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O Observatorio Espacial do Sul

CENTRO REGIONAL DO SUL DE PESQUISAS ESPACIAIS -
. OES/CRSPE/INPE,
EM SAO MARTINHO DA SERRA - RS.

Nelson Jorge Schuch!,
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G. Dutra, José H. A. Sobral, Mangalathayil A. Abdu, Hisao Takahashi3

I CENTRO REGIONAL SUL DE PESQUISAS ESPACIAS - CRSPE/INPE,
UFSM/CT - LACESM, Cidade Universitaria ,
CEP 97119 -900 - Santa Maria - RS.

2 LABORATORIO DE CIENCIAS ESPACIAIS DE SANTA MARIA, Centro
de Tecnologia, Cidade Universitaria ,
CEP 97119 -900 - Santa Maria - RS.

3 INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS, Coordenadoria de
Ciéncias Espaciais e Atmosféricas,
Av. dos Astronautas, 1758 - CEP 12.227-010 - S3o José dos Campos - SP.

O Instituto Nacional de Pesquisas Espaciais (INPE) e a Universidade Federal de
Santa Maria (UFSM) tem interesse em dar continuidade, estimular, e
desenvolver trabalhos conjuntos de coopera¢do técnico-cientifica em areas de
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comum acordo. O INPE vem colaborando de forma ininterrupta ¢
sistematicamente com a UFSM promovendo e apoiando o desenvolvimento das
Ciéncias Espaciais e Atmosféricas no Rio Grande do Sul, principalmente na
grande regifo de Santa Maria, desde outubro de 1985, quando assegurou sua
participagdo no Projeto RA - "Radioastronomia - Desenvolvimento e Instalagio
de Insniumental Radioastronémico”, aprovado pela FINEP/PADCT (Projeto
092/85).

As atividades e as areas de desenvolvimento de pesquisas conjuntas em
Ciéncias Espaciais e de tecnologias, entre o INPE e a UFSM, foram
originalmente definidas via Convénio, formalmente assinado em Santa Maria
em 11/04/1988, com a participagdo do Diretor do INPE e do Ministro de Estado
da Ciéncia e Tecnologia. O Reitor da UFSM, via Portaria 21.432/88 de
06/05/1988, designou Nelson Jorge Schuch, para exercer a coordenagdo técnica
e administrativa do Convénio UFSM -.INPE.

Em 13/08/1996, foi renovado o antigo convénio com um novo termo de
Convénio entre o MCT/INPE e a UFSM (documento INPE/RD/AJR
01.01.098.0/96), onde ¢ ressaltado na Clausula Primeira - Do Objeto, Item 1.2,
"... as areas de radioastronomia, interferometria, sintese de abertura com a
rotag#o da Terra (Sistema RA), e pesquisas no campo das ciéncias espaciais €
atmosféricas...”. O convénio foi assinado pelo Ministro de Estado da Ciéncia e
Tecnologia, pelo Diretor do INPE e pelo Reitor da UFSM, sendo
posteriormente ratificado pelo Conselho Universitario da UFSM. O Diretor do
INPE, via Designacdo DE/DIR-908, de 18/10/1996, designou Nelson Jorge
Schuch como Coordenador, por parte do INPE, para constituir a Coordenagdo
Técnica e Administrativa do Convénio MCT/INPE - UFSM.

Ha interesse do INPE e da UFSM em promover a estratégica descentralizagio
também para o Sul do Pais da pesquisa, da formacg&o de recursos humanos
especializados, -do desenvolvimento tecnoldgico e dos servigos relacionados as
Ciéncias Espaciais, Ciéncias Atmosféricas, Clima & Meteorologia e
Sensoriamento Remoto, as tecnologias e suas engenharias associadas,
considerado o disposto no PNDAE 1996-2005.

O INPE tem interesse em instalar e fazer funcionar no Sul do Pais um
Complexo de Pesquisas Espaciais, consolidando a vigente Politica Nacional de
Desenvolvimento de Atividades Espaciais - PNDAE, promovendo no
Programa de Satélites a cobertura permanente e completa de visdo do
Continente da América do Sul, as totalidades do territorio nacional brasileiro
simultaneamente com a dos paises do Cone Sul, com abrangéncia circunvizinha
continental oceanica do Pacifico, do Atlantico e do Caribe.

O CENTRO REGIONAL SUL DE PESQUISAS ESPACIAIS -
CRSPE/INPE EM SANTA MARIA.,

Em 13/12/1996, foi assinado pelo Ministro de Estado da Ciéncia e Tecnologia,
pelo Diretor do INPE e pelo Reitor da UFSM o Instrumento Publico de Cessdo
de Uso e Doagéo, por 50 anos, de 1,2 hectare de drea no "campus” da UFSM,
entre o INPE e UFSM com a interveniéncia do Ministério da Ciéncia e
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Tecnologia, para a execucédo do Projeto de Implantacdo do CENTRO
REGIONAL SUL DE PESQUISAS ESPACIAIS - CRSPE/INPE, incluindo o
subprojeto da ESTACAO TERRENA DE RASTREIO E CONTROLE DE
SATELITES - ETRCS/INPE, em Santa Marta, e o subprojeto do
OBSERVATORIO ESPACIAL DO SUL - OES/INPE em S0 Martinho da
Serra - RS.. O Diretor do INPE, via Resolugdo Projeto de Implantagdo do
CRSPE, RE/DIR-391, de 18/10/1996, designou Nelson Jorge Schuch, como
Responsavel pelo Projeto de implantagdo do CRSPE/INPE no Sul do Pais.

O Centro Regional Sul de Pesquisas Espaciais - CRSPE/INPE, em Santa Maria,
RS, visa o atendimento dos seguintes objetivos:

1. Dar suporte logistico técnico-cientifico ao desenvolvimento de programas,
projetos e atividades do Instituto Orealizados nas regides Sul do Brasil e
Cone-Sul da América;

2. Apoiar os langamentos e monitoramentos de foguetes e baldes, no transito
dos mesmos, na calibragio das cargas Uteis e no processamento dos dados;

3. Efetuar manutengfio do banco de dados obtidos pela Esta¢éio Terrena de
Rastreio e Controle de Satélites - ETRCS/INPE e pelo Observatério Espacial do
Sul - OES/INPE;

4. Prestar apoio a usudrios localizados nas regiGes Sul do Brasil e Cone-Sul da
América na obten¢do de dados produzidos pelo Instituto;

5. Desenvolver equipamentos, para suporte dos laboratérios, para uso de
missées do Instituto e para coleta de dados convencionais ou via satélite;

6. Realizar a administragdo das atividades, dos recursos humanos e dos recursos
financeiros movimentados pelo CRSPE/INPE, ETRCS/INPE e OES/INPE, bem
como as de suprimento de materiais, bens patrimoniais e as de orgamento e
finangas.

0 OBSERVATORIO ESPACIAL DO SUL DO CENTRO REGIONAL
SUL DE PESQUISAS ESPACIAIS - OES/CRSPE/INPE EM SAO
MARTINHO DA SERRA - RS.

A Sub-Unidade do CRSPE/INPE, o OBSERVA-TORIO ESPACIAL DO
SUL, em Sdo Martinho da Serra - RS tem coordenadas geograficas:

Latitude: 29° 26' 24" Sul,
Longitude: 53° 48' 38" Qeste,
Altitude elipsoidal:. 488 metros 4,

e tem coordenadas geomagnéticas:

Latitude: 19° 13' 48" Sul,
Longitude: 16° 30' Leste 2.
Inclinacdo ou "dip": 32°,989 Sul
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Intensidade de Campo Total: 22.989 nT 3.

O Observatério Espacial do Sul - OES/CRSPE/INPE dado 2 sua localizagdo
estratégica do ponto de vista técnico-cientifico, com o objetivo de dar suporte
logistico para os programas de desenvolvimento cientifico e tecnol6gico
desenvolvidos pelo Centro Regional Sul de Pesquisas Espaciais, do INPE, e do
Laboratorio de Ciéncias Espaciais de Santa Maria, da UFSM, no Sul do Brasil,
tem como atribui¢Ges:

1. Executar e desenvolver as atividades e projetos de pesquisa técnico e
cientifica em Astronomia, nas areas de astrofisica e radioastronomia;

2. Executar e desenvolver as atividades e projetos de pesquisa técnico e
cientifica em Geofisica Espacial, nas areas de geomagnetismo, magnetosfera e
heliosfera, eletricidade atmosférica, fisica e quimica da média e baixa
atmosfera;

3. Executar e desenvolver as atividades e projetos de pesquisa técnico e
cientifica em Aeronomia, nas areas da fisico-quimica e da fisica da alta
atmosfera e da ionosfera;

4. Coletar dados, arquivando-os e mantendo-os em banco de dados formatados
de acordo com padroes internacionais;

5. Desenvolver e fortalecer atividades de cooperagéo cientifica com
pesquisadores e instituigdes de pesquisas nacionais e estrangeiras.

