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Resumo/Notas

A Regiao Antartica funciona como um sorvedouro de calor,
znfluenciando o sistema climatico como um todo e espectalmente o do
Hemasférto Sul. As comunidades meteorologicas, oceanograficas e gla
ctolog@cas que compoem o Scientific Committee on Antartic  Research
(SCAR) téem se esforgado no sentido de promover estudos mais abrangen
tes e profundos sobre esta regiao. Em particular, registra-se o inte
resse do Brasil em parttczpar do SCAR e da exploragao do  Continente
Antartico. Dentro desse espirito, realizou-se _no INPE/ONPq, entre 27
a 29 de margo de 1984, um "Workshop" sobre ciéncias da atmosfera,com
enfase na Méteorolog%a da Regiao Antartica. O objetivo principal des
te "Workshop" foi congregar meteorologistas e oceanografos  brasiletl
ros e alguns espectalistas do exterior para um planejamento e uma co
ordenagao dos estudos polares a ser desenvolvidos no Brasil. Este re
latorio apresenta os procedamentos e estratégias deste "Workshop',
bem como seus principais resultados e recomendagoes.
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Observacoes "WORKSHOP" patrocinado pela CIRM (Comissdo Interministe
rial para os Recursos do Mar)/PROANTAR (Programa Antartico Brasilei
ro) — Subprograma Educagao e Treinamento.




ABSTRACT

The Antarctic Region acts as a heat sink, consequently
influencing the climatic system as a whole and the Southern Hemisphere
in particular. Efforts have been put in by Meteorologistis, Oceanographs
and Glactologists, who form the Scientific Committee on Antartic Research
(SCAR), in conducting varied and specialized research projects relating to
this region. Brasil, in particular, registeres its interest with its
participation in SCAR and in the exploration of Antarctica Continent. In
the same spirit, a Workshop on Atmospheric Sciences with emphasis on the
meteorology of the Antarctic Region has been realised at INPE/CNPq in
the period 27-29 March, 1984. The principal objective of the workshop was
to congregate Brazilian meteorologists and oceanographers along with a
few international specialists a view plan and coordinate the polar research
to be conducted in Brazil. This report presents the past achievements and
strategy and procedure to be adopted that are discussed in the workshop
along with recommendations for future research.
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1 - INTRODUGAO

1.7 - 0 CONTINENTE ANTARTICO

0 Continente Antartico em adicao a area continental pro
priamente dita, consiste em uma area adjacente de gelo maritimo, que
apresenta uma variacao anual de 2,5 x 106 km2. A constante interacao do
continente com a atmosfera e os oceanos do Hemisferio Sul afeta ocli
ma local e global de muitas maneiras diferentes. Reconhece-se h3 algum
tempo o importante papel das regioes antarticas que, agindo como um sor
vedouro de calor, influencia o sistema climatico do planeta como um to
do e mais notadamente, o clima do Hemisferio Sul. Esta influéncia se es
tende desde as latitudes mais altas ate as regioes tropicais.

Por este motivo e importante que se estude a dinamica
dos varios processos fisicos atuante na Antartica, visto que os seus im
pactos se fazem sentir tangivelmente no clima e no tempo de um pais de
dimensoes territoriais, particularmente, como o Brasil. Apesar do gran
de progresso feito nas areas de Meteorologia e Oceanografia Antarti
cas, ainda e longa a lista dos problemas que aguardam uma explicacao sa
tisfatoria.

Reconhece-se que avangos nesta area de pesquisa sao al
cancados gracas aos esforcos feitos pelas comunidades meteorologicas,
oceanograficas e glaciologicas, as quais compoem o "Scientific Commit-
tee on Antartic Research" (SCAR) da "International Council of Scienti-
fic Unions" (ICSU). Em particular, deve-se registrar o interesse do Bra
sil em particular da SCAR e da exploracao do Continente Antartico.

1.2 - OBJETIVOS DO "WORKSHOP"

Os objetivos do "Workshop" foram:

a) Reunir meteorologistas brasileiros e especialistas do exterior
para obter um melhor conhecimento das pesquisas ja realizadas
sobre a Meteorologia da Regiao Antartica.
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b) Planejar e coordenar estudos polares a ser desenvolvidos no
Pais, nesta mesma area de pesquisa.

c) Promover a interacao entre os pesquisadores da comunidade me
teorologica.

1.3 - PROCEDIMENTOS DO "WORKSHOP"

0 "Workshop" foi estruturado de modo a permitir a apre
sentacao de uma serie de seminarios sobre varios aspectos do tema cen
tral. Os resumos sucintos das apresentacoes aparecem nos Apendices de
B ao H, cujos autores foram:

- Dr. David H. Bromwich;
- Dr. Andrew M. Carleton;
- Dr. Yoshimine Ikeda;
- Sr. Rubens J. Vilela.
0 "Workshop" em sua ultima secao dividiu-se em tres gru
pos de trabalhos para elaborar recomendagoes especificas e fornecer sub

sidios para as redacoes do presente relatorio.

1.4 - PROPOSTA DE UMA ESTRATEGIA

0 "Workshop" abordou basicamente alguns aspectos da Me
teorologia e Climatologia da Regiao Antartica, enfatizando aqueles de
aquisicao e armazenamento de dados, e de pesquisa em Sinotica e Climato
logia Dinamica. Devido a complexidade dos problemas e considerando tam
bem o carater inedito deste tipo de pesquisa dentro da comunidade meteo
rologica brasileira, torna-se necessario desenvolver uma estrategia na
cional que vise a concentracao de todos os esforcos para evitar o apare
cimento de estudos redundantes. A estrategia inclui a disponibilidade e
a facilidade do acesso aos recursos materiais adquiridos dentro do Pro
grama Antartico Brasileiro (PROANTAR), necessarios a realizacao das pes

quisas.



