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1. SPECIFIC OBJIECTIVES AND REMARES

The major effort during the second year of the project is dedicated to the
qualitative forecasting of the 1990 Mei-Yu with the real time data. This is a
forecast experiment utilizing extensive teleconnections of Mei-Yu parameters with
upper air parameters and sea surface temperatures (S5Ts). Although the regres-
sions in teleconnection give numerical values of predictands, the forecast should only
be viewed as qualitative in reference to the multiple regression forecast of the third
year, whose essential purpose will be to formulate numerieally dependable forecast
schemes,

The main purpose of the second year effort s to obtain pertinent preparatory
information for the third year formulation of forecast schemes, rather than to
succeed in Mei-Yu forecast with only apparent teleconnections. Specific objectives
of this year's qualitative forecast may be summarized in the following:

1. Actual use of the real time data through their acquisition, process, and
computation so that the data analysis can follow set and smooth procedures.

2. To study the stability of single regressions with various predictors at
various regions of the observation data.

3. To study the stability of forecast with datasets of different months for the
purpose of determining the forecast range preceding Mei-Yu.

4. To provide possible first predictors for the next years' multiple regression
forecast schemes from the pool of this year's predictars.

These objectives have been accomplished. The analysis procedures for the
monthly mean upper air analyses of the Central Weather Bureau and SST analyses
of the National Meteorological Center (NMC) function efficiently and the comput-
ing programs are verified to be without error. Projected values of single regressions
with various predictors are shown to fluctuate in narrow ranges, Predictions with
different months’ observations from October to March show a remarkable consist-
ency, implying a considerable forecast time precading Mei-Yu., These collectively
point to the feasibility of construction of a multiple-regression scheme in the next
stage for quantitative forecasting,

Additionally during this year’s project, the method of typhoon long-range



forecast has been explored. The frequency of Taiwan invading typhoons for 1990
has been projected; further plans in this area will be discussed later in this report.
The climatological analysis of planctary waves in the Northern Hemisphere, de-
scribed in last year's report, is in progress in an attempt to link the Mei-Yu and
typhoon parameters to wave activities. We expect that this line of research will
produce useful predictands and predictors in the multiple regression forecast. This
is a continuing phase of the basic research and will be completed during the next
effort period.

2, APPROACHES AND METHODS

On the basis of cross-correlation analyses of the Mei-Yu and typhoon
predictands vs. 700mb T, 500mb Z and SST (see cross-correlation charts which were
forwarded to the Central Weather Burean as part of the final report of the first year
project), single regressions are obtained in the regions of strong cross-correlations.
These regions are established for each month preceding the Mei-Yu and typhoon
(ie., for each month’s real time dataset with each predictand). To compute
regression, data of all grid points in a region are averaged. Grid points in each
regions are in the order of 10 to 100, with the majority in the range of 20 to a0.

After having obtained the real time upper air data in the Northern Hemi-
sphere from the Central Weather Bureau and SST data in the Northern Hemisphere
and low-latitude Southern Hemisphere from NMC, the forecast values were com-
puted utilizing the regressions of predictands on the regional predictors, The
forecast values of predictands are compared with each other to see the stability of
prediction among teleconnections at different sites. The process is repeated for
each month's real time data from October to March, and the stability of forecast
values with different months' predictors is examined. Although the upper air data
have been supplied by the Central Weather Bureau for October 1989 to March
1990, the S5T data from NMC are only to December 1989, However, as indicated
in the results to be presented in the following, the shortage of 85T data from
January 1990 apparently did not affect the forecast experiment during this period.
The NMC's difficulty of S5T data supply was caused by their updating/revision of
35T analysis scheme from 1991, and we do not expect the problem to exist during
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our third year project. The prediction experiments with the data from April are not
included in this report because of time constraints; however, it will be discussed in
the third year report.

Unlike the multiple regression approach, the forecast by single regression or
simple correlation is a dangerous approach unless a proper study of teleconnection
has been done. This is the reason we have started the work from the cross-correla-
tion analysis, and the predictors are uwtilized only at the locations of strong cross-
correlation. Still, it is well recognized that the mode of the general circulation
undergoes a significant change, and the correlations originally utilized will not be
useful after a certain (less than ten years normally) period (see Kung and Sharif
1980, 1982). The use of eleconnection in the long-range forecast thus must be by
the multiple regression scheme, not by single regression. It is emphasized here that
we have done an extensive single regression forecast this year so that the multiple
regression forecast schemes will be constructed next year on a sound ground of
teleconnection study.

3. TELECONNECTION AND SINGLE REGRESSION FORECAST
OF MEI-YU PARAMETERS

Table 1 lists the predicted values of Mei-Yu onset with monthly real time
data of 700mb T and 500mb 7 from October 1980 to March 1990, and 55T data
from October to December 1989, For each predicting parameter in each month
(such as October Timb T) there are a few to several predictors at different
locations of significant cross-correlation, Predicted values of Mei-Yu recess, period,
and precipitation are respectively listed in Tables 2-4, as done for Table 1. For
each predictor in these tables, the regression equation, real time data (x) as ave-
raged in the region from grid point values, and the predicted value y, are presented.
The unit °C is used for temperature from October to December, but it is switched to
K from January. For those parameters where teleconnections are weak, no pre-
dicted values are given.

