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1. REMARKS

The third year effort in this project is focused on the quantitative forecasting
of Mei-Yu with single and multiple regression approaches. Following the first and
second year effort that established the predictability of Mei-Yu at the seasonzl range
{up to three scasons), we have developed a general forecasting scheme that involves
both the single and multiple regressions, Forecast experiments have been performed
with both historical data and real-time data of 1990 fall and 1990-91 winter,

The forecast scheme and results of Mei-Yu experiments are described in the
following sections of this report. Some important findings of this year's effort in the
long-range forecasting of Mei-Yu are highlighted here:

1. The single-regression method can adequately forecast in the normal vear.
In the abnormal year with extreme situations such as Mei-Yu failure, however, the
multiple-regression methed must be employed. Thus the standard scheme should
include the use of both single and multiple regressions.

2. Because of the localized scale of Mei-Yu phenomena, the consistency of
the global teleconnection is vital. For this consistency we should check forecasts
with various predictors, at different teleconnection sites, and with different months of
predictors.

3. Sea surface temperatures (S5T5) account for the largest portion of
variance. However, we may effectively substitute the 850mb temperature (1) for
S3T. The statement concerning ST in this report, thus may be read as 850mb T
except proper modification to regressions should be made,

4. We recommend the use of three predictors in a multiple regression
equation with & database period of ten years. The database period for the single

regression should be more than thirty years,
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5. Synoptic interpolation of regression forecast should consider the cross-
correlation charts between predictands and predictors.

6. Effective employment of the developed scheme will allow a dependable
long-range forecast of Mei-Yu. However, a proper updating of the scheme with new
data and operational demand will be essential.

For the problem of typhoon long-range forecasting the main effort has been
devoted to the hackground study as the Mei-Yu study progressed in the actual
forecast study, Both the direct and indirect forecasts appear to be necessary for
typhoon forecasting. For the latter it is recommended to first forecast the low and
middle latitude configuration of circulation systems, and then interpret the configu-
ration in terms of typhoon predictands. The problems for future study are discussed,
and future approaches are suggested.

2. APPROACHES AND METHODS

The Mei-Yu long-range forecast is studied with both the single and multiple
regressions. On the basis of last year's experience and successful real-time forecast,
we have attempted to explore the general applicability of the single regression
scheme through the study of historical cases for the long-term period. The muitiple
regression scheme has been simultaneously constructed, and its forecast experiment
carried out with both real-time and historical records. Through examination of
single and multiple regression forecasting, a forecast scheme has been designed to
properly use regression methods, and to properly update and modify the scheme.

The method of single regression is detailed in our second year technical
report (1990), and will not be reported here. This report assumes the familiarity of
readers to the second year report, which may be regarded as an inseparable entity of
this report. To formulate the multiple regression forecast the least-squares fitting of

predictors are made to the general linear regression egquation

3= Oyt O ¥ Cp Xy * Ta ¥ (1}
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where y is the expected value of a predictand y, ¢, the regression coefficient, and x
the predictor, where /=1, 2 and 3, Three predictors are determined as sufficient to
properly deseribe the regressions. More predictors would not gain in prediction (see
Kung and Sharif, 1982; Kung and Tanaka, 1985). The number of necessary predic-
tors are actually dependent on the period of database, which will be discussed later
in this report. The first predictor x, is selected from the pool of predictors utilized
In the single regression foreecast, examining the eross-correlations and stability of
predictars in the long-term time series. Such cross-correlation maps were previoushy
forwarded to the Central Weather Bureau,

The second and third predictors, 1, and z,, are selected by the cross-correla-
tion of the predictors and the residual components & = j - y. The procedures are
detailed in Kung and Tanaka (1985). Such a multiple regression scheme is formulat-
ed so that the regression residuals are minimized with the fewest possible predictors,
and the collinearity among predictors is effectively reduced to near zero. For a
single predictand (onset, recess, length of period or precipitation) with a single
month’s observed parameters (S5T, 700mb T, 500mb Z and 700-500mb H, where Z
is the geopotential height and H is the thickness) at least several multiple regressions
are formulated.

In the real-time forecast, monthly data from September 1990 to February
1991 are utilized: all monthly data with the single regression, and October 1990 and
January 1991 data for the multiple regression. In the historical case forecast we used
January data from 1956 to 1990, The former are for the long-term database, and the
latter for the 10-year database. In the historical case experiments, the predictands
are obtained from regression equations, which are based on data of years preceding
the forecast year, Thus the forecasting is completely free of the influence of
database in model construction,

The database used in formulating the regressions include 700mb T, S0mb Z,
and 300-700mb H from the National Meteorological Center's (NMC) Northern
Hemisphere octagonal data and SST grid data north of 20°S. The monthly means of
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MM octagonal data are averaged over 17x16 grid points from the original 47x51
grid points. The 9-point averaged 17x16 grid system is shown in Fig. 1. The real-
time upper air data are processed at the Central Weather Bureaw. After their use,
they are averaged with existing NMC data as the updating of the basic dataser. The
monthly SST data are obtained from NMC for January 1956-January 1991. These
monthly 55T values on a 2°%2° latitude-longitude grids are utilized as 4°x6” grid
data by skipping grids in between.

A special note should be made about the use of 35T data. As the real-time
SST data are not available at the Central Weather Bureau, some alternatives must
be sought. In & separate analytical study during this experiment period (Kung et al.
1991), we found that the 850mb T can replace $5T as the parameter for the bound-
ary forcing. The 850mb T has a special advantage in that it directly responds to the
surface heating, and it can represent the heating field not only over the ocean, but
also over the continental region. In the plateau region, such as the Burasian
continent, it is actually the level of heating. This is a fortunate finding which was
not anticipated at the inception of this study. All the statements about 55T thus
apply to the 850mb T, and the modification of the scheme with 850mb T substituting
for SST is recommended.

3, SINGLE REGRESSION FORECASTING

The real-time forecast for the 1991 Mei-Yu is summarized in Tables 1-5.
Table 1 lists single regression equations and predicted values of Mei-Yu onset with
monthly real-time data of 55T, 700mb T and 500mb Z from September 1990 to
February 1991, Since the SST data in our possession are up Lo January 1991, 55T is
not used as a predictor for the month of February. Tables 2, 3 and 4 are respective-
ly for the Mei-Yu recess, period, and total precipitation. Table 5 lists the results of
the forecast separately for the different months of predictors. Two 1o six predictors
of the same parameter in the same month at different locations, represent the

strongest signal areas,
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It is clear in these tables that the predicted values are reasonably consistent
from location to location of high cross-correlations, and from month to month of
predictors. The pattern shown here is about the same as reported in our second-
year report of 1990 real-time prediction. The consistency among these 1991 forecast-
ed values is actually better than that of 1990. On this basis we may assert that the
mean values of these predictands for 1991 may be used as a reasonable forecast,
The independently obtained length of the Mei-Yu period is consistent with the
period calculated by recess-onset. In the case of small differences between these two
lengths of period, it is suggested to take the independently obtained value from its
own regression. This is because of our observation that the recess forecast is more
difficult than those of the onset and length of period. It appears that the length of
period is more closely related to the initial patterns of Mei-Yu, whereas the oceur-
rence of recess is subject to many factors of related circulation systems.

Figures 2 and 3 illustrate the spatial distribution of forecast values by the
location of predictors in September and October 1990, Those for other months are
nat shown, but they may be readily constructed from the listing in Tables 1-4, It
should be noted that these locations move around in the Northern Hemisphere from
month to month, suggesting an association of extremely slow maoving waves with the
predictability. It is strongly recommended that the synoptic interpretation of the
forecast should consider the location of signal areas in reference to prevailing
synoptic patterns.

Following the single regression forecast, a pertinent question is the stability of
predictability with the single regression scheme. Table 6 lists some examples of
differences of fitted and recorded Mei-Yu onset dates in experiments for the period
of 1977-1990. Tt is readily seen that in some years, particularly in 1980 when Mei-Yu
fails, the fitting notably fails for all predictands. Tt then indicates that the single
regression will fail in these abnormal years, As will be seen later with the multiple
regression experiments, the multiple regression can forecast well for these abnormal
years (see Figs. 4 and 5). It should then be concluded that the use of single regres-
sion is not sufficient for Mei-Yu forecast, and we must also rely on the multiple
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regression, It is cautioned, however, that the need for the multiple regression does
not negate the need for the single regression., Since the single regression gives a
stable, convenient approach for the normal years, a parallel use of single and

multiple regression methods will be mandatory.

