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Central Chile winter rainfall pattern! *how • positive anomaly during the de-
veloping atage of warm eventi associated to the negative phaae of the Southern
Otcillalion. On the other hand, cold eventa during the positive phase of the
Southern Occillation, correspond quite closely to dry condition*. However, *ev-
etaJ dry year* eeem to precede or follow warm event* without being necesaarily
elaaaified a* cold eventi.

A lynoptk characteriiation of major winter itornu during the development
of the mo*t recent warm eventa in 1972, 1982 and 1967, u preaented. Dry
winter month* daring cold-event yearn are described in term* of average 500 hPa
contour anomaly field*. Significant departure* from thin general behavior, u
•torm* not associated to warm eventi tnd extended dry period* during otherwise
wet winttn, are a ln analyied.

tt it found that major winter storm* occurinf during the developing phaae of
warm eventa are related to hemispheric type* of blocking and anomaly pattern*
where tonal wavenumber 4 and a particular phaae of wavenumber 3 dominate.
The blocking*, located in the Bellingihausen *ea area, aplit the westerly low
diverting the atorm tracka toward* central Chi)*4 The amplification and perma-
nence of the ridge* in the blocking area aeem to bf related to a resonance with
teleconnection pattern* described a* wavetraina ateniniing from the anomalou*
atmoepheric heat aource during the developing phase of warm event*. Cold
year*, often immediately preceding or following a warm event, bring dry con-
dition* in the atudy area due to a well developed subtropical anticyckmic belt
and predominantly aonal weaterly flow. Superimpaeed on theae general con-
dition*, anomaly contour pattern* in southern South America reveal opposite
aign* with reapect to those uaoeiated to warm event*. Heavy winter *torma
not coinciding with warm event* ahow local type* DT blocking in the Antarc-
tic peninnla area, with meridionally or slightly NE-SW oriented trough* and
ridge*. Extended dry apella and rainfall episode* during warm-event winter*
seem to be connected with alternating aubtropkal anomalie* moving cut with
an intraMuonal time Kale, *uperimpo*ed on the aforementioned anomaly pat-
tern at higher latitude*.

* To be submitted for publication-

** Permanent address: Department of Geophysics, University of Chile,
Casllla 2777, Santiago, Chile.
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1. INTRODUCTION

The apparent relationship between the phases of the Southern Oscilla-

tion (SO) and rainfall anomalies in central Chile (30 - 35 S) has been re-

ported by several authors, Mrfn (1955), dills taking into ctnsideratlcn pressure ana-

lies in the Southern Hemisphere, found that the precipitation in central

Chile stays below normal during the positive phase of the SO, namely

when the SE Pacific subtropical anticyclone is stronger than average. The

strength and position of the aforementioned anticyclone has been also r*~

lated by Pittock (1980) to the interannual rainfall variability in the central

part of Chile. Quinn and Neal (1983), in an attempt to relate long series of

annual precipitation in Santiago (33.5 S, 70.7 W) and in Valparaiso (33.0

S, 71.6 W) with some El Nino index, obtained a good correspondence of

the interannual rainfall variability with an area averaged sea surface tem-

peratures in the southeastern tropical Pacific. More recently, Aceituno

(1887) has correlated the pressure, temperature, wind and precipitation

fields with a Southern Oscillation Index, concluding that the tendency to

positive rainfall anomalies in central Chile during the negative phase of the

SO is associated to a weak and northerly displaced SE Pacific subtropical

anticyclone; together with an overall increase in baroclinicity at the sub-

tropical latitudes produced by tropospheric cooling in the southern part

of South America and a corresponding wanning in tropical latitudes. At

present, the Chtlon rainfall anomaly seems to have conquered a place in

the worlwide sequence of major climatic anomalies related to a typical El

Nino/Southern Oscillation (ENSO) episode (Rasmusson, 1087), although

the limited geographical extent of the anomaly or the event-like structure

of the heavy rainfall event* could have prevented his full appearance in a

recent study by Ropelewskl and Halpert (1087),

The middle and high latitude atmospheric response to the SO- related

warm event* in the central and eastern equatorial Pacific has been explained

through the concept of atmospheric teleconnectivity, first introduced by
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Bjerknes (1969). It relates the anomalous heating of the atmosphere in the