As exemplified in Figs. 1 and 2 (the complete sets of figures of this computa-
tiornn have been previously forwarded to the Central Weather Burean), the scattered

diagrams for each regression show a considerable variation by location and month of
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predictors. It is thus dangerons to base the projection of predictands on a single
regression. One reasonable way to avoid this problem is to see the consistency of
projection by predictors at various sites. Table 5 summarizes the forecasts presented
in Figs. 14, It is evident that the range of projection is rather small. As seen in
Table 6 of the climatological records, the standard deviations of onset and recess
are 8.84 days and 8.25 days; that of period is 10.7 days and that of precipitation 15
220,28, The range of projection of a predictand by a month’s real time data at
different locations is generally smaller than its standard deviation of the climatologi-
cal data period. It is also noteworthy that the projections by 700mb T, 500mb Z,
and SST for a predictand give consistent results, among which 85T projections are
most stable at different locations.

Tt should be pointed out that the length of Mei-Yu period is obtained
independent of the onset and recess, not indirectly from onset and recess. However,
the independently oblained Mei-Yu period is fairly consistent with what is indicated
by the difference of onset and recess days.

Comparing predictions by datasets of different months, consistency and
stability of predictions are once again apparent from October to March. This shall
indicate that a useful predictability of the next year's Mei-Yu exists early in October,
As a matter of fact, from the cross-correlations of predictands and antecedent
cireulation patterns, the strongest signals appear December and January as indicated
in Park and Kung’s (1988) study. This is a fairly encouraging result of this year's
project.

Figures 3-14 illustrate the projected 1990 Mei-Yu onset, recess, period, and
precipitation at various locations of 700mb T and 500mhb Z teleconnections. If no
projection is made by a certain predictor of a given month for weak cross-correla-
tion, it has been left blank. This map will allow us, after this Mei-Yu season, to
decide the locations of better predictors and less desirable ones. The location of
teleconnection apparently moves from month to month, suggesting an existence of
very slow moving waves which are useful for the long-range prediction.

Summarizing the Mei-Yu predictands as discussed in this section, the onset,
recess, period, and precipitation of the 1990 Mei-Yu, are projected around their
long-term means as listed in Table 5. This means that the 1990 Mei-Yu seems fairly
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close to that of the normal year, It is cautioned that, as indicated in Kung and
Sharif (1982) and Kung and Tanaka (1985), the single regressions only account for
50-60% of the total variance. However, as indicated, the consistency of projections
in space and time may have redeemed this deficiency. This effect will be analyzed
when we develop the multiple regression schemes in the next year.

4, TYPHOON FREQUENCY PROJECTION

The projections of the frequency of Taiwan-invading typhoons for 1990 are
listed in Table 7 for 500mb Z datasets from October to March and for 55T datasets
from October to December. The projections are done as for Mei-Yu parameters,
but only the frequency projection is offered here. Since the long-term average
frequency is 4.55 per year, with the standard deviation of 1.50 according to the 1949-
86 statistics of the Central Weather Bureau, the projected frequency for 1990 is
fairly close to the normal year typhoon frequency, The temporal and spatial stability
of the projections is also well recognized,

The onset, recess, period, and precipitation are adequate gross predictands
for Mei-Yu forecast, and they are all obtained from the same sets ot the real time
data. The situation is quite different for typhoon forecast. The frequency forecast is
treated like Mei-Yu parameters with the upper air and SST analyses. However, for
its tropical origin, it will be appropriate to assume that the instability and divergence
fields in the tropics play certain roles, and there is no ‘'way to assess the degree of
variance accounted for by the analysis datasets of conventional observations. The
necessity of such derived datasets of stability and divergence will be studied during
the next year's project.

As far as the typhoon predictands which can be projected by conventional
datasets are concerned, we may consider typhoon season precipitation in addition to
the frequency as we have done in this year. The rainfall is & good parameter to
express the overall typhoon activities if it is considered in conjunction with fre-
quency, implying the strength of Taiwan-invading typhoon of the season. This will
circumvent the difficulty in using other derived datasets, and will be studied con-

tinuously during the next year.
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5. PLANETARY WAVE ACTIVITIES

The importance of planstary wave activities was discussed in the previously
submitted first year report. In addition to the composite climatological analysis as
reported last year, the analysis is extended to the individual year from 1956 to 1986.
The trough-ridge diagrams {time-longitude diagram of the wave amplitude) of
Januvary of individual vears are presented in Fig. 15 for n=1 and in Fig. 16 for n=2.
The wave activities presented are for the 54-T0°FN band for the 500mb flow. The
interannual differences of the planetary wave activities are very obvious. These
diagrams may be directly associated with the Northern Hemisphere winter blocking
and the Asian cold surge in January. In this project, however, an attempt is in
progress to use these as predictors of Mei-Yu for the following summer. This will
necessitate the classification of wave activity type in reference to Mei-Yu fype as the
first step. Further, the relationship between planetary and synoptic-scale waves
needs to be studied. This ongoing part of research will be continued to the next

year in the multiple regression forecast,

6. TECHNOLOGY TRANSFER

During the progress of this year's project, constant contact has been main-
tained with Dr. Beng-chun Lee of the Central Weather Bureau. A thorough review
and planning of the investigation was conducted while Dr. Lee visited us during the
summer, and nine volumes of analyses of principal components, cross-correlations,
and scattered diagrams were forwarded to the Central Weather Bureau.

Ms. Shipu-Huey Sheng visited us during April 1990, and an extensive review
and discossion of the qualitative forecast, as currently in progress, took place. The
original results of computation and computer programs were also submitted to Ms.
Sheng for retention at the Central Weather Bureau.

7. THIRD YEAR PLAN
As previously discussed, the third year investigation will be concerned with
the completion of multiple regression forecast scheme. The investigation 15 expected

to follow roughly the following plan:
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1.1 Database

Our existing 1956-89 database of 500mb Z, 700mb T, 500-700mb thickness,
and S5T will be updated to include current observational analyses.

