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Configuration and assessment of INPE/CPTEC
Global Atmospheric Model for sub-seasonal predictions

Guimaraes, BS, CAS Coelho, SJ Woolnough, PY Kubota, CF Bastarz, JP Bonatti, SN Figueroaand DC de Souza,
2020: Configuration and hindcast quality assessment of a Brazilian global sub-seasonal prediction system.
QJRMS. 146, 728, Part A, 1067-1084

What is the most adequate model configuration for producing predictions 1 to 4 weeks ahead?

Model: Brazilian Global Atmospheric model [BAM (Figueroaet al., 2016)] used at INPE/CPTEC for numerical global weather and
seasonal climate predictions

This was the first outcome of the use of BAM for sub-seasonal predictions aiming to determine which model configuration presents
the best performancefor this time scale: Aligned with WWRP/WCRP S2S project

Subseasonal-to-Seasonal
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World Climate Research Programme Prediction Project

Special attention given to characteristics such as vertical resolution, deep convectionand boundary layer parameterizations as well
as soil moisture initialization

Chosen horizontal resolution: T126 (~100 km)

Hindcastensemble produced twice a month for 12 extended austral summers (Nov-Mar): 1999/2000 to 2010/2011
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Global mean correlation for precipitation anomalies averaged over 60°N and 60°S
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Guimaraes, BS, CAS Coelho,SJ Woolnough, PY Kubota, CF Bastarz, JP Bonatti, SN Figueroaand DC de Souza, 2020: Configuration
and hindcast quality assessment of a Brazilian global sub-seasonal prediction system. QJRMS. 146, 728, Part A, 1067-1084



How does INPE/CPTEC model compare with S2S project
models?

Guimaraes, BS, CAS Coelho, SJ Woolnough, PY Kubota, CF Bastarz, JP Bonatti, SN Figueroaand DC de Souza
(2021) An inter-comparison performance assessment of a Brazilian global sub-seasonal prediction model against
four sub-seasonal to seasonal (S2S) prediction project models, Climate Dynamics. 56, 2359-2375.

This study performed a global assessment of INPE/CPTEC model (BAM-1.2) when

producing sub-seasonal predictions, focusing on an inter-comparison with four S2S
project models (JMA, ECCC, ECMWF and BoM)

Special attention devoted to performing a fair comparison between INPE/CPTEC and these
four S2S project models in terms of using the same hindcast samples size, the same
hindcast period (1999/2000-2010/2011) and the same number of ensemble members



Main characteristics of investigated models

TQ1l26 L42
CPTEC BAM-1.2 Q
(~100 km)
TI479/TI319L100
GEPS1701 5 NO
(~40 / 55km)
GEPS5 iy las 4 NO
S2S Project (~39 km)
models ==
e Tco639/Tco319191 - -
(~16 / 32km)
POAMA(24a) Ta7Lis 11 YES
(~250 km)

Common ensemble size: 4 members of all models (det. assessment of ens. mean)
11 members for CPTEC, ECMWF and BoM (prob. assess.)
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Global (60°N — 60°S) and South America (0°-30°S, 55°W-35°W)
mean corr. and RMSE (mm/day) btw predicted and obs. prec. anoms.

Correlation RMSE
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« ECMWF (red line) shows the best performance followed by JMA (orange line)

* INPE/CPTEC (black line) has similar performance to the other models over global and South America region

e Vertical bar: bootstran 95% confidence intervals



Area under ROC curve (AROC) for
INPE/CPTEC and S2S models event pos precip. anom.
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ROC area for South America
(0°-30°S, 55°W-35°W) region:
mean values for event

positive precipitation anomalies

All models * AROC computed for probabilistic predictions for the event positive precipitation

with 11 anomaly for assessing discrimination ability

members * The three models have comparable AROC spatial patterns

- ECMWEF ranks as the best model, followed by CPTEC and BoM



Experimental INPE/CPTEC
sub-seasonal precipitation prediction
for 14 days accumulation (5-18 Jan 2022) issued on 5 Jan

