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Abstract:

A systematic investigation of principal components of the circulation
in eastefn Asia has begun for phe_deVelopment of a long-range forecast |
scheme of Mei-Yu and typhoon in Taiwan. The data include twice*daily 1957-
86 NMC Northern Hemisphere octagonal grid data, monthly sea surface tempera~
ture from 40°S to 60°N for 1957-86, and twice-daily FGGE 1.875° x 1.875°
grld data. |

With the monthly and daily means of surface and upper air tlelds, major
principal components are being identified for a region of 0°-30°N and 60°-
160°E prior to, during, and after Mei-Yu, Within this region a fine mesh
area of 10°-35°N and 100°-150°E is.established for the.diagﬁosis of princi-
pal components-with twice?daily data. With both the large outer and small
inner areas, principél components in the daily synoptic series during Mei-Yu
will also be obtained for the FGOE year. | |

Individual principal compoﬂents ara expected to describe different
dynamic and thermodynamic responses of the circulaﬁion to.various,fbrcing
functions at ditferent time and spaca scales. | Thus, through identification
of major principal components and their global teleconnections, we may
examine the predictability of Mei?Yu related circulation for independent
sources of variability, This identification is the key in selecting-the '
proper predictands and predictors, particularly'the former. .After the
selection of proper predictands, the multiple regression foreéast'scheme
will be constructed for seasanal ranges.

The construction of the typhoon long-range forecast scheme will proceed

in a similar maoner. However, the principal components of the circulation

will be used as predictors only.



1. Introduction: ,

Before the eventual goal of the long-range forecasting capability of
‘the mathematical-dynamical models is reached, it is necessary to develop
empirical, regionai forecasting schemes at the seasonal range. Development
of such schemes would not 6nly benefit economic and societal activities; but
would also contribute to the physical understanding of the behavior'pf the
a_tmospheric general circulation through. knowledge acquired empirically. As
suggested by the NOAA work group on global climate chénge (1987), identifj—
ing the spatial and temporal variations at various scales is an important
mission-oriented research goal, on which the development of worldwide pre-
diction capabilities. of natural variations is based.

One of the possible approaches to the long-range forecast is the
application of principal component analysis. One of its specific advantages
is that through identification of major principallcomponents we may examine
the predictability of the circﬁlatibn system for independent sources of
varigbility. ‘At the University of Missouri-Columbia, comprehensive research
is in progfess on principal components and the global teleconnection of the
Asian summer and winter mongoons As'part of the Asian monsoon study, we
are initiating priﬁcipal component analysis and forecast model construction
for Mei-Yu in Taiwan. In a separate effort, we are also attempting the.
typhoon forecast in the long-ranges. _ . | _

This paper reports the scientific and technoldgical background of the
Méi-Yu and typhoon research and outlines the systematic research'plan that
has just begﬁn. In applying the principal component analjsis'in the
forecast schemes, Mei-Yu and typhoons pose different problems and thus
necessitate different approaches. This report concentrates on the Mei-Yu
scheme and makes peftinent references to typhoons. Because the research is
'still in its initial stage, the results have not been compiled at the time
of the writing of this paper. The initial results thus will be shown at the
time of the oral report'in the symposium. However, this paper by itself is
complete in describing the syétematic rese#rch blan.

2. Background and approach: _ _ o

As revealed in recent years, during the concentrated study and ménitorﬂ
ing of the E1 Nifio/Southern Oscillation (ENSO) phenomena, the regionmal
‘manifestations of the ocean-atmosphere system are mostly associated with the
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anomalous development of global atmospheric circulation patterns, often-at
distant locations. Since most major perturbations of the coupled ocean-
atmosphere system are conSequences of nonlinear interactions of mény thermo-
dynamic and dynamic processes; the regional conditions of the global atmo-
sphere exhibit considerable inte:annualnvariability with certain antecedent
conditions of the general circulation. Hastenrath (1986) reviewed recent
progress in tropical long-range prediction and attributed the apparent
success of Kung and Sharif (1982) and Wu and Hastenrath (1986) in the multi-
ple regression forecast of the Indian summer monsoon rainfall and onset date
to the comprehensive diagnostic approach of climate and circulation ancma-
lies. Shukla and Mooley (1987), with their selection of proper predlctors,
also indicate noticeable predictability of the Indian summer monsoon rain-
fall. Kung and Tanaka (1985) extended the multiple regression aﬁproééh to
the monthly femperaﬁure and rainfall in various middle-latitude locatioms,
and confirmed similar predictability of these parameters.

