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Abstract

With a premise that the patterns of the general circulation undergo continuous varia-
tions at various time scales, experiments with a multiple regression scheme are conducted
in the long-range forecasting of temperature and precipitation using upper air parameters
and sea surlace temperature for the period 1963-1983. The scheme uses five predictors; it
also effectively eliminates the problem of multi-collinearity. The scheme gives a lead time
of predictors two to eleven months preceding predictands. The forecast scheme performs
the complete regression analysis as an annual updating procedure for the teleconnection of
the large-scale flow patterns. In forecast experiments, the data from the forecast year are
excluded from the data base of the entire study period in the regression analysis. This
also ensures that the forecast experiments are completely independent of the data of the
forecast year. The experiments indicate that the predictands properly selected over various
sizes of large areas of the United States, Canada and the USSR show considerable forecast
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skill.

1. Introduction

Multiple regression is a useful empirical
approach to long-range forecasting. It incor-
porates the relevant synoptic-statistical infor-
mation into a linear prediction equation using
observation data of the atmosphere, although
the atmospheric processes are basically non-
linear. The knowledge obtained in the study
of multiple regression forecasting also con-
tributes to a better understanding of the
behavioral pattern of the general circulation.

In our preceding reports (Kung and Sharif,
1980; Kung and Sharif, 1982; Kung, 1983) it
was pointed out that for the practical purpose
of long-range forecasting, the regression
cannot be stabilized. Indeed, this is the basic
nature of the general circulation, the patterns
of which undergo continuous variations at
various time scales. With this premise, Kung

and Sharif (1982) developed, with upper air
parameters and sea surface temperature, a
multiple regression scheme for the long-range
forecast of the Indian summer monsoon onset
and rainfall. The forecast experiment for
the period 1957-1977 showed the predicted
onset date and seasonal rainfall to be very
close to the recorded dates and rainfall.

In the 1982 scheme of Kung and Sharif,
five or six regressors were selected from
extensive correlation analyses involving upper
air parameters over India and Australia and
from sea surface temperature in the Indian
region. Coefficients of regression equations
were refitted for each forecast year during
the experiment period 1957-1977 without in-
volving the data of the forecast year. This
was equivalent to a yearly updating of the
regression coefficients to counter the problem
of interannual transiency in the circulation
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patterns. In the forecast experiment it was
indicated that a data period of less than 20
years is adequate for formulating the multiple
regression forecast at a seasonal range.
Whereas apparently encouraging results were
obtained in the 1982 forecast experiments,
some shortcomings of the scheme were also
noted. The examination of the experimental
results indicated that the regression scheme
was not disturbed by the multi-collirearity
among regressors. However, it would be
more preferable to develop a scheme which
minimizes the multi-collinearity as a con-
sequential result of the analysis procedure
rather than as a result of a partially subjec-
tive selection of the predictors. In the fore-
cast experiments the entire data base was
mvolved in the selection of predictors at the
beginning, although the data of the forecast
vear were excluded in evaluating regression
coefficients. For an objective forecast experi-
ment, it is desirable to completely eliminate
the data of the forecast year even if we are
reasoniably sure that their involvement in the
selection of predictors is not a serious matter.

This paper extends our study of multiple
regression forecasting to the seasonal range
prediction of monthly temperature, monthly
and seasonal precipitation and some related
parameters of the general circulation in defined
areas of the middle latitudes in the Northern
Hemisphere. The series of studies by Namias
(e.g., 1978, 1980, 1982) and available investi-
gations by Barnett (1981), Harnack and
Landsberg (1978), Nicholls and Woodcock (1981)
and others suggest such an attempt is mean-
ingful. In so doing, the 1982 forecast scheme
has been improved to remedy the above-
mentioned shortcomings. The scheme effec-
tively eliminates the problem of the multi-
collinearity by regressing the residual com-
ponents of a predictand on predictors after
deciding the first predictor in the screening
process. [he forecast experiments are per-
formed for the period 1963-1983, and the
selection of predictors and fitting of the
regression coefficient are repeated for each
vear without involving the data of the fore-
cast year. Thus, the forecast scheme performs
the complete regression analysis as an annual
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updating procedure, and the forecast experi-
ments are completely independent of the data
of the forecast year. An attempt also is
made in forecast experiments to explore
various problems and possibilities associated
with regression forecasting,

2. Data

The data used in this study cover the
period from 1962 to 1980. They include
monthly mean upper air observations at 152
stations, monthly mean sea surface tempera-
ture (S57") data, and monthly precipitation
(F') data, To prepare these data, twice daily
upper air observations and Navy monthly sea
surface temperature records were obtained
from the archives of the National Center for
Atmospheric Research. The precipitation data
were compiled from Monthiv Climatic Data
for the World of the National Oceanic and
Atmospheric Administration.

