Clim Dyn (2011) 36:1277D1290
DOI 10.1007/s00382-010-0743-0

Y.-G. Ham |.-S. Kang & )

School of Earth and Environmental Sciences, Seoul National
University, Seoul 151-742, Korea

e-mail: kang@climate.snu.ac.kr

123



1278 Y-G. Ham, I-S. Kang: Improvement of seasonal forecasts on initial conditions

Uppala et al.2005 Carton and Gies€008. Because the This debciency has not been highlighted until now,
model error covariance in these schemes is only formulatedecause TIWV was thought not to be important for climate
to represent time-averaged physical relationship, it is unabléorecasts. However, recent work on TIWs imply that it is
to resolve TIWs, which have complicated shapes, inmportant to resolve TIWs correctly into initial conditions
assimilated states. In addition, it is possible that the shear dbr skillful climate forecasts, because the interaction
the background state can be smoothed by the assimilatidmetween TIWs and climate plays an important role in
scheme, and therefore less TIWs can be generated. simulating and predicting climate variability using CGCM.
Since most reanalysis data does not fully resolve TIWsTherefore, in this study, the role of TIWs in the initial
nudged initial conditions using these reanalysis data alsoonditions of seasonal forecasting skill is investigated
fail to resolve TIWs. Figurel shows the 20-year averaged using an SNU CGCM. The new scheme to incorporate
TIW activity (variance) in SST from the free integration of TIW perturbations into initial conditions helps to enhance
Seoul National University (SNU) air-sea coupled GCM andTIWV which have been excessively suppressed due to a
nudged initial conditions using Global Ocean Datacoarse observational network and a debciency in the ini-
Assimilation System (GODAS; Behringer and X@604). tialization techniques.
Note that TIWs are debned as perturbations whose zonal This idea is similar to the bogusing technique for
scale is smaller than 1@y applying high-pass blters in the typhoon simulation using numerical weather prediction
zonal direction, and the unit of TIW variability (TIWV) is (NWP) models (Anderson and Hollingsworil®88 Leslie
C? (Duchon1979. It is clear that TIWV from free inte- and Holland1995 Wang1998. The bogusing technique is
gration of the forecast model is active over cold tongueto force a tropical cyclone vortex into the initial conditions
regions where the meridional SST gradient is largestof a regional climate model (RCM), because GCM based
Because both oceanic component of SNU CGCM andhnitial conditions are spatially-smoothed. Similarly, in this
model to produce GODAS reanalysis are based on MOMstudy, three-dimensional TIWs are seeded into spatially-
TIWV in GODAS data would be not much different from smoothed nudged initial conditions to simulate the right
that in free-run if initialization process properly resolvesintensity of TIWV during forecasts. The difference
TIWs. However, TIWV in nudged initial conditions is one between TIWs-seeding technique in this study and bogus-
order smaller than that of free run. It implies that currenting is that seeded TIWSs are extracted from free integration
initialization techniques fail to resolve TIWs or TIWV into of CGCM, and no observed information is required. It is
initial conditions for climate forecasts. plausible because a major focus in this study is to simulate

Fig. 1 Time-averaged TIW
activity (variance) in SST on
May 1st from the free
integration of SNU coupled
GCM and nudged initial
conditions using GODAS (Unit
C?). Note that a 20-year
average is taken to calculate
eddy activity. TIWs are debned
as perturbations whose zonal
scale is smaller than 10
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seasonal TIW variability (TIWV) not to simulate the Rux correction is applied, and the model does not exhibit

detailed pattern of TIWSs. signibcant climate drift in long-term simulations. In addi-
The paper is organized as follows. In Segtdescriptions  tion, the CGCM reasonably simulates the observed cli-

of SNU CGCM are included. In Sec®, generation of TIW  matology and ENSO, though some systematic biases are

perturbations and initialization methodology are explainedfound (Kug et al.2008.

Impacts of TIWs on seasonal forecasts are demonstrated

in Sect.4. A summary and discussion are included in

Sect.5. 3 Initializations for seasonal forecasts

3.1 Generation of three-dimensional TIW perturbations
2 Model descriptions
The spatial pattern of TIW perturbations, added to nudged

The model used in this study is the Seoul National Uni-initial conditions, is obtained from free integration of the
versity CGCM (SNU CGCM, Kug et aR008 Kim et al.  coupled GCM. The procedure to obtain TIWs from a free
2008 Ham et al.2009. The oceanic part of the coupled integration is as follows. First, TIW perturbations are
model is the Modular Ocean Model (MOM) developed atobtained by calculating the difference between 9-point
the Geophysical Fluid Dynamics Laboratory (GFDL). Theaveraged Pbelds and original bPelds to retain small-scale
ocean model of version MOM2.2 uses a B-grid bnite dif-features. Note that the dePnition of TIW perturbations is
ference treatment of the primitive equations of motion, andachieved by applying a high-pass blter technique for ana-
covers the global oceans with realistic coastlines andyzing TIW properties in the rest of this study. TIW per-
bathymetry. The zonal grid spacing is 1.0°he meridional turbations in temperature, salinity, zonal and meridional
grid spacing between 8 and 8N is 1/3, gradually currents for all vertical levels are obtained. Then, TIWs
increasing to 3.0at 30 S and 30N, and is Pxed at 3.0n  pattern when its activity is strongest is picked up from free
the extratropics. There are 32 vertical levels with 23 leveldntegration.
in the upper 450 m. A mixed layer model, developed by Figure 2 shows the spatial pattern of the strongest TIWs
Noh and Kim (999 is embedded into the ocean model toin SST on May 1st from free integration. Note that the TIW
improve the climatological vertical structure of the upperpatterns on May 1st are shown because the summer season
ocean. is the target for seasonal forecasting in this study. Among

