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RESUMO

O presenteestudoteve como objetivavaliaros efeitos isoladosad escalade variabilidade
oceanica interanual e decemals componentes do balanco de 4gua na bacia Amazbnica
utilizando oBrazilian Global Atmospheric ModéBAM) do Instituto Nacional de Pesquisas
Espaciais (CPTEC/INPE)Inicialmente, avaliouse o desempenho do modelo BAM na
representacdood componentes do balanco de agua na bacia Amazoénica utilizando dados de
reanalises do Erbterim (ECMWF)para o period de 19792015. De modo gerab BAM
conseguiu simular as caracteristicas climatologicas dos componentes do balanco de agua na
bacia AmazonicaEntretanto, o0 BAM apresentaieficiéncia em reproduzir espacialmente a
intensidade da convergéncia de umidaderes@ regido Amazonica. O comportamento de
sumidouro de umidade na bacia Amazonica foi bem capturadoBgeb (P >E). O nao
fechamento do balanco de agua (52%) na Amazonia mostra a deficiéncia das parametrizacdes
fisicas dos modelos na representacdo alciente da conveccdo (precipitacdo) e
convergéncia de umidaddestecaso, jgtamente o curto tempo de integracdo huméraa
permitiuque o modelo alcangasse o equilibrio. Em relag@o aos impactos individuais isolados
das escalagle variabilidade ocearac(interanual e decenalps resultados mostram que,
quando isolado, o modo de variabilidade interanual, em episddios El Nifio (La Nifia),
enfraquece (intensifica) os componentes do balanco de agua no norte da bacia Amazénica e
Nordeste brasileiro. Comparado modo interanual ndo isolado, as mudancas no balanco de
agua sdo mais intensas em anos de La Nifia, mostrandestpeeventos sdo menos
dependentes de outros modos de variabilidade em relacdo aos episédios de El Nifio. Por sua
vez, no experimento com T nao filtrada,a fase positiva do Dipolo do Atlanticioi
caracterizada por aumento (reducédo) de precipitagdo na porcdo norte (sul) da bacia
Amazobnica. Para o caso da variabilidade decenal isolada, o sinal positivo ha mudanca de
precipitacdo no norte daabla se desintensifica, desconfigurando o padrdo dipolar na
anomalia de precipitacd@ BAM nao é sensivel a uma pequena variacdo da m&Nhse
negativa do Dipolo do Atlantic@uando oBAM é forcado com a escala interanual isolada
respondemodficando os padrées de circulacdo egrande escala na regido tropical e
extratropical. Sobre @acia Amazonica e em parte do NEB, redeelativamente a
precipitacdo durante a fase positivpiandocomparado ao aumento relativo que ocorre
durante a faseegativa do ERS.
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ABSTRACT

The present study aimed to evaluate the isolated effects of the intaefeand deadal

oceanic variability scales on the components of the water balance in the Amazon basin using
the Brazilian Global Atmospheric Model (BAM) of the Natiomastitute for Space Research
(CPTEC / INPE). Initially, the performance of the BAM model in the representation of the
water balance components in the Amazon basin was evaluated using data frionerina
(ECMWEF) reanalysis for the period 192915. In geeral, BAM was able to simulate the
climatological characteristics of the components of the water balance in the Amazon basin.
However, BAM was deficient in spatially reproducing the intensity of moisture convergence
over the Amazon region. The behaviortbé moisture sink in the Amazon basin was well
captured by BAM (P> E). Failure to close the water balance (52%) in the Amazon shows the
deficiency of the physical parameters of the models in the representation mainly of convection
(precipitation) and hurdity convergenceln this case, precisely the short time of numerical
integration did not allow the model to reach equilibritRegarding the individual impacts
isolated from the oceanic variability scales (interannual anddagcthe results show that,
when isolated, the interannual variability mode, in El Nifio (La Nifia) episodes, weakens
(intensifies) the components of the water balance in the north of the Amazon basin and
northeastern Brazil. Compared to the #isomlated interannual mode, changes ia thater
balance are more intense in La Nifla years, showing that these events are less dependent on
other modes of variability in relation to El Nifio episodes. In turn, in the experiment with
unfiltered SST, the positive phase of the Atlantic Dipole wasacherized by an increase
(decrease) in precipitation in the north (south) portion of the Amazon basin. For the case of
isolateddecadalariability, the positive sign in the change in precipitation in the north of the
basin @sintensifies, disfiguring thdipolar pattern in the precipitation anomaly. BAM is not
sensitive to a small variation in SST in the negative phase of the Atlantic Dipole. When BAM
is forced with the isolated interannual scale, it responds by modifying circulation patterns on a
large €ale in the tropical and extratropical regions. Over the Amazon basin and in part of the
NEB, it reduces relatively the precipitation during the positive phase, when compared to the
relative increase that occurs during the negative phase of ENOS.
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1. INTRODUCAO GERAL

A Amazobnica fornece uma série de servicos ambientais fundamentais, tais como: a
manutencdo da biodiversidade, o armazenamento e absorcdo do carbono da atmosfera, o
transporte de gases traco e aerossois, a ciclagem de dgua por meio da evapdmrepirac
fornecimento de umidade para outras regides do continente, contribuindo para a manutencéo
do regime hidrologico em escalas regional e glg&arnside, 2005; Marengo, 2006a;
Phillips et al., 2008; Satyamurtyet al, 2013). No entanto, por conta dsua dimensao
prevalece a escassez e/ou auséncia de dados (medidas) hidrometeorolégicos de superficie e a
superior nesta regido, estes fatores dificultam a geracdo de informagbes completas e
confiaveis necessarias para o desenvolvimento de estudosnathisao balanco de agua na
Amazonia.

Umadas alternativas encontrada pelos pesquisadores para estudar regides com dificil
obtencdo de dados € uso de modelos numéricos (Maetngh 2016). Sabese que ©
resultados apresentados por simulacbes de madeloaproximacdes da representacdo do
sistema real e estas podem apresentar um bom ou mau desempenho. Por este motivo
necessitam estar em constante avaliagdo e, sejam quais forem as técnicas utilizadas para
avaliagdo de desempenho os critérios utilizaéas ¢como base a precisdo das medidas das
variaveis extraidas do modelo em comparacéo as medidas observadas no mundo real. Estudos
recentes mostram que a Amazonia é sensivel as variabilidades e mudancas no sistema
climatico, devido tanto as variacfes natsirainerentes ao proprio sistema climatico
(interac6es nao lineares), quanto as antropogénicas; tais como: 0 aumento na concentracdo
dos gases do efeito estufa (GEE) na atmosfera e as mudancgas no uso da terea Chou
2014; Nobreet al,, 2016; Alvesetal., 2017).

Estudos utilizando tanto dados observados quanto de modelos numéricos mostram que
0os modos de variabilidades climético interanual (Espimbdzd.,2014; Shimizuet al.,2014;

Marengo e Espinoza, 2015; Limberger e Silva 2016; Seiuahk, 2018) e decenal (Marengo e

Nobre, 2009; Villamayoret al. 2017; Kayanoet al., 2018) influenciam fortemente os
componentes do balanco de a&gua na bacia Amazodnica. Entretanto, apesar das evidéncias
observacionais do papel da variabilidade oceéanica no clim@ada Amazobnia, o efeito

isolado dos modos de variabilidade oceanica sobre o balanco de agaea¥amazonica
aindandoé totalmenteconhecidoA avaliagdo desses modos, de forma isoledatribui para

melhorar o entendimento do papel relativo dessaahitdades oceanicas no clima da regiao
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Amazoénica Uma das maneiras de avaliar os modos de variabilidade separadamente € a
utilizacdo de modelos de circulagcdo geral da atmosfera (MCGA). Desta forma, o presente
estudoteve por objetivo avaliar e entendero efeito isolado ds escalagle variabilidade
interanual e decenalos componentes do balanco de agua na bacia Amazoénica. iRera ta
utilizou-se o modelo Brazilian Global Atmospheric ModdBAM, versao ) e técnica de
filtragem da temperatura dasuperfice do mar (TSM). O desempenho ddBAM na

representacdo dos componentevalanco de agua na baéimazoénicaambémfoi avaliado.

1.10BJETIVO GERAL

O objetivo geral d presente pesquidai realizar um estudo observacional e de
modelagem para avaliar ofeikos das diferentes escalas de variabilidade oceénica (interanual
e decenal) nos componentes do balanco de agua na Bacia Amazonica utilizando o Brazilian
Global Atmospheric Model (BAMg técnica de filtragem da temperatura da superficie do mar
(TSM).

1.2.10BJETIVOS ESPECIFICOS

a) Avaliar o desempenho do modelo Brazilian Global Atmospheric Model (BA&)
representacdo dos componentes do balanco de agua na bacia Amazénica

b) Avaliar os inpactosdoisolamento de escalas &ariabilidade interanual e decemals
componentes do lnco de agua na baddanazonica,

c) Avaliar aresposta atmosféricdo isolamento de escalas dariabilidade interanual
durante as fases positiva e negativa do EN@&dinamica circulacdogeral da

atmoseéra

Esta tese, em formato detigo cientifico, possui trés capitulos e esta estruturada da
seguinte maneira: o Capitulo dublicadona Revista Brasileira de MeteorologidRBMET
com o t2tulo fiAvalia-«o do Brazilian Gl oba

Componentes do Balange Agua ndbaci a Amaz!nicabo, apresent



18

desempenho do Modelo BAM, forgcado com temperatura da superficie do mar (TSM) obtida
da série reconstruidaNDAA_ERSST_V4 (Huanget al, 2015] e condigdo inicial
atmosférica obtida a partir dosdids ERAInterim (Deeet al, 2011),versus a reanalise do
ERA-Interim(ECMWF), na representacdo dos componentes do balanco de aduwaciaa
Amazonica para o clima do presente referente ao periodo de 1979 a 2015. O Capitulo 2,
submetido para o Climate Resdar CR, referindes e Influerite of Isolated Interannual

and Decadal scales on the water balance components of the Amazan,basiapr esent al
impactos isoladodas escalade variabilidade oceanica interanual e decenal, ob&duartir

de um MCGA eécnicade filtragem, no balanco de agua na bacia Amazonica. Utilizando o
BAM para o clima presente referente ao periodo de 1979 a 2015. O Cap#gulmn®tido

para oClimate Research CR, referindes e Atmospheric Response to Interannual Time
Scale Islation during ENSO Episodes, apr es enpacta saanloda escalade
variabilidade interanual na dindmica da circulagéoal daatmoséra Utilizando o BAMe

técnica de filtragenpara o clima presente referente ao periodo de 1979 a 2015.

Ao final, dispdese uma sintese dos resultados obtidos em cada um dos capitulos.
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CAPITULO 1

Rildo Gongalves de MOURA, Francis Wagner Silva
CORREIA; José Augusto Paixdo VEIGA. 2019.
Avaliacdo do Brazilian Global Atmospheric Model
na SimulacdalosComponentes do Balanco de Agua
nabacia AmazonicaPublicadona Revista Brasileira
de Meteorologi&RBMET.
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AVALIAgAO DO BRAZILIAN GLOBAL ATMOSPHERIC MODEL NA
SIMULACAO DOS COMPONENTES DO BALANCO DE AGUA NA BACIA
AMAZONICA

Resumo

Nesse estumlavaliouse o desempenho drazilian Global Atmospheric Mod¢éBAM)

na representacdo dos componentes do balanco de dgua na bacia Amazonica para o clima
presente (1972015). Os resultados mostram que o modelo BAM reproduz a variacéo
espacetemporal dos amponentes do balangco de agua na bacia Amazonica, apesar da
deficiéncia em posicionar corretamente os maximos de precipitacdo e convergéncia de
umidade sobre a regido. O BAM subestimou a precipita8&%) e o escoamento
superficial (36,8%), e superestima evapotranspiracdo (5,3%). O comportamento de
sumidouro de umidade foi bem representado pelo BAM, pois a precipitacdo € sempre
maior que a evapotranspiracdo (P > E) na bacia Amazbnica. O ndo fechamento do
balanco de agua (52,6%) na bacia mostra a Ij@itadas parametrizacdes fisicas do

BAM na representacdo da conveccdo (precipitacdo) e convergéncia de umidade,
comprovando a necessidade de melhores ajustes e calibracdo. De maneira geral, apesar
de subestimar a precipitacdo, o BAM simulou adequadameptecaitacdo anual e
sazonal. A evapotranspiracédo foi superestimada, principalmente na estacdo chuvosa,
porém foi subestimada na estacédo seca. Os resultados mostraram que o0 BAM necessita
de ajustes e calibracdo na representacdo de processos de supeniicieez que,
apresentou dificuldade na simulacéo da variacdo sazonal da evapotranspiracéo. Os erros
sistematicos encontrados nos componentes do balanco de agua sdo de grande
importancia para determinacédo do grau de confianca para simulacfes do climie presen

e projecoes futuras.

Palavras-Chaves Bacia Amazonica, Balanco de Agua, Modelo Atmosférico Global
Brasileiro (BAM)

Evaluation of the Brazilian Global Atmospheric Model in the Simulation of the
Water Budget Components in the Amazon Basin

Abstract

This dudy evaluated the performance of the Brazilian Global Atmospheric Model
(BAM) in the representation of water balance components in the Amazon basin for the
present climate (1972015). The BAM model reproduces the sptamporal variation

of the water bance components in the Amazon basin, despite the deficiency in
correctly positioning the maximum precipitation and moisture convergence over the
region. BAM underestimated precipitation8,&0) and runoff (36,8%), and
overestimated evapotranspiration (5,3%pisture sink behavior was well represented

by BAM, since precipitation is always greater than evapotranspiration (P> E) in the
Amazon basin. The neclosure of the water budget (52,6%) in the basin shows the
limitation of BAM physical parameters in theepresentation of convection
(precipitation) and moisture convergence, proving the need for better adjustments.
Overall, despite underestimating rainfall, BAM adequately simulated annual and
seasonal rainfall. The evapotranspiration was overestimated;iabpen the rainy



21

season, but was underestimated in the dry season. The results showed that BAM needs
adjustments and calibration in the representation of surface processes, since it presented
difficulty in simulating the seasonal variation of evapotpiradion. Systematic errors

found in water balance components are of great importance in determining the degree of
confidence for present climate simulations and future projections.