The distribution of the 152 upper air sta-
tions is shown in Fig. 1. At each upper air
station seven meteorological variables are
averaged for monthly means at 700, 500, 300
and 200 mb. Monthly temperature is also
obtained at the surface level and noted as
Ts. The seven variables are the eastward
wind component #, northward wind compo-
nent v, geopotential height Z, temperature
T, specific humidity ¢, kinetic energy k&, and
zonal/meridional flow indicator [, where
k=1/2(u*|v*) and [=|u|/|v| (see Hedding-
haus and Kung, 1980). Additionally, 16 zonal
sections (S] to S16) are defined as illustrated
in Fig. 2. Each strip in the figure is in the
middle of a 5-degree latitudinal section. The
seven monthly variables along these strips
are averaged to obtain the zonal mean values
for the 16 sections.

The Navy SST data, which were given
originally on the NMC octagonal grid over
the Northern Hemisphere, are interpolated to
a 10° x 107 latitude-longitude grid. A total of
177 data points are available for SS7T. The
compiled monthly precipitation data at the
stations are totaled for seasonal precipitation
data : December, January and February for
winter ; March, April and May for spring;
June, July and August for summer ; September,
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Fig. 1 Distribution of upper air stations.

Fig. 2 Zonal sections representing 5-degree latitudinal zones for indicated sections.

October and November for fall. Physical units
of meteorological parameters as used in this
study are ms™' for u and v, m for Z, °C for
T and SST, g kg™ for ¢, m%* for kb, and
mm for precipitation. The

indicator [ is
non-dimensional.
The maintenance and variation of the

general circulation are controlled by the pro-
cesses whose nature is basically non-linear.
The examination of covariances of meteoro-
logical fields is, thus, desirable to study the
physical processes explicitly. However, for
the purpose of empirical long-range forecast,
the use of monthly mean values of standard
observation and simple derivation is prefera-

ble. The covariance fields are related with
the fields of linear parameters in the system
of the general circulation. The purpose of
the empirical regression scheme is to implicitly
relate the observed fields to the eventual
future states of the atmosphere without in-
volving the explicit argument of the non-linear
processes. For the practical use of predictors
it is also more straightforward and convenient
to avoid the use of covariances as predictors.
3. Scheme of regression analysis
and forecast

In the general linear regression a pre-
dictand v is expressed as a function of n
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predictors :

Y=CoT QX+ 8axyt - Fanx, (A

where a is the regression coefficient, © the
predictor and » the number of predictors
employed.

The selection of the predictors and fitting
of the regression coefficients are performed
simultaneously in this analysis. In order to
select the first predictor x, from m possible
predictors, the correlation coefficient between
v and x, r(v, x;), is computed in a time
series with each of m possible predictors.
The first predictor x, is then selected by

Max[#*(v, x:), i=1, 2, -, m]

7

i.e., the correlation coefficient of x, gives
the maximum #*(y, x;) among the computed
m correlation coefficients.  After selection of
xy, a simple regression is formed by the least
squares fitting,

Wi (2)
where e, is the 1st residual component and
rixy, &)=0. The second predictor x, is select-
ed by examining the correlation between the
residual of Eq. (2) and the possible predictors
remaining :

Max[»%(sy;, %), =1, 2=, m—1].

The 1st residual, ¢, is then regressed linearly

On Xy as

(30

E1=faXo 8

where z, I8 the 2nd residual and r(x., s.)=0.
a. is determined by the least squares method
again.

Likewise, the selection of the & th pre-
dictor x, is done through the same procedure :

Spd=1s 2 e om— B

Max [y, &

The regression of g, on x, is

Epoy = yXp—En {4}
where #(x,, ¢,)=0. Summation of the single
regression equaticns obtained will yield the
multiple regressicn

i =

V=K G X (2)

where f=mn, and Eq. (b) becomes Eq. (1) with
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k=n and s,=a, After the selection of pre-
dictors x, through x,, the regression coeffi-
cients a, through a,, are recomputed with a
conventional method of the multiple regres-
sion. The coefficient of multiple determination
R*, as used in the analysis of results, is
obtained with the IMSL (1979) program pack-
age.

