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COMO SAO PRODUZIDAS AS PREVISOES NUMERICAS DE
TEMPO E CLIMA?
Modelos numéricos baseados em leis da fisica
eConservacao do momentum angular
eConservacao da massa

eConservacao da energia total



MODELAGEM DA ATMOSFERA
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Condicgdes iniciais

CPTEC surface Observations on 12z 18 june 2002, +3h

Distribuicao dos dados: Superficie 18 Jun 2002 127  [-3h+3n]
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Condicgdes iniciais

Obs Type

5579 AIREP

7730 AMDAR

ECMWF Data Coverage (All obs) - AIRCRAFT
18/JUN/2002; 12 UTC o
Total number of obs = 40854

150= 120%%




Etapas para produzir PNT

Observacoes . y
Pré-Processamento First Guess
controle de qualidade \ / (Previsdo: T- 6h ou T-12h)

Analise
(assimilagao de dados)

l

. Condigoes de
Modelo Numérico

«——contorno lateral

Po6s processamento

/ Binarizacao

Dominio Publico Banco de dados

Meteorologistas
Aplicacoes especificas

Diversos usuarios



O espago € dividido em caixas
definidas por grades
horizontais e niveis verticais.

Em cada caixa a atmosfera é
homogénea e é suficiente
conhecer o valor em 1 ponto
da caixa.
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Modelo Numérico Atmosférico

Cddigo computacional (centenas de milhares de linhas de comando) que
representa aproximagdes numéricas das equagdes matematicas.

O calculo é feito para alguns dias de previsao, uma estacao do ano, varios
anos, décadas, e para cenarios de mudancas climaticas.

40 km Nimero de elementos:

119x 211 x 38=954142
E-W N-S Vertical

40 km

Calcula-se para cada um destes
volumes:

Temperatura, umidade, direcao e
velocidade do vento, altura
geopotencial

Interagoes laterai

Interagdes com a superficie

\




Fenomenos

1. El Nino/La Nina

2. Osc. Madden Julian — MJO
3. Zona Convg Atl Sul - ZCAS
4.Ciclone extratropical
5.Ciclone tropical (furacao)
6.Frentes Frias/Quentes
7.Complexos Convectivos -MCC
8.Linhas de instabilidade
9.FenOmenos orograficos

10. Convecc¢ao profunda

11. Efeitos urbanos

12. Tornado

13. Plumas de fumaca

14. Turbuléncia

ESCALA
ESPACIAL

ESCALA
TEMPORAL

Aprox 15000 km 3 — 6 anos
Aprox 10000 km 30 — 60 dias
Aprox 6000 km 5 —10 dias

1000 — 6000 km
500 — 1000 km
50 — 500 km
50 — 500 km
50 — 500 km
10 — 200 km

1 —50 km

1 —20 km

500 m—1 km
<500 m

<50 m

1 —7 dias
1 —2 dias
3-24h
12h-30h
12 h—30h
<24 h
<3h

<3h

< 30 min
<30 min

<3 min



Papel dos Modelos de Previsdo Numérica de Tempo

* Globais: Acompanhamento dos padrdes de escala sinética para todo o globo.

* Regionais: Aplicagcdo semelhante aos modelos globais, mas com resolugdo
maior sobre uma drea limitada de interesse.

* Mesoescala: Acrescenta detalhes aos padrdes de escala sinética previstos
no modelo regional.

Interacdo entre os modelos

Mesoescala

A 4

———  Global _ » Regional
Ci g'c Ci
Global do CPTEC Eta cC Meso-Eta
200km 40km 20km 10



V.J MECHANICAL MIXING
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Produtos do Modelo Eta

MCT/INPE/CPTEC — REGIONAL MQDEL GRID HISTORY
Hourly from™ 25NOV2010, 00Z SAO_PAULO, SP,
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Deterministic forecast skill (location and time of weather event) range is of few days.

However, for long term integration, the climate statistics matters.

The RCM develops physically consistent, both internally and with the driving large-
scale flow through the lateral boundary condition (LBC)
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QUAIS SAO AS ETAPAS DA PREVISAO CLIMATICA SAZONAL?
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Need of ensemble forecasts due to various uncertainties

Different methods to generate ensemble forecasts

*1 - Initial conditions perturbations;
*2 - Multi-model ensemble;

*3 - Model physics perturbations

The ensemble forecast provides a set of possibile cenarios
> > Probability of the forecast of an event
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Evaluation of predictability

- F 8-

CPTEC/INPE

Previsae da Anomalia de Precipitacas (mm/dia)
Sudeste do Brasil

o

CPTEC/INPE

Previsae da Anomalia de Precipitacae (mm/dia)
Norte do Nordesfe do Prawil
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J
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4
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Scientific Challenge:
SACZ low predictability

DJF MAM

CPTEC AGCM, 50 years, 10 Member Ensemble, Kuo, T062L28, Obs SST
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Marengo et al. (2002)



