-mm, 75-mm and 100-mm of the GEFS (the dash lines) and TIGGE (the solid lines), at Beijing for the 24-h period of 0000-2400 UTC 21 July, initiated at
various dates from 0000 UTC 15 July through 0000 UTC 21 July (corresponding to day 7 through day 1 forecasts, see the horizontal axis)
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Fig. 11  The synoptic scale situation at 12:00 UTC 21 July 2012 during the heavy-rain occurrence based on the NCEP CFS reanalysis data: (a) 500-hPa height

(m, contour) and its anomalies SA (color); (b) mean sea-level pressure (hPa, contour) and its anomalies SA (color); (c) 850-hPa winds (m s~', vector) and

southerly wind (v) anomalies SA (color); (d) precipitable water (mm, contour) and its anomalies SA (color).The black dot is the approximate location of Beijing
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(a) 1200 UTC 16 Jul 2012

(b) 1200 UTC 17 Jul 2012

(c) 1200 UTC 18 Jul 2012
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Fig. 12 Time evolution of the large-scale pattern: (a—f) are the NCEP CFS reanalysis based 500-hPa heights (m, contour) and height anomalies SA (color) at

1200 UTC 16-21 July 2012, respectively. The black dot is the approximate location of Beijing

BB A, K REIF4ERE, RN ST Zgedbit,
TP i 25 ) U I 388 AR MR 1) T BORF 4 R
WKW AR EN K& (Galarneau et al., 2012),

6 HESIE

(1) ASCAER T — PS5 R A RIS
HEAL S SA, R AT FUR A kP 24T B
B, DAL R PTR R 45 R W R, —
AR v 2 = AR A E D W A I RAE s JF HL
PR GIRAS &, AT mH g i
PR G (B3 XA & TR 15 M Bt
BLR G, € RT3 % B LU R RS
RIS AR 2 N “ BB e s o it
721 KRB TUHRER N, A7 T
WG R AT A RO — P Ik AR W
RIS G ML SAFR G 8K IR Rk,
PLge i KK F ARSI BURAE ST . WRIE “ 4
B RIE 3 IR TR S M S TR
AR B Ak, AT gRs e SO AR
PERATURI “Ahas i fs: ", Er UHRE &
MR IR — D TIR A 2 5 . “ AR e R
B 1S B A P RIEF S A RE, 1K)

FENE R IR FH P AZ U P g R B A

PRI, W R TIRAT 1R SR 1 R G
ZEMTE, SA AT v RE S Bl E A BTG A T HERR
B ARG 22 4 T, fETHEE SA Wi 2257
ARl 22 B e FH AR Sk &5 R AR 32 B RS
Sk SiAh, WRELEA G SEBR N R “AE A S
TR L R Hh I R TR R o ) AR ity AR R
# EFL AT AR LU, e — TR A = LW
TAE.

(2) WRREEEHFKU, bt 721 KBEWH
PR — T TR AR R A, DA R B TR AR
A CAH RN 6 RATVEH KRBT, H ) 82
e BRI AT T T, Wi K IE XA B B ARG
IERHE], 7RG SR TAEEAR R AN e v, JLmT
TARPEARAC . AT, SR — AT 5 AN [ I 2850
MR, TBAE AL E IR e SR AR
IR BRIR M AN e, XA L N AN KT 3t
1, GRS ICHTIE M AHEE TR A TR 2
% B A B TR ) AT DL A3 B AT 5 i 5 3 R ) A
TR, AT R e TR (0 S FH AR . AN
I, A TR T FH ok K 5K B o] AR IS 2%, i
S b R X B PG 100 mm k5 R 0 52 pr ]



N W 38 %

698 Chinese Journal of Atmospheric Sciences

Vol. 38

PRI AR AT T 2 Ko 3 Jiihl, RA P —
PRAR G AT B AU I8 5 A 5 5 TR A 8 FESE 3 T LA
1 4 TR IR i BRI AL, AELAR SR G B o
,E//E\Ao

[ SC AP gt T A A TR A A A S PR <

() H— BRI B & TR R G IETA sk
ABEA RO SCE BRI R ZERZE (WX R ,
FT LA SR 2 Ay W BBl ) 4R & TR R 4
RICMIEAER R (b)) EERGEE TR 7
AN 1 W AR AL PRI, T LT 2 s 4
IR IIE A TR ARG, JCHIEXT T A o %
PRI /N RO SRR AR SE TR, U B i 2
T RAT . A RO 3 A T B R BE R MR R
JEAAT TR R G