central equatorial Pacific with Rosaby - like perturbation waves reaching

middle and high latitudes through the action of the winter subtropical jet

stream. Schematically, these waves would be formed downwind of a pair of

upper tropoepheric tropical antkyclonic anomalies generated as the diver-

gent flow from the atmospheric heat source moves polewards. Although this

wavetrain concept has been theoretically supported by Hoskins and Karoly

(1981) in terms of simple physics, the relative independence of these global

anomaly patterns with respect to the exact location of the heat source has

led to the consideration of barotropic Instability mechanisms (Simmons el

a]., 1983). The actually observed teleconnection composite anomaly pat-

terns have been obtained by Wallace and Gutzler (1981) for the northern

Hemisphere and by Karoly (1086) for its southern counterpart. On the

other hand, some general circulation models have partially succeeded in

obtaining a reasonable representation of the observed anomaly fields(i,e.,

Lau, 1985).

A preliminary study on the synoptic aspects of the rainfall events in

Santiago during the wet years 1972 and 1982 (Rutllant, 1987) Indicated

the importance of blocking to the SW of South America, presumably tuned

with the teleconnection pattern described by Karoly (1986). The present

study aims at the characterisation of the large scale and synoptic weather

patterns associated with the interannual rainfall variability in the Santiago-

Valparaiso area, and their comparison with average and composite patterns

of the southern hemisphere circulation at the extremes of the SO.

2. RAINFALL INTERANNUAL VARIABILITY

Figure 1 represents the annual rainfall time series for Santiago from 1866

to 1987. Dots (.) above the bars represent "warm-event" years from 1877-
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1982, after Kiladis and van Loon (1988), corresponding to the developing

phase (year 0) of positive sea surface temperature anomalies in the central

and eastern equatorial Pacific associated with the negative phase of the

Southern Oscillation. "Cold-event" years during the positive phase of the

S.O., according to the same authors, are represented by (x). The warm-

event year of 1868, after van Loon and Shea (1985), and some eases not

listed in Kiladis and van Loon's but quoted as El Nino (EN) yean by

Quinn and Neat (1983), are also included. EN events luting f" two

consecutive yean, according to these authors, are indicated by horizontal

arrow*. The average annual precipitation and one standard deviation above

and below that average are indicated by full and dashed horizontal lines,

respectively.

In general, a tendency to the association between wet (dry) yean and

warm (cold) events is apparent. From a total of 23 wet years, with annual

rainfall equal or larger than one standard deviation above the normal, 30

correspond to warm events (including the recent one in 1067) and only

one to a cold event. On the other hand, from a total of 27 years with

annual rainfall equal or less than one standard deviation below the average

(including the recent 1985 cold event), 10 correspond to cold events and

only 3 to warm events. The remaining 14 dry years include G that occurred

prior to the first cold event reported in Kiladis and van Loon's list, and

possible two-year * anti-El Nino" cases, equivalent to those reported by
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Quinn and Neal (1983) for EN events. The "anomalous" tendency of the

annual precipitation with respect to the aforementioned general behaviour

during the warm events of 1896,1911,1969 and 1976; and during the cold

events of 1898 and 1970; is indicated in Figure 1 by vertical arrows.

In addition to the almost certain influence of forcing mechanisms not re-

lated to the Southern Oscillation in explaining interannual anomalies in the

central Chile rainfall, part of this "anomalous" behavior could be analyzed

considering differences in the basin- wide vs. the South American warming

modes for each event, together with their relative intensity and phase (Deser

and Wallace, 1987). For instance 1969, not listed in Quinn and Neal (1983),

presented noisy SLP anomalies at Darwin, sujposadly representative of the

basin-wide anomalous warming (Deser and Wallace, 1987). Similarly, the

1976 case was characterized by warming along the South American coast,

without a basin-wide counterpart.

Dry years not listed as cold events bat immediately preceding or fol-

lowing warm events deserve also a special consideration. In fact, only 4

out of 20 cold-event years in Kiladis and van Loon (1988) do not actu-

ally correspond to yean immediately preceding or following a warm event.

Therefore, it is plasible that some dry years could have featured opposite

anomalies to those characterizing contiguous warm events, as will be dis-

cussed in section 6. For example, during the extremely dry 1968, the first

half of the year presented negative departures in the SLP at Darwin (basin-
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wide cooling) and in the SST at Puerto Chicama, Peru (South-American

cooling); according to Deser and Wallace (1987).

