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The CHUVA Project: Field 
campaigns to improve 
precipitation estimation and 
the knowledge of cloud 
processes  
 
By CHUVA Science Team 



CHUVA Project: Main Goals 

WORKING GROUP–1: CHARACTERISTICS OF THE PRECIPITATING 
SYSTEMS AS  FUNCTION OF THE  REGION AND LIFE STAGE (Luiz 
Machado) 
WORKING GROUP–2: PRECIPITATION ESTIMATION – 
DEVELOPMENT AND VALIDATION ALGORITHM (Daniel Vila) 
WORKING GROUP–3: ELETRIFICATION PROCESS: MOVING FROM 
CLOUDS TO THUNDERSTORMS (Carlos Morales) 
WORKING GROUP–4: CHARACTERISTICS OF THE BOUNDARY 
LAYER FOR DIFFERENT CLOUD PROCESSES AND PRECIPITATION 
REGIMES (Gilberto Fisch) 
WORKING GROUP–5: MODEL IMPROVEMENTS AND VALIDATION, 
WITH FOCUS IN CLOUD MICROPHYSICS AND AEROSOL 
INTERACTIONS, FOR SATELLITE PRECIPITATION ESTIMATES IN 
BRAZIL (Maria Assunção Dias) 

 
 

 
 
 



CHUVA Field Campaign Schedule 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEZ 

2010 Alcantara 

2011 Fortaleza Fortaleza Belem Belem Vale do 
Paraiba 

Vale do 
Paraiba 
 

2012 Vale do 
Paraiba 

Vale do 
Paraiba 

Vale do 
Paraiba 

Santa 
Maria 

Santa 
Maria 

2013  
 

São Paulo São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

2014 Manaus Manaus Manaus 
 

Manaus Manaus Manaus 



Experiment 

Short Campaign - several over the year – The way to improve 
rainfall records by selecting rainfall season of each region. 

Vale do Paraiba 



Acces to 
Dataset 



CHUVA Portal: http://chuvaproject.cptec.inpe.br/portal/en/ 

Field 
Campaign 
and SOS 
System 



CHUVA SUL 



Instrument Container in Santa Maria 



Radars and Radiossondes 

Unfortunately X 
band had 
problems , only 
two S band 

Radiosonde 



•  Goals:	  
•  Besides	  CHUVA	  main	  goals	  (precipita(on	  

measurements)	  …	  
•  Contribute	  to	  GOES-‐R	  GLM	  and	  MTG	  LI	  

ac;vi;es	  by	  collec;ng	  total	  lightning	  data	  
under	  MSG	  coverage:	  
1)	  Lightning	  Loca9on	  Systems	  

intercomparisons:	  
•  Understand	  the	  differences	  

between	  ground	  based	  LLS	  in	  
respect	  to	  TRMM	  LIS;	  

•  Generate	  GLM	  and	  LI	  proxy	  data.	  
2)	  Develop	  mul9-‐sensor	  and	  mul9-‐

plaDorm	  algorithms:	  
•  satellite	  QPE;	  
•  nowcas;ng	  of	  severe	  weather.	  

CHUVA-‐Lightning	  Mapping	  Campaign:	  
CHUVA-‐GLM	  Vale	  do	  Paraíba	  

Courtesy of Rachel Albrecht 



CHUVA-‐Lightning	  Mapping	  Campaign:	  
CHUVA-‐GLM	  Vale	  do	  Paraíba	  

Courtesy of Rachel Albrecht 



CHUVA-‐Lightning	  Mapping	  Campaign:	  
CHUVA-‐GLM	  Vale	  do	  Paraíba	  

Courtesy of Rachel Albrecht 



TRMM LIS overpass: 2012-02-10 case (~100 seconds) 