(3) SA & DAY BA] T il R AR A
JRIN . N SA g Aial WL, 3R RT 7.21 KEEN
A (9 R A IR R BE PR 3 I A 7 i) B R 0
A MBI RREE, it TARIKS e
A THAAF RIS s X RIAEEAW™ MRy
s NSRRI RS, G X KR B
M. BRI TAEBDPERAL, T DY
RIS PLHE BIAE AT I3 8T IETR 0 W, ARAESLA L
BRI BT LI AAAER) GIEZEEE, 20125 VAR,
2012; J5#h%E, 2012; A/, 2012; Zhangetal.,
2013). M SA AR R IL, %I KT 5
FoTAE LR AR Ty A B 2 i I JE O 3 B0k A
LA PG 2t DX (A st A A Jie- (it i 2= S HERLD
FEREBICR T — A RIKRGA K9S, K&
IR, I S Rkt
Bt ASCR &R AR, PIHIR R BRI
B LA — AR B2E A RA SO A R B R
GRS BRSO U (1985~1990 4E) P, k4%
UM S XA R ERVESS R BRI E o APTERI, BOSEE— kA
R R TR I SR ) T T, BT DLl 5 LA
PI RS R, A A SO TR R AU R S b 0
AR RS K OB ST S S A BRI R
1 ERF TR, 2R, U AR & SR R A SO B4R R

Sk (References)

Bodner M J, Junker NW, Grumm R H, et al. 2011. Comparison of
atmospheric circulation patterns during the 2008 and 1993 historical
Midwest floods [J]. Natl. Wea. Dig., 35: 103—119, http://www.nwas.org/
digest/.

Buizza R, Richardson D S, Palmer T N. 2001. The new 80-km high-
resolution ECMWEF EPS [J]. ECMWF Newsletter, 90: 2-9.

WL, ANVE, ARIE, 20120 dbut 721 SRR MR AT B ()
W AT S S8 7], A%, 38 (10): 1255-1266. Chen Yun, Sun Jun,
Xu Jun, et al. 2012. Analysis and thinking on the extremes of the 21 July
2012 torrential rain in Beijing. Part I: Observation and thinking [J].
Meteorological Monthly (in Chinese), 38 (10): 1255-1266.

T4, 2002. KB PIARLIE S E 20 M) dbnt: R HRAL
Chou Jifan. 2002. Nonlinearity and Complexity in Atmospheric Sciences
(in Chinese) [M]. Beijing: China Meteorological Press.

Corfidi S F. 2003. Cold pools and MCS propagation: Forecasting the motion
of downwind-developing MCSs [J]. Wea. Forecasting, 18 (6): 997-1017.

kLY. 2002, S TR BLRATRT 5 [9]. AR E4R, 13 (1): 16-28.
Du Jun. 2002. Present situation and prospects of ensemble numerical
prediction [J]. Journal of Applied Meteorological Science (in Chinese), 13
(1): 16-28.

KA, R 2010, B — (TR0 P AL FIUR A AR AR : R AR A TR B
A RAGAR S [J]. A%, 36 (11): 1-11.  Du Jun, Chen Jing. 2010. The
cornerstone in facilitating the transition from deterministic to probabilistic
forecasts—Ensemble forecasting and its impact on numerical weather
prediction [J]. Meteorological Monthly (in Chinese), 36 (11): 1-11.

FEE, XSIE. 2010. 5 —{F TR ) WE 4 AR AL A AU M8 R IR ML 4 TR
FIAIG AN [J]. “%, 36 (12): 10-18. Du Jun, Deng Guo. 2010.
The utility of the transition from deterministic to probabilistic weather
forecasts—Verification and application of probabilistic forecasts [J].
Meteorological Monthly (in Chinese), 36 (12): 10-18.

FEE, HEREW]. 2014, RATRI P A ML I A AT (0] AR
HiikE, 4 (1): 58-67. Du Jun, Kang Zhiming. 2014. A survey on
forecasters’ view about uncertainty in weather forecasts [J]. Advances in
Meteorological Sciences and Technology (in Chinese), 4 (1):58-67.

kR8s, 242, 2014, SEA TR EAEA BT ST BRI N A (1], A&
Bt R, f57). Du Jun, Li Jun. 2014. Application of ensemble
methodology to heavy-rain research and prediction [J]. Advances in
Meteorological Sciences and Technology (in Chinese), in press.