Keywords: Amazon Basin, Water Balance, Brazilian Global Atmospheric Model
(BAM)

1. Introducéo

Devido a sua grande extensdo, a maior floresta tropical umida do planeta
floresta Amazo6nica exerce papel importante no balanco de agua entre a superficie e a
atmosfera em escalas regional e global (Getcal 1996; Marengo 2005; &engo
2006; Satyamurtet al. 2013; Rochaet al. 2015). A intensa ciclagem de precipitacdo e
o fornecimento de umidade para a atmosfera contribuem para a manutencéo do regime
hidrologico, ndo somente para a bacia Amazonica, mas também para outrasdegides
continente suamericano (Phillipset al. 2008; Malhiet al. 2008; Satyamurtyet al.

2013). Na média, a bacia Amazbdnica compegacomo sumidouro de umidade
(precipitacdo maior que evapotranspiracdo), recebendo vapor de agua tanto da floresta
tropical, por meio da reciclagem de precipitacdo (Trenberth 1999; Nascireertio

2016), quanto por meido transporte de umidade proveniente do Oceano Atlantico
tropical (Rochaet al.2015). No contexto da circulacao regional, a floresta Amazénica é
uma importate fonte de umidade para as regiées cestratlo Brasil e bacia do Prata,
desempenhando papel fundamental no regime de precipitacdo em regides remotas da

bacia (Nascimentet al. 2016; Rochat al. 2017).

Desde o fim da década de 1970, varios estuddsatémco de agua tém sido
realizados na regido utilizande uma variedade de técnicas, dados observados e de

reandlises (Molion 1975; Salati, 1979; Salati e Marques 1984;eRab 1996; von
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Randowet al. 2004; Marengo 2005da Rochaet al. 2009; Nascimeto et al. 2016;
Rochaet al 2017).da Rochaet al. (2009) utilizaram dados observados em torres
micrometeoroldgicas durante o Experimento de Grande Escala da Biosfera Atmosfera
na Amazonid LBA (Avissar e Nobre, 2002) a fim de entender a variacdo ddaduaie
precipitacdo em areas de floresta e pastagem. Os autores observaram uma taxa de
evapotranspiracdo da ordem de mrdia® na regido de floresta durante a estacéo
seca. Enquanto que von Randet al. (2004), também utilizando dados do LBA,
observaren valores de evapotranspiracdo da ordem dem@dia’ na Reserva
Bioldgica do JartRO (sitio de floresta). Apesar dos diferentes experimentos realizados
na Amazonia, &scassez de medidas hidrometeoroldgicas de superficie e de ar superior
dificultam a geacdo de informacdes necessarias para o desenvolvimento de estudos do
balanco de agua na bacia Amazobnica. Neste sentido, modelos numéricos globais e
regionais apresentase como ferramentas Uteis para andlise das variabilidades e
mudancas climaticas, uma&z que sao capazes de representar as complexas interacdes
entre o oceano, a atmosfera e a superficie terréichtér e Xie 2008Tozukaet al.
2011;Chouet al. 2014). Além disso, o uso dos modelos também pode ser utilizado na
avaliacdo das caractertsts locais do clima, por meio do balanco de agua (da Récha

al. 2009;Domingues, 2014Rochaet al. 2016; Sousa&t al. 2018; Carolettet al.2019),

suas variabilidades, assim como projecbes do clima futuro decorrente das acodes

antrépicas (Goddarekt al.2001; Rochat al.2016).

Rochaet al. (2016), realizando simulagdes para o clima presente com o modelo
regional Eta, forgado com o modelo do sistema terrestd&SEM2ES, observaram que
0 modelo representa bem o ciclo sazonal da precipitacdo sobrer@adw@Sul, apesar

de subestimar (superestima) a precipitacdo na Amazobnia durante a estacdo chuvosa
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(seca). Richter e Xie (2008) avaliando o desempenho dos modelos globais do
Atmospheric Model Intercomparison Project (AMIRyostraram que o0os modelos
tenden a subestimar a precipitacdo na regido equatorial da América do Sul durante o
periodo chuvoso, revelando as deficiéncias na representacdo dos processos convectivos
sobre a regido. Domingues (2014), utilizando o modelo de superficie (Simple Biosphere
Model - SiB2-Reg) para avaliar os padrbes médios anuais de balanco de agua,
encontraram valores de evapotranspiracdo na estacdo chuvosa, d& droendia’,

para a bacia AmazoénicMoreiraet al. (2019) avaliaram o balanco hidrico da América

do Sul por meiode dados de precipitacdo dwoopical Rainfall Measuring Mission
(TRMM) e do Multi-Source Weighte&Ensemble PrecipitatiofMSWERB e também

dados de evapotranspiracdo M®DIS Global Evapotranspiration Project (MOD16)

do Global Land Evaporation Amsterdamlodel (GLEAM). Mesmo utilizando um
conjunto de dados gerados a partir de métodos de ultima geracéo, os autores observaram
um ndo fechamento do balanco de agua sobre o continente. Esses resultados mostram
que a utilizacao de diferentes métodos pode condutifierentes resultados no balanco

de dgua. Com isso, fica evidentaexessidade de se avaliar o desempenho dos modelos
climaticos tanto paraestudos sazonais de previsdo climéatica quanto de mudancas

climéticas (Nobrest al.2013).

Desta forma, o objeto geral deste trabalho consiste em realizar um estudo de
modelagem numérica a fim de avaliar o desempent®ratzilian Global Atmospheric
Model (BAM), na representacdo dos componentes do balanco de agua na bacia

Amazonica para o clima presente, refere@eriodo de 1979 a 2015.
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2. Materiais e Métodos

2.1. Area de estudo

A area de estudo compreende a bacia hidrografica do rio Amazonas, formada
por 4 subbacias principais: bacia do Rio Solimdes, bacia do Rio Madeira, bacia do Rio
Negro e bacia do Rio IPus. O rio Amazonas é o mais extenso do mundo com 600
km, desde sua nascente nos Andes peruanos até sua foz no Oceano Atlantico. Apresenta
descarga estimada entre 210.60%8* e 220.000n%s?, o que corresponde a ~15% da
descarga total de agua dones Oceanos (Marengo e Espinoza 2016). Os climas
predominantes na bacia sdo: o equatorial quente e umido (Tipo Af) e o clima de moncéo
(Tipo Am) (Alvareset al 2014). As temperaturas médias anuais variam entre 26 e 28°C
na regido Centrequatorial, com apiitude térmica sazonal de-2EC (Marengo e
Nobre 2009). A precipitacdo média anual € de 2800 com intensa variabilidade
espacial e temporal sobre a bacia, influenciada por sistemas meteorolégicos de

diferentes escalas que interagem entre si.

2.2. Dadbs

Para avaliar o desempenho do BAM na representacdo dos componentes do
balanco de agua (precipitacdo, evapotranspiracdo, escoamento superficial, transporte e
convergéncia de umidade), utilizee a reanalise do ERIaterim (European Centre
for MediumRang Weather Forecasts ECMWH (Dee et al 2011) com resolucéo
espacial de 1.5° x 1.5° de latitubtsgitude. De acordo comeeet al. (2011), € fato
que areandlisedo ERAInterim produz menos precipitacdo quando comparada as
observagfes. Apesar disso, ilima década a reanalise do ER#terim vem sendo

utilizada nos mais diversos trabalhos, quer seja na avaliagéit@dpitacdo na Franca
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(Szczyptaget al.2011), na estimativa do balanco de agua na Amazonia (Teixeira 2015),
ou na estimativa de temperatai@ solo na China (Yang e Zhang 2013% produtos de
reandlises, de forma geralprasentam limitacbes sistematicas em suas descri¢oes,
inclusive na precipitacdo na América do Sul, com baixas correlacbes espaciais
(Bosilovich et al 2008). Por outro lado, Simmons et al. (2010) mostraram a
confiabilidade do uso da reanalise do ERgerim para campos préximos a superficie,
comparando com observacfes de registros climaticos. Camatleiti (2019) indica o
uso de reandlise do ERIAterim como alternativa pa avaliacdo de precipitacdo, em
trabalhos compreendidos até 2017.

Esta reandlise é bastante utilizada para validacdo de modelos numéricos
regionais (Teixeira 2015; Rochlat al. 2016), como também globais (Figuereaal
2016; Carolettet al 2019). Poestes motivos, optese por utilizar a reanalise do Era
Interim, pois a mesma se adequa perfeitamente ao objetivo do trabalho, além do mais
possui todas as varidveis e/ou componentes necessarios para o calculo do balanco de

agua em um unico conjunto de dad

2.3. Validacao do modelo

Para o célculo do transporte e convergéncia de umidade integrado na vertical
utilizou-se a pressdo ao nivel médio do marc@sponentes zonal e meridional da
velocidade do vento ewanidade especifica nos niveis @00, 925850, 700, 600, 500,
400 e 300 hRP&A reanalise do ERAnterim foi interpolada para a resolucdo do modelo
global BAM (1.875° x 1.875°Como o escoamento superficial ndo foi disponibilizado
nesta simulacdo do modelo BAMste foi calculado a partir da déeca entre os

campos de precipitacdo e da evapotranspiracdo, semelhante ao realizado em outros
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estudos (Marengo, 2005; Teixeira, 2015; Rocha, 2016).
Para o calculo daconvergéncia do fluxo de umidade integrada na vertical
(mmdia?) utilizou-se a equacao
C &P (1)
onde(Pé o fluxo de vapor d"agua integrado verticalmente dado por:

® - fean ®)

Na equacdo 2j representa a aceleracéo da gravidade?mg é a umidade especifica
(gkgh), qV o transporte horizontal de umidade (kg g1), psa presséo atmosférica ao
nivel médio do mar (hPa)pe a preséo em 300 hPa.

Foram avaliados a distribuicdo espacial, o ciclo sazonal e anual dos
componentes do balanco de agua na Amazonia simulados pelo Ba\shaliacdes
tiveram como base os campos médios sazonais para o periodo chuvoso (DJF) e seco
(JJA) e para giclo anual sobre a bacia Amazénica e as por¢des norte e sul da bacia. As
métricas estatisticas utilizadas para validacdo do BAM foram o viés (equacao 3), a raiz
guadrada do erro médio quadratico (RMSE) (equacédo 4) e o desvio padrdo. Para a
avaliacdo do eésempenho do modelo utilizee o periodo de janeiro de 1980 a
dezembro de 2015, a fim de desconsiderar o periodpidaipdo modelo. Utilizouse
também a funcéo de distribuicdo de probabilidade dottgm Student (Panofsky and

Brierg 1968) para verifiacdo da significAncia estatistica ao nivel de 95%.

O —B T rG 3)

YOO £ o @

Nas equacdes 3 e [4modeiclepresentas valores do modelp,reanaiise0S vValores
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da reanalise e N referese a quantidade de dados utilizados no estudo.

2.4. Descricdo do modelo e Estratégia de integracdo numeérica

O Brazilian Global Atmospheric ModeBAM) do Centro de Previsdo de Tempo
e Estudos ClimaticodCPTEC), versdo 1.0(Figueroaet al. 2016), € um modelo
espectral senimplicito hidrostatico, baseado em uma formulagcdeV,Ucom
coordenada vertical sigma, incorporando um esquema-lagrangeano para o
transporte tridimensional de naveis prognosticas de umidade, microfisica e tracador.

O BAM possui resolugdo horizontal de 1.875° x 1.875° (lat/lon) e 28 niveis na vertical.
As parametrizagOes fisicas de superficie utilizadas pelo BAM incluem o modelo de
vegetacdo dinamica Integratédiosphere Simulator IBIS (Foley et al. 1996 e
Kuchariket al.2000), modificado por Kubota (2012). O IB&um modelo dinamico de
vegetacdo global, que representa um amplo conjunto de processos da superficie
terrestre, fisiologia de dossel, fenologiaplientas, dinAmica e competicdo da vegetacao
(Foleyet al.1996; Kuchariket al.2000)

O mapa de vegetacao utilizado nas simulagcdes do BAM apresenta diferentes
tipos de uso do solo, conforme mostrado na Figura tomponente hidroldgica do
modelo IBIS apesenta oito camadas de solo com espessuras: 0.10, 0.15, 0.25, 0.50, 1.0,
2.0, 4.0 e 4.0n. A profundidade do solo é de 12 metrosegido onde acontece a
extracdo de umidade pelas raizes. O modessyi duas camadas de dossel. Os fluxos
radiativos e turblentos através das duas camadas da copa até a superficie sdo
parametrizados. A taxa de absor¢cdo méaxima de 4gua nélsuitada e dependente da
umidade nas camadas de solo. A condutancia estomatica € parametrizada em funcéo de

concentracdo de G@ da umidade relativaO escoamento superficial ocorre quaado
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diferenca entre a precipitacdo e a evaporag@ede a taxa de infiltracdo maxinfes
modificacdes implementadas por Kubota (2012) incluem expressdes empiricas para o
clculo da resisténcia da trgmeacdo do dossel em funcdo do indice de éarea foliar
(IAF), tipo de vegetacdo, e condicbes ambientais (radiacdo, umidade do solo,

temperatura, umidade relativa).
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Figura |: Mapa de cobertura vegetal utilizado nas simula¢des do Bpdésentando os diferentes tipos
de uso da terra. Tamb®m se destaca a fAPor-«o Norte
balan¢o de 4gua na bacia Amazénica.

O esquema de turbuléncia € de Mellor and Yamada (1982), o esquema de
conveccao rasde Park e Bretherton (2009) e profunda de ddéNényi 2002). Os
esquemas de radiacdo de ondas curtas e longas de &an(2008). Para avaliagcéo
dos componentes do balanco de agua na bacia Amazonia reaizooa simulacao
numeérica para o clima mente utilizando o BAM. A simulagéo consistiu em uma
integracdo continua de 37 anos para o periodo de 1979 a 2015, inicializada as 12Z
(TMG - Tempo Médio de Greenwich) de 01 de janeiro de 1979. Durante a integracao a

concentracdo de dioxido de carbono {C@i mantida constante em 370 ppm. A
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condicdo de contorno oceanica foi obtida a partiNdtonal Oceanic and Atmospheric
Administration(NOAA) Extended Reconstructed Sea Surface TemperéB8¢€) v4,
(Huanget al 2015]. Utilizou-se a condicéo iniciatmosférica do dia 1° de janeiro de

1979, obtida da reanélise do ER#erim (Deeet al 2011).

