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ABSTRACT

Throu~i the study and evaluation of cold surges in the northeast

nx~nsoon , insi~~t is gained into the relationship of the surges with

large-scale mid-latitude aid tropical syster~ , their horizontal and

vertical structure , their equatorial penetration and their effects on

other phenonEna . The results lead to the tentative conclusions that

dua to the varying degree of air-sea interactions between cold air

• originating from the South China , the near-equatorial latitudes

of the South China Sea will e~perience a freshening of the low-level

northeasterly uonsoon winds prior to a decrease in surface tenperature

which, if it occurs , is confined to the western portion of the South

China Sea. This allows a near-equatorial disturbance (which may

originate from the semi-stationary near-equatorial trou~i over the

coast of northern Borneo or from a westward propagating wave in the

western Pacific) to be intensified at an early stage of the surge by

enhanced low-level convergence and organized deep cixnu.lus convection.

Afterwards it may be weakened by either cold incursion along the

Vietian coast or a slackening of the northeasterlies .
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I. IflTR0D~ETI0N

The northern winter txonsoon is one of the nost energetic and convective

systems of the attiosphere. During winter , the major convective area of the

planetary scale L. shifted from its normal su~xner position near India to

the vicinity of the equatorial “maritime continent” region of Malaysia, Indo-

nesia and the South China Sea. Although the thermally direct overturning

is basically similar to that of the siirnier nonsoon [Krishnamurti, at al ,

1973] the winter nonsoon e~thibits a distinct character which is considerably

different from being merely a mirror image of its surr~~r counterpart . Its

hea~y convective precipitation and associated latent heat release in the

near equatorial latitudes is situated itniediately south of the very cold

Asian land mass , thus producing a strong north-south heating gradient which

serves as not jus t the dorm ant heat source for th~ global circulation at

this time of the year , but also the largest heat source anong all systems

in the atnosphere.

In a simple sense the planetary scale winter nonsoon circulation r.~ray

be viewed as the East Asian local Hadley cell . The lower tropospheric

branch is represented by the equatorward northeasterly flow which is inter-

rnitcently reinforced by the cold air surges from the Siberian High , and its

ascending branch is associated with the strong convection in the vicinity

of the maritime continent which normally is the location of the equatorial

troughs . The intensity of this local lladley cell makes it the nost

important contributor to the zonally-averaged meridional transports during

winter. Somewhat similar to the alternating active and break conditions

of the stmxrer t.c~n.coon , the intense heat source of this circulation is also

- - • . -
~



subject to considerable f luctuations which may be r.~ianifested by variations

in the intensity of the semi-stationary equatorial troughs in the maritime

continent and/or the development and decay of propagating synoptic scale

dist~~bances in the South China Sea . Due to poor data coverage , very little

is I~~own about the structure and characteristics of either the stationary

troughs or the synoptic disturbances . However, there are sone indications

that s~~~ of the fluctuations of these near-equatorial convective systems

are correlated ~rIth the sporadic cold surges off the South China coast

[Ramage , 1971]. Since these convective systems contribute substantially

to the gigantic heat engine that drives the planetary scale circulation

during winter , the understanding of their behavior and pucsib le interaction

with the cold surges from the north becomes an important problem of

tropical and uonsoon meteoro1o~~ . This is also one of the primary scientific

obj ectives of the 1Jthter JIE~ which is to be impl~ iented during the Global

Weather E~~erftent of 1978-79. The purpose of this thesis is to carry out

a pre-?D~~ ’: pilot study of this problem using the e~dsting available data

for DeceLiber 1974 , hopefully to identify certain features and questions

pertinent to the possible relationship between the cold surges and the

near-equatorial convective systems which may be useful for post4D~E~ studies .

The first section of this report is a brief review of the climatolo~~
of th~ circulation features , cloudiness , tropical cyclones and cold surges .

The remaining sections deal specifically with a case study illustrating

synoptic sequences during the selected period 3-12 Decetrber 1974. In this

case study a detailed synoptic analysis of a sequence of cold surges

arid near-equatorial disturbances in the South China Sea is presented , the

results of which suggest a plausible relationship between the surges and

the disturbances . The sequence is typical of situations that have been

L 

observed to occur often during the winter nonsoon .

13
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The findings described herein should be considered as provisional,

since only the conth of Decei±er 1974 was examined ; and for the purpose

• of this report, no search was made for missing observations, nor ~~re

the operational charts , other than the 850 ml, chart , systematically

reanalyzed .
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II. FORECASTING IN ~~E VICINITY OF THE S0U1~I

~1IINk SEk DURI~~ THE ~DRI11EAST 1~I)NSOON

A. GEN~ 1AL BACK~~OU1D

Of all the tropical areas , the western Pacific is perhaps the nost in-

triguing because of its typhoons and nonsoorial surges . Yet , even in the

densely inhabited western portions around the South China Sea , there are

less than one-fifth as many surface reporting stations as in the United

States, even though the areas are comparable. The northeastern United

States alone has as r~any rawinsonde stations as all of the Southeas t Asia

and United States meteorologists often complain about lack of storm defini-

tion and poor resolution of weather patterns over this country . In South-

east Asia one can hardly expect obtaining sui table resolution to be less

than difficult at best. Other difficulties are those of man ’s comprehen-

sion within the traditional raid- latitude , so long tuned to marked physical

variations in mid- latitude meteorologica l indicators that the subtle

changes of the tropics often escape notice .

The basic physical nature of Southeast Asia presents another forecast-

ing difficulty~ One side of the basic physical nature of Southeast Asia

is insular due to its island-peninsular arrangement from 90° to 140 ° east

longitude around the South China Sea and Indonesian Seas . The other side

is tropical due to its position from 25°N to 10°S latitude astride the

equator . The consequences are larger diurnal than arrtual variations for

rTkDst places in many climatological elements , such as te perat’..ne, pressure ,

and in some cases noisture. Other contrasts to hi~~er latitudes are the

relatively txiiform insolation, length of daylight , high temperatures and

high hixnidities.

15
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B. F~)I1TAL ~JUES AND

Altho~~h fronta l ideas are well established in relation to the weather

of the mid-latitudes and form the basis of anal ysis and forecas ting in

those regions , their extension to the tropics is still only tentative .

Climatological observations have in the past led to the generall y accepted

view that , broadly speaking, the air of the tropics consists of a vast,

alnost h~~~geneous, warm , tx ist mass , within which the only factors

operative for the production of cloud and rain are radiation and orographic

and convectional effects , nodified by the diurna l variation of insulation.

The area between latitudes 30°N and 30°S ccxt~,rises one half of the earth ’ s

surface , and the greater part of it consists of ocean , the variations of

whose temperature are generally slight and gradual . Over this extensive

and al~~st uniform surface the air riovement is comparatively slow and not

only is it usually impossible for appreciable discontinuities of air tem-

perature to be set ~~ in the region , but those from outside tend to be

quick ly rix dified. The whole air mass acquires a high temperatu re , arid in

the lower layers at least, a high noisture content. It would appear

therefore that when this air is subject to convection resulting from its

rro veLent over heated land masses , to orographic up lifting when it meets

the n~.~~rous and substantia l rioun ta in barriers and to the uplift due to

convergence between the trade winds of the northe rn and southern hemispheres ,

the ensuing heavy rainfall and cloudiness could be easily explained in ter ns

of air-mas s properties without having recourse to frontal ideas .

Observations , however , show that the weathe r of many parts of the

tropics does not always follow a re gular diurnal sequence , nor does it

have a fixed distribution from day to day , as it ~~uld if it were the

resul t of the action of the above processes on a horrogeneous air mass.

One day is rarely the exact counterpa rt of its predecessor , though there

16
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is on the whole far less variation than in higher latitudes . It is natural

to atte mpt to relate this changeability of weather to horizontal variations

of characteristics within the air mass , and in particular to consider

whether these variati ons can ever beccn~ so sharp as to constitute narr ow

tr ansition zones or possibly fronts .

It is reco~~iized by the majority of the tropical meteorologists that

extra-tropica l pheriomana do nove into low latitudes and cause ‘~weather ” in

that area . Fr onts , therefore , may be e~~ected to occur with in the tr opics

either as a result - of their intrusion from higher latitudes or horn fronto-

genetical processes within the tr opical air mass . In the first of these

processes the polar front is swept into the tr opics while an intense anti-

cyclone builds up in the cool air behind it. Initiall y, a fron t exhibits

a marked discont inuity of temperature ; however , on noving into the tr opics

it is subject to fro ritolysis because of surface influences and subsidence

of the cold air. Nevertheless , it should be possible, given a sufficiently

close network of observation stations , to achieve continuity in trac ing

fronts fro m char t to chart . On account of the masking effect of diurnal vari-

ation and other influences the surface observations are in many cases non-

representative . In the second process there is little or no difference

of temperature and ht.~ idity between the front-forming air masses , but the

weather is caused by the uplift resulting from convergence between them.

The formati on and persistence of a front of this type depends upon the

field of flow; the zone of convergence is a feature simply of the flow

pattern and it has no permanent existence in the sense of being associated

with particular particles of air or with the boundary between two dis-

tinguis hable air masses . Examples of converg ence zones are the inter-

tropical trough between the trade winds of the northern and southern

hemis , and the surges of the trades . A nore detailed description

17
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of fronts arid their analysis in the tropics can be found in Day [1942] .

A third type of zorial disturbance is the wave-like perturbation or

trough, lying trore or less at right angles to the general flow . These

easterly waves occasionally affect the area , pr-incioaily airing the latter

wnr.hs of the year and usually south of about 17N latitude. During their

passage , these waves produce increased shower and thunderstorm activities .

On occasion , easterly waves generate circulations which intensify and

reach the area as tropical storms and typhoons. The northeast nonsoon,

however • tends to isolate the Southeast Asia area horn the effects of

tropical systems , and by January only feeble storm reririants or weak easterly

waves penetrate west of 125°E [U.S. Fleet Weather Central Joint Typhoon

Warning Center , Guam, 1969] .

C. THE CLD4P~TOLOGICAL SE~~fl~G OF THE. WII~TTER ~~NSOON

If there is such a thing as a basic wind current over Southeast Asia ,

it rm.zs t be the “tradewind” easterlies . The one fundamsntal exception is

the “equatorial westerly” current which is often times caused by, or is at

least associated with a double tropical trough. It is in these troughs that

western Pacific tropical cyclones often occur eithe r because they form

in the trou gh or because they make the trough upon formation . Then upon

developing and uoving poleward, a mature cyclone increasin gly draws the

trough away from the equator .

Thus, during the northern hemisphere winter, late October to middle

March , the Southeast Asia circulati on is characterized by tradewinds south

to just north of the equator. Between the trades and the equator, lies

the northern her~.sphere tropical trou gh--relativel y inactive this tir e of

the year. South of the equator, over Indonesia , one finds equatorial

westerly winds between the northern and southern hemispheric troughs . The

18 
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active southern trough usually consists of a string of cyclones in various

stages of development . At the same tire, the northern trough oontairis a

m.rn ber of cyclonic circulations with not enough indra.ft to cause orga nized ,

widespread “weather” and one or two cyclones with organized , but usually

poorly developed weather patterns. Consequently, weak tropical storms

occasional ly affect the southe rn Philippines , extreme northe rn ~falaysia ,

southern Vie~~ara, and peninsular Thailand . These storms form in both the

South China and Philippine Seas or farthe r eastward, drift westward slowly,

and are usually short lived.

The northern hemispheric subtropical ridge in the upper troposphere

usually lies east-west across Visayas to southern Thailand (see Figure 1).

