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‘Background information
> Kilometre-scale ENsemble Data Assimilation (KENDA) system at DWD

since March 2017 (Schraff et al. 2016, QUIRMS) in operational mode:
> Convection-permitting model: COnsortium for Small-scale MOdeling

(COSMO, Baldauf et al. 2011, MWR) with horizontal resolution 2.8 km

> Lateral boundary conditions: ICOsahedral Nonhydrostatic
(ICON, Zangl et al. 2015, QJRMS)

> Data assim. scheme: Local Ensemble Transform Kalman Filter
(LETKF, Hunt et al. 2007, Phy. D)

> Operational radar network: 16 C-band Doppler radars
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Outline

> Approaches to represent model error
> Alternatives for representing subgrid-scale model error
> |dealized setup for radar data assimilation

> Summary and outlook
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Approaches to represent model error IMke
> The performance of EnKF algorithms strongly depends on quality of
background error covariance B-matrix which should

> be sufficiently large to account for sampling and model error
> appropriately describe correlations between variables
> capture large- and small-scale features of model error

surface pressure charts
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10 20 30 40
radar reflectivity (dBZ)

Research questions

» How to account for multiscale model error in B-matrix in convective-scale
assimilation? (Zeng et al. 2018 & 2019a, JAMES)
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Approaches to represent model error
Additive Noise (applied to analysis ensemble members): z4® 2 1 o n@
> Random draws from climatological B-matrix for global EnVar

data assim. system for ICON

Construction of B-matrix by NMC-method (Zeng et al. 2018, JAMES):

B ~ % < (iEtl —iBtQ)(ithl _ th)T >, t1=48 h, t2 =24 h

B3 adapted to finer resolution of regional COSMO and save as B:

n) = Biy  ~ € N(0.1)
e provide synoptic uncertainty, called “LAN” (Large-scale Additive Noise)

. u) V’ T) qv and p perturbed . a = 0.1 iOO 200 300 400 -0.4
> Random draws from set of model truncation error (Zeng et al. 2019a, JAMES)
4 n= T{MH[CBH(tk — ) - ML{T[:BH(tk —t)]}, 400 Perturbation of uat3 km

MHE &MY high & low resolution model . s

7 :interpolation operator . AIFs
L INTR2LM| e .......... >g_ - ._A,»'.'
I S W » Lr random,t =1h
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B Lite i

e provide unresolved uncertainty, called “SAN” (Small-scale Additive Noise) oy | A § 1o | ese
eu, v, W, T and qv perturbed e a =125
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Experimental design

Weather situation: a two-week period (27 May — 9 June 2016) over Germany

00:00 30 Ma 2018 stron forcing 18:00 05 June 2018 weak forcing

0 ol =100

mm pro Stunde

1Cc :convective adjustment time-scale [h] (Keil et al. 2014)
[-=mm e strong forcing I weak forcing ---------- |

103{ T I

C

If max. tc <6 h, strong forcing;
If max. tc > 6 h, weak forcing

daily maximal

\ ! \ L L
:?:'May 28May 29May 30May 31May O0ljune 02june O03june O4june 05june 06june O07june O08June 09june
time in days
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Objective verification skill scores:

- Fractions Skill Score (FSS, Roberts & Lean 2008, MWR) : Example: precip. rate = 5 mm/h and scale of 5 grid points
If >=5 mm/h,=1; If<5mm/h,=0
[ Mode

for a threshold value, compare forecast fractions with
observed fractions over different scales | Obs

N
% Zizl (Pfcst - Pobs)z
1 I\ il N
N Zizl Pjgcst + N Zi:l Pogbs

[0,1], perfect score 1

7 &)

FS§S=1-

52

50
50

Pobs = 6/25 = 0.24 Pfcst = 6/25 = 0.24
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- Experimental design
Set-up:
Exp LAN (. = 0.1) SAN (o =1.25)
E_LANO.10 J ¢
E_LANO.10SAN1.25 VA v

Observations: SYNOP, AIREP, TEMP, PROF + radar reflectivity
Data assim. Scheme: LETKF (also for radar reflectivity using forward operator
EMVORADO (Zeng et al. 2014, JTECH; Zeng et al. 2016, QJRMS)
Assimilation window: one hour
Size of ensemble: 40 members, and 20 members are used for 6-h ensemble
forecasts, initiated at 10, 11, ..., 18:00 UTC
Localization: adaptive horizontal localization for conventional data, constant
horizontal localization (16 km) for reflectivity
Observation error: adaptive for conventional data, constant (10 dBZ) for reflectivity
Period: 00:00 27 May — 00:00 03 June 2016 (strong forcing)