3. Resultados e Discussao

3.1. Precipitacao

A Figura 2 apresenta a precipitacdo média sazonal simuladeaBpdloe a
obtida a partir dos dados de reanalise deliterim, ambagpara os periodos chuvoso e
seco0.0 BAM reproduziu o padréo espacial da precipitacao sobre a bacia Amazoénica em
ambos periodos chuvoso e seco (Figuras 2a,e). Os maiores valores de precipitacdo sobre
a bacia ocorrem no periodo chuvoso (Figwb). A intensidade dos valores de
precipitacdo, no periodo chuvoso, esta relacionada ao posicionamento da Zona de
Convergéncia Intertropical (ZCIT) e da Zona de Convergéncia do Atlantico Sul (ZCAS)
sobre grande parte do Brasil, principalmente na batiaz&nica (Marenget al 2012).
Por outro lado, a porcéo centratorte da bacia Amazoénica, BAM simulou valores
menos intensos de precipitacdo no periodo seco em relacdo aos valores da reanalise
(Figura 2e,f).Para DJF, o BAM subestimou a precipitacéet (imdia’) em pontos
isolados da Amazobnia. Porém superestima, principalmente sobre a Cordilheira dos
Andes (Figura 2c). De acordo com Sibtaal. (2011) os conjuntos de dados de reandlise
geralmente superestimam a quantidade de precipitacdo nas mendanAaérica do
Sul, quando comparados ao conjunto de daddSlidmate Prediction Center (CPCA
subestimativa da precipitacdo sobre a bacia Amazonica também é um padrao

encontrado por outros modelos de circulacdo da atmosfera. Segundo e¥ladire
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(2013) varios modelos globais, tais como:Boazilian Earth System Model Ocean
Atmosphere (BESMDA, versdo 2.3), dHadley Centre Coupled ModdHadCM3,

versao 3.0 e oCanadian Coupled Global Climate Model (CanCM4, quarta geracao)
apresentam dificuldades enpresentar o padrdo da precipitacdo, subestimarsiidbre

a bacia, semelhante ao observado na simulacdo com o modelo RalMer e Xie

(2008) afirmam que resolucbes espaciais tipicas de modelos globais, acima de 2°,
apresentam dificuldades em capturar pssos convectivos e, esse pode ser um dos
motivos da simulacao deficiente da precipitacdo na América do Sul equdtoriaka

et al. (2011), avaliando o desempenho do modelo acoplado (cetemsfera),
mostraram que deficiéncias relacionadaprecipitagio sdo maiores em regides de
conveccao profunda, sendo esta uma das principais fontes de erro do modelo.

Para JJA, os maiores (menores) valores de precipitacdo provenientes da reanalise
ocorrem na por¢cao mais a norte (sul) da bacia devido a variacaolséad@IT e as
mudancas na circulacdo atmosférica regional sobre o continente. Neste periodo o BAM
superestimou a precipitacdog4nm dia®) na porcdo norte e subestimou a precipitacdo
(5-6 mmdia™) na parte central e oeste da bacia Amazénica (Figur&fgk superiores

a 4mmdia* sdo observados, principalmente, no noroeste da bacia Amazonica e sobre a
regido Andina. Segundo Chai al (2014), esses erros podem ser provenientes dos
esquemas de superficie (modelos de biosfera) acoplados aos modee&ratos,
provavelmente mal calibrados e ajustados para essa regido devido a escassez de dados
observadosOs esquemas de superficie, acoplados aos modelos climéticos, tém por
finalidade representar os processos fisicos, quimicos e biolégicos entrerféicieup
atmosfera. Esses processos envolvem, entre outras coisas, as trocas de energia, massa e

momentum entre esses meios. Com isso, esses esquemas realizam o particionamento de
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energia, fazendo com que parte a da energia recebida seja particionadanemtde

calor sensivel, latente e no solo. O fluxo de calor latente é responsavel por transportar
vapor d’agua para a atmosfera, e desta forma, influenciar na formacédo de nuvens e
precipitacdo. Se o esquema de superficie ndo particionar corretamestPresessos

pode conduzir a erros nos balancos de energia, agua e carbono, afetando o clima da

regido (Pitman (2003) e Mcguffie e HenderSellers (2001)).
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3.2.Evapotranspiracdo
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A Figura 3 apresenta a evapotranspiracdo média sazonal simula@Ape® a obtida
a partir da reandlise do Ehaterim para os periodos chuvoso e sdge.forma geral, apesar do
BAM representar a vacdo sazonal da evapotranspiracdo sobre a bacia Amazénica, o modelo
superestima na estacdo Umida e subestima na estacdo seca da regialor€s de
evgpotrangiracdo simulado pelo BAMariaram entre 2 e ®imdia® (Figuras 3a,e), estando
inferiores aosla reandlise na porcédo sul (Figuras 3b,f). Semelhante a reandlise, o modelo BAM
simulou maior variacdo sazonal na porcdo sul da bacia. Ademais, o0 BAM superestimou a
evapotranspiracdo em DJF (Figura 3c) e JJA (Figura 3g) em torno demiB’,
principalmente na parte norte da bacia Amazoénica. Esta superestimativa na evapotranspiracao
simulada na bacia pode estar associada a dificuldade do modelo em simular os processos
convectivos, subestimando a precipitacdo, simulando maior quantidade de energifi@esuper
e, consequentemente, aumentando a evapotranspiracdo. Segundo Rich(20@3Xiapesar do
alto grau de sofisticacdo das parametrizacdes de superficie, os modelos sao diretamente
dependentes do balanco de energia da superficie e, portanto, ddagleadé energia incidente.

No entanto, durante JJA BAM subestimou a evapotranspiracafh.gmmdia®) na
porcdo sul da bacia Amazbnica (Figura 3g). Isto pode estar relacionado a umidade do solo
utilizada como condicéo inicial dBAM, ao armazenamento 8 proprias parametrizacdes de
superficie, que apesar dos avancos e esfor¢os aplicados no modelo IBIS v2.6, ainda apresentam
deficiéncias de ajuste para o bioma tropical da América do Sul (Kubota, 2012). De acordo com
Verbeecket al. (2011) para representanais realisticamente a evapotranspiragdo da floresta
Amazobnica € necessario adequar as profundidades de raizes e solos utilizados. Os maiores
valores de RMSE sé&o observados no sudoeste da bacia paraprbdes chuvoso e seco

(Figuras 3d,h)com valore mais intensos no periodo seco da ordemrdmdiia™.
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3.3.Transporte e Convergéncia de umidade

As Figuras 4 e 5Sapresentam o transporte e a convergéncia de umidade
simulados pelAM e os obtidos a partir da reanalise do-Etarim para os periodos
chuvoso e seco, respectivamente. As caracteristicas predominantes do transporte de
umidade nas regides tropical e supical configuram um regime de Mongédo na
América do Sul (Grimnet al. 2011), estabelecendo um padréo de intensa convergéncia
de umidade e precipitacdo na Amazénia e no Brasil central durante o periodo chuvoso,
conforme representado pela reandlise (Figulds Bstas caracteristicas também séo
observadas na simulagéo do transporte de umidade pelo BAM, conforme mostrado na
Figura 4a,d. Um padrdo importante da circulacédo equatorial, simulada pelo BAM para o
periodo chuvoso, é a presenca dos ventos alisiosansportam umidade do Atlantico
Tropical para a Amazonia durante o verdo (Figura 4a). De acordo com Satyeinalirty
(2013) , o fluxo de vapor do8gua do Atl ©Ont i
para a bacia Amazénica. Quando os ventos alisioenélam os Andes, estes sdo
desviados para ssludeste e, a umidade € transportada da Amazénia para as regides
centrosul do Brasil e norte da Argentina através dos Jatos de Baixos Niveis. Esse
padrdo na circulacdo é bem simulado pelo BAM no periodo cou¥agura 4a). No
periodo chuvoso, o viés no transporte de umidade é da ordem demi5*
principalmente na porcdo centralrte e leste da bacia Amazobnica (Figura 4c). Por
outro lado, no periodo seco (Figura 4f), o viés é mais intenso (150" kQ) e
localizado no oeste da bacia.

A convergéncia de umidade representada na reandlise apresentou valores mais
intensos sobre a bacia Amazénica durante o periodo chuvoso (Figura 5b). O padréao de

variacdo sazonal e espacial da convergéncia de umidadei m@mf@imulado, pois no
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periodo chuvoso o BAM apresentou valores mais altos no oeste e norte da bacia
Amazobnica em relacdo a reanalise (Figura 5a). Nebral (2009) afirmaram que
valores intensos de convergéncia de umidsolere a bacia Amazbnica e oaBil
Centralsdo esperados durargeMoncdo de Verdo da América do Sul (MVABara o

periodo seco, o BAM simulou divergéncia de umidade na porcao centeda bacia
(Figura 5d). Este padrdo ndo é observado na reandlise doté&me (Figura 5e). O

BAM subestimou a convergéncia de umidaden(ddia’) em grande parte da bacia
durante o periodo chuvoso (Figura 5c). Por outro lado, subestimou a convergéncia de
umidade na porcdo norte e superestimou na porcdo sul da bacia Amazonica no periodo
seco (Figurab f ) . O modelo simulou um fluxo de
relacdo a reanalisé\ baixa resolucdo eacial de modelos globais, tambéuode ser
regponsavelpelasdificuldades na representacdo dos processos convectivos (Richter e

Xie, 2008)

V i

[
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Figura V: Convergéncia de umidade para o periodo chuvoso DJF (coluna esquerda) FAs@otudia

direita): (a,d) simuladopelo BAM, (b,e) Erdnterim, (c,f) viés. O limite da bacia Amazb6nica é
representado pelo contorno (negrito). Areas com diferencas significativas no nivel de confianca de 95%
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3.4. Escoamento superficial

A Figura 6apresenta o escoamento superficial simulado pelo BAM e obtido a

partir da reanalise do Etaterim para média anual. Obsers@ pequena variacdo

espacial no escoamento superficial sobre a bacia Antazdhivariagcdo no escoamento

superficial simulado pelo BAM é determinada principalmente pela precipitacdo, uma

vez que, a magnitude da variacdo da evapotranspiracdo € bem menor. Os valores de
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escoamento superficial simulados variaram entre 2 nam@lia® sobre a bacia
Amazoénica (Figura 6a). Na média anula, valores positivos em toda a bacia mostram que
a precipitacdo € sempre maior que a evapotranspiracdo. Esse comportamento também é
observado na reandlise, mostrando que o modelo BAM representa bem o esctoame
superficial (Figura 6b), apesar dpresentar regides com vieses pronunciados no norte e
sudoeste da baci&nquanto o modelo simulalores maiores de escoamento na porcéo
norte da bacia e menores na porcée auleandlise mostra um padrdo mais umfo

sobre toda a bacia.
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3.5.Ciclo anual
Para efeito de andaliseocticlo anual doxomponentes do balanco de agaa

bacia Amaz!nica foli dividida em-doasSupor -
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conforme mostrado na Figura O. ciclo anual da precipitacdo, evapotranspiracdo e
convergéncia de umidade simulados pelo BAMIstimados a partir da reanalise do Era
Interim é apresentado na Figura 7. O ciclo anual dos componentes do balagea de
simulado pelo BAM e pela reanalise mostram diferencas entre as porcdes norte e sul da
bacia. Maior variacdo sazonal nos componentes do balanco de agua é observada na
porcdo sul da Amazobnia. Estas diferencas deseras caracteristicas do regime de
moncao na Ameérica do Sul e ao posicionamento da ZCAS (Rucila2016). O BAM
representou bem a sazonalidade da precipitacdo sobre a bacia e nas por¢des norte e sul,
com valores proximos da reandlise e dentro do desvio padrdo (Figura 7a,d,g).
Entretanto, -BAM subestimou a precipitacdo durante todo o ano, com excecdo dos
meses de novembro e dezembro (Figura 7a).

O ciclo sazonal da evapotranspiracdo também é bem simulado pelo BAM
(Figura 7b), entretanto com uma defasagem nos picos maximos e minimos durante
ciclo anual. Essa defasagem n&o € observada nas porcdes norte (Figura 7e) e sul (Figura
7h) da bacia. O BAM superestima a evapotranspiracdo na por¢ao norte durante todo o
ciclo anual e subestima na por¢ao sul da bacia durante o periodRsssaltese que,
ao fazer a média para toda a bacia, o viés pode mascarar os valores sub e
superestimadosO BAM néo representou corretamente a variagdo sazonal da
convergéncia de umidade sobre a bacia (Figuras 7c,f,i). O ciclo anual da convergéncia
simulada ndo acomapha o padrdo da reandalise. Na média da bacia, a convergéncia é
subestimada durante todo o ano com viés negativo da ordem de 5 TaNaljorcéo
sul o BAM superestima a convergéncia de umidade na estacaoPsecautro lado,
subestima em quase todo ocoafprincipalmente na estacdo chuvosa), simulando um

padréo de divergéncia de umidade no periodo umido (Figura 7i).
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3.6.Balanco de agua

A Tabela 1 apresenta os componentes do balanco de agua da bacia Amazdnica
simulados pelo BAM e obtidos pela reanalise do-lBrarim para a média anual. De
forma geral, na simulagcdo do BAM a bacia Amazonica comysertaomo sumialro de
umidade da atmosfera, uma vez que, os valores de precipitacdo sdo superiores aos de
evapotranspiracdo (Tabela 1). Esse comportamento de sumidouro foi encontrado
também por Marengo (2005) quando avaliou os componentes do balanco agua na

Amazonia emcondigbes neutras e em extremos de variabilidades climéaticas como
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episodios de El Nifio e La Nifia.

Tabela1l: Média anual dos componentes do balanco de agua na bacia Amaz6nica simulados pelo BAM e
proveniente da reandlise do Hrgerim (periodo 1979 a 26) Componentes (muiia®): precipitacdo

(P), evapotranspiracdo (E)s&amento SuperficigES) e Convergéncia de umidade (C)i BT C
definido como fiincremento de an8liseo ESEllnepresent
medida relativg%) do desbalanco.