The atmospheric part of the coupled model is a SNUfree-integration years for decades, TIW perturbations at
AGCM, which is a global spectral model at T42 resolu-largest La Nira year are selected based on NINO3.4 SST
tion, with 20 vertical sigma levels. The deep convectionanomalies, because spatial pattern of TIWs would be
scheme is a simplibed version of the relaxed Arakawaflominant and robust during La Kinamong small-scale
Schubert scheme (SAS, Numaguti et H95. The large- variability. Hereafter, the selected three-dimensional TIWs
scale condensation scheme consists of a prognostjgattern is denoted as TIWsee The magnitude of TIWs is
microphysics parameterization for total cloud liquid waterfrom —1 to 1 C. It is clear that TIWs are active around
(Le Treut and Li1991) with a diagnostic cloud fraction 2.5N and 2.5S, which is consistent with other studies
parameterization. A non-precipitating shallow convection(Contreras2002 An 20083.
scheme (Tiedtke983 is also implemented in the model  As well as the spatial pattern of TIW perturbation, it is
for the mid-tropospheric moist convection. The boundaryessential to determine the magnitude of TIW perturbations
layer scheme is a non-local diffusion scheme based ofor each hindcast year. It is well known that TIW activity is
Holtslag and Boville 1993, while the land surface model proportional to such large-scale features as shear instabilities
is from Bonan 1996. Atmospheric radiation is para- of the equatorial current system (e.g. barotropic instability,
meterized by a two-stream k distribution scheme as iMQiao and Weisberd 995 1998, and the meridional gra-
Nakajima et al. 1999. Recently, convective momentum dient of the SST over cold tongue regions (e.g. baroclinic
transport (CMT) parameterization (Wu and Yark94  instability, Yu et al. 1995. In this study, it is assumed
was applied to the present coupled GCM (Kim et al.that TIW activity is largely dependent on large-scale SST
2008. In addition, a minimum constraint rate referred to gradient for simplicity.
as Otokioka constraintd was introduced. The minima The procedure to estimate magnitude of TIW perturba-
entrainment rate was set to 0.1. Other details of the modeions for each forecast year is as follows. First, debne three
physics are described in Lee et a2001, 2003. boxes over the equatorial eastern (EPSST WAD120W,

The coupled model exchanges SST, wind stress, frest®2 SBD2N), equatorial central (ECSST 139D180E,
water Bux, longwave and shortwave radiation, and turbu2 SB2N), and off-equatorial eastern Pacibc (OESST
lent Buxes of sensible and latent heat once every 2-h. N&70 Wb120W, 2 NBP5N) regions. Then, the magnitude of
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1280 Y-G. Ham, I-S. Kang: Improvement of seasonal forecasts on initial conditions

Fig. 2 Spatial pattern of strongest TIWs in SST on May 1st from free integration

the cold tongue SST (MCSST) is debned using the SST ajenerated by 1-day lag using Lagged Averaged Forecast

three boxes as follows. method (LAF), are used for ensemble forecasts. Hereafter,
Maghnitude of Cold tongue SS& MCSST the_ CGQM forecast with corfwentlonal nrl:dged |n|t|?l con-
1, 8ECSST EPSSTP pdESST EPSSTP ditions is denoted as CNTL forecasts. The CGCM forecast

with perturbations-added-initial conditions is denoted as

Note that index is larger as the zonal or meridional SSTEDDY forecasts. Note that the only difference between
gradient over the eastern Pacibc becomes larger. And theNTL and EDDY forecasts is whether TIW perturbations
correlation coefbcient between MCSST index and monthlyare added or not.
TIW variability in free-run is 0.83 with 99% signibcance
level, which means the proposed index well captures the
monthly TIW variability in the model. Then, the magnitude 4 Seasonal forecast results
of cold tongue SST (MCSST) at the strongest TIWs year in
free integration and nudged initial conditions of each4.1 Impact of initial TIWs perturbations on seasonal
hindcast year are estimated. Finally, the magnitude of TIW  TIW variability
perturbations are determined by the ratio of MCSST in
nudged initial conditions to that in free integration. The A question we have sought to address is how long initial
TIW perturbations of yea¥ (Y is from 1981 to 2000) can TIWs-seeding affects the seasonal TIW variability
be determined as follows. (TIWV). If initial TIW perturbations are abruptly damped
as soon as forecast starts, seasonal TIWV would be similar

TIW perturbations of yea¥ . . .
b y in both CNTL and EDDY forecasts. To investigate how

