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The	
  Challenge:	
  
•  To	
  build	
  an	
  Earth	
  System	
  Model	
  in	
  Brazil,	
  from	
  state	
  
of	
  the	
  art	
  component	
  models	
  in	
  the	
  na;on	
  and	
  
abroad:	
  

1.   To	
  incorporate	
  expert	
  knowledge	
  about	
  ocean-­‐ice-­‐
atmosphere-­‐biosphere	
  interac>ons	
  of	
  relevance	
  to	
  
Brazil;	
  

2.  To	
  provide	
  the	
  scien>fic	
  founda>ons	
  of	
  global	
  climate	
  
change	
  scenarios	
  for	
  mi8ga8on	
  and	
  adapta8on	
  
policies	
  to	
  climate	
  change	
  in	
  Brazil;	
  

3.  To	
  contribute	
  to	
  form	
  a	
  new	
  genera8on	
  of	
  modeling-­‐
capable	
  earth	
  system	
  scien8sts	
  in	
  the	
  na>on.	
  	
  



The Global Climate System 
 

FAQ 1. 2,  Fi gure 1
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Compe;ng	
  demands	
  of	
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Complexity	
  

Uncertainty	
  

Long	
  simula>ons	
  

Courtesy:	
  J.	
  Shukla,	
  IGES/COLA	
  

Human,	
  



High	
  Resolu>on	
  
Ocean	
  Modeling	
  

COLA/MOM	
  

1/4	
  

Adapted	
  from	
  Prof.	
  J.	
  Shukla,	
  by	
  	
  E.	
  Giarolla	
  

BESM/MOM4p1	
  



Climate	
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T1 < T2 



Change	
  of	
  Frequency	
  of	
  Extremes	
  



2015:	
  The	
  Warmest	
  Year	
  on	
  Record	
  



Hydrologic	
  Extremes:	
  	
  
Impacts	
  on	
  Health	
  &	
  Economy	
  

Courtesy:	
  P.Nobre,	
  INPE/CPTEC	
  



21	
  October	
  2014	
  
Cantareira	
  Water	
  
Reservoir:	
  3,0	
  %	
  



	
  
DEVELOPMENT	
  STRATEGY	
  

(i)  full	
  use	
  of	
  CPTEC’s	
  experience	
  and	
  sub-­‐models	
  
(ii)  collabora>on	
  with	
  advanced	
  climate	
  change	
  centers	
  

abroad:	
  GFDL,	
  NCAR,	
  	
  
–  Take	
  CPTEC	
  Global	
  Coupled	
  Ocean-­‐Atmosphere	
  Model	
  as	
  

the	
  structuring	
  building-­‐block	
  
–  Use	
  GFDL/FMS	
  coupler	
  to	
  add	
  components:	
  	
  

•  Dynamic	
  vegeta>on	
  with	
  carbon	
  cycle;	
  	
  
•  Con>nental	
  hydrology-­‐ocean	
  coupling;	
  
•  Ocean	
  carbon	
  cycle;	
  	
  
•  Sea	
  ice;	
  	
  



	
  
One	
  Model:	
  From	
  Weather	
  Forecas8ng	
  	
  
to	
  Global	
  Climate	
  Change	
  Scenarios	
  

	
  
Extreme	
  Events	
  Hit	
  Brazil	
  

T666L96	
  
T213L64	
  

T126L42	
  

T062L28	
  

Surface	
  Temperature	
  Trend	
  in	
  Brazil	
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Lessons	
  Learned	
  

Using	
  BESM	
  for	
  Hypothesis	
  Tes>ng	
  



Enhanced	
  Predictability	
  
Rainfall	
  over	
  Cold	
  Waters	
  

Source: Nobre et al. (2012) 

OBSERVATIONS	
  

BESM-­‐OA2.3	
  

AGCM,	
  Obs	
  SST	
  

AGCM,	
  BESM	
  SST	
  



Amazon Deforestation:  
Increased El Niño Conditions 

PRECIPITATION	
  

TEMPERATURE 

Source: Nobre et al. (2009) 

Statistically significant departures are shaded 



ERA	
  interim	
  REANALISYS	
   BESM	
  2.3	
   BESM	
  2.3.1	
  
BESM	
  UPPER	
  LEVEL	
  FLOW	
  

BESM	
  AMAZON	
  RAINFALL	
  

GPCP	
   BESM	
  2.3	
   BESM	
  2.3.1	
  

Bo@no	
  and	
  Nobre	
  (2016)	
  to	
  be	
  Submiked	
  



Atlan>c	
  ITCZ	
  simula>ons	
  

ERAI	
  

NCCS	
  	
  (bias	
  =	
  -­‐1.72;	
  	
  	
  rmse	
  =	
  2.95)	
  