Componentes (mm dia) BAM Era-Interim  Erro do Modelo (%)
M édia Anual

P 5.7 6.2 -8.8

3.8 3.6 5.3

ES 1.9 2.6 -36.8
C 0.9 2.7
Pi E 1.9 2.6
Pi Ei C 1.0 -0.1
Desbalanco = [(C / ES) 1] (%) -52.6 3.8

A precipitagdo méd anual simulada foi da ordem Sy dia®, apresentando
um erro relativo de 8,8%. A convergéncia de umidade foi de aproximadamente
1,0mmdia*, estando bem abaixo daquele observado pela reanalise. De forma geral, o
BAM subestimou o escoamento supealid36,8%), mas apresentou bom desempenho
na representacéo da evapotranspiracdo, superestimando da ordem de 5,3%. Apesar do
BAM superestimar a evapotranspiracdo anual, os valores estdo préximos daqueles
encontrados por Domingues (2014). O alto viés nooamento superficial é
provavelmente decorrente dos erros encontrados na precipitacdo, uma vez que, a
evapotranspiracado apresentou baixo vieis.

Comparando os componentes do balanco de agua na atmosfera simulados pelo
BAM, a convergéncia de umidade (C=0,9 mtfi@') ndo estd em balanco com o
escoamento superficial (R=1,9 mm iapois existe diferenca da ordem de 1,0 mm dia

! que ndo é contabilizado. Esse desbalanco da ordem de 52,6% mostra 0 n&do
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fechamento no ciclo da agua na bacia Amazoénica. Segundor@a€il9) o néo
fechamento do balanco dagua néo invalida o estudo, apenas mostra algumas
informacfes importantes sobre a dindmica do ciclo do balanco hidrico da bacia, que
estdo relacionadas a escala e as condi¢des climaticas da bacia. Apesar da maelhoria
representacdo da camada de solo, implementada no modelo IBIS v2.6, o0 erro
encontrado na simulacdo da evapotranspiracdo provavelmente deve estar relacionado a
deficiéncias do modelo de superficie em representar a difusdo de calor e a
condutividade de am no solo (Kubota, 2012). Como o escoamento foi calculado em
funcdo da diferenca entre a precipitacdo e evapotranspiracdo, parte do desbalangco pode
ser explicado pela forte reducdo do escoamento superficial. O desbalanco anual da
reandlise foi da ordem d&8% apresentandam melhor fechamento em cparacao

aos periodos chuvoso (7,0%) e sedd,3%), ndo mostrado.

O BAM simulou as caracteristicas climatolégicas dos componentes do balanco
de agua na bacia Amazbnica, apesar da dificuldade do BAM em pasicion
corretamente os maximos de precipitacdo e convergéncia de umidade sobre a regido
Amazbnica. O BAM superestimou os valores de evapotranspiracdo para 0 veréo
(11,6%) e subestimou (32%) no caso do inverno. O BAM apresentou valores menores
de evapotranspigdio para o periodo seco (2,5 mm™ia mostrado. Entretanto,
medidas de fluxo de calor latente obtidas em torres micrometeorolégicas na Amazonia
durante os experimentos ABRACOS (Anddoazilian Amazonian Climate Observatory
Study) (Gash e Nobre, 1997)LBA (Gashet al. 2004) mostraram que, apesar da
reducdo da precipitacdo no periodo seco, a evapotranspiracdo apresenta pequeno
aumento, mostrando que a floresta pode transpirar potencialmente mesmo em condicdes

de deficiéncia hidrica (Hodnedt al 1996;Rochaet al 2004; von Randowt al 2004).
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Isso mostra que o esquema de superficie tem dificuldade em representar 0s processos
hidrolégicos no solo (absor¢cdo de agua em camadas profundas) em condicbes de
estresse hidrico. O comportamento de sumidouro rdelade na bacia foi bem
capturado pelo BAM pois, ha média, a precipitacdo foi consideravelmente maior que a
evapotranspiracédo (P > E), em todos os periodos analisados. Na simulacdo do balanco
de agua obtida pelo BAM observsa um desbalanco de 52,6%, camonvergéncia de
umidade consideravelmente menor que o escoamento superficial (C < ES) sobre a bacia.
Este desbalanco pode estar relacionado a limitacdo das parametrizacfes de convecgao
(precipitacdo) do BAM. Marenget al. (2005) apresentaram um desbaglamia ordem

de 51% em toda a bacia Amazonica, exibindo uma variabilidade interanual consistente
com a variabilidade da precipitacdo. No entanto, os autores utilizaram para o calculo do
balanco a reandlise dblational Centers for Environmental PredictifdCEP) e
atribuiram este desbalanco a varios fatores incluindo: incertezas nas medidas de
precipitacdo e observacdo dos rios e a ndo representacao realistica da reanalise sobre a
bacia Amazonica. Por outro lado, embora parte dos erros nos componentesggrssam
atribuidos as deficiéncias dos modelos em simular a conveccdo, uma representacao
errdbnea dos processos de superficie terrestre também é capaz contribuir para tais erros

(Richter e Xie 2008)

4. Conclusdes

Nesse estudo avaliee o desempenho do BAM neepresentacdo dos
componentes do balango de agua na bacia Amazénica para o periodo de 1979 a 2015,

utilizando a reanélise do Ematerim (ECMWF). Os resultados mostram que o BAM
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consegue simular a variacdo sazonal e espacial da precipitapdciam@mazaica. O
estabelecimento de uma circulacgdo de moncdo na regido tropical com intensa
convergéncia de umidade e precipitacdo na Amazonia mostra a capacidade do BAM em
capturar as principais caracteristicas do clima no continerggrsricano. Entretanto, o

BAM apresenta um ciclo hidrolégico menos intenso na bacia com valores mais
reduzidos na precipitacdo, na convergéncia de umidade e no escoamento superficial. O
nao fechamento do balanco de agua mostra uma limitacdo do BAM em simular
corretamente o procespancipalmente de convergéncia de umidade, conduzindo, desta
forma, a um ciclo hidrolégico mais enfraquecido sobre a bacia. Além disso, 0 BAM
necessita de ajustes e calibracdo na representacdo de processos de superficie, como por
exemplo de evapotranspiéas; uma vez que o BAM apresenta dificuldade na simulacéo

da variacao sazonal desta variavel na bacia Amazonia. Esta dificuldade provavelmente
tem relacdo tanto com a umidade do solo utilizada na condicé&o inicial do modelo, como
também a pequena quantidade camadas de solo. De maneira geral, apesar das
dificuldades encontradas pelas simulacdes do BAM, os erros sistematicos obtidos nos
componentes do balanco de dgua sdo de grande importancia para determinacdo do grau
de confianca para simulacdes do climasgnte, em estudos de variabilidades no clima

e de projecdes futuras utilizando cenarios de emissfes antropicas.
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Abstract

In this study, we evaluated the isolated effects of the interannual and decadal time
scales on the water balance of the Amazon basin. For this, we used the Brazilian Global
Atmospheric Model (BAM) and sea surface temperature (SST) filtration technique. The
impact of the isolated interannual and decadal time scales was quantified for episodes of
El Nifio Southern Oscillation (ENSO) and the Atlantic Dipole (AD). The results show
that isolated interannual scales weaken the impacts of El Nifio and La Nifia on water
balance components in the north of the Amazon and northeastern Brazil. Such a
weakening is more evident in the episodes of El Nifio than in those of La Nifia. This
indicatesthat El Nifio is more dependent on other time scales (in addition to the
interannual) than La Nifa. In relation to the Atlantic, the positive AD increases
(decreases) the precipitation in the north (south) of the Amazon basin in the experiment
with nontisolated SST time scales. On the other hand, when the decadal scale is
isolated, the increase in precipitation in the north of the basin is not observed, losing the
dipole pattern in the precipitation anomaly between the north and south of the Amazon
basin. T BAM model is not sensitive to the negative AD when SST is isolated in the
decadal scaleThese results are important for monitoring the climate of humid tropical
regions, mainly for the study of ENSO, since, according to recent research, these
extreme egnts will be increasingly frequent and intense

Keywords: Brazilian Global Atmospheric Model, Amazon Basin, Water balance,
Climate modeling.

1. INTRODUCTION
The Amazon is the largest rainforest on the planet with 6.3 millioh Bue to
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its vast expanse¢he Amazon Rainforest plays an important role in the global water and
carbon balance between the surface and the atmosphere (Grace et al. 1996, Malhi et al.
1998, Marengo 2006a). In addition, the rainforest provides a number of fundamental
environmental swices, such as maintaining biodiversity, transporting trace gases and
aerosols, the cycling of water through evapotranspiration, and the supply of moisture to
other regions of the continent, as well as contributing to the maintenance of the
hydrological egime on regional and global scales (Fearnside 2005, Marengo 2006a
Phillips et al. 2008, Satyamurty et al. 2013). However, the Amazon is sensitive to
variability and changes in the climate system, whether due to natural variations, inherent
to the climatesystem itself (nonlinear interactions), or anthropogenic variations; such as
the increase in the concentration of greenhouse gases (GHG) in the atmosphere and
changes in land use (Costa & Yanagi 2006, Correia et al. 2007, Foley et al. 2007, Chou
et al. 204, Nobre et al. 2016, Alves et al. 2017).

Recent studies, using observed data and numerical models, show that
phenomena in interannual (Espinoza et al. 2014, Marengo & Espinoza 2015, Limberger
& Silva 2016, Sousa et al. 2018) and decadal time scales (a&rNobre 2009,
Villamayor et al. 2017) strongly influence the components of the water balance in the
Amazon basin. Espinoza et al. (2014) associated the floods that occurred in 2014 in the
southwest of the Amazon basin to the strong meridional gradietitei sea surface
temperature (SST) in the tropical Atlantic, which in turn led to an increase in the
transport of moisture and excess precipitation over the region. In addition, projections
of the Earth System models from the Fifth Assessment Repor¢ dhtdrgovernmental
Panel on Climate Change (IPCC) point to a likely increase in extreme precipitation

episodes by the end of the century (IPCC AR5 2013). Moreover, the IPCC report
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suggests that the increase in the frequency of extreme evikédyiso be greater in the
humid tropical regions, but with a high degree of uncertainty for the Amazon region
(IPCC AR5 2013). However, despite observational evidence regarding the role of ocean
variability in the climate of the Amazon basin, the isolated eféédime scales on
ocean variability in relation to water balance in the Amazon basin is not yet fully
known. The investigation of this issue will allow us to understand how the components
of the moisture balance in the Amazon are altered by differenstales.

Since the 1970s, the works of Caviedes (1973); Hastenrath & Heller (1977);
Hastenrath (1984) have demonstrated the relationship between the interannual
variability of precipitation in South America (SA) and atmospheric circulation. Studies
on thegeneral circulation of the atmosphere show that oceanic conditions in the tropical
Atlantic Ocean basin have a strong influence on the interannual variability of the
climate in SA (Sousa et al. 2018). Sousa et al. (2018) showed that the rainfall regime in
the eastern Amazon basin presents behavior associated with the interannual variability
mode of the Atlantic Ocean. Oceanic conditions in the tropical Pacific basin also
influence interannual climate variability in SA through the El Nifio Southern osaillatio
phenomenon (ENSO) (Moreira et al. 2018). Climate variability in interannual, decadal
time scales, among others, have produced an increase in the frequency of droughts and
floods in the Amazon basin (Gloor et al. 2013, Espinoza et al. 2014, Marengo &
Espnoza 2015, Moreira et al. 2018). Studies regarding decadal variability show that
oscillations in the SST of the tropical Atlantic directly affect the convective activity in
SA (Servain et al. 2014, McCarthy et al. 2015, Utida et al. 2019). That is, Hmth t
Atlantic and Pacific Oceans influence the climate and, therefore, the water balance in

the Amazon basin.
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Different studies have characterized the mode of decadal oceanic variability
through the Atlantic Dipole (AD) (Hastenrath & Heller 1977, Moura & I8&u981,
Wagner et al. 1996, Souza & Nobre 1998). According to Aragdo (1998), the AD
directly interferes with Hadley and Walker circulations, which alter cloud formation in
the tropical region and influence the distribution and intensity of precipitatitimese
regions. Souza et al. (2000) showed the importance of the decadal variability of the SST
of the Atlantic Ocean in the distribution of rain in the Amazon. Andreoli & Kayano
(2004) emphasized that the existence of the dipole in the tropical Attaptiesents an
important climate control mechanism through the anomalous southern displacement of
the Intertropical Convergence Zone (ITCZ). The AD has a strong seasonality and is
more pronounced during the southern autumn (Hu et al. 2008), mainly ireastgm
Brazil (NEB) during the rainy season (HoungBho et al. 2015). According to Kayano
et al. (2018), the interference of the AD in the positioning of the ITCZ may imply
changes in the seasonal distribution of precipitation in the equatorial Atlantice
north of NEB and in the central part of the Amazon. This implication occurs through
variations in lowlevel winds, causing an anomalous southern positioning of the ITCZ
in the Atlantic (Kayano et al. 2018). The impacts of the interannual and ti¢caea
scales on the Amazon climate have been extensively studied. However, the individual
effect of these time scales on the water balance in the Amazon basin remains unknown.
The evaluation of these time scales separately will contribute to improving the
understanding of the relative role of these time scales in the climate of the Amazon
region. One way to evaluate these time scales separately is through atmospheric general
circulation models (AGCM) and SST statistical filtering techniques. Thus, thiy stu

aims to evaluate the isolated effects of the interannual and decadal time scales on the
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water balance in the Amazon basin using the Brazilian Global Atmospheric Model

(BAM) and SST filtration techniques using wavelets.

2. MATERIALS AND METHODS
2.1. Data

The data used in this study consist of global SST fields, reconstructed monthly
for the period from January 1979 to December 2015, with spatial resolution of 1,875°
latitude by 1,875° longitude and global spatial coverage [NOAA_ERSST (Yuang
et al 2015)]. This data is available for download at:

ftp://ftp.cdc.noaa.gov/Datasets/noaa.ersst/sst. mnnmean.v4.n€o evaluate the

performance of the AGCM, we used precipitation datenfthe Global Precipitation
Climatology ProjeciGPCP (Xieet al. 2003) with a spatial resolution of 1.25° x 1.25°
for the period of 1972015. The GPCP precipitation data were interpolated for the

resolution of the global BAM model (1,875° x 1,875°).