MCSST
Va2 1O TYWs pody, y, 2P long the initial TIWs-seeding effect is sustained, SST
MCSST Free - . . . .
evolution during forecasts in 1984 is shown in F&yNote
3.2 Initializations for seasonal forecasts that the magnitude of TIW perturbations is largest in 1984

among those data obtained on May 1st for the 20 years
The seasonal forecast experiments have been carried oubm 1981 to 2000. As expected, TIWs-seeded initial
using the SNU CGCM. To obtain the initial conditions, the conditions have more high-frequency Ructuations than
SNU coupled GCM is integrated from January 1980 toconventional nudged initial conditions over the equatorial
December 2000 by nudging the observed variables of botRacibc on the initial day. Note that prescribed TIWs in SST
ocean and atmosphere. For oceans, the ocean temperatoreMay 1st 1984 vary from-2 to 2 C. With conventional
and salinity obtained from GODAS reanalysis are nudgecdhudged initial conditions, signipcant TIWs are not shown
from surface to 500 m with a 5-day restoring time scale.after 30 day forecasts. On the other hand, TIWs seems to
For the atmosphere, zonal and meridional wind, temperabe active in EDDY forecasts. After 60 day forecasts, TIW
ture, and moisture Pelds obtained from the Europeaperturbations are slowly formulated in CNTL forecasts;
Centre for Medium-Range Weather Forecasts (ECMWFhowever, TIW activity is still stronger in EDDY forecasts.
40-Year Reanalysis (ERA40; Uppala et &005 are It implies that TIWs-seeding impact is sustained on the
nudged for all vertical levels with a 6-h restoring time seasonal time scale.
scale. Given the initial conditions, the 20-year hindcast It is interesting the cold tongue temperature in EDDY
forecasts are carried out with a 4-month lead time, startindorecasts is higher than that in CNTL forecasts. This may
from 1st May for the period 1981D2000. Four membersbe due to the stronger TIW mixing in EDDY run. If this
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Fig. 3 SST evolution during seasonal forecasts of 1984 in CNTL and EDDY forecasts

mechanism is working for all hindcast year, TIWs-seeding
in initial conditions can increase SST climatology over the
cold tongue region and can, therefore, reduce the col
climate drift during seasonal forecasts using CGCM. Note
that cold SST drift during seasonal forecasts is a commo
problem of many seasonal forecast systems using CGCN
(Luo et al.2005 Jin et al. 2008 As expected, it is found
that there is a positive tendency to reduce cold climate drif
over the cold tongue region in EDDY forecasts. However,
the magnitude of climatology reduction in EDDY forecasts
is only about 0.1C, which is relatively small value com-
pared to the magnitude of the cold climate drift, about 1

during JJA season (not shown). ) . .
The impact of initial TIW perturbations on seasonal Fig. 4 20-year mean of area-averaged TIW variability (TIWV) in
P P SST with respect to forecast days in CNTL and EDDY forecasts.

TIWV is still rigorous when TIWV averaged for all the Eppy RSIGN denotes the forecast experiments in which the sign of
hindcast periods are compared. Figdrehows the 20-year initial TIW perturbations is reversed. Note that TIWV are averaged

mean of area-averaged TIWV with respect to forecast dayfom 170W to 110W, 6 SB6N, where the prescribed TIWs

in both forecasts. Averaged region for TIWV is over anomaly is signibcant. The unit of TIW variability i€

170 Wb110W, 6 SB6EN, where TIW anomaly is signib-

cant due to strong large-scale instability. Note that theautumn season. This feature is also shown in the free-run,
increase of TIWV with longer forecast lead day is associ-even though the magnitude of TIWV in free-run is stronger

ated with intensipcation of the cold tongue during thethan that in the forecasts. It is due to the fact that the
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1282 Y-G. Ham, I-S. Kang: Improvement of seasonal forecasts on initial conditions

seasonal cycle amplitude and related baroclinic instabilitthat TIWV is averaged for the brst two forecast lead
is stronger in free-run. months (e.g. from May 1st to June 30th). Note that the
It is interesting that there is an initial shock of TIWV in averaged TIWV in EDDY forecasts is about twice than that
EDDY forecasts, inferring an abrupt change of TIWV in CNTL forecasts (not shown). This enhanced TIWV
during early forecast lead days. That may be due to a crudemplibes both linear and nonlinear relationships between
estimation of baroclinic instability using simple boxes, or TIWs and ENSO. The role of enhanced TIWs in ENSO
no consideration of barotropic instability due to oceanicforecasts will be discussed in the next sub-section.
current shear. In addition, it implies that initial TIW per-
turbations are discarded abruptly without large-scalet.2 Role of initial TIW perturbations on ENSO
instability in initial conditions. For example, the TIW forecasts
variability is abruptly damped during El Nino season even
though initial TIW perturbation is implemented, however, According to several studies there is strong negative rela-
during La Nina season, the prescribed TIW perturbationsgionship between TIWs and ENSO (Qiao and Weisberg
amplipes with respect to forecast lead days without anyl995 Jochum and Murtugudd2004 An 2008a b). That
damping (not shown). is, during El Nito (La Nima) season, TIWV becomes
It is clear that there is a clear difference in TIWV weaker (stronger) than normal due to weaker (stronger)
between EDDY and CNTL forecasts. The TIWV differ- instability of large-scale temperature or currents. For
ence between EDDY and CNTL forecasts is excessivexample, the cold tongue temperature becomes higher than
99% signibcance level calculated by TIWV differencethe normal states during El Min and it reduce the large-
between ensemble members in CNTL run (not shown)scale temperature gradient (e.g. baroclinic instability). At
The difference is sustained until 70D80 forecast lead daythe same time, westerly currents over the mixed layer
It implies that initial TIWs-seeding enhances seasonatluring El Nito reduce the vertical current shear between
TIWV, not be discarded within several forecast lead daysthe westerly Equatorial Undercurrent and the easterly
In addition, it is interesting that the enhanced seasondgbouth Equatorial Current (e.g. barotropic instability).
TIWV in EDDY forecasts is still shown when the sign of  The impact of TIWs on ENSO can be measured through
initial TIW perturbations is reversed (EDDY_RCISN nonlinear temperature advection due to TIWs (20083.
experiment), which implies that our results in this studyTo calculate the nonlinear temperature advection due to
are still rigorous irrespective of the detailed sign of TIW TIWs, TIWs in temperature and zonal, meridional, and
perturbations. vertical currents of each level are debned from the surface
Figure5 shows the 20-year averaged seasonal TIWWo 50 m. Then, nonlinear advection due to TIWs is calcu-
difference of EDDY forecasts from CNTL forecasts. Note lated as follows.