.. Despite dleariy'existent predictability,-the development and research
of loﬁg-range"forecaéting schemes are often:hampered by complex variations
of the general circulation patterns. Td clarify the often confusing cross-
correlatioﬁ[patterns, one remedy is to use a very long time series as the
basis of the Statistical anélysis. However, since the mode and prevailing
patterns of.thé general circulation oscillate over the period of one decade
or two, the use df-long-térm data beyond 20 years does not substantially
contribﬁte to the improvement of the forecast (see Kung and Sharif, 1980,
1982)..'Since the'metécrolégiéél paraméters used as predictands and predic-
tors are co@plex‘manifestations of #arious scales oflvariability, it is
preferable to.fesolve"pétterﬁs of meteorological fields into a manageablé
number of éOmPQnents and explore the predictabiiity of such components.

The utility of principal component analysis in describing the important
modes of variance has been demonstrated by Kutzbach (1967, 1970), Sellers
(1968), Kldson (1975), Trenberth (1975), Weare (1977), Heddinghaus and Kung
(1980), Barnett (1983), Kawamura (1984, 1986), Lau and Chan (1985), and
others. Kutzbach (1967), Stidd (1967), and Davis (1976) describe the proce-
dures for computational analysis of orthogonal patterh vectors and their
coefficients. Through principal component analysis, we.may reduce a large
number of vafiables,iﬁtd a set of components while retaining the maximum
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variance of the original variables. In this way we may concisely describe
the interfelationshiprameng observed variables. If a large number of ob?
'served ﬁariables are highly correlated to one another,.a principal component
may .effectively represent the variation of a fundamental mode of observed |
-variables which are highly loaded on. the component . The predictsbility of
such a group of variables can be evaluated by examining the correlation
between coefficients of the principal components and antecedent variables
(or their principal components) - By using the principai components as
fpredlctands, we can investigate the. predlctablllty of regional circulation .
~as . a linear combination of 1ndependent sources of varlablllty

In our pllot study (Park and Kung, 1987), we ‘examined the flrst three
principal components of the North American summer temperature field with’

regard-to the antecedent oceanic'and atmospherie conditions of the Northern
Hemisphere, and showed them to have considerable prognostic value (Pig.1).
The cross-correlation patterns and their seasonal variations indicate that
the anomalous sea surface temperature (SST) fields of the preceding seasons
tln the North Pacific are closely related to pr1nc1pa1 components of the
temperature field in North America of the following: summer (Flgs. 2 and 3).
The signal of anomalous SST fields appears early in the preceding fall,
l-reaches the msximum in winter, and diminishes toward summer. As shown in
.Fig. 1, the summer'temperature in the eastern and mi&westetn United States
is'determined'by‘the first'princiﬁal component, Whereasrin-the southern and
upper midwestern:United States it is determined by the second component, and
in the western United States by the third coﬁponent. VIn this'preliminary
study an ENSO mode is detected for the North American summer tempefature,
sindicating the impact of ENSO on the general eirculationlbeyond the winter
halif of the year. The ongoing phase of our preliminary study is eoncerned
with the North American summer ptecipitatioh, and the useful predictability
of its principal components is indicated as in the case of summer tempera-
ture. . . _

In the ongoing research the pilot study, as described above, is
expanded and systematically applied to the Asian.sﬁmmer and winter monsoons.
Among major”systems of the global circulation, the Asian summer and winter
monsoons are ideal for investigating principal components and their sea-

sonal-range predictability. The summer monsoon is a promlnent, persistent
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feature of the Northern Hemisphere,'which involve wide ranges of spatial and
temporal variations with distinct characteristics from planetary to local
scales (see GARP Publication Series, 1976; Lighthill and Pearce, 1981).
These characteristic scales of variations exist in response to various
scales of forcing functions, such as plateau heatlng, movement of Hadley
cells, land-sea temperature contrast, heating over the ocean, expansion of
the southwestern Pacific high pressure, and others. Thus it is reasonable
and desirable to resolve the field of monsoon circulatlons into principal
components to be examlned,W1th regard to varlous forcing functions. We_may
then study the global-teleconnection'pattefns of such principal components
for the predictability associated with each component.

