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Porque precisamos de dados?

Porque precisamos de dados de satélites?

Quais sao os principais desafios na assimilacao de radiancias?
O que temos de mais importante?

Como estimar o impacto dos dados?

Existe aplicagcao?




Assimilacao de dados

Estamos interessados nas condicdes iniciais
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https://www.ecmwf.int/en/about/media-centre/news/2017/20-years-4d-var-better-forecasts-through-better-use-observations https://wmo.int/activities/wmo-integrated-global-observing-system-wigos/wmo-integrated-global-observing-system




Dados ‘convencionais’

ECMWF data coverage (all observations) - SYNOP-SHIP-METAR ECMWF data coverage (all observations) - PILOT ECMWF data coverage (all observations) - BUOY
2025092921 to 2025093003 2025092921 to 2025093003
Total number of obs = 208173 Total number of obs = 5443 Total number of obs = 1984
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ECMWF data coverage (all observations) - RADIOSONDE ECMWF data coverage (all observations) - AIRCRAFT
2025092921 to 2025093003 2025092921 to 2025093003
Total number of obs = 1101 Total number of obs = 3062857
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https://charts.ecmwf.int/catalogue/packages/monitoring/




Satélite

ECMWEF data coverage (all observations) - WAVE HEIGHT
2025112503 to 2025112509
Total number of obs = 4672
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ECMWF data coverage (all observations) - SEA LEVEL ANOMALY
20251123 00
Total number of obs = 9426

ECMWF data coverage (all observations) - SCATTEROMETER
2025112503 to 2025112509
Total number of obs = 36043
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ECMWF data coverage (all observations) - GPSRO
2025112503 to 2025112509
Total number of obs = 106299

© T (1 X M0 Tmoex o) KT G2 A MCTORC (1m0 Y GRACCS(O) @ Graccomm X Faoqme 6 maen W comecaiem

+ commcaezsra sy 7 ) o vass

g [ S s
. = >
gy
AL ¥
Y TN
-ABAA
.,.~ A /
e
==L L I =TT

https://charts.ecmwf.int/catalogue/packages/monitoring/




Satélite - Radiancia

ECMWF data coverage (all observations) - ATMS
2025092921 to 2025093003
Total number of obs = 285984

LSy,

ECMWF data coverage (all observations) - MICROWAVE HUMIDITY IMAGERS
2025112503 to 2025112509
Total number of obs = 535951

ECMWF data coverage (all observations) - GEOSTATIONARY RADIANCES

ECMWF data coverage (all observations) - CRIS
2025092921 to 2025093003 2025092921 to 2025093003
Total number of obs = 2408350 Total number of obs = 174286
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ECMWEF data coverage (all observations) - AMSUA

ECMWF data coverage (all observations) - IASI
2025092921 to 2025093003 2025092921 to 2025093003
Total number of obs = 48881 Total number of obs = 168547




Satélite
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Desafios
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Medida

Operador observacao - MTR
Erros do modelo

Erros das observacoes
Correcao de viés

Selecao de dados

Controle de qualidade
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Medida

O que os sensores de satélites em microondas e infravermelho passivos
medem?
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NAO medem TEMPERATURA
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Medida
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Medida

O que os sensores de satélites em microondas e infravermelho passivos

medem?

NAO medem TEMPERATURA
NAO medem UMIDADE
NAO medem VENTO

(v - Hix,D) [?]
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Modelo de transferéncia radiativa

Os instrumentos de satélite medem a radiacao L que atinge o topo da atmosfera
em uma determinada frequéncia v.

A radiancia medida esta relacionada a variaveis atmosféricas por meio da
equacao da transferéncia radiativa

medld’o i pelo descri¢ao da atmosfera
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Fungéo de Transmitancia com
Planck relagdo a altura




Modelo de transferéncia radiativa

Dado um estado da atmosfera, qual é a radiancia? ‘ 1DVar ‘

H - operador observagao
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Modelo de transferéncia radiativa

Dado um estado da atmosfera, qual é a radiancia? ‘ 3DVar ‘

H - operador observagao

N\ (v - Hix,))
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Modelo de transferéncia radiativa

Dado um estado da atmosfera, qual € a radiancia? ‘ 4DVar ‘

H - operador observagao

TN\ (v - Hix,))
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Selecio de canais

L(v) = [ B(,T(2)) H(z)dz
H_/

Fungéo peso

o canais de sondagem
o sensiveis a superficie
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Impacto

Qual a importancia desses dados?

Anomaly correlation of ECMWF 500hPa height forecasts
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Courtesy of ECMWF. Adapted and extended from Simmons & Hollingsworth (2002)
Collard et al., 2011



https://doi.org/10.1002/wea.736

Impacto

Quais sio as observacoes de satélites mais importantes para a PNT?

Percentage loss of forecast skill on denial
(global z500 anomaly correlation — SON 2020)

Day-1 Day-3 Day-6
Microwave (24) Infrared / vis (19) = GNSS RO (15) = SCAT (3) = Doppler Wind Lidar 2019 (1)

Slides Tony MacNally - ECMWF Training course




Impacto

Podemos quantificar?
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Podemos quantificar?
Sim!