4, MULTIPLE REGRESSION FORECASTING

Many series of forecast experiments have been conducted with multiple
regression equations to study the optimum number of predictors, the optimum length
of period for a database, the stability of predictability, ete. What is reported here is
only the final conclusions after examination of an enormous volume of experimental
data. The details omitted in this report’s description may be obtained from our
original records.

Figures 4 exemplifies typical results of forecasting experiments. With a 10-
year database for regression formulation, the equation is used for the following 3
years. The first predictor is chosen from the single regression scheme predictors.
Every year the regression is updated by shifting the period one year, Thus, except
for the beginning and end of the experiment period, most years have three forecast
values with three different equations of different levels of updating, When there is
no close value with the record, the first predictor is replaced with an alternative,
from either the 500mb Z or 700mb T field which performed well in the single
regression forecast. When we choose one forecast closest to the record of the year
in Fig. 4, we obtain the forecast results as shown in Fig. 5.

Comparison and examination of Figs. 4 and 5 shall reveal the following
important information:

1. As shown in Fig, 4, in this group of predicted values there is a wide
variation among the different regression equations, different in only the degree of
updating. For the localized phenomena of Mei-Yu this is an inherent difficulty.
However, as shown in Fig, 5, among a few predicted values of predictands, there is
at least one forecasted value very close to the record. Clearly a good predictability
exists.



2. With the 10-year database period for the formulation of regression
equations, three predictors are sufficient. Increasing to five predictors does not give
an apparent advantage. The examination of cumulative variance in regression fitting,
the variance are saturated with three predictors at 96-999% of the total variance,

3. As shown in Fig. 5, the multiple regression scheme is able to forecast
accurately in the abnormal years. Figure 4 further confirms that the variation among
different regressions is the least in the abnormal years. As in the year 1980, the
scheme very accurately forecasts the Mei-Yu failure except for the recess.

4, The Mei-Yu recess is more difficult to forecast than the length of the Mei-
Yu period. It is suggested, in case of a conflict in the forecast for recess date and
length of Mei-Yu period, that we should take the length of period and then deter-
mine the recess date by adding the length of period to the onset date. In the year of
Mei-Yu failure as in 1980, the direct forecast of recess is difficult for almost nonexis-
tent Mei-Yu patterns,

From the above information and our results from the single regression

forecast, the forecast scheme to be employed should work in the following sequence:

Multiple regression forecast

Do regressions give uniform but
abnormal values? (Much higher or
lower than the normal year)

Yes Ma

Take multiple Froceed to single
regression forecast regression forecast
as the forecast
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First, multiple regression scheme should be used. If the results from various
regressions (with S8T, 700mb T, 500mb Z, and H at different points) give uniformly
abnormal values of predictands, it shall be an abnormal year, and the forecast should
be based on the multiple regression. However, if it give values in the normal range,
we should proceed to a single regression forecast as we have developed, since the
single regression gives more consistent results then multiple regression in the normal
YEar,

The reason for the good results by the multiple regression in abnormal years
is that the abnormal years represent the change in the operational mode of the
general circulation, and this change should be reflected well in the second and third
predictors. Comversely, when there is no such change (i.e., in normal years) single
regression should provide an adequate and better forecast.

The real-time forecasts for 1991 are listed in Table 7. Regression equations
are listed in Tables B-11. It is clear that the forecasted values are within the normal
year range with larger variations than those obtained with single regression (Table
5). According to the above discussion this is not the appearance of an abnormal
year, Thus for 1991, we must take the forecasted values of the single regression
method, which are listed in the second-year report and Table 5 of this report.

5. MEI-YU FORECAST SCHEME
Following the discussions in preceding sections, the long-range forecast
scheme may be summarized as following. The equations employed in the forecast
for this year are seen in Tables 1-¢ for the single regression method and in Table 8
for the multiple regression.
1. Multiple regression forecast--The first siep.

3 predictors
x, by the single regression scheme
%, and x; by objective selection (regressed on residual terms)

10-year database
Scheme useful for 3 conseculive years
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Groups of regression equations for a single predictand
{by month of data, location of x, and x;)

If the abnormal Mei-Yu year is indicated (i.e. forecast values are consistently
out of the range of 1.5 standard deviations of the recorded values), the forecast is
completed.

IT the normal Mei-Yu year is indicated, proceed to step 2.
2. Single regression forecast—The second step.

For the normal Mei-Yu year, take the results of the single regression forecast,
as described in the second-year report and this report.

3. Check significant synoptic features. (Pay attention to the cross-correlation
mapsh.

4. Update the database and regression equations for the next year.

6. TYPHOON FORECAST

As the major effort of this year is devoted to completing the Mei-Yu forecast
scheme, the attention in the typhoon forecast is in exploration of viable methods in
constructing the forecast scheme,

The forecast scheme of typhoon frequency in the Taiwan area, as reported in
our second-year report, will be a basis for frequency and total precipitation for the
typhoon origin. Additionally, the following information is obtained, and the contin-
ued work will proceed accordingly.

1. The predictands for the typhoon season include:

Typhoon frequency in Taiwan area
Precipitation from the Typhoon origin and during the typhoon season

Typhoon strength
Typhoon route

2. The forecast scheme will be constructed in accordance with the following steps:
(1} Teleconnection analysis of typhoon frequency and precipitation with global
observations in preceding seasons.
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(2) Analyze the climatological data compiled by Mr. Shih-Ting Wang of the
Central Weather Bureau to establish the relationship between predictands
and cireulation patterns in the low and middle latitude.

(3) Establish the teleconnections of the abovementioned circulation patterns

with preceding global observations. Forecasted circulation patterns may then
be interpreted in terms of typhoon sirength and route. This indirect forecast
shall be evaluated in conjunction with direct regression forecast.

{4) Real-time forecast experiment in 1992, 1993 and 1994,

7. TECHNOLOGY TRANSFER
Mr. Maw-Ching Chang and Mr, Yann-Jang Lin staved two months each with
the project from March to June 1991, They actively participated in the development
reszarch and have been given instruction and training for the use and modification

of the forecast scheme. All of the related computer software and cross-correlation
maps are forwarded through them.

REFERENCES

{All references listed in the second-year report are valid for this third-year report.

The following list is for papers specifically referred to in this report.)

I. Kung, E.C, 1990: Second Year Final Technical Report to Central Weather
Bureau.

2. Rung, E.C, and T.A. Sharif, 1982: Long-range forecasting of the Indian summer
monsoon onset and rainfall with upper-air parameters and sea surface
temperature. J. Meteor. Soc. Japan, 30, 672-681.

2. Kung, EXC., and H. Tanaka: Long-range forecasting of temperature and precipi-
tation with upper air parameters amd sea surface temperatures in a multiple
regression approach. 1 Meteor. Soc, Japan, 60, 619-631.

3, Kung, E.C, W. Min, J, Susskind and C-K, Park, 1991: An analysis of simulated
summer blocking episodes. (Submitted o Quart. J Roy. Metear. Soc.)



Table 1.

---------------------------------------------------------------------

Oet.

Haorw.

Hei-Yu Onset date forecast for 1991 (Day l=April 1} by upper
700 mb T and 55T

aly paramecers and 557 of preceding montha.
are in the unit of *C, and 500 mb Z in m.