No "Workshop", sugeriram-se temas de pesquisas  relevan
tes para o Brasil, os quais se encontram descr1tos nas prox1mas secoes.
Finalmente, apresentaram-se recomendagoes con51derando a necessidade de
contar com recursos humanos qualificados, o que seria feito atraves de
treinamento em entidades de pesquisas nacionais e internacionais, com o
apoio do Subprograma de Educacao e Treinamento do PROANTAR.

2 - DADOS ANTARTICOS

Apesar de os satelites meteorologicos fornecerem importan
tes informagoes sobre as configuragoes de tempo na Regiao Antartica, es
sas necessitam de confirmacoes de verdade terrestre, coletadas em esta
coes de observacoes. Este aspecto e a escassez de cobertura de dados An
tarticos foram discutidos pelo grupo de trabalho da "Joint Organizing
Committee (JOC)/Global Atmosphere Research Programme (GARP)". Este  gru
po concluiu que devido a escassez de observagoes, particularmente do la
do oeste da Regiao Antartica, as analises e as modelagens numericas se
riam seriamente degradadas durante os programas POLEX ("Polar  Experi-
ment") e FGGE ("First Global GARP Experiment"). Na ocasiao, o grupo re
comendou que sejam dadas prioridades a instalacao de estacoes meteorolo
gicas de superficie e altitude, preferivelmente proximas a Estacao de
Byrd/EUA (80.25,163E). Visto que a Estacao Antartica Comandante Ferraz
esta localizada na regiac com escasses de dados,e de grande importancia
o estabelecimento de uma estacao meteorologica brasileira. Dados de uma
estacao automatica com medicoes de pressao de superficie, temperatura do
ar, direcao e velocidade do vento sao imprescindiveis para a realizacao
de estudos sinoticos, climatologicos e de modelagem numerica dos proces
sos atmosfericos. A existencia de um banco de dados completo possibilita
ra a melhoria da qualidade das previsoes de longo prazo das regioes que
sao diretamente afetadas pelos sistemas polares.

As recomendacoes elaboradas pelo grupo de trabalho, que
se reuniu para tratar especialmente do problema observacional foram:

1. Formar uma comissao permanente na area de instrumentacao e da
dos meteorologicos e oceanograficos.

a) Alocacao de recursos materiais e financeiros para permitir



a atuacao dessa comissao. A finalidade dessa comissao seria
elaborar um programa detalhado na area de instrumentacao e
operacionalizacao.

Criar um centro nacional de dados oceanograficos meteorologi
cos para a Regiao Antartica, equipado com todas as facilidades
de aquisicao, processamento e disseminacao, de modo a favore
cer o desenvolvimento de pesquisa nacional.

Estabelecer um programa de apoio com aquisicao, instalacao e
manutencao do PROANTAR. As atividades operacionais envolve
riam, entre outros, uma (ou mais) estacoes sinoticas comple
tas, uma estacao para recepcao de imagens de satelites de bai
xa resolucao (WEFAX) em terra e outra a bordo do navio, equi
pamentos para radiocomunicacao, e um esquema para armazenamen
to e divulgacao dos dados obtidos. As atividades de pesquisa
referem-se a estudos especificos, em geral nao continuos, como
aerossois, uso de aeronaves, raios cosmicos, ozona, gases,etc.

Formar e contratar recursos humanos especializados em dados e
instrumentacao para a Regiao Antartica. Recomenda-se tambem o
inicio de contatos com os programas antarticos da Argentina e
Chile para intercambio de pesquisadores e treinamento.

Elaborar questionarios das necessidades instrumentais e de da
dos para os inumeros pesquisadores e grupos nacionais envolvi
dos no PROANTAR. A analise destes questionarios permitiria um
planejamento mais adequado dos instrumentos e dados necess§
rios.

Solicitar a CIRM/PROANTAR a definicao de responsabilidade da
instalacao e operacao da estacao meteorologica e demais instru
mentos propostos. Devido ao envolvimento de inumeras entida
des (INEMET, DHN, USP, INPE e muitas outras), haveria necessi
dade de definicao das responsabilidades destas entidades no
programa de coleta e divulgacao de dados. Equipar a base brasi
leira na Regiao Antartica de modo a torna-la uma estacao sino
tica, principal integrante da rede meteorologica da  Organiza
cao Meteorologica Mundial, criando assim mais uma fonte es
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sencial de dados polares.

Escrever aos responsaveis pelos programas antarticos de outros
paises solicitando publicacoes na area de coleta e divulgagao
de dados para o preparo de referencias nesta area.

Solicitar ao INEMET a relacao das estagoes mefeoro]6gicas e
oceanograficas da Regiao Antartica, assim como os dados que
elas divulgam.

Divulgar a nivel nacional as possibilidades de pesquisa a par
tir dos dados que venham a ser coletados.

Padronizar os dados que venham a ser obtidos e compatibiliza
dos com bancos de dados nacionais.

Constituir um grupo para especificacao e definigcoes dos ins
trumentos e equipamentos a ser instalados.

Preparar manuais de operacao de equipamentos e instrumentos
que serao usados pelo PROANTAR.

Coletar as informacoes meteorologicas e oceanograficas ja ob
tidas nas expedigoes brasileiras anteriores.

Prever a integracao dos sistemas de coleta e divulgacao de da
dos do PROANTAR com o Banco Nacional de Dados da DHN.

Prever a publicacao de dados obtidos com a maior brevidade pos
sivel, eventualmente atraves de um boletim periodico.

Adquirir os seguintes conjuntos de dados considerando indis
pensaveis a realizacao de trabalhos sinoticos climatologicos
da Regiao Antartica:

a) cartas meteorologicas hemisfericas, de superficie e altitu
de, do Centro Mundial de Dados de Melbourne, Antartica;

b) fotos de satelites de alta resolucao em forma de mosaicos
da regiao austral;

c) cartas medias de temperatura da superficie do mar;

d) dados meteorologicos e oceanograficos coletados em todas

as expedicoes brasileiras a Antartica;
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e) referencias bibliograficas.