This scheme is formulated so that the
regression residuals are minimized with the
fewest possible predictors. The collinearity
among predictors is effectively reduced even
though the correlation among selected mete-
orological parameters may not be zero. It is
also noted that the successive regression with
residuals is applied only for the selection of
predictors. Since the regression coefficients
are recomputed after the selection is com-
pleted, the present scheme is a multiple
regression scheme in the conventional sense.
The comparison of the regression coefficients,
as obtained during the selection, shows that
their difference is negligibly small. This
indicates the validity of the present scheme.

Table 1 shows a typical example of corre-
lation coefficients for a predictand and ten
predictors selected by the above procedure.
The predictand in this example is January
Ts in Region 1 (see Fig. 4), and the ten pre-
dictors are listed in the table. The collinear-
ity between (£—1th and % th predictors is
eliminated at each step as shown by the very
small » between one predictor and the next.
Typical of the regression analysis under the
present scheme, x, and x, show a high cor-
relation with predictand v ; but others, except
for x,, show relatively low correlation with
the predictand. Fig. 3 shows the coefficient
of multiple determination K*® and the mean
square error MSE as functions of the number
of predictors n for the same example of
regression analyeis as in Table 1. With four
predictors, 94% of total variance is accounted
for, and with five predictors, 99% is accounted
for. The MSE in units of °C*is (.19 and
0.09, respectively. More predictors will not
gain in prediction. Thus, the number of
predictors ig set at p=D5 in the forecast ex-
periment of this study.

Forecast experiments for each predictand
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Table 1 Simple correlation coefficients for a predictand and ten predictors. The predictand ¥

is January Ts in Region 1. Predictors are identified at the top of the table with physical
parameters followed by two subscripts, which give the location and level in mb.

¥ X Xs Xy Xy Xy Xy Xz Xg X X0
D’E:l.ﬁllﬂ I?ﬁ.!ﬂlﬂ k-lfl i) "IJ!I,:'I'IIJ H?I.:',l]li QJl.I'JLHJ lr‘?T],Fd\ll km,ncu k&l.ﬁﬁﬂ SST(-‘IJ.IE’JU)*.
¥ 106
X —0.78 1. 00
Xy —(0.51 —=0.00 1.00
X 0.16 0.03 0.17 L. GO
x4 —0.13 —-0.18 0.18 —=0u10 1. 00
X —0. 31 0.13 —=0.04 —0.30 0.13 1.60
Xy 0.17 —0.26 —0.13 —0.42 (. 46 0.11 1. 00
X+ ~(.02 —0.12 —=0.04 —0.18 0:32  —=0.01 0.2 1.00
X3 —0.22 0. 18 00, 20 0.36 0.09 —0.01 0,15 (0. 04 1.00
X .06 —0.25 0.04 —0.11 =0.07 0,41 —0.17 .02 —0.21 1.00
X1k — (.50 0. 48 0,19 0,16 0. 00 0,39 —0.258 —0.43 0. 14 0713 1.00
* For SST{ } indicate latitude N and longitude E.
& MSE evaluated using the regression equation cb-
i R? 5 a tained and the assumed real-time data which
A are the data of the forecasting vear. Because
data of the forecast year are not used, both
2 18 in the selection of the predictors and in the
4 determination of the regression coefficients,
08 2 . the forecast is completely independent of the
.0 data of the forecast time. Therefore, the
o b conditions of real-time experiments are satis-
fied.
0.6
a6 MSE 0.4 4. Forecast experiments
0.2 Predictands of large areas in forecast ex-
D periments include monthly surface tempera-
T2 ERE s ol SaaliR R R T tures 7's, monthly and seasonal precipitation
Number of Predictors (n) P, kinetic energy k and flow indicator [ for
Fig. 3 Coefficient of multiple determination and gpecified months and seasons. The areas

mean square error as functions of the number
of predictors in predicting January T
northeastern U.S. (Region 1).

in

are performed for each year from 1963 to
1980 using the dataset from 1952 to 1980.
For each forecasting vear, five predictors are
selected by correlation analysiz as
above. Data from the
excluded.

described
forecasting vear are
The regression ceefficients in Eq.
(1) are then determined by the least squares
method, again excluding the forecasting vear.
The forecasted

value of the predictand is

over which thege predictands are defined are
shown in Fig. 4 as Regions | toe 9. Regions
1 to 3 are defined in relation to the available
upper air station in the area and represent
the northeastern, mid-Atlantic and midwestern
United States for T's, # and /. Regiong 4 to
9 are defined for P through graphical deter-
mination with the clustering program by Barr
el al. (1976) vtilizing precipitation data. Re-
gions 4 and b represent the northcentral United
States, Region 6 ig central Canada.
7, 8 and 9 are in the USSR, and
includes the Ukraine.