CTRL	
  	
  (bias	
  =	
  -­‐4.38;	
  	
  	
  rmse	
  =	
  5.11)	
  

V	
  at	
  10	
  m	
  (m/s):	
  5N	
  30W	
  +/-­‐	
  2	
  

ITCZ	
  Meridional	
  Migra>on	
  

Bo@no	
  and	
  Nobre	
  (2016)	
  to	
  be	
  Submiked	
  



Tropical	
  ATL	
  SST-­‐tau	
  hovmoller	
  
Increased	
  wind	
  stress,	
  sst	
  warming	
  and	
  cooling	
  

Beker	
  sst	
  annual	
  cycle	
  	
  
S>ll	
  has	
  a	
  phase	
  shio	
  

Wrong	
  cooling/warming	
  
	
  propaga>on	
  

Siqueira	
  et	
  al	
  (in	
  prepara>on)	
  



River	
  discharge	
  	
  
effects	
  on	
  Salinity	
  	
  

MOM4p1 
with river discharge 

Source: P. Nobre (personal 
comm.) 
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Ocean	
  Carbon	
  Cycle	
  
pCO2	
  

Source:	
  De	
  Farias	
  et	
  al	
  (2012)	
  

Salinity	
  



THE MARINE BIOGEOCHEMICAL COMPONENT IN THE BRAZILIAN 
EARTH SYSTEM MODEL (BESM) 

Tracers of Ocean Phytoplankton with Allometric Zooplankton (TOPAZ) 

The effect of removal of the nutrients 
transported by the rivers on DIC 

The effect of  the river discharges 
and nutrients removal on DIC 

The nutrients carried by the river discharges have a impact on the Dissolved Inorganic 
Carbon  (DIC) concentration, with the removal of the nutrients are a decrease of DIC. 
However with the removal of the river discharge and nutrients there is an increase of 
DIC due to the increase of alkalinity, as a consequence of the increase of salinity. This 
has consequences on the carbon flux between ocean and atmosphere. 



River	
  Discharge	
  Induced	
  
Coupled	
  Oscila>ons	
  

(Nobre	
  et	
  al,	
  2016,	
  in	
  prepara>on)	
  



Climate	
  Change	
  Results	
  

The	
  efforts	
  to	
  get	
  into	
  CMIP5	
  



BESM2.5	
  CMIP5	
  
Runs	
  1850-­‐2100	
  

Air	
  Temperature	
  at	
  2m	
  

Courtesy:	
  V.	
  Capistrano,	
  INPE/BESM	
  



Atlantic Meridional Mode 
SST, Taux, Tauy Joint EOF1  

BESM2.5 historical run (11.4%) ERSSTv4 (9.3%) 

Courtesy:	
  S.	
  Veiga,	
  INPE/PGMET	
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Courtesy:	
  V.	
  Capistrano,	
  INPE/BESM	
  



BESM	
  –	
  CMIP5	
  	
  
Cloud	
  Feedback	
  

TROPICS	
   GLOBAL	
  

Capistrano	
  et	
  al	
  (TBS)	
  



Annual	
  Mean	
  Precipita>on	
  Varia>on	
  

INCREASE	
  

DECREASE	
  

BESM	
  Extreme	
  Events	
  in	
  
a	
  Changed	
  Climate	
  

Source:	
  Pesquero,	
  Nobre	
  et	
  al	
  (TBS)	
  



BESM	
  Extreme	
  Events	
  in	
  
a	
  Changed	
  Climate	
  

Consecu>ve	
  Dry	
  Days	
   Extreme	
  Precipita>on	
  Days	
  

Increase	
  

Source:	
  Pesquero,	
  Nobre	
  et	
  al	
  (TBS)	
  



BESM’s	
  AMOC	
  Strength	
  
4xCO2	
  Simula>on	
  

Courtesy:	
  Sandro	
  Veiga,	
  PGCCST/INPE	
  



Arc>c	
  Ice	
  
	
  in	
  CMIP5	
  Models	
  

Courtesy:	
  Fernanda	
  Casagrande,	
  INPE/PGCCST	
  



Seasonal	
  Climate	
  Predic>ons	
  

BESM	
  as	
  part	
  of	
  opera>onal	
  seasonal	
  
forecas>ng	
  



BESM/CPTEC ENSO 
FORECAST 

OND 2015 SST FCST 
IC: Sept/2015 

OND 2015 SST 
ersst 

Courtesy:	
  Carlos	
  R.	
  de	
  Sousa,	
  Rede	
  CLIMA	
  



NCEP	
  CFSv2	
   INPE	
  BESM	
  v2.3	
  

ENSO SST Outlook: 	
  