00:00 03 June — 00:00 10 June 2016 (weak forcing)
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FSS (14 km, 5.0 mm/h)

Strong forcing

- -E_LANO.10

- -E_LANO.10SAN1.25

Better
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Alternatives for representing subgrid-scale model error

» New warm-bubble technique developed at DWD (Zeng et al. 2019b, MWR):

Obsevations DBz Model DBz
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> Physically based Stochastic Perturbations scheme (PSP, Kober and Craig 2016)
dP odP 1 leagy /=5
(7) B (W) + Oaning =4 VP
total param

eddy Axesf

D = T} (7 SP W: Tﬂdd}-‘ = ]_U mlllutes; Axeff-:SAxJ. at'l.lﬂillg — 72; Ieddy — 1 km
V @2 is the subgrid standard deviation: 711 is a two-dimensional random field
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Alternatives for representing subgrid-scale model error
(Zeng et al. 2019b, MWR):

Set-up:

Exp LAN (o =0.1) SAN (o =1.25) PSP Warm bubble
E_LANO.10SAN1.25 V4 V4 % X
E_LANO0.10SAN1.25P \/ \/ \/ ><
E_LANO.10SAN1.25B \/ \/ >< \/
Results
Weak forcing
0.2 : 0.55¢, ‘
. % - -E_LANO.105AN1.25 = Txy - -E_LANO.10SAN1.25
£0.18 7\ - -E_LANO.10SAN1.25P - A = N, - -E_LANO.105AN1.25P
W - -E_LANO.10SAN1.258 £ 05- “~_ - -E_LANO.10SANI.25B
£016- C E il
W E N

" 0.14 ‘«Q Q9 S R

€0.12 Qe © £ T

~ Y SO ~ 0.4 ey

: 0.1 \\;\ .. m g S D

— N = N

W TR o 0.35- ”

0 0.08 “Te, ] "

0.06 ‘ . 0.3 ‘ ‘ :
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forecast time [h] forecast time [h]

E_LANO0.10SAN1.25 is reference run. Differences with statistical significance indicated with dots.
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Supercell simulation

Idealized setup for rada

»
r data assimilation
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Summary and future work

» The combination of large- and small-scale additive noise outperforms large-scale
additive noise alone in both strong and weak forcing situations. The improvements are
especially significant in weak forcing situation

» Further improvements can be achieved by using the PSP scheme or warm bubble technique

> Assimilation of radar radial winds and reflectivity exhibits possitive impacts in idealized setup

Future work:

> Representation of model error in microphysics and obs. error in polarimetric radar
measurement

> Sensitivity to errors in observation operator
> Transition to ICON
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Background information

> Kilometre-scale ENsemble Data Assimilation (KENDA) system at DWD =
since March 2017 (Schraff et al. 2016, QJRMS) in operational mode:

> Convection-permitting model: COnsortium for Small-scale MOdeling
(COSMO, Baldauf et al. 2011, MWR) with horizontal resolution 2.8 km

> Lateral boundary conditions: ICOsahedral Nonhydrostatic
(ICON, Zangl et al. 2015, QJRMS)

> Data assim. scheme: Local Ensemble Transform Kalman Filter
(LETKF, Hunt et al. 2007, Phy.D)

> Obs. assim.: SYNOP, AIREP, TEMP , PROF, MODES; radar reflectlwty
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Histogram of model truncation error samples for SAN

zonal velocity [m™ 14] vertical velocity [m™ L] temperature [K] relative humidity
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y : Kkurtosis, y = 0 if Gaussian distribution
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Spread (dashed lines) and RMSE (solid lines) of background ensemb

Strong forcing

Weak forcing
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- Approaches to represent model error

1. Relaxation methods:

> Relaxation To Prior Perturbations (RTPP, Zhang et al. 2004)
X% (1= ap)X® + apX?
Ensemble perturbations:

Xa _ [X(_I(l) —iff,xa(z) 5 Xa(N) _?a] xb — [X"b(l) <b Bb(2)  =b Bb(N) —b}

—X7 X7 —=X" X —X

-----
4 7

p = 0.75

> Relaxation To Prior Spread (RTPS, Whitaker and Hamill 2012)

a
O'b—O'

