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Twp series of prognostic experiments were conducted with a
bafrotropic model. In one of them, the model was used for the
callculation of long time series of streamfunction fields. These
data were used for creating ensembles of the initial conditions

a

for the estimation of a forcing. The second series of the

pripgnostic experiments were conducted with real data. The

e
t

eriments were aimed at evaluating the prognostic ability of
barotropic model for long time period integration, and

stidying the influence of the lagged average forecast (LAF)
technique on prediction errors. The experiments have shown that
usjing LAF technique makes better the prediction skill of the
model, and the predicted linear trend of time evolution of the
atmospheric circulaticn has a positive skill beyond 10 days.
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ABSTRACT H

Toioyseries of prognostic experiments were conducted with a barotropic model. In one of them, the model
wad sed for the calculation of long time series of streamfunction fields. These data were used for creating
ensembles of the initial conditions and for the estimation of a forcing. The second series of the prognostic
expariments were conducted with real data. The experiments were aimed at evaluating the prognostic abil-
ity of the barotropic model for long time period integration, and studying the influence of the lagged aver-

age forecast (LAF) technique on prediction errors. The experiments have shown that wsing LAF technique
better the prediction skill of the model, and the predicted linear trend of time evolution of the atmos-
phaic circulation has a positive skill beyond 10 days.
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L INTRODUCTION

hg short-term climatic variations, which are
ined by the deviation of atmospheric circu-
ents from climatic mean, have life spans

efistic spatial pattern and mean time of du-
ger than the life span of the cyclones. The

onlinearity and instability of the atmos-
processes do not allow to predict the

report contains the resuits of numerical
ents with a barotropic model of the atmos-

phere, The experiments were performed to study
the possibility of forecasting beyond the predict-
ability limit, estimating of the influence of the
baroclinic forcing on a forecast skill, and estimat-
ing the linear trend of a time evolution of the at-
mospheric circulation.” Finally the geometrical
interpretation of the climate system evolution dur-
ing two weeks in a phase space is presented.

2. BAROTROPIC MODEL

The model is governed by the barotropic form
of the equation for the conservation of potential
vorticity on the sphere

08 _[t+fy]-oL+F,

at
where the following notation is used
£ vorticity,
W streamfunction,

f=20sing  Coriolis parameter,
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g linear damping with a characteristic

time o™ = 10 duys,

F {orcing,

[A.B] = :;E—C'IOTIP (% ?}% - g—:; g—i ) is the Facobian,
a radius of the earth,

(§] is angular vehocity,

A fongitude,

¢ Ltitnde,

¢ time.

The spectral method is used for the numerical
integration of the model. The vorticity cquation is
spectrally transformed with shomboidal wavenum-
ber M on the sphere:

M M
WA, 1, )= Z Z Wona(t} Yirn (R ) .

m N on Ll

where Yo = Pﬁ*(u)e’lml, P () are the associated
Legendre {unctions, and p =sing. Substituting the
spectral expansions into the vorticity equation, we
finally obtain a set of ordinary differential equa-
tions for the expansion coctlicients

it l) O s _20

= = im W +
el +
a dt o

nip+ 1) -
5 Yan + Fan
i

+Jmp + G

where Finn and Jy, are the expansion cuefﬁc'ients
for the forcing and Jacobian, The transform
methed for calculation Jacobian coefficient is used
(Orszag, 1970). Computer code of the barotropic
model includes the basic subroutines of the general
circulation model, which is used at CPTEC (Center
for Weather Forecasting and Climate Prediction)
for weather prediction and numcrical modeling.

3 FORCING

A mygjor concern in developing  barotropic
models is the incorporation the eflects of baro-
clinic motions. In our model these effects are in-
cluded by means of the baroclinic forcing, which is
calculated by 1wo methods. For the first method, a
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forcing is calculated as the remainder term of the
barotropic equation, after substituting streamfunc.
tion for its known vahes:

- gt gk

k k k
v =& +fw I +ol",

whete At is the time step equal one day, {¥, y ¥
the known values of vorticity and stremnfuncliog
for the time 1%.

For (he sccond metlhaod, a foretng F iy caley.
laded as o baroclinic luicing in the model with twg
layers (Lorenz. 19600

F= {VZI.T] +6VT,

where

P
1 ! ,
=5 (W), W1="dep .
pO

o

I ’
W = e j\pdp .
po—p
r

Vzthi{ 19 1 azr]
=L _
a

——cosp—+ —
cos¢ J¢ {Paiﬂ cos’p I?

4. NUMERICAL EXPERIMENTS

A rhomboidal-truncated  spectral  repr.
sentation of the fields with total wavenumbes
M=21 (R21}) and LAF (Lagged Average Forecay,
technigue (Hoffman, and Kalnay, 1983) have beg
used for the prognostic experiments.

First of all, the model run for the calculating
time series of the streamfunctions at 500 hPa. The
integration started from real data valid at 15 De.
cember 1982 with the forcing which was cale.
Jated by the second method for the same date. The
calculated streamfunctions of 41, 42, 43, and 4
days were used as the initial conditions for the foy
members of the forccast ensemble, The forecay
period included 15 days from 44 o 58. The fore.
cast forcing was calculated from the previous fore
cast period streamfunctions, The forecast perind
streamfunctions also were used for the forcing
Such forcing will be named the “exact” foreing
Herealter we will use the scaled streamfunction
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[}

Y=y,

o [

here fy is the Coriolis parameter at latitude of
5", g is the gravity acceleration, ‘¥ has the dimen-
smof length (m).