0 clima da Regiao Antartica nao se define facilmente de
vido as interacoes regionais entre o gelo e a atmosfera o qual variam
com a latitude, altitude, estacao do ano, fonte de calor e umidade e
com a passagem de sistemas sinoticos.

A enorme influencia exercida pela cobertura de gelo €
feita principalmente atraves do balanco de radiacao, visto que o gelo
reflete 80% (ou mais) da radiacao incidente enquanto a aqua, apenas 4%.
0 balango energetico da Regiao Antartica mostra que a regiao e um pode
roso sorvedouro de energia, e a atmosfera, na tentativa de reestabele
cer um estado de equilibrio, transfere o excesso de calor recebido nos
tropicos para as latitudes mais altas. Este processo de transferencia
de energia se efetua na superficie atraves de deslocamento de massas de
ar denominados invasoes polares.

Estudos recentes sobre o impacto de cobertura de gelo re
velam que variacoes na extensao da cobertura de gelo polar podem causar
mudangas significativas no clima do globo, tais como a variagao da tem
peratura da superficie do mar, a intensidade do indice zonal e a inci
dencia de ciclogenesis. 0 campo de gelo antartico experimenta variagoes
sazonais de novembro a margo, com grande retrocesso, atingindo o seu 1i
mite mais austral em fevereiro e marco, para entao iniciar uma fase de
expansao durante o resto do ano, com picos maximos em setembro e outu
bro. Superpostas as variacoes sazonais tem-se as variacoes interanuais
que conjuntamente causam importantes modificacoes no balanco de  ener
gia e de massa para a regiao.

As Recomendacoes do segundo grupo de trabalho foram:

1) Atualizar a climatologia da Regiao Antartica, tendo por  base
aquela levantada durante o Ano Geofisico Internacional, e rea
Tizar estudos de intercomparacao avaliando o impacto das novas
fontes de observacoes.

2) Desenvolver estudos de balanco energetico visando salientar a
relevancia da variacao noalbedo de superficie acarretada pela
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variacao do gelo e da neve.

Estudar a Tocalizacao, trajetoria e frequéncias dos ciclones
das altas latitudes do Hemisferio Sul, tentando estabelecer os
correspondentes padroes tipicos de escoamento em 500 mb.

Realizar estudos objetivando esclarecer os mecanismos de tele
conexao entre o fenomeno do El Niﬁo/Oséi]agéo do Sul, a fron
teira de gelo antartico e a precipitacao sobre o territorio
brasileiro. |

Explorar a potencialidade do indice transpolar, definido como
a diferenca entre as pressoes em duas localidades Tongitudinal
mente opostas e de mesma altitude, como fator preditivo para
o clima, em especial para o regime de precipitacao na America
do Sul.

Estudar as variacoes sazonais e interanuais do balanco de ener
gia e de massa, com o objetivo de avaliar seus efeitos nas mu
dancas de tempo e clima nas regioes de latitudes mais baixas,
incluindo o territorio brasileiro.

Promover estudos sinoticos e climatologicos sobre as situacoes
de bloqueio que incluam o papel desempenhado pelo avanco/retro
cesso de gelo maritimo na dinamica destes fenomenos.

Realizar estudos de correlagao entre as anomalias observadas
na temperatura da superficie do mar, em latitudes altas, e a
cobertura de gelo maritimo. Avaliar tambem o papel destas ano
malias nos processos de transformacao de massas de ar que se
deslocam para as baixas latitudes.

3 - MODELAGEM NUMERICA

Modelos deterministicos dos sistemas climaticos sao fer

ramentas ideais e convenientes para estudar a relativa importancia dos
diversos processos e mecanismos fisicos que afetam o clima global. Es
tes sao basicamente classificados em modelos dinamicos estatisticos e
explicitos. Os do primeiro tipo tratam estatisticamente as variaveis de
pendentes que governam o clima e parametrizam os fenomenos de escala si
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notica, sao ferramentas que tem sido muito empregadas em estudos clima
ticos.

Os modelos de circulacao geral da atmosfera sao baseados
no conjunto de equacoes primitivas, as quais descrevem detalhadamente a
evolucao do estado dinamico e termodinamico da atmosfera. Empregando
tais modelos, e possivel realizar estudos climaticos atraves de simula
coes numericas utilizando computadores de grande porte.

A presenca do Continente Antartico na Regiao Polar e a
intensificacao das atividades ciclonicas nas latitudes medias, durante
o inverno do Hemisferio Sul, impedem que ocorra a propagacao das massas
de ar, vindas do hemisferio de verao, para as medias e altas latitudes
do Hemisferio Sul. Assim, as massas de ar oriundas do hemisfério de ve
rao para o de inverno do sul se concentram nos subtropicos causando o
aumento de pressao atmosferica dessa regiao. Desta forma, o clima do
Hemisferio Sul sente os efeitos do extenso Continente Antartico. Sob o
aspecto de modelagem numerica, os efeitos dinamicos essencialmente devi
dos a topografia, ao albedo e a fluxos oceanicos forcados pelos  conti
nentes sao de importancia primordial e devem ser adequadamente conside
rados nos modelos de circulacao geral da atmosfera.