In view of the successful evaluation of the predictability asSoeiated.'
with principal components of the North Amerlcan summer temperature and
preC1p1tat10n patterns, which are for a tran51ent eddy region of the mlddlel
latitudes, we may reasonably expect that the basic approach can ‘be readily
applied to the summer and winter monsoons, which are per51stent standlng
‘eddy phenomena. The long range forecast studies of the summer monsoon by
Kung and Sharif (1980, .1982), Shukla and Mooley (1987), and Wa and
Hastenrath (1986) indicate con51derab1e predictablllty for monsoons yet to _
be explored W1th proper resolutions of predlctand and predlctor patterns. |
In major government forecast centers in Asia, emp1r1cal schemes are used
with mixed results for the long-range outlook of monscon patterns’ (e.g.,
Chu, 1978; Japan Meteorological Agency, 1981; Tsengg 1982; Thapliyal, 1982).
Examlnatlon of their records 1nd1cates that monsoons are better forecasted |
when a clearly distinguishable antecedent pattern develops, agaln 31gn1fy1ng
the existence of considerable predlctablllty and the need for adequate
resolution of flow patterns into components. .

The'large populetion of the Fer Eaet depends on the monsoons for its
agricultural productien and water supply,‘directly and indirectly affecting
global economic and political stability. Basic research for the seasonal-
range'empirieal forecasting sehemes oftsummer end winter monsoons is thus
crueially important,fot worldwide agricnitural and economic planning. For
the &evelopment of meteorological science and forecast operation, the sys-
tematic diagnostic study planned in this proposal will provide important
basic- information, not only for the formulation of long-range forecasting
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schemes, but also for comprehensive ﬁnderétanding of the global circulation
.in reference to monsoon systems. As recognized in previous studies (e.g.,

" Krishnamurti, 1971,.1985;,Kung and Chan, 1981), monsoons represent a major
energy source of the generél circulation. The large amplitude features of
monsoon circillations contribute decisively to much of the variance of the
general circulation field. Thus monsoon features must realistically be
incorporated into the numerical models of the general circulation (e.g.,
Manabe et al., 1974). The information obtained will serve not only to
verify, but also to help formulate general circulation models.

With the background and general approach as discussed above, specific
objectives of our ongoing research may be summarized as follows:

1.  Systematic identification of characteristic spatial and tem-

poral variations of the summer and winter monscons in terms of

principal components,

2. Systematic diagnosis of global.teleconnections among principal

components of selected monsoon predictands and predictors.

3. Examination of ENSO mode in the global teleconnection pat-

terns.

4. Linear combination of useful principal components for indepen-

dent sources of variability in the regional monsoon prediction.

Mei-Yu is a phenomenon in the summer monsoon system, but the study of
its long-range forecast in Taiwan is complicated by additionél small-scale
- influences in the region, due to the fact that Taiwan is an isolated island
at the edge of the entire monsoon system.l Though not yet identified, we may
.expect these small-scale variations to be isclated in some high components
of the principal component analysis. Those small-scale variations are
expected to possess different predictability of their own scales from those
of the major Mei-Yu system whichidominate all of eastern Asia. The design
‘of Mei-Yu study in Taiwan thus must be handledlseparately from the general
'study of the Asian summer monscon.

3. Data ‘

The basic data in this study include the following sets of observa-
tions: _

1. National Meteorclogical Center (NMC) Northern Hémisphere

analysis data (1955-1986).