DFS (Degree of Freedom for Signal)

OSE (Observing System Experiments)

OSSE (Observing System Simulation Experiments)

FSO (Forecast Sensitivity to the Observations), EFSO, HFSO
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Observing System Experiments (OSE)

o Uso da Técnica de OSE
para Avaliar o Impacto de
Observacdes no Sistema
de Assimilacao de Dados
Global Variacional
Tridimensional do
CPTEC/INPE
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Observing System Experiments in a 3SDVAR Data Assimilation System
at CPTEC/INPE
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1. Introduction

The Center for Weather Forecast and Climate
Studies [Centro de Previsio de Tempo ¢ Estudos Cli-
e (T :0)] at the Brazil

Research [Instituto Nacional de Pesquisas
[\p.\u.n) (INPE)] recently implemented the Gridpoint
Statistical Interpolation analysis system (GSI: Wu et al.
2002; Kleist et al. 2009) [with a three-dimensional
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Experimentos

G3DVAR

O O O O

de 2013

Descricao MCGA/CPTEC
Configuracao do modelo T299L64
Resolucao horizontal 44km
Resolucao vertical 64 niveis
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Experimentos

Analises e previsﬁes (1 20h) Descrigao CTRL NO_RAD NO_SAT NO_GPS
Radiossonda

Data denlal experlments Dropsonda
Observing system experiments Baldo Piloto

Perfiladores

R M S E Superficie Continental
Aeronave

Correlagéo de anomalia Vento por Satélite
EStUdO de caso Superficie Oceanica

Sintéticos

Vento por Radar
GPS RO
AMSU-A *
MHS *

HIRS-4 *

TASIT *

AIRS *

O O O O O O
® 6060606006 060600 00 00 0
© 606006 00606000 00 0 0
I ® 6 ®© 8 06 0 0 0 0 0 o
© 606006 ' 060606060600 0 0 0

*dados de radiancias




Dados

o pressao em superficie

o componente zonal e
meridional do vento

o refratividade

o temperatura

o umidade




Dados
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Dados

x 10° Quantidade de Dados Convencionais Assimilados pelo G3DVAR x 10° Quantidade de Dados de Radiancias Assimilados pelo G3DVAR
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F1G. 4. As in Fig. 1, but for the SAAO.
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FIG. 2. As in Fig. 1, but for the NH. FIG. 3. As in Fig. 1, but for the SH.




Resultados
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FI1G. 7. As in Fig. 5, but for the meridional wind at 850 hPa.




Resultados
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FIG. 8. As in Fig. 5, but for the meridional wind at 250 hPa. FIG. 6. As in Fig. 5, but for the zonal wind at 250 hPa.




ovid-19

Comparison of passenger numbers and capacity
(Domestic travel is leading the recovery)
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The Impact of COVID-19 on Weather Forecasts: A
Balanced View
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Abstract Aircraft prediction
(NWP). From March 2020, the COVID-19 pandemic resulted in a largelossof aircraf data but despite this
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To put matters into context, we briefly describe the way that global weather forecasting is improving over
time (Section 2). Part of the improvement has come from more and better observations. The year 2020 ssw
4 arge decrase i irra aksevatians but alsoincreases n satele ofservations (Secton 3) This aper
isin part a response to Chen (2020), which ved in some respects. Our reasons as
that observation impacts can best be quantifed through denial sludln (smmn 4).and that interannual
variability of forecast skill(Section p previous
years. We. P p b ion 6) and fmlsh with conclusions (Section 7).
More details about “noaircrat” study f

supporting information.

2. Context: The Success of Global Weather Forecasting

Bauer et al. (2015) describe “the quiet revolution” of

the forecast range for every decade of research and

ofthe Consrollr o HMSO and the
e P for S Thi
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Govermmens mpleyee nd th work
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development. Thisisil in their Figure 1,

skillas a result of variations i NWPis

combi forecast with information from the latest observations to create an “analysis” a set of
fields next forecast.

Magnusson and Killlén (2013) note that improvements in NWP skill arise from model changes. improved
data assimilation methods and new observations. They showed that over the period 1950-2012 new/
improved observations gave less forecast improvement than model or assimilation changes. However,

INGLEBY ET AL.

Lof10

Ingleby et al., 2020
bt 29/202



https://doi.org/10.1029/2020GL090699

(b) 2020-03-04 0900-2100 UTC 325329 reports

N —— = B A Pl B Y
n 5 Q *% 1 X < o=
Covid-19 < > T e
a Sadeos P k7
)
= . ; -~
Ly |
¥ AT \NEs
07/ /1S R
. 4“\ -
,F Z
(a) Numbers of reports per 24 hours ~ = b\
800000 e, -
. _— -
I Wb M P -
| ‘[‘\ \ ' I\ “ \ “ " |h \ ==
600000} fWW \j Al \ || | |, (c) 2020-04-29 0900-2100 UTC 89941 reports
| ¥V VM L sk - — |
= o T b T L et
400000 & AT g o
- P ——
2000001 v _ o A 121\
e B ¥ (ET U
¥/ YOS, | o] SHRNERTY | &
4 7 e | N - 4 A
0 T T T T T T T T T T T (] T T T T T T T T T T T T T T T T o ‘" ( (g) ~ X
11121 212 22 1 11 21 1 11 21 31 10 20 30 10 20 30 9 19 29 8 18 28 8 18 28 7 —— }" s .
Feb Mar Apr May Jun Jul Aug Sep Oct Nov l;
2020 &
== _3»@‘ o
O ";)q:,ﬁ =1

Figure 1. (a) Number of aircraft wind reports processed (black) and used (blue) at ECMWF—excluding Mode-S, green line shows the number of used Mode-S
winds. The vertical lines show the dates used in (b) and (c). (b) and (c) Positions of used aircraft reports in a 12-h period (09-21 UTC) on 2020-03-04 and 2020-
04-29, respectively.
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Figure 3. Verification of operational ECMWF 24-h wind forecasts for 20°N-90°N against analyses at three levels for 2018 (bottom), 2019 (middle), and 2020
(top). The thin lines show values every 12 h, the thick lines a 7-day running mean.
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