The 500mb analysis of the Northern Hemisphere planetary wave activities in
the mid and low latitudes from n=1 to 4 in terms of amplitude and phase will form
an additional database,

I.2 Regression analysis

The 1st predictors will be the predictors selected and utilized in this year’s
single regression projection, with those predictors which have given inferior pro-
jection being eliminated. The multiple repression analysis will then proceed
according to the general procedures described in Kung and Tanaka (1985), for the
2nd to 5th predictors. They will be obtained by regressing the potential predictors
ofl the residuals of the expected values of the preceding predictor, effectively
eliminating the problem of multi-collinearity. Additional database of wave activities
will also be tested as 1st predictors through a cross-correlation analysis.

During 1986, we collaborated with Mr, Cheng-Fa Tseng of the Central
Weather Bureau in formulating a multiple regression scheme for Mei-Yu., The
method of the regression formulation had some resemblance to this new effort;
however, the new approach has important differences from the earlier effort as
following:

(1) The 1st predictors have been meteorologically selected with a thorough
examination for their stability as reported in this document.

(2) For each month's real time dataset one predictand will have a few to
several sets of multiple regressions with different 1st predictors at different sites.

{3) Planetary wave activities will be additional predictors.

(4) The data are basically (except for planetary wave parameters) on the grid
systern instead of lmited station observations.

(3) Forecast experiment will be conducted as stated in the next subsection.

1.3 Forecast experiment with existing database

After regression analysis, forecast experiments will be conducted in two ways

with the existing database. First, the data of one year preceding the Mei-Yu event
are excluded from the database in the regression analysis. Predictors (except for the
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1st predictor) are selected and all regression coefficients are determined for the
individual forecast years. The excluded data from the entire database are then used
as the real time data to yield forecast values, Predictors and coefficients inde-
pendently obtained for all forecast years will be compared to assess the basic
stability of the scheme.

Second, the regression equations will be obtained with the first 25 years’
database, and the forecast values will be obtained for individual years of the
remaining data period with each year's data as the real time data input. The 25-
year data period will be brought forward continuously for repeated experiments with
a more recent database. Through this process we will be able to assess the peried
of utilities of obtained regressions, and determine when the updating of the regres-
sions is necessary after the completion of the next year's project.

T4 Real time forecast experiment
Regression forecast will be done for the 1991 Mei-Yu and typhoon with

monthly real time data starting from October. As done with single regressions for
1990, forecast values will be obtained with all available multiple regression equa-
tions for each predictand with separate months' real time data. The projections will
be communicated with the Central Weather Bureau during the experiment, &nd the
results will be discussed in a comprehensive final report,

REFERENCES
E.C. Kung and T.A. Sharif, 1980: Regression forecasting of the Indian summer
monsoon with antecedent upper air conditions. J. Appl Meteor., 19, 370-380.
, and , 1982: Long-range forecasting of the Indian summer monsoon

onset and rainfall with upper air parameters and sea surface temperature.
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____, and H. Tanaka, 1985: Long-range forecasting of temperature and precipita-
tion with upper air parameters and sea surface temperatures in a multiple
regression approach. fbid, 63, 619631,
C-K, Park and E.C. Kung, 1938: Principal components of the North American
summer temperature field and the antecedent oceanic and atmospheric
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Table 1. Mei-Yu Onset date forecast for 1990 (Day 1 from April 1) by upper
air parameters and 85T of preceding months, 700 b T and SST are
in the unit of *C from October to December, and K thereafter.