2. Australian National Meteorological Research Center (ANMRC)
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Southern Hemisphere ana1y51s data (1973- 1980)

3. European Centre for Medium-Range Weather Forecast (ECMWE)

global analysis data (1980- 1986).

" 4. TFirst GARP (Global Atmospheric Research Program) Global Exper-
jment (FGGE) Level ITIb data sets. ' |

5. Monthly mean SST data (1950-1986).

6. Seasonal SST anomalies over the eastern tropical_Pacific

(1868-1986). |

7. Rainfall time series data over India (1871-1984).

8. Monthly rainfall for 300 stations over China (1951-1980).

9. Monthly sea level presscre for Darwin (1882-1986).

The special regional data sets of Taiwan are:
'10. Taiwan station records of prec1p1tat10n (1941- 1987)
11. Records of Me1~Yu onset, recess, and special 0bservat1ons
- (1941-1987). |

12. Taiwan area mesoscale exper1ment (TAMEX) data (1987).

13. Typhoon records in Taiwan (1945- 1987).

This research pro;ect has all the basic data sets llsted above from 1
to 9. The monthly mean SST data are collected from various archives. Inh
the earller years they cover from 40°S to 40°N, and from 1970 they cover
from 40°S to 60°N. Rainfall data over India and China, Darwin sea level
pressure data, and eastern tropical Pacific SST anomaly data were obtained
from the University of Maryland, courtesy of Professor J. Shukla.

The regional data in Taiwan will be compiled from the data archive of
the Central Weather Bureau. It is likely that additional local data of
Taiwan will be neededrduring the course of the study.

4. Research design _

During the next three year perlod, the research of the Mei-Yu forecast
scheme w111 be conducted in the following four steps. Steps 1 and 2
jnvestigate the pr1nc1pa1 components of the circulation fields during Mei-
Yu. Steps 3 and 4 attempt to use these components with the global predic-
tors in multiple regression schemes of long-range forecast.

(1) Principal components of Mei-Yu circulation

Two grid systems for pr1nc1pa1 component analysis are established as
shown .in Fig. 4. The fine-mesh erea is superimposed on the 4° x 57 géneral

area so that the smaller-scale variations can be detected around the Taiwan
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region. The fine mesh of the inner grid area is taken as 2.5° x 2.53° in
" Fig. 4. The bounds of the large general area are 2°S-70°N and 60°—165°N;
those of the inner area aré 7.5°-60°N and 90°-150°E.

Orthogoﬁal pattern vectors and their coefficients will be Computed for
principal components of the geopotential height and temperature fields in
the lower, mid, and upper troposphere with monthly means of observations
over the-large grid area for each month of the year with NMC analyses. For
the inner fine-mesh area, the computation will be done with the daily FGGE
IIIb analyses during the monsoon months. Additionally thé principal
components of the monthly and daily precipitation patterns will be computed
respectively over the large and fine-mesh areas of analysis,

'Obtaining the principal components of height, temperature, and precipi-
‘tation fields is the basic computational procedure in this research. There
are many characteristic local manifestations in the broad planetary monsoon
and Mei-Yu circulations. It is possible that important local modifications
of planetary monsoons due to orographic barriers and various types of
instability fail to distinguish themselves as major principal components.
Thus principal component analysis in the restricted local area with the
' dally fine mesh data will bear as equal importance as. the large area
analy51s, The bounds of large and small areas of analy51s will be flex1ble
and properly adjusted as necessitated by the study's progress and computa-

tional requirement.

(2) Examination of Principal Components of Mei-Yu Circulation

The principal components of Mei-Yu circulation obtained in the pre-
Ceding-step will be éxamined with regard to the followingﬁ |

1. Change of monthly patterns in relation to .the monsoon develop-

ment. ‘ | _

2. Association of principal component patterns with-specific Mei-Yu

phendmena, including oﬁset; recess, dry spell, active and weak Mei-Yu,

ete, . ' |

3. Spatial and temporal séales of variations, including patterns of

interannual variations. . | _

4, Identifiable physiéallmechanisms at various scales.

