(some) KENDA activities at DWD _ %
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Motivation
Deutscher Wetterdienst N/

autonomous driving mmm depends strongly on weather conditions!
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Real-time weather for a 5-60 Minutes period
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Outline
Deutscher Wetterdienst N/

» Ultra-Rapid DA (URDA) algorithm

e——
* new observation sources e
» experiments with KENDA system

* perspective

Source: AUDI AG
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car observations

Deutscher Wetterdienst N/

- Road surface temperature

- Boundary layer recagnition
- Environment recognition

Sensor st proripiistion

- QPE

- Hydrometeor classification
- Global radiation

- Visibility
- QPE plausibility
- Spray plausibility

- Visibility plausibility
- Fog differentiation

- Hydrameteor classification: rain /
snow differentiation

- Snow cover recognition

—

p—

- Wind speed (longitudinal)
| - Atm, pressure
- Geopasition
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—_"_“"'; "L - air quality . e ——— — == ' . —— 7/
— - Air tg;qperature i - Wind speed (lateral) \ {
- Humidity - Slippage
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legal issues to make data available — currently data only from 1 car
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Deutscher Wetterdienst N/

Road Weather Stations

Kombi-Sensor

erfasst Lufttemperatur, relative Feuch-
te, Niederschlagsintensitat, Nieder-
schlagsart, Niederschlagsmenge,
Luftdruck, Windrichtung und Windge-
schwindigkeit.

Nachtsichtfdhige Kamera

ist fest installiert mit einem Infrarot-
scheinwerfer, der nicht den Verkehr
blendet. Alle 10 Minuten wird ein

erzeugt.

StraBenbild (schwarzweil oder farbig)

measured variables

road temperature

road condition

air temperature

dew point

temperature at 30 cm depth
precipitation type
precipitation intensity
wind direction 3
wind velocity
visibility

285 stations

in Bavaria
. (Jan. 2017)
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Outline
Deutscher Wetterdienst N/

+ Ultra-Rapid DA (URDA) algorithm

Ee——
* new observation sources e
« experiments with KENDA system

* perspective

Source: AUDI AG
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Deutscher Wetterdienst %. /

standard sequential DA cycle

forecast

ensemble transformation ]

&
& Xk-l,k
-1 new forecast_]
analysis |
—
Xf
new analysis ] .&
X% y
tr—1 ty t;
@dynamics ]
« forecast step : Xi—l,k — Mk-l,kX%_l
. analysis step (LETKF) :  X¢ =XJ £W("f)
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Ultra-Rapid DA (URDA)
Deutscher Wetterdienst N\

,Preemptive Forecasting”
based on EnKF:

X/ b X1 e
k-1,k
a
k-1 W (k)
f
X’{:’E
Li—1 % te
« 2007: B JEtherton: Preemptive forecasts using an ensemble Kalman filter.
Mon. Wea. Rev., 135(10):3484—-3495.
« 2015: L E Madaus, G J Hakim: Rapid, short-term ensemble forecast adjustment through offline

data assimilation. Q. J. R. Meteor. Soc., 141:2630—-2642.

« 2018: R Potthast, C A Welzbacher: Ultra rapid data assimilation based on ensemble filters.
Front. Appl. Math. Stat. 4:45.
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Deutscher Wetterdienst g /

Properties: Ultra-Rapid DA (URDA)

« equivalent to standard sequential DA for linear model and observation operator
[Potthast & Welzbacher 2018]:

— URDA applicable only for (very) short lead times (<~ 1 -3 h) for which
» non-linearity is sufficiently ‘small’

» local transform matrix (of LETKF) still applicable to forecast
(i.e. the influence of obs remain within localisation area)

 applicable to several assimilation steps from different time intervals:

X}i,g — Xi—n,gw(k_nﬂ) W)

* no model re-initialization / no additional forecast runs necessary

— no need to update the whole model state;
a reduced set of selected variables and grid points can be updated

— very small computational costs
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Outline
Deutscher Wetterdienst N/

« Ultra-Rapid DA (URDA) algorithm

B
* new observation sources il
« experiments with KENDA system

* perspective

Source: AUDI AG
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URDA-KENDA ExPeri ment Deutscher Wetterdienst Ny

model state forecast lead time :