Regions
Ragion 7
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Fig. 4

Five predictors, x; to x;, are selected for
each predictand for individual forecast vears
from monthly mean upper-air meteorological
variables and SST at all available data loca-
tions. With seven meteorological variables
at four levels for stations and 16 zonal sec-
tions, there are 4704 possible predictors in
the upper-air data group. There are an addi-
tional 177 possible predictors in the SST grid
data, giving 4881 possible predictors for each
month.

The lead time of a predictor month over
the predictand month is the forecast time in
the forecast experiment. For each predictand
the lead is extended from one month (i.e.,
the month immediately preceding the pre-
dictand month) to 12 months. The 4881
predictors for each forecasting month {i.e.,

°c July Ts in Northeastern U.S. Region 1

29 {Forecast with February Data)

Ts

Areas over which the predictands are defined.

predictor month) are considered separately in
choosing predictors x, to x, Subsequent
comparison of regression forecasts may
determine the best predictor month for the
predictands.

An example of a forecasting experiment
with high forecast skill is shown in the upper
half of Fig. 5 for July T's in the northeastern
United States (Region 1) with predictors in
February. The deviation of the forecasted
value from the recorded value is shown in a
scattergram in Fig. 6. As will be discussed
later (see Table 4), the correlation coefficient
r and root mean square error RMSE between
the recorded and forecasted T's values are
0.92 and 0.3°C, respectively, for this case.

The lower half of Fig. 5 illustrates » be-
tween forecasted and recorded values of T's

® fiocorded
OForecasted

1 iz
TEAR

T3 74 75 T 7T Ta 79 B8O

Correlation between forecasted and recorded surface temperature

Y OSlaniticant at 5% laval
r @sionificant ot 85% lavel

MONTH

Fig. 5 Forecast experiment of July Ts in northeastern U.S. (Region 1).
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July Surtace Temperature: Mortheastern U.S. (Region 1)
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Fig. 6 Scattergram forecasted and recorded July
Ts as in Fig. 5.

Table 2

States (Region 1) with February data set from 1963 to 1980.
xy to x, are predictors.
cated in parentheses. Location is either a station as numbered or a zonal strip as numbered with S.

with the entire data set.

Year X Xy
1963 w (71, 300 mh) k(56,700 mh)
1964 1 (71,300 mh) k(56,700 mb)
1965 w (71,300 mb) k(56,700 mb)
1966 1 (71, 300 mb) k{56, 700 mb)
1967 u (71,300 mb) (56, 700 mb)
1968 u (71, 300 mb) (56, 700 mb)
1969 1 (71, 300 mb) k(56,700 mb)
1970 i (71,300 mh) ko (56, TO0 mb)
1971 u (71, 300 mb) k(56,700 mb)
1972 u (71,300 mh) k(56,700 mb)
1973 u (71, 300 mb) k(56,700 mb)
1974 w (71, 300 mh) & (56,700 mb)
1975 w (71, 300 mb) k { 56, 700 mb)
1976 w (71,300 mb) & { 56,700 mb)
1977 u (71, 300 mb) k(56,700 mb)
1978 1 (71, 300 mb) ko (56, 700 mb)
1979 w {71, 300 mb) & ( 56,700 mh)
1980 uw {71,300 mb) I (149, 500 mb)
w (71,300 mb} k{56, 700 mhb)

Fitting

E.C. Kung and H. Tanaka

e b e e e D

s el e

[
[
(
(
o
I

L R o S Ty S U S
foe

625

in the same forecast experiment with lead
time of predictors varying from one month
(June of the same year) to 12 months (July
of the preceding vyear). As shown in the
figure, July T's in the northeastern United
States is well-predicted using predictors in
April and February. The high forecast skill
is in excess of a 99% level in terms of r
between the forecasted and recorded values.
Since the correlation is highest for February,
predictors in February are used in forecast-
ing July Ts of Region 1.