After the examinatlon, important principal comjonents are selected for
proper description of Mei-Yu processes. These components should either
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contribute an appreciable percentage of the total variance, or be associated

with distinctive monsoon phenomena. These.components are also best identi-

fiable with physical forcings of comparable scales. They will be eubject_to

further selection through global cross-correlation analySie to identify

predictands in the regression forecast scheme.

(3) Global Teleconnections - .
Both the Northern and Southern Hemisphere analyses by NMC and ANMRC and

SST data will be examined to select predictors for principal components
identified in the preceding step. For this purpose two sete of variables
(predictor variables) will be prepared for~globa1.observations'and'SST
reepectively to examine the teleconnections of principal components of
monsoon circulations. One set is by averaging monthly mean grid values of
obeervation—analysis for some neighboring grids to represent a larger scale
than the original grid. The size of the new grid willlbe determined during
the course of study. Another set is major principal components of the
global observatlons and SST which will be obtained separately for the North-
ern and Southern Hemlspheres.

_ To examine the predictability of pr1n01pal components of monsoon cir-
culations, the correlatlons of each component with antecedent predlctor
variables are computed and compared. Correlations will be computed with
eaeh predictor variable for each month of ‘the three seasons precedlng the
monsoons. Through a comprehen31ve analy51s of cross-correlation patterns,
we will be able to assess the predictability of principal components of
monsoon circulations and specific monsoon pheﬁomene. Special attention will

be paid to identify possible ENSQfmodes in these teleconnection patteros.

(4) -Multiple Regression Forecast1ng_$cheme

After the examination of global teleconnectlons, an approprlate number
of pr1nc1pal oomponents of Mei-Yu fields will be selected as predictands.
The number of pred1ctands is to be decided follow1ng the preceding step of
the study. The predlctands selected should be adequete to.describe the
pattern and development of Mei;Yu,”and each of the selected predictands
should possess sufficient predictebility with identifiable antecedent
circulation and SST patterns. By linearly combining these selected princi-
pal components as sets of predictands, the predictability of summer and
winter monsoons, respectively, may now be examined with independent sources
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of variability. With identified predictands,-a‘comprehensive description of
antecedent elements and following patterns of Mel-Yu will be offered.

For each of the selected predictands for Mel Yu, a multlple regression
eduatlcn will be formulated with five predictors. The linear combinations
of such regréssion equaﬁions will then be the long-range forecaéting scheme
of summerraﬁd winter monsoons. Formulation of a multiple regression
eqﬁation is detailed in Kung and Sharif (1980, 1982) and Kung and Tanaka
(1985). The forecast experiments with mulfiple regréssion equations are to
be conducted in two ways. TFirst the regression coefficients are evaluated
with the entire time series data, but excluding the data of each forecast
year (see Kung and Sharif, 1982; Kung and Tanaka, 1985). Data for the
forecast year are used for the real time predictors. Second the regression
coefficients are evaluated with the data 6f earlier years in the time
series, and then forecasts are done for successive years following such an
evaluation. |
5. Typhoon

The descripfion of Mei-Yu long-range forecast research is equally
applicable to typhobn. However, except for the precipitation, the principal
components of the circulation, including those of SST, are used only as
predictors.  The statiétics of typhoons, such as frequency, strength, path,
etc., preclude the use of principal components in their description.
Utilities of principal components as predictors in typhoons may be seen from
the study of Kawamura (1984, 1986). The first step in typhoon forecast must
be the parameterization of typhoon statistics, which will be in progress
this.year.

6. Concluding remarks 7 . _

Scientific and technical basis of principal component analjsis for the
purpose of long-range forecast of Mei-Yu and typhoons is discussed, and the
procedures of model.constfuction have been described. This is the first
attempt in using principal compohents in an operational long-range forecast.
The principal component analysis for the Mei-Yu circulation has begun, and
the study of typhoons is in the stage of parameter121ng the typhoon statis-

tics.
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Fig. 3 Interannual variations of the central North Pacific SST {(°C) in
April and the coefficients of the first component of the North American
suymmer temperature. : '
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Fig. 4 Outer and inner grid areas for the principal component
analysis.
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