Du Jun, Mullen S L, Sanders F. 1997. Short-range ensemble forecasting of
quantitative precipitation [J]. Mon. Wea. Rev., 125 (10): 2427-2459.

JrHh, BAH, TN, 45.2012.2012 4F 7 JT 21 HAGSUHLX R KB R
REEXAMREAEGIA AT 0] 0%, 38 (10): 12781287, Fang
Chong, Mao Dongyan, Zhang Xiaowen, et al. 2012. Analysis on the
mesoscale convective conditions and characteristics of an extreme
torrential rain in Beijing on 21 July 2012 [J]. Meteorological Monthly (in
Chinese), 38 (10): 1278-1287.

Galarneau T J, Hamill T M, Dole R M, et al. 2012. A multiscale analysis of
the extreme weather events over Western Russia and Northern Pakistan
during July 2010 [J]. Mon. Wea. Rev., 140 (5): 1639-1664.

Graham R A, Grumm R H. 2010. Utilizing normalized anomalies to assess
synoptic-scale weather events in the Western United States [J]. Wea.
Forecasting, 25 (2): 428-445.

Grumm R H. 201la. The central European and Russian heat event of
July—August 2010 [J]. Bull. Amer. Meteor. Soc., 92 (10): 1285-1296.

Grumm R H. 2011b. New England record maker rain event of 29-30 March
2010 [J]. Electronic J. Operational Meteor., 12 (4): 1-31.

Grumm R H, Hart R. 2001. Standardized anomalies applied to significant

cold season weather events: Preliminary findings [J]. Wea. Forecasting,



41t FEBSE TR o AR i RO BRSO BT 2012 4F 7 F 21 TR K2 w9 4 41
No. 4 DU Jun et al. Ensemble Anomaly Forecasting Approach to Predicting Extreme Weather Demonstrated by ... 699

16 (6): 736-754.

Hart R E, Grumm R H. 2001. Using normalized climatological anomalies to
rank synoptic scale events objectively [J]. Mon. Wea. Rev., 129 (9):
2426-2442.

Junker N W, Grumm R H, Hart R, et al. 2008. Use of standardized anomaly
fields to anticipate extreme rainfall in the mountains of northern
California [J]. Wea. Forecasting, 23 (3): 336-356.

Junker N W, Brennan M J, Pereira F, et al. 2009. Assessing the potential for
rare precipitation events with standardized anomalies and ensemble
guidance at the Hydrometeorological Prediction Center [J]. Bull. Amer.
Meteor. Soc., 90 (4): 445-453.

Lalaurette F. 2003. Early detection of abnormal weather conditions using a
probabilistic extreme forecast index [J]. Quart. J. Roy. Meteor. Soc., 129
(594): 3037-3057.

AR, AR, OB, 2014a. BRAKMRZE LT IE RS (ERIEAD VLR 24
RGHT [J]. 4, 40 (5): 580—588.  Li Jun, Du Jun, Chen Chaojun.
2014a. An introduction and analysis to Frequency- or Area-Matching
method applied to precipitation forecast bias correction [J].
Meteorological Monthly (in Chinese), 40 (5): 580—588.

R, A, XH, 2014b. JbET “7.217 FERRNW AR S TR T RN
XEEREE [7]. A%, AT Li Jun, Du Jun, Liu Yu. 2014b. A
comparison of IC-, multi-physics- and stochastic physics-based
ensembles in predicting Beijing “7.21” extreme heavy rain event [J]. Acta
Meteorologica Sinica (in Chinese), in press.

Li Jun, Du Jun, Zhang Dalin, et al. 2014. Ensemble-based analysis and
sensitivity of mesoscale forecasts of a vortex over Southwest China [J].
Quart. J. Roy. Meteor. Soc., 140 (680): 766—782.

Lorenz E N. 1997. JR#lIA S [M]. xI50E, xIA0E, i Jhat
G AL Lorenz, E N. 1997. The Essence of Chaos (in Chinese) [M].
Liu S D, Liu S K, Yan Z W, Trans. Beijing: China Meteorological Press.

i, SRR, AR, 4. 2008, IR A TURIGIRZINIESHEIKHTIT [J].
S%, 34 (3): 42-48. Ma Qing, Gong Jiandong, Li Li, et al. 2008. Study
of bias-correction and consensus in regional multi-model super-
ensemble forecast [J]. Meteorological Monthly (in Chinese), 34 (3): 42-48.