Since the independent regression analysis
is repeated for each forecast year, it will be
pertinent to examine the consistency of the
results of these analyses—particularly in view
of the large number of possible predictors.
Table 2 shows the five predictors selected
for each forecasting vear with the same ex-
ample of July T's in Region 1. As shown in
the table, the 300 mb u at station 71 (Barrow,

Five predictors selected for forecasting July surface temperature in the northeastern United

The bottom line is for the fitting
Location and level of the predictor are indi-

Fy x4 i
68, 700 mb) q (55,700 mb) £ (73,300 mb)
( 68,700 mb) g (55,700mb) [ {139, 300 mb)
68, 700 mb) q (55,700 mb) k(73,300 mb)
68,700 mb) ¢ (S5,700mb) 1 (139, 300 mb)
68, 700mb) ¢ (S5,700mb) 1 (139, 300 mb)
- 68, 700 mb) q (S5, 700 mb) k(73,300 mb)
68,700 mb)  Z ( 42,200 mby v {132,500 mb)
(68, 700 mh) ¢ (55,700 mb) [ (139, 300 mb)
68, 700 mb) g (55,700 mb) 1 (139, 300 mb)
68, 700 mb) I (69,500 mb) { ( 28,200 mb)

68, 700 mb)
G8, 700 mb)

T 59,700 mb)
T (42,700 mb)

P 43,700 mby)
k(50,700 mb)

68, 700 mb) I {17,700 mb) £ 14,700 mb)
G8, 700 mb) I (17,700 mb) £ (110, 700 mb)
68, 700 mb) I {17,700 mb) k(12,700 mb)
68, 700 mb) I {17,700 mb) ¥ (145, 300 mb)
136, 700 mb) w (S 1,200 mb) T ( 42,700 mb)
57, 700 mb) T (82,300 mb} k{127,700 mb)

68, 700 mh)

=y

(55, 700 mb)

(139, 300 mb)
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Alaska: 71.3°N, 156.8°W) is selected as the
first predictor for all years. The 700 mb /
at station 56 (Salt Lake City : 40.8°N, 112°W)
and 700 mb / at station 68 (McGrath, Alaska:
63.0°N, 155.6°W) are selected as the second
and third predictors, respectively, for all but
a few yvears. The fourth and fifth predictors
vary more than the first three, although the
700mb ¢ of zonal section S5 (30°N in the
western Pacific Ocean) and 300 mb [ at station
139 (Mt. Gamier: 37.8°S, 140.8°E) are more
often selected. It is also noted that the most
selected of these five predictors are the same
as those selected by fitting of multiple regres-
sion with the entire dataset, and they are
listed at the bottom of the table.

Journal of the Meteorological Society of Japan
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Table 3 compares a number of typical
forecast experiments. The significance of
correlation coefficients » between the fore-
casted and recorded values is tested with
eighteen available data years and for sixteen
degrees of freedom. As exemplified in the
preceding discussion of July T's in Region 1,
those experiments that tend to select the
same first three predictors show high skill in
terms of significant correlation between the
forecasted and recorded values. When those
predictors are variable (7.e., if the percentile
frequencies in the table are low) during the
experiment period, the forecast skill is low.
Predictability of a parameter seems to be
reflected in the stability of the regression

Table 3 Percentile frequencies of the most frequently selected 1st, 2nd and 3rd predictors {(x;, X
and xy) in typical temperature and precipitation forecast experiments during the 18-vear period.
The correlation coefficient between the forecasted and recorded values is shown as r.

Predictand r
Jan Ts in RI 0. 48*
Jan Ts in R1,2 0. 45*
Jan Ts in R3 0. 72%*
Jul Ts in R1 (0, 92+
Jul Ts in R1,2 0.33
Jul Ts in R3 0. 76%*
Jan £ 300 mb in RI1,2,3 (0. 78%*
Jul I 700mb in RI1,2,3 0, 63*%*
Jun P in R4 0:55%%
Jun P in RS 0. 61%*
Jun P in R6 0. 68**
Jun P in R7 0. 34
Jun £ in R8 0, 49*
Jun P in R7, 8,9 0. 57%*%
Winter P in R4 Qa63%*
Winter P in R5 0. 50*
Winter P in R6 0. B1%*
Winter P in RY Ds7ere
Winter £ in R8 0. 66%*
Winter P in R7,8,9 . 68*=
Spring £ in R7 0. 54**
Summer P in R7,8 9 0. 67**

