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Lin et al. (2005) — limitacao dos modelos numeéricos para
previsao de curto prazo (inicializacao da mesoescala).

Objetivo da Assimilagao
de dados de radar
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W measurements
W analysis

@ forecast
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* Background e seus erros
— Previsao

» Observacao e seus erros
— Observacao com Radar
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@ > Erros
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* Erros do modelo

— Aproximacoes, parametrizacoes,
discretizacao, etc...

* Interpolacao/Representatividade

e |nstrumento

— Radar

» Ecos de terreno, obstrugao do feixe por alvos
nao meteorologicos, amostragem, atenuacao,
calibracao, operador observacao, etc.
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Height (k ft.)

wwuw.cptec.inpe.br



* Precipitacao sobre o radar.

Cross-section of Reflectivity through Radar Location

Cone of Silence

70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 mi
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Dupla Polarizacao

NOAA
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* Ganho para a assimilacao ao utilizar um
radar de dupla polarizacao.
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* Erro de preenchimento do feixe.
* Qual valor o modelo ira utilizar?

Actual 60 dBZ cora I _
A ,, i -::-.; s
; L

|y -
pt < B0 dBZ |
e y i .!
¢ : Dy

Radar "A" Radar *B"
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) Velocidade Radial

At a 45° angle, radial velocity
will be 71% of total wind

Environmental wind
When radial is parallel e 4

to the wind, the full
component of the wind

e, —— 0° = 100% - Parallel
150 = 97%
300 =87%
45% = 71%
60° = 50%
75% = 26%
90° = 0% - Perpendicular
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Range - folding distance Range - folding distance

Pulse going out Energy returning ©The COMET Program

P 0:05 0:08
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Assimilacao de Dados de Radar

QCed Reflectivity (dBZ)
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OXIDATION PRODUCTS

PARTICLE
(GROW FROM PARTICLES
DRMED IN OUT FLOW)
© 0
GROWTH © o _©
o
voc
CONDENSATION
ISOPRENE, TERPENE)

PrecipitaZjo = F (/1,¢).§.q v
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Turbuléncia e microfisica das nuvens
Cloud resolving models (CRM)(3km-1km)
Large Eddy Simulation (LES) (dezenas/centenas de metros)
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Assimilacao de Dados de Radar
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 Como e quais dados sio assimilados?

4 Radar Nao Doppler? A / \

Radar Doppler?.2 Refletividade!
kRadar Doppler Polarimétrico1,2’3j Velocidade Radial?
4 PP ) Refletividade Direcional3
CAPPI Hidrometeoros3
- J (tamanho e distribuicao)
( Perfis Verticais \ k J
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e

* O modelo contempla estas variaveis em
suas equacoes prognosticas? O modelo
sabe o0 que € Refletividade? E
Velocidade Radial?

« Como eu comparo q, ? 9
as varidveis do modelo €\, _ g
com as variaveis do
radar?
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Operador Observacao (H)!

"Observacbes Equivalentes” precisam
ser calculadas para serem comparadas
com as observacoes dos radares;

H pode ser muito simples, como € o
caso de assimilacao de dados
convencionais, sendo apenas um
interpolador, ou...
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... muito complexo!

* EX: assimilacao de radiancias...

) B e I

Obs-Background
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... muito complexo!

» EXx: assimilacao de refletividade...

- Observed
- - Model Reflectivity “ Radar Reflectivity
O-B

Obs-Background
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e Como relacionar variaveis do radar com
as variaveis do modelo?

v.- (u,v,w,q,) Relation:

0,4
X—X — 7—7 _ [ Po ‘ 0,125
V. = ry+ 2y ~(w—-V.(q,)) Vr =5,4 (p) (Par)
F r 5

Z-q,Relation (assume Marshal-Palmer DSD)

Z=43.1+17.510g,,(pq,) sunandcrook(1997)

Can also use empirical relations obtained by fitting with disdrometer dat:

Z-q, and Z-q,, follow Gao and Stensrud (2012)
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Z =431+ 17,5-log(1,0 x 10°LWC)

ou

Z =3.63 x 10°LWCh™

LWC = conteudo de agua liquida
= densidade do ar seco X a razdo de mistura de agua de chuva (q,)

Z =a-LWC®
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i=1

1 20
R=3,6x10"3.2 n; - D3
6 Fi X (m DY)

Onde F' é o tamanho da superficie sensivel do sensor (F = 0,005 m?), t é
o tempo de amostragem dos dados (t = 60 s), n; € 0 numero de gotas para cada
classe de tamanho (i = 1,...,20) no intervalo t, v(D;) € a velocidade terminal
para o diametro D; em [m s~!] (ver tabela 4.1) e D, é diametro médio da gota na
classe : em [mm] (ver tabela 4.1).
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m@ \ Assimilacao de Dados de Radar

Relacdo Z-R para o Vale do Paraiba Relacao Z-W para o Vale do Paraiba
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Assimilacao de Dados de Radar

~

Eq. Original (10 dBZ) Eq. Nova (10 dBZ)
22.55 - gw‘f“ 22.55-
235- 235
23.55 - 23.55-
245 1 _ f 245 1
48W 47W 46W 48W 47W 46W
Eq. Original (60 dBZ) Eq. Nova (60dBZ)
22.55 - 22.55-
235+ 235-
23.55- 23.55-
245 245 1
48W 48W
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* Weather Research Forecasting model
Data Assimilation system — WRFDA

— Skamarock et al. (2008);
— Barker et al. (2004); Sun e Crook (1997).