O INPE possui atribuig8es e interesse cientifico de realizar estudos nas areas de
Aeronomia e de Geofisica Espacial, incluindo estudos da ionosfera, termosfera,
mesosfera e estratosfera, € geomagnéticos na regido da Anomalia Magnética
Brasileira ou Anomalia Magnética do Atlantico Sul. O INPE também possui
interesse: em participar da construgdo e da utilizagdo do Radiointerferometro do
Projeto Radioastronomia; em instalar no Sul do Brasil outros telescépios;
fomentar o desenvolvimento da Astronomia/Astrofisica, da radioastronomia, do
estudo das cintilagdes interplanetarias e do clima interplanetario no Sul do Pais
no Observatdrio Espacial do Sul.

O programa de escolha de sitio para determinar a regifio escolhida para a sede
do Observatdrio foi extensivo, envolvendo estudo técnico e cientifico de
escolha de sitios, nas regides Centro-Oeste e Sul do Brasil, no Rio Grande do
Sul e finalmente na grande regido de Santa Maria (8 anos de atividades
concomitantes) e atendendo a metodologia da considerag¢do dos fatores:
antropogénicos, logisticos, macro e microclima, meteorolégicos e do nivel da
radio interferéncia natural e artificial, pré-requisitos basicos e necessarios na
pesquisa de escolha e instalagdo de um sitio, observatorio, para observacdes
radio astrondmica. Como resultado deste trabalho foi escolhida uma drea na
regido do Rincéo dos Negrinhes, no municipio de Sio Martinho da Serra,
distrito emancipado do municipio de Santa Maria, em 1992,

A Prefeitura e Camara Municipal Sdo Martinho da Serra, através da Lei

Municipal n° 232/97, de 09/06/1997 e do Decreto Executivo n® 452/97, de
01/06/1997, desapropriou no Municipio a area escolhida pelo programa de
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escolha de sitio para o Observatorio. Uma gleba de area de 12 (doze) hectares
que destinam-se Unica e exclusivamente a construgéo e instalacdo do
Observatorio Espacial do Sul pelo INPE. Esta 4rea é adequada para a
construgio dos prédios necessarios para a implementacio do Observatério e
permite uma otimizagdio com um melhor aproveitamento na distribuigo fisica,
no terreno, de sensores, de equipamentos e das antenas pertencentes aos
respectivos telescopios. A localizagdo geografica e topografia do Observatorio é
estratégica, devendo ser ressaltado que nfo se tem conhecimento da existéncia
de nenhum outro Observatdrio Espacial do género, no Hemisfério Sul, na
latitude do Observatério Espactal do Sul - OES/CRSPE/INPE, ¢ que torna
inédita, original e de primeira m#o, a natureza dos dados coletados por seus
instrumentos.

Os sensores e equipamentos, como também as antenas dos rddiotelescopios
instalados € ou a serem instalados na area do Observatorio Espacial do Sul, sdo
de natureza passiva e ndo séo ou serfio poluidores, nio produzindo impacto
destrutivo ao meio ambiente .

A localizagdo do Observatorio Espacial do Sul, em fase de instalagio no Centro
Oeste do Estado do Rio Grande do Sul, na grande regido de Santa Maria, Sio
Martinho da Serra e do Itaara, incluindo seus municipios adjacentes,
constitui-se em uma regifio antropogénica e logisticamente estratégica sob o
ponto de vista técnico e cientifico para os estudos do espago. Esta regido
localizada em latitudes geomagnéticas aproximadamente, dip de @ 32°, quase
idéntica a de Cachoeira Paulista no Estado de Séo Paulo, onde o INPE possui
um Centro de pesquisa e de observag#o espacial, permite desenvolver estudos
inéditos das derivas zonais das irregularidades ionosféricas, dos ventos na
formacéo do fenémeno spread-F, incluindo as bolhas ionosféricas e um estudo
dindmico multidisciplinar da Anomalia Magnética do Atlantico Sul. O mesmo
se aplica aos estudos da anomalia de Appleton. Muitos outres exemplos
poderiam ser citados sobre as possibilidades de estudos locais, que podem ser
integrados € comparados com os resultados de outras regides latitudinais do
territorio Brasileiro, da América do Sul e de outros observatorios.

A RADIOASTRONOMIA - PROJETO RA.

O Projeto Radioastronomta - Projeto RA, visa a construgio de um
Radiointerferémetro de Sintese de Abertura com a Rotago da Terra, de longa
linha de base, 5 a 8 Km 4 - dire¢o Leste/Oeste, operando em baixas
freqiiéncias, centrada em 150 MHz., via convénios entre o Instituto Nacional de
Pesquisas Espaciais - INPE, Financiadora de Estudos e Projetos - FINEP e a
Universidade Federal de Santa Maria, através da construgdo de laboratérios e
areas de apoio adequadas a execugio de atividades cientificas para implantagio
no Pais de técnicas Radiointerferométricas. O Projeto propicia o
desenvolvimento de pesquisas e a formagdo de recursos humanos em Ciéncias
Espaciais Bésicas, priorizando a Astrofisica, Aeronomia, Geofisica Espacial,
Geomagnetismo, InteragSes Terra - Sol, dentre outras dreas do saber, alem das
tecnologias vinculadas as areas de engenharias associadas.
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Por falta de recursos no PADCT, o Projeto RA - FINEP/PADCT, por sugestio
da FINEP, foi transtormado em um Projeto FINEP/FNDCT, que foi novamente
aprovado em novembro/1986, tendo parte dos recursos solicitados liberados em
1987, através do Convénio: 52.86.0864-00 - FINEP/UFSM - com o titulo:
"Radioastronomia - Apoio de Recursos Computacionais”. Devido a sérias
dificuldades de disponibilidade financeira no FNDCT, para honrar com a
liberag@o dos recursos restantes deste Convénio, a FINEP efetuou com a UFSM
trés Termos Aditivos, assinados em 25/06/1987, 05/04/1089 e 29/05/1991. O
Reitor da UFSM, na Resolugio 0001/86, datada de 06/01/1986, atribuiu ao
antigo NEPAE, hoje LACESM - Laboratério de Ciéncias Espaciais de Santa
Maria, orgéo setorial do Centro de Tecnologia da UFSM, a execugdo do
Projeto ¢ delegou a Nelson Jorge Schuch a tarefa de Coordenador do Projeto

Em 13/04/1993, quando no exercicio da Dire¢do do CNPg/Observatério
Nacional - CNPq/ON, Rio de Janeiro, em reunifo com o Presidente da FINEP, o
Coordenador do Projeto Radioastronomia, na época Vice-Diretor do
Observatorio Nacional, entregou em méos a Carta Consulta OF. ON/DIR -
119/93, solicitando o enquadramento da ordem de US$ 1,500,000.00 para a
conclusdo do Projeto Radioastronomia - Projeto RA, Convénios: CNPq/ON -
UFSM, INPE - UFSM e FINEP - UFSM, visando a construgéo do Radio
Observatorio e do Radiointerferometro na grande regido de Santa Maria, RS.
A Carta Consulta foi enquadrada, documento FINEP Ref. 0376/93, na linha de
apoio FNDCT. A solicitagdo de financiamento foi elaborada utilizando a
metodologia de duas fases. Na regido escolhida, conjuntamente a UFSM ¢ o
INPE implantariam a Fase I do Projeto RA/IPS dando inicio a consolidagio do
Observatério Espacial do Sul - OES. Nesta Fase I do Projeto, seriam executadas
as seguintes tarefas: Levantamento topografico, geoldgico e magnético visando
a construgdo do Radiointerferdmetro RA/IPS, antena piloto e instrumental de
grande porte; Constru¢do do Radiointerferdmetro piloto; Transferéncia do
instrumental instalado provisoriamente no “campus” da UFSM para o sitio do
OES; Construg¢do de um miniprédio de alvenaria, Prédio 1, para abrigar
equipamentos de controle das antenas piloto na area do Observatorio Espacial
do Sul.

