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1. OBJECTIVES AND REHARES

The purpose of this preject is te develop the lemg-range (one month
to one year) forecast scheme of Mei-Yu and cyphoon in Taiwan, Specific
technieal objectives durimg the first year include:

1. Tao study the basic fields of variatione im the Northern Hemi=
sphere cireulatlon with the long-term (1935-1%86) upper air snalyees and
sea surface temperature (33T) analyses in terme of principal component
analysis.

2. To obtaln the telecomnmection patterme of Hei-Yu and typhoon
predictands with the Northern Hemisphere circulatiom and 55Ts. Thae lLater
updating of data Co the present is utilized in this portiom of the snaly-
sis.

3. To investigate the spectral characteristles of the Horthern
Hemisphere circulation in reference to the onset and recess of Mei-Yu.

. To make proper arrangements and preparations for the =zecond and
third year projects which are respectively a qualitative forecast experi-
ment in 1990 and qualitative regression forecast in 1991,

Before the commencement and during the progress of Che flrst year
project a cloge coordinatiom has been maintained with Mr. Shih-Ting Wang
and Dr. Beng-chun Lea to constantly review the vtechnical objeccives and
alzs ve moniter the pregress. It is our belief thar the first year
objecrives have been accomplished to the satisfaction of all parties
concerned. This report deseribes the teehnical speeifics of the research-
development, Basie results of the principal component and teleconnection
analyaes have been forwsrded to the Cemtral Weather Bureau through Dr.
Lea. The maps not previously forwsrded are appended to this report as a
separate volume, The voluminous msps previously forwarded are not re-
peated in this report. Howewer, they are available at the Central Weather
Bureau and we also can resupply those maps from our existing file. The
fipures utilized in this report are selected ocutputs for the purpose of

deseriprion and discusaion.



It is apprapriate to nate here that In this cype of resesarch-devel-
opment, the resulecs and progress may lead to a pew .scope of an addition to
the technical objectives originally conceived. The third technical
objective in the preceding paragraph {(i.e., the spectral characterisitics
associsted Wwith Mei-Yu onset atnd recess) is sueh an additclen te the
ctiginal plan. It is a positive, useful development which may be of

significance in further research-development.

2. APPROACH AND HETHODS

The data utilized include Mel-Yu and typhoon recerds in Taiwan,
Mational Meteorological Center (WHC) cctagonal grid analvses, and BMC and
Comprehensive Ocean-Atmosphere Data Set (C0ADS) 55T analvses {see Reynolds
1983 and Slutz et al, 1985). Original octagonal and 33T analyses were
previously forwsrded to the Central Weather Bureau.

Before the teleconnmection patterns of the Mei-Yu and typhoon pre-
dictands were examined, we proceeded to analwyze the principal compobencs
of the Morthern Hemisphere circulation and 55Ts owver the Pacific, Atlaptic
and Indian Oceans. Hot only is it a necessary step before the celecon-
nection analysis, but also the cbtained principal components may serve as
predictors in formulating the forecasting scheme. One goal of the prin-
cipal component analyais, which i1s also referred to as empirical ortho-
gepal function or elperwvector analyslas, Is to reduce & large pumber of
varfables ipteo a managesable set of componencs, while retalning the maximum
varfance of the original wvarlables, enabling us to conclsely describe
patterns of interrelationship among obzerved wvariables, In the analysia
of highly correlated meteorological fields, a limited number of principal
components may effectively represent the fundamental modes ef variationa
which are highly leoaded on these components, It is app:&prlafe Co note
that che empirical orthogonal functions have no predectermined forms, and
only depend on the interrelationship within the analysis dataset. Thus,
they are particularly suitable to investigate anomalous fields of the
general circulaction, for which no known analytical form exists because of
complex boundary conditions and varlous scales of nonlinear interactions,