It separates the upper level easterly winds over nest of the Southeast Asia

from the upper level westerlies over the northern portions of Burma ,

Thailand, Laos and Vietnam. During October , the northern subtropical jet

stream estab lishes itself at 30 , 000 to 40 ,000 feet near 28°N or from

northern Burma across southern China to just north of Taiwan . Southwesterly

winds from anticyclones in the upper ridge converge toward the strong

current to the north. The general result is enough stream convergence

to cause net downward vertical notions and fair weather over the northern

half of Southeast Asia. This generally fair weather is characterized by

widespread early irorning fog, mainly in the nountain and river valleys ,

lifting into strarocizu.ilus clouds shortl y after dawn and then to a few

cuailus clouds later in the rrorriing.

The upper level counterpart to the occasional weak cyclone in the in-

active trough is a pert ur bation in the westerlies. Weak cyclones or upper

troughs occasionally cove eastward from the Mediterranean across southern

Asia south of the Hima1a~es ~ Southeast Asia. Middle cloud overcast, light

rain, and a few thunderstorms might be associated with these systems.

19
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Ranage [1952, 1955] observed that during the period of mid-January-April,

perturbations in the westerly current occasionally amplified over India

arxi noved eastward into South China before they decayed. These disturbances

took the form of troughs which appeared cost intense near the 300 rib level .

Ramage divided these disturbances into two types; the “Tropical Trough”

and the ‘Thst China Trough.”

The Tropical Trough was observed to cost often cove eastward from India

into Southeast Asia where it became stationary, and because of the upper

level divergence, low level convergence , and ascending notion east of the

trough, was identified as the major rain producer of the cool season over

the Indochina peninsula . These troughs usually weakened over the IndochIna

peninsul a or damped out rapidly as they coved eastward.

The West China Trough was somewhat of a special case of the Tropical

Though , with greater ar~ litude arid wavelength. I ts  appearance as a riajor

trough west of 100E was connected with the rapid eastward novetrent of

the long-wave trough normally observed near l30°E and its replacement by

a long-wave ridge near the east China coast. The West China Trough e~thibited

a tendency to be stable and on occasion when it would drift eastward another

trough in the subtropical westeries coving through India would tend to keep

the long-wave trough position west of l00°E. The West China Though tended

to meintain itself about five days before coving eastward and weakening.

On occasion, Ranage noted it to persist up to 20 days . This tro ugh was

associated with the development of a “heat low” over the Red Basin , cyclo-

genesis over east China, and crachin conditions over south coastal China.

~otthg the upper level disturbances which cove eastward in the wes ter lies

south of the Hirri alays returns one to the surface in Siberia. Here over

cloudless Baikalia, radiation forn~ a ciass of air which is extremely cold ,

dry , arid dense. Periodically part of it “breaks off ’ and “spills ” south-

20 
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eastward over ~~ngolia and northern China towards east China and the eastern

seas . This spilling, especially as the “break off ’ high or anticyclone

reaches the Chinese coast , is called a surge in the northeast irons con .

Flow to the east is codified rapidly over the relative ly warm western Pacific.

Flow to the southeast is also codified by the underlying topography. Over

rough terrain , the tracks of the invading cold air may be deflected and

the speed of novetrerit is likely to decrease. Over the great p lains in the

eastern part of Central China down to the Yangtze Valley, frontal systems

can readily be tracked. However, the Nanling Range and the highland in

Southeast China usually give rise to considerable codification to the

structure of the cold surges which renders synoptic analysis extr~~~ly

difficult [Chin , 1968].

As the cold , low level , “north- continent ” air migrates southward it

forces the warmer “subcontinental” sir to rise gradually over the cold . 

-

wedge and generally causes a large cloud area over all of South China .

Unless there is an eastward-coving perturbation in the upper flow, pre-

cipitation associated with this large cloud area is usually light. However ,

farther north in China where the orog ra phic barrier to the west is higher ,

considerable orographic downs lope notion may take place before downward

progress is stopped by the cold low-level air. This allows rrn.ich greater

lee-effect warming and supports a semipermanent lee pressure trough

[NWRF, 1969]. Once the cold air reaches the South China Sea its westward

migration continues to be blocked by the Annarn Y~untain Range of the

Indochina peninsula.

The Arriarn ~~untains actually consist of several major troun tain ranges .

Over ~orth Vie~~am the major trountairi range is called the Arinamite Cordillera

which appro~dmates an elongated “S” and serves to create a westward block

on polar outbreaks . The southern portion of the Annams parallels the

—

. 
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coas t and falls off abruptly leaving a narrow fr inge of lowlands between

the nounta ins and the sea. The Annama , it can be conclude d , exert a pro-

found effect upon the weather of Vie~~iam and the Gulf of Tonkin for the

makeup of the terrai n makes them a low cloud producer.

The only other backgro~md feature s worth noting in an approach at this

level of generalization are the wind-sun induced troughs arid rid ges . As

the wind flow onto the nountain ranges increases in speed, wind.~ia.rd ridges

and leeward troughs parallel to the crests becori~ core pronounced ,

especially due to radiational influences on the relativel y cloud-free leeward

side. The nountainous Philippines, the Annamese nountains , and the

Teriasserim ranges are associated with north-south troughs . These induced

features become so pronounced with low-level winds over 30 I~iots that

the Taiwan trough and ridge may join those of the Philippine s across the

Straits of Luzon. In fac~ with sufficient divergence aloft, an occasional

tropical depression has been observe d to form in the trough to the west

of Luzon and sai~ times trove across the South China Sea to the Gulf of Tonkin .

It has been noted [Ramage, et al , 1969] that with a developing tropical

cyclone in the trough , the strengthening of the wind field will often occur

not only in the iiimediate vicinity of the storm but also extend over

virtually the entire South China Sea to the north and west , including the

Tonkin Gulf. These increased wind speeds are associated with an overal l

intensification of the South Ch ina Sea trough, and are sar~times further

au~~~nted by pressure rises over South China and the associated intensifi-

cation of the general circulation of the trough in which the storm exists.

Other weather over Southeast Asia is core a firiction of local effects

of smaller scales . For example , the lowlands around the Gulf of Tonkin

receive the drizzle , fog and low stratus called crachin . It is caused by

- 
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the along-shore , orographieally-thanneled surface winds of repeated iron-

soonal surges driving cold northern waters into the Gulf. The crachin

usually first forms in early December as warm, noist air from the east ,

i.e., codified polar air, crosses the Gulf of Tonkin during monsoorial lulls

and is cooled over the cold water brought south by the surges . The

crachin reaches a peak in middle March to ear ly April during the first

portion of the “spring transitional” period when the sea water is coldest

and air from the east becomes the warmer , core unist trade winds.

D. COLD SUR~~S OVER SOUTH CHINA

The origin of cold surges which invade China has been extensively

studied and their typical tracks are shown in Figure 2. As pointed out

earlier , the southward novement of this cold air over land is greatly

influenced by topography. There is strong evidence that topography also

plays an inportant role in the variations within the cons oon regime.

In order to reflect these variations in intensity , duration , and novement

of the corisoonal flow, the r~ortheast t~bnsoon was categorized into four

phases : The “Continental Outbreak” , the “~‘bdified Polar” , the “~aritime

Flow”, and the ‘~~odified Thopical Circulation”.

In the Continental Outbreak the center of the continental anticyclone

is often over western China , and there is an outflow of cold dry northerly

winds across the South China coast. Mxlified Polar flow is the core usual

pattern of the winter rronsoon with the ariticyclone covering the mainland ,

and the winds following the coastline of South China after blowing over

the cool waters of the Eastern Sea and Fornosa Strait. From titre t~ time

during the winter the continental ariticyclone extends eastward, and a cell

of high pressure becomes detached and coves across Japan to the Pacifi c

producing ~Iaritiire/Tropical flow. The coast of South China then comes under

23
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the influence of an eas terl y/southeasterly f low which has traveled a great

distance across the warm waters of the western North Pacific . There is

a texi~ orary break in the nonsoon until the warm air is rep laced by a fresh

surge of continental or codified polar winds . The sequence broadly out-

lined above is repeated , with variations in detail and at irregular inter-

vals , over and over again throughout the winter tronsoon season .

During the winter zronsoon, the cost si~~ificant weather over the South

China Sea is associated with cold surges . Riehl [1968] has defined a

surge over the South China Sea as an increase in average winds (in the

area between lO°N to 20°N and 110° to l19°E) by at least 6 knots to an

average speed of not less than 20 knots Within 24 to 48 hours , and has

developed an empirical forecast rule . A surge according to the Riehi [1968]

definition can be anticipated when the following conditions are met:

(1) The sea-level pressure difference between Hong Kong and

the point at 30°N , 115°E is above 10 cbs.

(2) Or if this gradient has increased to at leas t 8 mb (but

less than 10 rrb ) , 7 th of this increase having taken place

in the last 24 hours .

A core practical definition by the Royal Observatory , Hong Kong

(P~OHK) , defines a surge as a noticeable drop in temperature and a shift

of the wind to north or northwest . A surge accordin g to the RDHK defini-

tion can be expected to occur within 24 to 48 hours when the follow~.ng

conditions are satisfied:

(1) The wind over Lake Baikal at 500 ith is northwest , and

(2) The 500 th temperature is below -30°C at 40°N in the longi-

tude of Hong Kong.

- -  
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These conditions are usually met when there is a ridge at 90 °E and a

blocking ridge in the eas tern North Paci fic . The P..OHK teclriique has been

fo~xid to be quite successful for cost surges , but is not quite as satis-

factory for the weaker surges that develop over South China [NWRF , 1969] .

The cost apparent distinction between mid-winter surges of varying

intensi ty is in the distribution of cloudiness . During shallow mid-winter

surges the surface air of the Northeast Monsoon flows southwestward gaining

heat and troisture from the warmer sea below , and is trapped beneath the

strong inversion formed by overrunning, warmer , westerly , subcontinent flow

fran Buitia and points west [NWRF , 1969]. Thus , over northern portions of

the South China Sea the effect of absorbing heat and noisture by the air

trapped below the inversion, is to produce clouds below such an inversion .

Cloudiness above the invers ion is pro duced by the ascent of the subcontinent

wester lies flowing over the wedge of cold air . Low level cloudiness over

South China is also caused by preci pitation from the overrunning westerlies

falling into the originally cold , dryer air below , evaporating , and

eventuall y approaching saturation . Over the Himalayan foothills of South-

western China , ups lope notions in the low-level cold air augments the

processes described above . Thus , in shallow mic~inter surge s the cloudiness

tends to be extensive in the horizontal , and thick .

The cloudiness distribution in a deep surge is quite different , as

evaporation produced by subsidence through a deeper layer in the region

of cold advection causes clearing over South China (except for the continued

cloud cover over the Himalayan foothills of southwest China) . Clearing

such as this may include the Haroi area. However , if the center of the

continental anticyclone is far enough east the clearing will be east of

Hanoi . Over the South China Sea , ci~ uliforrn clouds develop offshore in the

cold air flowing out over the relatively warm wa ter [Adler , ec al , 19701 .
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Another si~ xificant feature of the winter ironsoon is its characteristic

for low-level flow to parallel the Anr iams along the Indochina peninsula

coastal wat ers [flWRF , 19691. Cons traints imposed by the strong invers ion

at the top of the shallow easterlies au~iients blocking by the Anr iam Range

to force a strong southward canponent of flow parallel to the coast. The

northerly flow along the coast and the northeasterly maritime flow converge

south of l8°N , and as a result, low ceilings and overcast sky conditions

persi st , as the two flows mix .

~ E. PHYSICAL CILARAC’IERISTICS OF COLD FRONI’S
OV~~ THE SOUTH Ch INA SEA

In cost frontal systems that penetrate into lower latitudes of the

South China Sea , it shoul d be e~çected that due to over-water trajecto ry ,

there would be limited baroclinici ty as a result of the shallow depth of

the system. Figure 3 is a schematic cross-section passing nor th-south through

the western South China Sea. ~Totice that if one could determine a surface

position of the fron t , it would be far to the south of the end of the

stratus deck . Thus , placing the fron t on the surface map such that it

coincides with the edge of the stratus deck on the satellite picture

would be in error . It has been observed that the cloud edge can remain

stationary while the cold air sllps away southward underneath it [NURF , 1968].