0 desnivel topografico do Continente Antartico, com ele
vacao de cerca de 300 m ao sul da latitude de 75° e ao nivel do mar pro
ximo a latitude de 65°, e essencialmente perpendicular ao fluxo atmosfe
rico basico, tem efeito estabilizante sobre as ondas planetarias e sino
ticas em desenvolvimento. Este aspecto pode ser visto atraves das equa
coes dinamicas com efeito g reduzido. A propagacao das ondas na regiao
topograficamente inclinada e reduzida ou freada, desenvolvendo como con
sequencia ondas planetarias com inclinacao meridional, cujas implica
coes sao importantes no transporte do momento angular. Este efeito, jun
tamente com o do atrito, pode ser facilmente incorpofado nos modelos
através da velocidade vertical forcada na superficie, pela reducao de B
e pela adicao de um termo de arrasto na camada inferior.

Devida a variacao das coberturas de gelo e neve (criosfe
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ra), existe um mecanismo de "feedback" positivo entre a cobertura de ge
To e a temperatura da superficie. Para contrabalancear este "feedback",
0 transporte de calor sensivel deve ser adeduadamente incorporados atra
ves dos efeitos baroclinicos. A 1ncorpdrag§o do efeito devido ao albedo
e feita atraves dos mecanismos de transferéncia radiativa. Modelos que
nao tratam explicitamente a transferéncia'kadiativa devem parametrizar
o efeito albedo como a perda de calor, ou seja, a diminuicao da tempera
tura. |

As variacoes interanuais e sazonais da Tinha de gelo do
mar Antartico, que circunvizinham o Continente Austral, produzem varia
coes nos fluxos atmosfericos e oceanicos de grande relevancia, porem
pouco conhecidas ate o presente. Experimentos para estudar a circula
cao da atmosfera, utilizando modelos numericos de circulacao geral, de
vem ser conduzidos com o objetivo de esclarecer as relacoes existentes
entre as variacoes climaticas do Hemisferio Sul, particularmente as do
Continente Sul-americano, e as variacoes das linhas de gelo antartico.

Com relacao a modelagem numérica o grupo de trabalho faz
as seguintes recomendacoes:

1) Aquisicao de um computador veloz e de grande capacidade de me
moria para a realizacao de experimentos com modelos de circula
cao geral da atmosfera de quarta geracao.

2) Desenvolvimento e/ou implantacao de modelos de circulacao ge
ral da atmosfera de quarta geracao.

3) Desenvolvimento de modelos de circulagao geral da atmosfera a
coplados com modelos oceanicos, para determinar diagnosticamen
te a temperatura da superficie do mar, extensao de gelo e a di

namica do sistema gelo-oceano-atmosfera.

4 - TREINAMENTO E FORMACAO DE RECURSOS HUMANOS

Embora no Brasil existam grupos de pesquisadores que
apresentam alto potencial para desenvolver e conduzir pesquisas meteoro
logicas, necessita-se treinar e formar especialistas em assuntos pola
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res, com a finalidade se desenvolver pesquisas relacionadas com os fe

nomenos fisicos da atmosfera e com as correntes oceanicas da Regiao An

tartica,

bem como suas influencias emoutras partes do globo.

As Recomendacoes quanto ao treinamento e a formacao de

recursos humanos foram:

1)

Promover o intercambio nacional e internacional de pessoal ci
entifico brasileiro, envolvendo instituicoes de renome que
realizam estudos polares. As visitas deverao ter uma duracao
de pelo menos um ano, de modo a permitir a completa familiari
zacao do pesquisador visitante com as atividades de pesquisas
do centro visitado.

Incentivar a realizacao de reunioes com o objetivo de trocar
ideias e apreciar trabalhos cientificos executados pelos  pes
quisadores brasileiros dentro do subprograma Ciencias da Atmos
fera do PROANTAR.

Proporcionar a participacao de pesquisadores do Pais em encon
tros cientificos internacionais e tambem em programas de cola
boracao mutua.
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APENDICE B

A brief, selective climatology of Antarctica

David H. Bromwich

March 27, 1984

The gross topographic characteristics of the Antarctic continent (AGS,
1970), which play such a key role in the meteorology and climatology of high
southern latitudes, were summarized. The following main features can be dis-
tinguished: the mountainous Antarctic Peninsula with maximum elevations of
1500 - 2000 m; the flat, extensive Ross and Filchner/Ronne Ice Shelves which
are only 0(100 m) above sea level; the Transantarctic Mountains with peaks
rising to over 3 km; the comparatively low marine ice sheet in West Antarctica
which averages 1300 m elevation and is grounded below sea level; and the 2500
m high ice sheet in East Antarctica which overlies a continental land mass.
The.last is essentially a very large plateau with steep coastal slopes.

Central to all atmospheric syntheses is the data network which is charac-
terized by large spatial gaps and a small number of extended, homogeneous
series of observations. At present, the coast of East Antarctica and the
Antarctic Peninsula are reasonably well monitored by surface and upper air
observations. West Antarctica and the interior of East Antarctica are largely
devoid of observations. Deployments of automatic weather stations are star-
ting to alter this pattern.

Antarctica is a region of climatic extremes. The lowest surface air
temperature recorded on earth (-89.2 °C) was measured on the East Antarctic
plateau at Vostok Station on July 21, 1983; this lowered the previous record
also set at tHis site. The strongest sustained surface winds were recorded by
Douglas Mawson's party at Cape Denison in 1912 and 1913, averaging 19 ms™!
over the two years (Mawson, 1915; Parish, 1981).

