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ABSTRACT

From the viewpoint of dynamics, it is convenient to regard the field to be predicted
as 2 small disturbance superposed on the historical analogous field, and thus the statistical
technique can be used in combining with the dynamics. Along this line, a coupled atmo-
sphere-earth surface analogy-dynamical model is formulated and applied to making eight season-
al predictions. All of the predictions were initiated from January and have been made from
February to August of 1981 to 1988. The experiments of eight-year predictions show certain
skill in seasonal prediction, and the skill scores of prediction are greater than those of single

statistical analogy forecast.

Keywords: analogy forecast; long-range numerical prediction; statistie-dynamiecal
prediction.

I. InTRODUCTION

The long-range numerical prediction is one of the three main targets in World
Climate Research Program (WCRP) and is of common concern to theorists and
practicians, but it scems very difficult to attack. Nowadays, the monthly pre-
dictions were usually made by running the general circulation model (GCM) in
abroad and it required extralarge computer facilities and huge funds. Even so, it
could only make monthly prediction in one month ahead and the skill scores can
hardly exceed the lowest level which requested orerational forecasting. At the same
time, the coupled ocean-atmosphere model should be used in making the prediction
over one month for considering the change of boundary conditions. It needs a more
extralarge computer, and a series of problems in calculation may happen. The seasonal
predictions are more difficult than the monthly ome. Thus, it is desirable to . ex-
plore a new approach to making the seasonal prediction. Because the objects of
long-range forecasting are the statistical mean quantity, the statistical technique
should not be given up, but should be combined with dynamical one in developing

dynamical model™.

The long-range ‘weather forecasting experiences show that the winter circulation
and surface conditions such as SST etc. are good predictors of summer circulation
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and precipitation. Because the evolution of the meteorclogical fields starting from the
similar state, including both initial condition and boundary condition, always keeps
such similarity running in a certain period™, an analogy is often selected from
historical data set according to the similarity to the present year. Although the
forecasts produced in this way showed some skill, unfortunately, the historical analo-
gous approach imagines the future to be a simple repetition of the history. It limited
greatly improving of the skill. Considering from the viewpoint of dynamics, it 1s
convenient to regard the field to be predicted as a small disturbance superposed on
the historical analogous field, and thus the statistical technique can be used in com-
bining with the dynamics“ . Along this line, a coupled atmosphere-earth surface
‘analogy-dynamical model is developed and applied to making seasonal prediction.
“The results are encouraging.

II. ForMULATION OF THE MODEL

The analogy-dynamical model is a coupled atmosphere-earth surface model which
includes two parts: the atmosphere and the earth surface. The governing equation
for atmosphere is the quasi-geostropic model and the controlling equation for the
‘earth surface is the thermal conduct equation for surface temperature, in which the
thermal advection by the current in the oceanic area is taken into account. The in-
teraction between the atmosphere and the surface is accomplished through such phys-

ical processes as the surface energy balance®".

Because the evolution of the atmosphere and ocean starting from the similar state,
-including both initial condition and boundary condition, always keeps such similarity
running in a certain period, the evolution of circulation can be regarded as a small
disturbance superposed on the historical analogous field. We now divide variables
into two components: the basic state and the disturbance state superposed on it, ie.

x=X+2RX,

where the basic state X is selected from the historical data set according to similar-
ity with initial and its evolution has already been known. X is the difference of
two analogous year’s states and called analogous deviation. Substituting X=X + &
into the basic equation, and assuming that the basic state satisfies the basic equation,
she deviation form of basic equation can be written as follows:
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where & = 1 for ocean and 8§ = 0 for land. f is the Coriolis parameter;
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the static stability; the deviation of diabatic heating rate
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where €, denotes the deviation of the turbulent heat exchange, the formula is taken
as

& _ 8 . of 4

T

where K, = p’¢’Kr, Kr is the coefficient heat conductivity. The deviation of the
radiation heat exchange & includes solar short-wave radiation which is simply ex-
pressed by an empirical formula and atmosphere long-wave radiation which is given
by the scheme of Kuo®™. It can be written as
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where T is the solar radiation, C, the empirical constant, e, the earth’s albedo, the
16)

A

deviation of the amount of cloudiness # is taken as
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where @, is an empirical parameter and

\ Kr
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For the deviation of the heat exchange of condensation &z, it may be simply param-
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eterized™ as follows:

A
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where &, is the deviation of surface geopotential height. Other svmbols are often

used in meteorology.

TII. NuMericAL SorurioN oF THE MODEL
1. The Barotropic Feature of Anomalies

Firstly, the model atmosphere is divided into three vertical layers in P coor-
dinate, ie. 300 hPa, 500 hPa and 700 hPa which are indicated by symbols 1, 2,
and 3, respectively. Eliminating & from Egs. (1) and (2), the geopotential deviation
tendency equation is written on these layers. The boundary conditions and vertical

differences may be written as
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Because the anomaly field of monthly mean geopotential height has the equiva-
lent barotopic structure®™?, the deviation of geopotential height in 300 hPa, 700
hPa and surface can be expressed by using the deviation of geopotential height in
500 hPa, i.e.