In this investigation pattern vectors and time coefficients are
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cbtained for major prineipal components of monthly mean fields of che 700
mb temperature T({°C) and 500 mb geopotential height Z{m) in the Northern
Hemisphere and for S5T (*C) from 10°5 to 60N, all from 1955 te 19B6.
Variances of intra-annual seasonal variations are eliminated by defining
the anomaly fields of monthly means in referemce to long-term means of In-
dividual months. Spatial characteristic patterns of major components and
corresponding time coefficients are compared among 500 mb Z, 700 mb T and
55T, and for different seasons. The interrelationships ameng modes of
varfacions of these three metecrological fields are examined through the
comparison and correlation analysis of time ¢coefficients of major com-
pﬁhencs. The time coefficients are also utilized te compare the 55T of
the Facifle, Atlantic, and Indian Oceans, and also to compare the tropical
and middle latitude 55T.

The general mathematical procedures for computatien of crthogonal
pactcern vectors and their coefficients are as previded {n Kutzback ¢1967).
The prid values of monthly mean fields were standardized Lo zero mean and
unlt variance so that each pgrid peint can have normalized significance in
deseribing the spatial wariation, Sinee the departure fields are ochtained
with respect to rhe multi-snnual meane of respective monthly mean fields,
the variance of the seasemal cyele has been eliminated, The wvarfable
matrix, which has normalized departures from time means, 1% used to
compute the correspending correlation matrix, whose slements are the
correlation between grid peints., The eigenvectors of such a corvelation
matrix represent a set of normalized departure fields., The eigenvectors
are not rotabed in order to retain the maximum varlanece in the first few
components (see Walsh and Richman 1981), The characteristic pattern
veetor is described by the eigenwvector multlplied with the standard
deviation of its corresponding prinecipal compoment. Thus, characteristic
patterns represent the simple correlations between respective components
and metecrelopical fields.

Az a basic measure of teleconnections between predictands and
antecedent cceanic and atmospheri¢ conditions, a comprehensive crosas-
gorrelation analysis was performed. The Mei-Yu predictands wtilized for

this purpose were the onset date, recess date, total precipitation during
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Mei-Yu season, and the days of Mei-Yu season. The onget and recess dates
are expressed in reference to April 1 {April 1 iz l, and May 1 is 31 for
instance). These are average values of Northern and Southern Taiwan. The
spplicable areas of predictands must be as large as posgible. The pre-
dictands for smaller reglons tend to be mere unstable In use, but the
prediction in small areas can be easily derived from large areas with
proper climatological parameterization. The typhoon predictands includad
frequencies of typhoons invading Taiwan, and typhoons and eroplcal cy-
clones in the northwescern Paclfie, The antecedent atmospherle coenditions
for the telecomnectlon snalysis included 500 mb Z and 700 mb T in the
Northern Hemisphere and 35T from 4075 to G0°H.

The spectral functions of 500 mb Z were cemputed daily from 1956 to
1985. For the composite Mel-Yu period from day-100 to day 80 for the 3l1-
year period, the spectral functlons were averaged for the latitudinal band
of 4B°N-62°N and presented in texms of trough-ridge disgram., The days of
the composite Mei-Yu period are expressed in reference to the onzer date.
Thizge the onset date is day 0, day-100 is the 100th day prior to the onset,
and day 60 1s the 60th day after the onset. After examination of gross
characteristics of the composite spectrum, spectra of individual years of
the period may be further emamined.

3, PRINCIPAL COMPONENT ARALYSIS

The percentage variance and cumulative percentage variance of the
firet ten components of 700 wh T and 500 wb 2 of the Morthern Hemicphere
and Pacific SST are shown in Tables 1 and 2 for Janmuary and July. The
distributions of varlance over these components show the magnitude which
we may expect from previous analyses without involving the geasonal cycle
(¢.g., Kutzback 1970, Weare et al. 1976; Weare 1977; Park and Kung 1988).
The firet three to four components account for approximately one-half or
mere of the total variance, although there exists some differences among
the three fields and between winter and summer menths. As discussad by
Overland snd Preisendorfer (1982), it is lmportant to determine if the
prineipal components obtained in the analysis are statistically signifi-
cant, so that the geophysical incerpretation of results will be meaning-
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ful. As shown in pattern vectors of major cosponents (Figs. 1-5), large-
scale characteristie patterns are deseribed by large correlation cosf-
ficients of [0.4] to [0.8], which are significant at the 98 ro 04 83
confidence level for 700 mb T, and at the 96 to 99,9% level for SST fields
accerding to the respective lengths of time series. The higher componentcs
alza show some gignificance in limited areas, but the level af signifi-
cance in large arcas drops sharply.