Fig. 5 20-year averaged
seasonal TIWV difference of
EDDY forecasts from CNTL
forecasts. Note that TIWV is
averaged for the brst two
forecast lead months (e.g. from
May 1st to June 30th). Note
that the unit of TIW variability
is C?
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result, it is clear that there is a positive bias to the simu-
lation of ENSO magnitudes.
Figure 7 shows the magnitude of horizontal (zonal plus
meridional) and vertical TIW advection over the eastern
Pacibc region regressed onto NINO3.4 index in EDDY
forecasts. It is clear that horizontal (vertical) TIW advec-
tion is negatively (positively) correlated to the ENSO.
Also, it is shown that horizontal TIW advection during the
ENSO is much larger than vertical advection. This result is
consistent with that of Menkes et al2q0g that TIW-
induced vertical advection is negligible in the SST budget,
at least in the mixed layer. Note that the positive correla-
tion between vertical TIW advection and ENSO is from the
Fig. 6 Co_rrelation coefbcient between nonlinear TIW advection andfact that stronger warming in subsurface layer during El
(NCI:l’tll'cr)E).iolrnedcz);tI;ed (Black) color denotes the results from EDDY i requce the vertical temperature gradients and TIW
activity, then reduced TIW mixing between surface and
subsurface layer leads to warming of surface layer.

Nonlinear advection In addition to the linear relationship between TIWs and
Lll/itl)Y\(l)vW j/ gs S/Tsm {M(%Tob va%lb WmTyf dxdyds ENSO, An Q0083 recently argue_zd that_nonlinear advec-
Y, 12on o N tion due to TIWs can lead El NotLa Nira asymmetry.
Javazowom Sy s Jovsom dedydz That is, enhancement of TIW advection during La:hliis

stronger than reduction of TIW advection during El=Nin
Note that prime denote the perturbation debPned a# is expected that this nonlinear relationship would also be
TIWSs. well simulated in EDDY forecasts, because simulated TIW
To examine whether there is an inverse relationshictivity becomes more realistic through initial TIWSs-
between nonlinear TIWs advection and ENSO in bothseeding.
forecasts, the correlation coefbcient between nonlinear Figure8 shows an El Nio and La Nita composite of
TIWs advection and NINO3.4 index with respect to thethe area-averaged nonlinear TIW advection in both fore-
forecast lead month is shown in Fi. It is clear that there casts. Being consistent with the results of Figthe neg-
is seasonality in the correlation coefbcient in both fore-ative relationship between TIW advection and ENSO is
casts. This may be related to the ENSO SST evolution antbbust in EDDY forecasts. For example, an ENSO com-
seasonal cold tongue evolution. posite nonlinear TIW advection at a 1-month lead time is
In CNTL forecasts, the correlation coefpcient at aabout—0.2 °C/month) in EDDY forecasts; however, that
1-month lead time is slightly smaller than0.4. By con- in CNTL forecasts is less than-0.1 CC/month). This
trast, the correlation coefpcient in EDDY forecasts, whichdifference in ENSO composite TIW advection in EDDY
is —0.52 for a 1-month lead time, is robust than that inforecasts mainly comes from that during La-+Hiseason.
CNTL forecasts. This implies that the initial seeding of That is, at a 1-month lead time, heating due to TIW
TIW perturbations helps to simulate the negative rela-advection during La Nia in EDDY forecasts (0.13) is
tionship between TIWs and ENSO. The difference betweembout 6 times larger than that in CNTL forecasts (0.02). On
TIW advection associated with ENSO in EDDY forecaststhe other hand, cooling due to TIW advection during El
and that in CNTL forecasts is biggest at a 1-month leaNiro in EDDY forecasts{0.03) is only three times larger
forecast, and becomes smaller as the forecast lead tinthan that in CNTL forecasts—0.01). It may lead to
becomes longer. There is still a small initial TIWs-seedingstronger La N#a damping in EDDY forecasts; therefore,
impact at a 2-month lead time; however, it disappears aftetENSO asymmetry must also be well simulated, with aids to
a 3-month lead time. better nonlinear TIWs temperature advection simulation.
Note that weaker (stronger) TIW advection during EI To investigate ENSO asymmetry in both forecasts,
Niro (La Nira) reduces the ENSO magnitude in EDDY Oasymmetricity® recently developed by An e80% is
forecasts. The standard deviation of the JJA NINO3.4pplied. Asymmetricity is similar to skewness, whose
index in CNTL forecasts is 0.80, which is slightly larger coefbcient is debPned as the normalized third statistical
than that in observations (0.74). This is related to the strongnoment. However, there is a problem in that a small
ENSO magnitudes in SNU CGCM (Kim et &008 Ham  standard deviation can cause a large skewness. To avoid
et al. 2009. On the other hand, the standard deviation ofthis, asymmetricity has been developed, which is variance-
JJA NINO3.4 index in EDDY forecasts is 0.74. From thisweighted skewness, debned as follows.
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1284 Y-G. Ham, I-S. Kang: Improvement of seasonal forecasts on initial conditions