3. CASE STUDY

The precipitation in central Chile is almost exclusively a southern winter

phenomenon, associated with the extratropical disturbances that succeed in

penetrating the area of influence of the SE Pacific subtropical anticyclone.

The average annual rainfall in Santiago, located In a central plain between

a coastal range and the Andes (at approximately 600 m above sea level),

is about 350 mm. Valparaiso, a coastal city, has an average precipitation

around 420 mm. During May, June, July and August about 80 % of the

annual precipitation falls, distributed into relatively few events, especially

in wet winters. In fact, during the last three ENSO events of 1972, 1982

and 1087, where the annual precipitation exceeded one standard deviation

above the normal (Figure 1), moat of the total precipitation was distributed

into 5 to 7 events; defined as those having at least one day with a rainfall

of 30 mm or more in Santiago or Valparaiso.

The monthly winter rainfall for each individual June, July and August

(Santiago and Valparaiso averaged) in the last 17 years b illustrated in

Figure 2. Dry spells lasting for at least one month during generally wet

winters, can be observed. Based on the preceding information, a case study

including eight major storms during warm events, three dry months during
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cold events and four "anomalous" cases where either heavy rains did not

coincide with with warm events (2 cases) or dry months within a wet period

(2 cases), was performed (Table 1).

4. WEATHER PATTERNS IN STORMS DURING WARM EVENTS

The study of three winter rainfall events in 1972 and three In 1982 led

to a composite surface chart (Figure 3) showing frequent features asso-

ciated to the storms (Rutllant, 1987); the most important one being a

blocking anticyclone in the lower left of that figure, driving cyclonic trajec-

tories through central Chile as a consequence of the flow separation. A deep

continental trough with a closed low In NW Argentina was also frequent,

separating the Pacific high from a well developed Atlantic subtropical anti-

cyclone. A stationary front was often located in NE Argentina and a deep

low pressure area was characteristic in the Antarctic peninsula sector.

In order to assess the hemispheric or regional nature of the synoptic pat-

terns described here, it Beems useful to compare them with quasi-stationary

and blocking states in the Southern Hemisphere, as described by Mo(1886).

By means of the 500 hPa daily analyses issued by the World Meteorologi-

cal Centre In Melbourne, Australia; Mo identified 23 southern winter (JJA)

quasi-stationary states, characterized by anomaly pattern correlationa bet-

ter than 0.5 between all pairs of consecutive daily maps spanning over a

period of 5 days or more. Also, when positive 500 hPa contour anomalies
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exceeded ISO gpm at one particular location featuring a blocking ridge for

•ix or more consecutive days, a blocking event was defined (Mo, 1986),

The first case, between June 6 and 14, 1972; occurred within an hemi-

spheric blocking event, as reported in Mo's study. 600 hPa analyses, from

the Southern Hemisphere Analysis Centre in Melbourne, Australia (SHAC);

present a deep ridge in the Bellingshausen sea area, especially about the end

of the period, when a tonal wave 3 dominate* the hemispheric circulation.

At the surface, storm tracks occurred between 30 and 4S S.

The second storm in June 1972 (Table 1) could not be classified as

blocking due to its short duration. However, a slowly moving warm high at

45 S and a weak SE Pacific subtropical anticyclone produced the required

configuration for the rainfall In central Chile. During that period, the

Atlantic subtropical anticyclone was particularly well developed.

The most relevant feature in the storm that begun on August 10,1972,

was a slowly moving anticyclone, located at about 160 E at the beginning

of the month. It moved across the southern Pacific reaching the Atlantic

on the 19th, after staying in the Bellingshausen sea area between the 6th and

the 15th. The roaxinran intensity of the 600 hPa ridge occurred between the

8th ad ire Dthjust ahead of the rainfall event. A blocking not related to

any particular quasi-stationary hemispheric configuration was reported by

Mo (1986) between the 6th arl ths Boycoinciding with the drift of the high

through the Bellingshausen sea.