=== Regression v = a + Bix -

Predictors {(x)

35T
':M"EIEH|

153-141W)

(25-2W, 165-177E)

':13'1:'5|

TO0mb T
(22-354,
(38-47H,
(20-33H,

500mb Z
(45-58M,
(38-50H,
(20-30M,

55T
(42 50M,
(26-30H,

165-1394)

126-146E)
117-104W)
40 208)

L55E-180)
115-95W)
30-15¥)

LaSE- L7}
129-123W)

(28-2N, 159-177E)

(14-108,
(18-108,

700mb T
50 70N,
(30-38M,
(30- L0,

S00ab 2
(15-23H,
(15-28N,
(23-28H,

B5T
[3B-42H,

£9-105E)
135-117W)

115-140E)
110- 100W)
67-45W)

47 - 28W)
£-14E)
72-B0E)

171-177TE)

(10-28, 147-135W)
(B2, FE-8TW)

700nb T
{21-33H,
(38-60N,
{25-408,
(40-57H,

500nb 2
(32-40N,
{23-38N,
{15-27H,
(4D-58H,

145-165E)
155-120E}
T77-55¥)
&0-BIE)

175-165M)
117-101W}
R4 -BEEY
T3-B5E)

HE

L8,

LB

&5,
&7,

&7

&7,

&7
&7

ik
LB
LB

&7

&7,

47

a7,

&7,
a7,
47,

&7

112 —

5
3 3.5
05 <429
03 10,70
TR -4.5]
TH  -1.94
T8 3.38
. 0.08
.78  -0.12
.18 -0.20
.05 5.00
05 -6.14
M3 =7.11
.05 .99
0% -3.%3
.19 1.59
T9 =2.58
79 -1.70
79 0,23
.19 022
79 .21
03 2.7h
0% 4075
03 =iy EG
79 -4, 79
T8 -1.0&
19 -2.35
M -2.12
T8 .07
79 0.18
TG .15
49 -0.13

21.51
28.92
26.84

283,40
279,02
282.07

5569.83
5733.32
5391.77

11.23%
20,80
18, 94
26.30
25.44

257,27
27E.61
278,53

5881.78
5872.82
585,23

15. 76
26.56
22.87

279.81
pL
277.35
263,128

571483
37%2.30
5860.77
5619.65

21,
.82
7.

29

2az,
280,
280,

5531,
3806,
5880,

11.

21.
29,

27.
25,

256,
27E,
7B,

878,
5888,
SB58,

16,
26,
22,

278,
2673,
276,
264,

5726,
578z,
5869,
5664,

1&

T2
74
97

93
G2

03

a0
21
Lk

36
79
59

82
16
a1

L
82
L1

63
32
T
95

75
22
14

36 -year database.
g} ~--

51
iz
fidi

645
41
{6

a7

432
3
£

50
oy
8

47
al
51

31
47
448

53
44
4.4

54

48
42



Dac.

Jam.

Fal,

55T
{30-34M,
{10-14H,

Le5-177E}
BY-93E)

{10-25, 1Lll-lo5W}

T00mb T
(23-40M0,
(43-62M,
(18-32W,
Lia-ﬂﬂﬂp
[a0=50M,

5mb
{3B-54H,
{21-31R,
{22-30W,

55T
(36=300,
(10-68,

700mb T
(23-308,
(59-70W,
{50- G0N,
{29-45N,

H0mk Z
{34 40N,
{3&"&"I:I'H|
(20230,
£I2-42H,

700mb T
{35-508,
(18-55K,
(10-24H,

500mb Z
(a0-48H,
{10-33H,
{50-70M,

175E-175%)
120-1474)
70-60W)
33-48E)
83-98E)

130-152E}
177E-16TW)
35.43E)

165-171E)

147-141W3

168E-177W3
160E -1 60W)
113-96W3
3§-578)

1315-143E)
1ag- 130
10- 34
45-60E)

134-154E)
103-123W)
70-55M)

127-152E)
158-135E)
35-92E)

48

44
44

&7

a7,

&7

&7,

a7

47
a7

a7,

ag,
LB,

&7

47.
&7
47,

47

a7,
&7,

&7,

&7
47

a7 .

&7

47,

05 9
0 =8
0% o
.79 :
9 -0,
o -2
79 1.
v =1.
.18 -0
s .
7 0
0% 10,
03 =5,
. 79 1.
7 1.
] -0,
79 1.
.74 =)
7 [#]
r 0.
T8 1]
75 o,
.19 -0,
19 -2,
T4 .
.79 0.
7 -0,

— 113 —

99
1
-1

33
79
!
§1
aq

RS
14

7l
12
o7
T

.06
.05

10

.12

a8
7
79

13
ar

0
27
23

275,
260,
e,
273,
260,

3238,
579k,

764,

Z1
7

277.
23%,
233,
266

54l6.
3681,
3304 ,
5572,

237.
263
280,

3275,
3771
5280,

OB
L9
LB

03

79
78

06
14
B9

=1
e |

al
95
Tl
5%

27
41
3z
71

40
91

46
57
36

a0,
28,
23,

274,

261,
07

280

276.
283,

5303,
xS

5786

5833,

1.
8.

278

5415,
3727.
SBla,
3576.

235,
LA0

2a3

280,

5258.
.07
5299,

5774

18
01
5l

33
12

11
18

B4

57

1B
04

.62
233.
251.
268,

10
21
11

21
25
29
B0
84

96

or

a2

L9
&7
459

45
47
LY.
52
45

41
L
2%

47
G

&
48
50
47

48
50
&9
B

&b
48
44

a7
48
47



Table 2. Mei-Tu Recess date forecast for 1991 (Day l-April 1) by upper
alr parameters and %5! of preceding months., 700 mb T and 55T
are in the unit of 'C, and 500 gb Z in m. 36-year database.
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Table 3. Mel-Yu period forecast (days) for 1991 (Day l=April 1} by
upper alr parametara and 55T of preceding monmths., 700 mb T and
85T are in the unic of °C, and 500 mb Z in m. J6-year darabasa.

=== Hegrassion ¥ = a + B(x - g) ===

Month Predictors (x) # b & X W
Eupl:- 58T
(34-380, L7TE-163W) 31.84 & .50 23,48 23,81 12
{14-1BM, 165-171E} 31.84  -6.30 ZE.59 28.70 13
(le-18M, la7-141W) 11 84 5.70 26.70 27.34 37

J00mb T

500mb Z
(48-578, L73E-180) 32.41 -0.13 5530,55 5481,33 39
(23031N, 165-157W) 32.41  0.28 5870.16 5875.33 34
(18-339, B8-98E)  32.41 0,30 -5854,19 S5B47.00 30

Oct, 55T
{30-34N, 177-165W) 31.84 &.96 21.17 24,61 36
(30-34M, T5-69%) 31.84 -5._89 25.39 25.80 32
[18-26M, 135-141E) 31_3& 6 84 28,73 28 .64 Il
{18-22N, &9-63W) 3l.gs  11.01 28,53 28.59 a2
(2-60, L77-1T1W) 1.8 3.0 28,59 29.76 an
(22-26M, L47-133E) 31.84  1&.00 28,31 28, G 34
{10-63, 163-171E} 3l 84 13.04 20,24 29793 v

700mb T
{21-330, 148-165E) 32.40 3,91 282,64 282,00 30
(30-40M, 68-45W)  32.40 1.38 278,531 278,65 11
(33-55H, 18-50) 12,40 2,79 275.12 2731.95 29
(38-50M, 112-137E) 32.40 -2.1% 267.21 268,08 31

J00mb Z
(313-42N, 100-3B8W)} @ 32.40 0.13 576083 577,13 33
(19-218 25-17W) 32,40 -0.35 5B83.&45 35B99.00 7

Haw, E8T
(22-26M, LITE-177W) 31_B& 3_83 26.18 26,13 33
{65-2¥, L129-117¥} 1.8 2.44 24 65 246,74 32
(la-10%8, 105%-111EY 31._84 -9 08 27.35 28.03 26
{26-228, 141-1354) 31.84 =625 23.70 24 82 25

T00mb T
{16-24M, 160-178E) 32.40 5.29 2B:.av  RBIZ.15 29
(30-38M, 157-145W) 32.40 4.62 27e.58 275 38 ar
(36-33H, 69-60W) 3240 2,04 279.12 279.1% 31
{(2&-33M, 45-56E) 32.40  -3.68 277.85 278.96 28
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Dec,

Jam.,

Feb.