Monthly patterns and interanmuial variations of time coefficients
have been previously forwarded and figures related to this section are
merely for the purpoese of deseriptiom in this report. Characteristic
patterns of the first three components of the monthly mean 700 mh T are
shown in Figs, 1-3 for every ather month through the yeax. A clear winter
pattern is recognized in Fig, 1 for the first component, as seen in
Jaruary and March, Large “eenters of action® are recognized in all
quadrants of the Northern Hemisphere. The centers over eastern Asia and
the wescern Pacific, and over the eastern Pacific and Eutops, are par-
ticularly dominant and stable. The configuration deteriorates through the
late spring and summer months, when the centers of action are recognizahle
over the eastern Pacific and western Arlantic. In the fall, as seen in
September, a transition from tha summer pattern te the winter pattern
occurs, and as early as November, the winter pattern reappeats, The
second component in Fig. ? also shows a distinguishable large-scale wincer
pattern in the Facifie and Atlancie. Although the pattern is clear, ft is
less intense than that of the first componient. It {s noteworthy that the
large-scale pattern completely disintegrates and becomes fragmental in the
summer, as seen in July., The third compenent in Fig. 3 has winter centers
of action in the Pacific am® Atlantic, with the former belng such stronger
than the latter, In the summer the pattern is greatly weakened, but not
a3 fragmental as thec of the gecond-component .

Some interesting features of the 700 mb T patterns may be noted. It
is reasonable te expect that the configuration of the first component
represanta the planetary-scale variation of the lower boundary {(see Budyko
L%74), including that of land-sea contrast, Time coefficients as oxa-
emplified In Fig. € indicate that the interannual variation (&% shown over
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the entire date pericd) and intra-snnual varistion (as shown in the
Adifference between months) of the first compenent are both smaller than
those of the second and third components. This may be due to the gtabilicy
of the largest-scale variation of the surface boundary, whleh {s respons-
ible for the first component.

When we compare Che winter and summer time coefficients ef the
second and third components in Figs. 4 and 5, the interamnmual variations
are more clearly observed during the summer thar in the winter, Although
coefflcients of winter months invelve more neise, it is still possible to
see a peneral interannual variation which is censistent with those of
summer months. The characteristilc patterms im Figs. 2 and 2 suggest that
those two components are likely the result of the ocean surface hgating
(see Figs. & and 5), In the second component the east-west conbrast oveb
rhe ocean stands out, whereas the third component indicates a north-aouth
contrast over the peean, It is noted hera that the basic planstary-scale
variation of the first component also involves the effects of the ecean
through the land-sea contrast. The ccean apparently acts in different
distinguishable modes of the large-scale climatic variatioms. Following
the Lnreranmual wariations of time coefficients of the second and third
components {Figs. &), three distinct perloeds seem identifiable over the
entire data peried: periods prior to 1962, between 1562 and 1978, and
after 1978, Given a steadiness of the first component, the second and
third components are important indicaters of the oceanle effects in che
intersnnual climatic fluctuations.