0%« (1 —as)o” + asol <> XO (ozs —
o

+ 1) X  as =0.95

Ad hoc, usually used to account for unknown model error !
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Set-up:

Exp LAN (o = 0.1) RTPP (o =0.75) RTPS (o = 0.95) SAN (o =1.25)
E_LANO.10 S X X X
E_RP0.75 X VA X X
E_RS0.95 X X v X
E_LANO.10SAN1.25 v X X v

Observations: SYNOP, AIREP, TEMP, PROF + radar reflectivity
Data assim. Scheme: LETKF (also for radar reflectivity using forward operator
EMVORADO (Zeng et al. 2014, JTECH; Zeng et al. 2016, QJRMS)
Assimilation window: one hour
Size of ensemble: 40 members, and 20 members are used for 6-h ensemble
forecasts, initiated at 10, 11, ..., 18:00 UTC
Localization: adaptive horizontal localization for conventional data, constant
horizontal localization (16 km) for reflectivity
Observation error: adaptive for conventional data, constant (10 dBZ) for reflectivity
Period: 00:00 27 May — 00:00 03 June 2016 (strong forcing)

00:00 03 June — 00:00 10 June 2016 (weak forcing)

2019 PROM-meeting, Bonn yuefei.zeng@Imu.de 21



Initial time

10 20 30 40 50

radar reflectivity (dBZ) probability (dBZ > 20)

Probability: How much percent of ensemble members exceed 20 dBZ
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Reflectivity composite at initial time (12:00 06 June, 2016, weak forcing) & 3 h forecast

Obs

Initial time

10 20 30 40 50
radar reflectivity (0BZ)
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probability (dBZ > 20)

Probability: How much percent of ensemble members exceed 20 dBZ
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radar scan geometry # model grid and radar observations # model variable

model variables :
(uvm), T p, e ldea: (u,v,w), T,p,e) = Zs or v,

Efficient Modular Volume RADar Operator
(EMVORADO, pre-operational at DWD)

Prognostic model variables on Beam blocking / shading of Triinear !nterp..of Lg VW from
the NWP mode grid: radar beam (or parts of t) due to mgdel(gng)l azimutal slices onto
y i . radar (sub)rays
TRV, 0y Py By By Py Py By model orographic obstacles: :
Ne, Ny N5y NG, N, N + Partial shielding in case of beam
~ ol g function weighting —'
* otherwise: total blocking yes / no of Sum up attenuation of radar re-
Orography ~J1 | 11— i pencil beam flectivity by atmospheric hydro-
Calculate model grid values: * meteors along radar (sub)rays
Zeng et al 2014, JTECH, « Estimate degree of melting of ;
(e 119° hydrometeors Radar heam propagation
Ze ng et al . 20 1 6, QJ RM S i T\ Effective refracive index m of hydro- I Fv——— Compute radial wind v, on radar
e i :+ Constant (4/3 earth radius mode h =+
0 M meteor:_;fo_ere theory_ (Tany options) : : (s _ ) (sub)rays from V -
p * Refractive index n of air i i+ Online* (depending on actual n) Y —n -
R\ DU BENT —— - + || Consider W, of hydrometeors with or
A ‘ Y ' without reflectivity weighting
| /\'C- N s Y ‘| ¥ ¥
Sumll — ) ) Ul
120 e 239 Calculate Z, on model grid 3D scan geometry in relationto | %p L
R usin enhe; parallel domain decomposition !} Beam weighting function:
p1 T _g__ and parallelisation strategy J Mweighted spatial average of
« Mig- I —_ e
U BEBERS Meheor | . ‘|-Ea£hpr0ce550r computes s shareof | [,/ + ¥ Ze and W, over auxiiary sub-rays
° ° * Rayleigh-approx. with Oguchi EMA | i ray segments independently . ,' ; - i
0- 359 Py | | . . ' « Consider reflectivity weighting for v, |
Azimutal sl _ =:I:[——:'ﬁﬁ\ s H 'r + Interpolation to ,azimutal slices* of ] -1
Imutal slice using fmmm— ° ! V.0, W, (needsMPI comm.) ¢ H
original vertical model 240" e ——35¢ . ¥ ; Z . ) ¥
levels (depends on NWP h ! W : K .
model - here shown as p2 T :Calcu-late ( On model gid t." _ ? Parallel output of simulated radar
terrain following) S R ony S . data: collect data on one proc-
i+ Reflectivity weighting ! t} Cale. /A (atten.) on model grid essor per radar station and write
BRERA e e A £ Number denshy weightng & } + Only possible for Wie option files (needs MPI communication)
] (]
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e radar reflecf'vity dat:
(Bick et al. 2016, QJRMS) mmgél w@i w@iﬁﬂf%