500mb Z
{55-70M,
(11-39NW,
(21-28N,
(18-25N,

58T
(18-22R,

L20-160E)
173-176E)
L2T-116W)
F6-113E)

135-141E)

{2-6H, 105-99W)

T00mb T
{17-29H,
(32-34N,
{17-32H,
{3I8-57H,
(32-50M,

S0mb
{23-32M,
I:-EE'H'J'HI-

35T
(3R-42W,

La3-163E)
147-128W)
T=BOW)
61l-81E)
L13-130E})

174-167WY
L45-128W)

171-177ED

(25-6M, 177-171W)

T00mb T
(17-25K,
{50-6BH,
{40 - 50N,
(2B-37H,
{15-22N,

500mb Z
(32-40H,
{60- 58N,
{30-394,

100mb T
(16-24N,
{1&4-21N,
(45- 55K,
{35'52Hr

500ab Z
(68- 76N,
(1B-25K,
{57-67H,
(18-29H,

130-152E)
160-178E)
105-92%)
38-47E)
75-B5E)

134 -144E)
135-122W)
37-62E}

143-162E)
158-1453)
3-15E)

98- 108E)

133-168E)
149-1421)
50-30W)
13.43W)

iz

3L.
3L,

3z,
o
&0
32.
Ut

1z
32

32

32
k.

il

32.
3z,
3z.
3z,
37,

32.
R
.
A

2

32

32

iz,
a1,
A

32

JAD
32
32
31,

40
a0
&

a4
B

JA0
LAl

.14
3L.

this

&0
Ly

40
40

A0

&40
40

- 117

—
Ll BF

o L

n2g

0T
=1,
-0,
=1},

14
27
52

. 31
B

.98
49
AT

32
28

.12
L5

L23
.08

T

.28
. 36
.65

13
.02
L32
AT

06
14

.12

5169,
2938,
2826,
L

5854

7.
3.

283.
277.
79,
260,
261.

5782

12
28

281.
253,
259
268,
280,

5alb.
3580,
5617,

281

152,
SEOQ.
5211.
577G,

47
#2A
16

17
Bl

05
34
33
33
23

i
SR04,

a8

L8
<98

63
s
a0
ga
66

27
57
i

A0
280,
262,
258,

53
15
14

T2
B8

33

3LE4L.
5743,
839,
5865,

26.
.61

26

182

5771,
5TRO.,

13,
28,

231
254,
258,
2488,
.70

81

3415,
5673,
.19

5626

2ED.
281.
2&0.
260,

5206.
5812,
5129,
S798.

97
83
71
72

T4

.99
276.
180,
261.
Iad .

21
07
66
g2

94
EQ)

T
98

&b

az

21
27

B3
73
99
la

33
32
29
il

29
a5

iz
28

a0

14
29

38
il
il
33
35

32
27
£l

1

3
29

16
11
10
15



Table 4. Mei-Yu precipitacion forecast (mm) for 1991 (Day l-April 1) by

uppat air parameters and 55T of preceding months.

J00 mh T and

85T are in the unic of “C, and 500 mb £ in m. 30-year database.

Fredictors

—

Regression ¥ = a + B{x -

s o e e e o R e P e g T i i B . i B o S R R e 8 e

Oee,

How,

(30-39K,

500mb 2
¢ 30- 38K,

(48-60H, 163E-165W)

(30-42H,

153-159E)
165-14TW)

. 1T7-171W}

153-141W)

. 75-63W)

143-165W)

. 167-165W)

BR- 78W)

. SB-GRE)

120-130E)

120-130E)

27 -6W)

(55N-63H, 30-70E}

85T
£ 38- 46N,
C3H-SER,
{26- 10N,
{3¢"3£‘H|

700ab T
(32- 48N,
I:zﬂ' E'GIHL
(38-48N,
(16-33N,

00abh £
(32- 40N,
(52-53H,
(14-27N,

55T
(38-42N,

159-171E)
159-153W3
I133-129E)
75-69%)

125-145E)
160-174E)
137-120W)
102-86W)

134-145E)
140-160E)
29-17W)

17L-177E)

(2-10W, 111-93W)

(1&-105, 17TE-177W)

700mb T
[15-2GH,
(38-55H,
{38-55H,
(36-45H,

138-153E)
L30-155E)
18-30E)

145-120W)

436
436
436
436

43B.
438,
438,
G3E.
438,

438,
&38.
438,
438,

436,
SR LT
£36.
a7

L3536

419,
439
539,
439,

439,
439,
439,

436,
436,
436.

439,
439,
433,
439,

07
A7
L7
07
436,

o7

61
63
63
i
63

B3
b
K
63

a7
ar
ar

24
24
24
25

4
2
24

o
ar
07

24
24

L
28

=81

=51,
-3,
33,

=236

T2,
=L,
-7

ag.
-5l

-91

-1,
31
-3,
A0

=73,
=29,
-1a0.
=103,

-6,
azl.
32
=50,

-2.
-
)

-5E.
94,
212,

k.
-35,
23,
-39,

- 118 —

B0

xa
2
Ll

B

33
23
73
L5

57

&3

23
16

a7

8

22

19

a5

33
26

av
11
39
T2

[ e

C X
15.74 15.
11.08 13.
27.62 27,
25 .46 26,
27.43 27,
283,30 2B2.
267.3% 264,
2E0,26  ZBO,
285.58  2B5.
280,01 280,
5814,3F 5B39,
3515.25% S5456.
-5840.91 3812
5506,.92 5493,
15.70 13
16.15 16.
26.12 23
15,89 23
271.1%  271.
282,71 281,
273.23 271,
281.77 @Bl
371%.95 5750
5350.35 5415
5875.79 5889,
15.67 16
26.14 26
28.76 28.
283.85 283,
258.83 260,
266, 85 265,
270.13 270

...................

b |
-

12
1

3l

Lt
80
an
Ly
35

65
&y
32
27

s

a2

_a7
B0

.63
.37

&3

.28
.36

79

a0
a9
T1

72

484
434
434
458
466

185
s
436
419
408

348

342
431

433
417
556
N

418
01
417
459

372
337
359

G000
456
42

421
a3
G140
4la



Deec.

Jam.

Feb.

S00sb T
{38-53N8,
(53-63N,
(63-52N,
{15-274,

55T
(38420,
(14- 18N,
(18- 230,

142-168EY
Lad- 12007
J8-a5M)
28-1BW)

159-177TE}
111-117E}
177-171W)

(10-25, 117-105W)

(18-143,

T00mb T
{31-50M,
(36-55H,
(24-40H,
(47-70N,

SO0mb Z
(31-50N,
{53 70N,
(1B-25N,

ST
(34-381,

167-177E}

110-135E)
150-130u)
E8-55W)
B5-05E)

110-123E)
T0=9FE]
G0-2EE)

171-177E)

{6-10W, 159-171E)

(18-148,
{14-108,

700mb T
{30-45H,
{37-58N,
(52-62M,
(30- 38N,
(43-52N,

S00ab Z
(20-348,
(22-35H,
{B60-48N,

700mb T
{15-19¥,
(25-80M,
(48- 60N,
(1D-50K,

500=b 2
{60-508,
(45- 55N,
[27=34H,
(18-27H,

105-1L1E}
171-177E)

160 -1T4E)
160-138W)
75-58W)
38-48W)
98-112E}

123-13BE)
132-118W)
J0-83E}

128-145E)
L28-110W )
40-FEE)

112-114E}

110-123E)
10¥-3E}
15-34E)
B2-90E)

039,

439

439,
438,

b1,
L36.
436,
416,

436

439,

439

539,
439,

639,

439

£39,

436,

L36

&6,

36

a3,
439,

539

439,
£39,

439,
639,
43%.

439,
439,

439

£39,

439,
439,
439,
439,

— 119 —

24 .1.85
34 1.0%
24 -1.61
24 -5.87
07  -831.66
07  -47.32
07 -167.83
Q7 17,91
.07 117.17
24 -35.93
L2 23.78
24 48.19
14 19,71
14 -1.97
S 1.57
T4 &, &6
07 -158.15%
0T -209.01
67 -179.57
07 103 .49
T4 72.42
24 1% .00
L =20.72
24 -43.38
24 =34 B8
i 1.45
2 -2.70
24 -1.99
24, 29 76
24 3i.84
.y 2065
2 28.15
24 -2.20
2 -1.19
24 3.40
24 4,37

5385

a5

13,
6,
26,
23.
2.

260,
285,
4,
253,

24463

15,
28,
27,

29

263.
o
2350.
261,
1

26l

253

2122
5767

283
272

5311.
5492,
3657.
5811.

.22
S3E0.
.19
-5854.,

B3

23

11
A<
26
LY

o3
a3
O

L1
5248
3520,

iy
L)

73
25
33

.10

71

31
BR

L2
T2
5315

32

05
.
257,
232,

DG
3z

3519,
5251._

5472

15.
02
6.

26
23

2al,
-2
AT
.53

2568
176
255

5497

16

2a

263.
267.
2471
2l
2355,

3734

281,
274,
25E.

252

5339,

441

36
11

.28
5862,

a0

17

53

iy
27.