O Projeto RA/IPS com sua metodologia, apos inspetoria da FINEP e de seus
assessores junto ao LACESM/UFSM e visita técnica a Sdo Martinho da Serra,
Rincdo dos Negrinhos e ao local de construgdo do Observatdrio Espacial do
Sul, foi aprovado pela Diretoria da FINEP, Decisdo 0358 de 05/06/1995. As
tarefas estabelecidas na Fase I do Projeto encontram-se em processo avangado
de concluséo. O Prédio 1, foi construido e abriga varios equipamentos que estdo
em operagéo, efetuando monitoramento sistemdtico no Observatério.

O Convénio de execugdo do Projeto RA - Radioastronomia/Cintilagio
Interplanetaria, por impossibilidade da UFSM, na época, de poder receber
recursos de agentes financeiros federais, visto encontrar-se inadimplente, teve
que ser celebrade com a Fundagio de Apoio a Tecnologia e Ciéncia - FATEC
como Unidade Gestora, tendo 0 LACESM/UFSM como Unidade Executora e a
co-participacdo do INPE, via Convénio..

Em 13/06/1996, através do oficio ON/DIR - 207/96, do Diretor do CNPg/ON a0
Diretor do LACESM , a Coordenagéo do Projeto RA foi informada que o
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Convénio CNPq/ON - UFSM nio deveria ser renovado. O Convénio ON -
UFSM, portanto, foi cancelado unilateralmente, provocando vérios prejuizos ao
andamento das atividades. Entretanto, mesmo que na gestfo do atual Diretor do
ON, os lagos formais entre 0 ON e a UFSM foram oficialmente e
unilateralmente cortados, os pesquisadores, técnicos e alunos vinculados ao
Projeto RA/LACESM, continuam a interagir sistematicamente com
pesquisadores e técnicos de alto nivel de Departamentos e com o Laboratério
Primario de Tempo & Freqiiéncia do Servigo da Hora do ON, no Rio de
Janeiro. A natureza politica da decisfio do Diretor do ON, de interromper
formalmente a interag@o ¢ cooperagdo interinstitucional com a UFSM, tornou o
INPE, o CNPq ¢ a FINEP, as unicas instituigdes do Ministério da Ciéncia e
Tecnologia a participar com o MEC/UFSM no desenvolvimento do Projeto
Radioastronomia e das Ciéncias Espaciais, Tecnologias e Engenharias
associadas no Sul do Brasil.

Os levantamentos topograficos e cartograficos juntamente com a defini¢do por
técnicas GPS do alinhamento, este-oeste, e das coordenadas da linha-de-base do
radiointerferometro do Projeto RA foram concluidos. Um protétipo de
radiointerferdmetro de 4 (quatro) elementos estd sendo montado no
Observatdrio.

CIENCIAS ATMOSFERICAS - O PROGRAMA DE
MONITORAMENTO DO OZONIO ATMOSFERICO.

O Programa de Monitoramento do Oz6nio Atmosférico da UFSM, é
desenvolvido pelo LACESM como subprojeto do Projeto RA e em colaboracgio
com o Laboratério do Ozonio do INPE, dentro do Convénio MCT/INPE -
UFSM. O Programa objetiva o monitoramento, a analise estatistica dos dados e
a analise comportamental da Camada de Ozdnio Terrestre, na latitude de 30°
Sul, bem como correlagio com o monitoramento sistematico da radiagio
ultravioleta, de particulas de radiagdo cosmica, de gases tragadores atmosféricos
NO, e SO, com dados fisicos e meteoroldgicos, obtidos através de sondagens
troposféricas e estratosféricas e correlagdes com os fendmenos vinculados com
a Anomalia Magnética do Atlantico Sul.

O Programa, no Sul do Brasil, em Santa Maria, foi inicialmente concebido em
1991, e foi implementado entrando em funcionamento em maio de 1992, com o
agregamento de equipamentos sofisticados, que foram emprestados
temporariamente a UFSM pelo INPE e por outras institui¢des nacionais e
estrangeiras. A cooperagdo com o INPE visa estudar a fisica e a quimica da
média e baixa atmosfera, com o monitoramento sistematico da concentragio de
0z0nio atmosférico e da Camada do Ozoénio Terrestre no extremo Sul do Brasil,
por métodos indiretos via analise da luz solar por rastreio do Sol, com
espectrofotometro Brewer e métodos diretos, por radiosondagens via balGes
estratosféricos, determinando a concentra¢fo do 0zénio em fungio da altura na
troposfera e estratosfera.

Desde 1992, esta em funcionamento sistematicamente o Espectrofotémetro

Brewer MKIV n° 081. O espectrofotémetro funcionou no “campus”da UFSM de
maio/1992 a outubro/1995, quando foi transferido para um sitio provisério,
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com microclima livre de serragdo, na cidade de Sdo Martinho da Serra. Em
dezembro/1996, o Brewer foi transterido para o seu local de operagdo
permanente, no sitio do Observatorio Espacial do Sul, junto ao PREDIO 1 do
Projeto RA/IPS, que foi financiado pela FINEP, através da FATEC, e que
devido a sua altura de aproximadamente 500 metros acima do nivel do mar,
associado a peculiaridades do seu microclima regional, raramente apresenta
névoa seca ou serragiio, vem permitir o continuo e sistemético rastreio diario do
Sol. Este aparelho mede a concentra¢fo atmosférica total de ozdnio, didxido de
enxofre e diéxido de nitrogénio, além da intensidade da radiacfo ultravioleta
incidente na faixa de UVB (290 a 320nm).

Em Julho/1996 foi assinado o Convénio n® 96CV00112 entre o Ministério do
Meio Ambiente, Recursos Hidricos € Amazdnia Legal - MMA e a UFSM, no
valor de R$ 1.100.000,00, com o objetivo de consolidar o Programa de
Monitoramento do Oz6nio Atmosférico, através da aquisi¢do de equipamentos
especializados. Com os recursos deste Convénio, a UFSM - LACESM em 1996,
adquiriu e instalou no PREDIO 1 do Observatdrio Espacial do Sul, o Sistema de
Sondagem Meteorologica W9000, que permite que sejam langadas, em
conjunto com sondas meteoroldgicas, sondas de ozoénio ECC (Electro Chemical
Concentration), as quais medem a presséo parcial de 0z6nio no local onde a
sonda se encontra, fornecendo assim um perfil vertical do ozdnio atmosférico.
As sondagens sdo efetuadas sistematicamente as sextas-feiras no mesmo
periodo entre 11horas e 30 minutos e 12 horas e 30 minutos.

Em Novembro/1996 foi assinado o Convénio AEB/PR n°® 003/96 entre a
Ageéncia Espacial Brasileira da Presidéncia da Republica com a Fundacio de
Apoio a Tecnologia e Ciéncia, AEB/PR - FATEC, tendo como unidade
executora o Laboratério de Ciéncias Espaciais de Santa Maria -
LACESM/UFSM, no valor de R$ 100.000,00. O objetivo do Convénio foi
apoiar o Programa de Monitoramento do Ozonio Atmosférico da cooperacdo
LACESM/UFSM - LO/INPE, complementado o Convénio MMA/UFSM e
consolidande no LACESM e no Observatério Espacial do Sul, em Sio
Martinho da Serra, a pesquisa em Ciéncias Espacial Bésica.

GEOMAGNETISMO E MAGNETOSFERA TERRESTRE

A Coordenagdo de Ciéncias Espaciais e Atmosféricas, com sua Divisdo de
Geofisica Espacial - INPE/CEA/DGE, foi a primeira unidade do INPE a instalar
sensores € equipamentos cientificos, do tipo magnetémetros, em Santa Maria.

Foi com a colocagfio em operagio dos sensores de um magnetémetro do tipo de
indugdo, instalados pela Divisdo de Geofisica Espacial proximos ao PREDIO 1,
em colaboragio com o LACESM, que o Observatorio Espacial do Sul, em S3o
Martinho da Serra, entrou em operagédo na data histérica de 19/12/1996, com a
producdo dos primeiros dados observacionais cientificos.

ORCAMENTO E FONTES DE RECURSOS PARA OBRAS E
EQUIPAMENTOS

17/01/2002 09:17
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Foi aprovado no Orgamento Geral da Unifio para 1997, através da Comissfio de
Relagdes Exteriores e Defesa Nacional - Senado Federal/Congresso Nacional,
recursos no valor de R§ 840.000,00, junto ao orgamento do MCT/INPE para dar
0 inicio s obras de construgéo e implementagdo do Observatério Espacial do
Sul do CRSPE/INPE, em Sdo Martinho da Serra - RS, no exercicio do ano fiscal
de 1997. Para o exercicio do ano fiscal de 1998, o INPE na sua previsio
or¢amentaria destinou os valores de R$ 800 000 00 para obras e R$
1.400.000,00 para equipamentos visando a consohdag:ao do CRSPE/INPE, em
Santa Maria, Estdo previstos os recursos or¢amentarios necessarios a execugio
do CRSPE/INPE nos demais exercicios financeiros.