(c) CONV+RAD E)w%“é ﬁk-

7

{&_

Set-up:

Exp Conventional obs. Radar reflectivity - 4 A
CONV \/ X @ ?gé‘;’m PN » E) o % Z‘:V;‘&f‘ - U] %EEFEAD é %L‘;t% .
z ’\?e Ty \_.I—-:,_,.|'§'\_ = /@2? o 3{"_‘67\ -- 1
CONV+RAD V4 V4 S > : -
2 ﬂf‘“‘w
Conventional obs.: SYNOP, AIREP, TEMP , PROF i A TRS

s | oy
R R e (LT v “,”ﬂwﬁﬁﬁ
K R’irf%"" i\ .H-r”‘tj'éi(" dr
W i 3 “zrl'“\

———

6-h forecast

O.CI 01 05 10 25 50 75 10 15 20 30 40 50 60
Total pracipitation (mm h-1) (hourly acc.)
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Idealized experiments with shallow water model
Set-up:

Exp constraint of enstrophy conservation
E_BSP_NO X
E_BSP_Es V4 <
=
1.3 . : : 3
¥ =—nature run @
1 [}
X -x-E_BSP_NO 2
1.2 : 3\ @
S -0-E_BSP_Es =
g | X 10°
S11n
2 I
. X
Zeng and Janjic “
& S EmaeT - - - ! —_—
. 200 400 600 800 1000
201 6, QJ RMS’ wavelength [km]
Zeng et al . 201 7, 0‘90 1‘0 2‘0 3‘0 40 15 Ensemble free‘forecast mean
QJ RM S assimilation step
2.5 % ‘
1%
' ox
1 \ —_
2 *'ll xxxx o E 107
Xx_ S
8 e % 5
] ! Ll
Z15 it %m x&*xx"x"-x-xx x 1 m L
ll,l EBBDQEE’QDQE! XHoxg X X g XXX LE 5¢
! SBUMBBMSB%BQBBMBU
7 Bin—————— e\ —
0 10 20 30 40 2 2500 5000
assimilation step time step
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Alternatives for representing subgrid-scale model error

» New warm-bubble technique developed at DWD (Zeng et al. 2019b, MWR):

Obsevations DBz Model DBz
29 4°E 6°E  8°E 10°E 12°E 14°E 16°E 18°E 2°E 4°E 6°E  8°E 10°E 12°E 14°E 16°E 18°E
| | | | | | | | | 1 1 |
56°N — — 56°N 56°N T f") . 7
lIL\w f‘:’“f{lﬂif\—f‘f
A -
Yo VEdp : // R)\r—‘
549N — — 54°N 54N — - E%&{ﬁ \% </" B
a3 /
52°N | L 52N 5peN / rj T = - i L
e T 5
,_,(° C“QJ o o,
50°N — b 50N soen - ké’.:" . . L
5& e R e e
o - - |
N "B
48°N — _ I~ 48°N ag°N 7{ For - & - (-K— B
L S o _(."
- @ - —
’ / S\QL_/ r
. \ - I o F 7 oL
46°N %_(/\‘ /} N 46°N 46°N ?_,/\| /} e
T T 4 T T r Tﬁ&\ {\\[N T T < T T r Tﬁk\ El\/h
4°E 6°E 8°E 10°E 12°E 14°E 16°E 4°E 6°E 8°E 10°E 12°E 14°E 16°E
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

> Physically based Stochastic Perturbations scheme (PSP, Kober and Craig 2016)
dP odP 1 leagy /=5
(7) B (W) + Oaning =4 VP
total param

eddy Axesf

D = T} (7 SP W: Tﬂdd}-‘ = ]_U mlllutes; Axeff-:SAxJ. at'l.lﬂillg — 72; Ieddy — 1 km
V @2 is the subgrid standard deviation: 711 is a two-dimensional random field
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