CHUVA-‐Lightning	  Mapping	  Campaign:	  
CHUVA-‐GLM	  Vale	  do	  Paraíba	  

Courtesy of Rachel Albrecht 



Tese de Doutorado: Enrique MATTOS 

RESULTADOS: CFADS  

 Distribuição desloca-se para 
maiores valores de dBZ 

Distribuição desloca-se para 
valores de ZDR negativo e para ~7 

Km 

Avaliar o impacto da estrutura e microfísica das tempestades 
na eletrificação e características dos relâmpagos  



Tese de Doutorado: Enrique MATTOS 

RESULTADOS: Perfil Vertical  

DBZ: Ocorrência 
de  

LMAs associado a 
perfis mais 
convectivos 

KDP: 
Predominância de  

hidrometeoros 
oblatos na alta 
ocorrência de 

LMAs 

ZDR: Alta 
ocorrência de 

LMAs associado a 
gelo com formato 

vertical 

CORR: Diferencia 
bem a intensidade 

elétrica na fase 
líquida 

Avaliar o impacto da estrutura e microfísica das tempestades 
na eletrificação e características dos relâmpagos  



Tese de Doutorado: Enrique MATTOS 

RESULTADOS: Próximos Passos  

Avaliar as diferenças dos centros 
negativo e positivo das nuvens 

em termos das propriedades dos 
hidrometeoros  

CENTRO DE 
CARGAS 
ELÉTRICAS 
NEGATIVO 

CENTRO DE 
CARGAS 
ELÉTRICAS 
POSITIVO 

Avaliar o impacto da estrutura e microfísica das tempestades 
na eletrificação e características dos relâmpagos  



Courtesy of  Alan Calheiros 

Profiles and Integration of Cloud and Rain Liquid Water  
over Brazil using Passive and Active Ground Sensors 

INTEGRATED (mm): 
2. By Cloud 

Thickness (from 
lidar): 

1. By Sites: 

No rainy events 



Profiles and Integration of Cloud and Rain Liquid Water  
over Brazil using Passive and Active Ground Sensors 

∫
− kmH

base

C 10

INTEGRATED (mm): 
4. By Site: 5. By Rain Intensity: 

Rainy events 

Light:1 -2,5mm/h 
Moderate:2,5 à 10mm/h 
Heavy:10 à 50mm/h 
Severe: > 50mm/h 

Courtesy of  Alan Calheiros 



Profiles and Integration of Cloud and Rain Liquid Water  
over Brazil using Passive and Active Ground Sensors 

Rainy events: Mean LWC profiles (XPOL) 



•  ESTUDO DE CASO PARA O DIA 08/01/2012 SOBRE SJC às 
16:45UTC   

IWP RRx 

Ice Water Path Study Using Passive Microwave 
Sensors During the Cloud Life Cycle 



•  ESTUDO DE CASO PARA O DIA 08/01/2012 SOBRE SJC às 
16:45UTC   

Classificação de 
Nuvens 

Imagem GOES-12 

Ice Water Path Study Using Passive Microwave 
Sensors During the Cloud Life Cycle 



•  ESTUDO DE CASO PARA O DIA 08/01/2012 SOBRE SJC às 
16:45UTC   

Classificação FORTRACC 

Ice Water Path Study Using Passive Microwave 
Sensors During the Cloud Life Cycle 



  

• ANÁLISE IWP 

Ice Water Path Study Using Passive Microwave 
Sensors During the Cloud Life Cycle 



• ANÁLISE De 

Ice Water Path Study Using Passive Microwave 
Sensors During the Cloud Life Cycle 