Fig. 7 The magnitude of
horizontal (zonal plus
meridional advection) and
vertical TIWs advection over
the eastern Pacibc region
(170 WB110W) regressed onto
the NINO3.4 index in EDDY
forecasts (Unit: C/month)

m3 August, even though the TIWV and TIWs advection is
dn,B/? robust during early forecast lead months. It is because
nonlinear TIWs advection modulates the temperature time
tendency; therefore, the heat budget changes due to TIWs

Asymmetricity ¥

wheremy, is the kth moment,

N (xi )—()" accumulate in time. For example, time-averaged nonlinear
My V“ZT temperature advection from May to August is similar

A during EI Niro in both forecasts (CNTL-0.12, EDDY
and wherey; is theith momentX is the mean, and/ is the  —0.13 K/month), however, the difference during La+#lin
number of samplesM = 20; from 1981 to 2000). season is almost twice in EDDY run (CNTL 0.10, EDDY

Figure 9 shows the asymmetricity of the NINO3.4 index 0.18 K/month). It means that accumulated (or time-
in both forecasts with respect to forecast lead month. Iraveraged) nonlinear temperature advection due to TIWs
observations, the asymmetricity of the NINO3.4 index iscan explain stronger SST damping during La-z&liat
nearly zero in May and June, and it becomes about 0.2 anflugust in EDDY forecasts. The better simulation of ENSO
0.4 in July and August, respectively. This seasonality ofasymmetry improves the seasonal prediction skill in EDDY
asymmetricity is also well captured in the free-run. Vali- forecasts. Figurd0 shows the scatter plot of the observed
dation with 50-year free-run data shows that asymmetricityand simulated NINO3.4 index in August, and the reduction
is changed from negative at May and June0(64, and of RMS errors in EDDY forecasts compared to that in
—0.96) to positive at July and August (0.51, and 1.12). InCNTL forecasts. Note that observation to measure the
CNTL forecasts, ENSO asymmetry is poorly simulated,RMS error in both forecasts is the Improved Extended
that is, the asymmetricity of the NINO3.4 index is about Reconstructed Sea Surface Temperature Version 2 (ERSST
—0.2 from June to August. It means the magnitude of thé/2) data set (Smith and Reynol@)04. In CNTL fore-
simulated La N#a is stronger than that of El Nin which  casts, the simulated NINO3.4 index is too small compared
has opposite features to observations. On the other hantf) the observed index, especially during La-Bliseason.
the asymmetricity in EDDY forecasts becomes moreOn the other hand, the simulated NINO3.4 index during La
realistic, especially for longer forecast lead months. FoNira in EDDY forecasts is increased to reduce RMS
example, the asymmetricity of August in EDDY forecastsforecast errors, which means that the magnitude of LaNin
is larger than 0.2, while that in CNTL forecasts is still is reduced.
negative. Then, why is RMS error reduction of NINO3.4 index in

One may ask why the improvement of ENSO asym-EDDY forecasts robust during La Marseason? The reason
metry simulations in EDDY forecasts is signipcant inis that during La N#a season, the impact of initial
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Fig. 8 El Niro and La Nita
composite of the area-averaged
nonlinear TIWs temperature
advection in CNTL and EDDY
forecasts (Unit: C/month).Red
(Black) color denotes the results
from EDDY (CNTL) forecasts

Fig. 9 Asymmetricity of
observed and simulated
NINOS.4 index with respect to
forecast lead monthBlack, red,
andgreen color denote the
results from observations,
EDDY forecast, and CNTL
forecasts, respectively
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Fig. 10 Scatter plot of
observed and simulated
NINO3.4 index in August, and
reduction of RMS errors in
EDDY forecasts compared to
that in CNTL forecastsRed
(Black) dots denote the results
from EDDY (CNTL) forecasts

