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1. INTRODUCTION

In 1286, Tatsumi develbpad a spectral
limited area model with time-dependant
bEml boundary conditions uwsing an
arthogonal double Fourier seres.  Since
then more megional spectal models have
bean develbped [(Wang 2004). Hover
(12871, Fullen and Schubert (18987
WMachanhauver (1993), Chen and Kuo (1992}
and Juang and Kanmamitsu (19843 all
indepandantly denvelopad their own regional
spectal models. These regional spectm@l
models have been usad to simulate and to
predict regiomal climates due o the
capability of resolving regional wvariation
more accur@kely (Hong = and Lestmaa
1669, Cocke and Larow 20007,

Late@al boundary freatment = one of
vary important elemeants in regional spect@l
models o blend the global field into regional
domain.(Baumhefner 1982, Laprise 2002
Boyd 20043 Tatsumi (1986) usad time
depandamt bBlE@l boundary conditions as
mentioned before. WMachenhauver [198&),
Haugen and WMachenhauver [1883) usad
cyclic boundary condiions with an arificial
exiended domain. In 1992, when Kuo and
Williams presented results on the boundary
effect= in megional spectal models, they
concluded that due to the dicontinuity of
higher dervatives of the sinusoidal
subtmacted sine-cosine expansion in the
Tatsumi method, this expansion causes the
Gibbs phenomenon. Furthermaore, in 1988
they discus=sed the =calk dependant
accuracy of the regonal spectral method
and climad that the large =cale spatial
accu@Acy is worse than the small scak
spatial accumcy. Here we present the
Fumearical methods used in NCGEP RS
(Hational Cemers for Envionmenial
Frediction Regional Spectml  WModal),
examing = numerical accuracy and scalke
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dependency, and compare the results
batwean NCEP RSW and Tatsumis methad
in Kuo and Wiliams's paper. From here an,
Kuo and Willams (1982 and 1988) will ba
refarred as KWE2 and KWEE, respactivaly.

A simple linear advection equation used
in Kuo and Willams (1992, 1998) is adopted
o explor the numercal accuracy of the
HZEP RS method. Seclion 2 gives the
numarical method used in NCEP RS
Saction 3 addresses the experimantal
dasign, including the model problem and
numarical schames. Resul= ar shawn in
Saction 4. In Secltion 5 some =sensitivity
fests are conducted to discuss the effects o
the accuracy from the time sep, spatial
resolution for both regional and background
domains, and the time =cheme and
imepolation methods. Caonclusions ae
made in Section &.

2. Regional Spectral Methad in NCEP RSM

In HCEP RSWM, the fulHield prognostic
varablke i divided into a base field and
parurbation field, which i different from
Tatusmis (== Fig. 1of Juang et al. 1997,
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Fig.1 The MCEF RSN medhod grid system.



An altemative description, supplemeanied to
previous publications an the NCEP RSM, B
ilustrated by Fig. 1. The full-field variable A4,
far example, & separated into two parts, the

basa field A and parturbation 4" a=:

A=A+ A (2.1)

Tha bassa field can reprasant a trend and
the perfubation can be padormed Fourier
tAanmsformation (Laprize 2003). Far the
inlegation, the pertulbation field is obtained
by updating the deviation of the megional
total tendancy from the base field Endency
an the regional do main:

dA dA dA

't dt  dt
The pettorbation tehd=ncy is compoted in =ach
time ztep, and then the pettotbation filed iz nz=d
to fotim the tofal fi=ld. When the Pet‘l:utbn'l:iah 3
u_[:ldn‘lrd.. :Pln'tzﬂ troheotioh i cohdoctsd in oid=i

to mintain the pettutbation fisld =mooth in the
it gmtion domain.
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3. Experiment Design
31 Mumerical problems

The numerica problem vsed here is the
same ore-dimersiora limear sdvection
equation shown im K82

o R a4
=
-

whare A is any given variable, t istime and =
i= a spatial variable in the domain [ -1,1],
and uy, is a constant speed of 1 mi=ec.
Comsidering =scalk wvariation, we u=a the
initial condition fram KWE8:

=0 i3.1a)
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tha baoundary condition
is:
—05-utY)
Al —lti=giti=exp —( “u] .
\, L

(3.1c)
and the analtical solution of this problem is:
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Thiz simpke model descrbes  an
advaction pmrocesses imolving a wawve
propagaling into the regional domain from

k=it o right. The boundary effect will be
=aan whean the wave passes through the
right boundary at x=1. L is the spatial-zcalke
pamAmeker that determines the wave scale in
the domain. The changes in L will show the
scak dependent accuracy in the numerical
salutions.