Several cloud nodels have therefore been developed to help the forecasters

analyze the surface frontal positions in the South China Sea . A good descrip-

tion of the nxnsoonal cloud structure over the northern part of the South

China Sea is provided in a trodel proposed by Riehl [ 1967] (see Figure 4).

Notice that during the early stages of the polar outbreak the leading edge

of the stratus deck and the surface frontal position are in close agreem~~t .

As the front coves southward and coves over the South China Sea it becomes

codified and the leading edge of the front is well in advance of the stratus
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deck. Thus , it requires careful scrutiny of all available data to trace

a front as it progresses furthe r southward.

As indicated above , the position of the surface front is co’nplicated

by the rapid codification of the surface air and the shallowness of the

systems . An al ternative frontal codel is su~~ested in N~RF [ 1969]. It is

based on a nodel by Godson [19511, wherein two air masses of different

properties are separated by a transition zone which he calls the “hyper-

baroclinic zone” (the zone of cost intense horizontal temperature gradient) .

Figure 5a shows horizontal and vertical sections through such a trodel.

Figure 5b shows an example of some typical 850 mb contours , isotherms

and winds for a front over the South China Sea. Note that while the

isothercs kink at both sides of the hyperbaroclinic zone , the contours have

greater eye ionic curvature in the hyperbarodilnic zone than in the waitu

air or the cold air. The troughline is on the cold side of the hyper-

baroclinic zone . Curvature discontinuities appear at the leading edge but

these do not appear as kinks . Finally , because the strongest curvature

lies within the hyperbaroc.linic zone , southerly winds may appear to the

east of the low pressure center [Elsberry , personal cocmunication] .
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III . THE R~~EARCH STUDY - SCOPE AND METHOD

For this rep ort , Southeast Asia is defined as the Indochina peninsula

including North Vietnam, South Vietnam, Cambodia, Thailand and Laos . The

South China Sea is defined as all water areas east of Southeast Asia and

the Maylasian peninsula , south of the China coast and Taiwan Straits , west

of the Ph ilippine Islands and Bashi Channe l, north of the Borneo coast,

and north of 2°N (see Figure 6).

A. AP~EAL SCOPE

The essential geographi cal area under study is the northern -hemispheri c

portion of Southeast Asia , approximately lOOE to l25E and 25N to lOS . The

gross area used for anal ysis orientation and the overall view is the

tropical western Pacific. This particular choice of region is based upon

the density of the weather observing stations , the author ’ s familiarity with

the area , the general re trievability of the data from the National ~Jeather

Records Center of the United States located at Asheville , North Carolina ,

and the desire to encompas s the region of the Uinter Monsoon Experiment

(t1-WNE~() to be conducted in December 1978 .

B . DATA SCOPE

The data used are of two types , conventiona l and satellite .

1. Conventiona l Data

Conventional meteorological data used in this study consisted of

surface and upper-air synoptic observations from stations located in the

region de lineated above . In addition facsimile copies of ana lyzed surface

and upper-ai r charts (at 6 hr and 12 hr interval s , respectivel y) were
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obtained fran Fleet Weather Central Guam , and Fleet Nui~rical Weather Central .

Pressure, temperature , moisture, wind, and other weather data from ship

rep orts have also been arranged on charts “au~cLliary” to the horizontal

synoptic ones . The main atnil iary charts are the “vertical ” space cross

sections along the east coast of Asia from Shanghai to Singapore and the

time cross sections for selected individual stations . Togethe r , these “hori-

zontal” and “verti cal” sections are the conventional approach to struc tural

definition of weather patterns . Certain othe r data have been impossible

to obtain in either raw or processed form . Plotted charts of all sorts ,

rad ar observations , ship logs , aircraft rep orts , etc. ,  were nearly all un-

availabl e in usable form. ~1hat was available has been plotted on the charts

prepared for this study . The goal of these analyses was definite description

of the three-dimensiona l stru ctu re of the weather . The temperature and

pres sure anal yses as well as the moisture, cloud , and other weather

phenomena data were used to best place individual streamline s , isotacbs ,

and isotherras . It should be noted that the streamline and isotach analysis

is for a combined “level” of 850 trb and surface because the surface coverage

is often enhanced by the additional ship reports and the 850 mb level con-

tains sane semi-regular pibal winds . (Satellite nepha nalyses are also used

at this level whenever appr opriate.) During the analysis proces s an

att~ npt was made to make the resultant maps more representative of the 850 rrb

conditions rather than those of the surface , hence they may be viewed as

“gradi ent-level” analyses . In addition , the surface ship wind speeds were

relied upon more heavi ly than the island stati on reports based on Riehi and

Somervell’ s [196 7J observation that the island reports in the South China

Sea are often an underestimate compared to ship reports . This was als o

confirmed by Adler et al [1970] who caipared sustaine d winds at Hsi Sha Chou
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to winds reporte d by ships in the general vicinity of the Paracels , and the

ship winds were found to average about 1.4 ~~~~ the land-station winds .

By way of contras t , wind velocities reported by ships heading into the wind

are by and large far more re liab le than those observe d when heading downwind.

Surface temperature analyses were also performed although they are

believed to be less reliable than the wind analyses , mainly due to the dif-

ficulty of renoving the diurnal effects over land stations and the variation

in the quality of ship temperature reports . They were mainly used to

construct time cross-sections which may give some indications of temperature

tendencies in the South China Sea. Both the wind and temperature analyses

are done at 6 hour intervals and include ship reports within thre e hours

of the synoptic time .

Finally , since analyses prepare d by the Royal Observato ry Hong Kong

(RO~() are generally considered to be the best available operational weather

charts , they were also used extensively . To take advantage of the denser

data, 0000Z is the prime analysis time and 1200Z is the secondary analysis

time . (Intermediate times were also analyzed for continui t purposes.)

Because the diurnal weather cycles are usually large compared to the synoptic

changes , the analyst looking for synoptic pattern features ~aist avoid being

misled by diurnal and shorter period cycles (as well as local and other

subsynoptic effects) . The best and cost widely-accepted technique for

avoiding this problem, due to the absence of rapid , synoptic scale weather

changes in the tropics , is to use a 24-hour analysis interval to eliminate

the diurnal cycles [Palmer and Wise , 1955].

2. ~~teoro logical Satellite Data

The meteorological satellite data used in this study were the products

of the Defense Ueteorc” ~al Satellite Program (~~~P) of the United States
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Air Force and the ~Tational Fnvirormental Satellite Service tropical mercator

mosaics composited from the ~J3AA-3 satellite data . The rt~s~ data were obtained

from the archive facility at the University of Wisconsin and consisted of

visual and a 16-shade infrared product . Specific technical information con-

cerning data processing and interpre tation can be found in the DMSP User ’ s

Guide [Dickenson et al , 1974] . Program discussion in this section is given

only as an aid to understanding how the data were used in this study .

DNSP spacecraft are launched into a sun-synchronous, near circular,

polar orbit at an alti tude of approximately 450 nm (830 km) . This arrange-

ment of orbital parameters insures that the spacecraft passes over the same

geographical point on Earth at nearly the same local time each 12 hours .

Vehicle power is supp lied by both storage batte ry and solar cell,

meaning that the vehicle is operational and providing data both day and

night . Data can be relayed iimiediately to ground receiving stations and

also re corded on board the spacecraft for future transmission.

]IISP spacecraft are earth-ori ented , meaning that the sensor package

is always directed towards the Earth . The primary sensor package on present

Dt~ P vehi cles is made up of two scanning radiometers designed to collect

both visual and infrared data .

Visual data in the 0.4 to 1.1 ~~ spectral range (thus extending a

short distance into the near Infrare d for better land-water contrast) are

of two types: VHR , with 0.33 nm (0.6 kmn) resolution at the vehicle subpoint ;

and FIR , with 2 nra (3.7 Imi) resolution . The visual sensors are responsive

to reflected solar radiation . In addi tion , the fIR sensor allows a perceptible

earth-cloud scene with sufficient lixiar i1li.~iination (at least 757~ of a

ful l disk) .

Infrare d (
~~

) data, in the 8 to 13 ~.sn spectral range , are also of

two types: WHR, with 0.33 rim (0.6 kin) resolution at the subpoint; and ~~~~~~,
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with 2 nm (3.7 Imi) resolution. The ~~ data used in this study are both of 

j

• the WHR and ME type . It shoul d be noted that for ~I3AA and DMSP 1/HP.

photographs, no estimates on the heights of the cloudiness will be attemp ted

because of the absence of corresponding IR photographs .

• There are many display options available in the IESP system that

can be applied to both visual and LB. products . They are not used in this

study and thus not described . However , they are thoroughly explained in

the D~SP User ’s Guide.

tbst of the UISP photographs have an equatorial crossing time near

0000Z or 1200Z . 0000Z is 0600 to 0800 local time from west to east across

the Southeast Asia charts arid satellite photographs-.-0600 local 90°E meridi an

time, Bay of Bengal ; 0700 local l05°E meridian time, Thailand; 0800 local

120°E meridian time, ~~ilippine Sea. This is approximately dawn on the

west to three hours after dawn on the east. l200Z is 1800 to 2000 local

from west to east which is dusk on the - west to three hours after sundown

on the east.

Additional satellite data used in this study were from ~~AA- 3.

The relative track of ~DAA-3 across the earth is from the south/southwest

to north/northeast, and the relative progression is from east to west in

order to take photographs close to local noon .

C.~~~~~~1 ) D .

The conth of December was chosen for this study to coincide with the

wnth of the W4DNEX. 
- 
The year of 1974 was chosen because preliminary

analysis of the archive data from Asheville indicat ed the presence of four

cold surges. Upon analyzing the satellite data from the archive facility

at the University of Wisconsin it was discovered that two of the surges

occurred while rropical Storns were in the South China Sea . Because of this
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the period 3-12 Decerther 1974, during which two surges occur red , was examined.

The analysis approach throughout this study has been slanted towards the

methods that weather foreca sters in the field must use in support of curren t

operations . In order to avoid no analysis at all in the absence of coiiplete

and conclusive proof in data-sparse regions, analyses of the conventional

data were often accomplished by “best guess techniques” .
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IV. A CASE SrUDY OF COLD SIIRGES

DURING 3-12 DEC~~ B~~ 1974

A . INrRDDILTION

As pointed out earlier , surges may reach Hong Kong either from the

north , after traveling overland acros s China, or from the northeast or

east , after passing through the Fo~ ix sa Strai t and following the south-

east coast of China. These surges are generally accompanied by a fall

in temperatur e and a rise in pressure at Hong Kong, though not always

a sharp one.

Surges follow one another at very irregular intervals, ranging from

a few days to tx re than 10 days throughout the cool season . The aver age

ntimber of surges at h ong Kong for the ti~ nth of December is 3.5 [Heywood ,

1953].

The case study presented in the following sections gives an example

of cold surges and their effects on synoptic events at lower latitudes .