-a-

Figures 4 and S show the hemispheric sea-level pressure (SLP) and

600 hPa contours at 12 GMT on the 14 June 1982, respectively, during the

first storm in that month. In the South American sector, a large blocking

anticyclone with central pressure of 1035 hPa coincides with a deep ridge

at 600 hPa oriented in a NW-SE direction. The trough to the SE of the

continent, oriented in the same general direction, completes a conal "dipole-

like" structure relative to a N-S axis through the southern edge of South

America. The hemispheric circulation presents dominant zonal waves 3

and 4, with the main troughs located at 75 E, 160 W and 45 W at the 50

degrees latitude circle. A dominant wavenumber 4 in the 600 hPa contours

was particularly well developed during days 12, 13 and 14. After the 14th

June, the blocking anticyclone moved towards the Chilean coast, spreading

over the southern part of the continent. A cut- off low in the Juan Fernandes

islands area was also present towards the end of the rainfall period. From

the 7th until the 23rd June, Mo (1986) reports a block, with two different

quasi- stationary hemispheric circulation state*.

The rainfall during the second case of June 1082 was concentrated be-

tween the 27th aid 29th,where a difluent flow scheme formed again.

The first part of the rainy period in August 1982 responded once more

to the typical blocking pattern to the SW of the continent, coinciding with

one of Mo's quasi-stationary states. Starting from the 13th, the system

became disorganized; the precipitation being mainly due to a short wave

trough.

- 9 -



A similar configuration can be observed in the surface charts represented

In Figures 6 and 7, corresponding to the largest storms in July and August

1087, respectively. The first one, from July 9 - 17, accumulated more than

260 mm in Santiago producing severe flooding. The second major storm

developed between August 8 and 12, with heavy rainfall spreading also

into southern Chile. The hemispheric nature of the circulation anomalies

during July 1987 can be appreciated in Figure 8, where the monthly 500
i

hPa contour field anomalies show a distorted wavenumber 3 pattern with

values exceeding 4-120 gpm to the SW of South America. Also noticeable

Is the "dipole-like" structure In the anomaly field west (+) and east (—)

of the southern edge of South America.

It is interesting to note that the position of the blocking higha does

not correspond to the latitude of highest frequency of blocking occurrence,

as reported by Trenberth and Mo (1985). As a matter of fact, the most

frequent position fa to the SE of the continent, yielding an Inverse configu-

ration in the dipole signature already mentioned. The possible relationship

between the position of the blocking highs and the teleconnection patterns

during warm events b to be discussed in section 6.

6. DRY WEATHER PATTERNS DURING COLD EVENTS

August 19T3 was a dry month in the winter following the warm event of
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1972-73. The total precipitation accumulated during that month in Santi-

ago was only 1 nun while no rainfall was reported in Valparaiso. The most

prominent feature in the SHAC daily surface analyses is a stable, strong SB

Pacific subtropical anticyclone, often extending to southern South America.

The middle-troposphere flow is characterized by a high zonal index with

high-frequency, low-amplitude travelling waves, together with a tendency

to the occurrence of NW-SE tilted ridges over the southern part of South

America.

During June 1075, before the moderate warm event of 1976-77, Santiago

and Valparaiso accumulated 2 and 56 mm of rain, respectively, indicating

that central Chile was only marginally affected by the winter rainfall belt.

SHAC daily surface analyses reveal frequent frontal passages, especially in

the latter half of the month. However, the systems moved rapidly, allowing

for a net anticyclonic dominance in central Chile. The most relevant feature

in the 600 hPa charts is the presence of a deep trough in the Bellingshausen

Sea that extended northward in the second half of the month bringing pre-

trough conditions In south-central Chile.

Only 8 mm in Santiago and no rainfall in Valparaiso was recorded In

August 1085, in the year preceding the recent warm event of 1986-87. Fig-

ure 9 shows again the Bellingshausen negative anomaly In the mean surface

chart for that month. Northwards, a positive anomaly can be related to an

enhanced SB Pacific subtropical anticyclone. However, the deepest anticy-
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clonlc anomaly in Figure 9 is located in the southwest Atlantic, conforming

with the Bellingshausen low a dipole-lilce structure with opposite signs and

slightly shifted eastward with respect to the one described in the preceding

section; the larger separation of the dipole elements being probably due to

the dominance of zonal wavenumber 2. The mean sea level anomaly pattern

coincides with the middle troposphere one, as shown in Figure 10.