The surface wind regime (Mather and Miller, 1967) is markedly different
on the coast and in the interior. Interior winds typically average 5 ns ,
are very constant in direction, and blow at a large angle to the downslope
direction. A diurnal variation is evident in the summer half-year. Katabatic

winds along the East Antarctic margin average 10 ms_1 over the year with
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higher speeds during winter. While the winds blow almost always directly
downslope the speeds are modulated by passing cyclones. A marked diurnal
variation is present in summer with the strongest speeds in the early morning.
Coastal stations which are not exposed to katabatic winds experience mean
surface winds of 5 ms—l. At Casey Station, for example, the wind is either
calm or driven by synoptic pressure gradients; extreme 10-minute speeds can

L in intense cyclones.

exceed 60 ms

The mean annual surface isotherms (Schwerdtfeger, 1970) exhibit a strong
meridional gradient over the coastal slopes with smaller spatial changes to
the north and south. The annual surface temperature march at the South Pole
(Schwerdtfeger, 1977) is characterized by a short summer, a rapid fall in
autumn, little variation in winter, and a rapid rise in spring. The kernlose
(or coreless) winter results from the winter surface energy exchanges which
balance net upward longwave radiation from the surface and the downward sensi-
ble heat flux. The cold air is extremely shallow; temperatures a few hundred
meters above tne surface are 20 — 30°C warmer. The winter temperature regime
above the surface inversion is maintained against radiative cooling by hori-
zontal heat advection from lower latitudes and by adiabatic heating accom-
panying the prevailing sinking motion. The horizontal air mass exchange in
the free atmosphere results in much smaller méridional temperature gradients
and annual temperature ranges than at the surface.

The surface pressure field over the ocean areas adjacent to the continent
shows a pronounced circumpolar low pressure trough with westerly geostrophic
winds to the north which exhibit a broad zonal symmetry and a pronounced
quasi-stationary wave number one. The last seems to reflect the geographic
arrangement of a high ice-covered continent,centered in the eastern hemisphere
away from the earth's rotation axis,which is surrounded by an unbrokean ocean
(e.g- van Loon, 1983). The trough undergoes a semi-annual oscillation in
position and strength, being weaker and farther north in the solsticial months$
than in the equinoctial months (van Loon and Rogers, 1984). At 500 mb, the
first standard pressure level in the free atmosphere overlying the entire ice
sheet, a dominant cyclonic vortex is present, which becomes more pronounced
with height (during winter) (e.g. Taljaard et al., 1969); planetary waves 1-3
account for most of the variance in the mean field and in the departures from

mean (Trenberth, 1980).
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APENDICE C

Precipitation studies in Antarctica

David H. Bromwich

March 27, 1984

Precipitation in Antarctica cannot be directly measured (e.g.
Schwerdtfeger, 1970). Substantial snowfall almost always occurs in
conjunction with strong surface winds. Thus, it is almost impossible to
distinguish between snow that has fallen from the sky and that which was
previously deposited and has been picked up by the wind'(blowing SNOW) «
Errors in gauge measurements of precipitation can reach 400% (Bryazgin, 1982)!

However, glaciological measurements of the annual net gain of water
substance at the ice sheet surface (accumulation rate) provide an indirect
estimate of the spatial distribution of annual snowfall. Accumulatio: is the
end result of precipitation, evaporation, hoarfrost formation, wind effects,
and run-off. Higher than about 2 km elevation accumulaticn equals precipi-
tation and the other factors are generally of second order. In coastal
regions all factors can make an important contribution to annual accumulation.

The annual accumulation map for Antarctica (e.g. Bull, 1971) shows that,
over a large portion of the high interior, annual snowfall is 5 cm (water
equivalent) or less. This area is appropriately described as a polar desert.
A pronounced accumulation/precipitation gradient is present close to the coast
where the terrain slopes are significant. The coastal accumulation analysis
is somewhat uncertain due to the small number of reliable observations and’ the
comparatively complicated topography. Discontinuous cyclonic/frontal
precipitation predominates near the coast while the semi-continuous clear sky
ﬁrecipitation becomes progressively more important with increasing elevation
(e.g. Radck and Lile, 1977).

Use of the atmospheric water balance equation to calculate the

6 kmz and larger) for seasonal and

areally-averaged precipitation (for 10
longer time scales (Bromwich, 1979) was described. The dominant balance terms

are the net poleward flux of water vapor across the coast and the

o
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precipitation over East Antarctica; the zonal moisture transport makes an
important contribution in some sectors. Two important considerations were
identified for accurate calculation of coastal moisture transports from
rawinsonde data. Adequate vertical resolution adjacent to the surface is
needed to resolve the equatorward katabatic moisture flux at some sites.

Also, the frequent failure at some stations to launch balloons at times of
high surface winds sul.stantially distorts the computed mean vapor transports;
a correction technique for this was devised. The moisture fluxes and precipi-
tation regime exhibit the same spatial organization as the cyclonic centers in
the circumpolar low pressure trough. Precipitation estimates for the year of
study showed good agreement with long-term values inferred from accumulation

maps.
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APENDICE D

Katabatic winds in the western Ross Sea

David H. Bromwich

March 28, 1984

The dynamical balance for near-surface air motions in the continental
interior during winter is between the downslope buoyance force due to the
presence of cold air over sloped terrain, the Coriolis deflection, and
friction (Parish, 1982). Well organized pressure systems rarely penetrate to
the plateau to disturb the approximately steady state conditions, and are
confined to near-coastal areas. A simple numerical diagnosis of the equations
of motion (Parish, 1981) qualitatively has demonstrated that the very strong,
persistent katabatic winds of Cape Denison and Port Martin are maintained by a
large reservoir of cold air. Cold air forms over a large area, coaverges
under the influence of undulations in the interior topography, and passes
through a restricted coastal outlet. A similar confluence was modeled inland
of Terra Nova Bay where strong katabatic winds also have been observed, but
aot well documented (Bromwich and Kurtz 1982, 1984). These winds keep the bay
free of ice for the entire winter. Typically, East Antavctic katabatic winds
die out within a few kilometers of the end of the slope (e.g. Schwerdtfeger,
1970). Although the airflow must generally decelerate under the influence of

friction, strong katabatic winds (averaging 15 ns™ L

during the 1912 winter)
are still present along the western shore of Terra Nova Bay, some 25 km past
the slope break.