A 15 min :
10 min

A A A

free (preemptive)
ens. + det.
forecast

RUC ensemble + deterministic
Cf forecast run

(only the deterministic run
is plotted here)

» URDA ens + det
forecast (states)

. RUC ens + det
observations| ¢ = = forecast run
00:00 01:00 02:00

« RUC = Rapid Update Cycle — 1-hrly LETKF DA cycle

» assimilated obs: only conventional (Synop, radiosondes, aircraft)
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URDA-KENDA Experiment

Deutscher Wetterdienst N/

surface pressure differences

model: pressure (layer 50 ), feedback: surface

min: -60.008 ( -134.461 max: 130.102 ( 235. 43) mean: 35.557 ( 46.02) sd 28.195 ( 50.947
G‘/J

lf‘ b
’ ” 8 L
& } é 150
543 -
~ 100
- 50
51.9 4
lat -0
49.5 -4
~ -50
-100
47.1
-150
447
Pa

Difference: stdd_It00.det - free_It00.det

DA Forecast

model: pressure (layer 50 ), feedback: surface (station) pressure

min: -60.008 (-134.461) _max: 130.102(235.43) _mean: 35.991 ( 46.02) _sd: 27.786 ( 50.947
T
AT S 7
4 ho] 5 /
e T BN 150
5
54.3 -
100
- 80
51.9
lat o
49.5 -
= =50
-100
471
-150
44.7 - P

Difference: urfc_It00.det - free_ltoo.det

URDA Forecast

RUC minus free (det.) forecast

| Leadtime = 00 minutes I

URDA minus free (det.) forecast
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Deutscher Wetterdienst N/

surface pressure differences

able P at layer 50

i m ba I a n CeS 9?,5703 mean“ 28.6083 sd: 4(1!{98
introduced :

54.3
,II’
519 4 s
<~
~7
A 7
at
|
S
49.5
471 A
44.7

1 48 886 124 16.2
lon

Difference: stdd_It0300.det - free_lt0300.det

DA Forecast

|150

— 100

- 50

-100

-150

RUC minus free (det.) forecast

54.3

si9- 5

49.5

471

44.7 -

Variable P at layer 50 t b I
min: -51.8164 max: 130 734‘4 mean: 35.663 S a e
A1 N .
behaviour

Leadtime = 5 minutes

8.6 12.4 16.2

Difference: urfc_1t0300.det - free_It0300.det

URDA Forecast

URDA minus free (det.) forecast
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Deutscher Wetterdienst N/

surface pressure differences

1 P at layer 50 Variable P at layer 50
S p I n = u p WaVeS B mean: B.1641 sd: 9.0213 min: -38.293 max: IZ_I_BUEB mean: 30.715 Sta b I e
M gj-" L A\ .
— signal lost |~ = behaviour
(« lateral BC?)[
543 | *:\ 2 sl 54.3 |
— ~ 100
I 50 y
519 4 5194 5
<5 5
at gl J‘/- Fo at
49.5 *—' f 49.5 ;47
- -50
-100
471 A 471 A
-150
447 - i Pa 447
1 48 8.6 ' 12.4 16.2
Difference: stdd_It3600.det - free_lt3600.det Difference: urfc_1t3600.det - free_l3600.det
DA Forecast URDA Forecast

Leadtime = 60 minutes

RUC minus free (det.) forecast

URDA minus free (det.) forecast
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Deutscher Wetterdienst N/

temperature differences at lowest model level

. . Variable T at layer 50 Sta b I e
mi S pl n _u p effect min: -3.3152 max: 20481 mean: 0.0274 .
T P | f 7 s behaviour
M@,Qz G £y | | 0.4 g}%\jﬁ o ] I 0.4
543 4 Dé \?i R Friewi i 543 ﬁ\ ‘\2° (3 EJZ—
N //KYL a = :
b - 02 ,—‘\ . - o2
51.9 5)“ 51.9 (;/
= <
lat /J/‘ I - 0.0 at j 0.0
49.5 | 485 - -
- 02 - -0.2
47.1 471
0.4 0.4
*1 T T T T T - | | Pa “ T T T T T Pa
1 4.8 8.6 ‘ 12.4 16.2 1 48 8.6 ] 12.4 16.2
Difference: stdd_It0000.det - free_It0000.dat Difference: urfe_It0000.det - free_[t0000.det
DA Forecast URDA Forecast