COOPERACAQ CIENTIFICA INTERNA-CIONAL BRASIL/JAPAO EM
CIENCIAS ESPACIAIS BASICAS

Uma Cooperagédo Cientifica Internacional de coleta e analise de dados por longo
periodo, 12 anos, equivalente a um ciclo solar ou 11 anos, foi estabelecida entre
o BRASIL/JAPAO em Ciéncias Espaciais Basicas. Nesta cooperacio
participam pelo lado brasileiro o LACESM da UFSM e a Coordenadoria de
Ciéncias Espaciais e Atmosféricas do INPE, pelo lado japonés participam 3
(trés) institutos de pesquisa: National Institute of Polar Research;
Communication Research Laboratory; National Institute of Radiological
Sciences, e de 5 (cinco) universidades: Nagoya University; Kyushu University;
Takushoku University; Kokugakuin University; e Rikkyo University.

Esta cooperacdo tem como principal objetivo pesquisar os fenémenos
dindmicos: aerondmicos, geofisico espaciais, geomagnéticos e impacto

ambiental que ocorrem na grande regido da Anomalia Magnética do Atlantico
Sul.

As atividades de cooperagfio iniciaram em dezembro/1996, com a instalaggo e
operagdo de um ridmetro, n = 32.8 MHz., para medir a absorg:ao do ruido
cosmico na ionosfera devido a preclpltagao de particulas energetlcas E
esperado que a precipitagdo de particulas altamente energéticas na area da
Anomalia irad induzir o aumento da densidade eletrénica na camada D
promovendo absor¢do de ruido cdsmico; um detector ELF/VLF de ondas
natural (com uma antena quadrada com n = 200 voltas, com trés filtros passa
bandas nas freqiiéncias 0,8, 1,6, 4,0 kHz;.e com uma outra antena triangular de
10 metros com n = 2 voltas para o detetor VLF/LF, o sinal do receptor é
amplificado para um largo intervalo de frequéncia de 100Hz a 100KHz, o sinal
banda larga € enviado a trés filtros passa banda com frequéncia central 0,4, 1,6
e 10,0 KHz) quando uma forte emissdo € reconhecida, um sinal de banda larga é
também gravado pelo gravador de dados analdgicos de banda larga. Muitos
pesquisadores examinaram emissdes no intervalo ELF/VLF/LF para estes
fendmenos nas regides polares. Entretanto, ndo é bem entendido se emissdes
naturais similares sfo esperadas na regido da Anomalia Magnética do Atlantico
Sul; uma camara de TV de alta sensibilidade. Com este instrumental é possivel
ser detectado alguma emissdo, fendmeno dptico, somente se a luminosidade do
evento for superior a 1 kR3S, E parte da metodologia e planejamento operar a
camara de TV durante periodos de intenso eventos solar e também fendémenos
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SC¢ Um contador Geiser automatizado efetua contagens sistematicamente 24 h
por dia com periodos de integragdo de 1 e de 10 minutos. Estdo no Observatoério
Espacial do Sul aguardando instalagdo: o magnetometro fluxgate, de 1 segundo
de integra¢dio da Kyushu University e o detector de ruido de ondas de radio do
Communication Research Laboratory.
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LCoordenadas geograficas medidas por técnicas GPS, na posi¢ao do 3° ponto
da linha de base do radiointerferémetro do Projeto Radioastronomia no Sitio do
OES/CRSPE/INPE.

2 Coordenadas geomagnéticas calculadas usando o modelo IGRF 1995 - 2000 e
programas utilitarios fornecidos pelo USGS.

31nT=1g=10-5 Gauss.
4 A determinagio da dimencdio méxima da linha-de-base este/oeste do

radiointerferébmetro do Projeto RA, depende da evolugio da atividade solar em
fungio do ciclo solar e da opacidade da ionosfera local.

3 1 kR = 103 Raleighs. IR = 106 Fotons/cm? colunar.

6 SC = Solar Sudden Commencement.
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OBSERVATIONS OF IONOSPHERIC PLASMA DEPLETIONS
USING OI 630.0 nm NIGHTGLOW IMAGING

Y. Sahai, J.A, Bittencourt, J.H.A. Sobral, P.R. Fagundes & H. Takahashi

lonospheric plasma irregularities associated with nighttime equatorial spread-I' phenomena have been the
subject of intensive experimental and theoretical investigations during recent years, Large scale plasma
depletions, referred 1o as transequatarial bubbles or plumes, continue to atiract considerable attention.
The studies of ionosphere plasma irregularities assume great importance, because the irregularities degra-
de the radio wave signals passing through the region and, therefore, have considerable imf{lucnce on the
ionospheric/Arans-ionospheric radio wave communications. The F-region nightglow emissions arising
from onospheric recombination processes can be used 1o remoiely observe the dynamics of transequatorial
ionospheric plasma bubbles and smaller scale plasma irregularities. In a collaborative project beiween the
Center for Space Physics, Boston University, USA, and (he Nationa! Institute lor Space Rescarch (INPE),
Brazil, an all-sky imaging system was put in operation at Cachocira Paulista (22,70 8, 45.0° ¥, dip latitude
15.8°8). in March 1987, This wide angle imaging technique provides an unique capability of permitting
obscervations over regions covering scveral million square kilometers from a single ebserving stalion.
Alsv, regular measurements of several nightglow emissions and ionospheric sounding are carried out al
Cachocira Pavlisia and Forlaleza (3.9° 5, 38.4° ¥, dip latitude 3.7° 8). A V1IT clectronic polarimeler was
in eperation a1 Cachocira Paulisia. This clustering of obscrvational facilities in the Brazilian sector provided
coincident and complementary observations of various upper atmospheric parameters. In this paper we
present and discuss some featares of the O 630.0 nmr emission all-sky imaging observations carried out
during the period 1987-1989. The transcquatorial ionospheric plasma bubbles manifest in all-sky optlical
imaping obscrvations as ncatly north-south aligned intensity-depleted regions. The obscrved scasonal
varialion of the airglow depletions shows a maximum during the summer months and virlually no airglow
depletions during the winter months. The case studies presented show different forms of gencration and
development phases of airglow depletions during the course of a night. The all-sky images also permitied
the determination of the altitude-latitude extent of the plasma depleted regions and some resulls are
presented. 1t has been observed thal the aliiludes seached by the plasma depleted flux tubes over the
magnetic equator in the Brazilian seclor ofien exceed 2500 k.

Key words: Tonospheric ptasma; Jonospheric bubbles, Atmospheric airglow, Optical imaging;, Of 630.0 nm ¢mission.

OBSERVACOES DE DEPLECOLS NO PLASMA LONOSFERICO USANDO IMAGEAMENTO DA
LUMINESCERCIA ATMOSFERICA EM Ol 630,0 nm - [rregularidades no plasma ionosférico associadas
com o fendmeno noturno de espathamento-l equatorial tém sido recentemente objeto de intensos estudos
experimentais e tedricos. DeplegBes de plasma em grande escala, conhizcidas como bothas transequatoriais
oy phunas, continiania atrair atencdo considerdvel Os estudos destas inegularidades no plasma ionosférice
sdo de grande imporidncia pois elas degradam o5 sinais de ondas de radio que atravessam a ionosfera e
afetam consideravelmente as comunicagdes :'rmn.}fe’rr’cas/ transionosféricas. As emissdes de huminescéncia
atmosférica notuma da regido IF ionosférica, resultantes de processox de recombinagio ionosfericn, pern.
fem nm sensoriamento remoto da dindmica destas bolhas iransequaltoriais de plasma e de irregularidades
de pequena escala. Atravis de um projeto de colaboraciio entre o Centro de Fisica Espacial da Universida-
de de Boston e o Instituto Nacional de Pesguisas Espaciais (INPE), un sistema de imageamenta celeste esti
sendn operado em Cachoeira Pawlista (22,7° 8, 45,0° W, latitude dip 15.8° 8} desde margo de 1957, Fsta
técnica de imageamento com amplo dngulo de visada permite observar regidies no céu cobrindo varios
mithes de quilometros quadrados. Medidas de vdrias oufras emissdes noturmas e radiossondagens
ionosféricas sdo fambém regularmente condwzidas em Cachoeira Paulista e Forialeza (3,%° 8, 38,4° W,
latitude dip 3,7°5). Um polarimetro em VIIF é também operado de Cachoeira Paulista. Este conjunto de
equipamenios no setor brastleiro permitiv a observagdo simultdnea de virios pardmetros ionosféricos.
Neste artigo sdo apresentadas e discutidas algumas caracteristicas das observagdes de imageanento da
emissdo Of 630,0 nmi conduzidas no periode 1987- 1989, As bolhas transegualoriais de plasma manifestam-
se nas observapdes de imageamento dtico como regides de deplecio em intensidade quase alinhadas na
direg@o norte-sul magnética. As variagfes sazonais destas deplegdes apresentam un mdximo nos meses de
verdo, com praficamenite nerhuma deplegdio nos meses de inverno. Os casos apresentados aqui mostram
diferenies fornns de iniciagdin ¢ fases de desemvolvimenta das deplegies na intensidade das entissdes duran-
te a noite. As imagens permitem ainda a determinagfo da extensio em altitude e laiitude das bothas de
plasma e algins resultados sio apresentados. Tem sido observado que elas chegam a atingir altitudes
excedendo 2500 lan sobre 0 equador magnético no sefor brasiteirn.