3.2 Mumerical methods

Tha fourth order finte-differsnce
meathod (FO4) and the sikth ader finite-
difference methad (FOE) are imple mented
for comparison.  Since the HCEP RS
method uses a kapfrog time scheme, which
is alzo used for both the fourth ardar finite-
difference method and the sixth odear finite-
diffe rence method.

Applying NSEP RSM method, we get
the integ@mtion equation a=:

AP g ﬂf’az S ETR NP
24r \, alx \ ax At
(33)

Initially, & i= the analysis solution located
an the regional fine grid and the anals=is
salution an the coarse grids. The coarss
grid i5 extended to a large domain so that
enough imformation around the regional
e @l boundary can be cbtained. This s the
fundame mtal difference betwean HZEP RS
and Tatusmi's method. Since the base fied
has more information, the spatial derivative
af the basa field & clear to mal valua. 1t will
result in better pertubation field than that in
Tatusmi=s method. To sole the numearical
problem (3.1), we obfain the base field on
the regional fine grid by extending the
coarse grid base field info the Fourier saries,
and then conducting the inverse Fourier

transform o a fine gnd owver the coarsse
damain. The initial periubation = obtained

by subtracting the basze field from the

analysis solution in the egional domain. The
Endency of the bass field on RHE &

cakulated with large time inlEervals using a
kap frog time scheme. This Endency =
alEo used to update the basze field at evarny
regianal time step. The spatial derivative of

o4
the bass field 5'_ iz cakulatad from a
Ly
spactral fransform through the Founer sarnes
coafficients of the atommentioned base
field. The spatial dervative of the



perurbation field i= cakculated through

I
the half sine-wave =aries cosfficients of the
peruhbation field. Afer the pertuibation field
iz updated through Bg. (3.6) at ewvery time
step, a sine-wawe truncation is conducled to
make sure that the peruibation field
spectrum i fikered without introducing
Gibbs waves due to diEcortinuities. Mo
bErl boundary relaxation & Fpplied o this
problem.

4. RBesults

41 A comparison with the results of
B2

Figure 2 shows the numerical salution
fam the HNZEP RS method and FD4
methad for Egs. (3.1a3-3.1c) when L=0.2,
FH=24 and the time sep=0.01 at t=1.0 and
1.45. The results fom RSW keap the wave
structure very well when the wave passes
the right boundary. Compard o Fig. 1 in
FWE2, the results fom NCEP RSM show
significant difference from he palynomial
subtmacted methoed (PST) and sinusoidal
subtmacted methoad [(S5T) methad, and no
Gbbs phenomenon shows v in either the
incoming or ouigoing boundary regions.
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Fig. 2 Mumerical solulions iom the MCEP RS meihod
and fom FOdor Bgs (3 .1a) - (3.1c) wit MN=24 7i1=1 0
mdl 5, and ime-siep=001.

42 A comparison with the results of
FOW28

RIMSE= in the numearical salulions as a
function of regional gnd number M and
spatial scale pammeter L are shown in Fig.