Konth Predictors (x) Regression (§=---) ® i
Qct, 700mb T
{50-70M, 115-140E) 47.71+1.6734(x-257.29) -15.92% 48 day
{30-40M, 67-64W) 47.71-5.4152(x-278.34) 4.91 49
{30-38N, 111-99w) 47.71-3.6637(x%-278.10) &, 94 48
(30-488, 69-B8E) 47.71-3. 6457 (x-274.52) 3.22 41
500sh Z
(L5238, 4T-23W) H7, T140,2295(x-5881, 1) S5BE63 . 6lm L34}
{15-28H, 6-14E) 47,7140, 2074(%x-5873,86)  5872.94 48
(22-28H, 72-81E) 47 .71+0, 2524 (x-5847.36) 58631.67 52
55T
(42-500, 165E-177W) 48 02+5,1392{x-11.26) 11.37 ¢ 49
{26-300, 129-123W)  4B.02-6.1660({x-20,82) 20, 64 49
{25-2N, 159-177E) 48.02-7.4064(x-28,96) 26,53 51
(18-105, 133-117W) 4B8.02-3,9134(x-25.31) 25,19 49
Hov. 700mb T
(22-35N, 141-157E)  47.71-5,6417(x-279.88) 5.93°% 52
(3B-80N, 144-121W) 4?.?1-11129ﬂ{xv25ﬁ.l§} =f. 31 55
(25-408, 77-56W) 47.71-3.2428(%-277.04) 3,79 48
(40-57H, 83-60W) 47.71-2.8210(x-263.27) -13.84 54
500mb Z
(32-40M, 174-165W) 47.7140 078B{x-5712 61) 5723.00 49
(23-388, 117-101W) 47.7140,2161{x-5748.95) 5765.08 51
(15-278, 54-66E) 47.71+0.1525(x-5850.18) 5872.84 50
(aD-4BM, J3-BSE) 4?-?1—5-1ﬂlﬂtx-552ﬂ.ﬁ5} 204650 &t
S5T .
(38-428, 171-177E) 48,02+2.7718(x-15,74) 16,05 C 49
(10-25, 147-135W) 48.02-4.9334(x-26,60) 26,732 47
(65-2, 93-87W0 48, 02-4,2733(x-22 69} 22.50 49
Deg, T00mb T
(23-50N, L170E-176W) &7, 71+4.2308(x-274.94) 0,08 G 41
(53-62N, 147-121W)  47,71-0,8900{x-260,07) -6.11 42
x(23-36N, 33-48E) 47.71-3,1077(x-279.07) -0.61 67
(18-33m, 71-59W) 47 T1+1.8515(x-273.940) fi.38 1
[a0-50H, 33-98E) 47 . T1-1,4587 (x-260,60) =7.35 40
500mb Z
(38-546M, 113-154E) 47.71-0,0940(%-5236.32)  5281.04 44
(23-31M, 177E-167W) i?.?1+ﬂ.D33D{x-5??ﬁ.??} 5774 54 &6
(22-30M, 34-43E) &7.71+0_1365(x-5765.81)y 5778.17 49
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Month Predictors {x) Regression (y=---) X ¥
Dec 55T
(30-34H, 165E-177W)  48.02+410,3926(x-20.06) 20.36°C 51
(10-14H, 87-91E) 48.02-8.B683(x-27_93) 27.78 49
(10-25, 111-105W) 48.02-1,8661(x-23.91) 23.58 49
Jan. Joomb T
(23-308, 168E-177W)  &7.7142.27B7(x-277.53) 276,42 ¥ 45
{59-708, 160E-160W)  &7,71+1.3541(x-253.22) 250,75 L
{50-60K, 113-30W) 47.71-1.0666(x-253.35) 254,85 66
(29-45H, 57-38W) 47.71-2.0309(x-266.71) 270,82 56
500mb Z
(34-40H, 135-143E) 47.71-0,0715(%-5409,09) 541983 67
(34-40H, 1a0-130W) £7.71+0.0505(%-5678,29)  5706.13 59
(20-254, 10-3W) 47.71+0.0951(x-5804.55) 5789.67 &6
(32-L3M, 45-608) 47.7140.1339(x-5574.28)  5556.51 45
Feh. T00mb T
(35-50N, 134-154E) &7.7141.0153(x-257.33) 259 .12 50
(36-55N, 123-10%W) &7.71-0.9983(x-263.25) 261,55 49
(10-24K, 70-55W) 47.71-3.7178(x-280,73) 279. 88 51
500mb 2
{(L0-488, 127-152E) 47.71+0,0986(=-5270.98)  5423,57 63
{20-334, l48-137W) £7.71+0,1515(x-5773.11)  5747.50 4
{50-70H, 55-92E) 47.71-0.0773(x-5280.06 5317.96 45
Har. 700mh T
(2B-45K, 148-173E) 47.7141.8210(x-267.12) 263 .41 41
(45-68N, 160-130W) 47.71-1.2177(x-258.73) 261,57 b
(10-25M, 95-78W) 47.71-5,0290(x-281.71) 281.60 4“8
(20-28M, 10W-SE) 47.71-2,5427{x-279.52) 27966 47
S00m: Z
(&1-57H, 160-1B0E) 47,7140 ,0757(x-5308.95)  5263.96 Lty
(47-54M, lak-134W) 47.71-0,0515(x-54368.33)  5485.33 45
(25-330, 47-37W) 47.7140.0936(=-5783.46)  5787.19 48
(12-20H, 1-14E) 47.71-0.2258(x-5851.79)  5876.85 42
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Table 2.

Haow,

D,

Jan,

Af in Table 1, but for Hei-Yu trecoss forecasc.

Predictors

300mb Z
(33-400,
{17-27m,
(33-43N,

85T
{34388,
(22-26N,
{14-18H,

JO0mb T
{16-28N,
{30-40¥,
{30-43N,

200mb Z
(32-430,
(33-40H,
(27-43M0,

85T
(22-30H,
(30-38H,

500mb Z
(23-38N,
(26-34H,
{28-37N,

55T
(34-38N,
(22-10K,

500mb 2
(16-26M,
(23-33H,

106 - 98W)
1B8-8W)
Q7=111E)

134, 168E)
119-106W)
18-8W)

177-165W)
153-159E)
111-117E)

168-178E)
145-165W)
G4-63E)

151-1639E)
67 =57W)
18-6W)

165-171E)
I3-57W)

117-128E)
144-136W)
EW-6E)

69-57W)
165-179E)

51-414)
80-93E)

Regression {y=---)

79,
79,
Th

T4
79
TG,

78.
78
78.

T9
i
79,

9.
79,

79.

78.
78.

79.
79
9.

78.
T8,

9.
79.

73-3.4116(x-281_25)
7342 .2826(%-275.79)

.73-2.3132(x-270.63)

T3-0,1436 (x-5722 .25)
73-0,2308 (x-5862 64

73400827 (x-5767.88)

T340 2005 (x-20.99)

L7547 .1525(x-28.37)

T3#3 6B13(x-28.34)

7344 1888 (%-282.17)
(7345.1262(x-275.58)

T3-2.5660(%-275.05)

73-0.1219(x-5632.79)
73-0.1335{x-5725.38)
73-0,1180{x-5743_ 27}

15410 3799 (x-25.97)
75-7.1350(x-23.31)

73-0.1114(x-5671.14}

7340, 1946 (x-3T87.11)

73-0,0986(x-5699, 30)

75-0, 9014 (x-21.03)
75+3 . 7003 (x-23.99)

73+0, 1605 (x-5820.04)
73+0.1712(x-5698.57)

— 24

3715.
5867.
5776,

20,
28,
28,

2703,
3723,
AT

2689

25

2%,

5666

1o

5833.
3145,

B2
62
13

20
30
3s

S
a7
18

.97
J82
.23

=¥
30

.49

L5

.33
5749,
5732,

B9
13

.98
23,

99

15
15

.11
79
Hi

L
17
78

15
17
78

7l
ED
B6

74
a0

B0
&0
76

84
9

B2
BE



Honth Predictors (x)

I ————————— T T R

Feb. (Hot Taken)

Mar. T00mb T
(20-27H, 114-103W)

500mb 2
(15-288, 5-15E)
(22-308, 5B-BOE)

Regression {ﬁ-h--}

79.73-4.1359(x-280.06)

79,7340, 1394 (%-5817.32)
79,7340, 1164 {x-5776.91)

25

280.69

5842 .43
5778.06

7

83
8O



Table 3,
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Howr,

Dec,

Ag In Table 1, but for Mei-vTu length forecast (days}.