For this study a cold surge will be defined as one in which the surface

temperature in Hong Kong drops by at least 6°C within 24-48 hours. The 
4

ensuing anal ysis discussion is provided for general understanding and

read er background . The daily discussion pre cedes the figur es for reader

convenience in maintaining continuity of thought. Hereafter the

designator hhZdd will be used to denote the t ime and date, where hh is

the hour in (}ff arid dd is the day in December 1974 . For example, 12Z06

means 1200 (2~r 6 December 1974.
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B. GAILY ANALYSES

1. 3 December 1974

Pre-sur ge conditions are present in the initial analyses and satel-

lite photograp hs for 3 December. The RDHK surface anal ysis (Figure 7) shows

high pressure d~~ .nating the China mainland , with a cold fron t extending

east-northeastward from just north of Hong Kong to the northern portions of

Taiwan with. a wave along ll5°E. The surface cold frontal position is well

defined and the front is prog ressing slowly but steadi ly southward across

South China. This appears to be a relativel y shallow cold surge with the

cold air being confined to the levels below 850 rr b . Also , there are no

short -wave perturbations in the mid-tropospheri c flow over north or centra l

China to provide the inpulse needed to drive cold air southward at higher

levels . Shallow systems such as this are particularl y difficult to forecast

because they are susceptible to retardation of the cold air advance by the

Nanling Range. The Riehl [1968] objective method (Table I) of forecasting

cold surge s indicates that the surge criteria were met at 00Z03 with a

pressure difference of 12.9 th between Hong Kong and 30°N 1l5°E. (A pressure

difference of 9 . 3  rib on 2 December provided an earlier indication of a

possible impending surge.)

Over the northern South China Sea , coastal South China , and the

Indochina peninsula , the northeast rlx)nsoon current has caip lete ly broken

down so that the return (southerl y) circulation reaches down to the surface .

Elsewhere the winds over the South China Sea , as illustrated in Figure 7 ,

are generally light . It shoul d be rioted that these light winds extend

into the southern part of the South China Sea where a genera l low pressure

area centered northwest of Borneo has developed. Consequentl y , there is

lessened air-sea interaction over the ocean and weak velocity convergence

into the northern frin ge of the trough about the vortex .
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~ 3O 
P~0 ~P(30 - H) AP(HK-10)

1 DEC 74 1013. 6 1010.4 1009~1 3.2 1.3

2 DEC 74 1019 .1 1009.3 1010.1 9.8 - .8

3 DEC 74 1023.5 1010.6 1010.7 12.9 - .1

4 DEC 74 1027.8 1015 .5 1009.6 12.3 5.9

5 DEC 74 1030.8 1019.5 1010.2 11.3 9.3

6 DEC 74 1035.6 1024.7 1012.3 9.9 12.4

7 DEC 74 1023 .9 1019. 7 1011.8 4.2 7.9

8 DEC 74 1026.4 1017.2 1010.3 9. 2 6.9

9 DEC 74 1027. 2 1018.2 1011.4 9.0 6.8

10 DEC 74 1030.8 1018.3 1010.8 12.5 7.5

11 DEC 74 1032. 7 1020. 6 1010.8 12.1 9.8

12 DEC 74 1032.1 1021.8 1010.0 10.3 11.8

TABLE I. Verifi cation table for objective pressure-difference
prediction technique based on Riehi ’s definition
(Riehl , 1968) .
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The 850 mb/surface streanline-isotach analysis for 00Z0 3 (Figure 3)

shows that the tropical trough extends east-west acros s the South China

Sea between 4 to 7°N with an equato~ward deflection of the winds in the

recently formed cyclone (Cl) just northwest of Borneo at about 4°N ll0°E.

The low level southwesterl y pthal winds along the northern Borneo coast

are the best clue of the formation and location of this system . These

low-level southwester lies seen at 850 rib south of the trough are weak ,

thus the magnitude of the cycloni c shear is small. A second cyclone (C2)

in the tropi cal trough exists southeast of the Phili ppines at approximatel y

7°N l36°E. Both of thes e cyclonic centers will be followed closely in this

synoptic series since their development and evolution will be very important

in the discussion section . To the north , a series of east—west ant icyc1oi’~s

associated with the passage of a tropica l storm can be distinguished.

These arit icyclor ies lie along 20°N from the extreme northern Philippine s

(Al) to Hainan (A2) and then southwestward to the Anda man Sea. The presence

of this east-west ridge implies broad-scale subsidence , i . e . ,  low level

divergence. In addition , a southwesterly to westerly wind component is

observed over the Arinam Mountains above the friction layer north of l5°N.

Thus , orographic descent of drier air from the interio r of the subcont inent

is producing additional subs idence from the cres t of the Annam Mountains

eastward through the Gulf of Tonkin.

The individual cyclonic and anticycloni c centers in the tro ughs and

rid ges have been located with varyi ng degrees of rigorousness . The firs t

features to be position ed in the ana lyses are those rather positively located

by data at one or rzcre levels as is the anticyclone (Al) over the northern

Phili ppines . Othe r centers are p laced based upon less data or , in the

absence of data , upon the usual syrm~ try or orientation of the general flow

pattern along with continuity . For example , the anticyclone center (A2)
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just east of Hainan can be rather confident ly added based upon the anti-

cyclonic flow between l05°E and 1l5°E and the central position between

the previously mentioned anticyclonic circulations on either side.

At upper levels , the 700 rib (Figure 9)  subtrop ical rid ge is

orientated northeast-southwest and is slightly south of the December

clinatolo gical position , c.f .  Sadler and Harris [1970]. The subtropical

ridge at 500 mb (Figure 10) is orientated east-west along 19 O~~ over the

Indochina-South China Sea area with a long-wave trough near l25°E in the

wester lies along the east coast of Asia . (The mean December position of

the 500 tab rid ge is east-west along 16°N.) At 200 tab the wind clim atology

for Dec~~ber (Figure 1) shows a southeasterly current equatorward of l3°N

and an absence of cells within the subtropical ridge. Thus , the Hadley

circula tion of the Northeast ironsoon becomes well established by December

over the Indochi na peninsula and South China Sea. The current 200 mb

ana lysis (Figure 11) reveals that despite the appearance of the upper level

westerlies over South China , an organized Hadley circulation apparently

has not yet become estab lished over the Indochina peninsula arid South

China Sea since the ridge at upper levels has a cellular structure over

that area.

It should be pointed out at this point that all cyclonic centers

included in this rep ort are not portrayed to be maj or stor ~~ . However ,

should marked upper tropospheric mass divergence occur , they are preferred

areas of development . In fact , after noticing the upper level divergent

a-nticvcloriic flow over Borneo , one would expect intensification of any low-

level cyclonic circulation thereunder.

The ~~M satellite photograph for 08Z03 (Figure 12) indicates an

overcast covering trost of China wi th its southern edge agreeing well with
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the surface fronta l position (Figure 7). The absence of cloudiness over

the Gulf of Tonkin and coastal Vie~~iazn between 15°tT and the overcast layer

confirms the presence o€ the previously mentioned low-level return circula-

tion over that area. Fine weather prevails over rrost of the remainder of

the South China Sea except for a patch of clouds along the Indochina

peninsula at 12°N where the winds bl~~ onshore . There is also an are a of

convective activity to the west of Mindano in the Sulu Sea associated with

an old frontal surge which has pushed equatorward to 8°N. Finally, a

linear , band-like convective cloud pattern (CB1) associated with Cl extends

from northeast to southwest along the northern edge of Borneo . A defini te

vortica l circulation is not revealed by the photograph, but a location near

3-4°N lll°E would appear as reas onable as any. The cirrus blow off from

this convective area implies an east-southeasterly flow at the upper levels.

To the east of the Philippines the convection (CB2) associated with

cyclonic center C2 is quite intens e and centered between 5-8°N and 133-140 °E .

Two other major areas of future convective activi ty , one located off the

coast of Sumatra and �lalaysia (CB3) and the other in the Celebes Sea (CB4)

to the east of Borneo , will also be examined closely for variations in con-

vective developments throughout the period of this study .

The 850 mb/surface streamline-isotach analysis for l2. 03 (Figure 13)

indicates that the cold surge has passed Hong Kong and Lies just off the

coast of South China. A closer inspection conf irms the fact that the cold

front passed through Hong Kong at 06Z03. The passage of the front was

marked by a shift in the surface winds from westerly to northerly, a signi-

ficant rise in pressure of 6 mb/day and a fall in the surface temperature

by about 10°C in 48 hours start ing at 06Z03 (Figure 14). A minimum surface

temperature at flO}IK of 17.4°C is a good indication that the surge is

associated with a Modified Polar Flow (Figure 15).  The low level isotherm
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analysis for l2Z03 (Figure 16) shows that the cold front appears to be pro-

ducing a strong temperature gradient off the South China coast. Riehi and

Somervel]. [1967], however, point out that because of the supp ly of heat and

u~ isture from the wate r plus heating by subsidence, a strong gradient of

temperature and dew point remains stationary off the southern China coast

during northeast winds ; but the e~dstence of these gradients does not

indicate the presence of any fronts . Additionally, this strong temperature

arid dew point gradient which remains a short distance offshore parallel to

the coast must not be taken as an indication that the front has stopped.

On the contrary , the front usually rioves very quickly to the south and

surface wind speeds over the water increase to 25-35 knots over the entire

ocean bas in under the influence of a strong increase in pressure gradient

between the coast of China and 10°N. Along the southern Vietiam coast

this increase in pressure gradient makes itself felt by an increase in low

tropospheri c easterl ies , often times apparently well ahead of the cold air

advance under consideration .

Looking again at the low level analysis (Figure 13) one notices a

northwesterly current over South China with anticyclonic cell A2 having

drifted southward near Hainan and Al , off the Philippines , having dis-

appeared. A new anticyclone A3 has migrated eastward to southeastern

Thailand and is well substantiated by rawinsonde winds . The rid ge-trough

complex explained above is a further indication of a weak to troderate surge

since only the gradient level has reverted to the typical northeasterly

nonsoonal flow , while the 850 rib flow remains unchanged. Notice, however ,

that even though the surface winds over the South China Sea have assui~ d a

L 

tro re nor therly component they continue to be light . Also notice that the

850 rib winds over r~~ thern Borneo have shifted from southwester ly to west-

northwesterly, indicating that tI~ cyclone center Cl has drifted eastward.
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2. 4 December 1974

The 00Z04 850 mb/surface streamline-isotach analysis (Figure 17)

shows a sharp increase in surface winds from 5-10 1~~~ts to 20-30 knots

in the post-frontal cold air behind the front which has pushed southward

and extends east-northeastward from the southern tip of Hainan. The strong

winds in the Straits of Taiwan are a good indicator of a cold front enter-

ing the South China Sea. A cold tongue of air associated with the cold

surge has entered the northern parts of the South China Sea from the north-

east and marks tl’e first instance of cold air intrus ion into the South

China Sea (no t shown) . Equatorward of the cold front the tronsoon-trade

like current has increased to 15 knots .

The trough-ridge comp lex that was present earlier at the 850 rib

level has now broken down and the flow at the lower levels has reverted to

a riore typical Northeast Monsoon flow pattern with undisturbed rronsoonal

current dominating nest of the South China Sea. The anticyclone marked

A2 has begun to trove northward and is located over South China at lll°E .

The presence of this anticyclonic center over South China is now producing

a southeasterly re turn flow over coastal Indochina north of 15°N while A3

appears to be station ary and intensifying. As usual with southeasterly

f low, good weather prevails over rrost of the Gulf of Tonkin ; but there is

broken to overca st low cloudiness over the cold water are a in the extren~
northwestern portion of the Gulf and over the Red River Valley . Above

5 , 000 feet , the pattern over the South China Sea remains basically unchanged

from the previous 24 hour s , while the flow in the surface layer has become

northeasterl y and onshore over coastal Indochina .

The C~~3P satellite pho tograph for 00Z04 (Figure l~ shows that the

overcast over southern China extends out over the water perhaps 100 miles
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with the front and then takes on a structured appearance with convergent

bands oriented northeast -southwes t along the surface wind direction .