3. The kft panel iz for FO4 and right one i
far the NCEP RSM method. Fig. 3 shows
that the RMSEs fom the HNCEP RSWM
numarical solution are smaller than FD4.
What it does not show = what i s=an in Fig.
2 in W28, whae the RWSE increases with
a lamge spatial scak parametar L greatar
than 0.2; instead, RMSE decreases when
the scale pammeter L increases. |n the left
panal tha FO4 slope is shamper than that of
the HNZEP RS method, and the RMSE
increasss from le=ss than to greater than for

I greater than &4 whan the space =scalk L &
greater than 0.3. This means that the scak
dependence accum@mcy pmoblem does not
exist in MZEP RS method.
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Fig.3 AMSE in log1d form) in te numerical
zoludions ol FO4 {l=H pana) and MCEP RSN (righi
pandjasa ncion ol Land M a =10,

5. Sensitivity test

5.1 Temporal and spatial msolutions and
Scheme comparison

In this paper, the effects of temporal and
spatial resolutions to the integmation are
explored. For fived regional grid points M
with tha time =lep decreasing, whan the
wave passes the keft and right boundaries,
the RMSE decreases NCEP RSWM. The
HMCEF RSWM method always kesps the
widest mnge and has the bast solution when
the time steps get smaller. the 4 oder
finte-differance method and the spactal
transform are used to compule the base
field =patial derivative. The mesullEe show
better accumcy from the basse  fied
Endency, thersfame, this method produces
much better results. Two time schemes, a
canfral difference time scheame (COTS) and



a tempom@l spectml scheme [TSPEC), are
u=zad to cakulale the bass field tendancy.
Tha TSPEC pmoduces a better =alution at
lange time steps and it changes kss whan
the time step increases since the same time
sares are provided for the different time
resalutio ns.

5.2 Base field resolution

A= wea have seen, how o introduce the
beasa field i e==senfial for regional spectral
methods. In the NCEP REM method, the
ba=e field in the regional domain =
intepolated fom the global domain through
the spact@ml method. Practically, the glokal
domain & bigger than whale megional
domain. Far the model problam (3.1) the
basa field domain is chozan tobe 4 times as
big asthe regional domain. i M, & the
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Fg.4 Mumerical soludion fom ihe NCEP ASM
mehod whenMge! andMa32. The dotied line i H=
rumerical solufon u, e soid ineis 1he special
imerpodated base feld, and 1he plus =ign ne is he
periurbadion feld.

numbsar of coarse grid points in the regional
domain, M isthe numbsr of regional grid
paints. The resultsshow that when My is

increasing, the RMSE i comespondingly
decreasing. When N, =18 enough
imfarmation i provided far the HCEP RS
methad to praduce a minimum ermor
solution. The ermors do notchangs whan
largarenough My s provided.

Fig4 shows the numerical solution
when 1=1.25, 1.4, 1.5, and 165 when N, =1,
MN=32 and =. The ba=se fields are only

provided at both boundaries in the regional
domain and they are also located in five gnd
paints in the extended bass field domain as
shawn in Figure 1. Frem the figure, changes
ar fime varation at the right boundary =
caplured by the base field, whame the basa
field shows a smooth line with increasing
skpe at t=125, +=1.4 and =15, then the
slope goes down at 1=1.85. At the =ame
tima, the pertubation field that contains
mast of the informafion about the total
solution conducts a comesponding changs.
At 1=1.25, the parurbation is much like the
fotal field sincea the basa fied = almost zem;
then the perubation field s adjusted fo
recovar the total domain at the inner domain
and maimain a zem condition at the right
boundary. The mesulls shows how the
perurbation field mecovers the tolal fied
e it has potential exponential
convergence problem due o u=sa of Fourier
Sares.

B. Conclusion

Tha =ame one dimenrsional advection
problem usad in KW92 and KWS8 has baen
emplkyed in this paper © diEcuss the
boundary effects and =calk depandent
accur@mcy in the HCEP RSM method. The
results show that the solution does nat have
the Gibbs Phenomenon when a wave
pas=es through both incoming and oulgaing
the boundaries. The NCEP RS method
doesn't have an ermor jump &= shown in 4
and 8" order finite difierance methods and
SST/PST methods in KW22 and KWSE. The
different choice of basa field exphins the
difference . Spacifically, a basa field provided
at both boundarie= in the regional domain
and ako locaked in five grid points in the
extended base field domain are used o
show how the perturbation field coud
recavear the tolal field.