I Leadtime = 0 minutes I

RUC minus free (det.) forecast

URDA minus free (det.) forecast
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URDA-KENDA ExPeri ment Deutscher Wetterdienst Ny

forecast lead time :

model state ,
15 min >

A

free (preemptive)
ens. + det.
forecast

RUC ensemble + deterministic
Cf forecast run

(only the deterministic run
is plotted here)

" @--ie..., URDA ens + det

unbalanced model state forecast (states)

RUC ens + det

observations| e~ _ ____J  forecast run

| spinupperiod | | |
] : : >
01:00 02:00

00:00

RUC = Rapid Update Cycle — 1-hrly LETKF DA cycle

 model re-initialization in RUC introduces imbalances

« URDA can beat RUC for short forecast times
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Deutscher Wetterdienst N/

RMSE vs. lead time

Det. Forecast RMSE

: temperature:
RUC > URDA > free fcst o

“@= free forecast

o - | . upper-air (aircraft) wind (components, all levels): . =& RUC forecast
URDA = RUC, better than 1 — 2 h free forecast “#- URDA forecast

i

. e pp——
200 = M =i
Ui e
: ' ' ' ' i

g surface pressure: =
2 Heeme URDA better than RUC =

30
leadtime [min]

assimilating Synop pressure + radiosonde + aircraft + wind profiler data
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Conclusions and Perspective %
Deutscher Wetterdienst Ny

1. URDA shows great potential for very short lead times:
« strongly reduced computational cost
» frequently updated and rapidly available — el
+ quality comparable to RUC for short lead times, % = |
no spin-up effects \
Source: AUDI AG

2. Observation operators for car observations under development

» modelling of dependency between meteorological state
and car-microclimate; time- and spatial aggregation

« car-dependent bias correction; quality control

» data anonymization (legal issues)
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Task 2.2: GPS STD

convective summer period Deutscher Wetterdienst

—  GPS (GNSS) Slant Path Delay : humidity integrated over (slant) path
from ground station to GNSS (GPS) satellite, all weather obs

45) GPS obs from 1 station / 9 satellites in 15 min.

« 300 stations in COSMO-DE domain
- STD (slant total delay), elevation € = 5°-~ 90° — after thinning ~ 2000 obs/h &

- ZTD (zenith total delay): mapping of delays to 1 zenith info, < 300 obs/h

* no clear positive impact — improved bias correction, bug fixes, etc.

* new experiment: assimilate ZTD + low-elevation STD (7° < € < 25°)

CONSOATI0M FOR SMELL SCALE MODELING KENDA-O overview ] %_
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Task 2.2: GPS STD

convective summer period

Deutscher Wetterdienst N/

radiosonde verification
25 May — 1 July 2016

or

— 5 weeks !

change in
RMSE

. better
. worse

bias: only slight
increase of wet bias

p-level [hPa]

p-level [hPa]

100 4
160
2204
2904
3404
400 =
4704
5304
600 4
660
730+
800 4
8704
960 4

100 1
160 4
2204
290+
3404
400
470+
530+
600
660
730+
800 =
8704
960 +

100 4
160 4
2204
2904
3404
400+
470+
5304
600~
660 -
730+
800+
8704
960 4

100 4
160 4
220+
290+
340+
400
470+
530+
600 4
660~
7304
800 =
8704
960 4

STD + ZTD vs. no-GPS

STD + ZTD vs. ZTD

ALL GER

ALL

GER

100+
160+
2204
2904
3404
400 =
4704
5304
600
660
730+
800 4
870+
960 4

X
I

(1°0) Aupiiny angejas

1004
160+
2204
290+
340+
400
470+
530+
600
660
730+
800 =
8704
960 +

p-level [hPa]