Note: (1) ** significant at 99% level
* significant at 95% level

X B Xy
0427 449 1%
887 882 17%

1002 2% 72%
1009 942, 882,
179 6% 6%
100% 728 61%
9427 17% 6%
72% 67% 28%
889 2% 2829
94 2, 449 28%
100% 61% 359
882 28% 17%
83% 67% 28%
889 569 389
1002 56% 3B%
50% 502 38%
8% 8% 44 %
1002, 3% 229
942, 61% 287%
9495 449, 11%
942 78% 449
0427 56%

(2) R in predictands indicates single or combined regions as shown in Fig. 4.
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analysis in thig analysis-forecasting scheme.
It may be stated that the forecast skill is
high if the temporal variation of the pre-
dictand is affected by only a few dominant
principal components, whereas it is low if
many alternative components dominate. Of
only five predictors selected from a pool of
4881 possible predictors, the stability of x,
in terms of repeated selection of a parameter
for x, during the forecast experiment—
appears most related to the level of forecast
skill. This is also true for x. and x, but to
a lesser degree. For instance, January T's
in Region 1 shows a high stability of x,, but
that of x, and x, are relatively low; here »
is only (.48 although it is significant at a
952 level. In contrast to this, July Ts in
Region 1 shows a stable selection of x,, x,
and x,, and its forecast skill is the highest
of the listed experiments in the table with
F=0:92.

Fig. 7 illustrates the forecast experiments
of Januarry Ts in the midwestern United

Jznuary Ts in Midwestern U5, Faoglon 3

{Farecanl with Auguet Datal

T
10104 65 &5 &7 &8 69 FU 71 72 73 T4 75 75 77 7R 70 65

wean
B ocondes
: Forecasiia
January Kaoges in Eastern and Midwesiern U 5,
174 Regions 1,2 and 3 IForecasl with Soptember Datal

TEINA G5 66 67 ©5 69 70 7 72 73 74 78 70 77 75 79 &

VEAR

Coreelalion Between Forecastod and Recorded Values
January Ts Region &

1
o i ; A /\
| 1 2 a P 5 L 1 L] 13 aC) Ul ]
MONTH
w s

gs;m.. ficant at 8% Lavai
Sianilicant m 56% Leva)

=]

Gortilalion Balwesn Forecasted and Becordod Values

J danuary Kigamy Regions 1,2 and 3
u /.
| &
] | y
H 3 ] k] ] [ T [] ) i " 2
[T
-5

Fig. 7 Forecast experiments of January 7Ts in
midwestern U.S. (Region 3) and January
Raonmn 10 eastern and midwestern U.S. (Re-
gion 1, 2 and 3).
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States (Region 3) and 300 mb # in the eastern
and midwestern United States (Regions 1, 2
and 3). The correlation between the fore-
casted and recorded values is r=0.72 for Ts
with August predictors and »=0.78 for 300
mb % with September predictors. Both are
significant at a 99% level (Table 3). Likewise,
Fig. 8 shows July T's for Region 3 and 700
mb / in Regions 1, 2 and 3 combined. The
r between the forecasted and recorded values
is 0.76 for Ts with May predictors and 0.63
for 700 mb [, both significant at a 99% level.
In Figs. 5, 6, 7 and 8, it appears that T's of
large areas and large-scale flow character-
istics may be predicted with high skill several
months in advance if proper predictors are
selected through regression analysis.
Forecast experiments for precipitation are
conducted over large regions. Fig. 9 shows
June precipitation in the nerthcentral United
States (Region 4) and central Canada (Region
6) as examples of monthly precipitation fore-

cast in North America. A large vearly
duly Ts in Midweslern .5, Resion 3
“" (Farecasl with May Data)

*gtaca U5 € & n Wi 76 71 72 73 T T8 T 77 70 79 8

YIAR o
corded
OFaracavted
July Trggmp In Eastern and Midwastern U 8,

o fegions 1,2 and 3 IForecast with Aaril atal

Troamt
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3 ¥ Y T e s e, e 2 o8 Lo
b
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5
5
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fluctuation of June precipitation in these im-
portant agricultural regions is predicted with
skill. The correlation between the forecasted
and recorded values is »=0.55 for Region 4
with September predictors, and »=0.68 for
Region 6 with November predictors. Both
are significant at a 99% level. Figs. 10 and
11 illustrate examples of precipitation in
regions of Russia. Seasonal precipitation in
winter and spring in Region 7, as respec-
tively forecasted with October and January
predictors, shows high skill. Summer pre-
cipitation for Regions 7, 8 and 9 combined is
forecasted using November predictors with
high skill. Monthly precipitation for June

