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Penny (2014)
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ABSTRACT

Hybrid data assimilation methods combine clements of ensemble Kalman fiters (EaKF) and vaiational

‘methods. While most approaches have focused on augmenting
formation from an ensemble, this study takes the opposite persped
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Both

forms improve analysis errors when using small ensemble sizes and low observation caverage versus either
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des tness in both edto
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1. Introduction

Hybrid data assimilation systems combine two ap-
nal weather fore-
casting: ensemble Kalman filters (EnKF) and the 3D
variational data assimilation (3D-Var) and 4D-Var
methods. For example, a hybrid system based on the
developmental work of Barker (1999). Hamill and
Snyder (2000), Lorenc (2003), Buehner (2005), Buehner
etal. (2010a,b), and Wang etal. (2007a,b, 2008a.b, 2013)
has recently been implemented at the National Centers
for Environmental Prediction (NCEP) for use in oper-
ational forecasting (Kleist 2012; Wang etal. 2013). Most
of the justification given for
the traditional hybrids over the variational methods has
been that the background error covariance is better de-
fined with an ensemble, due to flow dependence and the
corresponding improvement in multivariate covariance
information. While such hybrid approaches have been

['mlu;nm»lmq author address:
mospheri
Park, 2031 rump«w
20742

E-mail: Steve. Penny@noaa gov

phen G. Penny. Dept. of At-
. University of \mmnu College
dSp.\u» ience Bldg., College Park, MD

DOL: 10.1175MWR-D-13-00131.1

£ 2014 American Meteorological Society

shown to improve upon the existing operational varia-
tional systems, it is unclear how the static covariance
matrix and the minimization procedure of the variational
systems benefit the EnKF.

‘We examine the impacts that a simple 3D-Var has on an
EnKFin order (o determine the source of these benefits. In
an operational environment, the choices of ensemble size
and observation coverage are limited by costs of compu-
tational facilties and observing equipment. Thus, it is
important to identify the preferred algorithmic approach
when these parameters are prescribed. We introduce a
new hybrid using an EnKF combined with a simple 3D-Var
and demonstrate its effectiveness from this perspective.
Traditional hybrids start with a variational approach
and incorporate the ensemble information through the
ensemble-derived covariance matrix. Here we instead
start with an EnKF and use a variational approach to apply
a correction within the model space to stabilize the EnKF.

2. Methodology
a. Model

For the forecast model. we use the Lorenz-96 model
on m = 40 grid points (Lorenz 1996),
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observing system simulation experiment (OSSE) is presented spanning January 1991 to January 1999,
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pares the 3DVar used by the NCEP Climate Forecast System (CFSv2) with the new hybrid. using sim-
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1. Introduction A natural research question then is: Is it possible to

combine these two data assimilation systems and im-

The development activities described in Hamrud et

(2015, hereafter Part T) have led to the implementation
of an operational standard EnKF-bas i
tion system at ECMWF. This sys
tively assimilate most of the operationally available
observation types, it has good scalability properties and
it is computationally efficient. It is thus a good base for
further development and research activities. The avail-
ability of the EnKF allows performing a detailed com-
parison with the 4DVar system available at E

under more controlled conditions than it would other-
wise be possible. Results of this comparison are pre-
sented in section 2. The general conclusion that can be
drawn is that, at this stage of development, the ECMWF
EnKF-based data assimilation system has similar de-
terministic forecast performance to a 4DVar with the
same nominal resolution using static background error
covariance estimates.
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prove on the performance of both? From a 4DVar
perspective the answer is certainly positive and is based
on introducing flow-dependent background error
formation from the EnKF or ensemble of data assimi-
lations (EDA: Isaksen et al. 2010) in the standard
4DVar algorithm (Barker 1999: Hamill and Snyder
2000; Lorenc 2003; Buchner 2005; Buehner et al. 2010a.b;
‘Wang 2010; Bonavita et al. 2012, 2015). From an
EnKF perspective less work has been done. The basic
limitation of the pure EnKF lies in the reduced di-

of the error
subspace, which limits the amount of observational
information that can be extracted from nonlocal ob-
servations and, possibly, in regions with high densi
of observations (Lorenc 2003; Campbell et al. 2010).
On the other hand. the full rank of the modeled back-
ground error covariance matrix used in variational as-
similation means that 3-4DVar algorithms do not have
this problem. This suggests that exploiting this property
of the variational approach in an EnKF context would be
advantageous. Recent work by Penny (2014), in an ide-
alized setup, proposed a new hybrid variational-EnKF
formulation that involves taking a weighted mean of the

Reanalysis (CFSR).