Q&

a7

95
5238.
S840,

35
139

b
28.

35

.93
9.

a5

9
41
B
g2
16

;33
5773,
5505.

92
T

29
21
02

.35

a7

.39
3661,
A0,

13
06

191
298
407
%0

318

397
32
432

181
501
319
LTy

273
424
529

288
41%
307
3la

614

577
a2
L

459
423
50

417
502
459
433

arr
441
451
517



Table 5.

Summary of 1991 Mei-Yu Forecast by 55T and upper air paramerers,

f00mb T and 55T are in the unit of *C, and 500mb Z in m.

Jb-year database, A is the average.

Predictors Predictands
Onsar Recess Langth
{l=april 1} (l=April 1) {Days)
Sept, 1990 S5T L 17 3z
G 17 i3
57 ar
A=i9 3 A=TT .0 A, O
T00abh T Sl
44
4.4
e
S00mb Z £5 T 39
4l T4 34
&6 BO 30
Ay 0} A=T6_ 0 A=34.3
Qee. 1993 35T &7 B 36
542 7o 3z
L2 Th 31
57 a2
Dy 1%
Ambi B A=TH_ 3 35
37
A=35.13
f00mb T 50 78 a0
a7 7 Ek
AB 78 29
3l
A=5E T A=TT 7 A=30_8
S00mh Z 47 T4 33
51 14 27
51
A=dl T ATy O A=30,0

— 120 —

Precipitacion
(mm)

N RS —————mw T W W

L84

G 34

&34

EEHE

bh
A=iBg P

185
T1%
536
a19
L08
h=6T776

348
Bty
542
451
A=i26,3
£33
&L7
556
Y

A=563.1

419
401
417
4359
A=h 34,0

37k

as7

ane
A=G29 .3



W OE e ——

Frecipitation

{mm )

421
363
G110
416
A=b02 5

ERE
&40
a7
432
432
=405, 8

JBL
501
519
462

A=ia5_8
293

424
529

N

PFredictors Predictands
Onzet Recess Length
{l=april 1} {l=ppril 1} {(Days)
Bow . 1990 28T 51 74 a3
&7 B 32
48 26
23
A=t T A=77.10 A=29.0
TO0m T 53 14 29
49 Th 2T
49 13 A3
fis 28
A=i8 B A=T0 .3 A=29.3
E00mb Z 45 71l a3
53 i3 32
Le 16 9
52 2B
A=48,0 A=TA_7 A=30.5
Dec, 1990 55T 4% 73 249
47 Th 35
40
A=LE 3 A4=T5_5 A=32.0
J00mb T 4% 3z
47 28
46 1
52 kYA
45 in
A=aT O A=11.6
S00mb Z 41 16 14
&7 7 29
5% a0
fi=49 0 A=T7.T A=il. 5

E e mEESfmm L AR EEEEETEER-—- ——S i FEETEEE--——— - -~ SfLEEEEETmwwEs SSSLLmE e
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Fredicters Prediccands
Inset Becess Lengch Precipitation
(l=april 1} {l=&pril 1) (Days) { mm)
Jam. 1991 35T 47 Ty 25 2BE
LT Fi- ] 35 415
75 307
73 al5
A=, 5 A=70 . 0 f=30.0 A= 313
J0mb T 46 11 Hlh
LB k) | 509
50 3l 577
&7 a3 G2
35 ar7
A=iT .8 A=32 2 A=503 8
500mb E 48 19 32 459
30 79 27 433
49 1 4539
43
A=i3 .8 A=T3.0 A=30.0 A=457 ,0
Feb. 1991 ?00mh T Ak a1 f17
L A0 502
LR 4 459
29 453
A=bT 3 =310 A=557 B
500mb Z 47 6 3
48 11 451
47 10 451
15 7
A=&47 3 A=33.0 A=din 5

— 122 .



Table 6. Differences of fitred and recerded (ficted-recorded) Mel-Tu
onset dates in single regression analysis from 1977 to 1990,
The database period for regressien fermulation is 1956-1990.
Each colunn is by the indicated predicter.

(18-145, 165-159W) (42-508, 165-177W) (32-40N, 175-165W) (23-3BN, 33-4BE)

Year Sept., 55T fet. 55T Hov. 500mb 2 Dec. 700mb T
7T B -7.0% -0.59 6.11
7a -k, G 2.15 =5, 76 -3.27
T4 5.83 .28 1.92 6, 0L
B 26.05 a0, 78 30,29 23.93
gl 5,48 -0, 47 e, By 9.8%9
a2 -2.82 <b, 47 =7.32 =8,41
a1 1,34 5.03 1.1 5.26
84 «2,23 -1.47 1.30 389
83 -6 53 -10.10 =7.05 -12.65
a4 « 3,95 -5.0% =215 -1.2%
) 4. 83 -0.97 1.11 -3.07
g8 -3.85 -h &7 -1.57 -3.13
ga -3.52 b, B4 3.77 0.11
=11 -0. 16k 0,25 w0, 93 -0.95
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Table 7, Forecasted wvaluss of 1991 Mei-Yu with multiple regression
methed. ({See regresszion equatlons in Table 8],

Cnset Recaszs Period Precipitationm
Predictor menth  (Ll=April 1) ({1-April 1) (Days) i
Zee. 1990 41,7 76,1 40,6 I
65.9 91.3 39.9 435
&2 .4 8.0 0.1 G50
45_8 81.4% Gis & 518
497 87.6 I6.4 221
4.4 3.0 25.8 562
48,4 LT
413
172
Jan. 1991 68,1 71.5 35.3 337
51.1 407 7.8 214
6.7 2.4 187
40.% 9.4 483
53.8 670
ite
ara

Note: This table shows large variation in the normal range. Thus
this iz a normal year, and we should take tha valuss in Table
3 as the forecast, not this table which is enly valid when
consistent extreme values indicate an abnormal Medi-Yu.

— (24 —



Tabla 8.

Multiple regression equations of 1991 Mei-Yu onset

forecast.
Predictand : Onset ( 1 = April 1 )
=1 = — = o —— - e
Data Y = a0 + al*X1 + a2#X2 + a3*X3 | Predictor

Month - - e = i o s e - e e e e e e e

Period ab | a1 | az | a3 | X1 | X2 | ®3
N T e T o o s SR e = EErTE e
1%7V9=-1988| —-4631.2 11.465 0.716 1l.56%9 58T Z(20M, 34E)|T(5%H, 3I1E)
1580-15989%9 268.6 1lL.9221]| -1ll.490 =7.77TL|( 42 - 50N [S(56M,;138W) |5(28H,150E)
1981=-1990 1614.5 T«31l6| =13.565 =0,211| 171E-171W) |(S( BS,168E) |Z{17H;126E)
--------- o s e } - =+ memmsfmasmm e —-—————————t e s s sssf m s o oo ;= -
1279-1988[ 1158.2 33.854 -0.331 —& . 376 EE8T Z(27H,170W) |S[(165, BOE)
1980=1985] =1011.0 30.601 -0.362 0.3859|{ & = 14N |E(27H,170W)|2(23H, 45E)
1981=1990 348.3 12.630| -8B.285%| =0.090| 135 =147E)|S5(325, 90W)|Z(4BN,105E)
i - e = - b e i | = s ca mm - —————————
1979-=1988 1246.3 —26.225| -14.1585 =4 .3350 8T iE{IiE,lEZH] 5(185, 7ZE)
1980-198% 1587.5 =15.578| -11.380 -0.116|{ 285- &N |S(2BH,150E}|Z2(45H, 77E)
1981-1990| —-2756.6 =12.923 Q.422 0.124] 159 —IEEE}]E{ZEH, BEE) |Z(28H, S&W)
bt = == t == il et i == # T e i
1979-1988| -4826.7 4.613 E.T771 0.351 Joomb T T{46M, A9E} |Z({17H, 10E)
Octobar | 1980-1%849 1764.1 4.408 =0.498 =0.2B3|( 40 = 47N |H[&9N, 21W}|Z({25K,153E)
1581-1990| -1169.9 2.863 0.060 4.376| 163 -150W)|Z(77N, GEE)|S(16N,126E)
i e e s e e e o e o e t e e
1979=1988 2568.8 =7.120 -B.644 =0,384 F00mb T S5({28M,168E) [S(125,174W)
1580=1948% 2666.0 -5.881 11.7440 =0.327|( 27 = 33H [S(40H;180 ) |H{Z20H, 14W)
1981=-19590 l4l6.6 -2.914 15.520 =0,373| 120 -110W) [S(16M,144E) [H{33H,169E)}