Fredictors (x)

J00mb T
{21-33N,
{30-50%,
(33-454,
(38- 50N,

500mb Z
(33-42N,
(15-19N,

SST
(30- 344,
{30-34H,
(18-26M,
(1E-23N,

148 -166E)
68 -4aH)
4-1BE)
112-137E)

109-884W)
25-174)

L77-165W)
T3-694)
135-141E)
69-63W)

(2-6N, 177-171W)

(22-26K,
{10-85,

F0O0mh T
(LlG-F4M,
C30-38M,
{25%-33N,
(24-33N,

500mb Z
(55=T0M,
(3L-3%N,
(21-28H,
(1B-235N,

S5T

147-1534)

165-1T1E)

160-178E)
157-146E)
69 -59%)
46 -56E)

121-161E)
173-176E)
127-116W)
98-113E)

(22-26M, 177E-177W)
(6520, 129-117W)

(14-108, 105-111E)
(26-225, 141-135W)

Mieh T
(17-29H, 143-1&3E)
(22-34N, 147-128W)
(17-320, 71-59w)
(38-57N, 61-83E)
(32-50N, 113-131E)

Regression (y=---)

33.02+44,7940(x-282.58)
33.0245. 6281 ({x-278.34)
33.02+3. 7643 {x-275.03)
33.02+2,.1648(x-267.32)

33,0240, 1420 (=-5959, 65)
33,02-0.3636(x-5884 45)

3. 7344, 9668 (x-23.77)
31.73-6. 4848 (x-25,94)
31,7349, 0330(x-28, 35)
IL.73413,1987(x-28,58)
3. 7346, 0760 (x-28.52)
3L.73414.5787 (x-28.29)
31, 73410,0313(x-29_24)

33,0246, 7005(x-282 . 78)
33,0247, 8629 (%-276. 44 )
33.02+3.3238(x-278,93)
33,02-3, 7009 (x-277.82)

33.0240,0775(%-5165,41)
33.02-0,1523(x-5736.21)
33.02-0.2528{x-5826.37)
33,02-0,4005(x-5854.27)

31,7349, 3249(%-26.17)

31.7342.7900(=-25, 72}

31,73-10.7195¢(x-27.32}
1,73-6.9944(x-23_56)

33.02+3.3716(x-282.91)
33.02+5.0876(=-277,13)
33,0244 ,2832(x-279,07)
33.02+1.7076(x-260.17}
33.02-1.2269(x-2561.18)

26—

37645,
879,

23
25.
28,
24,
24.
28.
29,

£~ an k3 oo

2209

avie,
2831,
S870.

25.
24 .
28.
23,

R sl

LA e B~ 0O

19
70
A
15
71
24
10

.90
69
58
80

Al

50
25
&7

78
0B
19
43

.86
8T
B3
=10,
-12.

47
83

31
33

26
33
k¥
32

18
28
32
i3

36
27
32

28
32
22

27
37
37
ar
34
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Jan.

Feb.

Har.

Fredictors

300mb Z
(23-32NH,
{22-334,

55T
{LE'21H|

(%)

174 -164W)
l46-128W)

135-141E)

(2-6M, 103-%9U)

700mb T
(17-25H,
(50-GEN,
(i#0-50M,
(28-37W,
(15-22H,

500mbk 2
{31'&-'}“|
(40-6EN,
{30-339H,

mh T
(16-24H,
(14-21M,
(&5-55H,
(35-52H,

300mb 2
(68-76H,
EE‘?'E?R!
“.ﬂfﬂgﬂ'.

700mb T
{.2 5‘ =t EFI::IH a
(45=00H,
{2'}' EEH i
{.21] - EEH 3

500mb Z
(28-41N,
(46-63N,
(20-2TH,
(14520,

L30-1L52E)
Le0-LTEBE)
LOS-924)
38-47E)
76-85E)

134-1L44E)
135-122W)
37-62E)

143-162E)
158 - L45W)
3-15E)

BE-108E)

133-16BE)
a0 - 30W)
42 -23W})

128-145E}
148-130E)
115-105W)
2W-6E}

135-154E)
147=-12005
113-1056)
I-14E)

Regression {}-'-'}

33.02-0,
33.02+40.

1180(=x-5782.19)
1966 (x-5803.00

31, 73+13 . 5863 (x-27.200

31,73+,

33.02+3.
33.02-1.
33.02+1.

0007 (x-25_81)

S076(x-281.46)
BIEE (x-25&,00)
5365(x-259.52)

33.02-2.4956(x-269,00)

33.02+45,

33,0240,
33.02-0,
33.02-0,

33.02+3,

33.02-1.
33.02-1.