CPTEC (BAM1.2) SUBSEASONAL FORECAST: PRECIP. ANOM. (mm) CORRELATION BETWEEN FORECAST AND OBS. ANOMALIES

ISSUED: 05 AN 2022 VALID FOR: 05 AN 2022 TO 18 AN 2022 (14 DAYS)

PRECIPITATION (1999-2018)

OBSERVED PRECIP. (CPC) FOR: 05 AN 2022 TO 18 AN 2022 ISSUED: JAN VALID FOR FORTO1
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Reasonable performance in representing the observed South Atlantic Convergece Zone
and precipitation anomalies over northern northeastand south Brazil



CPTEC/INPE (BAM1.2) 2—METRE TEMPERATURE ANOMA

FORECAST ISSUED: 25 OCT 2023
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FOR WEEK 3: 08 NOV 2023 TO 14 NOV 2023 (7 DAYS)

Real time INPE/CPTEC

sub-seasonal temperature prediction

for 7 day mea
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Reasonable performance in predicting temperature anomalies
over Argentina and central Brazil during a recent heatwave event
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New CPTEC/INPE sub-seasonal prediction web portal

PREVISAO SUBSAZONAL

TReSio U http://subsazonal.cptec.inpe.br
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Fravicha Aallagla erfloaglio Diowmicade Documentagho BAM-1.2 - CRTECANPE
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FORECAST (BAM1.2) ISSUED: 13 SEP 2023 FORECAST (BAM1.2) ISSUED: 13 SEP 2023

FOR WEEK 1: 13 SEP 2023 TO 19 SEP 2023 (7 DAYS)

FOR WEEK 2: 20 SEP 2023 TO 26 SEP 2023 (7 DAYS)
S |
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Forecasts issued Every Wednesday for weeks 1 to 4, fortnights 1and 2, 21 and 30 days  Calibrated predictions based on linear regression of
Verification products produced using hindcasts over the 1999-2018 period (20 Years) ensemble mean forecasts on observed precipitation



New CPTEC/INPE sub-seasonal prediction

PREVISAO SUBSAZONAL

MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAO

Home Tempo Clima Previsdo Numérica Satélite Ondas Dados Observacionais Instumentacdo Bacias Qualidade do Ar Pos Graduacdo ﬂ%”k

Forecasts Comparison Verification Downloads Documentation

Regions: Variables: Map Type:

oroducts

http://subsazonal.cptec.inpe.br

B.- Portugués g English

BAM-1.2 - CPTEC/INPE

Time range: Date Issued:

| South America v| | Precipitation v| | Anomaly

v| |7 days v| |Montv||Year v||2023-11-22

W

Calibrated Precipitation
CPTEC/INPE (BAM1.2) 2 Metre Temperature
FORECAST I Calibrated 2 Metre Temperature
Sea Level Pressure
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Forecasts issued Every Wednesday for weeks

1 to 4, fortnights 1 and 2, 21 and 30 days
Verification products produced using hindcasts over the 1999-2018 period (20 Years)

CPTEC/INPE (BAM1.2) PRECIPITATION ANOMALY (mm)
FORECAST ISSUED: 22 NOV 2023
FOR WEEK 2: 29 NOV 2023 TO 05 DEC 2023 (7 DAYS)
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Calibrated predictions based on linear regression of |
ensemble mean forecasts on observed precipitation



PREVISAO SUBSAZONAL _
MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAO htt p :lls u bsazo n a I . cptec ] I n pe " b r
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Forecasts Comparison Verification Downloads Documentation BAM-1.2 - CPTEC/INPE
Regions: Variables: Map Type: Time range: Date Issued:
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CPTEC/INPE (BAM1.2) PRECIPITATION ANOMALY (mm) OBSERVED WEEKLY PRECIPITATION ANOMALY (mm)
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New sub-seasonal verification products

PREVISAO SUBSAZONAL  nhttp:/isubsazonal.cptec.inpe.br

Home Tempo Clima Previsdo Numérica Satélite Ondas Dados Observacionais Instumentagio Bacias Qualidade do Ar Pids Graduac3o Ve BPnrtLgf:s %Engish