Issued: February 2016 

Issued: 02 October 2014 

Courtesy:	
  Carlos	
  R.	
  de	
  Sousa,	
  Rede	
  CLIMA	
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 BESM Automated Run Suite 
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Courtesy:	
  B.	
  Antunes,	
  M.	
  Bap>sta,	
  F.	
  Odorize	
  



NEC SX-6 
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  storage	
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  P.	
  Bona@,	
  INPE/CPTEC	
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Brazil	
  Par8cipa8on	
  on	
  the	
  
Earth	
  System	
  Grid	
  Federa8on	
  -­‐	
  

ESGF	
  
Brazil	
  

Courtesy:	
  Wander	
  Mendes,	
  INPE/BESM	
  



hkp://besm.ccst.inpe.br/produtos/	
  

Courtesy:	
  B.	
  Antunes,	
  INPE/BESM	
  



hkp://besm.ccst.inpe.br/esgf/	
  

Courtesy:	
  F.	
  Odorizze,	
  INPE/BESM	
  



Model	
  Improvement	
  

There	
  will	
  be	
  always	
  Much	
  to	
  be	
  done	
  



CPTEC	
  AGCM	
  	
  
TQ299L64	
  (~44	
  Km)	
  

Components	
   BESM2.3	
   BESM	
  2.5	
  
Dynamics	
   Eulerian	
  Reduced	
  Grid	
   Semi-­‐Lagrangian	
  Reduced	
  Grid	
  
Short	
  Wave	
   CLIRAD	
  (Tarasova	
  et	
  al.	
  2007)	
  CLIRAD	
  (Tarasova	
  et	
  al	
  2007)	
  
Long	
  Wave	
   HASHVARDHAN	
  (1987)	
   HASHVARDHAN	
  (1987)	
  
PBL	
   MELLOR	
  YAMADA	
  2.0	
  (1982)	
  HOSTLAG	
  BOVILLE	
  (1992)	
  
Surface	
   SSiB	
  (1991)	
   IBIS	
  2.6	
  (1996),	
  Kubota(2012)	
  
Deep	
  Convec>on	
   RAS	
  	
   GRELL	
  &	
  DEVENYI	
  (2002)	
  
Shallow	
  
Convec>on	
   TIEDKE	
  (1983)	
   TIEDKE	
  (1983)	
  
Large	
  Scale	
  Precip	
   Large	
  Scale	
  condensa>on	
   Ferrier	
  (Ferrier	
  et	
  al.,	
  2002)	
  	
  

Gravity	
  Wave	
   ALPERT	
  (1988)	
   ALPERT	
  (1988)	
  





Silvio	
  N.	
  Figueroa	
  (pers.	
  Comm.)	
  



	
  Super	
  Typhoon	
  Haiyan	
  2014	
  
24	
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  (T666L64)	
  

CPTEC	
  T666L64	
  24h	
  FCST	
   TRMM	
  RAINFALL	
  OBS	
  

Courtesy:	
  Silvio	
  N.	
  Figueroa,	
  INPE/CPTEC	
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   T2m	
   q2m	
  

Control	
   7.90	
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   2.88	
  

Jimenez	
  SL	
   1.19	
   0.17	
   4.30	
  

u10m	
   T2m	
   q2m	
  

Control	
   15.57	
   0.40	
   6.45	
  

Jimenez	
  SL	
   1.22	
   0.17	
   3.79	
  

Normalized	
  root-­‐mean-­‐square-­‐error	
  (NRMSE).	
   NRMSE	
  over	
  the	
  ocean.	
  

Courtesy	
  V.	
  Capistrano,	
  INPE/BESM	
  

PBL	
  PARAMETERIZATION	
  



MOM5	
  Tidal	
  Phase	
  
Impact	
  

10	
  Years	
  
20	
  Years	
  

	
  Sea	
  level	
  seasonal	
  differences	
  between	
  default	
  configura>on	
  ,	
  
DFT	
  (just	
  amplitudes)	
  and	
  T8	
  (amplitude	
  plus	
  phase)	
  	
  aoer	
  10	
  
and	
  20	
  years	
  of	
  simula>on	
  

Courtesy:	
  M.	
  C.	
  Costa,	
  INPE/PGCST	
  
	
  



Radia>ve	
  Forcing	
  



Using	
  the	
  superficial	
  drainage	
  as	
  
topographical	
  reference	
  

The	
  HAND	
  Algorithm	
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The HAND allows the remote 
 quantification of areas in each type terrain,  

with unprecedented precision 
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BESM	
  PROJECT	
  
Produc>on	
  

Published Papers on Journals! 26!