‘The Hybrid-GO!

dusation, both globally and regionally. Compared 10 an ensemble Kalman mm (EnKF) used alone, the

byord urher reduces rroe inthe topdcal Pacife. The by liminates gromehin biases oftemperste

F and 3DVar, res

A

curre:

10 the sesulis from the OSSE The| H)Ivml -GODAS s

atly
in studies by the Climte Prediction Center to evaluste impacts on ENSO pxul»cuan

1. Introduction

The National Centers for Environmental Pre
(NCEP) has used the same 3D variational data assimi-
lation (3DVar) approach 1o provide initial conditions
and verification of the ocean state since its develop-
ment in the late 19805 (Derber and Rosati 1989). The

3DVar wa

operationally at NCEP within the Global Ocean Data
Assimilation System (GODAS) in 2003 (Behringer and
Xue 2004; Behringer 2007) and as part of the Climate
Forecast System (CFS) in 2004 (httpi/irda.ucar.edu/
datasets/ds094.0; Saha et al. 2006). Increases in com-
puting power and advances in data assimilation algo-
ms have made it practical to use higher-cost
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ble-based that offer more represen-
tative error estimates and improvements in accuracy.
For the atmosphere, a hybrid 3DVar-ensemble Kalman
filter (EnKF) became operational in the NCEP Global
Forecast System (GFS) in 2012 (Kleist 2012; Wang et al.
2013). That hybrid system is also intended as the
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Matriz B
LETKF + 3DVAR +
SPEEDY




Hibrido médio - Penny (2014)

Realiza uma combinacao entre analises

Hibrido Médio
| «——— recentralizacdo €¢——
Xpg = (1=0)X] prxrtoXip_ 1y,  O0<Oa<1 || LETKF
= Analise Final
J(X“) - (X(‘—)_(“)TB—I (X“—)Z") & & xaHM=(1_a)§a+axa
=1 Y i
+ (y—H(x“))" R (y—H(x")) 3DVar X >

alfa=0=100% LETKF
alfa=1# 100% 3DVAR




Hibrido médio - Azevedo (2018)

Realiza uma combinacao entre analises

Hibrido Médio
«—————recentralizaCdo €——————————
a . Sda a
Xpo = (1=0)X] prgp+oX5p_ sy 0<O <1 || LETKF | espahamento normalizagéo a
o Andlise Final
X
J(X“) (xu a) l(xa —ll) " . XaHM=(1-a))_(a+(xxa
A
a -1 a a
+ (y—H(x")) "R (y—H(x“)) 3DVar X -
K
e \FOICARCA
O K= Ul X | espalhamento Houtekamer e Zhang (2016) - quando o tamanho do
) | alfa conjunto for pequeno, para se obter uma analise boa, o
Ox, —min( Ox; ) ! t LETKF espalhamento deve ser pequeno também.
a»\'ii/ T

max(c,,); — min(oy,),




Hibrido méedio




Experimentos

Modelo

o SPEEDY - Simplified
Parameterizations,
primitivE-Equation DYnamics

o Molteni (2003)

o T30L7

o vento zonal (u), vento
meridional (v), temperatura
(T), umidade (q) e pressao

(ps)

Analises

o LETKF (a =0)
o 3DVAR
o a=0.1,0.3,05,0.7,0.9, dyn

Previsdes (120h)

o LETKF (a=0)
o 3DVAR
o a=0.1,dyn

16 membros

Inverno e verao




Experimentos

Observacoes sintéticas

Sea Level Pressure (00Z e 122)

Sea Level Pressure (06Z e 182)
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Resultados

Tabela 5.2 - Idem a Tabela 5.1, porém, para o Hemisfério Norte.

LETKF X 3DVAR - analises

Tabela 5.1 - RMSE médio da pressiao em superficie (ps), temperatura (7'), componente
zonal e meridional do vento (u e v) e umidade (¢) para o Globo nos sete

niveis do modelo para o trimestre DJF.

ps
EKF VAR

EKF

T
VAR

u

EKF

VAR

EKF

v

VAR

q (x107%)
EKF VAR

N O W N

22.83 38.02

0,11
0,13
0,14
0,16
0,17
0,17
0,19

0.16
0,21
0,23
0.26
027
0.30
0,36

0,28
0,27
0,28
0,38
0,46
0.45
0,27

0,53
0,54
0,57
0,72
0,88
0,90
0,58

0,28
0,28
0,30
0,40
0,50
0,47
0,28

0,60
0,61
0,65
0.82
1,00
1,00
0.66

0,60 0,95
0,67 1,15
0,57 0,94
041 0,69
0,22 0,39
0,09 0,16

ps T u v q (x107%)