The 500 mb £ patterns are not explicitly discussed here, but they
clearly follow those of 700 wh T, and the utilities may be made from the
figures previously forwarded, The characteristle patterns of the First
component of Pacific 55T in winter show an east-west contrast, vhich is
particularly distinguished in the winter (Fig. 4} when the western and
eastern Pacifics have the largest temperature difference between the warm
(Kuroshic) and cold (Callfornia) currents., During the summer (Fig. 3} the
varlations of the first component are more localized in smaller scales,
This is apparently related to the fragmental susmer patteln of the second

component of 700 mb T as we have seen in Fig. 1. The second component of
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88T is more dominated by the north-south centrast than the east-west
contrast, The spatial pattern distributions of the first and seecond
components In tropical aress, partleularly those of the second component
In the winter and the first component in the summer, under=zcore the
preferred scale and locations of appearance for the El Witio/Southern
Osgcillation interhemispheric variations, The third and fourth compenencs,
as shovn In Figs. 4 and 5, alse portray discinct spatiasl distributions of
patiern vectors. However, the scale of variation and concribution te thea
total variance (Tablea 1 and 2} are smaller than those of first and second
components. It is reasonable to assume that the higher order principal
components represent the finer aspects of physical processes, whereas tha
Lower order components describe mere of the basic features of the physical
enviromment, such as large-scale temperature contrasts. Lt is fmportanc
to point out, however, that the higher components of SS5T (also 700 wh T
andd 500 mb Z} could bear conslderable imporctance for Mei-¥Yu and typhoon
predictands, as indicated by the scale of cross-correlation patterns in
Figs. 7-9. In any case, the 35T anomalies may be related to the anomalies
in the mid-tropospheric circulation through the heating of the lowsr
troposphere. It sheuld be polnted out that, although they contain largs
fluctuations, the three distinctive climatic perlods f{dentifiahle in the
second and third components of 700 mb T (Fig. 6) are also tracesble in the
time series of the first and secomd compoments of 500 mh Z and $5T.

4. GCROS5-COREELATTON ANALYSIS

Cress-cotrelation analyses of the Hel-Yu and typhoon predictands vs.
700 mb T, 500 mb Z, and 55T, of the preceding 12 months were completed,
and correlation maps have been forwarded to the Central Westher Bureau.
General noteworthy characteristics of the correlation patterns includs the
following. (Figures 7-9 only exemplifies characteristic patterns, and
previously forwarded maps sust be referenced.)

L. The characterlstic patterns are statistiecally very significant
and useful in long-range prediction.

2. Oross-correlations are significant up to 12 months, indicating
the long-range predictability of Taiwan Mei-¥Yu and typhoon from a season
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to a year.

3. Significanee of cross-correlation is quasi-cyclic. Thus the use
of appropriate pradicters should be found through detailed examinations of
all preceding months.

4. In gensral, among examined predictors, the Mei-Yu om=et, pracip-
itation, and typhoon frequency show betrer cross-correlations than Hei-Tu
recess. However, a proper combination of Mei-Yu onset and Mei-Yu days may
gvercome the wealmess of recess prediction.

From each of the cross-correlation charts {previcusly forwarded) of
preceding menthe, aceas of high cross-correlation wers selected. Each
area, except for limited cases, invelve several to mere than 10 degrees of
lacitudes and longitudes. Grid values of 500 mb Z, 700 mb T and §3T are
everaged for each area as a predictor. A total of 312 such predicters (%7
for 500 mb Z, 103 for 700 mb T, and 112 for S5T) in reference to Mei-Yu
prediectands are examined. Cross-correlations with typhoon predictands ars
ta be completed during cthe second year.

411 secatter diagrams and time series diagrams of these predictors
will be forwarded separately to the Central Weather Bureau. Figures L0-13
are arbritrary exasples of such diagrams at different locations of the
pradietors. Some predictors show clear simple regresslon with predice-
ands, but some only indicate a general tremd. In any case wa should not
base the predictien on any single predictor or on only a few predictoers.
Collectively, however, the fowarded diagrams will be wery useful in
forecasting Mei-Yu and typhoon predictands when we use many predictors in
different locarions during different months. &n intercomparisen of
{ndications frem different predictors in referemce to a apecific predict-
and for their eemeistency and peneral trend, will be criticsal in a quali-
tative-synoptic foreeast. This will further be the basis te develop the

multiple-regression schemes.