Maddox R A. 1980. Mesoscale convective complexes [J]. Bull. Amer.
Meteor. Soc., 61: 1374-1387.

Maddox R A, Chappell C F, Hoxit L R. 1979. Synoptic and meso-alpha
aspects of flash flood events [J]. Bull. Amer. Meteor. Soc., 60 (2):
115-123.

Molteni F, Buizza R, Palmer, T N, et al. 1996. The ECMWF ensemble
prediction system: Methodology and validation [J]. Quart. J. Roy. Meteor.
Soc., 122 (529): 73-119.

Qian W H, Li J, Shan X L. 2013. Application of synoptic-scale anomalous

winds predicted by medium-range weather forecast models on the

regional heavy rainfall in China in 2010 [J]. Science in China: Earth
Sciences, 56 (6): 1059-1070, doi: 10.1007/s11430-013-4586-5.

Saha S, Nadiga S, Thiaw C, et al. 2006. The NCEP climate forecast system
[1]. J. Climate, 19 (15): 3483-3517.

Saha S, Moorthi S, Pan HL, et al. 2010. The NCEP climate forecast system
reanalysis [J]. Bull. Amer. Meteor. Soc., 91 (8): 1015-1057.

Saha S, Moorthi S, Wu X, et al. 2014. The NCEP Climate Forecast System
version 2 [J]. J. Climate, 27 (6): 2185-2208.

INE, S, MET R, 252012, d6E 721 B KB RIRTE AT K S ()
ek B K R RIHR B S8 % [9]. %, 38 (10): 1267-1277.  Sun Jun,
Chen Yun, Yang Shunan, et al. 2012. Analysis and thinking on the
extremes of the 21 July 2012 torrential rain in Beijing. Part II:
Preliminary causation analysis and thinking [J]. Meteorological Monthly
(in Chinese), 38 (10): 1267-1277.

FTEE. 1980. WPIE 2 2 [M]. dbxnt: B2 HiRAE. Tao Shiyan. 1980.
Heavy Rain in China (in Chinese) [M]. Beijing: Science Press.

Tracton M S, Kalnay E. 1993. Operational ensemble prediction at the
National Meteorological Center: Practical aspects [J]. Wea. Forecasting, 8
(3): 378-398.

Wei M, Toth Z, Wobus R, et al. 2008. Initial perturbations based on the
ensemble transform (ET) technique in the NCEP global operational
forecast system [J]. Tellus, 60 A (1): 62-79.

HL, BRif. 2012, BT T213 B4 TROR v Ao I U TR F 480 R i P TRUR
MR [T]. 5%, 38 (12): 1492-1501. Xia Fan, Chen Jing. 2012.
The research of extreme forecast index based on the T213 ensemble
forecast and the experiment in predicting temperature [J]. Meteorological
Monthly (in Chinese), 38 (12): 1492-1501.

Yang F L, Pan H L, Krueger S K, et al. 2006. Evaluation of the NCEP
Global Forecast System at the ARM SGP Site [J]. Mon. Wea. Rev., 134
(12): 3668-3690.

AT/ 20120 2012 4 7 J3 21 HAERCRERFR I 4T ] %, 38
(11): 1313-1329. Yu Xiaoding. 2012. Investigation of Beijing extreme
flooding event on 21 July 2012 [J]. Meteorological Monthly (in Chinese),
38 (11): 1313-1329.

Zhang D L, Lin Y H, Zhao P, et al. 2013. The Beijing extreme rainfall of 21
July 2012: “Right results” but for wrong reasons [J]. Geophys. Res. Lett.,
40 (7): 1426-1431.

Zheng Minghua, Chang E K M, Colle B A. 2013. Ensemble sensitivity tools
for assessing extratropical cyclone intensity and track predictability [J].
Wea. Forecasting, 28 (5): 1133-1156.

Zhou Binbin, Du Jun. 2010. Fog prediction from a multimodelmesoscale
ensemble prediction system [J]. Wea. Forecasting, 25 (1): 303-322.

Zsoter E. 2006. Recent developments in extreme weather forecasting [J].
ECMWF Newsletter, 107: 8—17.




<<
  /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 /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 false
  /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 <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