TIWs-seeding becomes more signibcant because TIWV Figure 12 shows the correlation map between observed
and nonlinear temperature advection due to TIWs shoulédnd simulated August SST in both forecasts. In both, the
be stronger than normal during La #inlt means that correlation coefpcients are higher over central-eastern
initial TIW perturbations are not damped, but sustained oiPacibc regions than other regions. For example, the corre-
amplibed, especially during La Marseason. That leads to a lation coefbcient over the central-eastern Pacibc is between
signibcant difference between the simulated NINO index0.6 and 0.8, while that over the western Pacibc is less than
in EDDY forecasts and that in CNTL forecasts. On the0.5. However, note that correlation over the equatorial
other hand, during the ElI N season, whose TIWV eastern Pacibc is relatively lower than other central-eastern
becomes weaker than the normal states, the magnitude Bfacibc regions, which is about 0.5 over the equatorial far
TIWV and nonlinear TIW advection is not signibcantly eastern Pacibc region. This debciency is signibcantly
modulated with or without initial TIW perturbations, improved in EDDY forecasts, whose correlation coefbcient
because the initial TIW perturbation is abruptly dampedbecomes larger than 0.6. In addition, correlation coefbcients
due to weak large-scale instability. over the central Pacibc becomes also higher in EDDY
To investigate improvements in the seasonal forecadbrecasts than that in CNTL forecasts, which implies that
skills in both forecasts more detail, the correlation coefpthere is a signibPcant seasonal forecast skill improvement by
cient of various simulated ENSO indices with respect tosimply adding TIW perturbations obtained from free inte-
forecast lead month is calculated in Fil. Note that the grations to spatially-smoothed initial conditions.
statistical signibPcance about the improvement of correla-
tion skill is performed by generating two more forecast sets
(total six ensemble members) without TIWs perturbationss Summary and discussion
(CNTL run) by using Lagged Averaged Forecast (LAF)
method. With 6 ensemble members, all possible forecadn this study, the positive impacts of initial TIW pertur-
sets of four ensemble members (a total of 15 cases) ateations on seasonal forecasts are investigated. Due to a
generated, then, 95, 99% signibcant level is debned frodack of TIW variability (TIWV) in reanalysis data pro-
the standard deviation of each month by assuming Gaussiuced by 3DVAR or Ol methods, we have shown that
ian distribution. It is clear that the correlation coefbcient of TIWs are barely included in initial conditions, even though
various ENSO indices (e.g. NINO4, NINO3.4, and NINO3 forecast models are able to simulate TIWs with the aid of
index) in the EDDY forecasts is signibcantly higher thanhigh horizontal resolutions. We have tried to settle this
that in CNTL forecasts. For example, the correlationdebciency, because lack of TIWV in initial conditions can
coefbcient of the NINO3.4 index in CNTL forecasts is ruin the simulation of nonlinear interaction between TIWs
slightly less than 0.8 at a 4-month lead time (e.g. Augustind climate states. In this study, TIW perturbations
prediction), while that in EDDY forecasts is about 0.85.0obtained from free integration are added to spatially-
Among them, the correlation skill improvement in August smoothed nudged initial conditions to simulate realistic
is most signibcant over the NINO3 region (e.g. over 0.1) TIWV on a seasonal time scale. Through 20-year ensemble
where TIWV is strongest. Note that the correlationforecast experiments, itis shown that the TIWV is stronger
improvement becomes larger as the forecast lead month i TIWs-seeding experiments until 70D80 forecast days,
longer, which is consistent with better ENSO asymmetrywhich implies that TIWs-seeding impact is sustained on a
simulation in the EDDY forecasts. seasonal time scale.
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Fig. 11 Correlation skill of

a NINO4, b NINO3.4, and

¢ NINO3 indices with respect to
forecast lead month from
20-year hindcast experiments.
Red (Black) lines denote the
results from EDDY (CNTL)
forecasts. Thehin solid lines
denote 95 and 99%
conbdence level

Fig. 12 Correlation map
between observed and simulated
August SST in CNTL and
EDDY forecastsUpper

(Lower) panel shows correlation
coefpcients of CNTL (EDDY)
forecasts

The enhanced TIWV amplibes the negative relationshigspatially-smoothed initial conditions. In addition to an
between TIWs and ENSO. That is, the magnitude of nonenhanced linear relationship between TIWs and ENSO in
linear TIWs temperature advection associated with ENSCEDDY forecasts, El Nin-La Nira asymmetry is also well
is stronger when initial TIW perturbations are seeded intessimulated because nonlinear TIWs temperature advection
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leads to stronger La Nmmdamping. The better simulation are generated using EnKF in a perfect model assumption. It
of ENSO asymmetry signibcantly improves the seasondk clear that small-scale TIW patterns are resolved in
forecast skill especially over equatorial Pacibc regions. Focovariance mapping during La Minseason. It is related to
example, the correlation improvement of the NINO3 indexthe enhanced TIWV due to cooler cold tongue temperature.
for a 4-month lead time is over 0.1. However, during the El Nia season, covariance patterns
In this study, seasonal forecast experiments are initiatedhow large-scale features that are nearly gaussian. It is
from May (e.g. summer season forecasts). However, TIW\tonsistent with the results that there is a negative rela-
is strongly dependent on an annual cycle (e.g. the magntionship between TIWV and ENSO. It means that initial
tude of the cold tongue temperature). In addition, it isconditions (or reanalysis data) using EnKF contain TIWSs,
found that there is seasonality in the relationship betweewhich are balanced to large-scale instabilities. Therefore,
nonlinear TIWs advection and ENSO (Fig). This implies  using state-of-the-art initialization techniques can be
that there should be seasonality to the impact of TIWanother way to resolve TIWs into initial conditions.
perturbations on seasonal forecasts. It could be another Even though EnKF is one of the attractive methodolo-
interesting scientibc issue whether there is a relationshigies for initialization, however, it is still highly problematic
between the strength of the negative relationship betweethat a huge amount of computational time is required to
TIWs and ENSO and any seasonal forecast skiligenerate initial conditions with EnKF. In addition, there are
improvement due to TIW perturbations. Therefore, it isseveral controversial issues with regard to applying EnKF
necessary to expand seasonal forecast experiments tma global ocean model, such as localization and balance
another season. issues. Therefore, simple nudging or 3DVAR initialization
The authors have mentioned that spatially-smoothedechniques for seasonal prediction in various operational
initial conditions are inevitable as long as the initialization seasonal prediction centers are still employed (Palmer et al.
technique is 3DVAR, nudging, or the Ol method, whose2004 (DEMETER); Wang et al2008 (CIiPAS)). Under
weighting coefbcient for observations is bxed in time.these circumstances, the TIW-seeding methods developed
However, TIW patterns can be maintained in initial con-in this study can be a powerful tool to resolve TIWSs,
ditions with an Ensemble Kalman Filter (EnKF) to somebecause they are easy to apply. It means that this method
extent, because the model error covariance in EnKF isvill give a chance to improve current state-of-the-art sea-
time-varying and able to represent small-scale physics. Teonal prediction skill.
examine whether EnKF is able to resolve TIW patterns, Until now, few studies have highlighted TIWs in initial
Fig. 13 shows the covariance of SST ensemble perturbaconditions. Rather than incorporating TIWs into initial
tions between values at 140, 2 N and values over the conditions, small-scale TIW perturbations in initial condi-
Pacibc during EI Nin and La Nira season using 32 tions are sometimes discarded because they are regarded as
ensemble perturbations. Note that ensemble perturbations1-wanted noise to ruin large-scale signals. For example,

