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Definition of representation error
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Representation error: basic difference between the modelled representation of an observation

and what is actually observed

real world model world

Y

€0 — ™ —i—ER : GR — ¢! + e + e
. /
Note: Observation error and model error are correlated through €
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X" : True (continuum) state

X' : Model resolved state

h¢ : Continuum observation operator
h : Discrete observation operator

€~ : Observation error
€ . Measurement error

€ : Representation error
/
€ : = héx') —héx")
Error due to unresolved scales and processes
" C T T
€ : = h°x") —h(x")
Observation-operator error

111 .
€ : Pre-processmg error

Y : Observation

(Janijic et al. 2018, QJRMS)



Diagnositc method to determine obs. error
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" . 1 1
x* =argmin J(x) = Z(x = x") B (x —x") + 5 (y" — HE) "Ry~ H(x))
B : Background error covariance R : Observation error covariance

| |
)

Correct constructions B and R, are essential

Desroziers diagnositcs (Desroziers et al. 2005) for construction of R :

E[d;(d} i = The initial work of Desroziers (2005) suggested
applying the diagnostic in successive iterations. But
d) =y° —H(x%)  most of the studies using the diagnostic in operational
NWP to date have considered only the first iterate
0 —y° —H(x?)  and still gained useful information.

® ECMWEF uses it to calculate satellite interchannel error covariance

® Met-Office uses it to calculate radar radial wind error covariance
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Radar forward operator “EMVORADO” NiGh 242
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Prognostic model variables on Beam blocking / shading of Trilingar interp. of Z,, v, W, from
the NWP mode! grid: radar beam (or parts of ) due to mgdel(gnlgi)! azimutal slices onto
- i : radar (sub)rays
TP V. 0y o 00 s Py By By model orographic obstacles: Yy .
Mg, Ny M, Ng, N, My + Partial shielding in case of beam _Y
function weighting v .
+ othewise- total Dlocking yes | 1o of : Sum up attenuation of radar re- =
pencil beam : flectivity by atmospheric hydro-
. meteors along radar (subrays )
Calculate mode! grid values: ! . (subjray '
N(D,7, 1), concept of ,,spectral number densi- : : T
ty* of hydrometeors (number per size interval + Estimate degree of melting of v
per volume) Cext I hydrometears Radar heam propagaTiOﬂ
» Effective refractive index m of hydro- I ) Compute radial wind v, on radar

meteors for Mie-theory (many options)

(sub)rays from V :

y ||+ Consider W, of hydrometeors with or
v v | without reflectivity weighting

i* Refractive index n of air |

. LOnline* (depending on actual n)

:* Constant (4/3 earth radius model) q

Efficient Modular VOlume scan

i 1
RADar Operator - EMVORADO N
Calculate Z, on model grid 3D scan geometry inrelationto | ¥ p
W parallel domain decomposition Beam weighting function:
hiahl dularized & llelized using either: t ki
Ignly modularize paralielize : Bog | A elisation strategy Jf } weighted spatial average of
s : |+ Each processor computes its share of | |,* | Z, and W over auxiliary sub- rays
. 'Raylergh approx with Oguchi EMA ﬂ ray segments independently ¢l 5 e b |
Opel’atlonal at DVVD and eCt. ; | Interpolaﬂonto azimutal slices* of N - !
Y i 7 v.n, W (needs MPI comm.) i
[ | I
) e L
| :
: Calcu.late Wi on model grid i’ ? Parallel output of simulated radar
| + Rayleigh-approy. only . if‘ r A - data: collect data on one proc-
-_-_ Reflectiviy weighting | Cale. /A (atten.) onmodel grid | | essor per radar station and wite
(Z tal 2016 QJRMS) N Number densiy weighing | i } + Only possible for Mie option i files (needs MPI communication)
eng et al. , ' :
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Evaluation of EMVORADO

L

~d oL J— P
" - ¥ Polarimetric radars
.':.

_," 2V ) ¥ Non-polarimetric radars
Ny

® Hindcasting runs with ICON-D2 p&g_ @ }‘g"
model (operational region model of ; ‘g “'?\D*‘.Q
DWD, resolution of 2 km) for one- "ﬁ ‘&_‘ apsal
month convective period in June Q)»@;"z‘l\‘@ '&.” ,
2020 over Germany, driven by hourly | ﬁ%«%‘ ,‘y‘*ﬁb
lateral boundary conditions R, ..;s{,a*_‘i s ‘

® 17 C-band Doppler radar network of

the DWD ,““",“"’(@l )\,

Ve
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Sensitivity to beam broadening

4

a) observations

12000

b) E_mie1 _|hn2: without accounting for beam
broadening
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c) E_mie1_lhn2_bb: accounting for beam
broadening

3000

w3 E_miel1_lhn2_bb is closer to
observations than E_mie1 _|hn2
»  (see dashed ellipses)
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B Swrilues (Zeng et al. 2022a8&b, Remote Sen.)
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Sensitivity to parametrizations in the
Mie scattering scheme

L CFAD of radar reflectivity a) observations
m— b) E_mie1_lhn2_bb

c) E_mie2_lhn2_bb : with better
parametrizations for the melting
layer than E_mie1 _Ihn2_bb while
using Mie-scattering scheme, e.g.,
lower height of melting layer,
decreasing melting degree, change
the particle morphology
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3 E_mie2 lhn2_bb reduces
= overestimated reflectivities
5 in E_mie1_lhn2_bb at the
: melting layer
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Convective-scale data assimilation
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® Model: ICON-D2; Data assimilation system: KENDA (operational at DWD)
® 10 to 20 June 2020 , hourly updated

® Conventional & radar reflectivity and radial wind data assimilated; LHN applied;
Better EMVORADO settings in E_dwd?2 than in E_dwd, i.e., smaller
representation error due to error in forward operator in E_dwd2

EXP SR Observations e LHN
scheme Broadening
E _dwd Mie SN e off on
radar

E dwd? W conventional, Q/ -
radar

® Horizontal localization: 16 km for radar data; adaptive horizontal localization
(radii vary between 50 and 100 km) for conventional data.