¥ = f + k s ====+ =

1979-1988| -2937.3 0.358 0.133 G506 E00mb 2 Z(3BM, T2W)|S( BM,174E)
1980=-1985 g3g9.6 0.384 =0.421 =0.676|( 42 = SOH (H({25N, 10E)[H{19H,136E)
1981-1990 -524.0 0.294 =5.045 1.199 33 = 4BE] |T(24N, 2ZE)|T{47NH, 71W)
- - - T += = -t s o o e —_— J=———— e ———
1%75~-1988| -BO&L.7 0,846 1.1758 3.301 S00mb = H{41H, 2W)|S5(1a6M,114E)
1980-1985| -9126.8 0.902 1,273 2.083|{ 25 — 32N |H{41H, 2W)[T(32H, 0O }
1981=-1990| =-2610.5 D.421| =-11.528 0.0094 BO = QOE)|S{ 4N,162E)}|Z(36H, &7W)

o mi

* Dpnits

T —

#

SST degrea C, T degree K, Z meter, H meter.

= e -

........ =
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Table B (cont.)
Predictand : Onset ( 1 = April 1 )
—i= e ] - ==
Data ¥ = a0 + al*X1l + a2#X2 + a’3*}3 | Fredictor
Month == = e e -+ = ——— e
Period ad | a1l | a2 | a3 | X1 ! ¥z | X3
EEEEEE ==X a1 e e e e e e e et e e e e e - =
1979-1988 =43%.8 12.458 16.517 =7.140 55T S(ZBN,1B80E) [S5(16H,126W)
1980=-1989| =210.5 13.707| -15.018 9.037|( 26 - 225 |5(245,102W)|5(128,126E)
1981-1990 £39.2 11.427| -3.362 2.482| 171E-171W)|T(18K, S1E)|S(288, 162E)
4 ——— - -t = — —-—- e - -

1979-1988 669.1 =16.538| -10.054 B.291| 88T E{lzﬁ,lﬁsE} S(S56N,1%6W)
1980-1989 Th4.0 =14.407 =-S5 .852 =7.108/( 22 - 188 |5(12K,168E)|8(36H,162E)
1981-1990 173.58 -8.891 0.040| =5.188 105 - uaw} 3ssﬁﬁ,t?nw} 5;325 3533
JEIH.- -+ "'---‘-: m=an= +J— + "'_-1:----— - : = Sp—— T ]
1979-1988 | 294 .4 ~4.798 17.200 1. ﬂ'?.l:n TOOme T E{lEH,lE-BE]- p[?au,nan;
1980=1989 l861.43 =4.157| =21.777 =0.132{( 50 - TOM |8(44H,150E) Z{3I9H,104E)
1981-1990 510.5 | =2.833 =0.120 =D0. 32?[ 1:25 -145E} Z(4BN, B5W)|(H(33N, 45E)
1= = e e et f———— o e T T I T N
{1979-1988| -100%.2 | 3.875| 17.s822 -'EI.D'EE- 700mb T acaza 150W) |Z{59N, 3I1E)
|1980~1989| -1006.9 3.384| 12,919 -4.983|( 27 - 40H |5(325,150W)|5(12N,126W)
{1981=1990 =759.4 | 2.481 5.140 2.823 25 = 40E) |3(2B38,180 ) |5({44N,16BE)
= saia L L - e} ] T - -

* Units : SS8T degree C, T degree K, I meter, H meter.
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Table 3,

Predictand : Recess ( 1 = April 1 )

R—

As 1n Table 8, but for Mei-Yu recess.

Data ¥ = a0 + al*Xl + aztxz + aiwxl | Fredictor
HMonth . - s o o ke e e = == e S et
Feriod ap | a1 | a2 | a3 | X1 | X2 | X3
L —_— —— g = ] —_- = ]

1979-1988| =-597.1 | -23.799 0.084 2,695 53T {2(72N,153E) |T(57H, BBE)
1980-1989| 1291.8 | -26.592| -14.485| =-1.785|( 30 - 34N |5(408,156E)|T(42N, 130E)
1981-1990 786.5 | =15.743| -14.680 3.471| 135 =123W) |S( 8N,174E)|S5(48H,174E)
- b = e ————— - b—— ==y - e
1979-1988 429, 2 21.437! =2B.198 -0.086 58T §(325,174W) | 2{46N,118E})
1980~-1989| =212.2 26,391} -21.574| =6,502|( 10 - 28 |S5(325,168W)|5(365,102E)
1981-1990 | -2251.9 15.193 0.799| =1.063| 93 - 99F)|H(19N, 1]EEJ|TE?HH B2E})
- o — e = = 4 - t == i e e o e S
1979=1988 £2585.5 =18.870 -8.069 3.2854 2aT T{19H, 98W) S{EEH.IEHH}
1930—=1985 1224%.7 -16.7497 =0.316 -6.528|( 42 = 308 (H{B9H, Z21W)|5[245, 96E)
1981=1990 BB3.4 ~7.827 =1,.963 -4.141 75 = 93E} |T(51H,; 10EJ S{16H,168E)
Octaobar f 4 =t : i s ====
1979=1988 | =1344.0 7.5817| =17.078 =-0.122 F00mb T S(ZBS, 90E) HfBEH 170
1980=1989 | =-2062.6 6,904 =17.502 0,106|{ 42 - S0N |5(285, S0E)|Z(46H, 98W)
1981=1990 B7.4 2.921 =2.174 =&, 568 35 = 45E)|T{78H,118E)|5( BH,174E)

= Ty e - it e ] 1 - { Em
1979=1988| =2042.7 0.307 14.493 6,583 500mb 2 S{Z24H,1Z0E} | 5(2BE, TBW)
1980-1989 | -5621.7 0.,336| 22.082 0.557|( 52 - 87N |&( BN,102E)|Z({24N, 19E)
1981-1990| -955. 3 0.148 4.695 4.6458( 120 -160E) E{ZDE,lldE} g{15N, 72E)
e o e e ——x - -4 F— ————— =
1379-1588| 5895, 1 -0.111] =0.930 9,628 B00Omb 2 |E(19N,158E)|S(12N,138W)
1980=1989| &084.0 -0.081| =0.985 8.203|( 55 - 654 [2(19N,158E)|S{ 4N,120E)
1981-1990 595,13 -0.045| -7.540| -6.350 0 - 20E)|8(408, 78E)|5( 8N, &0W)
o e - 4l L Bl L sy s = s e =

* Units : S5T degree C, T degree ¥, I meter, H meter.
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Table 9 (cont.)

Predictand : Recese ( 1 = April 1 )

s os======= i — JLOE ———
Data Y = al + al*X1l + a2+*X2 + ai*Xl | Predictor
Month == mm——————————— ———— ittt
Period al | al | a2 | a3 | X1 | X2 | X3
- Sl [ SER e v e e——— S DS
1979-1988 =0.6 =19.285 0.272 -5.156 S8T H{4BH, 38W)|3(2B5,138W)
Jan. |1%80-1989 677.1 | =14.825| =9.771| =4.1%4|( 10 - 18N |S{40N, 66W)|S(2ES,132W)
1581=-1990 28.1 =6.629 11l.134 =4.540| 135 =-123W)} 8( 85,156E)|5(12N,138W)
I I T D e e A e e e e e i e e e e e == SR " I i P S A e
* Units : SST degree C, T degree K, ¥ meter, H meter.
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Table 10. As in Table 8, but for length of Mei-Yu periad,

Predictand : Length of Period ({ Days )
=== = oree _—— - - T T e e (2]
Data ¥ = a0 #+ al#*Xl + a2«X2 + al+)id | Predictor
Month ——— - i e i e e o i === - o -
Period a0 | a1 | a2z | a3 | %1 | X2 | p
119??-193& =572.9 | G9.6649 9,614 6.814 587 (485, 90W) (5[ 28H,172E)
(19EQ=19801 -24H7.1 14.272 0.9532 =0.168|( 22 = 185 |H(Z7TN,170W) |[H{65H,170W)
| 1981=1290; =2675.1 ] 20.075 0.7B0 3.081| 147 =13G5W) [H{27TH,170W)|(8[{12H,120E)
{ === f e o —— - : e - == += -
1979-1988| -307.4 | 11.869 7.753 4.144 S8T S(56M,150E) |S(328,114W)
|1980-1580 105.5 13.182 6.0583 =1.307V|( 34 - 2685 [S5(56H,150E)|T(49N,139W)
1?31-159B‘ =4B4.5 9.5549 15. 365 =3.427 B9 — 93W) |5(205;,144W) [5[406,126W)
—— == r - =3 1 | o= |- + = =