Fig. 13 Covariance of SST
ensemble perturbations between
values at 140W, 2 N and

values over the Pacibc during El
Niro and La Nia season using
32 ensemble perturbations
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Laplacian smoother or Gaussian blter are used to damp ttkeppenne CL, Rienecker MM (2008) Error covariance modeling in

high-frequency oscillations by smoothing the spatial 1“366.59%232&?;3” ensemble Kalman Plter. Mon Wea Rev
structure of a model error covariance matrix (Zh;_ing etalym p Kug J-S, Kang I-S, Jin F-F, Wittenberg A (2008) Tropical
2005 Keppenne and Rieneck@008. However, with on Pacibc impacts of convective momentum transport in the SNU
the help of recent studies that emphasize the interaction coupled GCM. Clim Dyn 31. dal0.1007/s00382-007-0348-4

between TIWs and large-scale climate states, this study h&¥/9 J-S. Kang I-S, Choi D-H (2008) Seasonal climate predictability

. . . e with Tier-one and Tier-two prediction systems. Clim Dyn 31.
laid the foundations for understanding the role of initial doi“10.1007/500382-007-0264-7

TIW patterns on the optimal seasonal forecast systems withe Treut H, Li Z-X (1991) Sensitivity of an atmospheric general
complex coupled GCMs. circulation model to prescribed SST changes: feedback effects
associated with the simulation of cloud optical properties. Clim

Acknowledgments This work supported by the Korea Meteoro- Dyn 5:175D187
logical Administration Research and Development Program undel€ M-I, Kang I-S, Kim J-K, Mapes BE (2001) InBuence of cloudd

Grant CATER_2006-4206 and In-Sik Kang was supported by the radiation interaction on simulating tropical intraseasonal oscil-
second stage of the Brain Korea 21. lation with an atmospheric general circulation model. J Geophys

Res 106:14219D14233
Lee M-I, Kang I-S, Mapes BE (2003) Impacts of cumulus convection
parameterization on aqua-planet AGCM simulations of tropical
intraseasonal variability. J Meteorol Soc Jpn 81:963D992
References Legeckis R (1977) Long waves in the eastern equatorial PaciPc
Ocean: a review from a geostationary satellite. Science
An S-I (2008a) Interannual variations of the tropical ocean instability 197:1179D1181
wave and ENSO. J Clim 21:3680D3686 Legeckis R, Pichel W, Nesterczuk G (1983) Equatorial long waves in
An S-l (2008b) Interannual changes in the variability of tropical geostationary satellite observations and in a multichannel sea
Pacibc instability waves. Asia Pac J Atmos Sci 44:249D258 surface temperature analysis. Bull Am Meteorol Soc 64:133D139
An S-I, Jin F-F (2004) Nonlinearity and asymmetry of ENSO. J Clim Leslie LM, Holland GJ (1995) On the bogussing of tropical cyclones
17:2399D2412 in numerical models: a comparison of vortex probles. Meteorol
An S-I, Ham Y-G, Kug J-S, Jin F-F, Kang I-S (2005) El Nino-La Nina Atmos Phys 56:101D110
asymmetry in the coupled model intercomparison project. J ClimLuo J-J, Masson S, Behera S, Shingu S, Yamagata T (2005) Seasonal
18:2617D2627 climate predictability in a coupled OAGCM using a different
Anderson E Hollingsworth A (1988) Typhoon bogus observations in approach for ensemble forecasts. J Clim 18:4474D4497
the ECMWF data assimilation system. ECMWF ResearchMenkes C, Vialard J, Kennan SC, Boulanger J-P, Madec G (2006) A
Department Tech. Memo 148, ECMWF, Reading, UK, 25 pp modeling study of the impact of tropical instability waves on the
Behringer DW, Xue Y (2004) Evaluation of the global ocean data heat budget of the eastern equatorial Pacipc. J Phys Oceanogr
assimilation system at NCEP: The Pacibpc Ocean. Paper 36:847D865
presented at 8th symposium on integrated observing andNakajima T, Tsukamoto M, Tsushima Y, Numaguti A (1995)
assimilation systems for atmosphere, ocean and land surface, Modelling of the radiative processes in an AGCM. In: Matsuno
AMS 84th Annual Meeting, Washington State Convention and T (ed) Climate system dynamics and modelling, vol I-3.
Trade Center, Seattle, Washington, 11D15 University of Tokyo, Tokyo, pp 104D123
Bonan GB (1996) A land surface model (LSM version 1.0) for Noh Y, Kim HJ (1999) Simulations of temperature and turbulence
ecological, hydrological, and atmospheric studies: technical structure of the oceanic boundary layer with the improved near-
description and userOs guide. NCAR Tech. Note NCAR/TN- surface process. J Geophys Res 104:15621D15634
417 + STR, Natl Cent For Atmos Res Boulder, Colorado, Numaguti A, Takahashi M, Nakajima T, Sumi A (1995) Development
150 pp of an atmospheric general circulation model. In: Matsuno T (ed)
Carton JA, Giese BS (2008) A reanalysis of ocean climate using  Climate system dynamics and modelling, vol I-3. University of
simple ocean data assimilation (SODA). Mon Wea Rev Tokyo, Tokyo, pp 1D27