—
(y) aunjeladwal Jpe Jaddn

100+
160+
2204
2904
340 4
400+
470+
5304
600
660
730+
800+
870+
960 4

wind
speed

—

= HE B
(s/w) paads puim

1004
160~
220+
290+
340+
400
470+
530+
600

wind
dir.

p-level [hPa]

(ea1Bap) UonoaIp pUIM

800
8704

960 4

-5% significant at few levels /ini times

-5

not significant
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Task 2.2:

GPS STD

convective summer period

Deutscher Wetterdienst N/

Synop verif. (GER)
25 May — 1 July 2016 _

STD + ZTD vs. no-GPS

STD + ZTD vs. ZTD

2 12
A | | [T [ Te—— T A— R —————
o2 RH2M | ==
9
0 j
[ . a
E 2 T || — - = | [ S — - "
85" TD2M | s
©
% change 8
in RMSE o [
S [T 1 [ [ [ [ —— e = I— [T
= =
"~ better 5 T2M
. worse
© z .Iz
o e T e O O e e - -
s) low cloud | s
g |5 2 _
= B 5
(] = =
£ PS |+
-5 4
= 3
= i —— e e £l —e— —
s wind speed | s
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18
lead-time [h] lead-time [h]
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Task 2.2: GPS STD

convective summer period Deutscher Wetterdienst

SynOp Ver'f (GER) 6_UTC forecast runs STD + ZTD VS. ZTD
25 May — 1 July 2016 8
ki S e
. 0.001 e-e-3-2 = eCm e Om Drn SO = ’f
£ 5= RH2M
&
g °
-0.014 S
,E\ 1 | ——— - -
RH2M 52 TD2M
Experiment
< 210012 57,

0000* O0—-8—0~0—-8-9-0-0-C-0- 0O -0~ 000 -0 - 2100.14 E L IEEEEEE—. _
£ 0 005) Valid hour 5] T2M
® — ALL
3
9 -0.0101 Sig. diff. (95%) 51 =

O n.a. i’lt B O e s B e 0 — —
improvements 00151 . Jos g low cloud
51
by STD over ZTD
=lE 0.01/ 51
occasionally 3 B
S|gn|f|cant "~o_§ 0.004 ©-0-C-fR~0=8-GrO=O= OO Q=N Q= OO0~ OO S-V pS
o
3 -0.014 o
0021 low cloud : T o
5 wind speed
[} 951 © (o)) f}l ‘_"-? '9'_) C‘\T (\\;

0 3 6 9 12 15 18 21

forecast time [h] lead-time [h]

24
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Task 2.2: GPS STD

convective summer period Deutscher Wetterdienst

precip vs. radar 0-UTC runs 6-UTC runs
26 May — 28 June 2016 : :

1 08 r

= STD +ZTD 53%:?333 —
; ol noGPS
-
04 | . 1 o4 f |
1-hrly precip — / _
FSS | |
30 km 68 : ‘ 05 ' 2100.12,et ——
( ) STD + ZTD \\ 2100.14£1
1 mm/h o7} ZTD \
04 |- \"\/1\___ { 04}
i,
\
03 \“ﬁ 1 03
STD + ZTD slightly better than - - - - 02 - - - -
— noGPS 0-, 6-UTC runs time of day time of day

- ZTD 6-UTC runs
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Task 2.2:

GPS STD

winter period (with spells of low stratus)

Deutscher Wetterdienst N\

Dec. 2016

radiosonde verif.

STD + ZTD

Synop verif (GER)

ALL GER VS.
100+ ss]
benefit b . no-GPS |
. . g 290+ E = ==
significant ] s B RH2M
at+6h = | RH o v
. 1 = y
(in 6-, 18-uTc _ 2] . 2 =| change g [
runS) El: ggg- : .l - In RMSE T § L T —
=y i < =
G>J 1004 Q 5
3 jaog = " better §° TD2M
290 @ ]
200 & B worse .
504 T = =
600+ 2 S e ——————
660 4 = S
ot | i g 5 T2M
5601 h
1004
160 -5
220 =
290 4 = [ e S e s . —
3404 =3 o
400 = d % g’»
70 win ] 5 low cloud
500 | speed F ®
- ‘ = it
£ 2] z |2
% 1004 E E
e | 5 ps
= . . : g
= wind | ;
530+ . S i
800 dir. " =z = - —
= ' 3 E
a70- | H - 5 wind speed
5 -5 5
-5% 0 3 6 9 Iead‘ltZime 15 18 21 24
g [h]
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Task 2.2: GPS STD

winter period (with spells of low stratus)p.tscher Wetterdienst o,

Dec. 2016 radiosonde verif. STD + ZTD
ALL GER VS.