Forecasts Comparison Verification Documentation BAM-1.2 - CFTEC/INPE
Regions: Variables: Verification product: Time range: Verifying month:
[ Global |  [Calibrated Precipitation Anomaly w|  [ROC Area (Positive or negative anomiv | [T days ~|  [August v
ROC AREA: BAM1.2 (CPTEC/INFE) REF: GPCP ROC AREA: BAM1.Z (CPTEC/INPE) REF: GPCP
POS. OR NEG. PRECIPITATION ANOMALY (1999-2018) POS. OR NEG. PRECIPITATION AMOMALY (1999-2018)

EQ{

305 4

605

0 BOE 120E 180 120w BOW 0

0.5 0.6 0.7 0.8 0.9

Forecasts issued Every Wednesday for weeks 1 to 4, fortnights 1and 2,21 and 30 days  Calibrated predictions based on linear regression of
Verification products produced using hindcasts over the 1999-2018 period (20 Years) ensemble mean forecasts on observed precipitation



Development and implementation of
a multi-model ensemble
sub-seasonal precipitation prediction system
for Brazil

Join effort between INPE/CPTEC and FUNCEME

' , [ ' /Northest Brazil
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Ceara State



Main features of used global models

Hincast period | Number of ensemble | Prediction | Initialization Characteristics
NEELS length

(hindcasts/realtime
predictions)

CPTEC/INPEBAM1.2 1999-2016 11/11 35 days Every Wednesday Atmosphere and land
components, prescribed sea
surface temperature

NCEP/EMC GEFSv12 1999-2016 11/31 35 days Every Wednesday Atmosphere and land

(SubX) components, prescribed sea
surface temperature

NOAA/ESRLFIM 1999-2016 4/4 32 days Every Wednesday Coupled ocean-atmosphere-

(SubX) land-sea ice components

NCEP CFSv2 1999-2016 4/4 44 days Every Day Coupled ocean-atmosphere-

(SubX) land-sea ice components

The three selected Subseasonal prediction Experiment Project (SubX) models and BAM1.2 produce
real time predictions allowing the generation of operational multi-model ensemble predictions



INPE/CPTEC and FUNCEME multi-model ensemble
sub-seasonal precipitation predictions

PREVISAO SUBSAZONAL - MULTIMODELO CALIBRADOD

SL':;{SEESOTAL O ) 0612023 - 11/07/3053 (14 dins) Models:
. SO o N BAM-1.2 (INPE/CPTEC)
Multimodelo FARGE * CFSv2 (NCEP)[SubX]
Previsio Verificagdo GEFSV12 (NCEP) [SUbX]
MODELOS: s FIM (ESRL/NOAA) [SUbX]
mMultimodelo
PRODUTOS: 20°s Calibrated preditions based on linear
el n regression of the multi-model ensemble
* probabiicade o mean of the 4 models on GPCP observed
REGIAO: precipitation

Ameérica do Sul

ANC DE PREVISAQ:

2023

DATA DE INICIALIZAGAO:

2023-06-25

PERIODO DE PREVISAO:

14 dias

G0°5
80°W BO"W TOYW BO°W 50°W A0°W 30°W

Modelos: BAM-1.2/CPTEC, CF5v2/NCEP, GEF5v12/NCEF, ESRL/NOAA (Fonte: SubX e CPTEC/INPE)

Products for the following regions:
Global, South America,
Northeast Brazil and Ceara State

Forecast and verification products for:
Weeks 1 to 4

Fortnigh 1and 2

30 and 44 days

Calibration and verification performed using
18 years of hindcasts (1999-2016)

http://lwww.funceme.br/dashboard/subsaz_forecast



Example of calibrated multi-model ensemble
precipitation prediction product developed for Ceara

MAR 29 2023

Accumulated
precipitation
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Assessing the benefit of multi-model ensemble calibrated
predictions compared to individual models calibrated
predictions for Ceara:

Brier Skill Score (BSS) wrt to climatology for the event
positive precipitation anomaly

FEBRUARY MARCH APRIL
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Example of product developed for South America

H H HP . OBSERVED FORTNIGHTLY PRECIPITATION ANOMALY
Calibrated multi-model ensemble prediction: FOR 15 MAR 2023 TO 28 MAR 2023 (14 DAYS)