136:2999D3017 Palmer TN et al (2004) Development of a European multimodel

Contreras RF (2002) Long-term observations of tropical instability ensemble system for seasonal-to-interannual prediction (DEME-
waves. J Phys Oceanogr 32:2715D2722 TER). Bull Am Meteorol Soc 85:853D872

Derber J, Rosati A (1989) A global oceanic data assimilation systemPhilander SGH (1976) Instabilities of zonal equatorial currents.
J Phys Oceanogr 19:1333D1347 J Geophys Res 81:3725D3735

Duchon C (1979) Lanczos bltering in one and two dimensions. J AppPhilander SGH (1978) Instabilities of zonal equatorial currents, part
Meteorol 18:1016©1022 Il. J Geophys Res 83:3679D3682

Ham Y-G, Kug J-S, Kang I-S, Jin F-F, Timmermann A (2009) Impact Qiao L, Weisberg RH (1995) Tropical instability wave kinematics:
of diurnal atmosphereDocean coupling on tropical climate observation from the tropical instability wave experiment.

simulations using a coupled GCM. Clim Dyn. db.1007/ J Geophys Res 100:8677D8693
s00382-009-0586-8 Qiao L, Weisberg RH (1998) Tropical instability wave energetics:
Holtslag AAM, Boville BA (1993) Local versus nonlocal boundary observation from the tropical instability wave experiment. J Phys

layer diffusion in a global climate model. J Clim 6:1642D1825 Oceanogr 28:345D360
Jin EK et al (2008) Current status of ENSO prediction skill in coupled Smith TM, Reynolds RW (2004) Improved extended reconstruction
oceanbatmosphere models. Clim Dyn 31. H»it007/s00382- of SST (1854D1997). J Clim 18:2466D2477
008-0397-3 Swenson MS, Hansen DV (1999) Tropical Pacibc Ocean mixed layer
Jochum M, Murtugudde R (2004) Internal variability of the tropical heat budget: The Pacibc cold tongue. J Phys Oceanogr 29:69981
Pacibc Ocean. Geophys Res Lett 31 L14309. 10029/ Tiedtke M (1983) The sensitivity of the time-mean large-scale Zow to
2004GL020488 cumulus convection in the ECMWF model. Workshop on

123


http://dx.doi.org/10.1007/s00382-009-0586-8
http://dx.doi.org/10.1007/s00382-009-0586-8
http://dx.doi.org/10.1007/s00382-008-0397-3
http://dx.doi.org/10.1007/s00382-008-0397-3
http://dx.doi.org/10.1029/2004GL020488
http://dx.doi.org/10.1029/2004GL020488
http://10.1007/s00382-007-0348-4
http://dx.doi.org/10.1007/s00382-007-0264-7

1290 Y-G. Ham, I-S. Kang: Improvement of seasonal forecasts on initial conditions

Convection in large-scale numerical models. ECMWF, 28 Novb1Weisberg RH, Weingartner TJ (1988) Instability waves in the

Dec 1983, pp 297D316 equatorial Atlantic Ocean. J Phys Oceanogr 18:1641D1657
Uppala SM et al (2005) The ERA-40 re-analysis. Quart J RoyWu XQ, Yanai M (1994) Effects of vertical wind shear on the
Meteorol Soc 131:2961D3012. dd:1256/qj.04.176 cumulus transport of momentum: observations and parameter-

Vialard J, Menkes C, Boulanger J-P, Delecluse P, Guilyardi E, ization. J Atmos Sci 51:1640D1660
McPhaden MJ, Madec G (2001) A model study of oceanicYu J-Y, Liu WT (2003) A linear relationship between ENSO intensity
mechanisms affecting equatorial Pacibc sea surface temperature and tropical instability wave activity in the eastern Pacibc
during the 1997D98 El Nino. J Phys Oceanogr 31:1649D1675 Ocean. Geophys Res Lett 30:1735. @6i1029/2003GL017176
Wang Y (1998) On the bogusing of tropical cyclones in numericalYu Z, McCreary JP, Proehl JA (1995) Meridional asymmetry and
models: the inBuence of vertical structure. Meteorol Atmos Phys energetic of tropical instability waves. J Phys Oceanogr

65:153D170 25:2997D3007

Wang B et al (2008) How accurately do coupled models predict thezhang S, Harrision MJ, Wittenberg AT, Rosati A (2005) Initialization
AsianbAustralian monsoon interannual variability? Clim Dyn of an ENSO forecast system using a parallelized ensemble Plter.
30. doi10.1007/s00382-007-0310-5 Mon Wea Rev 133:317603201

123


http://dx.doi.org/10.1256/qj.04.176
http://dx.doi.org/10.1007/s00382-007-0310-5
http://dx.doi.org/10.1029/2003GL017176

	Improvement of seasonal forecasts with inclusion of tropical instability waves on initial conditions
	Abstract
	Introduction
	Model descriptions
	Initializations for seasonal forecasts
	Generation of three-dimensional TIW perturbations
	Initializations for seasonal forecasts

	Seasonal forecast results
	Impact of initial TIWs perturbations on seasonal TIW variability
	Role of initial TIW perturbations on ENSO forecasts

	Summary and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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