2.2.Filtering of Specific Timescales

For filtering of the SST fields in specific tinfeequency scales (interannual and
decadal), the wavelet transform was applied (Torrence & Compo 1998). According to
Farge (1992), the traditional Fourier analysis (FA) isfeasible in the investigation of
phenomena that present Rstationary signals, i.e., those that undergo sudden
frequency variations. It is recognized as a-stationary time series, one in which,
statistical moments, such as means and variances feredif intervals of a constant
period, are statistically distinct. Otherwise, it can be assumed that the series is

stationary. The analysis of wavelets decomposes the information contained in the time
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series, both in time and in scale of frequency. Sudecanique is indicated for
analyzing geophysical signals in general and, in particular, meteorological signals.
Some authors have used the wavelet transform for the most diverse purposes with the
common objective of isolating (filtering) time scales; foxaeple, the wavelet
transform was used for time and frequency analysis of hydrological systems (Rigozo et
al. 1998), as well as for low frequency components for different time scales of
precipitation (Cai et al. 2019). According to Kumar & FoufeGleorgiw et al. (1997),
Morlet's wave transform is suitable for this type of study due to the nonlinear nature of
the time series of SST data. Thus, we chose to use the Morlet wave transform, which is
defined as the product between a complex exponential wava @adissian envelope,

according to Equation 1:

ST W o 1)

In this equation| is the value of the wavelet for a rdimensional time
parameterd, and] is the frequency, which was assigned a value of 6 to satisfy the
condition of admissibility (6rrence & Compo 1998). The filter based on the wavelet
transform aimed to remove two characteristic scales of temporal variability from the
SST data series, which influence the climate of the Amazon region. The first refers to
the band that characterizdsetinterannual time scale from 24 to 84 months, which
corresponds to the interval from two to seven years (Trenberth 1997). The second refers
to the band that characterizes the decadal time scale from 96 to 168 months, and
corresponds to the range of eidbtfourteen years (Andreoli & Kayano 2004). After

filtering, the signal for each time scale was removed from the original series. Then, each
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time series was properly reconstructed and later added to the monthly climatology for

the period. This process gavise to interannual and decadal ocean contour conditions.

2.3. Interannual Time Scale

The ENSO was chosen to represent this time scale, as it is the most important
phenomenon of interannual scale (Kousky et al. 1984, Aceituno 1988, Trenberth 1997).
Theintensity of ENSO was obtained through the Oceanic Nifio Index (ONI) (Huang et
al., 2015), and was calculated from mean monthly SST anomalies for 3 consecutive
months in the Nifio 3.4 region (5%N;170°W-120°W) According to this criterion, if
the means arequal to or greater than 0.5 °C (less than or equél%c°C) for at least
five consecutive months, the episode is classified as El Ni (La Nifia- LN). The
data used for the elaboration of this index were obtained from the SST data that were

filtered for the interannual time scale, as shown in Fig. la.
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Figura 1:.Temporal evolution of the SST anomaly (°C) for phenomena: (a) El Nifio Sul Oscillation
ENSO, during episodes de El Nifio (EN) and La Nifia (LN) and (b) Atlantic Dipole (AD), during the
postive (+) and negative-) phases, after wavelet filtration.

2.4. Decadal Time Scale
The AD phenomenon was chosen to represent the decadal time scale. The AD

index was calculated from the difference between the means of SST anomalies of the
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northern (5°N20°N;20°W-40°W) and southern (5285°S;15°W5°E) regions of the
equator (Rajagopalan et al. 1998). If the result of this difference is greater (less) than
zero, the dipole is positive (negative). The data used for the elaboration of this index

were obtainedrom the SST filtered for the decadal time scale (Fig. 1b).

2.5. Numerical Integration Strategy

The Brazilian Global Atmospheric ModelBAM, version 1.0 (Figueroa et al.
2016) was used to evaluate the isolated impacts of the interannual and dewadal ti
scales on the water balance components in the Amazon basin. The BAM is a hydrostatic
semtimplicit spectral model, with vertical sigma coordinate, and incorporates a semi
Lagrangian scheme for the thrdienensional transport of prognostic variables of
moisture, microphysics and tracers. The BAM has a spatial resolution of 1,875° latitude
by 1,875° longitude and 28 levels in the vertical coordinate. The short and long wave
radiation schemes used were from lacono et al. (2008). The parameterizatiotoaf shal
convection were from Park & Bretherton (2009) and deep convection from- Grell
Dévényi (2002), the turbulence scheme was from Mellor & Yamada (1982) and the
cloud microphysics scheme from Morrison et al. (2009).

The surface scheme used was the dynaragetation model IBIS (Integrated
Biosphere Simulator) (Foley et al. 1996, Kucharik et al. 2000, Figueroa et al. 2016).
IBIS is a dynamic model of global vegetation, representing a broad set of processes that
includes surfacatmosphere exchanges, canopyyslogy, plant phenology,
vegetation dynamics and competition, as well as carbon and nutrient cycling. The IBIS
includes empirical expressions for the calculation of canopy transpiration resistance on

the basis of leaf area index (LAI), vegetation typed @&nvironmental conditions
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(radiation, soil moisture, temperature, relative humidity).

In this study, four numerical experiments were performed. In the control
experiment (CNTRL), as a contour condition, we used original SST data from the
reconstructedegsies [NOAA ERSST_ V4 (Huangt al 2015)], which includes all time
scales. In the second experiment (CLMTG), the climatological SST was used. In the
third experiment (CINTA), SST data were used obtained by filtration for the interannual
scale added to SSdimatology. In the fourth experiment (CDECA), we used SST data
from filtration for the decadal time scalalso added to SST climatology. Each
experiment consisted of a continuous integration of 36 years, which refers to the period
from 1979 to 2015. ERAnterim data (Deeet al 2011) were used as an initial

atmospheric condition for BAM.

3. RESULTS AND DISCUSSION
3.1 Performance of the BAM Model

This section presents the validation of the precipitation simulated by the BAM
model for the Amazon region irhé dry and rainy seasons. Precipitation was used
because it is the main component of the water balance. The main characteristic of this
study is the sensitivity of idealized scenarios derived from model simulations with
previously obtained specific SST bualary conditions, which were altered for different
time scales.

The seasonal average of the precipitation simulated by the BAM global model (control
experiment) and GPCP data is shown in Fig. 2 for the rainy season: De¢kmbary
February (DJF); and drseason: Junduly-August (JJA). The BAM model was able to
represent the spatial variation of precipitation over the Amazon basin in both seasons.
The highest precipitation values occurred in DJF, due to the positioning of the ITCZ and
the South Atlantic @nvergence Zone (SACZ) over much of Brazil, especially over the

Amazon basin (Fig. 2a).
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Although the BAM model simulated regions with maximum precipitation values
to the east of the EBCP 6s c¢cl i mat ol ogi cal position, the
values over the basin was adequately simulated. In general, during the rainy season the
model underestimated the precipitation over the Amazon ljesiging fromi 1 toi5
mm/day) This underestimation was most evident for the central and northeastern
regions of the basin. However, the model overestimated the precipitation in the
southernmost region of the Amazon basin (about 5 mii)d#&jg. 2c). During the dry
season (JJA), the higste precipitation values occurred in the central and northern

portion of the basin due to seasonal variation of the ITCZ and changes in atmospheric



62

circulation over the continent (Fig. 2dJhe positioning of theTCZ, that is, the
seasonal displacementtbie ITCZ was correctly simulated by the model. However, the
BAM overestimated the precipitation in the northern portion of the Amazon basin (Fig.
2f) and underestimated the precipitation near the western border of the basin.

The results presented in th&udy are in accordance with the literature.
According to Nobre et al. (2013), some global models, such as the Brazilian Earth
System Model OceaAtmosphere (BESMDA, version 2.3), the Hadley Centre
Coupled Model (HadCM3, version 3.0) and the Canadian Edu@lobal Climate
Model (CanCM4, fourth generation), presented underestimation of the precipitation
over the Amazon basin. In accordance with Richter & Xie (2008), global circulation
models with spatial resolutions between 2 and 3 degrees have difiiculgpturing
convective processes, and this may be one of the reasons for the deficiencies found in
the simulation of precipitation in equatorial South America.

3.2. Impacts of the Interannual Time Scale

In this section, the results of the numerical datians of the CNTRL and
CINTA experiments, in relation to the CLMTG experiment are presented. The section
emphasizes the impacts caused by the interannual time scale on the components of the
water balance througbeasonatompositions during episodes oNEO. The analyzed
components of the water balance are precipitation, surface runoff (calculated by the
difference between precipitation and evapotranspiration), convergence and vertically
integrated moisture transport. Table 1 shows the number of seasmnpbsitions
referring to the years of occurrence of episodes of EN and LN for the rainy period. The

compositions were performed for the DJF period, when ENSO is in the mature phase.

Table 1: Seasonal compositions for the Amazonian rainy periods (DJfrring to the
episodes (years) of EN and LN, along with the seasonal quantity for each episode.

Episodes Years Quantity

EN 1982/83; 1986/87; 1991/92; 1997/98 and 2009/ 5

LN 1984/85; 1988/89; 1995/96: 1998/99; 1999/00 v
2007/08 and 2010/11
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The anomalies in the components of the water balance in DJF (rainy) for
episodes of EN are presented in Fig. 3. This figure refers to the difference between
CNTRL-CLMTG (first column) and CINTACLMTG (second column), which
represent the anomaly for all variabilisgales and the anomaly considering only the
interannual scale (isolated), respectively. The anomalies obtained in the episodes of EN
show significant reduction ithe precipitation, surface runoff and moisture convergence
in much of the Amazon basin ard the Brazilian Northeast (Figs. 3a,b,c). The
reductions irthe precipitation and surface runoff were of the order of 3 mrif,dalyile
in the convergence of moisture, the reduction was of 6 mil. ddye exception is the
region near the Andes and ihet southeast of Brazil, where the model simulates an

increase in precipitation of the order of 2.5 mmtay
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These results show that the BAM model presents sensitivity to the increase of
the SST anomaly in the equatorial Pacific during years of EN, consisignbther
studies (Kousky & Cavalcanti 1984, Andreoli & Kayano 2005). In the years of EN, the
descending branch of the Walker cell is positioned over north of South America,
favoring subsidence and a consequent reduction in rain over this region (Kaitedky
1984; Andreoli & Kayano 2005). In addition, the decrease in precipitation and surface
runoff over the Amazon basin is associated with the reduction of moisture convergence,

especially in the eastern and northern sectors of the basin.
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Regarding theesponse in the precipitation in episodes of EN that are isolated
from the other variability scales, the following aspects stand out: the isolated SST only
has the amplitude (or variance) of the selected time scale, which will always be less than
or equalto that of the nonsolated SST. According to Donoho & Johnstone (1994), the
isolation of the interannual time scale from the other lower frequency scales (decadal,
multidecadal or even trend) only influences the response, because isolating the
interannuakcale also removes the modulation effects exerted by the other time scales in
ENSO.

As an example of this modulation, studies such as those by Andreoli & Kayano
(2005) point out that the effects of EN on precipitation in SA are more intense in the
positive phase of the Pacific decadal oscillation (PDO). Thus, the isolated effect of EN
is represented by BAM with a considerable reduction in regions with negative signs of
precipitation, surface runoff and moisture convergence (Figd), 3dhen compared
with simulation using noisolated SST. However, although more sparse, it is possible
to note the persistence of a negative precipitation anomaly in the eastern and northern
sectors of the Amazon basin and in the Northeast of Brazil. The interannual isolated
mode produced a precipitation reduction of the order of 2.5 mn} degr the east of
the basin, which is less intense compared to-isolated SST. This change in
precipitation is the result of deintensification in the convergence of moisture, which
resuls from the reduction in the intensity of moisture transport that is restricted to the
east of the region (Fig. 3f). In general, the episodes of EN affect the components of the
water balance in the basin, especially when all time scales are present.

Fig. 4 presents the anomalies of the components of the water balance in DJF for
all scales of variability (first column) and considers only the isolated interannual scale
(second column), both for episodes of LN. The interannual variability associated with
LN episodes increases precipitation in the north/northeast part of the Amazon basin (2.5
mm day’) and in NEB (4.0nm day?) (Fig. 4a). This anomaly pattern is consistent with
other studies (Andreoli & Kayano, 2005, Gonzaktzal 2013). The surfaceunoff
showed spatial behavior similar to precipitation anomalies, but with the most intense
center in the northeast of the basin (Fig. 4b). The increase in precipitation and surface
runoff is associated with intensification in moisture convergencenig@ day'), as

shown in Fig. 4c.
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The isolated interannual variability mode produces an increase in precipitation
and surfaceunoff in an area with a smaller extension, when compared to the control
experiment, with less intensaluesin the north of the Amazon basi@ fn1m day* for
precipitation) andNortheast of Brazil (Fig. 4e). The relative increase in moisture
transport and convergence produced an increase in precipitation, but with less intense
values compared to the control experiment (Fig. 4f).

In general, itcan be stated that the response of isolated ENSO is not linear for
the Amazon basin. The impact caused on the reductigor@gipitation in the years of
EN, on the isolated interannual scale, is less intense when compared to the response of
the increasein precipitation in the years of LN. In addition, when isolating the
interannual variability mode, the reduction of the spatial pattern of the precipitation
anomaly is more evident in episodes of EN (Fig. 3d) than LN (Fig.ld4ather words,
the impac on precipitation is not linear in northern South America, if one compares the
episodes of EL and LN, and this is probably due to the difference in the degree of
importance of the modulation of the scales of lesser frequency of these phenomena
(Andreoli & Kayano2005).
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3.3. Impacts of the Decadal Time Scale

This section presents the results from the simulations of the CNTRL and
CDECA experiments, in relation to the CLMTG experiment. The impacts caused by the
decadal time scale on the water balance componenitsgdthe positive and negative
phases of the tropical AD are evaluated in the seasonal compositions. Table 2 shows the
number of seasonal compositions referring to the two phases of the AD. The
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compositions were performed for the MAM period (Ma#gpril-May), when the ITCZ

is further south.