CPTEC’s Coupled GCM Vv.1.0

|
|
Initialization . Coupled Forecast
|
|

&

Fluxes

~
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CPTEC seasonal prediction operational runs

« AGCM 1.7
— KUO, RAS, GRELL, DERF
— FCST SSTA, PRESCRIBED SSTA
— 15 Members each: 120 total
— 4-month forecasts

« CGCM 1.0
— T062L28, RAS CPTEC AGCM
— Y degree deep tropics, L20 MOM3 OGCM
— 10 Members per month

40 km grid L38
— LBC AGCM T062L28, Kuo

— 5 members, iC, days 13,14,15,16,17
4-month forecasts

70 . . - 22
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Eta Model at INPE operational since 1997,

Seasonal climate runs since 2003
(Chou et al, Nonlinear Processes in Geophysics, 2005)

Model characteristics

- Convection:. =

- Domain
*Most part of South America
Southeast Brazil
‘Northeast Brazil

«  Resolution: 40 km/38 layers;

«  Grid-point model/
*Arakawa E grid and Lorenz grid

-Eta vertical coordinate (Mesinger, 1984)

*Prognostic variables:
‘T, q.u, v, p,, TKE, cloud water/ice

- Time integration:
-2 level, split-explicit
Adjustmet: forward-backward
*Advection: first forward and then
centered

1. Beftts-Miller-Janjic scheme,

- Stratiform rain:

1. Zhao scheme

- Turbulence:

*Mellor Yamada 2.5, MO surface layer,
Paulson functions

- Radiation:

- GFDL package

- Land surface scheme:

‘NOAH scheme, 4 soil layers,

- Initial conditions

‘NCEP analyses,

-L.B.C.

- CPTEC T62L28 GCM, uptd 6/6 h,

« Initial soil moisture. monthly climatology
« Initial albedo: seasonal climatology
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CPTEC GCM 200km Regional Eta 40km

NCEP 200km v
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Seasonal Forecasts

/f\
(e

Poor's man model climatology

5-year 4,5 month integrations:
1996, 1997,1998,1999, 2000

(Chou et al, 2005)

seasonal forecasts ™ Model seasonal climatology == anomaly forecast
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Eta
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Obs

FMAM - 2002
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Anomaly forecast
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Eta-40km seasonal Forecasts

MODELOD Eta 40Km
Temperatura media {Celsius)

TEW FO0H B5W BOW 55w 50w 45 400 35 3w

18z 2-m temperature
for NOV 2008
T+2mo forecast
Approx Tmax

MODELO Eta 40 Km/3mo
Balance de Radigcas (MJ/m2dia—1) 2008091312

a0w  7EW FOW BEW EOW  5awW 0w A5 A0W 3aw 30w

Net Radiation forecast
for DEC 2008
(T+3mo forecast )
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De que forma as informac¢oes meteoroldgicas podem
auxiliar a agricultura ?

Base de Tomada de Decisdo Aplicagoes Utilidades
Dados

- Mapas de chuva -Planejamento das

- Mapas de geadas equipes com 24, 48 h ou

- Riscos de incéncio mais, evitando por

.~ Manejo - Compactagao solo exemplo, aplicacdo de

Previsao de - Irrigacao defensivos,

- Tratamento fitossanitario -irrigacao desnecessaria,
Tempo

etc.

- Informagdes sobre quebra - Informacgdes para

de producao em funcao das planejamento
Previsao advsersidades climaticas - Prever possiveis

Planejamento da - Periodos para plantio, etc. guebra na safra,

Climatica atividade agricola

sazonal



SISALERT — dados de previsdo do tempo

(José Mauricio Fernandes, Embrapa, Passo Fundo)
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Dry mass production at different parts of the corn sown in summer (A) and
winter(B) (Dourado Neto (1999) )

T80 ¢
2000 -
e
E
2 1800
- 1400
H Griaos
i 100 § Sabugos
g Bracteas
EI 1000 g Colmo e bainhas
E = Folhas
o of o
= i
E woo
" «
= am
200
¥ 1]
L] n 23] Tt T 1183 147 1480 20 an & &h 1017 1188 £ 1545

, Graus Dias acumulados
Graus Dias acumulados

Tmax and Tmin daily forecasts > Degree-day estimation > crop production
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Crop model driven by Eta model seasonal forecasts

0ct1999 - jun2000
forecast vs observed corn production - Piracicaba, SP

(Vieira Junior & Dourado Neto, 2006)
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Vieira Junior et al. Previsdes meteorologicas do Modelo Eta para subsidiar o uso de modelos de
previsdo agricola no Centro-Sul do Brasil, Ciéncia Rural, 2009.