8. SYNOPTIC PATTERN ANALYSIS FOR WET AND DRY WIN-

TER YEARS

It has been already mentioned that from the 20 cold events reported

by Kiladis and van Loon (1088), only 4 have occurred without *n apparent

connection with warm events (Figure l) . If, following these author*, the de-

veloping phase of warm events occur in "year 0", eight cold «v«nts coincide

with a "year-1" and twelve with a "year+1" (four of them simultaneously

follow and precede warm events), bringing the full contrast of the southern

oscillation cycle in a two-year time span.

Composite sea level pressure anomalies in the southern winter during

the oocunwa of warm events in the central equatorial Pacific have been

presented by van Loon (1086) for "year 0" and "year-1". Figures 11 and

12, from van Loon's, illustrate the fact that the dipole anomaly structure

relative to the South American southern edge changes sign from year-1

to year 0, the last one coinciding with the pattern described in section

-12-

4. According to the same author, the opposite happens during cold events,

including again a change of sign in the anomaly pattern of the corresponding

"year 0" with respect to the previous year. In other words, the "year 0"

(developing phase) of warm (cold) events present the same type of SLP

anomalies than "year -1" of cold (warm) events.

A comparison between the dates of Mo1* quasi-stationary states and

blocking events suggest that, though more than a half of the latter do not

coincide with the former (regional blocking), the rainy months during the

warm events of 1072 (June) and 1982 (June) do coincide with hemispheric

blocking events, lasting at least IS days each. During those episodes, sonal

wave 4 and the * inverse-phase" wave 3 wer^Hotninant (Mo, 1086). Compos-

ite 600 hPa anomaly contours for quasi-stationary events for these waves,

after Mo, are compatible with a blocking ridge to the SW of South America,

yielding the already mentioned dipole structure about the southern cone of

the continent.

A different mode with dominant tonal wave 3 (direct phase case) would

be more stable after Mo's analysis. This pattern seems consistent with

the dimatologically preferred position of the blocking highs in the South

American sector (Trenberth and Mo, 1085), as discussed in section 4, and

could account for dry spells during warm events, a* the blocking area drifts

from the SW to the SE of the continent. Some air pollution episodes in

Santiago (Ruttlant and Fuenzalida, 1987) seem also related to this type of

blocking.
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Composite 200 hPa anomaly contours for the southern hemisphere win-

ter circulation during 1972, 1976, 1077 and 1982, are presented hi Figure

13, after Karoly (1086). They reveal teleconneetkm patterns compatible

with the blocking associated to the positive rainfall anomalies in central

Chile. The consistence of the anomaly fields at different tropospheric levels

reflects the equivalent-barotroptc nature of the atmosphere during those

events.

The atmospheric circulation during dry winter months coinciding with

cold events seems to be characterized by a strong subtropical anticyelonic

belt and well developed zonal westerlies, with a tendency towards cyclonic

anomalies to the SW of South America and anticyelonic ones to the SE,

yielding a "dipole-like" anomaly structure of opposite sign as compared

with the warm event patterns. The anomaly structure in Figure 12, repre-

senting SLP anomalies in the "year-1" of a warm event, and the dominant,

direct-phase wave 3 quasi-stationary states in Mo's study, are consistent

with the sign of the dipote in these cues.

7. SYNOPTIC PATTERNS IN STORMS NOT ASSOCIATED TO

WARM EVENTS

The cane study includes June 1074 and July 1SS4. The first month

to at the beginning of an "Anti-El Nino" (cold period) extending through

- U -

February 1076, according to Lau and Chan (1086). The same authors note

that the first quarter of 1984 presented also some cold characteristics that

did not reach full intensity. Therefore these months could be considered as

transitions ahead of cold events.

June 1974 was the second rainiest June in the last 19 years, slightly

behind 1982, with rainfall in Santiago and Valparaiso amounting to 228

and 246 mm respectively. The anomalous flow during that period appeared

early in the month but became fully developed during the last 7 days, when

the most significant rainfall event developed. A regional blocking event is

listed by Mo (1986) from the ZUt tothaZfthDuring that event SHAC analyses

show a warm ridge over the Antarctic peninsula that drifted slowly towards
t

the Weddell sea at the end of the period. The most conspicuous feature of

this regional blocking was the meridional or slightly NE-SW orientation of

the trough and ridge axis, in contrast with the NW-SE tilt characterizing

most of the hemispheric blocking events.