Table 2: Compositions for the southern autumn (MAM), in respect to the positive (+) and
negative {) phases of the Atlantic Dipole (AD).

Phases Years Quantity
AD (+) 1980-1982; 19881993 and 2002007 3
AD (-) 19831987, 1998002 and 2002012 3

The composition of the anomaly of the components of the water balance for
MAM for the positive phase of the AD is presented in Fig. 5. This figure shows the
difference between CNTRCLMTG (first column) and CDECACLMTG (second
column), which representhe anomaly with all scales of variability and the anomaly
considering only thelecadalscale respectively The anomaly obtained in the positive
phase shows a significant reduction in precipitation (1.5 mrit)dayd surfaceunoff
(1.0 mm day) in the south and east of the Amazon basin (Figs. 5a,b). However, in the
northern sector there is an increase in precipitation and surface runoff. This pattern of
increase to the north and reduction to the south and east of the Aipagionis
consistent with the displacement of the ITCZ to the north of its climatological position,
which is expected in the positive phase of the AD (Villamagal 2017, Kayanet al
2018). The reduction in precipitation and surface runoff is adsdciavith
deintensification in moisture convergeneg (m day') in the southern sector of the
basin (Fig. 5¢). In the northern sector, despite the increase in precipitation, there is no
intensification in moisture convergence.

When evaluating the isolatei#cadal mode, the northern sector of the basin does
not present the same intensity and extent of increase in precipitation and surface runoff
(Figs. 5d, e), compared to the response of theismated mode (Fig. 5a, b). On the
other hand, in the southesector, the precipitation reduction remains approximately at
the same magnitude. Consequently, the isolated mode of decadal variability
deconfigures the dipole pattern (positive to the north and negative to the south) in the
field of precipitation and stace runoff. The reduction in precipitation in the southern

sector is due, in part, to the reduction in moisture convergence (Fig. 5f), which is more
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intense compared to the n@olated variability mode (Fig. 5c).
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Figura V: Anomaly of the components dlie water balance for the MAM in relation to the positive
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Amazon basin is represented by the contour (b&dyions in hatching represent a statistical significance
of 95%.

The anomaly composition of the componeritshe water balance for MAM in
the negative phase of the AD is presented in Fig. 6. This figure shows the difference
between CNTRLKCLMTG (first column) and CDECACLMTG (second column),
which represent the anomaly with all scales of variability and the alyaronsidering
only thedecadalscale respectively The negative phase of the AD, simulated by the

BAM model, produces a significant increase in precipitation (1.5 mi)dmd surface
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runoff (1.0 mm day) in the central sector of the northeast (Fifa,b). Over the
Atlantic (0-5°N) a reduction in precipitation occurs. This pattern of reduction in the
North Atlantic and increase in the northeast is consistent with the displacement of the
ITCZ to the south of its climatological position, which is ag@attthat is expected in the
negative phase of the AD (Villamayet al 2017, Kayancet al 2018). Unlike the
positive phase of the AD, the dipole effect on precipitation is not observed on the
Amazon basin. The reduction and increaspretipitationin the Atlantic and northeast,

respectively, is partially explained by anomalies in the convergence of moisture.
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In the isolated decadal mode, such intense anomalies in precipitation and surface
runoff were not observed when compared with theiisolated mode. Figure 1b shows
the dipole index with a low magnitude in the period of 219082, which corresponds to
the negative phase of the AD. Thus, the BAM model was not sensitive to this change in
SST, and it was not possible to distinguish the effectgregipitation between the
experiments CDECA and CLMTG.

4. CONCLUSIONS

In this study, we evaluated the isolated and -isofated effects of the
interannual andlecadalocean variability scales on the water balance in the Amazon
basin using the SSTiltering techniques and numerical simulations using the BAM
model. The filter, based on Morlet's wavelet transform, was used to select (isolate) the
scales of interannual artiecadalariability from global SST data. In the evaluation of
the BAM precipitation pdormance, the results show that the model is able to represent
the spatial variation of precipitation in th@ny and dry seasons of the Amazon basin,
as well as the positioning of the ITCZ. However, the BAM tends to underestimate
precipitation when comped to the data observed for the Amazon basin.

In the interannual variability scale, the components of the water balance in the
Amazon show sensitivity to the increase (reduction) of the SST anomaly in the
equatorial Pacific in ENLN) years. The model sintated weakening and intensification
of the components of the water balance in the episodes of EN and LN, respectively.
Changes in precipitation intensity and surface runoff are directly associated with
reduced moisture convergence over the basin. Whéatirspthe interannual variability
mode, the BAM model presents a considerable reduction in the intensity and extent of
regions with anomalies in precipitation and surfageff, compared to the nesolated
variability mode. Changes in precipitation asdrface runoff are associated with
deintensification of moisture convergence. The isolation of the interannual scale
produces modifications which are more evident in the impacts of EN on precipitation
than in the impacts of LN for the Amazon basin. Thiggasts that the effects of EN on

water balance components are more dependent on other scales of variability.
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In the decadal variability scale, changes in water balance components in the
basin are due to the displacement of the ITCZ to the north of itatoliogical position
in MAM. In the positive phase of the AD, a dipole pattern is configured in the
components of the water balance (precipitation and surface runoff), and present positive
and negative anomalies in the northern and southern sectors ofnth2oA basin,
respectively. When isolating the decadal variability scale for the positive phase of the
AD, the precipitation anomaly pattern is disfigured and only negative precipitation and
surface runoff anomalies remain in the southern portion of the.Hdasthe negative
phase of the AD, the dipole effect on the difference in precipitation over the basin is not
observed. Precipitation and surface runoff anomalies are not significant when isolating
the decadal variability scale. Thus, the BAM model it semsitive to the alteration in
SST with regards to the isolation of the decadal scale for the analysis of the negative
phase of the AD.

The results found in this study contribute to a better understanding of the role of
the isolated effects of the intamaual and decadal oceanic variability scales in the
climate of the Amazon basin. These results have important implications for regional

climate monitoring, as well as for climate modeling studies.

ACKNOWLEDGMENTS

This paper i s p ar octoral fthesis hnethe fpogradudte aut hor

program in Climate and Environment (CLIAMB) at the Amazonas State University

(UEA) / National Institute of Amazonian Research (INPA). The authors thank the

Center for Weather Forecasting and Climate StuNiEsonal Insitute of Space

Research (CPTEC/INPE) for providing the supercomputer TUPA for performing
numerical integrations, the Terrestrial Climate System Modeling Laboratory
(LABCLIM) at the Amazonas State University (UEA) for providing the physical
computational sticture. In addition, the first author thanks the Coordination for

Improvement of Higher Level Personsf@RPES for their granting of the scholarship.



73

REFERENCES

Alves LM, Marengo JA, Fu R, Bombardi RJ (2017) Sensitivity of Amazon regional
climate to dedbrestation. American Journal of Climate Change -®&5

Andreoli RV, Kayano MT (2004) Mukscale variability of the sea surface temperature
in the Tropical Atlantic. Journal of Geophysical Research 109: C05009,

Andreoli RV, Kayano MT (2005) Enslatedrainfall anomalies in south America and
associated circulation features during warm and cold pacific decadal oscillation
regimesInternational Journal Climatology 25:202030.

Aragédo JOR (1998) O impacto do ENSO e do dipolo do atlantico no nordesteitora
Bulletin Instr. Fr. Etudes andines, 27:83%4.

Cai C, Wang L, Wang J, Wang Z (2019). Th& 20 d lowfrequency oscillation
characteristics of summer precipitation in eastern china in the decaying year of
CP ENSO. Atmosphere, 10: 6637.

Caviede<CN (1973) Secas and El Nifio: two simultaneous climatical hazards in South
America. Proceedings of the Association of American Geographer$ 49 44

Chou SC, Lyra A, Mouréao C, Dereczynski C, Pilotto I, Gomes J, Bustamante J, Tavares
P, Silva A, Rodrigues PCampos D, Chagas D, Sueiro G, Siqueira G, Marengo
J (2014) Assessment of climate change over south america under RCP 4.5 and
8.5 downscaling scenariodmerican Journal of Climate Chang&12525.

Correia FWS, Manzi AO, Céandido LA, dos Santos RMN, Paivis T. (2007).

Balanco de umidade na Amazonia e sua sensibilidade as mudancas na cobertura
vegetal Ciéncia e Cultura 59: 3983.

Costa MH, Yanagi SNM (2006) Effects of Amazon deforestation on the regional
climate: Historical perspective, current antufe research. Revista Brasileira de
Meteorologia 21:20@11.

Dee DP, Uppala SM, Simmons AJ, Berrisford P, Poli P, Kobayashi S, Andrae U,
Balmaseda MA, Balsamo G, Bauer P, Bechtold P, Beljaars ACM, van de Berg
L, Bidlot J, Bormann N, Delsol C, DraganiRje nt es M, Geer AJ, H e
L, Healy SB, Her sbach H, Hol m EV, | sakse
Matricardi M, vV&aNnazl | B/M,A PNl o rMP>tggtietP@ ub e y
C, de Rosnay P, Tavolato C, Thépaut J-N, Vitart F. 2011. The ERAnterim



74

reanalysisconfiguration and performance of the data assimilation system. Q. J.
R. Meteorol. Soc. 137: 558897.https://doi.org/10.1002/qj.828
Espinoza JC, Marengo JA, Ronchail J, Carpio JM, Fores LN, Guyot JL (2014) The

Extreme 2014 flood in soutlwestern Amazon basin: The Role of Tropical

subtropical South Atlantic SST Gradient. Environmental Research Letters, 9,
124007.7

Farge M (1992) Wavelet transformsdatheir applications to turbulence. Annual
Review of Fluid Mechanics 24:39%7.

Fearnside PM (2005) Deforestation in brazilian amazonia: history, rates, and
consequencegonservation Biology 19: 68688.

Figueroa SN, Bonatti JP, Kubota PY, Grell GApivson H, Barros SR, Fernandez JP,
Ramirez E, Siqueira L, Luzia G (2016) The Brazilian global atmospheric model
(BAM): performance for tropical rainfall forecasting and sensitivity to
convective scheme and horizontal resolut\Weather and Forecasting:254 7
1572.

Foley JA, Asner GP, Costa MH, Coe MT, DeFries R, Gibbs H, Olson S, Patz J,
Ramankutty N, Snyder P (2007) Amazonia revealed: forest degradation and loss
of ecosystem goods and services in the Amazon Basin. In: Front. Ecol. Environ
5:2532.

Foley JA, Prentice Cl, Ramankutty N, Levis S, Pollard D, Sitch S, Haxeltine A (1996)
An integrated biosphere model of land surface processes, terrestrial carbon
balance, and vegetation dynamics. Global Biogeochemical Cycles 162803

Gloor M, Brienen RJW, Ghraith D, Feldpausch TR, Schongart J, Guybt Espinoza
JC, Lloyd J, Phillips OL (2013) Intensification of the Amazon hydrological
cycle over the last two decad€eophys. Research. Letter. 40:172833.

Gonzalez RA, Andreoli RV, Candido LA, Kayano M3ouza RAF (2013) A influéncia
do evento El Nifid Oscilacdo Sul e Atlantico Equatorial na precipitacdo sobre
as regides norte e nordeste da América do/Aa Amazénica 43:46480.

Grell GA & Déveényi D (2002) A generalized approach to parameterizingeabion
combining ensemble and data assimilation techniques. Geophysical Research
Letters, 29(14), 34..


https://doi.org/10.1002/qj.828
https://doi.org/10.1088/1748-9326/9/12/124007

75

Grace J, Malhi Y, Lloyd J (1996) The use of eddy covariance to infer the net carbon
dioxide uptake of Brazilian rain forest. In: Global Change Bipl2i209217.

Hastenrath S (1984) Interannual variability and annual cycle: mechanisms of circulation
and climate in the tropical Atlantic. Mon. Wea. Rev. 112:109@7.

Hastenrath S, Heller L (1977) Dynamics of climatic hazards in Northeast Brazil.
Quartely Journal of the Royal Meteorological Society 103927

HounsouGbo GA, Araujo M, Boulés B, Veleda D, Servain J. (2015) Tropical Atlantic
contributions to strong rainfall variability along the northeast Brazilian coast.
Advances in Meteorology 2015113.

Huang B, Banzon VF, Freeman E, Lawrimore J, Liu W, Peterson TC, Smith TM,
Thorne PW Woodruff SD, Zhang HM, 2015: Extended Reconstructed Sea
Surface Temperature (ERSST), Versioddurnal Climate 28:91B30,

Hu Z-Z, Huang B, Pegion, K (2008). Leadingieans of tropical Atlantic variability in
a coupled general circulation model. Climate Dynamics 30:72&.

Donoho DL, Jhonstone IM (1994) Ideal Adaptation by Wavelet Shrinkage. Biometrika
81:425455.

Kayano MT, Andreoli RV, Garcia S.R, De Souza RAF @0dow the two nodes of
the tropical Atlantic sea surface temperature dipole relate the climate of the
surrounding regions during austral autumn International Journal of Climatology
38:39273941.

Kumar P, Foufoul&Georgiu E (1997) Wavelet analysis for gaggical applications,
Review of Geophysics 35:38H.2.

Kousky VE, Cavalcanti IFA (1984). Eventos Oscilacédo Sul / El Nino. Caracteristicas,
evolucédo e anomalias de precipitacéo. Ciéncia e Cultura 3615388

Kousky VE, Kayano MT, Cavalcanti IFA (1984)raview of the southern oscillation
oceanic atmospheric circulation changes and related rainfall anomalies,
36A: 490504.

Kucharik CJ, Foley JA, Delire C, Fischer VA, Coe MT, Lenter JD, Yeevindiing C,
Ramankutty N (2000) Testing the performan€a dynamic global ecosystem
model: water balance, carbon balance, and vegetation strugtabal

Biogeochemical Cycles 14:7926.



76

Limberger L, Silva MES (2016) Precipitacdo na bacia amaz6nica e sua associagao a
variabilidade da temperatura da supesfitos oceanos pacifico e atlantico: Uma
Revisdo GeuspEspaco e Tempo (Online) 20:6675.