These cloud bands are associated with shear in the low level wind field

and are caused by the low level wind on the poleward side of the shear

line being stronger than on the equator side . North of the front , a

decr ease in the overcast cloudiness over southern China north of Hainan

is an indication of increased subsidence associated with the anticyclone

(A2) at 850 mb. West of anticyclone A2 , southeasterl y f low is producing

an increase in r~oisture and an associated increase in stratus over the

Red River Delta. This increase in troisture, along with the frontal surge

into the Tonkiri Gulf , signals an end to the fine weather regime in that

area. Elsewhere , near Taiwan , the satellite pho tograph reveals a south-

ward extension of main cloud mass through the Taiwan Strai t and the

presence of transverse lines . The southward extension of clouds is

associated with cold air being chann eled southward while the transverse

lines indicate low level turbulence . Over the remainder of the South

China Sea an absence of visible evidence of air-sea interaction indicates

a rrons oon curren t of 15 knots or less--a further indication of a rathe r

weak surge . Consequentl y, there is weak velocity convergence into the

northern fringe of the tropical trough and about the vortex; thus , there

is little cloudiness .

The WAA satellite pho tograph near 08Z04 (Figure 19) shows that the

convective activi ty (CB1) off the northern coast of Borneo has decreased as

the cyclone (Cl) troved southward to near the Borneo coast. The intense

convective activity which had been located off the west coast of Sunatra

at 0-3Z03 has also decreased in intensity and the tro st intense convective

activity is now centered between Sumatra and Borneo in the Karimata Strai t
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(CB3) . A check of the 300 rib flow for the past 24 hours (Figures 20 and

21) shows the area west of Sumatra going from slightly divergent to conver-

gent while that area to the east of Swatra was just the opposite . In the

lower levels an area of convergence lay off the west coast of Borneo .

This convergence was probably sufficiently increased, in compensation for

the overlying divergence, to initiate the C33 cumulus convection.

Elsewhere , the general cloud mass associated with C2 has niaintained its

organized arid somewhat vortical cluster appearance and has troved westward

to just east of ~indanao. The westward speed of app roximate ly 8° longitude

per day indicates that CB2 (and C2) may be a synoptic-scale easterly wave

in the western Pacific [Chang , 1970].

The low level analysis for 12ZO4 (Figure 22) shows that the entire

northern part of the South China Sea has beccr~ dominated by the anti-

cyclonic flow about A2 while in the southern South China Sea the flow is

cyclonic around Cl which has rroved inland over northern Borneo . The basic

flow patterns at 700 mb , 500 rrb and 300 tib have remained altrost unchanged

with long wave troughs near 75 °E and 130°E continuing to produce south-

westerly flow over China.

The T tISP satellite photograph at 17 04 (Figure 23) shows the

surface front has weakened in the South China Sea. The western edge of

the front is still detectable at l8°N 120°E from where it extends north-

eastward with sane isolated convective activity along its leading edge.

Further west , the frontal characte r is entirel y dir~fused as a result of

the in creased air-sea interaction as the cold air traverses the warrrer

ocean .



3. 5 December 1974

Surface winds of 20-35 knots continue to persist in the post-frontal

air over the northe rn portions of the South China Sea (Figure 24) . Further

south , there is a marked absence of surface wind reports at 00Z05, however,

the subsequent chart indicates an increase in winds to 15-20 knots under

the influence of a continued increase in pressure gradient to 9 .3  tnb between

the coas t of China and lO°N (Table I). The absence of surface reports noted

above makes it difficult to analyze the frontal position over the South

China Sea. It should be mentioned , however , that even if sufficient data

are available , it is still extr&~~ly difficult to make a good frontal

analysis over the South China Sea . In this and all subsequent ana lyses ,

the position of the front is largely based on satellite photographs , pre-

cipitation forms , and by temperature , dew point and wind speed discontinuities.

The anticyclone at 850 mb over coastal South China (A2) continues

to remain organized and is producing a southerly flow through the ridge over

the Tonkin Gulf; and an organized southwesterly return current dominates

South China . The return current has persisted for over 24 hours and for

the first time shows evidence of pro ducing a thermal low south of the Red

Basin. At ~~per levels the subtrop ical ridge remains over the northern

portions of the South China Sea at both the 700 rib (Figure 25) and 500 mb

(Figure 26) levels, and easterlies cover the region south of 17°N. The

speed in the easterlies at these levels averages about 15 knots, perhaps

slightly core at 500 mb. Since the surface easterlies are also about 15-20

knots there is very little vertical shear from the surface to 500 mb over

the South China Sea south of l7°N . Adler et al [1970] point out however , that the

surface geostrophic wind is considerab ly greater than the actual wind. In

this par ticular case , a pressure difference of 7.5 rub from Hong Kong to

15°N , 115 °E would sugges t a geos tro phic wind of 31 knots . Thus , assuming



that the winds at 700 mb and 500 nib are appro ximately geostrophic , there

is a small geostrophi c shear from the surface to the midtroposphe ric levels .

Shear such as this should be reflected in a weak north (cold) - south

(warm) temperature gradient. A check of the 850 mb rawinsonde data reveals

a weak north- south gradient , with temperatures averaging 11°C at the South

China coast vers us 16°C over the Indochina peninsula and the Philippines .

The ~OAA satellite photograph at 08Z05 (Figur e 27) shows the r.iain

cloud mass remaining north of 20°N with sane breaks in the overcast along

the coastal regions of South China in association with increased subsidence

at t.~ per levels . Over the South China Sea the noticeable increase in

cloudiness is an indication of increased air-sea interaction caused by

stronger surface winds . The cloud band associated with the cold frontal

position extends southwestward to the northern tip of the Philippines.

West of the Philippines the position of the cold fron t becomes increas ingly

rrore difficult to analyze , but the enhanced convective activity which

extends southwestward fran the Philippines serves as a 3ood indicator of

the frontal position . This convective activity is limited in vertical

development because of the small geostrophic shear in the lower troposphere .

During the past 12 1~ours the front has tr aversed 180 nautical miles ; this

equates to a not unreasonable speed of 15 knots . Along the Indochina peninsula

the increase in low tropospheri c easterlies has made itself noticeable by

an increase in cloudiness in the onshore flow . The cloudiness extends south-

ward to 12°N where the flow is no longer perpendi cular to the Annam ~buntain

Range. Over the interior of the Indochina peninsula the satellite photograp h

shows an increase in cloudiness due to the advection of tro isture inland from

the Anda ruan Sea by the anticyclone (A3) over Caithodia.

The major difference , and an important one , in the cloudiness over
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the South China Sea during the past 24 hours is the appearance of a great

deal of cloudiness off the southeast tip of the Indo china peninsula between

Saigon and Borneo . The sudden appearance of this pronoi.ziced low-latitude

cloud mass over the water is , of course , suspicious . Adler et al [1970 ]

indicate that with abi n~dant positive relative vorticity available in the

wind shear south of the isotach maxinun in the easterlies over the northern

part of the South China Sea , the appearance of an area of low-level con-

vergence (which must be ass~.med with the cloud mass) may result in the

creation of even larger vorticity . Fran such an increase in vorticity with

convergence, development of a tropical vortex is possible . Climatology in-

dicates that the corriron synoptic pattern present during development of

such a system is similar to what presentl y exists . That is , persis tent ,

strong southwesterly tro nsoona l flow over southern portions of the South China

Sea , while a strong low level high pressure cell or strong east to west ridge

is located over southern parts of the China mainland. The combination of

these two systen~ induces the strong horizontal cyclonic shear line orientated

along an approximate east to west line . Sadler [1967], however , points out

that a key requirenEnt for tropical storm development from an ITCZ-related

dis turbance is that the equatorial trough mm.ist be disp laced n~ re than about

80 from the equator. In these situations the flow from the opposite hemisphere

acquires a westerly component after crossing the equator , which has led to

its description as a n~nsoonal trough .

Fett [1968] has docur~nted a case of the format ion of a typhoon within

the ITC Z based on satellite photographs . Were it not for the satellite photo-

graphs , this develo~~~nt might have been attributed to a wave pattern embedded

in the easterly flow. In this case the typhoon developed from an flt band,

with two embedded cyclonic centers that rotated from an east-west to a northeast-

southwest orientation. Further~ore , the rrore northerl y center only e~~erienced

rapid development when it interact ed with the reni~ant of a frontal system
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which penetrated to within 10° of the center. Perhaps the main point in

the various studies of typhoon formation With in the rIC Z is that an external

influence appears to be necessary to intensify one of the many weak vortices

which propagate along the trough. In the case study by Fett, the external

influence was the penetrati on of a cold front to about 20°~I. This led to

trough development within the ITCZ. As the cyclonic center was rotated

northward, the easter ].ies were intens ified between the center and the fron t

to the north. In addition, the cross-equatorial flow became a strong

south-west erly flow into the disturbance as the center was displaced northward.

During the next 12 hours the northeast surface winds continued to

freshen down to 4°N with anticyclone center A3 rroving westward off the

Indochina peninsula. Figure 23 shows that the 850 irb wind at Hong Kong

switches to a northerly direction . As stated previous ly , this is an early

indication of a cold surge occurring over southe rn China . Further confirma-

tion of a cold surge is indicated by Figure 14 which shows that the flUNK

surface temperature dropped sharp ly between l2Z05 and 00Z06 . The data

for Riehi’ s objective surge forecas t cri terion (Tab le I) indicate that

the pressure difference between h ong Kong and 30 °N was greater than 10 nib.

Closer inspectio n , however , reveals that ~p(30-H) has remaine d high since

the frontal pas sage at 06Z03. A r ore accurate forecas t of this surge

therefore could have been accomp lished by using the flUNK technique . P~ecall

that according to the RUF~( definition a surge can be expected to occur

within 24 to 48 hours when the winds over Lake Baikal at 500 trb are north-

westerly and the temperature is below -30°C at 40°N in the longitude of

Hong Kong . Figur e 29 shows that these requirements were met at l2Z04.

A surge passed Hong Kong app roximatel y 24 to 36 hours later. In this surge

case the winds increased alcost siniultan eouslv over nost of the South China

Sea.
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4. 6 Dec~~ber 1974

At 00Z06 a stro ng ~~nsoonal current was fl owing out of an anticyclone

over centra l China causing the air reaching the South China coast to have a

trore overland trajectory at both the surfac e and 850 nib levels (Figure 30) .

Over the South China Sea , the winds have nearly reached their maximuas , with

several ships reporting winds of 30 knots. The relationship of these strong

winds to strong cold air advection is borne out by the isotherm analysis

(Figure 31) . It has been pointed out earlier that a strong temperature and

dew point gradient remains stationary off the southern China coast , but in

this case a cold air tongue can also be seen to extend along the coastal re-

gions of Vietnam . Further south the cyclone over Borneo (Cl) could be justi-

fied only on the basis of continuity and the observance of one pibal wind

along the northern Borneo coast.

At upper levels , a perturbation in the westerly current at 300 mb

has amplified over the Bay of Bengal producing southwesterly flow over the

Indochina peninsula and western China . It should be expected that as this

trough muves eastward and approaches South China the strength of the cold

air flow associated with the surge would decrease and thereby weaken the

surge .

The 02Z06 ~flSP satellite photograph (Figure 32) confir~~ the fact

that a surge has occurred .Iiring the pas t 24 hours . The South China Sea

has experienced a si~~ificant increase in cloudiness while the South China

mainland e~thibits an ~~usual mininun of cloudiness. Such a pattern implies

a deep , strong, subsiding n~ nsoon current behind the surge . The effect of

intense subsidence is clearly visible over China, but despite the broad-

scale subsidence, strong air-sea interaction over the South China Sea results

in extensive cloudiness over the water . In fact , the average surface wind

of 25 knots created turbulent mixing which caused large sensible latent heat
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transfers from the sea to the atx~~spher e. Also notice that , in this case,

the clearing band associated with the strong surge occurred along the r~ain-

land to the east of Hainan Island . This is an indication that the major

part of the surge occurred over the eastern portion of the South China Sea.