The same general pattern occurred during July 1984, the second rainiest

month in the last 19 years, where Valparaiso reported the record rainfall of

301 mm and Santiago 246 mm (the average of these two figures is slightly

less than the July 1987 value; the rainiest month id the period 1070 -

1987). The precipitation in July 1984 occurred mostly in the first 11

days, where the middle troposphere presented a diffluent pattern with a

meridionally oriented ridge over the Antarctic peninsula. Figures 14 and IS
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correspond to the surface and 500 hPa analyses from the ECMWF for July

4, respectively, where the split flow and the orientation of the ridge-trough

system are illustrated. Persistent anomalies in the 600 hPa geopotential

heights from 1970 to 1986, calculated with Quintero (33 S) radiosonde data,

Indicate that the longest departure below one standard deviation from the

average occurred in July 1984, when a record 12-day period was reached.

8. DRY CONDITIONS DURING WARM EVENTS

The months of July 1086 and June 1087 correspond to the driest July

and to the second driest June in the 1970-1087 interval, respectively. The

precipitation in Santiago and Valparaiso was 1 and 3 mm, respectively, in

July 1986. The corresponding figures for June 1987 were 37 and 20 mm.

In the South American sector, 600 hPa anomaly contours for June 1987

(Figure 16) are in close qualitative agreement with July 1087 ones (Figure

8) only at high latitudes; the principal difference being in the intensity

of the positive anomaly. Between 30 and 45 S, a significant anticyclonic

anomaly centered just off the west coast of central Chile brought rainless

conditions. Presumably this subtropical positive anomaly moved away to

the Atlantic in July, allowing for the displacement of a subsequent negative

one towards central Chile, triggering the major storms during that month,

as described in Section 4. At the same time, a cyclonic anomaly located

in the central-south Pacific at 145 W deepens as it shifts eastwards from
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June to July 1987, reflecting a possible tuning with a Rossby wave-like

teleconnection pattern. The complete reversal of the sign of the anomaly

in front of central Chile from June to July 1987 could possibly respond to

an intraseasonal type of oscillation, fauturad by the eastward expansion of

the South Pacific Convergence Zone (SPCZ).

Monthly mean 500 hPa height anomalies for July 1086 from the Climate

Monitoring Bulletin of the World Meteorological Centre in Melbourne, Aus-

tralia (Figure 17) indicate a similar pattern to the June 1987 one, except

that the positive anomaly affecting central Chile was centered in the con-

tinent.

9. SUMMAHY AND CONCLUSIONS »

Major southern winter storms in central Chile during the developing

phase of ENSO events seem to be mainly associated to hemispheric types

of blocking. The blocking ridge in the South American sector is located to

the SW of the continent, in the Bellingshausen sea area; and immersed in

high latitude circulation patterns where wavenumben 3 and 4 prevail.

Characteristic features of the negative phase of the Southern Oscillation

during the southern winter; as the reduced strength of the SE Pacific sub-

tropical anticyclone, the enhancement and easterly drift of the SPCZ and

the reinforcement of the subtropical jet in the SE Pacific, are coherent with

the observed hemispheric teleconnection patterns, as described in Karoiy's
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(1986) southern winter 200 hPa ENSO geopotential anomaly composite.

In particular, the cyclonic anomaly in the central- south Pacific and the

blocking - related anticyclonic one, seem to be constitutive parts of such

teleconnection pattern. The system behaves as if the blocking ridge am-

plifies and stays longer than normal in the Bellingshausen sea area due to

a resonance effect with a wavetrain emerging from the central equatorial

Pacific, similar to the patterns described by Wallace and Gutiler (1081) for

the northern hemisphere.

In addition to the blocking anticyclone to the SW of South America, the

described warm-event SLP and 600 hPa contours show a cyclonic circulation

to the SE of the continent, yielding a dtpole-like structure with positive

contour anomalies to the SW and negative ones to the SE of the continent.