Manuscripts in Preparation! 8!

Ph.D. Dissertations Completed! 3!

M.Sc. Thesis underway! 1!

Ph.D. Dissertations underway! 6!

Lectures and Conferences! 19!

Inteviews and Divulgation Articles! 19!

Seminars! 50!

Summer Schools! 5!

Global Climate Change Scenarios 
(years)!

10.000+!

!



FAPESP	
  School	
  on	
  Global	
  Climate	
  Modeling	
  	
  
	
  October	
  2011,	
  Ubatuba/SP.	
  	
  
Professors:	
  Dr.	
  C.	
  A.	
  Nobre,	
  MCTI;	
  Dr.	
  P.	
  Nobre,	
   INPE;	
  Dr.	
  G.	
  Brasseur,	
  Max	
  Plank	
   Ins>tute	
  –	
  
Alemanha;	
  Dr.	
  A.	
  D.	
  Nobre,	
   INPE;	
  Dr.	
   J.	
   Carton,	
  University	
   of	
  Maryland	
  –	
   EUA;	
  Dr.	
   L.	
  Drude,	
  
UFC;	
   Dr.	
   M.	
   Coe,	
   Woods	
   Hole	
   Research	
   Center	
   –	
   EUA;	
   Dr.	
   A.	
   V.	
   Krusche,-­‐USP;	
   Dr.	
   P.	
   N.	
  
Vinaychandran,	
  IISc–India;	
  Dr.	
  C.	
  Gnanaseelan,	
  IITM	
  –	
  India.	
  

FAPESP	
   Advanced	
   Lectures	
   on	
   the	
   Physical	
   Processes	
   in	
   the	
  
Brazilian	
  Earth	
  System	
  Model	
  (BESM):	
  Cloud	
  Microphysics	
  	
  
February	
  2014,	
  Cachoeira	
  Paulista,	
  SP.	
  	
  
Professors:	
  Dr.	
  H.	
  Morrison	
  –	
  NCAR,	
  USA;	
  Dr.	
  S.	
  N.	
  Figueroa	
  –	
  INPE;	
  Dra.	
  R.	
  I.	
  Albrecht	
  –	
  INPE;	
  
Dr.	
  G.	
  P.	
  Almeida	
  –UFC.	
  	
  

FAPESP	
   Advanced	
   Lectures	
   on	
   the	
   Physical	
   Processes	
   in	
   the	
  
Brazilian	
  Earth	
  System	
  Model	
  (BESM):	
  Planetary	
  Boundary	
  layer	
  
and	
  Turbulence	
  Parameteriza8on	
  
	
  March	
  2014,	
  Cachoeira	
  Paulista,	
  SP.	
  
Professors:	
   Dr.	
   S.	
   Park,	
  NCAR-­‐	
  USA;	
  Dr.	
   S.	
  N.	
   Figueroa	
   -­‐	
   INPE;	
  Dr.	
  O.	
  Moraes	
   –	
  MCTI;	
   Dr.	
  O.	
  
Acevedo	
  –	
  UFSM;	
  Dr.	
  F.	
  Denardim	
  –	
  UFRS.	
  	
  

FAPESP	
   School	
   on	
   Global	
   Climate	
   Modeling	
   Coupled	
   Data	
  
Assimila8on	
  	
  
27	
  July	
  2015,	
  Cachoeira	
  Paulista,	
  SP.	
  
Professor	
  Dr.	
  S.	
  LAKSHMIVARAHAN	
  -­‐	
  School	
  of	
  Computer	
  Science	
  University	
  of	
  Oklahoma.	
  	
  

FAPESP	
  School	
  of	
  cloud	
  resolving	
  models	
  for	
  development	
  and	
  
improvement	
  of	
  moist	
  physical	
  parameteriza8ons	
  	
  
November	
  2015,	
  Cachoeira	
  Paulista,	
  SP.	
  
Professor:	
  Marat	
   Khairoutdinov	
   -­‐	
   at	
   the	
   School	
   of	
  Marine	
   and	
   Atmospheric	
   Sciences,	
   Stony	
  
Brook	
  University.	
  	