~13?9~1535 887.0 =3.317| =12.268 3.338 700mb T |S(365,168W)|S(24N,162E)
{19B0~-1989| 3924.2 -2,985| 10.050| ~-1.246|( 57 - 78N [S8{ 48, 80E)|H{14N, 90W)
1981=1390 1319.3 =3. 286 =0,225 4.629 0 = Z0OE) H{??H GeE) |S(12H,114W)

Ootober | ~————————temmmm s e e e e e fom s —————— e ey i i
1%79-1988 1967.2 9.546 =0.775 =3.180 700mb T a[lﬁﬂ.l#ﬂﬂj E{32H,156E)
1980-1983 2835.0 B. 757 =0.BB2 =4.011|( 20 = 27N |E(13N,141W)|S5(Z0N,114W)
1981-15%90 2BB3.T T.6828 =0.856 2.531 10 = 2W) |E{15H,148W) | S(48N,150E)

=== | = ! : e e b i ===} FECEEEERERt IS ===

1978=1088 1384.6 -0.229 =0.875 B.168 E00mb 2 ‘EIEDN 138W) | 5(125,168E)
1980-1989 -59,2 -0.269| 12.302] 0.486|( 30 = 40N |S{20N,l62E)|H(15N, 5W)
1981-1990 909, 3 =-0.195| 10.592| 5.110| &5 - 4aw1 5{405,102W) |8(128,132W)
mmm e ——— - -+ e —————fm o —— b= -=
1979=-1988 Tai.7 =0.215 15,791 &.BES S00mb E S( 4H, 54E)|B[368,126E)
1480-1989 159.13 =0.264 11.415 0.353)( 30 = 3BF |S5(205,144W)|H[(32H, 0 )
1981-19%0 570.8 -0.401| 12.246 5,288 5 = 2Z5E)|S5(205,144W) [T({ 28N, 44W)

=S EETims = emn — ] - -]

* Units : SST degree C, T degree K, Z meter, H mater.



Table 10 {cont,}

Predictand : Length of Pericd { Days )
R = —_— —_ ™
Data ¥ = a0 + al*¥l + a2*X2 + ai#=}3 | Predictor
Month | e e e e i e —
Period a0 | a1 | az | a3z | X1 | X2 | X3
I T I L e e B - T U T I a A A S e s e s s
1979=1988F 1903.7 =10.192 =5.102 =5.544 B5T S(405,168E) ['T({1eN, 21W}
1980-1983) 1489.06 =-9,2340 =0, 461 =2.611|( 34 — 305 |H(Z2BH, S85E)|S(3e5,108W)
1981-1990 | -20.1 | =-11.289] 11.784 4.110] 171 -165W)|5({365,120E)|5(363, 20W)
—————— i b s o e N ———dm————— ——t——— c——
1979-1988 =893.5 =7 725 =8, 546 0.082 887 S{288,114W}) | B[ 33H, 149W}
1580-1985 lod.4 =G.434 =7.28B0 9,803 |( 42 = 3838 |S5(365,174W) |5({I2H,144W)
1281=-1990 408.4 =5.015 =Bg.309 =4, 249 68 = Y5E)|S(368,174W) [S{12N,120W)
+mm=re o = | = wS = ===t : + S=meriomenaREEEEOE
1279-1988 1323.3 =2.930 =G, 355 =1.312 T00mb T S(325,174W) [T(77H, 46W)
1980-1989 538.8 -3.087 =0,.062 0.2586|( 22 = 28H |E(77H, 46W) | H{46H, 19W)
1981=-19530 461.1 -3.260 -G, 308 6,133 125 -116W) [S{328,180 ) |[5(328,114E)
Jan. - - = e fm———— + - pee ————— - o
1879-1988| 1158.2 =3.756| =7.017 4.990| 7T00mb T |S8( 45,162W)|S5({155,102W)
1980-1989| 1195.5 -4 1551 -5.619 5.224|( 1B = 25N |S8( 48,162W)|S( B5,150E)
1981-1990| 1134.B -3.695] -5.163 4.282| 25 - 37E)|S8( 45,162W)|S(28N,120W)
= 4 =4 B R T O e S = - —_————d ———————=xx=
1979=19858 2031.1 0.165 —9.?3?{ =3.530 S500mb 2 T(13N, 31E)|5(2858,132W)
1980-1989 T34 0. 208 =6, 160 =1,827|{ 45 = 60N |T{13H, 31E)}|5(2B5, TZE)
18981-1990 =-149.2 0.1%0| =3.072 2.179| 115 -145E) |T{21N,111E) |8(12N, T2W)
- e et e o s e e e ———fm———— ———— e =
1975-1988 2991.5 -0.297| -21.672| =-0.239 500mk 2 S{ BN, 96E) |H(27N,101W)
1980=-1989 2862.9 =0,312( =-19.632| -1.704|( 18 - 30M |5{ EBHN, 96E) |T{27H,101W)
1981-1990 24£1.4 =0.403 19,485 =4.594 23 = 42E) |S(62N,162E) |5(16N, S0E)
Ep e e === o —— e e e e e e i o N T
* Units 55T degree C, T degree K, Z meter, H meter.



Table 11.

As in Table A,

Predictand : Precipitation ( mm )

but for the total precipitation.

P

T O O S R 08 9 B S e e e e S T e B

Data ¥ = ald + al*X¥l + a2*X2 + adl*X3 | Predictor
Month e R e o 2o o —————— eSS s
Period al | al | a2 | al | X1 | K2 | X3
e e e v e S 2 B SETFEY = T T T T T P Rt == o LT LTI e
1979=1988| 12221.6 |-305.540( 179.375 =3.107 BEET Bf245,108W) |[H(368, &2W)
1980-1989| 6759.0 |-308.152| 163.007| =B1l.642|( 22 - 30N |5(245,108W)|S( 4N,16BE)
1981-1990| 6706.7 |-306.775| 162.962| -B0.950| 153 -141W)|8(248,108W)|5( 4N ,16BE)
—— ————— pm=—= fmmmmmmm e ———— e e ———— Fo—— - -
1979=1988) 42012.1 |-366.683|-123.:2%1 48,077 5T T(23H, 25W)|S(40N,132E)
1980-19892| 23005.4 |-396.432| -83.411) -66.371)( 26 - 228 |T(78H,118E) S{44H,150E)
1681-1990| 57909.6 |-328.951| -9.652| 200.491| 81 - B3IE)|Z(26N, 76E)|S(16NH, B4W)
— } EEEEEE e e e e e e = == = § ]
1979-1988) 6B504.2 |-103.174 =1.280 =5.803 T700mb T Z{(61lH, 10E}|&Z{27TH,101W)
1980=-1989|=50043.7 |=109.332 15.405(=122.829(( 50 - JON |[E(2ZH, B3IW) B{283,174W)
- 15831-1990]| 25949.4 =05 ,850| 125.10%|-129.872| 180 -140W) [S(28BN, 90W)|5( 85,162E)
= October | —======== +=- - : b= e e f pmmm =
] 1979=1988 |=72901 .8 =53,.F17 14.455(=151.955 Too0mb T H{20H, 34E)|S(288,102E)
1980~198%9| 13137.6 =74 .297| 309.511| =-92.643 40 = 5TH |S(20M, 66E)|5(325, THE)
1981-1990| =-2834.7 -51.88]1 |-496.352 11.115 BE = 45W) |S({32M,132W) |H({25H,121W)
o i o i s o - —— ————t ———— b e
1979-1988| 32897.8 94.588|-271.782| -19.491| 700mb T |S{28MN,138W)|H(13N,116E)
19B0-1989 |-14234.0 | 103.535|-276.015| =3.B34({ 12 = 25N |S{40N,132W)|H(54N, 51W)
1981-1990|-49094.2 | 124.766|=301.856| 83.270| 23 - 30E)|S(16N,144E)|T(37H, 95W)
--------- e it - : ————— —_———— - B el
1979=1988|117735.1 | -88.102|-236.889| -14,996| 700mb T |5(24N,138W)|Z(12N, &2W)
1980-1989| 71579.2 | =92.12%| 287.321|-189.485|( 43 - 52N |8(205,144W)|T({14N, BBE)
1981-1990] sze71.8 | -86.297| -70.825| -42.783| 50 - 62E) |T(78M,118E)|T(42N,130E)
=mormkEEEE 2 i e e T T . -
# Units : S8T deqree C, T degrea K, Z meter, H meter.
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Takle 11 (cont.)