Palavras-chave: Plasma ionosférico; othas jonosféricas; Luminescéncia atmosférica; Imageamento otico; Emisséo
QF 630,80 nm.
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16 lonospheric Plasima Depletions

INTRODUCTION

lonosphcric plasma irrcgularitics associated with
ni@hﬂllimc cquatorial spread-F phnomena (Booker & Wells,
1938) have been the subject of intensive experimental and
theorctical investigations during recent years. These
irregularities arc of diffcrent scale sizes with wavelengths
varying from scveral tens of kilometers Lo as small as a meter,
or less, and have been observed using ionosondes (e.g.,
King, 1970; Rastogi, 1978, 1986; Abduclal., 1981, 1983a;
Huangct al,, 1987), topside sounders (e.g., Dyson & Benson,
1978; Ben'kova ct al., 1988). radar backscatlier (c.g.,
Woodman and La Hoz, 1976 Tsuneda ctal., 1979, Tsunoda,
19300, satellite beacon and radio star scintillations (¢.g., Basu
& Kelley, 1979 Aarons, 1977, 1982), and in situ rocket
{c.g., Kclley et al., 1976, Morsc ¢t al., 1977; Szuszcewicy,
ctal., 1980y and satcllite (¢.g., McClurc et al., 1977, Hoegy
ct al,, 1982: Oya ct al., 1986) measurcments. The
irrcgularitics characterized by large scale transegualtorial
plasma deplctions, generally refered to as plasma bubblces
and plumes, continues 190 altract much altention,
Considerable intercest in the studics related 1o the equaltorial
ionospheric plasma irrcgularitics stems from the fact that
the irrcgutaritics degrade radio wave signals passing through
the ionospheric region and, thercfore, inffuence ionospheric/
trans-ionaspheric radio wave communicalions.

Scveral investigators have carricd out theoretical and
computer simutations of cquatorial irrcgularitics associated
with farge scale ptasma depletions (e.g.. Ossakow cl at,,
1979, Chiug & Strauss, 1979, Anderson & Mendillo, 1983
Mendillo ct al.. 1983; Hanson ¢t al., 1986). According to
present theorctical interpretalions, large scale plasia
deplctions or spread-F bubblces are initially generated at the
F-region bottomside, through a fluid type gradicnt instability
mechanism, such as the gravilationa! Rayleigh-Taylor
instability (Dungey. 1956; Hacrendel, 1973; Ossakow ct al.,
1979} in conjunciion with E x B instability (Martyn, 1959},

The ionospheric plasma bubbles arc aligned along the
magnetic fickd lincs, owing 1o the much greater conductivity
in the magnetic ficld dircction as compared with the per-
pendicular conductivity. As these bubbles move buoyantly
upward with respect 1o the ambient plasma in the cquatorial
region, their bottomside fect migrate away from the cquator,
rcaching dip latitudcs of over + 15° (Rohrbaugh et al., 1989),
and break up into smaller scale sizc clectron density
irrcgularitics. which arc associated with spread-F,
backscatler and scintillations. They usually drifl toward the
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cast in the cqualorial ionosphere and arc ofien tilted or
curved 1o the west of the magnctic meridian because of the
bubble upward motion,

Airglow obscrvations providc a convenicnt icchnique
for sensing remotely Lhe dynamics of the upper atmosphcre.
During rccent years rapid advances have been made in
clectro-oplical devices and have offered considerable
improvement in the capability of instruments used for optical
studics of the upper atmosphere. 1t i$ now possible to obtain
monochromatic all-sky (180° ficld of view) imaging
obscrvations lor studying the morphology and dynamics of
nighiglow struciurcs, over regions exlending scveral million
squarc kilomelers.

The F-region nightglow cmissions arising from
ionospheric recombination processcs can be uscd to
remolely observe the dynamics ol transcquatorial
ionospheric plasma bubbles and smaller scalce sizc plasing
irrcgularitics. During recent years scveral investigators have
carricd out obscrvatiens of the F-region QI 7774 nm and/
or Ol 630.0 nm. nighiglow cmissions using widc-angle
airglow imaging techniques (c.g. aitborne studics: Weber
ct ok, 1978, 1980, 1982; Moore & Weber, 1981; ground-
bascd studics: Mendillo & Baumgardner, 1982; Mendillo
& Tyler, 1983; Rohrbaugh ctal., 1989; Sahai ctal.. 1994a)
and conventional photometer methods (c.g.. Sobral et al..
1980, 1981, 1985; Sahai ct al., 1981 1983 Sipler et al.,
1981; Biliencouri ct al., 1Y83; Carman, 1983; Malcolm ¢l
al., 1984}, 10 study cquatorial and low latitude ionospheric
irrcgularitics and have provided vajuable and importid

‘results related to the evolution, structures, movements and

velocitics of large scale plasma depleted regions. Rohrbaugh
ctal. (1989} have used a ficld-aligned obscrving geomelry
which has been discussed in detail by Tinsley (1982).

in order (o carry out regular obscrvations of the F-
region O 630.0 nm nightglow cmission using widc-angle
(180° ficld of view) imaging lo map the nightglow cmission
struclures and their movements, an all-sky imaging systcm
was pul in operation al Cachocira Paulista (22,7° 5. 43.0°
W), Bravil, in March 1987, ina bilatcral collaborative project
between the Center for Space Physics, Boston University,
USA. and the National 1nstitule for Space Rescarch (INPE).
Brazil. Also, two multichannc! zcnith phetomeler, an
ionosonde, a polarimeter and 4 magnctometer arc in regh-
lar operalion at Cachocira Paulista (CP).

This clustcring of obscrvational Tlacilities at CP
provides coincident and complementary obscrvations of
various ionospheric and gecomagnetic paramcters. In this
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paper we present and discuss some results from the O 630.0
nm emisston ail-sky imaging obscrvations carried out during
the period March 1987 to July 1989, related to the
morpho]bgy and dynamics of transequatorial plasma
deplettons in the Brazilian sector.

INSTRUMENTATION

A low light level all-sky (180° ficld of view) airglow
imaging system, very similar to that described in detail by
Mendillo et al. (1982) and Mendillo & Baumgardner (1982),
was put in routine opcration at CP in March 1987 (Fig. 1)
The magnetic dip latitude in 1987 for CP was 15.8° 8. The
imaging system records intensified monochromatic ima-
genson 35 mm films using a conventional single lens refiex

MINOLTA ROKKER -X
" 18mm Fr2 8
FISHEYE LENS

-+— 40 mm DIAMETER
FIELD LENS

300mmF/2 5
/L\ERO EKTAR COLLIMATOR LENS

INTERFERENCE FILTER
102 mm DIAMETER

[—=]]
\ KOWA 90 mm

F/095 OBJECTIVE LENS

——m

= ITT TYPE F 4727
-+ 25 mm 2nd GENERATION
IMAGE INTENSIFIER

MIKON 55 mm
WJ\“ F/1.2 COLLIMATOR AND
4 0BJECTIVE LENSES

NIKON
25mm SLR CAMERA
ALL SKY INTENSIFIED CAMERA SCHEMATIC

Figure 1 - Schematic diagram of the OI 630.0 nm all-sky
imaging syslem.