Mccarthy GD, Haigh ID, Hirschi W, Grist JP, Smeed DA (2015) Ocean impact on
decadal atlantic climate variability revelead be-sbservationsNature
521:508.

Malhi Y, Nobre D, Grace J, Kruijt B, Pereira M, Culf A, Ecott S (1998) Carbon dioxide
transfer over a Central Amazonian rain for@dsurnal of Geophysical Research
103:3159331612.

Marengo JA (2006a) Mudancas climéticas globais e seus efeitos sobre arsiddile:
caracterizacao do clima atual e definicdo das alteracfes climaticas para o
territdrio brasileiro ao longo do século XXI. Brasilia: MMA. 212 p.

Marengo JA, Nobre CA (2009) Clima da Regido Amazonica. In: Eds I. Cavalcanti, N.
ferreira, M. A. SilvaDias, M. A. Justi. (Org.). Tempo e Clima no Brasil. 1 ed.
Séo Paulo: Oficina de Textos 13:1282.

Marengo JA, Espinoza JC (2015) Extreme seasonal droughts and floods in Amazonia:
causes, trends and impadtgernational Journal of Climatology 36:163850.

Moreira SF, Conceicao CS, Cruz MCS, Pereira Jr, A (2018) A Influéncia dos
fendbmenos El Nifio e La Nifia sobre a dinamica climética da regido Amazonica.
Multidisciplinary Reviews 1: e2018014.

Moura AD, Shukla J (1981) On the dynamics of the droughtonthiast Brazil:
Observations, theory and numerical experiments with a general circulation
model. Journal Atmospheric Science 38:2@63 3.

Nobre CA, Sampaio G, Borma LS, CastiRaibio JC, Silva JS, Cardoso M (2016)
Land-use and climate change risks ie thmazon and the need of a novel
sustainable development paradigm. Proceedings of the National Academy of
Sciences 113:107580768.

Nobre P, Siqueira LSP, De Almeida RAF, Malagutti M, Giarolla, E, Castela OGP,
Bottino MJ, Kubota P, Figueroa SN, Costa M@pista M, Irber L, Marcondes
GG (2013) Climate simulation and change in the brazilian climate model,
Journal of Climate 26:6716732.



77

Phillips O, Baker T, Lewis S, Chao K, Higuchi N (2008) The changing Amazon forest
363:18191827.

Rajagopalan B, Kushnir YTourre YM (1998) Observed decadal midlatitudes and
tropical Atlantic climate variability. Geophysical Research Letters 25:3967
3970.

Richer I, Xie SP (2008) On the origin of equatorial Atlantic biases in coupled general
circulation modelsClimate Dynanis 31:587598.

Rigozo NR, Nordemann DJR (1998) Analise por regressao iterativa de periodicidades
em séries temporais de registros geofisicos. Revista Brasileira de Geofisica
16:149157.

Satyamurty P, da Costa CPW, Manzi AO (2013) Moisture source for tlaedm
Basin: A study of contrasting yeafiheoretical and Applied Climatology
111:1952009.

Servain Jet al. Recent climatic trends in the tropical Atlan2614.Clim. Dyn.43,
3071-3089.

Sousa AC, Candido LA, Andreoli RV (2018). Variabilidade interadiagbrecipitacéo e
fluxo de umidade sobre a Amazoénia usando o QTR&Vista Brasileira de
Meteorologia 33:456.

Souza EB; Nobre P (1998) Uma revisao sobre o padréo de dipolo no Atlantico tropical.

Revista Brasileira de Meteorologia 13:34.

Souza EB, Kgano MT, Tota J, Pezzi LP, Fisch G, Nobre CA (2000)the influences
of the EI Nifio, La Nifia and Atlantic dipole pattern on the Amazonian rainfall
during 19601998. Acta Amazoénica 30:36%18.

Torrence C & Compo G (1998). A practical guide to wavelet amalfBulletin
American Meteorological Society 79:GB.

Trenberth KE (1997) The deynition of EI
Meteorological Society 78:277A777.

Utida G, Cruz FW, Etourneau J, Bouloubassi |, Scheful? E, Vuille M, Novello VF,
Prado LF, Klein V, Zular A, Viana JCC, Turcq B (2019) Tropical s@ttantic
influence on Northeastern Brazil precipitation and ITCZ displacement during the
past 2300 yearsScientific Reports 9:1698
https:/H0i:10.1038/s4159818-380036.

i



78

Villamayor J, Ambrizzi T, Mohino E (2017) Influence of Decadal Sea Surface
Temperture Variability on Northern Brazil Rainfall in CMIP5 Simulatidbs:
563579

Wagner RG (1996) Mechanisms controlling variability of the interhemispheric sea
surface temperature gradient in the tropical Atlantic, Journal of Climate 9:2010
20109.

Xie P, Janwiak JE, Arkin FA, Adler R, Gruber A, Ferraro R, Huffman GJ, Curtis S
(2003) GPCP pentad precipitation analyses: An experimental dataset based on
gauge observations and satellite estimatesrtnal of Climate 16:2197214



79

CAPITULO 3

Rildo Gocalves de MOURA; Francis Wagner Silva
CORREIA; José Augusto Paixdo VEIGA2019.
Atmospheric response to interannual time scale isolation
during ENSO episodes Manuscrito submetido para

Climate ResearchCR.



80

ATMOSPHERIC RESPONSE TO INTERANNUA L TIME SCALE ISOLATION
DURING ENSO EPISODES

Rildo Gongalves de Mout4 Francis Wagner Silva Corréjalosé Augusto Paixao Vefga
Vinicius Buscioli Capistrarfo Paulo Yoshio Kubofa

'Postgraduate Program in Climate and Environment (CLIAMB, INPA/UEA) Akdré Aradijo,
2936, Campus I, Aleixo, 6908001, Manaus, Amazonas, Brazil

“Amazonas State University, Av. Darcy Vargas, 1200, Parque 10 de Novembro.028)@Banaus,
Amazonas, Brazil

National Institute for Space Research, Center for Weather Foracds@imate Studies, Rodovia
Presidente Dutra, Km 40, 126800, Cachoeira Paulista, Sao Paulo, Brazil

ABSTRACT:

This study is aimed to evaluate the impact of the isolated interannuadateevariability on

the dynamics of atmospheric circulatiospecially in the tropical region of the Pacific and
Atlantic Oceans. The interannual time scale is isolated, using the wavelet technique which
allowed us to filter SST data, on a time scale in the range of 2 to 7 JémrPBrazilian

Global Atmospheric Mael (BAM) was then forced by this isolated time scale as a surface
boundary condition. To quantify the response of the atmosphere to this time scale, anomalous
atmospheric fields were obtained from a reference numerical experiment, where unfiltered
SST fieds were used as boundary conditions. The effects of the interannual time scale on the
dynamics of atmospheric circulation were evaluated for the positive and negative phases of
ENSO. In general, when the atmosphere is forced by the isolated interanmlalityamode,

the atmospheric circulation patterns become weaker than the variability obtained-by non
isolated mode. This weakening is statistically significant and independent of the positive or
negative phase of ENSO. The isolated interannual modefisagnily reduced the areas of
precipitation and its intensity in South America, especially over the Amazon basin and
northeastern Brazil. However, changes in precipitation in these regions are more evident in
the positive phase of ENSO than in the negapilvase. The SST filtering methodology and

the use of an atmospheric general circulation model applied in this study adequately revealed
the purely dynamic effects of the isolated interannual mode on the atmosphere.

KEYWORDS: Climate Variability, General #nospheric Circulation, Global Climate
Modeling, Brazilian Global Atmospheric Model (BAM).

INTRODUCTION

In recent decades efforts have been made to understand and quantify the influence of the
interannual and decennial variability scales on the climhteopical regions. Studies using

both observed data and numerical climatic model data show that the modes of interannual
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oceanic variability (Espinozet al. 2014; 2014; Marengo and Espinoza 2016; Andrefél

2017; Sousat al. 2018; Kayancet al 2018) and decennial variability (Marengo and Nobre
2009; Villamayoret al 2017) strongly influence the climate in the tropical region. These
modes of natural variability have produced increased frequency of droughts and floods in
recent decades (Gloaet al 2013; Marengo and Espinoza 2016); significantly affecting
ecosystems, water resources, river transport, agricultural production, electricity generation
and especially affecting vulnerable populations and communities in the tropical region of
South America(Doughty et al. 2015). The events of droughts and floods are part of the
natural variability of the hydroclimatic regime in the tropics. However, an increase in the
intensity and frequency of these events has been observed in recent decades (Marengo and
Espinoza, 2016; Espinozt al 2019). Extreme drought events (2005 and 2010) and floods
(2009, 2012 and 2014) have occurred in the tropical regions of South America over the past
20 years, directly affecting biodiversity and ecosystems, water resoueesotomy and the
society (Marengeet al. 2011, 2012 and 2013; Espinogaal 2015; Erfaniaret al 2017;
Aragon et al. 2018). Many of these extreme events were due to changes in sea surface
temperature patterns (SST) in the Pacific and Atlantic Oceansciated with the peculiar
episodes of El Nifio and La Nifia (Gloet al. 2013; Espinozat al. 2014 e 2015). The
influence of ocean variability modes on climate has been analyzed in terms of the correlation
between SST data and meteorological variablescijpitation and discharges from rivers),
which does not allow an accurate quantification of impacts of a particular (isolated) mode of
variability. The SST's of the equatorial portion of the Pacific and Atlantic Oceans (and
adjacencies) oscillate in vaddime scales, characterized by abnormal heating and cooling
conditions of the surface waters of these oceans (Andreali 2017). Variations of different

time scales in SST anomalies produce changes in the intensity and positioning of Walker and
Hadleycells (Lau and Yang 2003; Quat al 2004; Kao and Yu 2009; Haet al 2016).

These changes cause changes in water cycle patterns on a global scale (Aceituno 1988;
Ropelewski and Halpert 1989; Coelled al. 1999; Andreoliet al. 2017). The EI Nifie
Southen Oscillation phenomenon (ENSO) is the most relevant mode of climate variability on
the interannual scale (Ropelewski and Halpert, 1987). The atmospheric component of ENSO
influences the climate of South America (SA) through alterations in Walker andyHzlls,

and in the extratropical sector, by the Rossby wave train pattern (Matsuno 1966; Zhou and
Lau 2001; Nogué®aegleet al. 2002). Although ENSO occurs in the tropical Pacific, it can
affect the hydrological cycle and cause severe climate evemg®loal scales through ocean
atmosphere teleconnection (Hahal 2013). Since the occurrence of the intense El Nifio
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event of 1982/83, the scientific community has made significant progress in understanding
and forecasting ENSO, in particular after thenlgtu of the observation system called Tropical
OceanGlobal Atmosphere/Tropical Atmosphere Ocean (TOGA / TAO) (¥tlal. 2014).

These efforts have advanced the understanding of @te@sphere coupling and feedback
processes, which are essential in thel@on of the ENSO phenomenon (Keg) al 2003;

An et al 2005; Dewitteet al. 2012). In addition, the current climate system models of the
Third and Fifth Coupled models Intercomparison Project (CMIP3 and CMIP5) provided an
invaluable database to invegite ENSO processes involving those associated with their
sensitivity to changes in the medium and kvegn states (Collinst al 2010; Ham and Kug,

2012; Kuget al 2012). Despite all the progress, issues remain, including ENSO diversity,
predictability, teleconnection and interaction of ENSO with other climatic phenomena. For
example, climate models have difficulty simulating the probability density function of SST
observed in the tropical Pacific, which is related to deficiency in simulating diversity
observed in the EN (Kuet al 2012; Jangt al 2013). Many studies suggest the existence of
different types of EN in terms of spatial pattern, thermocline depth, zonal current and
convection location (Yekt al. 2014; Takahashet al. 2011). However, dgste the evidence,
based on observations and numerical modeling, on the role of oceanic variability in climate,
especially that related to ENSO, the isolated effects of these modes of variability on climate
are still unknown. The assessment of these madésplation, will contribute to improve the
understanding of the relative role of these ocean variabilities on climate in different parts of
the planet, especially in the tropical regions. One way to evaluate the effects of the modes
separately is to usAtmospheric General Circulation Models (AGCMs) and statistical SST
filtering techniques, such as wavelets. Thus, the objective of this study is to evaluate the
isolated (idealized) effect of the interannual time scale associated with ENSO in atmospheric
circulation over the tropical region, using the Brazilian Global Atmospheric Model (BAM)

and SST data filtered for interannual scale.

MATERIALS AND METHODS
DATA

The data used in this study consist of global SST fields reconstructed monthly for the period
from January 1979 to December 2015 [NOAA ERSST_ V4 (Heard (2015)]. These data
have spatial resolution of 1,875° and global spatial domain. The reanalyses of the ERA
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Interim (European Centre for MediuRange Weather ForecastsECMWEF) (Deeet al

2011)were used as an initial atmospheric condition to force the BAM Model.

ISOLATION OF THE INTERANNUAL TIME SCALE

To obtain the interannual time scale, the wavelet transform is applied to the SST fields
(Torrence and Compo 1998). Several authors used theletaransform to isolate (filter)
time-scales and frequency signals (Gu and Philander 1995; Reyad01998; Bolzan 2005;

Caiet al 2019). According to Kumaet al (1997), Morlet's wavelet transform is suitable for
capturing periodic variations ofegphysical signals of a nonlinear nature, as is the case with
SST data. Therefore, we used the Morlet wave transform, defined as the product, between a

complex exponential wave and a gaussian envelope, according to Equation 1:

- o o o
In Equation 1] is the wavelet value for a nalimensional time parameterand] is the
frequency. In this study, we adopted a value equal to16 fowhich satisfies the conditoof
admissibility (Torrence and Compo 1998). The wavelet filter is applied to remove the band
that characterizes the interannual cycle from the SST data series, corresponding to the interval
of 2 to 7 years (Trenberth 1997). After filtering, the sign&meng to the desired cycle is

taken from the original series, and then the time series is reconstructed. To this reconstruction,
the monthly climatology of SST is added to the filtered data for the entire period, giving rise
to the isolated interannuatae oceanic boundary condition. This contour condition was used

to force the BAM.