Cloudiness prevailed along the coast to the west of Hainan and over the

Gulf of Torikin throughout the period. If the surge had pushed southward

over the Gulf of Tonkin, a similar clearing would have been expected in this

area. Over China, the 08Z06 ~OAA satellite photograph (Figure 33) reveals

that the eastward passage ~f a 700 nib trough (Figure 34) has caused clearing

west of the troug h line over eastern China where the air at 700 rr b flows

southzard arid descends . tlsewhere, the increase in cloudiness banking along

the Vietnam coast is an indication of increased speed and depth in the north-

easterly flow. The absence of any “spill over ” to the west side of the

rr ouitains also indicates tha t the cloud top s are less than 5 , 000 feet. A

closer look at the satellite pho tograph s reveals low level cloud bands over

the Annaras indicating low level turbulence. An increase in stratus is also

noted over northern Laos and Thailand along with some convective activity

over southern I3urnia in association with the upper-leve l long-wave trough

mentioned earlier .

The i~~st si~~ificant change in convective activi ty during the past

24 hours has occurred over the northern portions of the subtropical trough.

The strong cold surge has increased the easter lies north of the South China Sea

trough, arid thereby intensified the low-level shear across the trough . The

resulting convective cloudiness between Vieu~am and Borneo has coincide d

with Cl which has nx ved to the nor thwest of Borneo. This cloudiness is qui te

organized and a vortical pattern is evident surrouiding the center of Cl.

Compared to CBl two days earlier , this new CB1 is iiich tro re incense. It also

connects wi th CB2 to the east of Hindanac (where it has stalled somewhat) ,
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and with the extensive cloudiness northeast of the ?~alaysian Peninsula to

form a well-defined Intert ropical Convergence Zone (ITCZ) cloud band on the

rnAA
5. 7 Decer~ber 1974

A siguificant change has occurred in the low level flow (Figure 35)

over the nor thern portions of the South China Sea. Rawinsonde winds clear ly

substantiate the development of an anticyclone eas t of Taiwan as a result of

the “spill over ” of a high center from southeastern China. (RUHK surface

pressure ana lysis , not shown) . A ridge line extends from this anticyc lone

center west-southwestward into another center over the southwestern Indochina

peninsula and causes southerly flow to prevail over the entire coastal regions

of southern China . If this flow continues it can be expected to produce an

increase in cloudiness over the Gulf of Tonkin and Red River Basin . South

of the ridge axLs the low-level flow over the South China Sea has become n~ore

easterly but still flows cyclonicall y into Cl which has become elongated in

a northeast-southwest direction . To the south of the trough axis the isotach

analysis shows there has been an increase in southwesterl y rronsoona l flow

about the southern portion s of cyclone Cl. The synoptic situation therefore

is very similar to that which is favorable ~or the developiren t of a tropical

vortex explained earlier .

At upper levels (Figure 36) , the strong perturbation at 700 n-b which

caused the extensive cloudiness and convective activity over the interior

portions of the Indochina peninsula has tr~ved eastward and is orientated

northwest-southeast over Hainan with a westward s lope wi th height. A secondary

perturbation is also evident along l00°E between 20-30°N. Ac 300 rib (not

shown) the subtropical ridge continues to extend east-wes t along 13°U but an

absence of cells within the ridge indicates an intensification in the Hadley

circulation.
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The 0)207 ~~~~ satellite photogr aph (Figure 37) shows the major

cloudiness in the South China Sea associated with the sur ge continues to

ra~nain east of ll2°E, a further indication that the major cold advection

is taking place east of llO°E over southern China wher e the flow of cold

air over water continues to create the exchange of nois cure necessary to

produc e the cloudiness . An increase in cloudiness has also taken p lace over

eastern China due to the approach of the previously mantioned short wave

trough at 700 nib and an associated change froLl cold to warm advection above

the cold surface air now occupyin g the region . The return , foist ,

southerl y current at raid-tropospheric levels is also producing a band of

middle and high clouds extending northeastward from Burma parallel to the

flow . As this system migrates eastward , clearing should again be expected

over South China as nor thwesterly (downs lope) not ion develops behind the

trough . In fact , a decrease in cloudiness has already begtn over the

eastern slopes of the Annarn ~‘buwain i’~ange , indicating that the depth and

strength of the northeas t trades is decreasing . The cloudiness to the west

of the Arinarn youitains is high cloudines s associated with cirrus streaming

northeastward above the subtropical ridge. The noisture to produce this

cirrus is being transp orted verticall y into the middle and upper tropospheric

levels by cumul us towers over the southern portions of the South China Sea.

These cumulus towers have become very well organized about cyclone Cl.

Although a low-level circulation about Cl is not clearly revealed , the strong

low-level convergence associated with the cloud mass would indicate the

possible formation of a low level vortex centered near 7°N , ll2°E. A si&li-

ficant increase in cloudiness can also be observed over Borneo . The t~ SP

(IR) pho tograp h (not shown ) at 17207 indicates that much of this overcast is

mid-level cloudiness associated with a perturbation rioving eastward over western

Borneo . A closer look at the 700 nib anal ysis (Figure 36) also reveals the
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development of a cyclone to the south of Born eo . Since anticyclonic flow

prevails at upper levels , this region is very favorable for convective

development. Another favorable area for increased ciziulonimbus deve lopment

lies to the east of the Philippines where the tropical trough has noved

northward and extend s east-west with imbedded vortices between lO-l5°N .

Further north , a front is not easily distinguishable in the ~DAA satellite

pho tograph for 08207 (Figure 33) ; however, the increase in cloudiness in

the Philippine Sea is an indication of increased air-sea interaction resul ting

from increased low-level winds . These increased winds ~re noticeable at

850 nib (Figure 35) as 30 knot winds are rep orted over the southern Ph ilippines .

A situation such as this may produce the externa l inflt~ nce , ment ioned

earlier in the case study by Fett [1968] , required to intensif y one of the

weak vortices within the trough .

6. 8 December 1974

Over the northern portions of the South China Sea , the subtropical

rid ge at 850 ith (Figure 39) has developed a nore cellular nature with the

format ion of a well substantiated anticyclone over the Gulf of Tonkin. The

trou gh-ridge situation which now exists is sinilar to the synoptic pattern

which existed prior to the surge on 3 December. Onshore flow is being

produced over the Gulf of Tonk in by this trough-ridge complex while the

flow over South China has now becon~ nore westerly . To the south of the

rid ge a~ds the surface winds are northerl y at 20-25 knots . These stro ng

northerly winds are feeding into the western quadrant of the cyclone Cl and

continue to produce a strong horizontal cyclonic shear zone. Cl has now

intensified up to the 500 tab level while at 300 nib (Figure 40) a strong

perturbation has troved eastward over the Indochina peninsula and has depressed

the subtropical ridge to 8°N over the South China Sea . Anticvclonic upper-

level flow over Cl is an indication that relatively warn air exists in the
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upper t roposp here . Yariai [ 1964] forn d that the warming of the upper levels