  

Summer Schools 

2011	
  -­‐	
  Ubatuba/SP	
  

2015	
  -­‐	
  Cachoeira	
  Paulista/
SP	
  



Par>cipa>ng	
  Ins>tu>ons	
  

•  Coordina8on:	
  INPE	
  
•  Atmosphere:	
  	
  

–  INPE/CPTEC,	
  USP,	
  UFSM,	
  UFCG,	
  NCAR	
  
•  Ocean:	
  	
  

–  INPE/CPTEC,	
  NOAA/GFDL,	
  NASA/GISS	
  
•  Surface:	
  	
  

–  INPE/CCST,	
  USP,	
  UFV,	
  UFSM,	
  WHRC,	
  EMBRAPA	
  
•  Chemistry:	
  	
  

–  INPE,	
  IITM,	
  NCAR	
  



What	
  is	
  the	
  Brazilian	
  contribu8on	
  to	
  the	
  	
  
knowledge	
  of	
  global	
  climate	
  change	
  and	
  
especially	
  climate	
  change	
  	
  in	
  Brazil?	
  

•  A	
  good	
  representa>on	
  of	
  precipita>on/convec>on	
  
in	
  the	
  Amazonia	
  and	
  SACZ	
  regions	
  is	
  important	
  to	
  a	
  
good	
  global	
  climate	
  	
  representa>on.	
  They	
  are	
  
sources	
  of	
  humidity	
  (Amazonia)	
  and	
  Rossby	
  waves	
  
(SACZ).	
  	
  

•  	
  The	
  majority	
  of	
  global	
  models,	
  although	
  
represen>ng	
  the	
  general	
  features	
  of	
  South	
  
America,	
  presents	
  deficiencies	
  in	
  this	
  
representa>on.	
  	
  



Concluding	
  
Remarks	
  

•  BESM-­‐OA	
  fully	
  coupled	
  global	
  model	
  has	
  been	
  
completed,	
  allowing	
  Brazil	
  to	
  inaugurate	
  its	
  
par>cipa>on	
  in	
  the	
  CMIP5	
  global	
  climate	
  change	
  
model	
  intercomparison	
  project.	
  

•  Next	
  steps:	
  Developing	
  BESM	
  into	
  a	
  Full	
  ESM,	
  
with	
  dynamical	
  vegeta>on,	
  con>nental	
  hydrology	
  
and	
  atmospheric	
  chemistry,	
  toward	
  CMIP6:	
  
– High	
  Resolu>on	
  Earth	
  System	
  Scenarios	
  
–  Climate	
  variability	
  and	
  extreme	
  events	
  research	
  
–  Paleoclimate	
  Studies	
  



	
  
	
  
	
  
	
  

ATMOSPHERE	
   OCEAN	
   SURFACE	
  

AEROSOLS	
  &	
  
CHEMISTRY	
  

Silvio	
  N.	
  Figueroa	
  
José	
  P.	
  Bona@	
  
Paulo	
  Kubota	
  
Enver	
  Ramirez	
  
Julio	
  C.	
  Chagas	
  
Josiane	
  Silva	
  

	
  	
  
	
  

	
  
	
  
	
  
 	
  

Science & Development Team	
  

Débora	
  Alvim	
  
Jayant	
  Pendharkar	
  
Ta>ana	
  Tarasova	
  

Paulo	
  Nobre	
  (PI)	
  
Vinícius	
  B.	
  Capistrano	
  
Emanuel	
  Giarolla	
  
Andre	
  Lanfer	
  
Helena	
  Soares	
  

Raquel	
  Leite	
  Mello	
  
Mabel	
  C.	
  Costa	
  

	
  

Gilvan	
  Sampaio	
  
Manoel	
  Cardoso	
  
Celso	
  Randow	
  
Jorge	
  Bustamante	
  
Marcos	
  Sanches	
  
Adriana	
  Luz	
  
Antono.	
  D.	
  Nobre	
  
Carlos	
  Guimarães	
  Jr.	
  
Michael	
  Coe	
  (WHRC)	
  
Marcos	
  H.	
  Costa	
  (UFV)	
  
	
  
	
  

COUPLER/HPC	
  

Celso	
  Mendes	
  
Manuel	
  Bap>sta	
  
Bianca	
  Antunes	
  
Felipe	
  Odorizi	
  
Luiz	
  Flavio	
  



How	
  to:	
  

•  BESM	
  Global	
  Climate	
  Change	
  Scenarios	
  via	
  ESGF:	
  
– hkp://besm.ccst.inpe.br/esgf/	
  
	
  

•  BESM	
  Time	
  Series	
  over	
  South	
  America:	
  
– hkp://besm.ccst.inpe.br/produtos/	
  
	
  

•  Contact	
  BESM	
  Development	
  Team:	
  
– besm@inpe.br	
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