® R = 10-10-1[dBZ? for reflectivity R =2.5-2.5-7v-1[m?/s?] for radial wind

® Deterministic forecasts at 00, 06, 12 and 18 UTC
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Obs. error statistics estimated by Desroziers
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NOTE: Only E_dwd (in black) and E_dwd2 (in green) are relevant

Standard deviation (Ele = 3.5) Correlation length (height = 2 km)
10 i o
) L& —
8t , A | — E_dwd
£ 6} S 1 ] . S S B — .
£ [ } é o | — E_dwd2
O
2r M 0.2 0.2= Siignificanéce level ‘ . . ‘
0.0 l j | | | | i
0O 5 10 15 20 25 30 35 40

85 7.0 7.5 8.0 8.5 9.0 9.5

Standard deviation [dBZ] Separation distance [km]

® Smaller standard deviation and shorter correlation length in E_dwd2 than in
E_dwd
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6-hour reflectivity forecasts
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® E dwd2 is not necessarily better than E_dwd in 6-h forecasts
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Data assimilation with only radar data
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® Model: ICON-D2; Data assimilation system: KENDA (operational at DWD)

< AW\
L
g W
NG
N

® 101to 20 June 2020, hourly updated

® Better EMVORADO settingsin E r2thaninE_r

EXP HiEsg Observations e LHN
scheme Broadening
E dwd Mie seuyentional, off on

radar

E r / Mie \ radar / off \ off

E 2 W radar \on/ off

® Horizontal localization: 16 km for radar data; adaptive horizontal localization
(radii vary between 50 and 100 km) for conventional data.

® Deterministic forecasts at 00, 06, 12 and 18 UTC
(Feng et al. 2023, Atmos. Res.)
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Obs. error statistics & 6-h forecasts
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Standard deviation (Ele = 3.5) Correlation length (height = 2 km) FSS of 6-h reflectivity forecasts
10 T “ (o]
Elevation 3.5 FSS (14 km) FSS (70 km)
1.0 T ; : : ; - . 0.88 0.96
; : E_r
8- O 8 | | 0.84 - —Er2
T 6 S 0.80 E_dwd 092
E 6L it N
oy = 0.6 1 2 o076 1
-;',’ 4}t ..___ 0.4 072 0.88
=k : Q : : : : 0.68 -
. LT B2 : : : : f : :
2 = E_dwd; 0.2 0-2=§ignific?nce Iem 0.64 1 ; ; «li ; . 0.84 1 é ; ; é .
; ; : : O'O 1 1 1 1 L I 1
Og 7 8 9 10 0 5 10 15 20 25 30 35 40 % b
Standard deviation [dBZ] Separation distance [km] 0.72 1 0.88 -
068 1 0.84 \
| 064 3 655 ]
® Smaller standard deviation and shorter correlation length in E_r2 than in E_r 8 > 076
™ 052 | 0.72 4
0.48 - 068 1
0.44 0.64
® Better 6-h forecasts in E_r2 thanin E_r 0.40 —_— 0.60 —_—
1 2 3 4 5 6 1 2 3 4 5 6
Forecast time [hr] Forecast time [hr]

® |onger error correlation length in E_dwd (with conventional data assimilated and LHN) than in E_r and E_r2

Reasons: 1) due to application of LHN 2) due to longer horizontal localization radii for conventional data

= Drawback of Desroziers diagnostics: clear dependency on data assimilation system, not purely estimates of obs. error
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Approximation of representation error due
to unresolved scales and processes

Lo Ih 5 1h . 1h 1h
3 N> y \\.5

(a0 ]
W g et N e

e Estimation of Representation Error due (O S I i i
unresolved scales and processes ( €’ ): |
Consider model equivalents of radar L e L jconremap | e - s
data from a high-resolution model run |
as observations and compare themwith ~ (.................. f e rrenrenmarannens L s vernrrcanmens ,

those from a Iow_resolutlon run 26May00 05june22 05june23 24JUI'IEUO 25)une00 2016
ICON 1.0 km
e Estimation of Observation Error ( €°) by Desroziers ( Recall: €° := ¢™ + & : el L)
Elevation 3.5° Elevation 3.5
10
Error
1] - correlation
8 length at
T 6- 8 different
= heights of 1
5 and 6 km
[ik]
r 41
0 5 10 15 20 25 30 35 40 45 50
2 Separation distance [km]
e Variation of standard deviations of € in line with €° up to 7 km
0- X I . " ® Much longer correlation length scales of e
Standard deviation [dBZ] (Zeng et al 2021 AMT)
- ’
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