is the firs t crucial step in distinguishing the develop ing storm from the

many potential seedlings . The presence of the warm core first occurs in the

300-400 tab layer and then expands downward . From the surface pressure

tendency equation

r r
~~~ 

-gj ~;7~ Wd z -gJ \V ”7P

0 0

it can be seen that the net effect is to decrease the surface pressure while

at the same time the height of the upper-leve l pressure surfa ce tends to

rise.

The upper level analyses reveal several potential weather producing

phenomena exist in the troposphere . Firs t , ther e is the 700 nib (Figure 41)

long wave trough that has continued to migrate eastward to l05-llo °E and produce

southwesterly flow over southern China. Notice also that the southern

henisphere subtrop ical trough has tro ved equatorward and lies east-west along

60S with cyclonic centers over the Java Sea and the Flores Sea to the

Southwest and southeast resp ectively of Borneo . As one would expect , the

upper level circulation patterns mentioned above have resulted in associated

cloudiness over southern China and the South China Sea. To begin with ,

the tDAA cosaic for 08Z08 (Figure 42) shows there has been a decrease in

cloudiness over Burma , northern Lao s , and North Vietnam as the upper level

trough ~~ved eastward and the flow over the area becomes core westerly.

Also , a si~~iificant increase in cumulus convection can be seen to have occurred

to the southwest and southeas t of Borneo in the Karimata (CB3) and Makassar

(C34) Straits as a result of the low level convergence and upper level

divergence. Perhaps the largest area of increased convective activit’~,
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however , has occurred in the subtr opical trough to the east of the Phili ppines

in C2. Evidently, a situation exists similar to that docunented by Fett

[1968] , where a cold surge has provided the external influence required to

intensify a vortex within a poleward displaced equatorial trough . Although

a cyclonic vortex is not visible , a position of l3°N , l27°E would correspond

well with the associated cloudiness and a’so with the surface analysis by

P.OI~ (not shown) . A westward novement of this system is expected since it

has been shown earlier [Brody and Jarrell, 1969] that if (when a tropical

cyclone covin~ westward toward the South China Sea reached 130 °E while still

south of 22°N) there is a cyclonic shear zone at 850 nib (or another tr opical

cyclone) in the South China Sea within 6° latitude of the approaching storm,

then the Philippine Sea storm will enter the South China Sea . These

criteria are app licable from 15 ~Iay to 31 December.

As so often happens in nonsoon regions , a deterioration in weather

in one area accompanies improving weather in another . So it is with the

present synoptic regime that results in a weakening of the surge and a

marked decrease in cloudiness along the Annam Eou~tain Range south of lC°N.

Ano ther indication that the surge is weakening is the gradual decrease in

cloudiness off the South China coast. These clouds are directly related to

the stre ngth and depth of the cold surge . Perhap s the cost si~ -iificant

change in cloudines s has occurred in the convective activity associated with

Cl . During the past 24 hours the lar ge , well organized area of c~iiiulus

convection about Cl has decayed leaving an inverted “V” convective cloud

formation . The maxirni.rn convective activity in the north and western

quadrants is an indication of s trong convergence in the rrcnsoonal flow in

these regions . A check of the 850 mb / surface streaml ine-isotach anal sis

(Figure 39) reveals strong , cool , low level rronsoonal flow feeding southward

along the Indochina peninsula and then into the depres s ion . This cold air
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feeding into the cyclonic vortex suggests a possible stabilizing effect of

CB1 and a primary reason for the decay of the system . Note , ho~~ver , that

the cirnis outflow from the ciinulonimbus clus ters has enhanced dur ing the

past 24 hours indicating an increase in the ant icyclor iic f low above the

seedlings. Such a development suggests the possibility for the system to

red evelop . The CtISP infrared photograph for that evening near 17Z08

(Figure 43) confirms this redevelopmen t and reveals that CB1 has res~med its

intensity of 24 hours earlier .

7. 9 December 1974

The low-level analysis for 00Z09 (Figure 44) shows that the rid ge

over the northern portions of the South China Sea has shifted poleward pro-

ducing ridging and increased subsidence over South China . This northward

migration has caused the ridge axis to be orientated northeast-southwes t

and is pro ducing an easterl y to southeasterly flow over the coastal reg ions

of China and the Gulf of Tonkin . A subsidence regime such as this can be

expected to iniaediately decrease the cloudiness north of l8°N along the

coas tal regions of Southeast As ia . Further to the south , the subtropical

trough has troved further northwar d wi th cyclone Cl being located near 8°N

113°E. At upper levels , the long-wave troug h appears to be establishing

itself between lOO -llO°E resulting in southwesterl y flow over the northern

portions of the South China Sea. This long-wave troug h continues to

depress the subtropical ridge over the South China Sea and the flow is

now westerly north of l3°N at the 300 nib level. The 500 nib analysis

(Figure 45) reveals that the R0I~( obj ective surge forecas t criterion mentioned

earlier, is satisfied and a cold surge can be expected at Hong Kong within

24 to 48 hours .

The ~OAA satellite photograph (Figur e 46) for 08Z09 reveals that

both interesting and dramatic change s have taken p lace over the past 24 hours .



Firs t , there has been a decrease in cloudiness over the Indochina peninsula

south of 20 °N as the upper-level trou gh coves eastward bringing divergent

northwesterly flow over the area. Also, the convective activity in Cl has

become much core organized . Ciii ~lus convection caused by the low level

convergence and upper level divergence continues to verticall y transport

fltisture which traces out the anticyclonic f low of the upper-leve l circula-

tion . This cirrus outflow is curved and confined to the western quadrants

of the system. A noticeable change in the convective activi ty has also

occur-red in the t~akas sax Strait where a weakening in the low level conver gence

has produced a decrease in cutri.ilus convection. The major low level convergence

in the southern hemisphere equatorial trough is now associated with the

cyclonic vortex near 6°S , 105°E. Finally, a decrease in organization and

convective activi ty is apparent in C2. A check of the upper-level anal yses

fails to reveal a clue to this rap id decay since the system continues to

remain in an area of low-level convergence and upper-leve l divergence.

Although the photog raph does not reveal a definite vortical circulation ,

extrapolation westward at 10 knots would p lace the vortex near l3-l4°N,

l23°E over Visaya . Thus , the weakening appears to be associated with landfall.

Brand [1973] noted that nearly all of the cases of tropical sto rm weakening

in this region were in association wi th landfall or recu rvature.

8. 10 Dec~nber 19 74

Pre-surge conditions are present again in the analyses and satellite

photographs for 10 December. The P~0HK surface anal ysis (not shown) shows a

cold front extending east-northeastward from 22.5 °N, llO °E with a wave over

the Taiwan Strait causing the front to swing through the southern portions

of Taiwan . The 850 nib streamline analysis (Figure 47) continues to show a

trough-ridge complex as the surge nears the South China coast. A sharp

ridge axis extends southwestward over the Indochina peninsula with northeasterly
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flow continuing to prevail over the South Ch ina Sea south of the ridge-line .

The isotherm analysis (Figure 48) shows that the entire central and western

South China Sea is now covered with warm air except in areas close to the

Vietnam coastline where a cold tongue exists . It has been observed [U.S.

Fleet ~Jeather Facility , Yokosuka , 1966] that as the northeast rronsoon

season prog resses and cold surges penetrate further southward , cold water

is advected southward along the Vietnam coast by the longshore curre nt .

Such a cold water zone along the coast could be respons ible for some cooling

of the overl ying air nags and the maintenance of the observed cold tongue

of air . Whether this longshore current provides the necessary volune of

cold water transport necessary to play a siguificant role in the maintenance

of a coas tal cold water zone is beyond the scope of this study.

As the front coved southward , the pressure gradient between Hong Kong

and Saigon increased to 7.5 rrb (Table I) causing the winds to increase to

25 knots over the South China Sea from the Taiwan Strait to the northern

quadrant of Cl. Mea~~hile C2 has migrated west of the Philipp ines and is

located near 13°N , l20°E. Another cyclonic vortex (C3) has developed to the

northeast of C2 near l8°N , l24°E.

At upper levels the subtropical rid ge is begirning to intensify and

re-establish itself over the South China Sea. At the 500 nib level (Figure 49)

the subtropical ridge has noved slightly north of its December clixria tological

position and is oriented southwest to northeast over the northern portions

of the South China Sea . Northeasterly flow covers the South China Sea south

of 18°N. While the subtropical rid ge has intensified at 500 nib and 300 mb ,

the cyclone at 500 nib associated with Cl has weakened leaving only slightly

cycloni c flow over the southern portions of the South China Sea .

The OOZ1O ~~~P satellite photograph (Fi gure 50) cloudiness corresponds

well to the fea tures mentioned above. Along the South China coast , the front
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is not as well defined as the one on 3 December , however , over Taiwan and

then northeastward the leading edge of the front is clearly defined by

convective activity. Strong convective activity in the South China Sea has

now begt.in to develop in C2 while Cl begins to drift slowly westward towards

the southern tip of Vietnam. A clearly defined low level vortex associated

with Cl appears for the first time and is define d by thin cunul ifonn lines

which spiral cyclonically into a center near 7.5 °N , lll.5°E. ~1aximun

cloudiness and convective activity is confined to the northern and western

quadrants where the low level convergenc e is concentrated . A point worth

noting here is that , while Cl remains quasi-stationary, C2 is now troving

ra pidly westwestward at a rate of 40 longitude/12 hours . (The cycloni c

center C3 has a similar novement.) The satellite photog raph for the next

DMSP revolution (not shown) shows that cirrus outflow at upper levels curves

anticyclonically out of the western quadrants and streams northeastward across

the southern portions of the Indochina peninsula. A riore detailed check of

the photograp h shows low level stratifor rn clouds have formed along the

eastern slopes of the Annarn Mountains as the low level rroist air associated

with strong turbulent n’ixing is orographically lifted. The ~flAA satellite

photograp h near O8ZlO (Figure 51) shows strengthening of the convection along

Straat ra (CB3) . This cloudiness agrees well with the location of the equatorial

trough at 700 rab (Figure 52) .

A frontal passage occurred at RDHK between 06Z10 and 12Z10 , appro xi-

mately 36 hours after the ROHK objective forecas t cri terion was satisfied.

Following the frontal passage POHK registered a ter.p era ture drop of 7°C in

the next 12 hours (Figure 14) ar~ a shift in wind direction from northwesterly

to northeasterly. Rapid penetration southward by the cold air is clearly

illus trated in Figure 48. Such a rapid penetration southwar d by cold air

is oft en an indication that the advection of cold air is deep arid has a large
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north-south extent ~~~~ 1969].

9. 11 December 1974

The surface front shown on the 850 mb/surface ana lysis for OO Zll

(Figure 53) has now tioved well south of the South China coast. The strong

baroclinic zone observed behind the front is producing strong northeasterly

f low in excess of 30 knots . Surface winds in excess of 30 knots are also

observed by surface ship reports between Cl and C2 , These surface ship

reports indicate a large area of increased cloudiness and rainshowers with

ceilings as low as 600 feet. The ana lysis shows a distinct circulation about

Cl , C2 and C3. (All of these vortices have good substantiation at eithe r

the surface or 850 nib levels.) During the past 12 hours Cl has rema ined

quasi-stationary while C2 has noved westward to a position near l4°N , 115 °E.

In the meantin~ , C3 has noved rapidly west-northwestward and appears to be

weakening. By now it is clear that both C2 and C3 have noved out of the

equa torial trough which appears to be re-es tablishing itself at a tr ore

southerly lati tu de with the forma t ion of another cyclonic center (C4) to

the west of Mindanao in the Sulu Sea.

The ~flM satellite photograph for 08Z11 (Figur e 54) shows the main

cloud mass remaining over the China mainland with a wide cloud band associated

with the cold front extending southwestward over the northern portions of

the South China Sea and merging with the cloudiness about C2 , which has

continued to intensify . The low cloudiness caused by strong air-sea inter-

action has wrapped around the western portions of C2 where it ext ends southward

and begins to merge with the cloudiness about Cl. During the past 24 hours

the convective activi ty CBl has become less organized but continues to be

confined to the northern and western quadrants with the vortex remaining

visib le near 7.5°N , 110 °E . The isotherm anal~’sis for l~~ll (Figure 55) sh~ws

cooler tronsoon flow feeding into the northwestern quadrant of Cl as the cool
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air is being funneled rap idly southward between the Vietnam coastline and C2.

Thus , the influx of cool air frau the north again appears to l-iave influenced

the rapid decay in convective activi ty. An earlier study [Adler , 1970 ]

hypothesized that a situation such as this , where there is entrainment into

a sto rm ’s circulation of cool air caning off the Asian continent during

surges would tend to re duce its intensi ty. However , attempts to correlate

change in intensity of individual storns with measures of cold-air flux

across the China coastline met wit h little success. Yet , on a climatological

basis , the latitude at which the tropical cyclone crossed the Philippine

Islands and the date was found to be an important segregator between storms

which decreased in intensi ty and those which re-intensified. Figure 56

points out this relationship. In the figure , R deno tes stor ms which either

maintained their intensity or re-intensified in the South China Sea; and

D denotes stor1I~ that decreased in intensity. It is interesting that the

last re-in tensif ying storm occurre d on 23 November. Another discriminate

analysis [Adler, et al, 1970], this one based on the latitude at which the

storm crossed the Philippines and the 0000Z Hong Kong surface temperature on

the day the storm passed the Philippines , is shown in Figure 57 . The diagram

shows that the higher the teu~erature at Hong Kong and the lower the latitude ,

the higher the probabili ty that the storm will maintain its intensity or

re-intensity. Even though this analysis was found to be an improvement over

the date-latitude relation for storms , it still would not have forecast the

re-in tensifi cation of C2 which crossed the Ph ilippine s near l3°N on 10 December

when the 0000Z surface temperature at Hong Kong was 18.6°C.

A crachin situation seems to be developing along the coastal regions

of ~Jor th Vie tnam. Ramage [1954 , 1971 ] has discussed this stratus occurrence

and he concluded tha t crac hin forzrs in those areas located “under the south



or southwest section of an anticyclone moving eastward to the north , or

under a wedge which has extended westward fran the Pacific anticyclone.”

A cciiparison of the synoptic patterns over South China during the past 24

hours (Figures 47 and 53) reveals that the Red River Valley lies southwest

of an anticyclone at 850 nib which has moved northeastward. Consequently,

the synoptic scale pattern over the coast regions of North Vietnam is

similar to that which R~m~ge [1954 , 1971] described as producing crachin .

10. 12 December 1974

On 12 Dec~ rber the 0000Z 850 rrb level anal ysis (Figure 58) reflected

an anticyclone jus t off the east coast of China with a return southerly cir-

culation over South China , a westerly ccc~ponent over northern Laos , and

a ther mal low near the Red Basin. This subsidence regime irr mediately

affected the coastal area of South China as the stratus began to dissipate.

The D~~P satellite photograph for 01Z12 (Figure 59) seems to indicate that

cyclone C2 has sp lit into two cyclonic cells with the more southerly one

(C2B) having moved onshore in the vicinity of ?rian Rang (VVPA) while the

more northerly cyclonic cell (C2A) remained offshore near l5 °N , l10 °E.

About one day late r , the tIISP picture at 01213 (Figure 60) provides the

evidence that the separation of C2 had been completed some time ago. In

strong contrast to this is the weakening of CB1 which has decayed almost

as dramatically as its re-intensification 3-4 days ago . The ~ 1SP satellite

photograph shows that it has lost most of its organization and has shrunk

to a narrow northeas t-southc.zes t cloud band between Vietn am and Borneo .

The satellite data proved invaluable in analyzing the separation of

C2 on the 850 mb/surface charts at OOZl2 (Figure 58) arid 06Zl2 (Figur e 61) .

On these charts it is clear that the strong northeasterly monsoon wind is

almost absent in the centra l SCS due to the westward traverse of C2 across

the sea. This will be an important point in the discussion of the relationship
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between the cold surges and the near-equatorial convective disturbances in

the next section .

C. DISCUSSION

Several previous investigators (e.g., Navy Weather Research Facility ,

1969) have constructed time cross-sections along northeast-southwest trajectories

in the South China Sea to study the sequence of events following a cold surge.

Figure 62 shows such a straight-line trajectory fran the Taiwan Strait to

the southern tip of the Malaysia Peninsula. A surface temperature cross

section along this line is shown in Figure 63. It can be seen that the

occurrence of the firs t cold surge in the Taiwan Strait , similar to that in

Hong Kong , took place in two segments. The first se~ r~nt was associated with

the frontal passage near 12203 which was followed by the second se~~ent

beginning 12Z05 . In the northern South China Sea the cross section seems

to suggest that the cold air intruded very rapidly to near 18°N and then

propagated somewhat slower equatorward. The second surge which began at

12210 appeared to develop nearly sinultaneous temperature drop s all the way

down to 12°N. However , an inspection of the time series for the surface

t~ r~ era tur e and pressure at several stations in the northern South China Sea

(Figures 1 and 64-69 ) reveals that the situation is not so straightforward.

In these figures it is clear that the stations in Taiwan and the Taiwan

Strai t (Taipei , ~akung , Dongkong) , as well as those iirmediate ly off the South

China coast (Hong Kong and Haikow) all show siguificant temperature drops and

press ur e rises following the cold surges . ~‘bderate temperature drops for

both surges and pressure rises for the first surge are also evident at the

western South China station Xishada° . However, at the northeastern South

China Sea station of Donshadao , which is about 200 miles off the South China

coast and 250 miles ck,wnstream fran the Taiwan Strai t , there is very little
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evidence of si~ iificant temperature or pressure changes due to the surges .

Thus it appears that the cold air streaming down the Taiwan Strait and off

the southeastern China coas t east of the Nanling ridge is modified in the

northeastern South China Sea rather rapidl y by the marine influence , while

in the western part of the South China Sea cold air originating from the

South China coas t west of the Nangling ridge is channeled southward along

the Vietnam coast and can penetrate deeply into the near equatorial latitudes .

This longitudinal variation of the surfac e temperatures is also confirmed

by examination of the surface temperature analyses.

A northeast-southwest cros s section of the low-level winds , on the

other hand , is more repres entative of the time sequence of events because

the freshening of the northeascerlies during surges usually occurs over the

entire South China Sea . Figure 70 is such a cross section but it is based

on longitudinally average d wind speeds over a nor theast-southwest band

which is indicated in Figure 62 . The reason that a band , instead of a

strai ght-line trajecto ry is used is becaus e the conside rable movement and

changes in the intensity of the cyclonic centers Cl and C2 (which are also

shown in Figur e 62) would make a cros s section along a strai ght line som~~hat

misleading in the latitudes of the two cyclonic centers . In Figure 70 the

two cold surges may be followed by the isotachs of 20 and 25 knots . They

firs t appear in the Taiwan Strait at 00204 and 00Z05 , respectively , 2or

the firs t surge ; and near 12210 for the second surge. In both cases a south-

ward propagation of the freshening of the winds may be traced to near 16°N

within 12-24 hours . Fran there this incre ase in the northeasterlies spreads

almost simultaneously down to the southe rn South China Sea near 7°N during the

firs t surge . In the second surge the southward propagation was stopped near

l5~N becaus e of the westward movex~ nt of C2 across the centra l South China

Sea . The stro ng winds between 9-l1°N centered at OOZll are obvious ly due

to the presence of Cl and C2.
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From the movement tracks and intensi ty changes of Cl and C2 shown in

Figur e 62 , it appears that the organi zed convection associated with cyclonic

disturbances in the near equatorial latitudes is directl y influenced by the

monsoon surges . Prior to the firs t cold surge when the low level wind in

the South China Sea was very light (less than 10 knots), Cl was a semi-

permanent , semi-stati onary feature in the equatorial tro ugh over the northern

coast of Borneo . It was associate d with only widely-scat tered convection .

Itm~ diately after the firs t surge , Cl developed very intens e , organized

convection reserrbling an impressive tropical cyclone on the satellite photo-

graphs . Excep t for a temporary weakening on 8 Decer±er 1974 , Cl maintained

its stre ngth as the northeasterlies in the central South China Sea rer .~ained

strong (approximately 20 knots) . The second surge coincided with the

westward moven~nt of C2 which moved into the central South China Sea as a

propagating wave dis turbance in the I’ICZ , after being tempo rari ly stalled

and deflected northward when it reache d the P~iilippines . Since C2 was north

of Cl during the second surge , it apparently intercepted the northeasterly

surge and became intensified itself . Hence , the southward penetration of

the monsoon winds was blocked and the intense convection of Cl dissipated

within 24 hours .

The correlation between the low-level northeaster lies and the convective

activities in the cyclonic disturbances is probably due to the changes in

the low-level convergence which is apparentl y modulated by the northeasterl y

winds . This possibility is st~ por ted by the ususal concentratio n of cloud !-

ness in the northwestern or northern quadrants of the cyclonic cente r , which

was also repo rted previous ly by Harris et al [1971] . H

The southward incurs ion of cold t~~~era tur es along the Vietn am coas t

also appears to impact the convective activities of the near-equatorial
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disturbances . The firs t weakening of Cl near 8 Decerrber 1974 coincided

with the cold air incursion af ter the first surge . This cold air incursi on

was a slower process than the freshening of the nor theasterlies because it

had to go arouad the western side of the South China Sea. The weakening

of Cl was not permanent , probab ly because the nor theaster lies remained

strong , and when the cooling trend in the vicinity of Cl reversed , so did ‘I
the weakening of its convection . ‘Jhen C2 blocked off the northeasterlies

after the second surge , it also f~~neled cold air southward cyclonically

along the Vietnam coast , resul ting in a much faster cooling in the south-
western South China Sea (as shown in Figure 63) , and apparently helped

the collapse of convection associated with Cl.

I

- 

65 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

____



V. (DNCLUSI0~

From the foregoing analyses and discussion the following tentative con-

clusions , which should be re-exa mined after the Winter ~VN~ C , can be made.

1) Following a cold surge, the freshening of low-level northeaste r lies

spreads rapidly (in 12-24 hours ) from the Taiwan and Luzon Straits south-

westwar d to near 16°N and then down to the near -equatorial latitudes with

ainost no time lag if there is no disturbance in the South China Sea to

preven t it from doing so.

2) The southwa rd incursion of cold temperatures is concentrated in the

western part of the South Chin a Sea along the Vietnam coast , and progresses

at a slower pace compared to that of the fresheni ng of the winds . In the

eastern and central parts of the South China Sea the fast-stre~~~ng north-

easterlies are modified rapidly by air-sea interaction .

3) As a result of 1) and 2),  the near -equatorial latitudes of the

South China Sea will e~~erience widesp read increased northeasterly monsoon

winds prior to the cold temperatures , if any .

4) Pre-e~dsting synoptic-scale cyclones , whether ser~ -stationary

equatorial trough distur bances deve loped over the northe rn coas t of Borneo ,

or westward propagating waves from the wes tern Pacific , may resp ond to

surges in the following ways :

i) In tensificat ion of organized deep convection in relation to

the freshening of low-level riortheasterlies , probably because

of increased low-level convergence; and the dissipation of

organized convection in relation to the slackening of north-

easterlies.
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ii) After the intensification due to the freshene d monsoon flow ,

a weakening of the convection in relation to the later-

arriv ing surface cold air incursion in the western South China

Sea , probabl y due to the stabilizing effect .

The above sequence of events is surririarized in the schematic model shown

in Figure 71. Here time 0 represents the time when the cold surge occurs

in Southern China , time 1 rep resents the tirE when the freshening of north-

easterlies reache s the southwestern South China Sea approximately 12-24

hours after time 0 , and time 2 is approx imatel y 24-48 hours after time 0.

Finally, the inportance of satellite data should be emphasized .

Wi thout satellite photograp hs it would not have been possible to trace the

southward progression of cold surge related convective activity along the

Vietnam coas t , nor would it have been possible to anal yze the development

arid alternating intensity changes of the two near-equatorial disturbances.

It is e~q ected that the continued coverage of the Japanese Geostationa.ry

Satellite during the Winter ~~NE~ will provide an excellent data base to

study the interaction of cold surges and near-equatorial disturbances which

have a fairly large spatial scale but a short time scale .
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PHASES IN THE NORTHEAST MONSOON REGIME

THE CONTINENTAL OUTBREAK MODIFIED FOLAR FLOW

MARITIME FLOW TROPICAL CIRCULATION

TYPICAL FLOW PATT ERNS

Fig. 2. Typical flow patterns of the Northeast Monsoon Regin~ (NWRF
Staff, 1968).
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t a ti on , but  improv ing t re nd generall y
O CC U r S over water a f t e r  passage of front
al zone . Improvement delayed over East
Coast of Viet n am until orograp hic cloud

2 , 000- and preci p i ta t io n lessen as post—front al
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SURGE ___
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b. Day Two Frontal clouds weaken with southwa rd
move ment . Over land , oro grap hic
preci p ita t ion intensit y depends on
stren gth and dep th of onshore flow . Over
inshore waters and immediate coastal
areas , low -level v is ib i l i ty  and ceilings
sta rt out  good due to fresh offshore flow
of dry continental a i r , but gradually
deteriorate during day and along tra-
jectory of a i r  passing over cold waters
as winds l igh ten  and become onshore
or pa ral lel to coast .
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Figure -
~~~. We stern South China Sea Winter -Season Frontal Sequence