5. PLANETARY WAVES
It iz impsrtant te note that Mei-Yu is an ingredient of the hemi-
spherical planetary wave sctlvities despite Lts customary treatment as

local phenomena in eastern Asia, Figures 14-17 are trough-ridge diagrams
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of 500 mb £ for the latitudinal band of 46°-62°H from day-100 to day &0 of
the Mei-Yu cooposite (day 0 is the onset) for 1956-1986. The average
onset date {day 0) is 47.7 days from April 1 with the standard deviaticon
baing 9.5 days. The average Trecess date is 79.7 days + 9.6 days, Thus
the average recess date should fall at day 32 of the composite Mai-Yu,

It i5 obvicusly difficult te associste zonal wavenumbers m—1 apd 2
(Figs. 14 and 153) with the Mei-¥u peried. However, n=3 and 4 in Plgs. 16
and 17 clearly can be assoclated with the onset and recess of Mei-Yu, and
these are the expected scale ranges of of Mei-Yu or susmer mongeen activ-
ities in eastern Asia. Frior to the onset, the activitics of =3 dis-
appear. Some level of activity Is restored with the establishment of Mai-
Yu, which disappears again after recese, Activities of n-4 also diminish
prier to the onser. It shows a characteristic move of phaze at the time
of recess.

Currentl-
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we are processing daily trough-ridge diaprams which will
be completed during the second year project. Preliminary indication from
the individusl year's disgrams is that the variations of n-3 and & are
indeed observed annually in association with Mei-Yu onset and Tedass,
However, strength and contrast of n=3 and 4 are slse related with Mei-Tu
variation in individual years. The subjeet will be further pursued
through the contrast of annual n=3 and 4 patterns and variatiens of Mei-Vu
during the data period.

It is noted that Mel-Yu iz a stationary frontal syatem that moves
gradually from southern China to northern China and Japan. The onset as
defined in this investigation is the onset as cbserved in Taiwan. Thus it
ia possible to calibrate the trough-ridge diagrams in Figs. 3 and &
against different onset and recess datee in various latitudes of eastern
hsia,

6. LINKAGE WITH THE SECOND AND THIED YEAR FROJECT (CONCLUDING REMARES}
The investigation reported in this decument {# the basis of the
qualitative and quantitative forecast of Mei-Yu and typhoon o the second

and third year of the investipgation.

In the second year the principal compenemts, cross-correlations at
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grids, and large-scale teleconnmection pacterms as obtalned in this study
will be adequately utilized with the real-time data to generate 1990 long
range forecast with lead time of one month te ome season. The spactral
characteristics of n=3 and & will be subject to detailed Investigation to
give supplementary semi-quantitative forecasts in the range of one Ca Ttwo
weeks.

During the third year, multiple regression equations will be estab-
lishad utilizing the mumerous predictors examined in the first and second

year, The quantitative lemg-range forecast then may be expected for 1991,

7. TECHHOLOGY TRANSFER

A elose ecollaboration with the Central Weather Bureau was maintained
during thie vear's investigation, and will be malntained through the
second and third year in gqualitative and quantitative (mzltlple re-
gressien) [orecasts,

During this first year Investigatiocn the following volumes of
documents have besn forwarded to the Central Weather Bureau:

1. Monthly principal components of 700 mb T

2. Monthly prinicpal components of 500 mb Z

3, Monthly prineipal components of 55T

4. Cross-corralations of Mei-Yu predictands and 700 wb T

5. Cross-eorrelations of Mei-Yu predictands and 500 mb Z

§. Cross-esrralations of Mei-Yu predictands and 33T
#7. Scatter diagrams and inceranmual variation of Mei-Yu predictsmds

and 700 mb T

+8 . Scatter diagrams and interannwal variation of Mei-Yu predictands
and 500 mb Z

#9, Scatter dliagrams and interannual variation of Mel-Yu pradictands
ard 55T

#These three volumes are being forwarded under a separale CoOvVer.
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