33,0240,
33,0240,

33.02-2.
33.02+1.
33.02-4,
33.02+4,

33.02-0.
33.02+0.
33.02-0.
33,02+,

L2096 (w-280.77)

0900 (x-3409.09)
0548 {x-5578.15)
1962 (x-5518,33)

B112({x-281.66)

LTES2{x-2B0,43)

TGP (x-262,12)
7250(x-258.35)

DE55(x-5157.20)

D414(x-5221.29)

L2L8(x-3784.52)

5307 (=x-268.20})
3078 (x-262.29)
8527 (x-280,00)
0967 (x-279.22)

D894 (x-5579, 38)
1124(x-5354 .69}
2437 {x-5804,95)
2514{x-5831.79)

L P

al68,
5303,

26.
26,

279,
254,
263,
268,
ZEX,

5463
5504

2B0.
A3
266,
.5 |

279

261

5125,
3006.
5807,

269,
40

266

279,
279,

5550

G461,
.67
SETL.

5833

HH
ey

a9
oo

62
o2
Ir
1r
82

BT
.29
5613,

17

38

33

3l
83
25

89
66

A5

81

95

22
33

27
38
&0
35
&

38

3z
34

28
35
27
28

il
24
16

0
36
EL

35

36
&1
8
&2



Table 4. As in Table 1, but for Mei-Yu precipitation forecastc (mm).

Montch Predictors (x) Regression (y=--=) K 4

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

(32-4BH, 128-146E) 461.96-67.7626(x-271.27) L8B3 325

2
(20-308, 15%9-178E) 461, 96+80,.0790(x-282 . 61) 8.E5 L1k
(3B-4BM, 137-119W) 461.96+36.1273(x-272.70) -, 96 403
{16-33N, 102-86W) 461.96-69 4893 (x-281,5%) 7.35 537
E00mb Z
(32-40N, 134-146E) G61.96-4 4163(x-5722.65) S5T41.40 179
(52-63H, 139-161E) GR1.96+] . 9949(x-5351.65) S5347.44 453
(14-27H, 29-17W) &61.96-5 B427(x-5876.00) SHER.16 S08
85T
[3B-%6H, 159-171E) G4 A0-TB BEBG(x-15.68) 16,30 396
(38-46M, 159-153W) G644, 80-41,3545 (x-16,20) 16.69 424
(26-30M, 123-129E) 444 50-158, 9580 (x-26.12) 26,68 513
(40-34H, 75-69W) G604 40-163,1500(x-25.94) 25.70 By
Hav, 700mb T
{15-24N, 138-153E) 461, 96+B0, 56850(x-283,.57) 9 .85 416
(38-55K, 131-154E) 461, 96-40, 4544 (%-1256.95)  -13.15% 419
{3B-55H, l44-121w) 461, 96431, 2040(x-266.57) -4, 05 541
(36-45H, 29-18W) G961, 96-57 ,6298(x-270.37) -2.2%9 433
500mk 7
{38-53M, 142-16RE) 461.96-2 5882 (x-5384.90) 5460.64 266
(43-32H, TE-66W) 461.96-1.7913(x-5453.12) 5333,00 BIT
{15-27H, 2B8-18W) 461.96-7.5727(x-5655.707 5B26.75 GH1
(33-63H, 141-121w) 6L, 9641, 1509 (xn-5362.59) 530081 368
85T
(38-42H, 171-177W) 444, 80-58 . 6175(x-15.66) 15.90 430
(2-108, 111-93% 446, 40-97, 99009 (x-26_.11) 26.85 497
(154-108, 177E-177W) 444, &04212.8660(x-28.75) 29.14 527
Dac. 700mb T .
{31-508, 111-134E) 461.96-35,1804(x-260.01) -12.72 47
{36-55H, 149-131w) G461, 96+27 . 9761 (x-265.61) -2.61 600
(24-408, 6B-54W) 6L, 964+77.2502 (x-274 . 66) 1.35 450
(47-TON, 94-66W) 461,96+4% . 0550(x%-253.91) -23.55 251
500mb Z
¢33-50NM, 111-123E) 461.96-2.9707(x-5439.03) 5500.77 279
{53-70N, 71-97E) 46Y .96+, 5765 (x-5254.69) S207.30 387
{18-258, #9-98E) G6L.96+6, 8362 (x-5320.96) 5812.87 407

- 2R



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

Jan,

Feb.

Fredictors {x)

85T
(38-42N,
(14-18K,
{18-22K,

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

(10-25, 117-105u)

(1B-145,

700wk T
(30-45N1,
(A7-58H,
(52-62H,
f30-38H,
(463-52H,

S(Hmb 2
{zﬂ" 3#?-
(22-35H,
EW*#EH.

T00mb T
(15-19H,
{Z5-40H,
{45-60H,
(40-50M,

500k Z
(&5-35H,
(&0-50H,
(27-34K,
ILE-E-SHI

700mb T
(28-44H,

(52-62H,
{17 -246N,
(T0-83N,

500mby Z
':3'5'53”:

165-177E)

160-174E)
160-133W)
75-58W)
JB-48E)
98-112E)

123-138E)
132-118%%
70-83E)

128-145E)
128-110E)
58 -40W)

112-114E)

10wW-3E)
110-123E)
15-34E)
§2-90E)

160-175E}
140-120W)

L30-112W)-

£0-20W)

18-11E)

Beg

A8

LA
bty
hidsts
vy

461,

461
461

461
461

H61,
a61.
461,

461
461

461,
Lal.

461,

il

461.