Automatic weather station observations from Franklin Island, out in the
western Ross Sea about 150 km east of the Transantarctic Mountains and some
170 km southeast of Terra Nova Bay, reveal the year-round presence of frequent
northwesterly winds. This is a notable anomaly because prevailing winds in
this area are from the south (e.g. Kurtz and Bromwich, 1983). Temperature
versus wind direction analysis demonstrated a thermal advection pattern from
the northwest which is consistent with the mean isotherms, i.e., these winds
are not explicable by a series of atypical synoptic events. It is tentatively

suggested that these northwesterly winds are the remnants of a katabatic jet
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from the David Glacier (adjaceﬁt to Terra Nova Bay), still recognisable some
170 km beyond the end of the slope. Additional research is in progress to

verify this truly remarkable example of the offshore longevity of katabatic
flow.
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APENDICE E

SYNOPTIC CLIMATOLOGIES OF HIGH SOUTHERN LATITUDES

Andrew M. Carleton

A review is made of the historical development in our
understanding of synoptic processes at high southern latitudes.
Extensive data-void areas have been a key problem, although some major
advances were made during the IGY (1957-1958). The development of satel-
lite climatologies in the 1970's, integrated data sets such as the
Australian analyses, and the special observing periods of FGGE (1978-
1979) have led to a more complete picture.

Despite the strong zonality of the circulation in the
mean, there exists a quite high degree of meridionality on individual
(daily) analyses where high pressure ridges interrupt the circumpolar
Tow pressure trough. These are particularly prominent in East
Antarctica between about 40-90°E and 120-160°E. A strong semi-annual
oscillation is present in the temperature, precipitation and zonal index
at Antarctic latitudes. This involves the migration of the circumpolar
trough to higher latitudes during the equinoctial (March, September)
months and helps explain the "coreless" (kernlose) winter characteristic
of Antarctic stations. There are longitudinal variations in the intensity
of the semi-annual oscillation.

Frequencies of fronts over the Southern Hemisphere show
a close association with meridional 1000-500 mb thickness gradient
maxima and these vary seasonally. There is evidence of a winter Antarctic
Front (WAF) located at high latitudes of the South Pacific and confirmed
from satellite studies as involving frequent "polar low" developments.
A three-wave pattern appears in the mean with respect to cyclonic
development, movement and decay along the climatic fronts. Cyclonic
dissipation dominates in the Antarctic trough with 1little evidence of
frequent cyclogenesis at the continental boundary. There is quite high
interannual variability in cyclone frequencies at high latitudes.
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Because of the generally Tow amplitude wave pattern, the meridional
transfer of sensible heat is dominated by the cyclones ("transients")
in the Southern Hemisphere, rather than by the quasi-stationary waves.



APENDICE F

INTERACTIONS BETWEEN THE SEA ICE AND THE
ATMOSPHERE AROUND ANTARCTICA

Andrew M. Carleton

The seasonal variation in extent of the Antarctis sea
ice is described. It is shown the times of maximum and minimum extent
lag the radiation curve by some 2-3 months. Interannual variability is
at a maximum in longitudes of the Antarctic embayments, particularly the
Ross and Weddell seas.

There are some broadscale relationships evident between
Antarctic sea ice and the climate of the Southern Hemisphere, such as
the annual variation of sea surface temperature (SST) isotherms, the
intensity of the zonal index, and the latitudinal incidente of cycloge-
nesis. Maximum variability of the sea ice in the embayments coincides
with the regions of maximum variability of cyclones. Ice advection
equartorward occurs dominantly to the west of the longitudes of maximum
cyclone occurrence on daily to seasonal time scales. High pressure
ridges are generally associated with static ice conditions. There is
Titlle evidence of a relationship between sea ice extent and Southern
Hemisphere cyclone tracks; a closer connection exists with the shape of
the Antarctic continent and probably relates to the corresponding
asymmetrical SST distribution. A dominant mode of interannual variability
of the atmospheric circulation is the "seesaw" of the circumpolar vortex
between the Pacific and Atlantic sectors, as measured by the Trans-
polar Index (TPI). This gives large variations of ice conditions in the
Scotia Sea. In the Ross Sea sector, differences in ice extent between
years accompany changes in the regional zonal index and cyclonic
activity (frequencies and intensities of lows), but in the Weddell Sea
the ocean gyre exerts a dominant influence on the ice distribution.
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APENDICE G

WORKSHOP SOBRE CIENCIAS DA ATMOSFERA NO INPE - A meteorologia da
regiao antartica.

"Resultados do trabalho de analise sindtica a bordo do navio oceano-
grafico Prof. ®W. Besnard". (Trabalho apresentado dia 27/3/84).

SUMMARY .
"Results of the Synoptical Analysis Work aboard R/V Prof. W. Besnard".

Prof. Rubens Junqueira Villela - Departamento de Neteorolor*a - Ins-
tituto Astronomlco e Geofisico - Universldade de Sao Faulo.

Introduction. We were the ship's meteorologist for the first stages

of the I and II Brazilian Antarctic expeditions, aboarj "Prof. Wladi- .
mir Besnard", a 49.5 m long, 700 t, 960 HP research vessel belonging
to the Instituto Oceanogréfico da Universidade de Sio Paulo. Our main
responsibility was opérational (safeguarding navigation). Our work
included instailing and operating radio equipment for the reception

of meteorologicgl informatioh; making weather forecasts based on charts
plotted and analysed aboard; taking weather observations at synoptic
hours and at oceanographic stations; ancd collecting data of interest
to metenrological forecasting and research in Brazil. In both trips the
ship reached: the Antarctic Peninsula area from Ushuaia and returned by
way of Puntg’Arenas (6 Jan. do 23 Jan. 1983, and 10 'Jan. to 13 Feb.
1984). Crossing the Drake Passage, and action in case of a possible
major storm in the operations area, were of the utmost concern to the
expedlition leaders; proper evaluatlion of current weather conditions
was also considered important. In the first trip, on-bozrd synoptic
analysis was also carried out deily during the passage from Santo? to

Ushuaia® (20 Dec. 1982 to 3 Jan. 1983%).