Viés médio do Zdr à há uma nítida degradação do sinal 

Determinação do Viés do Zdr e seu Impacto na 
Classificação de Hidrometeoros 



RHI em 122o - NEXRAD - Warm 

17/02/2012-18:16Z 

17/02/2012-18:22Z 

corrigido 

corrigido 

Zdr viés = -0.58 

Classificação de 
hidrometeoro 



17/02/2012-18:28Z corrigido 

17/02/2012-18:36Z corrigido 

Classificação	  do	  MeteoFrance	  

Classificação de 
hidrometeoro 

Zdr viés = -0.58 



CHUVA Project 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEZ 

2010 Alcantara 

2011 Fortaleza Fortaleza Belem Belem Vale do 
Paraiba 

Vale do 
Paraiba 
 

2012 Vale do 
Paraiba 

Vale do 
Paraiba 

Vale do 
Paraiba 

Santa 
Maria 

Santa 
Maria 

2013  
 

São Paulo São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

São Paulo 
 

2014 Manaus Manaus Manaus 
 

Manaus Manaus Manaus 



Megacidades	  20013	  

The CHUVA -Mega Cidades-São Paulo 
Experiment is focused on the behavior of 
precipitation in a large urban center. The  

Intensive Observation Period (IOP) will allow to 
improve nowcasting techniques for severe 

weather for all seasons  



Megacidades	  20013	  

Instruments 
 
Billing Dam 
•   METEOR 50DX Radar – Dual Polarization 
•   Ott Inc. PARSIVEL Optical Laser 
Disdrometer,  
 
Physics Institute  - USP (IFUSP) 
•   Microwave Profiling Radiometer - MP3000 
•   Joss Waldvogel Acoustic Impact 
Disdrometer Model RD 80 
•   Micro Rain Radar (MRR) 
 
Air Force Base 
•   Radiosondes – temperature, humidity and 
wind profiles – 00 and 12 UTC 



Megacidades	  20013	  



IARA - GoAmazon 2014 

Activities related to Aerosol, Cloud, 

Precipitation, and Radiation Interactions 

and Dynamics of Convective Cloud Systems  

(ACRIDICON)  

 and CHUVA Project 

 
Luiz.Machado@cptec.inpe.br 



General Scientific Questions  

Ø HOW	  TO	  DESCRIBE/UNDERSTAND	  THE	  COMPLEX	  INTERACTION	  BETWEEN	  AEROSOL	  

AND	  CLOUDS;	  

Ø HOW	   TO	   IMPROVE	   MODEL	   DESCRIPTION	   OF	   CLOUD	   MICROPHYSICS	   AND	   AEROSOL	  

INTERACTIONS.	  

Ø HOW	   CLOUDS	   	   EVOLVE	   DURING	   THE	   	   LIFE	   CYCLE	   FOR	   DIFFERENT	   REGIMES	  

(PRESTINE,	  POLUTTED,	  ISOLATED,	  MOUNSSON,	  FORESTED	  AND	  DEFORESTED);	  	  

Ø HOW	  TO	  HAVE	  QPE	  FROM	  SATELLITE	  SPECIALY	  FOR	  WARM	  CLOUDS;	  

Ø WHAT	   ARE	   THE	   MAIN	   MICROPHYSICAL	   PROCESS	   WHEN	   CLOUDS	   MOVES	   TO	  

THUNDERSTORMS	  ;	  

Ø HOW	  	  BOUNDARY	  LAYER	  CONTROL/INFLUENCE	  THE	  CLOUD	  PROCESSES;	  
	  
 

 
 
 



PROPOSED MEASUREMENTS STRATEGY 
INSTRUMENT CO-LOCATED 



Instrumentation in GoAmazon 2014. 

SELEX METEOR 50DX 
 X-Band DUAL POLAION RADAR 

Multi Instrument Container and Networks 



Proposal  Locations  

LMA 



Flight Pattern -  Cloud over Forest and Deforested 

Von Randow et al. , 2004 
Fisch et al. , 2002 

Different Radiative and Thermodynamics processes 
 
W(h), DSD(h) – is there a significant difference 
 

Wang et al. , 2009 Durieux et al. , 2003 

Wind 



Key parameters 

Isolated 
Polluted 
Deforested 
Thunderstorm 

Monsoon Type 
Clear air 
Forest 
Shower 

? 

Updraft/downdraft, ice/water profile, ice type, PSD, aerosol 
concentration and profiles 



http://chuvaproject.cptec.inpe.br/portal/workshop/informacao.html 
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Thank You 