Probability of positive precipitation anomaly _ DATA SOURCE: CPC

T
for the period 15 to 28 March 2023, issued on 15 March 5
T T 100 1UN 7
10°N
90
EQ+, =
0° 80 E
<
[ 7° 10S - g
10°S e
- 60 o
20°S L 55 20S A
- 45 >
30°S 30S - E
L 40 o
<
40°s 30 405 - 2
o
[e2]
20 Z
50°S
10 508
60°S
90°W 80°W 70°W 60°W 50°W 40°W 30°W 60S
Modelos: BAM-1.2/CPTEC, CFSv2/NCEP, GEFSv12/NCEP, ESRL/NOAA (Fonte: SubX e CPTEC/INPE) 90w 80W 70W 60W 50W 40W 30w

Additional Global and regional prediction and verification products
available at http://www.funceme.br/dashboard/subsaz_forecast



Boletim

de monitoramento climatico de
grandes bacias hidrograficas
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Previsdao multi-modelo subsazonal CPTEC/INPE-FUNCEME produzida em 14/11/2023

para os proximos 7 e 14 dias.

A previsdo multi-modelo subsazonal calibrada CPTEC/INPE-FUNCEME € gerada através de cooperacdo
cientifica entre 0 CPTEC/INPE e a FUNCEME, sendo proveniente do conjunio de 4 modelos globais (um
modelo brasileiro, 0 BAM-1.2/CPTEC, e trés modelos dos EUA, CFSv2/NCEP, GEFSVI2/NCEP e ESRLINOAA,
estes trés dltimos do projeto SubX). As anomalias de precipitacdo previstas sdo determinadas em relacdo ao
periodo climatoldgico de 1999 a 2016. A seguir sdo apresentadas as saidas para o intervalo de previsdo de 07
e 14 dias detalhando o comportamento previsto sobre as bacias de interesse.

PREVISAO SUBSAZONAL—MULTIMODELO CALIBRADO 1 |Ab i
Anomalia (mm) de Precipitagdo Acumulada 2 |Amazonas (BR)
(07 Dias) Periodo: 15/11/2023 — 21/11/2023 3 Am (PE)
4 |Aripuana
‘ e 5 |Beni
- 6
7

b

10
11 [Iriri
12 [Japura
13 [Javari
14 i-Parana ©
15 |Jurua PREVISAO SUBSAZONAL—MULTIMODELO CALIBRADO 1 |Abacaxis
16 |[Juruena Anomalia (mm) de Precipitagdo Acumulada 2 |A BR
i; SitalR (14 Dias) Periodo: 15/11/2023 — 28/11/2023 i ;_ a (PE)
ri
19 [Mamoré o Tl 2 5 |Beni
20 |Marafion 6 |Branco
21 |Marg Esq (AM) 7 |Coari
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iy i 7, 27 |Solimées | 13 [avari
BIW  7BW  75W  72W  6GW  66W  63W  6OW  5TW  5AW 51  4BW 28 [Tapajés 14 Ji-Parana
T T T T T T 29 [Tefé 15 Jurua
-150-100-50 -25 =10 -5 5 10 25 50 100 150 mm 30 [Teles Pires 16 [N
Modslos: BAM—1.2/CPTEC, CFSv2/NCEP, GEFSv12/NCEP e ESRL/NOAA 31 [Ucayali 717 [Jutai
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Final remarks
Stimulated by WMO WWRP/WCRP S2S project: Successfully implemented global

numerical sub-seasonal predictions in Brazil (produced every Wednesday)
Brazilian sub-seasonal prediction system performance is broadly comparable to
other S2S systems: Plenty of room for improvements

Implemented a multi-model sub-seasonal precipitation prediction system for
producing routinely global, regional and local (for Ceara State) predictions

The produced predictions are being disseminated in national level bulletins and
briefings for the federal government in Brazil, used to help guide planning water
management and agricultural activities in Ceara State, and are also being

disseminated in the Amazon basin weekly bulletins



Thank you for your attention

caio.coelho@inpe.br
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