Figura I - Diagrama esquemdtico do sistema de
imageamento do céu na tinha O 630,0 nm.
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camera and, in its present configuration, Lthe system can be
uscd only for one selected nightglow emission. A 4 in diamgter
interfercnce filter with 1.35 nm bandwidth has been used for
the Ol 630.0 nm emission observations. Most of the images
presented in this paper were oblained at 20 min intervals, using
a 32 sec lime exposure. As pointed out by Mendillo &
Baumgardner (1982), a zenith angle of 75° cncompasses
approximately + 8° of latitnde/longitude, equivalent to a ho-
rizonlal diameter of 1800 km at about 300 km. Zenith anglcs
from 75° to 90° encompass an additional £ 8° tatitudc/longi-
lude, but compression effects are large in this region. The
obscrving geometry with the all-sky imaging system for the
Ol 630.0 nm emission at CP, is shown in Fig. 2.

S,

PAULISTA
DEC ¢ 18°1

Figure 2 - The imaging system ficld of vicw at 75° and 90°
zenith angles at 300 &m. The magnetic north dircction is
also indicated,

Figura 2 - Campo de visdo do sistema de imageamento para
dngulos zenitais de 75° e 90° a 300 km de altitude. A dire-
¢do norte magnética estd também indicada.

The Ol 630.0 smm nightglow cmission intcnsitics
presented in this study were measured by a multi-channcl
tilting filter type zenith pholomcicr, which has been in
operalion at CP since January 1987. The pholomclér providcs
measurcments of the O 777.4 nm, 630.0 nm and 557.7 nin,
NaD 5833 nm, OH(9-4) and O, - atm.(0-1) nightglow
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emissions at inlcrvals of 3 min, The pholometer operation
and the data acquisition system were controlled by a Z8OA
microprocessor and the data werc recorded on a digital
casscttg system. The photomultipler used is a cooled
Hamamatsu R943-02 (GaAs photocathodce). The photometer
has a field of view of 2° [ull anglc and the effective diamcter
of the interference [ilters used is 2 in. The cffcctive
bandwidths of the interference filters for the O1 630.0 nm
and 777.4 nmemissions arc 1.46 and 1.05 nm, respectively.
A calibrated standard light source (Eppley ES-8315) was
uscd for determination eof absolute sensitivitics of the
photometer. A substandard light source {Tungsten filament
pilot lamp) was uscd for field calibration. The O 630.0 am
cmission absolulc intensitics were calculaled using Lilting
filter (Yano, 1966) and calibration (Kulkarni & Sanders,
1964) iechniques. As narrow band filters are used, the OH(Y-
3) band contamination al 630.0 nm has been considered 1o
be negligible. The cslimated crror in the absolute sensitivity
for this ecmission is approximalely = 15%. The O1 777.4 nm
absolute intensitics arc calculated using the technique
described by Sahai et al. (1981). The absolute calibration is
cstimated as £ 20%,

The ionospheric data presenied in this study were
obtained from ionosondes in routine operation al CP and
Fortlaleza (3.9¢ 5, 38.4° W), Bravil. Fortaleza (FTZ) is the
closcst ionospheric sounding station (o the magnetic dip
cquator in this region. The magnetic dip latitude in 1987
for FTZ was 3.7° 5. Abdu ct al. (1983a) have poinicd out
that the longilude at which the magnelic meridional planc
of CP intersecls the magnelic equatorial plane, is about 12°
westward of FTZ.

A VHF (136.379 MIiIz) clectronic polarimeter
monitoring the Faraday rolation angle and amplitude of
geostationary satellitc (GOES 3) beacon signals was in
operation at CP during the imaging observations. The sub-
ionospheric point corresponding (o these measurcements was
-20.9° latitude and -49.4° longitude. Also, some results from
the VHF polarimeter arc presented in this study.

TROPICAL ATOMIC OXYGEN AIRGLOW
EMISSION MECHANISMS

The O1 630.0 nm nightglow cmission comes [rom a
rclatively narrow tayer centered ncar 300 km altitude in the
bottomside region of the F-layer and is an optical
manifestation of several ionosphceric processes (Serafimoy
etal., 1977). Al equatorial and low latitude regions the Of
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630.0 nm cmission is mainly duc to dissocialive
recombination of (' ions in the F-region {c.g. Pcicrson &
Van Zandi, 1969), produccd by the two-sicp process

O +0, > 0+0) n
O, +e— O+0('D) (2)

As discussed by Van Zandi & Pelerson (1968), this emission
is strongly dependent on the height changes associated wilh
the bottom-side of the F-region, with smallcr dcpendence
to changes in the F-region electron density. The spatial
distribution is mostly governed by the E x B vertical plas-
ma drills and thermospheric ncutral winds.

The O 777.4 s emission is produced mainly by the
radialivc rccombination process,

O +e— 0%+ hy 3)

as discussed by Tinsley clal. (1973}, and provides an indirect
mcasurcment of the F-region pcak clectron density 7_(c).
The Ol 777.4 mn cmission intensitics observed at CP, during
the course of the present study, have been, in gencral, very
low and nearly at the threshold level ol detection, Thevefore,
they have not been included in some of the casc studics
presented here.

OPTICAL AND RADIO DIAGNOSTICS OF
LARGE-SCALE F-REGION PLASMA
DEPLETIONS

The F-region ionospheric irrcgularitics associated with
large-scale plasma depletions or bubbles cause intensc ran-
ge-lype spread-F and VHF/UHF scintillations al cqualorial
and low latitude regions (sce e.g., Maruyama, 1990; Rasiogi
et al., 1990). The pioncering work of Weber ct al. (1978},
using all-sky Ol 630.0 nm airglow imaging, showed that
the north-south aligned cquatorial airglow depletions (sec
¢.g. Weberetal,, 1978, Fig. 1) arc the optical signaturcs of
large-scale plasma depletions or bubbles associated with F-
region ionospheric irrcgularitics. Sahai ct al. (1981), using
a conventional photometric method (5° ficld of view).
obscrved simultancous short-lime large intensily drop-outs
or depletions in the QI 630.0 s and 777.4 mm emissions at
CP during range-type spread-F conditions. The F-region
airgow intensily depletions are associated with the passage
of F-rcgion holes or bubbles drifling across the sky. As
pointed out by Mendillo and Bavmpgardner (1982}, in the
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study of cquatorial plasma depletions, radio (ionosondc and
scintillation) and optical mcthods arc complementary.,
Whereas all-sky optical methods offer broad, instantancous
coverage of gencral features, radio and photometric
diagnostids offer possibilitics for very detailed /ine of sight
studics.

Beth range/and or frequency spreading are observed
in ionograms al cquatorial and low latitude regions. King
(1970} has pointed oul that range type spread-F echoes are
duc 1o partial reflection from large tilted surfaces of
ionization, possibly similar in naturc to the walis of plasma
bubbles, and much of the frequency spreading is simply the
decay product of the range spreading (scc also Rastogi,
1980). However, frequency spreading has been obscrved
immediately after sunscl, independent of range spreading
(sce c.g. Abdu o al., 1981 Valladares et al., 1983). An
analysis of VHF clectronic potarimeter data obtained at CP
by Abdu et al. (1985) shows Faraday rolation angle
fMuctuations cerrelated with range-type spread-F events in
the tocal ionograms and amplitude scintillations in satcliite
beacon signals, indicating that thosc variations arc associated
with large scale plasma depletions in the cquatorial region
(sce also Basu ct al,, 1987).

RESULTS AND DISCUSSION

During the pertod March 1987 / July 1989, a good
scrics of simultancous measurcments of the Ol 630.0 am
emission zenith intensitics and all-sky images was obtatned
al CP. Also, complementary data from ionosondes (CP and
FTZ) and VHF clectronic polarimeter (CP) measurements
were available during this peried. This was a period of
ascending solar cycle. The monthly average 10.7 cm flux
varicd from a minimum value of 73.3 (March 1987} (o a
maximum valuc of 247.2 (Junc 1989). The average 10.7
omt Mux during the period under study was 139.3 (o =50.1).