The errors of an analysis were simulated by
Hing to the initial condition field the same field
fufted by 130° and scaled for !0 m. As a measure
f the prediction skill of the model, root mean

guare eror RMSE = ( (o — Wp)7 )2 is used.
The ovetbar indicates a spatial mean. The subscript
*Rlers to the observed value and subscript p re-
' 10 the predicted value. The ensemble RMSE
“¢ shown in Figure 1. Members of ensemble are
Zarked by open circles and black circles are per-
‘wence forecast. The squares indicate the ensem-
Ble mean forecast. The ensemble mean forecast is
2oulated as

N-1
1
Pe lttn) = o YW, o - kAY),
k=0
whete (s, f0) is a forecast from 1o to ¢, N is the

samber of members of the ensemble. Tt should be
#anted out that EAF-forecast is better than mem-

ber forecasts. Figure 2 shows the RMSE for the
three ensemble mean forecasts: 1) without forcing
{cross), 2) with forcing (square) and 3) with “ex-
act” forcing (open circle) and persistence forecast
(black circle). The forcing was calculated by the
first method.

The second set of the prognostic experiments
has been carried out with real data from the
CPTEC prognostic data base. The data from 7 to
25 March 1995 were used. RMSE for this forecasts
shown in Figure 3. While all members of the fore-
cast ensemble have RMSE larger than the persist-
ent forecast, the ensemble mean forecast has less
RMSE after 6 days.

I's very difficult to obtain a good detailed
forecast with a barotropic model. We suggest that
forecast of low-frequency barotropic components
of the circulation would be better. For example, a
linear trend of the streamfunction in every point is

YT (A0 = AN + BL@).
The coefficients A and B are computed by the
least mean squares method. Figures 4a and 4b

show the observed and predicted tendency (A),
The cornrelation of the ohserved and predicted trend

RIASE FOR MODEL DATA FORECAST ( m )
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TIME (in doy)
Fig. | — Root mean square (rms) errors (in m) of the ensemble forecast. The members

of the ensemble marked open cicles, the black cicles are the persistence forecast. The
squares indicate the ensemble mean forecast.
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RMSE FOR MODEL DATA FORECAST( m )
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Fig. 2 — The forecast sets: without forcing (cross), with forcing (square) and with “exact” forcing (open
cicle). The persistence forecast are marked by the black circles.

RMSE FOR REAL DATA FORECASTS (m)
100

4 5 6 7 8 9 10 11 12 13 14 15
TIME (in doy)

Fig. 3 — The root mean square {rms}) errors (in m) of the ensemble forecast with the real data,
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a) OBSERVED LINEAR TREND
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b) LINEAR TREND

ENSEMBLE PREDICTED
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S~ he tendency of the observed Finear trend of the sireamfunction (a) and the tendency of the linear trend for the ensemble

§2isted streamfunction (by from 7 May to 25 May 1995,

g'j,_h _ {¥Yir-¥in Vir-¥ip
2 A
(TWT- Yiry ) ({‘P’ir— WiTy* )
Behown in Fig, .

% TIME EVOLUTION OF CLIMATE SYSTEM
IN PIASE SPACE

A phase space of the climate system is very
Tlidimensional. Therefore to represent frajectory
“{ibe climate system in a phase space it is neces-
4y to map one in small dimensional subspace.

re many ways to do it. Let us represent a
E3e of the climate system W(#) how a point of the
“waetral coefficient space and map the time evolu-
2% during the time period from t=0to t = T in

two dimensional plane {x,y), where X is 2 distance
between ¥(#) and the inifial state ¥1(0), and y is a
distance between F(#) and the final state W(T) of
the climate system, Il one define a distance by the
energy norm

¥

1 . V2

¥l = (Z n(n; ) Yon W '
a

mn

..

where * is complex conjugation, then
x=| ¥ -] and y= ¥ ~¥DIL
Figure 6 shows different trajectories in (x,y)
plane. The w-crosses indicate observed positions of

the climate system on the trajectory during 19
days. The black squares, diamonds and triangles

An. Acad. bras. Ci,, (1996) €8 (Supl. 1)
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TREND CORRELATION
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Fig, 5 = The correlation of the observed and predicted trends. The ensemble members are marked by
the cross and the ensemble forecast is rvarked by the square.

PHASE SPACE TRAJECTORIES
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Fig. 6 — The projection of the wajectory of the climate system on a plane, where x is a distance between the
current state of the system and its initial state; y is a distance between the cwrrent siate and its end state; (x) -
the observed trajectory, (+, O, ®, Q) - the irajectories of the ensemble forecast members, (4) - the proection of
the geodesic between the initial and end states, (¥ ) - the rajectory of the linear trend.
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indicate the ensemble mean forecast, the linear
irend and the geodesic between W(0) and W(T), re-
Spctively. Al others markers show the ensemble
members. It should be pointed out that the linear
trend and the ensemble mean forecast are closer to
the final state of the system.

6. CONCLUSIONS

Two series of the prognostic experiments
were conducted with the barotropic model. In one
of them, the model was used for the calculation of
the Jong time series of the streamfunction fields.
These data were used for creating initial condition
ensemble and for the estimation of a forcing. The
*cond series of the prognostic experiments were
onducted with the real data, The aim of the nu-
ferical experiments was made in order to estimate
possibility the prediction of low-frequency com-
posents of the atmospheric circulation beyond the
predictability timit for the short-term climatic vari-

ations. The experiments have shown that using
LAF technique makes better the prediction skill of
the model, and the predicted linear trend of time
evolotion of the atmospheric circulation has a
prognostic information beyend 10 days.
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