Predictand : Precipitation { mm )

L - T OO T O

=t iy = o ey

= =—p- ]

T =

Data Y= a0 + &1#11 + azwExz + as#xz | Fredictor

Month —r — e ek : s i e o
Period a0 | a1l | a2z | a3 | H1 | X2 | X3
1979-1988|-70543.5 -3.762| 15.999|-127.827| S00mb Z [2(22H, 7W)|S(S6N,132W)
1980~1989 | =667 28,0 -3.523| 15.111|-125.890|( 30 - 50N |2(22H, 7W)|S(56N,132W)
1981-1990 |~22563.0 -4.346|-182.918| 19.411] 60 - 40W)|S(20N,144W) |H{16H, 41E)
LA M - R e s o o e m e e e = e T e e e e = + ""-'--'-'-'f'--"""""""'""""-
1979-1988| -7155.4 15.998| -21.651| -10.859| S00wb 2 |H(42N, 10E)|H(21H, 91W)

October |1980-1989 [-86151.4 15.816| -11.177| 92.072|( 20 - 26N |H(45N, S57W)|T(22H, 49W)
1981-1930 538.7 10.873| -21.3%1| -3.1%5| 10 - 2W)|H{42N, 10E) |H{83H, 10E)
————————— i e e e e s ) s i e f e i et e e o e s i o i e s e e e e i e e o i e
1979-1988| 41508.2 -4,251|-340.502| -37.072] GS00mb Z |S(32N,132W)|T(78N,l1BE)
1980-1989| =-4819.7 -5.263(=321.477| 15.571(( 30 - 37N [S(40N,132W)|H(30N, 29E)
1981-1990| 55106.5 -5.984| 37B.771| =-4.279| 5 - 15E}[B(16N, B4W)|Z(26H, 76E)

R S RIS ORI SOOI O OO R D T T R e T 3 1 R e T Tl v W o e ! B e i e W W TR T ST T T o=

* Tnlts : SST degree C, T dagree K, 2 meter, H metar.




EEl —

Tahle 11

[cont.)

Predictand Precipitation { mm )
Data ¥ = a0 + al#*Xl + a2%X2 + a3*X3 | Predictor

Mapnth [ = |=———e—e—ececececeee————— - ——— f= ——— e e e

Pariod an | a1 | a2 | al ! X1 | Xz | X3
= —=— | el e — sS=EsST=s=o o rmmaE R oD s
|197e-1988] -3990.3 |[=160.379| 258.970 BZ.80d S58T S(125,102¥W) |S(4BH,156H)
1980-1989 147.8 |-190.376| 230.162|-100.458(( 30 - 34N |S5(125,102W)|(S5(205, &G6E)
lﬂﬂl-lﬂﬁﬂf =8746.1 |=154.760| 242.187| 193.266| 123 =1Z2E)|5(125,102W)}|5(165,168E)
—_—— -+ ==y e e fr . e Fmmm——————— e cm————
1979=1988] 17647.7 |=236.617|=-278.638B}-128.374 55T |8( B85,114E){S8(288,156E)
1980-1989| 40721.6 |=173.511|-238.105|=-106.348(( 26 - 2258 |5{20N, B0E) |T{1SN, 35W)
1981=1990| 41992.5 |=195.938 =5.979| =78.437| 129 =117W) |Z{22N, 49W)|5(285, 90W)
o 1 o s s - e s - e o e e e e e e == - e .t e e e
1679=1988 | =4226.4 |=177.288 =177.719 40.581 88T S(405,102W) [T{46H, 3I9E)
1980-1989%9 4B875.1 [=183.847|-1%4.451 5,641 ([ 42 - 345 [B(408,102W)|5[365, BOIE)
1281-1990|=21438.5 |=-210.848 g.701) 143.671 69 = TSE) |H(38NW, 13W)|5(326,114E)
} = - | - += 4= =8 =13 L S mRil S IR S
1979-15988| 39338.2 =94 .632 |=225.0058| =30.050 700mb T S(285,108BW) [T(59N, 11W)
Jan. 1980~-198%| 25488.3 -81.099|=343,113| 112.383( 27 = 42N |S(16MH, S0E)[BS(4058, BOE)
|1981=1950 5877 .6 ~T3.280 2.406( 28BB.Z207| BS - TOW)|Z(3BM, 13W)|S52NN,1l62E)

| e e m e e e e e —————— -
19?5*19833 28225.0 [|=103.279| 215.099|-122.714 700mbe T S(2BN, 180 ) |&8( 45,180 )
1980-19E% | 230846.1 [j—108.363|-104.420 80.555|( 20 - 28N |8(368,102W) |5(368, GBE)
1281=1990| 32452.6 =895.879|-138.301] -66.061 30 - 20W)|S5(328, B4W)|8(325, 54E)
L= : 3 - === 1 ] SFE4EENamEDC ===
19759-1988 | -10341.1 =1.110| 19&6.819 58.141 S00mb 2 5{44H, 42E)|T{48H, S58E)
1980=-19859| 21&60.2 =-1.890(-343.179) -6B.&677 30 = 40N |B{12H, 9&E) |5{3c5, 9&W)
1981=1990 (=19286.4 =2.049 10.682 25,.266| LESE-175W) |H{34N,105W) |S{Z0H, 72W)
s k| ket | | e fo= o ) e
1979=1988, =3857.0 1.15%9| 1B8.657 =11%.8483 500mb T S5({44NH, 42E) |S{165,114E}
1%80-1989|-1118B.4 1.693|=-201.391 2.439|( 83 = 73N |S(405,102W) |H{55H, 27W}
1981=-1990 9485.2 1.805{-108.125 42,144 70 <120E) [T{21N,111E) [T{20N, L14W)
= == IO I T T ST T T S N O O I G e — . - o - - ] -

# Units : 53T degree C, T degree K, Z meter, H msatar.
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Fig. 4{a)

Predictlon Experiment in the Jan. Predictors
[ Mal-Yu Onsat )

. 1st Flxad Prad.: 88T .Latitude : N 28 - 30 N
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Fig. 4(b}

Predictlon Experiment In the Jan. Predictors
{ Mal-Yu Recass )

. 18t Fixad Prad.: 83T . Latitude : 310 - 18 8
« Fitting Parlad : 10 Ysara . Langituds : E 108 - {11 E
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Fig.
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Prediction Experiment In the Jan. Predlctors
{ Mal-Yu Parlod )

. 1at Fixad Prad.: 500mb Z .Latituda : N30 -390 N
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Racord st yr 4 dndyr O Ard yr
18t yr with altarnativa 1at pradictor @
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Fig. 4{d)

Predictlon Experiment Iin the Jan. Predictors

{ Mal-Yu P.P.T. )
. 18t Fixed Prad.: 33T . Latiiude : 318 - 14 3
. Fitting Period : 10 Yaars . Longltude : E 105 - 111 E
Racord & iatyr O fmdyr O grd yr &

18t yr with altarnative 1st predictor &
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Fig. 4i{i)

Prediction Experiment in the Jan. Predictors
({ Mal-Yu P.P.T. )
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Fig. S(a)

Prediction Experiment with the Jan. Predictors
{ Mal-Yu Onssat )
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Fig. 5{b)

Predictlon Experiment with the Jan. Predictora
[ Mal-Yu Racaas )
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Fig. Sig)

Prediction Experiment with the Jan. Predictors
{ Mal-Yu Pariad )
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Fig. 5(d>

Prediction Experiment with the Jan. Predictors
{ Mal-Yu P.P.T. )
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. Fitting Parlod : 10 Years
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Fig. Hle)
Prediction Experiment with the Jan. Predictors
[ Mal-Yu P.P.T. )
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