for the same combined region using April

predictors also shows high forecast skill The
selection of the areas for forecast experiments
is dominated by the availability of proper
data and economic importance of the region.
The optimal size of the region is yet to be
decided in future experiments. However, as
shown in these examples and in listings for
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Tables 3 and 4, the monthly and seasonal
precipitation appear to be predictable for large
regions with properly selected predictors
through regression analysis.
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5. Utilities of regression ferecasting

The series of forecast experiments as
listed in Table 3 are further examined in
Table 4. The listing includes all examples
used in this report. For each series of fore-
cast experiments the table shows the pre-
dictand ; predictor month and lead time: most
frequently selected predictors for x, to x,;
correlation coefficient » Dbetween the fore-
casted and recorded values of the predictand ;
root mean square error of forecast RMSE ;

skill score S; and coefficient of multiple
determination R* The skill score is defined
as

MSE

S:.—(]

where var is the variance of the recorded
values of the predictand during the 18-year
experiment period. The parameter S thus
measures the size of the deviation of the
forecasted from the recorded value during
the experiment—making it useful, along with
r, as additional information regarding fore-
cast. The positive S value indicates existence
of forecast skill, with 100 being the perfect
forecast through the time series. If S is zero
or negative there is no forecast skill.

As presented, the predictands properly
selected over various sizes of large areas
could be predicted. The regression scheme
in this study also indicates considerable stabil-
ity by repeated selection of the same param-
eters for the first few predictors from a very
large group of meteorological parameters in
a series of independent regression analyses.
The R* values in Table 4 show that nearly
all of the variance is accounted for with five
predictors. Most of the series show signifi-
cantly large » between forecasted and recorded
values (also see Table 3) and positive forecast
skill in terms of S which is often large. The
results of % and I seem to indicate that
properly defined time mean upper air param-
eters also may be adopted as predictands.
The use of these predictands in conjunction
with the traditional predictands 7's and P
shall give useful information in forecasting
at the seasonal range. Some series with

)>100 (6)

var
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small » and no skill score are shown in
Table 4. Reorganization of the regions de-

fining the predictands may improve these
scores. Increase of upper air stations or
redistribution of the data station network in
defining the predictands and selecting pre-
dictors also may be considered to improve the
forecast skill of those predictands.

This regression scheme is based on tele-
connections of the large-scale flow charac-
teristics with which the predictands and
predictors are defined. The scheme gives a
lead time of predictors two to eleven months
preceding predictands. From what is listed
in Table 4 and shown throughout this paper
(Iligs. 5, 7, 8, 9 and 11), this fcrecast time
will vary from one predictand to another,
and it may be a characteristic of the tele-
connection on which this forecast scheme is
based. Thus, predictors at different months
might have to be taken for different predic-
tands of the same month. However, it is
difficult to state a specific pattern for selec-
tion of predictors only from the listing studied
in this experiment. Despite the well estab-
lished importance of SST as a predictor and
its teleconnection with various phenomena,
SST has not appeared as a major predictor
in this series of forecast experiments. In the
present scheme the variables which directly
affect the predictand are selected as predic-
tors. However, it dces not deny the impor-
tance of SST as a controlling factor in the
physical processes, It is most likely that the
effect of SST is reflected in upper air param-
eters and thus implicitly represented by them
in the regression procedures employed.

6. Remarks

The results of the present study indicate
that the use of five predictors is sufficient.
Repeated selection of the same parameters
for the first few predictors of a predictand
also should mean that teleconnections repre-
sented by these predictors are adequately
utilized in the present multiple scheme of
regression forecasting. Examination of the
results listed in Tables 3 and 4 suggests
regression forecasting on the basis of a single
predictor may not be sufficient. The inad-
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equacy of a simple regression scheme is
further evidenced in that the first predictor
accounts for only a limited portion of the
total variance (see IFig. 3). In adopting the
present procedure spread of the lead time of
predictors among predictands will make the
forecast operation complicated. The scheme
deviates substantially from most synoptic
long-range forecasting that considers simul-
taneous predictors. However, this specific
feature of the scheme is in accord with the
revealed regression feature of the atmospheric
parameters,
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