Samsitivity tests hawe bean conducted to
imrastigate the effeckE on the numearical
solution from some faclors such as base



field s=election, boundary conditions,
inepolation method, differance methods
and tima schama. Whean computing a basa
field spatial derivative, the spectral method
gives a smalker eror than the finie
diflerence method because the errar from
the finite differe nce method will dominate the
total emor.  And the tempoal spectal
method derives a better solution than the
cantral differencing time schame.

Refamnces

Baumhefner, 0. P., and D. J. Paikey,
1882; Bvaluation of lateral boundary ermors
in limiled domain madal. Taellus, 34, 409-428

Boyd, J. 2005 Limied_amea Fourer
Spactral Models and data analysis schameas:
Windows=, Fourier Extamsion, Davies
Relaxation, and all that. Man. Wea. Rew
133, 20E0-2042.

Chen, Q-5., and Y.-H. Kuo, 1982: A
harmeonic-sine series  expansion and its
application far partitioning and
recanstruction problems in a limited aea.
Wan. Wea. Rav., 120,91-112

Cocka, 5., and T.E |Lamow, 2000
Seasonal Predictons using a Regional
Spactral model Embeddad within a Coupled
Ocean-Atmospharc Model. WMon., Wea.
Rev., 128, 683-708

Fulton, 5.R. and W .H. Schubar, 1987 a:
Chebyshav spactral methods for limiled asa
models. Part |0 model problem analsis.
Ian. Wea. Rev., 115, 1940-1853

-——, amnd -—-, 188F7h: GChebyshey
speactal methods for limied arma models.
Part Il: shallbw water madel. WMon. Wea.
Rav., 115, 1954- 1965

Hauwgen, J.E., and B. Wachanhauer,
1883 A spactal  limited-area modeal
farmulation with time dependent boundary
conditions appled & the shallkw waler
aquations. Man. Wea. Rewv., 121, 2618-2630

Hoyer, J.IM., 1887: The ECWMWF speciral

limited-ama modal. P roc. ECMWEF
Waolkshop on Techniques for Horizantal
Discretization in  HMumerical Weathar

Prediction Wodels, Beidkshire, Reading,
United Kingdom, BCWWF, 343-358

Hong S.%., and A Lestmma 1989 An
Evaluation of the HCEP RSM fir regional
climate modealing. J. Climate, 12, 592-608

Juang, H.M. and M. Kanamitsu, 1984
Tha HNMS nested regional spactal maodel
Ian. Wea. Rav., 122, 3-26

-—- , 5%, Hong, and K. Kanamitsu,
1897 The HCEP regional spectml model:

An update. Bull. Amer. Meteor. Soc., T8,
2125-2143

———-and 5.%. Hong, 2001: 5ansitivity
af thea MCEP megioml spectral model to
domain size and nesting stategy, Won.
Wea. Rev., 129, 2904-2922

Fanamistu, M., K. Tada, T. Kuda, N.
Sato, and 5. |=a, 1883; Description of the
JIMA opa@tional spectal model. J. Metear.
Soc. Japan, 61, 812-828.

Kua, HCS, and RT. Wilams, 1992
Boundary effects in regional spect@l
madels. Mon. Wea. Rev. 120 2886-2992

Kuo, HES, and RT. Wilams, 1928
Scale-dependent accuracy in regional
spactal modeal. Mon, Wea. Rev. 126, 2640-
2647

Elia R., R. Laprize and R. Daniz, 2006:
Forecasting =kill limis of Hested_area
models: a perect appmach, WMon Wea.
Rewv. 130, 2006-2023

Laprize, R, 2003: Resohed scaks and
nanlinear interactionrs in limied-area
maodels. J. Atmos Sci, 8], 768-779

Machanhauer, B., 1898& Limied-area
modeling by the HIRLAM preject goup,
Preprints, HIRLAR, Ho. 1, 13pp

Tatsumi, i, 1898G6: A spectral limited-
area modal with fime dependent lEteml
boundary conditions and its gpplication to a
multi-level  primitive  equation model.  J.
Metaor. Soc. Japan, B84, 637663

Wang,¥., L. Leung, J. WcGregor, D
Lee, W.Wang, ¥. Dingand F. Kimura, 2004
J. Meteor. Soc. Japan, 82,1599-1628