Seasonal occurrence pattern

Several investigations have recently studied the
seasonal and longitudinal variations in the occurrence
characteristics of cquatorial scintillations and spread-F using
radio diagnostic techniques (c.g. Maruyama & Matuura,
1984; Tsunoda, 1985; Ben'kova ot al., 1988). Abdu et al.
(1983a) have studicd the seasonal variation of the spread-F
(both range and frequency-type) in the Brazilian scclor from
simultancous ionosende measurcments at CP and FTZ,
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inFig. 3 we present the observed scasonal occurrence
paticrn of large scalc plasma deplctions as cvidenced by
quasi north-south aligned valleys ol intensity deplctions in
the Ol 630.0 am all-sky images (hercaller referred to as
airglow deplctions). The occurrence frequency is very low
during the period April to September and shows a maximum
during the summer scason. This is very similar (o the
scasonal pattern obscrved for range Lype spread-F (Abdu ct
al., 1983b) and from scinutlation measuréments (Tsunoda,
1985} in this rcgion, It appears, therefore, that the airglow
depletions or large scale plasma depletions gencrally do not
develop in this region during winter months and have high
occurrence probabilitics during summer, with cquinox
months cccupying an intermediary position. This is in
accordance with the result obtained by Tsunoda (1985, sce
also Abductal., 1983a; Batista ctal., 1986), that the scasonal
maximum in the occurrence of cquatorial scintillation and
spread-F coincides with the time of year when the sotar
terminator is most ncarly aligned with the gecomagnetic
meridian.

MARCH 87- JILY 89
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Figure 3 - Scasonal variation of north-scuth alipned Ol
630.0 mn nighlgiow emission depletion occurrences
obscrved at Cachocira Paulista.

Figura 3 - Variagdo sazonal das ocorréncias de depleges
da emissdo de luminescéncia noturna Of 6300 mn alinha-
das norte-sul, observadays em Cachoeirva Paulista.

An analfysis of the airglow depletions obscrved on a
few nights during winter months (May, June. July and
August), a period when these deplelions are afmosi absent,
revealed that, unlike summer months, (he few depletions
that were obscrved occurred on nights which were
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magneticatly disturbed. These observations have bcen
discussed in detail by Sahai et al. {1994b).

During the month of August 1988, an intensive
camphign of the OI 630.0 nm imaging observations was
carried out a CP in conjunclion with the Equatorial
Dynamics campaign in the Pacific sector. While fully
developed equatorial spread-F signatures were observed
in the Pacific sector on several nights in Augu:s.t 1988
(Mendillo, private communication), no airglow depletions
were observed in the Brazilian sector, Also, weather
conditions permitted a good series of airglow
observations during the months of August, September
and October, 1988. The frequency of occurrence of
airglow depletions was observed to increase from zero
in August {nights of obscrvations: 11; nights with
depletions: 0} to a situation where most nights showed
strong depletions in October (nights of observations; 4;
nights with depletions: 4), with September (nights of
observations: 9; nights with depletions: 3) showing
depletions on a few nights. It appears there is a transition
period from no equatorial irregutarities Lo strong
generalion as we move from August to October in this
region.

In Fig. 4 we show complementary ionospheric data
for the night of August 15-16, 1988, an example of a night
_ in which no airglow depletions were observed. Also, no
spread-F or scintillations were observed on this night. It
may be noted that the afternoon (2 at FTZ is generaily
higher than that at CP and there is virtually no post-sunsct
uplifting of the F-fayer, as evidenced by the & 'F variations
at both CP and FTZ on this night. In order to investigale
the relative changes in the ionospheric parameters, during
the period August to October, we show, in Fig, 5, average
monthly values of £,72 and h F2 (virtual height at 0.834 x
f,F2, a good approximation for the F-layer peak height,
h_I2) observed at FTZ and CP during these months in
1978. The reduced ionospheric data (/,F2 and & F2} for
both the stations CP and FT'Z were available for these three
months and the average 10.7 cm [fuxes for these months
in 1988 (144.5, = 19.1) and 1978 (160.2, G = 6.1) are
comparable,

Rastogi (1989) has pointed out, that spread-F at
equatorial stations is preceded by a marked rise of #'F
during the post-sunset hours, and the post-sunset rise
of b 'F is accompanied by a similar rise of the F-region
peak height, #_F2. It is observed, from Fig, 5, that in
addition to amplification in post-sunsetuplifting of the
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F-layer at FTZ, therc is a considerablc increasc in
alternoon £, F2 at CP compared with FTZ, indicating
intensification of the equatorial ionosphcric anomaly
as we move from August Lo Oclober. Recent
investigations by Raghavarao et al. (1988}, Alex ct al.
(1989} and Rastogi (1989) also show the signilicant role
of the intensification of the equatorial ionospheric
anomaly in Lhe initiation of spread-F. The present
lransition-period observations of airglow depletions arc
in agreement with the results of spread-F reporied by
these investigators.

AUG 15- 16,1988

NO FRF
MO AMPL SCINT

VHF POLARI

fo F2{MHz}
=]

A T+
Figure 4 - An examplc of the complemenlary
observations on a night when no nightglow deplctions
were seen on the OI 630.0 nm all-sky imagces, on 15-16
August, 1988, at Cachoeira Paulista. The ionospheric
F-region data (4 'F and f F2) plotted are shown by closcd
circles (Cachoeira Paulista) and crosses (Fortalcza).
Also shown are the VHF polarimeter observations al
Cachoeira Paulista.

Figura 4 - Um exemplo de observagbes complementares
numa noite quando néo ocorreram deplegdes na emis-
sdo O 630,0 nm observadas pelo sistema de
imageamento, durante 15-16 de agosto de 1988, em Ca-
choeira Paulista. Os dados da regido-F ionosférica (h'F
e [,J°2) estdo apresentados por circulos cheios (Cacho-
eira Paulista} e por cruzes (Fortaleza). Lstdo tamhém
apresentadas as observagdes com polarimetro VHI em
Cachoeira Paulista.
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Figure 5 - Mcan F-region peak heights (h 12} and peak

clectron densitics (/,/-2) variations observed at Cachocira

Paulista (closed circles) and Fortaleza (crosses) for the
months ol Augusl, Scptember and October, 1978,

Figura 5 - Médias das altitndes do pico da regidgo-1¢ (h 12
¢ das densidades do pico ionosférico (f 12} observadas em
Cachoeira Paulista (circwdos cheros) e em Fortafeza (crn-
zes) para os meses de agosto, setembro ¢ outubro de 1978

Post-sunset onscet and development of equaterial
ionospheric plasma depletions

In this scction we present two casc studics of the
post-sunsct onsct and devctopment of the equatorial
ionospheric depletions as evidenced by i serics of the Ol
630.0 nm all-sky images. Both the nights 19-20 January.
1988 (summer) and 22-23 March. 1988 (cquinox) are
magnetically quict.

!i) March 22-23, 1988

In Fig. 6a we present a sequence of the O1 630.0
s all-sky images obtained on 22-23 March, 1988, This
tight shows the formation phasc of airglow deplctions
or ionospheric plasma bubble struciures and the west
o east movement of 3 plasma bubble structurc, possibly
formed well beyond the western horizon (fossil
deplection), In Fig, 6b we present complementary
photometric and ionospheric data for this night. A
comparison of tonosphcric data at CP and FTZ shows
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large post-sunsct uplifting of the F-region in the cqua-
torial region and a weil developed cquatorial
ionospheric anomaly. The range-type spread-F at CP
occurred fater than at FTZ and only during (wo short
intervals. when the airglow depletions passed overhead.,
as discusscd later. The Faraday rotation [luctuations and
amplitude scintillations obtaincd by the VHF
polarimcter were observed over a longer period than
the range-type spread-F on the ionograms at CP,

200 A

Figure 6a - Scguence of OF 6300 s all-sky images
obtained on 22-23 March. 1988,

Figura 6a - Seqiicncia de imagens do céw em OF 630,00 nm

abtidas duramte 22-23 de margo de 19588,
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Figure 6b - Same as in Fig. 4., but for 22-23 March,
1988, The O 6300 smm emission intensilics are also
presented,

Figura 6b - Andlogo a Vig. 4, mas para 22-23 de mar¢o de
1988, A variacdo das intensidades da emissdo O 630,0nm
estd tanbém apresentada

The scries of O1 630.0 ma all-sky images, shown in
Fig. 6a, shows considcrably lowcer cmission intensitics in
the northern region, indicating an uplified F-region, when
the observations started at 1920 LT (local time referred (o
45° W longitude). At 2000 LT we start sceing scveral small
north-south protruding airglow depletions (multiple plas-
ma bubbles) from the low intensity region on the northern
side. The subsequent images show cvolution of the airglow
depleted regions. At 2100 LT we obscrve one of the airglow
depleted regions growing in the west of the magnetic
meridian and a part of this well-developed structlure passcs
overhead at about 2200 LT, The Of 630.0 smm zenith
obscrvation (Fig. 6b) shows a sharp intensity decreasc at
thistime, At 2300 LT we obscrve a single airglow depletion
moving from wcsl to cast and subscquently acquiring a
wishbone structure (Mendillo & Baumgardner, 1982) by
0040 LT. This is onc of the good cxamples of the isolated
formation and cvohution of a bifurcated depletion (Mendillo
& Tyler, 1983).
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i) January 19-20, 1988

In Figs. 7a and 7b. respectively. se present a serics of
O 630.0 nm images and complementary photomeiric and
ionospheric data, from the summer night of Januvary 19-20,
1988, The post-sunsct /[ variation al FTZ and the £ /2
variations at CP and FTZ ar¢ similar 10 those obscrved on
the carlicr cquinox night discussed here. However, the T
variation at CP shows similar uplifting ol the fayer as
obscrved at FTZ, thus the uplilting of the F-region covered
a large latitudinal region, The occurrence of spread-Fatl FTZ
and CP and Faraday rotation fuctuations and amplitude
scintillations arc very similar 1o the thosc on the night
discusscd carlicr.