Meteorolosical transmissions. The meteorclogical communicstions equip-

ment consisted of a teleprinter (Olivetti electrnnic model TE520) con-
nected to an HF réceiver through an FSK converter (demoduletor); and
another HF receiver for monitoring weather broadcasts in C% (morse)
and voice (SSB, AM). (We had¢d no facsimile or APT satellite receivers).
Wain sources of data were: 1) Radioteletype: CANBD Frei Antarctic
¥eteorological Center, Marsh Chilean station (3-hourly surface;ﬁynop-

tic reports for Antarctica and Southern Chile, surface analyses
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TEMP for Bellingshausen, etc.); LRO Buenos Aires, Argentine National
Meﬁeorologicd.service (South American and Antarctic surface and upper
air observations, surface and upper air analysls, 24 hour prognostic
charts, Antarctic Division synopsis, etc.; LOR Buenos Aires, Argentine
Navy (synoptic situation summaries, forecasts); CCM Magallanes and CCS
Santiago (synoptic reports, surface analysis, etc.). 2) Radiotelegra-
phy: CCM Magallanes (3-hourly surface synoptic reports for Southern
Chile including Diego famirez and Horn islands, forecasts, etc.; LFD
Buenos Aires (meteorological bulletin for shipp;ng, including syvnontic
summary). 3) Radiotelephony: Argentine, Chilean and Arctowski stations,
and Argentine ships, on 4490 kHz, Palmer and Faraday on 4070 ¥Hz, Chi-
lean stations and ships on 3100 kHz (3-hourly synoptic reports, oc-
casionally synoptic discussions, etc.). Our daily working charts usu-
ally were a large surface chart (with TEMP data added) and one or two
maller (sectional) charts. Comparisons between anaslyses and forecasts
from different origins were freaquently made.

Synontic aspects. We present only a2 few of the selected synoptic situ-

ations studied, by means of transparencies; a more complete discussion

is contained in our reports to the IAG-USP anc¢ IOUSF.

1) First exnedition.

a) Drake crossing (outgoing). Conditions encountered are shown

by the vartially reproduced charts for 6 and 8 January and the time
cross-section from 6 to 10 Janmiary 1983. The ship left Ushuala at‘21OLZ
on Jamary 6. A Low center aporoaching from the Pacific, moving from |
the west, announced itself by strong pressure falls in Southern Chile
(tendencies as great as 5.5 mb/3 hr). As expected, it kept a northerly
track; on the 7th at 12002 it was located over Tierra del Fuego, with
decreasing intensity and relatively small dimensions. An extensive ridgé
of high pressure prevailed to the east, running from N to S up to the
Antarctic Peninsula. Still on the 7th, at 1800Z, a weak cyclonic cir-
culation, with a central pressure of abéut 988 mb, appeared between

the "Besnard's" position and Diego Ramirez island to the north. We
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observed a calm wind in the middle of Drake Passage, the only windless
situation in the whole trip... This Low developecd slovly as it moved
ESE‘wards, and wind along the ship's track became NE'ly, with increas-
ing speed, as we aporoached Smith Island.

b) Contrast between the NE and SW varts of the Peninsuls. The

chart for January 10, 1983 shows a 986 mb Low in the middle of Drake
Passage. A ridge of high pressure extends northwards on the eastern’
side of the Antarctic Peninsula. Three different analyses, besides our
lown analysis, are partially drawn, for purposngof comparison (dis-
crepancies are obvious). Apparently, the cyclone affects only the South
Shetland islands and the northeastern extreme of the Peninsula, with
strong winds (30 to 55 kts) and snow, whereas in the vicinity of the
"Besnard", farther south, calm and weak winds are observed, without
precipitation. The Frei analysis puts an occluded front between the
two parts, which appears justified in this case, 2s 2 sort of "weather
divide". The upper air chart for Jan. 11 shows the relationship between
the f'rontal system in the lower levels, extending from the Antarctic
zone té.Urufﬁ 2 %%ﬁ/ ineg 2 end-
guay, andYcorresponding uppe: level (500 mb) trough, extend
ing from the Weddell Sea sector to the southeastern region of Brazil.
The SW'ly flow aloft favored the dispilacement of the Drake cyclone in
a more northerly érack.

c) Drake crossing (returnigg). The chart for 20 Jan. at 00002

shows the situation in the beginning of our return crossing, with a
972 mb cvclone menacing the "Besnard". However, the Low shifted to the
NE, first seeming to stagnate, then accelerating its displacement. The
upner air analysis seems to partlv explain this behaviér, due to the
SWw'ly winds behind the trough, apnarently steering the surface Low
.NEtwards. The next cvclone hit us when the ship was in the lee of
Tierra del Furgo, so the Drake crossing was all right.

d) Antarctic-Brazil connection. We will only mention here briefly

one type of interrelationship observed between synoptic systems in the

. Antarctic and evolution in Brazil. A Drake cyclone (January 14, 1983)
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increased anticyclogenesis over Argentinaz and pushed a stagnant cold
front there further northward, up to Rio YUrande do Sul. But it was
only when the next, and stronger cyclone, came along in the Southern
Drake Passage (Jan. 16) that the polar high to the north strengthened
further and pushed the front all the way to Sao Paulo (17 to 18 jan.);

2) Second Exnedition.