* Possibilidade de assimilacao de dados
de radar com 3D-Var e 4D-Var.

T=Jy 40, 40, 40, 4, F A

For riadar DA
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@ > Matriz de Covariancia dos Erros do Back,g"i?

* Metodo NMC (Parrish e Derber, 1992);
— Diferenca de 12 h;

B = =%

* O metodo NMC é realmente bom para
meu caso/regiao? Para assimilar radar?

[Guo et al. (2007); Ming et al. (2009); Ha e Lee (2012); Tong et al. (2014).]

— Variance Scale - Length Scale
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) Assimilacao de Dados de Radar

Vapor D'dgua — LS: 1,0 Vapor D'dgua — LS: 0,5
0.25
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Total Column Integrated Rain — with radar DA
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Assimilacao de Dados
de Radar

.« a0 Roque e Pico do
B Couto

Vendrasco et al.
-~ (2016) @ WSN16
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m@ \ LMS - Local Modeling System
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» Sistema de Modelagem Local
— WRF e WRFDA,;

— Condicao de fronteira e inicial fornecida
pelo CPTEC;

— Assimilacao de dados convencionais € nhao
convencionais em toda a América do Sul;

— Assimilacao e dados de radar nos centros
regionais.

wwuw.cptec.inpe.br



WPS — Contornos 9km

Previsao 3km

Previsdao 9km
(Background)

Anélise 9km

Dados convencionais,
GPS e Satélite

Previséo 9k

Anéiise 1 km

Previsao 1km

' 'WES.."_' — Contornos 9km

Previsao 3km

Previsdo 9km g
(Background)

Contornos 1km

K3

Analise 1 km

Dados convencionais,
GPS e Satélite

Previsdo 9k
Dados Locais

Previsao 1km
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m@ } Assimilagao de dados de Radar no JEDI';?_—'?“?'?_' . f; :

 Implementation and Testing of Radar Data
Assimilation Capabilities Within the Joint Effort
for Data Assimilation Integration Framework With
Ensemble Transformation Kalman Filter Coupled

With FV3-LAM Model
— Jun Park, Ming Xue, Chengsi Liu
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m@ \ Metodologia
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o Z from Multi-Radar Multi-Sensor (MRMS, Smith et al.,
2016) 3D mosaic data and Level-ll Vr data from WSR-
88D radars are assimilated.

 (Observation errors for Z and Vr are assumed to be 5
dBZ and 3 m s—1, respectively.

« Z and Vr forward operators implemented in GSI
(Labriola et al., 2021; C. C. Tong et al., 2020) are
migrated into the Unified Forward Operator (UFO)
module of JEDI
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@ > Metodologi; | : . -2 3

 The covariance localization radii are set

to 18 km in the horizontal and 0.7 scale
height in logarithmic p in the vertical

1000\ 1013.25
8001
=
. _ . _ 6001 &
scale height is the increase in -
altitude for which the atmospheric
200 1
pressure decreases by a factor of e S
0 ! " ! ! 1 ! ! ! ! 1 ' ! ! ! 1 ! ! ! !
0 5 10 15

20
The earth atmosphere's scale height is =
about 8.5 km, as can be confirmed from this
diagram of air pressure p by altitude h: At an
altitude of 0, 8.5, and 17 km, the pressure is

about 1000, 370, and 140 hPa, respectively.
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* radar observations are assimilated every
15 min from 2300 through 0000 UTC

20 May
18 19

Case 21 May 2019

21 May
23 00 01 02 03 UTC
| | |

5-hour spin up
40 ensemble forecasts

from GDAS analyses

3-hour ensemble forecasts

Restart without DA from final analyses

or
Radar DA
using GSI or JEDI
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RMSI Z (dBZ)

Mean Innovation Z (dBZ)
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STAGE IV OBS

GSI EnSRF NODA

JEDI LGETKF 0.6 JEDI LETKF

JEDI LGETKF 0.99
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Resultados
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e NODA (0.503)

s

e NODA (0.450)

3

e NODA (0.468)

Probability of Detection (POD)
Probability of Detection (POD)
Probability of Detection (POD)

0.5/ ® GSIENSRF(0.623) 0.5/ ® GSIEnSRF (0.569) 0.5/ ® GSIENSRF (0.547)
@ JEDI LETKF (0.627) ¢ @ JEDI LETKF (0.572) @ JEDI LETKF (0.545)
®m JEDI LGETKF 0.6 (0.633) P m JEDI LGETKF 0.6 (0.587) g m JEDI LGETKF 0.6 (0.551) A
= JEDI LGETKF 0.99 (0.623) o = JEDI LGETKF 0.99 (0.581) o = JEDI LGETKF 0.99 (0.564) o8
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Success Ratio (1-FAR) Success Ratio (1-FAR) Success Ratio (1-FAR)
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Resultados

100°W

[T T T [ [

10 20 30 40 50 60 70 80 90

Neighborhood maximum ensemble probability (NMEP) (%) of 3-hr maximum
updraft helicity exceeding 75 m? s=2 for experiments (a) NODA, (b) EnSRF, (c)
LETKF, (d) LGETKF.6, and (e) LGETKF.99. The SPC storm reports of high wind, hail,
and tornado during the forecast period are represented with blue, green, and red
circles, respectively.
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