EKF VAR | EKF VAR | EKF VAR | EKF VAR | EKF VAR
1] 28,5 458 0,13 0,20 | 0,40 0,67 | 0,40 0,71 | 1,14 1,72
2 0,15 0,24 | 042 0,73 | 0,40 0,74 | 1,21 1,20
3 0,17 0,28 | 046 080 | 0,44 0,82 | 0,86 149
4 0,23 036 | 061 1,08 | 0,60 1,13 | 0,85 142
5 024 038 | 080 1,46 | 0,83 1,54 | 0,62 1,07
6 026 042|081 166 | 0,83 1,66 | 0,22 0,38
if 0,27 047|036 0,78 | 0,36 0,83

Tabela 5.3 - Idem a Tabela 5.1, porém, para o Hemisfério Sul.

ps
EKF VAR

EKF

T
VAR

u

EKF

VAR

EKF

v

VAR

q (x107%)
EKF VAR

N O UL W N

32,71 53,03

0,14
0,17
0,17
0,23
0,23
0,23
0,23

0,23
0.30
0.30
0.38
0,37
0,37
0,43

0,42
0.38
0.39
0,52
0,67
0,68
0,31

0,75
0.72
0,74
0,94
1,98
1,40
0.84

0,43
0,38
0,40
0,55
0,73
0,73
0,33

0.83
0.82
0.86
1,08
1,42
1,60
0,98

1,00 1,57
1,06 1,90
0,82 143
069 1,17
0,37 0,65
0,11 0,18




Resultados

LETKF X 3DVAR - previsoes

Figura 5.13 - Diferenca nos valores de RMSE da pressao em superficie entre o LETKF e
3DVar para as previsoes de até 120 horas pertencentes ao periodo de dezem-
bro, janeiro e fevereiro.
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Resultados

Hibrido Médio - analises

Tabela 5.9 - RMSE médio da pressido em superficie para as quatro regides: Globo, Tropi-
cos, Hemisfério Norte e Hemisfério Sul, para os meses de dezembro, janeiro e

fevereiro.

Globo | Trépicos | H. Norte | H. Sul

a=0,1 27,08 27,81 21,87 31,03
a=0,3 28,89 29,05 23,69 33,41
a=0,5 33,07 32,91 27,44 38,35
a=0,7 37,85 37,31 31,67 44,05
a=0,9 43,13 42.33 36,36 50,15

alfa dinamico | 29.75 29.41 23,84 35,27

Niveis verticais

Niveis verticais

RMSE do vento zonal
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Resultados

Hibrido Médio - analises

Figura 4.1 - Alfa médio na area da pressao em superficie ao longo do trimestre DJF.
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(Pa)

Resultados

12

10

Hibrido Médio - previsdes

RMSE of the Pressure (G)
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Resultados

RMSE of the Temperature at level 4 (G)
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ReS u Itad OS Figura 5.24 - Média do vento ageostrofico em 500hPa para os oito experimentos: alfa di-

niamico, a=0,1,a=0,3,a=0,5,a=0,7, a =0,9, LETKF e 3DVar.
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Conclusoes

o Hibrido médio

o LETKF + 3DVAR + SPEEDY

o Analises e previsoes (até 120h

o Hemisférios norte e sul, regiao
tropical e globo

o Analises = a=0.1

o Previsdes = a = dinamico

o Balango = a = dinamico
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Dynamically weighted hybrid gain data assimilation:
perfect model testing

By HELENA BARBIERI DE AZEVEDO'*
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1. Introduction

create  new covariance matrx based on the two other
matrces: one from the EakF (ensemble Kalman fiter)
and saother from ID-Var, Aflse Hamill and Soyder

analyss was more

DA systems becoms mor

n observing datase

e effort has beca focused on educ-
Over the

bocome more s result was secn by other authors using iffrent DA
popula, purticulady for use in many operational weather  sysems, as Etberton and Bishop (2000, who used the
forcast centres workdwide. Despite s general sceess,  ETKF (ensemble transorm Kalman i) a

hybrid DA, from a practical (and mostly operationa)

perspectiv, can bevome computationally expenshe. The  proposed  hybrid DA system theo

‘muin goal o bybrid DA i to combine two succesdul DA of the ETKF and optimal iserpolui "

approaches: varitional and cascmbl-based. Hybrid DA (2009) perform what they called EAD-Var by the combin-

was st proposed in 2000 (Hamll and Saydee 2000) 1o ation of the covarianee matix from EAKF and 4D-Var
AL of these works, with ther own deta

hybrid approach presents beter
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