a) Drake crossing (outeoing). The chart on which our forecast

was based (10 Jan. 1984 at 0000Z), analysed 3 hours before departure
from ﬁghuaia, is shown by the transpafency (see Fig. 1; the "hanging"
980-mb isobar is of course a mistake, on account of haste and tension...).
The situation did not look very promising, but we had orders to leave

as soon as possible. A Low was approaching the Southern tip of South
America from thg Pacific, apparently moving eastward. Pressure tenden-
cies greater th;n 3mb/3hr were being reported by Chilean and Argentine
land and island stations. But the Low seemed to be small and likely to
follow a northerly track. We agreed with the Argentine and Chilean fore-
casts, expecting winds no greater than 30 knots, so we told the "Bes-
nard‘é"'éapggin. The actual conditions are shown by the time cross-sec-
tion from 7?toAll Jan., indicating the pressure and wind variation ob-
served by different stations (Evangelictas, FPorto Willilams, Diego Rami-
rez, Cape Horn) and the ship. As soon as we left the Beagle channel

and entered the northern Drake, at 12002 of Jan. 10, winds picked up
quickly to 40 knots, witﬁ gusts frequently exceeding 50 knots; and the
storm lasted for 24 hours. Before proceeding SE{wards towarad King‘George
Island, it was intended to gain a little westerly longitude, to compen-
sate for the easterly drift. So we started heading slightly west of
south. But then the wind and the seas rose from the SW and the ship
could not be turnec ﬁround, in Tfear of being hit by beam seas. So we
procecded against wind and sea, steering about 220° true, at a 1l to 2
knot speed, expecting that we could get some shelter on the lee of the
group of islands near Cape Horn, and then turn the ship around to SE.

_ This took 24 hours, and seemed to us as if wve had fallen in a2 kind of

trap, because conditions were probably better away from this area near
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the Horn (the pressure gradient seemed tignter just there; and Cape
Horn certainly didn't get its 11l repute for nothing!). The ship's
barometer rose slightly and then remained a}most steady at 990 mb
throughout the storm. Cape Horn reports sounded incredible - 40 to 55
kt winds togethei with gusts from 60 to 95 knots were reported, direc-
tion 220°. The wind was indeed gusty, or rather squally. Waves were 7 m
high and with a short wavelength, causing a tremendous ship motion.
For a moment, after we had already turned the ship towards the SE, a
Chilean forecast (received in morse inspite of our being sea-sick)
gave as a scare, calling for 14 m waves, but this was immedistely am-
mended to 7 m waves, which was about right. The full history of the
cyclone responsible for our storm is difficult to trace, even with the
satellite picturgs seen at Frei. It seemed to come initially from the
NW or W, but the:satellite images suggest a position further south and
motion from the SW. '

b) High oressure situation. We will mention only briefly a re-

markable synoptic situation experienced for 12 days, bebween 27 Jan.
and 7 Feb. 85,,when a high’ pressure cell, over 1013 mb at the center,
prevailed in the Antarctic Peninsula area, resulting in exceptional
good weather. The surface high developed at the usual position of the
ridge along the Eastern side of the Peninsulé, then drifted NW 'wards

or NNW'wards, ending right in the middl: of Drake Passage (affecting
Tierra del Fuego as well)(see Fig. 2). It was apparently connected with
a blocking situation in the upper levéls. |
Conclusions.

1) Our "one man weather central” experienée aboard the ship proved
to be a rewarding, if overburdening, one, from the meteorological and
operational point of view. It is doubtful that second-hand anslyses,
such as received by FAX, could be as beneficial as the do-it-yourself
analvses. In any case, this self-experience seems a must before the

FAX charts can be properly evaluated and used for operational purposes.

VWide discrepancies exist between analyses from different origins, and

it seems that if our ship's observations had been available to the
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analysts, they would have produced improved charts and forecasts.

2) When signs are clear that a cyclone is approaching Drake Tas-
sage, ships would do better staying in port and walting, rather than
beginning the crossing. It seems that minor Lows can be just as viclous
as major ones, especially in the neighborhood of Cape Horn.

3) In the second expedition we had considerably less fog, snov and
strong wind ﬁhan in the first. Ship's temperature werentt as low (-0.1°
minimum against -1.6° in the 1lst expedition), but station's termeratu-
res were somewhat lower, and humidities considerably lower, especially
on the Wedds1ll Sea side. Also important, because of the clrculation
prevailing, there was less surface outllow of.cold air from Antarctica.
But perhaps most remarkably, we encountered much less icebergs. These
facts should be taken in coqsideration, for establishing possible con-
nections with tge exceptionally hot and dry part of summer {January-
Februaryiearly March) in Southern Brazil.

4) The point ra{sed by Dr. David Bromwich in the discussion, that

the bpand of strong winds around the NE extremlty of the Antarctic Fe-

2
ninsula (also affecting the South Shetland islands suchj;ing George,

where the Brazilian station is located) 4s. not driven by the synootic

pressure gradient but .is mainly a result of the strong horizontal

temperature gradients characteristic of the region, certainly deserves
attention, both for understanding the meteorolozical processes in this

region and for application in operational forecasting. Because of the

relatively intensified cooling of the Weddell Sea side of the Peninsula

already noted, conditions during the second expedition would indeed

W

have favored thls type of effect.
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APENDICE H

SEGUNDA EXPEDICAO BRASILEIRA ANTARTICA-MISSAO
NAVIO OCEANOGRAFICO PROFESSOR BESNARD

Dr. Yoshimine Ikeda

Foi apresentado um relatorio da participacao do Brasil do
Programa Biomassa SIBEX (Second International Biomass Experiment). Na
apresentacao foram discutidas as observacoes oceanograficas e meteorolo
gicas realizadas na Passagem de Drake, Estreito Branfield, durante o pe
riodo de 20 de janeiro a 9 de fevereiro de 1984. A palestra incluiu tam
bem algumas caracteristicas culturais da Regiao Antartica. Esta apresen
tacao foi essencialmente atraves de slids.
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