$l = Bl<£’z’ 433 = Bs‘i’z, b=, = B4‘$z,
where B; (i = 1,3,4) is the regression coefficient. So, the vertical difference of de-

viation term can be written as
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Finally, the geopotential deviation prediction equation of model atmosphere is
simplified as the following form:
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2. The Treatment of Polar Region and the Solution of the Spherical
Helmholiz Equation

Due to the non-uniform of spherical grid, the alternating number is not only
too great, but the optimun relaxation factor is difficult to determine and the com-
putational accuracy also cannot be assured by using the alternate over-relaxation
method to solve the dispersed spherical Helmholtz equation. In addition, the distance
between the grids is shorter and shorter with increasing of latitudes. According to
the CFL linear computational stability condition, to require very small time steps in
the high latitude region would be impractical for the adopting of long-range
numerical prediction model. A new scheme is developed ‘to overcome the two
problems at the same time'"Y. The principle of this scheme is firstly to solve
the spherical Helmholtz equation by using Fourier method and then the short-
wave which is less than the critical wavelength is filtered in doing anti-Fourier
transform for high latitudes. So, the solution of spherical Helmholtz and the filtering
treatment of polar region can proceed at the same time. It is an effective approach
to suit the spherical filtering model.
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3. The Solution of Surface Temperature Deviation Equation

The solution of surface temperature deviation equation requires two vertical
boundary conditions. It takes the energy balance deviation equation on the surface
and takes T, as zero on the underground depth, i.e.

ot oT dlng, dg
Z=10, p,C,, <——)— C,K (——)—FB(LK——‘*—‘—)T,
pCrK\ T ) TP \57 PERTTIT ToT

= — Ls‘o? lequ(bl’ (9)

(60
Z=—D, T,=0, (10)

By using the time differential form of Eq. (3) and Eq. (11) and Eq. (12), the
solution of surface temperaturte deviation for the time step ¢ + Az is of the follow-
ing analytical form:

Piras e § T + SHLL + SiHEL i+ SV (11)

in which the time step Ar is taken as 24 h, Hy,; is the thermal advection by oce-
anic current, H,;,; is the vertical average of the thermal advection in the atmosphere,
the right-hand side terms represent the effects of persistency, oceanic thermal advection,
atmospheric thermal advection and short-wave radiation deviation adjusted by cloudi-
ness deviation, respectively; Sy, S;, S; and S, are corresponding influence coefficients
in the following forms:
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4. Differential Scheme and Main Parameter

A spherical longitude-latitude grid point screen is used in this model and the
grid intervals in the longitudinal and latitudinal directions are 10° and 5°, respec-
tively. The calculation domain is from 5°—90°N. The center difference and Arakawa
advection scheme were used in calculating space difference and Jacob term, respec-
tively. A filtering scheme which can filter the amplifying of high frequency perturba-
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tions was used in the time integration of atmosphere model" and the time step is
4-h increment. The smoothing treatment for deviation of geopotential height and
surface temperature are not processed during numerical integration, but the smooth-
ing average for the basic state is treated by using the starting and predicted months.
The main parameters of model are taken as: Ky = 10 m?/s, 7 =3 X 10%, Kp=—
0.05 m?/s?, K, = 10%cm?/s for ocean and 0.005 cm?/s for land. Because the above pa-
rameters are assured by the empirical method and more or less undefined, the param-
eters Qs Q. and Q,, which are related to the diabatic heating are corrected by
using Chou’s inverse approach and the 15-year data set from 1966—1980 is used for
inversing.

IV. Tue Seasonar PrepictioN EXPERIMENTS

Eight seasonal predictions have been carried out by using the analogy-dynamical
model from 1981 to 1988. All of the predictions have been initiated from January
and predicted from February to August. The predicted anomaly is given by adding
the deviation field predicted by the model to the anomaly of the basic state at the
corresponding time. Numerical integrations are run month by month. One month pre-
diction is the average from 1 to 30 days. For inspecting the forecast capacity of the
model, the model predicted 500 hPa and surface temperature monthly anomalies are
compared with the observed one and the skill scores are also compared with statistical
analogy forecasts. The evaluating approach is to add up the percent of the points in
which the sign of anomaly was correctly predicted (the total number of grid points
is 540).