461

L61
461
4al
461

461,

ression {;m---}

§0-70,0299(x-13.64)
.40-73,2622(x-26.16)
40-159,4070(x-26.29)
40412 . 0443 (%-24 .00)
40+129 ,8250{x-27.97)

96-71 . 0491 {x-265.66)
V96431 ATAR{x-26T.94)
L96-23,5309(=-250.41)
LOE-49, T129(x-269 . 00)
L96-33 A841(x-253.40)

9642 .5519(x-5718.986)
96-2. 3362 {x-3/66.25)
96-2 1312({x-3518.03)

L6459 L4463 (x-282.75)
L964+41,1737(x-272.06)
96+42 . 6084 (x-256.77)
06-29.780(x-252.28)

96-1.174L(x-5492,90)
L36-2 7902 (x-5308.93)
G643 . 03445 (x-5660,00)
L9645 8205 (x-5811.52)

L06-45,3827 (x-267.52)
06420, 8711(x-257.85)
96-79.2261 (x-280.18)
L06-40, 9423 (x-269,79)

9642, 6919 (x-5513.57)

L | Y

13.
25.
25.
23.
28.

263

249
267

5743,
5783
5334

2BL
249
257
5473

5676

265,
261,
73
244,

280

5830,

75
52
B3
80
15

.33
763,
57
(22
252,

Tl

Ta

53
B3
29

.29
271,
.35
.83

56

AT
5451.
B3
5809,

57

62

21
72

&8

60

437
491
517
441
467

G206
328
G482
551
485

526
491
427

517
Ll
146
297

475

64
523
451

36T
577
£18
548

17



Table 5.

Predictors

Dot

BHow,

1389

198%

S500mb Z

88T

700mb T

500mb 2

55T

Summary of 1990 Mei-Yu forecast by upper air parameters and 55T
of preceding months.

Frecipitation
{mm)
325
514
443

ERC T I T

EEmmmm—E = s

——————————

EEEmEmaEs ==

W e i

Predictands
Onset Recess Length
{l=aprill) (l-april 1) {Days}
48 T4 e
&9 a0 i1
&8 79 a3
41 a3
A=tiB % A=77.6 A-31.5
ik a0 34
413 79 315
52 8o
A=4E 0 A=T79.7 A=34.5
&5 T7 30
85 r %
51 78 3z
44 &6
33
3z
33
A=id 5 A=T7 .3 A=31, 2
52 75 28
45 17 s
48 TB 32
59 13
A=bl.0 A=Ta.,7 A=30 3
G 71 a5
51 EQ 27
S0 ES 12
&0 26
A=f9 . 0 A=79.0 B=30
L9 4% 78
47 JE 32
49 22
49 33
A=G8 5 A=TE .0 A=28 .8

— A} -



Pradictars Predictands

Onset Recess Length  Precipitatcien
(l=April l) (l=april 1) {Daya) {mm}
Dec. 19689 J700mb T 41 27 &47
52 v &0
37 550
58 T 251
40 34
b5, 3 A=34.4 A=(37 .0
500mb Z diy B0 a5 279
4 B 3 387
49 TG a07
hs=izh 3 A=78.7 A=34.10 A=357.7
55T 51 B4 22 437
49 79 a3 4ol
4% 317
G43
a7
A=59 7 A=81.5 A=27.0 A=GT1.0
Jam. 1990 J00mh T 45 27 626
Lk 31 328
46 &0 4EZ
26 is 551
G L8
A=dT 8 A=36 . B A4 4
S00mb 2 &7 az 38 526
&5 aa 32 491
&6 14 6427
&5
Al fm5 0 A=357 A=GHL, 3
Feb. 1990 T00mb T 50 28 417
49 35 G ]
51 27 lag*
28 297
A=50.10 A=20.5 A=185.0
500mb Z 63 11 075
At 4 aa4w
45 36 523
451
A=31.0 4=30.3  A=-483.0

(#) Mot included in A,



Predictors Predictands

Jnset Recess Length Precipitarion
{1=April {l=April 1) {Days) {mm}
Haz, 1990 T00ab T 41 7 30 a7
&4 36 577
&8 14 413
47 35 548
A=55 0 A=T7.0 A=33.B A=527.5
Sl0mb T fiy B3 36 TrT
45 ] 41
48 26
42 az
f=id 8 A=R1.5 B=35 .3 A=TTT.0

J&—



Table 6. Recorded Mei-Yu omset, recess, perlod and precipitatien frem 1941
to 1988 (Northern and Southern Taiwan averages).

Onzet Recess Period Fracipitactien
Year rI=April 1) fl=April 1) (Daya) {mm}
1541 56,0 8L.0 28.0 630,0
1942 &1,5 aE.0 47.5 443 .5
1953 S58.0 ar.4Q 30.0 222.1
1944 ap.o 20.0 51.0 BE0.5
1945 50.0 76.0 27.0 373.6
1946 43.0 T2.0 A0, 347 .3
15947 47.0 B7.0 1.0 978.3
19485 Sr.0 B&.5 an, 5 286 .6
1949 &41.5 g0.0 39.5 6051
1950 7.0 B5.5 39.5 302.5
1451 43.5 g0.0 3it.5 739.%
1452 50.0 B3.0 35,0 &40, 3
1953 41.5 TE.O 35.5 67E.3
1954 60,0 &7.0 B.O 101.4
1955 8.5 1.5 40.0 4321
1954 40,0 TE.O L 332.9
1957 42.5 a1.5 LT g08.9
1958 52.5% 7.5 6.0 277.1
19549 57.0 86.5 0.5 305,45
19&0 67.0 70,5 33.5 4867
1961 5.0 73.5 15.5 58,5
1962 50,0 79.5 30.5 270.6
1963 6L.5 78.0 17.5 180.2
1964 34.5 B89.0 55.5 358,28
19645 40.0 a1.40 52.0 428.5
1966 63.0 B0.5 1E.5 589.5
1967 51.0 76.0 26.0 529.5
1968 48.5 B89.5 52.0 67L.8
Laa4 47.5 B4, 3 8.0 S504%.9
1970 33.0 B7.0 0.0 4463
1971 £3.0 fl.2 9.5 1i4.2
1ay2 39.0 80.0 53,0 688.7
1973 9.0 8.0 40,0 410,40
1974 55.5 86.5 32.0 655.7
1975 47.5 81.5 35.0 593.%
1974 56,0 73.5 20,5 A0L.4
1977 45,0 831.0 ige.0 998.7
1973 48,0 .5 23.5 233.7
1979 55,0 7B8.5 34.5 545.1
15980 20.5 41.0 21.5 1590
1981 0.0 Bl.0 2.0 6%L.7
1982 59.0 B&.5 28,5 432.5
1983 40,0 gl.0 42,0 636, 2
15984 84,5 EL.5 8.0 B26 . J
1985 57.5 gl.0 25.5 187 .3
1986 4T7.3 3.0 26.5 5R5.5
1987 4410 0.0 25.0 239.1
1988 505 a8, 0 18.5 190, 9
HMEAH 47 .48 0.4 33,15 &72.77
S 4. R4 8,25 10.7 220,28