Model , North-South Vert ical Cross Section (Low strati-
form clouds repre sentat i~.-e of Tonkin Gulf inshore waters
and coastal areas ) .
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c. Day Three I ” r ont a l  clo uds d iss ipa t ing  w dt i  cont iniu d

s u ut h w ~ rd niov ern~~nt . Or og r a p h i c  pre —

cipitation intensity depends on dep th and
st r ength  of onshore  f low . Cra chin fog
and s t ra tus  causes poor ceilings and
visibi l i t i e s ove r inshore waters and
coastal areas , gradually spreading into
NVN coastal plain and river valleys ,
to remain until nex t vigorous polar  out-

9,000 ~~~~~ break or low-level  f l ow becomes and
ft. - remains dis t inct ly  offshore.

6,000 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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d. Day Four Identif ication of ou tbreak  as a i r - m a s s  dis-
continui ty ge ne ral l y not possible at this la-
t i tude , due subsidence above a nd below

- f ron ta l  boundary  and pro gressive modifi-
cation of polar a i r  by sea su r face ; bu t
intensification of low-level  wind field
remains evident and orograp hic preci pi-
tat io n accom panies sur ge a lon g east coa st
of Kra Peninsul a . New polar outbreak
begins in North and sequence repe ats i t -

12,000 - - self .
ft.

9,000~ 
LAYERED:::

23°N I7•N

Figure ~~. Western South China Sea W in ter-Sea s ’)n Frontal Sequence
Model , North-South Ve rtical Cr oss Se ction (Lo w strat i-
form clouds representa tive of Tonkin Gui-f inshore waters -
a nd coastal areas ) .
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(dots) where tine cross-sections of surface tei~~erature are con-
structed , and the northeast-southwest band where brie cross-
sections of longitudinally averaged 850-mb/surface wind speed
is constructed. Also indicated are the following stations where
tenperature and pressure tine series are shown elsewhere ~n this
paper : Hong Kong (HKG , Fig. 1), Taipei (TPI~, Fig. 65), Mak~xig
(MKG , Fig. 66) , Dongkong (DKG , Fig. 67) , Haikow (HKW , Fig. 68) ,
Dongshadao (DSD , Fig. 69) , and Xishadao (XSD , Fig . 70) - The
traces of cyclonic centers , Cl and C2 , are also p lotted with the
size of the double circles (open for ooa~ and closed for 12a—tT)
indicating schematically the intensity of the associated
organized convection.
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Fig. 63. Tine-latitude cross-section of ana lyzed surface tenperature
along the northeast-southwest line shown in Figure 62.
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Fig. 71. Schematic rlx)del depicting the tine sequence of a cold surge
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and 2 are approximately 12-24 hours and 24-48 hours after
time 0 , respectively.
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