Figure T7a - Same asin Fig. 6a, I:n:u for 19-20 January. {988,

Figura 7ua - Andlogo & 1ig. 6a, mas para 19-20 de jancira
de 1988,
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Figure 7b - Same as Fig. 6b but for 19-20 January, 1988,

Figura 7b - Andlogo & Fig. 6b. mas para 19-20 de janciro
e 1988

It is obscrved. from Fig. 7a. that when the observations
staried at 1952 LT, the western horizon was still under twilight
conditions. However. a generally low intensity level all-round
indicates extended uplifting of the F-region in the entire low
latitude region, At 2020 LT we start seeing well-formod airglow
depliction regions exiending fully from north to south. Similar
resubts were scen on a few other nights during this month.
Possibly an extended latitudinal uplifing of the F-region resulls
in rapid formation of clongated airglow depleted regions. This
initiation mechanism is different rom that discussed for the
carlier night, Strong airglow depletions continue till about (20
LT and then gradually disappear. At about 2300 LT a broad
airglow depleled region passes overhead CP and Fig. 7b shows
a broad intensity depletion in the Ol 630.0 7 emission and an
increase in h'F around this time. Weber et al. (1978) have also
reported that regions of airglow deplctions arc characterized
by an incrcasc in the virtwal height of the F-layer.

In this section we presented two nights (one cquinox and
one summer) of coincident optical and radio diagnostic
obscrvations of equatorial ionospheric irregularities. 1 is
obscrved that although the post-sunsct ionospheric condition
(marked uplifting of the F-laver and well-developed cquatori-
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al ionospheric anomaly) are somewhat similar on these nights.
the initiation and development ol airglow depleted regions are
very different. Large day to day differences have been obsernved
during the course of this long scrics of airglow imaging
obscrvittions. These resuls will be important for present cfforts
i modclling equatortal ionospheric irregularitics.

Altitude-latitude extent of equatoriad ionospheric plas-
ma depletions ’

Menditlo & Tvler (1983) have discussed the geometry
ol depleted plasma regions it the cquatonial ionospherc.
using the Ol 6300 mar all-sky images. The Of 630.0
irzyges exhibit neardy north-south aligned intensity depleted
rcgions. which arc 1he bottomside signaturcs of plasma-
depleted My tubces,

Fig. 8 shows the gecometry of (he low-latitude
magnetic lield lines. the height of the O 630.0 nm
cmission layer (~ 300 Ly and the ficld of view of Lhe
all-sky imaging syvstem for the zenith angles 75° and 90°
as scen from Cachocira Paulista. The latitudinal exiension

APEX HEIGHT {hm)

MAGNETIC
¥ FIELD LINES

Figure 8 - Dipole geometry ol the gcomagnetic ficld lincs
in the magnelic meridional planc of Cachocira Paulista, The
extension of the airglow depletions al about 300 &m from
the alk-sky obscrvations at Cachocira Paulista (dashed lines)
is also shown.

Figura 8 - Geometria dipolar das linhas de campo
geomagnéticas no plano meridional magnético de Cacho-
cira Paulista. ;| extensdo das deplegdes na luminescéncia
atmasférica, em torno de 300 km, observadas pelo sistema
imageador do céu, em Cachoeira Paulista, estd tambiém

apreseniaca.
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of the intensity depleted regions are mapped along the
magnetic ficld lincs o cquatorial crossing altitudes as
shown in Fig. 9. For cxample. the single bubble at 0000
LT in F,ig. 6a, which is occupying the full ficld of vicw,
has a latitudinal cxiension as far as about 30° .5 dip lali-
tudc, and the corresponding plasma depleted flux tube
crosscs the magnetic cquatorial ptanc at an altilude above
2500 km.

NORTH

WEST ° L ACHOEIRA
* PAULISTA EAST

SOQUTH

Figure 9 - An imagc overlay pattern as seen (rom Ca-
chocira Paulista. The near north-south aligned airglow
depletions can be used to ¢stimate the ficld-alipned plas-
ma bubble altitudes above the magnetic cquator,
considering that the Ol 630.0 mm emission layer is
located near 300 km. A depleted region exiending well
up 1o the southern edge of the image will correspond to
an altitude greater Lthan 2500 km above the nagnetic
cquator,

Figura 9 - Projecdo das altitudes equatoriais das [i-
nhas de campao sobre a imagen celeste vista de Cacho-
eira Paulista. As deple¢des de luminescéncia quase ali-
nhadas norte-sul podem ser usadas para estimar as al-
titudes das bholhas de plasma alinhadas ao longoe das
linhas do campo geomagnético sohre o equador, consi-
derando que a camada de emissdo em O 630,0 min estd
localizada proxima de 300 km. Uma regido de deplegdo
quie se estende até a borda sul da imagem mapear-se-a
para altitudes maiores que 2500 km sobre 0 equador
magnélico,
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Several plasma depleted regions, shown in Fig, 7a, also
prescat similar latitude-altitude extent. The altitude-latilu-
de extent of the equatorial plasma depletions reported here
arc not rcadily obscrved by other ionospheric diagnostic
icchniques. The obscrved apex altitudes of the plasma-
depleted flux lubes in the present serics of obscrvations in
the Bravilian sector are much higher compared with those
reported by Mendiltlo & Tyler (1983) at Ascension island
(85, 147}, aboul 1200 fen, and by Rohrbaugh et al. {1989)
at Hawaii (21° N, 157° i), aboul 900 k.

CONCLUSIONS

In this papcr we have presented some results from a
long scrics (1987-1989, a period of ascending solar cycle)
of Ol 630.0 nm all-sky imaging obscrvations carricd out al
a low latitude station in the Brazilian sector. Complementary
photometric and radio propagation mcasurcments were used
to study the formation and cvolution of large-scalc
jonospheric plasma depletions, The principal lcatures arc
summatized below.

1) The cbscrved scasonal variation of the airglow
depletions shows a maximum during the summer months
and virtually no airglow deplctions during the winter
months.

2) A good scrics ol obscrvations during the period August-
Oclober, 1988, indicaled the exislence of a fransifion
period, that is from virtually no airglow depletions in
the month of August, to frequent occurrence in October.
Also, an analysis of the mean diurnal variation of the
ionospheric paramcters £/2 and 4 /2 at CP and FTZ,
during these months, showed an incrcasc in the post-
sunscl risc of the laycr height (hpﬁl) at FTZ and strong
intensification in the F-region peak clectron densities al
CP, as we move [rom August Lo October. It appears that
in addilion 1o marked uplifting of the layer, a well-
developed cquatorial ionospheric anomaly is important
for the occurrence of large-scale ionospheric plasma
irrcgularities,

3) Two casc studies presenied showed diflerent types of
development of the plasma deplctions during the course
of a night. These studies, one cquinox night and onc
summer night, involved 630.0 s all-sky images, zenith
photometer and ionosphcric radio sounding data. A large
day-to-day vartabilily was obscrved in the geometry of
the airglow deplelions. On about 40% of the nights
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sludied in the present investigations. on which depletions
occurred, both the initial formation of irrcgularitics and
the later eastward motion of airglow depletions were
obscrved. On the remaining 60% of nights showing
deplttions only the latter phase was scen. The formation
phasc was characterized by an initial lowcring of
intensity in the northern sky followed by north-south
depletions protruding into the ficld of view of the
imaging system.

4) By mapping the airglow depleted regions, along
gcomagnetic ficld lines to the magnctic cquatorial pla-
ne, the latitude-altitude extent of the large-scale cquato-
rial plasma depletions have been studied. Plumes with
heights exceeding 2500 Am above the geomagncetic
cqualtor have been obscrved. The unusually very high
apex altitudes obscrved. warrants further investigations
and simulations for the instability conditions required
to cause such pronounced cifecls.
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