&l - Media Precinitacs
. . Ecyutacio
Medido 40mm  30dms 40mm e
30 60 das 5 11 90 dms 3.5 mn
120 das 3.2 mm
= 40
-
T30
20 1
/ A
I.{-I 1 '_' ! ! ! I‘,|_:|I|-"-I ! ! ! 1 1 1 ! ! 1 '__I 1 ! ! !
w & 2 I E B8 3 ¢ 5 £ z = 5§ 3 £ % z EEE E w9 E B
£ 7 ¢ € £ 8% 5 35 £ 35835 5% 888 2 TE oz £ %
£ E 3 2 g £ > 5§ § £ B 2 E & £ £ £ 5 5 § % 2 § 3
2“5 8z ;e " 23, E7E"AZEEZEE
M = £ o & = 2= 2 =
g g &
3 £
36,0 7 \ Temperatura maxima _ Media ]
"\ Medido 29.6°C 0das 273°C
340 1 e 60 dms 28,1 °C 90 dias 287 °C
304 /oy .. 120 dias 293 °C
= 300 1
28.0
26.0
240 :

Barreiras
Brasilia
Goianésia
(rolania
Porangatu
Rio Verde
Campo Grande
Capindpolis
Jananba
Paracatu
Patos de Minas
Sete Lagoas
Uberldndia
Vigosa
Cravinhos
Guaira
Limeira
Manduri
Piracicaba
Cascavel
Londrina
Palotina
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Diferencas relativas minimas entre os rendimentos estimados, on previstos, e os
respectivos rendimentos maximos medidos.
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Crop model driven by Eta model seasonal forecasts
(Vieira Junior, 2006)

Obs corn production X Crop Model + Obs X

Corn Production Forecast
Brasilia

kg/hectare

@ Corn Obs - Max
m Crop Model + Obs
O Crop Model + Eta

1998-99 1999-00 2000-01 2001-02

years

Corn Production Forecast
Patos de Minas, MG

kg/hectare

O Corn Obs - Max
m Ceop Model + Obs
O Crop Model + Eta

1999-00 2000-01

years

Corn Production Forecast
Cascavel, PR

kg/hectare

@ Corn Obs - Max
m Crop Model + Ob
O Crop Model + Etg

1997-98 1998-99 1999-00 2000-01

years

Corn Production Forecast

Piracicaba, SP

kg/hectare

1998-99  1999-00

years

@ Corn Obs - Max

m Crop Model +
Obs

M Cran Madel + Fta

39




Degree-day and corn potential yield predicted from
seasonal forecast for Cascavel, PR, OND 2008

Input: T2m, RH, Tsfc, rain, SW, LW (Pedro Vieira Junior, EMBRAPA)
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Member forecasts- 200806
Monthly total precipitation (mm)

B mbl
140 B mb2
120
100 = mb3
80 m mb4
60
20
M prev med
0
jul ago set out
Forecast X Observed Climatology X Model Climatology
Monthly total precipitation (mm)
140
M prev med
120
100 M clim_obs
80
60 - H clim_mod
40 —
20
0

jul ago set out
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Anomaly =Member forecast — Model climatology

40

Forecast Anomaly
Each member

20

-20

-40

out

-60

Above normal: anomaly > 10mm
Normal: -10 mm > anomaly> 10 mm
Below normal: anomaly < -10 mm

Probability of Anomaly Forecasts

Hanom_ml
M anom_m2
manom_m3
B anom_m4

B anom_m5

™ abaixo normal

H normal

M acima normal




Seasonal Climate Prediction at INPE-CPTEC

* Real-time monthly meetings

. o SEE®  MAR/ABRMAI 2008
encompassing several institutions m{w{ﬁew@
from South America g ;%
* Ensemble of AGCM and CGCM runs .:U 45N ?‘ 'T’“’“
done at CPTEC as well as those done I R
at IR [

 Dynamical downscaling using RCMs
nested at CPTEC AGCM outputs

* Consensus precipitation forecast in
terciles: Above, Normal, Below

* Consensus temperature forecast
Above/Below

bucicn de prc-bal:l ilida |:||; ]u
rre-n-::lau lluvias con relacidn al
promedic
Superior al promedic
Cen:nnu al promedic

Inferior al promedio

-

March-April-May 2008
Consensus Precipitation Forecast

70 . . . - 43
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Produtos do Modelo Global
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To follow INPE-CPTEC real time
monthly seasonal climate prediction
Forum discussions can be accessed
over the internet

(Demo)

http://visitview.cptec.inpe.br/clima/0108/poia.html
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Final remarks

CPTEC Seasonal climate forecasts are available at different
horizontal resolutions 200km and 40km.
Data are available at request.

Quality of these forecasts are low, but there is some advantage
over climatology information;

Need of combination of dynamical forecasts with statistical
model/tools;

Need to explore more the use of seasonal forecast in different
economic sectors: agriculture, energy, etc.

Are current systems and users prepared to take in model outputs,
seasonal forecasts, probability forecasts?