— 37 =



Table 7. Typhoon frequency forecase for 19%0 with 500mb Z (m) and 85T {nﬂ].

Month

Det .

towr,

Dac,

Jamn.

(22-26M,
(22-148,
{10- 14K,
{46 -508,
(22-26K,
[l4-18m,

500mb Z
[ﬁ:}" ?E“ 3
(20-38H,
(15-28M,
(27-33W,

55T
(Z6-30H,
(30-38H,
CLG-105,
(34-3085,
{10-1&N,
{14" EEHJ
{14-18H,
(22-26H,

S0imb 7
(32-46H,
{26- 36N,
(43-58M,
(30- 450,

58T

(26-30W,
(26-30NH,
(6-10N,

{1ﬂ“1mr
(34- 308,
(10141,
(L6-50H,
':EI'EEHL
(22-16H,

500k 2
(a0-LEN,
(40-58K,
(34-53N,
{15‘?5“;

Predictors (%)

35T

A E LW E L E]

135-1418)
153-165E)
1778-1774)
141-135W)
123-117W)
81-75W)

98-119E)
111-38W)
A6-27W)

88-104E)

129-135E)
153-159E)
153-159E)
177-171H)
165-1594)
129-111W)
81-75U)

75-57W0)

124-104H)
42-27W
10W-11E)
16-54E)

129-135E)
147-153E}

158-171E)

17E-165E)
175-165W)
153-147W)
135-12%W)
123-117W)
63-57T)

140-153W)
163-153W)
75-52W)
95-130E)

Regression {}--"}

4.36-1.
§.39-1,
4. 3040
&, 3940,
G4, 3041,
G4, 30942,

1536(x-28.08})
0136 (x-25.46)
D030 (x-218.62)
TeO5{x-13_24)
0335(x-22.E5)
1356(x-28.86)

L0069 {x-5148.75)
L0238{x-5719,79)
.0365{x-5857.69)
.0380{x-5766.18)

JIBLE(x=04 . 58)
L0B34(x-23.12)
JOBA&(x-28_23)
LB058(x-18.17)
L1692 (x-27.67)
L2086 (x-26.08)
3TLE(x-28.50)
L3639(x-27.04)

0131 (x-5650. 36)
L0181(x-5750.74)
JH16(x-5433.146)
0322 (x-5620.55)

LbEh (k-2 A1)
6361(x-23.63)
COEGBw-28.TE)
L2573(%-26.790)
A20T(x=19,680)
J3246(%-26.17)
LE935 (-9, 9600
LI00% (x-20.59)
LBS56(x-25.70)

.0127(x-5221.29)
L0040 (x- 5528 98)
.ODED(x-5579.43)
.0222(x-5827.63)

A

x

27.
25.
8.
14,
23.
8.

5129,
5735,
5830.
5749

24

MT6,
66T .
3097,
634,

12
23

53222
s

355]

S643 .
A

3832

L
98
T
52
E&
Bl

S0
oo
Q&

.67
23.
28
19.
27.

&l
a
=11
79

49
27,

11

15

34
L4

43
.26
28.
26.
1%.
26,
10.
20.
26,

93
93
Fi-
L+18)
7a
Lo

12

o}

¥

& un Bowa B

Rk
A wd LA

o e e
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ow b
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R Rl ol ol o
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Montch Predictors (=) Repression (f=---]) X ¥

e T ., e, . —— S S RS I T T R R T e e s A S S AR R T AEEE E T TS EEE A .-

Fab. = 2
(20-30m, 126-133E) &, 3540, 0150(x-5783.05} 3813.53 5.0
[27-350, la5-135W) 6 .3540,0155(%-3743.23) 3704619 3.7
[(1LE=2BM, B8.TOW) . 35400394 (x-5B840.11) 3839.94 5.1
[26-38H, 5-15E) &,35-0,0096(x-5673.13) 748,10 5.1
Har. S00mb =
(25-354, 123-150E} 4, 35+0,0230(x-56E8.18) 570312 5.7
(15-32K, 1&4-147W) &, 35+0,01B3(x-58L0.75) 581606 4.5
(37-49K, 65-40W}) 4,35-0.0098(x-5485.48) 555967 3.6
(36-45W, 18-2EE) &, 3540 0L45{x-5553.11) 536580.33 6.2

A8
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Fig. 2. As im Fig. 1, but for Mal-¥u praci pitation vs. February

500mh T in {(27=34°H, 15-34%E).
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