1. The Predicted Skill of Model

The skill scores for both 500 hPa (¢") and surface temperature (T,) monthly
anomalies from February to August of 1981—1988 are shown in Table 1, from which
it can be found that the skill scores of this model are greater than the random fore-
casts (50% ). The highest level for 500 hPa and surface temperature reach 70%
and 72%, respectively. All of the annual mean skill scores from February to August
are also better than random forecasts, the highest level for 500 hPa and surface tem-
perature reach 59% and 58%, respectively. The mean skill scores of eight predic-
tions for 500 hPa and surface temperature reach 56.8% and 55.4%, respectively. The
stability skill scores with time and the greater values of scores show certain skill of
the model. '

The variation of the skill with latitudes is shown in Fig. 2. The average is
from February to August of 1981-—1988. It is found that the skill is better at low
latitudes and polar regions than at mid-high latitudes, i.e. the skill of 25°N
reaches 61%.

The predicted and observed anomalous fields of 500 hPa geopotential height
for July 1983 are shown in Fig. 3. Comparing Fig. 3(a) with Fig. 3(b), it is found
that the predicted field is close to the observed ome. It is shown that the forecasts
by this model are acceptable.
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Fig. 2. The variation of the mean skill with lacitudes.
Solid line represents tac anomaly of 500 hPa,
dashed line the anomaly of surface temperature.

Fig. 3. Predicted (a) and observed (b) 500 hPa anomaly field for July 1983.

2. Comparing the Model Predictions With Those Made From Analogy

To inspect the skill of model prediction further, the results of model predicted
are compared with single analogy forecast at the corresponding region and time. In
fact, the analogy forecast was the anomaly field of the basic state, which was se-
lected from the historical data set according to the similarity in winter and took the
evolution™of the historical analogous field as the forecasted field. The mean skill of
the prediction by this model and that by using single analogy are shown in Fig. 5.
Comparing the two forecasts, it can be found that the prediction by this model is
much better than single analogy forecast, especially in summer months. It follows that
when the dynamical process of analogous evolution of circulation anomaly is taken
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into consideration, the prediction skill is better improved than that based on statis-
tical analogy only.
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Fig. 4. The mean skill of model (solid line) and analogy (dashed line).

_ Table 1 ,
The Skill Scores of ¢ and Ty Prediction by This Model
(¢*), the 500 hPa Anomaly; T§, the Surface Temperature Anomaly

\\\Month
Term N\ Feb. Mar. Apr. May Jun. Jul, Aug, Mean
1981 ¢ 53 53 48 60 48 53 60 53.6
Ts 59 51 48 58 44 47 58 52.1
1982 ¢’ 60 48 53 54 55 57 58 55.0
Tg 55 53 50 51 48 54 57 52.6
1983 @' 52 56 59 53 59 70 62 58.7
Tg 61 58 59 57 59 56 59 58.4
1984 @’ 55 50 51 54 65 69 65 58.4
Ts 54 60 49 61 55 62 55 56.6
1985 ¢ 48 62 62 65 56 53 52 56.9
Tg 50 57 57 50 55 50 53 53.2
1986 ¢ 51 58 65 64 59 60 56 59.0
Tg 58 58 55 53 50 61 55 55.7
1987 ¢ 62 61 55 48 57 65 55 57.6
Tg 72 60 61 53 47 51 56 57.1
1988 ¢ 46 58 55 51 50 69 57 55.1
Tg 50 56 57 51 53 58 57 54.6

V. ConNcLusIONs

These results of seasonal prediction experiments show that the analogy-dynamical
model has a certain skill in the seasonal prediction and the skill scores of prediction
are greater than those of single analogy forecasts. It can remedy partially the defects
of model with information provided by the historical data set and the statistical
technique can be used in combining with dynamics. These results of prediction exper-

iments are encouraging.
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To be sure, these experiments are preliminary, the model will be further im-
proved by more experiments, i.e. the parameterization of diabatic and land processes
are required to improve as well. In addition, the selection of the basic state is alse
important for improving the prediction skill. The authors believe that the analogy-
dynamical model, after further improvement, will be of use for operational monthly

and seasonal weather predictions.

The authors wish to express their gratitude to Prof. Chou Ji-fan for helpful

discussion.

REFERENCES

[1] AEH, KRREXRSHER, SKURHE, 1986,

[2] EAR, KPXRSTRERM, FAHHEERAMET, 1987,

[3] HEM, hEPAXSEMRIE, KRR BKE, 1979, pp. 216—221.
[4] WERF%, PENEBIE, 1989, 9:1001,

[5] BwERE, A5, 141989), 22,

[6] H4ERE, mERE, 1977, 21162,
[71 Lin Benda et al., Acra Oceanologica Sinica, T(1988), 369.

{81 Kuo, H. L., Pure and Appl. Geophy., 109(1973), 1870.
[9] HBES, RPERSTMRXE, SRURHE, 1990, pp. 57—66.
[10] HRERELS, HESR, 7(1988), 264,

[111 REL, JLFARFEFR, 1990, 5: 627,

[12] %EHE, MEXKHHR, HEHRE, 1986,