INTERANNUAL TIME SCALE

The ENSO phenomenon represents the interannual time scale, as shown in the literature
(Aceituno 1988; Kouskyt al 1984). The intensity of this phomenon is obtained through
the Oceanic Index of Nifio (ION) (Huarag al 2015), calculated from average monthly SST

anomalies for 3 consecutive months in the region of El Nifio Southern Oscil&N8O 3.4
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(5°S5 ° N;170°W120°W). According to this aerion, if the averages are equal to or greater
than 0.5 °C (equal to or less tham5 °C), for at least five consecutive months, the ENSO
phenomenon is in its positive (negative) phase. The data used for the elaboration of this index

Is obtained from théltered SST data for the interannual time scale, as shown in Figure 1.
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Figure 1. Temporal evolution of the SST anomaly (°C) for the ENSO 3.4 region, after filtering SST
by wavelets. Episodes of El NiAdN (red) and La Nifi& LN (blue).

DESCRIPTION OF THE BAM AND NUMERICAL INTEGRATION STRATEGY

To evaluate the isolated effect of the interannual time scale on the circulation of the
atmosphere, BAM version 1.0 (Figuereiaal 2016) is used. The BAM is a hydrostatic semi
implicit spectral model with aertical sigma coordinate. The BAM has a sémagrangian
scheme for the thredimensional transport of prognostic variables of moisture, microphysics
and tracer. The BAM has a horizontal resolution of 1.875° latitude by 1.875° longitude and 28
levels in he vertical coordinate. The modified ensemble scheme of Grell and Devényi (2002)
is used as convection parameterization. The surface scheme used is the dynamic vegetation
model IBIS (Integrated Biosphere Simulator) (Fotyal 1996 and Kucharilet al 2000),
modified by the Center for Weather Forecasting and Climate Studiesional Institute of

Space Research (CPTEC/INPE). The modifications implemented include empirical
expressions used in the calculation of the transpiration resistance of the carzofunation

of the leaf area index (LAI), vegetation type and environmental conditions (radiation, soll
moisture, temperature, relative humidity). This dynamic vegetation scheme represents several

processes, such as surfatmosphere exchanges, canopyswlogy, plant phenology and
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dynamic vegetation with carbon and nutrient cycling. More information about the BAM
model can be obtained in Figueretaal. (2016).

In this study, three numerical experiments are performed: one control and two sensitivity
experiments. As the boundary condition in the control experiment (CNTRL), we use SST data
from reconstructed series (Huarg al 2015), which includes all variability scales. In the
second experiment (CLMTG), climatological SST is used. In the third enesti(CINTA),

the SST data from the filtered interannual time scale added to the climatology of SST is used.
Each experiment consisted of a continuous integration of 37 years, referring to the period
from 1979 to 2015. For data analysis, the first yedhefsimulation is discarded to eliminate

the spin up effect.

RESULTS

EFFECTS OF THE INTERANNUAL TIME SCALE ON CLIMATE

In this section we compare the anomalies of numerical simulations of the CNTRL and CINTA
experiments in relation to the CLMTG experimelit is intended, in this manner, to
emphasize the impact of the isolated mode of interannual variability (ENSO) on the
circulation of the atmosphere. Table 1 shows the periods referring to the positive and negative
phases of the ENSO. The compositions peeformed for the period Decembéanuary
February (DJF) when ENSO is in its mature phase.

Table 1 Positive and negative phases of ENSO, years of occurrence and number of seasons used for
compositing atmospheric fields.

ENSO Period of occurrence Quantity
(phases)
Positive 1982/83; 1986/87; 1991/92; 1997/98 and 2009/10 5
(EN)
Negative 1984/85; 1988/89; 1995/96: 1998/99; 1999/00;
(LN) 2007/08 and 2010/11

From the seasonal composition, mean fields of anomalies are produced for the positive and
negative phases of the ENSO. The anomaly fields are produced by the difference between the
CNTRL and CLMTG (right side) and CINTA and CLMTG (left side). Anomalies produced
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from unfiltered mode (CNTRICLMTG) show the contribution of all timequency ocean

scales On the other hand, the anomalies obtained in the isolated mode (GINVAG)

show only the contribution of the interannual oceanic scale (2 and 7 years). According to

Donoho and Johnstone (1994), when a time scale is isolated, only this scale would be
responsible for the effects caused. In addition, by isolating the interannual scale, modulation

effects by the other scales are also removed. The results obtained for both the positive and

negative phases of the ENSO are presented below.

POSITIVE PHASE OF ENSO

The SST anomalies related to unfiltered and isolated modes are shown in Figures 2a, b in the
central and eastern Pacific Ocean. A region with positive anomalies centered on the equator is
observed (Figure 2a). This region consists of two nuclei ofimax significant anomaly

(~2.0 °C), one in the central part and the other near the coast of SA. Another region with
intense positive anomalies is observed at higher latitudes (60° S, 130° W). SST negative
anomalies occur in the western equatorial Pacifid @he subtropical region of both
hemispheres. This anomaly pattern is similar to that found by Hoell and Funk (2013) when

they evaluated the positive phase of ENSO from reanalysis.

In the isolated mode (Figure 2b), positive SST anomalies centered evequhtor present
relatively weaker intensity and smaller extent (in the nediith direction) than the unfiltered
mode. The two nuclei of maximum values, which occur in the central Pacific and to the west
of SA (Figure 2a), are not observed in the isaamode. In this mode, there are also no
negative anomalies belowd.5 °C in the western equatorial Pacific, the South Pacific
subtropical region (~30° S) and the South Atlantic Ocean (~30° S). The difference between
the patterns of SST anomalies, relatteethe unfiltered and isolated modes, can result in

differentiated patterns of circulation and, consequently, in the field of precipitation.

The anomalies of relative vorticity, streamline and horizontal wind speed dtFP20(evel,
resulting from unfilered and isolated modes are presented in FigurésTae presence of a
pair of anomalous anticyclonic circulations is observed (positive relative vorticity in the
Southern HemisphereSH and negative in the Northern Hemisphei¢H), located in the

cental-eastern equatorial region in the Pacific, in response to positive anomalies of SST
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(Figure 2c). In addition to the pair of anticyclones, a widke pattern is observed in the
fields of relative vorticity and flow in the upper troposphere (black @jcleriginating in the
central equatorial Pacific. The emergence of a pair of anomalous anticyclones in the
equatorial Pacific during the positive phase of the ENSO, along with the wavdikeain
pattern, is already known to the scientific community (Mats1966; Tinget al. 1996). It is

noted that, in the SH (NH) an anomalous cyclonic circulation occurs (negative relative
vorticity in the SH and positive in the NH), with a nucleus west of the coast of SA (north of
Mexico and south of the United Statea),approximately 35° S (35° N), accompanied by
anomalous cyclonic circulation centered in the southern region of Brazil. Over the northeast
of Brazil i NEB (northwest of the United States) anomalous anticyclonic (cyclonic)

circulation is observed.

On theother hand, the response of the atmosphere to the isolated mode has significant
differences (Figure 2d). The pair of anticyclones in the central equatorial Pacific resulting
from anomalous surface heating is relatively weaker and consists of two nuckei. Th
atmosphere also responds with wave train patterns, but less intense and with modified spatial
pattern (black circles). This is because the thermal anomaly in the atmospheric column is
relatively weaker than in the experiment where the interannual scat# filtered. With the

cooler atmospheric column, the disturbance in the upper troposphere, characterized by
anomalous high at 200 hPa, is weaker and, in turn, the pattern of succession of anomalous
high and low pressures is less intense. Anomalous migclcirculation, characterized by
negative anomalies of relative vorticity, otherwise positioned west of the coast of SA (Figure
2c), is no longer observed in isolated mode. However, two other cyclonic circulation nuclei
are observed, positioned approxigigtat 15° N, 130° W and 20° N, 170° W. The anomalous
cyclonic center (Figure 2c), previously positioned over the NEB, is shifted further south and
becomes more intense. Changes in the spatial pattern and the intensity of tHé&evave
atmospheric pattercan result in significant changes in the direction and intensity of the wind,
not only in the equatorial region, but also in remote regions.

In the central Pacific Ocean, three regions of maximum wind anomaly are observed (Figure
2e). Two positive anomalswnuclei are located around 30° S (SH subtropical jet region), one
nucleus at approximately 30° N (NH subtropical jet region) and another, with a negative
anomaly, in the equatorial region. Similar wind anomalies at 200 hPa were obtained by
Coelhoet al (2015). In SA (North AmericaNA), the subtropical jet, identified in the

regions of maximum wind intensity, is observed around 30° S, 65° W (30° N, 70° W). The
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regions of maximum wind intensity, highlighted earlier, coincide with the interface between

theanomalous cyclonic and anticyclonic circulations in the two hemispheres (Figure 2e).
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Figure 2. Composition of anomalies for unfiltered (left side) and isolated (right side) modes for the
positive phase of the ENSO: (a, b) SST (°C), (c, d) relativecityr{10° s*) and stream lines (1)

and (e, f) wind speed (81) at 200 hPa. Hatched regions represent statistical significance of 95%.
Black circles refer to the waweain type pattern.

The response of the atmosphere to the isolated mode, hovedsershows significant
differences (Figure 2f). Among these, we highlight the deintensification of the nuclei of
maximum wind speed that occur in the Pacific Ocean and in the regions of subtropical jets,
both in SA and NA. The intensity of these jet catsein the subtropics is significantly
reduced. This reduction occurs due to the weakening of cyclonic and anticyclonic circulations
(Figure 2d) produced by the isolated mode. These results are consistent with the changes in

wave pattern, flow and relatiwerticity highlighted earlier.

Figure 3 shows the stream function, velocity potential, divergence / convergence and vertical
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velocity for unfiltered and isolated modes. In the Pacific Ocean upper tropospheric pair of
anticyclones (140W) around the equar followed by a Ushaped wave pattern is observed in

the SH (Figure 3a). Assessing global atmospheric circulation, Wu and Liu (1992) obtained
similar results of stream function anomalies, both in relation to intensity and spatial pattern. In
NH, the "U" pattern is not well established, but there is an alternation between high centers
(positive values) and low pressures (negative values) that suggest a wave pattern. These
results are consistent witthe stream linesand relative vorticity fields resultingrom

unfiltered mode (Figure 2c).

In the case of the atmospheric response to the isolated mode (Figure 3b)lkevpatern is
observed, significantly weakened, as shown by the anomalous rotational fields of pressure. It
is important to highlight thathe isolated mode reduces the pressure in southeastern Brazil,
unlike what occurs in the unfiltered mode. In the NH, the pressure anomalies at altitude are
also significantly weakened in the equatorial Pacific and in the NA. In the Atlantic Ocean,
anomalos pressure centers, observed in unfiltered mode (Figure 3a), are practically non
existent in isolated mode (Figure 3b). This occurs as a direct consequence of the weakening of
the surface pressure over the heat source in the equatorial region.

In the eqatorial Pacific Ocean, divergence is observed in the cesdisiern sector and
convergence in the west (Figure 3c). These fields are consistent with the convergence and
divergence patterns at low levels (figure not shown), as well as their respecticéyvelo
potential values. Wu and Liu (1992) obtained results with similar intensity of velocity
potential anomalies, but were shifted eastward in relation to the present study. Over the
Amazon Basin and NEB there is a strong anomaly of wind convergence &uityve
potential. Since at low levels no wind divergence anomalies are observed, the convergence
pattern over the Amazon and NEB occurs as a result of the divergence field at altitude over

the centrakastern Pacific Ocean.
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Figure 3. Composition of thaunfiltered (left side) and isolated (right side) mode anomalies for the
positive phase of the ENSO: (a, b) stream function at 200 hPan{x0), (c, d) velocity potential (10

m? s) and divergence/convergence of wind) @t 200hPa and (e, f) verticaelocity (1¢ Pas™) in the
southern cross section frofitd 3607 (average of 105 to 1GN).

The response of the atmosphere to the isolated mode (Figure 3d) shows significant reduction
in the aerial extent and intensity of the fields of velocity poé and divergence
(convergence). Although the atmosphere responds to the anomaly of convergence in the upper
troposphere in the western Pacific, the divergence, resulting from convergence at low levels,
is not observed in the same regions when compartite unfiltered mode. On the other hand,
there is an anomalous nucleus with convergence and positive values of velocity potential over
the Amazon region and NEB.

Anomalies of vertical movement in the equatorial region, resulting from unfiltered mode, are
shown in Figures 3e, f. Anomalous upward movement is observed in an extensive area in the
Pacific Ocean, between the longitudes of @0and 150 W, with small anomalous nuclei of
subsidence (~105V). On the other hand, intensification of subsidence meve anomalies

is observed over the north of the South American continent-§650/). These vertical
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velocity patterns are observed from the surface up to 200 hPa (Figure 3e), as also observed in
other studies (Kousket al. 1984, Andreoli and Kayano 2008l6bregaet al. 2016 and
Andreoli et al 2017). However, in isolated mode, the atmosphere responds with less intense
anomalous upward and subsidence movements over the Pacific and north of the South
American continent, respectively (Figure 3f)The prectmptaanomalies for the positive and
negative phases of ENSO, resulting from unfiltered mode, are shown in Figure 4. In the
positive phase of ENSO, significant anomalies (positive and negative) are observed in the
Pacific Ocean in unfiltered mode (Figure)4&n intense positive precipitation anomaly
occurs in the centradastern equatorial Pacific, exactly over the region of maximum values of
anomalies in SST. Negative precipitation anomalies occur in the western equatorial Pacific
and eastern Australia,nsilar to those found by Yast al (2020). Significant precipitation

anomalies occur around B6ver both North and South American continents.

Figure 4. Composition of precipitation anomaly (mm dyor unfiltered (left side) and isolated (right
side)modes: (a, b) for positive phase and (c, d) negative phase of B¥&hed regions represent
statistical significance of 95%.

In the Amazon region and the NEB, a negative precipitation anomaly is observed. This
anomaly is positioned in the region ofensification of subsidence movement in the northern
portion of SA. Similar results were found by Kayagioal. (2011). Andreoliet al (2017),

when investigating the effects of different types of ENs on SA precipitation, found values of
negative anomaliesimilar to that of the present study. Moreover, the authors related these
anomalies in precipitation, especially in the EN of types EP (Eastern Pacific) and MIX
(mixed). However, the authors found these anomalies in precipitation, especially in the EN of






