This pattern is consistent with van Loon's (1986) SLP anomalies for the

southern winter during the developing phase of a warm event ("year 0")

and with 500 hPa wavenumber 4 and "inverse-phase" wavenutnber 3 quasi-

stationary, equivalent-barotropic states, as described by Mo (1086). In the

latter case, the composite position of the troughs at 50 S is 85 E, 165 W

and 30 W, in general agreement with the locations described hi section 4.

Dry winter months during cold events correspond in general to a strong

SE Pacific subtropical anticyclone, with a middle latitude circulation domi-

nated by conal flow and short waves. Superimposed on these tonal patterns,

a tendency for cyclonic anomalies in the Bellingshausen sea area and for
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anticyclonic ones in the SW Atlantic, yield a dipolar anomaly structure of

opposite sign to the warm-event one. The overall picture is consistent with

van Loon's SLP anomalies for the winter in the year immediately ahead

of the warm event development ("year -1"). These pre-warm event yean

correspond in several cases with cold events, as discussed in section 6.

Heavy rainstorms not associated to warm events seem to be connected

with regional blocking in the Antarctic peninsula area, with a meridional

or slightly NE - SW orientation of the trough and ridge system.

Dry conditions within generally wet winters, as represented by July 80

and June 87, are associated with 500 hPa height anomaly patterns at high

latitudes similar to the ones characterizing the wet conditions (i.e. July

1987). However, subtropical alternating anomaly patterns moving eastward

with a time scale compatible with intraseasonal oscillations, seem to bring

either dry or wet spells in central Chile. Dry periods within generally wet

winters could also be related with an eastward displacement of the blocking

ridge to the SE of the continent, where most of the blocking highs occur

(Trenberth and Mo, 1985).
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Table 1 CASE STUDY

WET WINTER MONTHS DURING WARM EVENTS.

YEAR June July August

1972

1082

1087

05-14

26-20

09-10

23-27

04-17

09-16

10-15

08-14

DRY WINTER MONTHS DURING COLD EVENTS

YEAR June July August

1073 X

197S X

1985 X

OTHER WET WINTER MONTHS

YEAR June July August

1074

1984

24-30

01-11

DRY WINTER MONTHS DURING WARM EVENTS

YEAR June July August

FIGURE CAPTIONS

1. Annual rainfall in Santiago from 1980 to 1087, in mm. (see text for

symbol explanation).

2. Average Santiago-Valparaiso monthly rainfall for June, July and Au-

gust of each year between 1070 and 1987.

3. Composite SLP chart with the most frequent features associated to

rainfall events in 1972 and 1982 (from Rtitllant, 1987).

4. SLP chart for the 14 June 1082 at 12 GMT (source: Daily Global

Analyse*, Operational Data Assimilation System, ECMWF, UK)

i

5. 500 hPa contours for the 14 June 1982 at 12 GMT (source: Daily

Global Analyses, Operational Data Assimilation System, ECMWF,

UK)

8. SLP chart for the 10 July 1987 at 06 GMT (adapted from DMC, Chile)

7. SLP chart for the 10 August 1987 at 06 GMT (adapted from DMC,

Chile)

8. 500 hPa mean contour anomalies for July 1987 (source: Climate Diag-

nostics Bulletin, CAC/NWS, USA)

0. 500 hPa mean contour anomalies for August 1985 (source: Daily Global

Analyses, Operational Data Assimilation System, ECMWF, UK)

1986

1987
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10. SLP mean anomalies for August 1985 (source: Daily Global Analyses,

Operational Data Assimilation System, ECMWF, UK)

11. SLP composite anomalies for MJJ in the yean where warm events

develop (year 0) (source: van Loon, 1986)
i

12. As in Pig. 11, but for year -1

13. 200 hPa composite contour anomalies for JJA of warm- event yean

1072,1076,1977 and 1982. Contour interval is 1 dm. (source: Karoly,

1986)

14. SLP chart for the 4 July 1984 at 12 GMT (source: Daily Global

Analyses, Operational Data Assimilation System, ECMWF, UK)

15. 500 hPa contours for the 4 July 1984 at 12 GMT (source: Daily Global

Analyses, Operational Data Assimilation System, ECMWF, UK)

16. 500 hPa mean contour anomalies for June 1987 (source: Climate

Diagnostics Bulletin, CAC/NWS, USA)

17. 500 hPa mean contour anomalies for July 1986 (source: Climate

Monitoring Bulletin, National Climatic Centre, Australia)
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