=l no-GPS

340+
400 -

S20] RH
% change 660
. 730+
in RMSE 800
960
. better o
2904
B worse o
5007 T
600 =
660 =
7304 1
800+ | )

8704
960 i

1004
1604
2204
2904
3404
400 = =

wind

5304

6004

| speed
730+
800 4 |
8704
90 960
1004
1604
2204 I
290 ]
340 5 I
400+ d |
et win :
5304 .

dir

660 - " L]

2016/12/01 - 2017/01/01 2016/12/01 - 2017/01/01
INI: 06 UTC, DOM: ALL INI: 18 UTC, DOM: ALL

(10) Aupiuny aniejel

relative humidity (0..1) relative humidity (0..1)
1004 RMSE RMSE

p-level [hPa]

290

400
lead-time [h]

- 006

() aimeladuwsy Jie sjaddn

Sig. diff. (95%)
o n.a.
© no
® yes

level [hPa]

5 660

p

Exp.
— 2200.02

==+ 2200.01
800

(s/w) paads puim

p-level [hPa]

) o )

g ¢ & & § 5 S 8 3

ol ol o o o o o) ? ; ;
score diff. score diff.

+ 6 h, below 700 hPa:
730 i RMSE reduction significant, by 2 —4 %
o] ' H (in 6-, 18-UTC runs)

-5% 5 -5 5

007
0.0

(ee1Bap) UonoBIp pUIM
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Task 2.2: GPS STD

winter period (with spells of low stratus)p.tscher Wetterdienst o,

Dec. 2016 0-UTC forecast runs Synop verif (GER)
% change
0.0001 o-c-o-o-2-8-0-2-3-0-2-3-0-0-C-O-O-C-O~O-Cf O~0O-~L in RMSE . %
STD + ZTD W better |5 -
VS. g 0% B worse 5| RH2M
= 2
no-GPS 8 -0.0101 5%
s hY) | —
-0.0151 % =
B ol TD2M
0.0001 o-c-C-0-C-C-0-0-8-0-8--3-0-0--0-0-0--0-0-0-C-03-C Valid hour ° e
— ALL 5
| e ————— — e e—
. -0.005 Sig. diff. (95%) =
% © n.a. 5 T2M
E © no
8 -0.010+ ® yes
7] -5 -
: Experiment ]: [ T —— - p——
improvements -0.0157 < 2200.02 8 T —
= X 5
by STD + ZTD N
are L
. 0.011 @]
occasionally =z |3
. g . s |2
Slgnlflcant % 0.001 o-o-c-0-0-0-8-8-0-0-8-0=~ qé’ 5 - pS
1 e
§ [&]
-0.014 S
low cloud s o
-0z 5 wind speed
© ™ © &} o b @© ~ =
AT A 0 3 6 9 12 15 18

forecast time [h] lead-time [h]

21 24
TONSOSIOM FU SHALL SCALE MADELING KENDA-O overview - %_
c.s MO COSMO GM, Rome, 09 — 12 Sept. 2019 christoph.schrafi@dwd.de 3|



Task 2.2: GPS STD
winter period (with spells of low stratus) peutscher Wetterdienst

PS STD exp. rejects:
1 wet RH more at 10954, 11 Z
- 1 ~wet RH less at 10868, 11 Z

G

20 Dec. 2016, - 1 wet RH more at 10771, 11 Z
- 1 wet RH more at 10393, 11 Z
12Z+06 h s| - 1 cold T more at 06610, 12 Z

- 1 wet RH less at 11520, 12 Z
- 1 cold + wet more, 10618, 17 Z
- 1dry RH less at 10238, 17 Z

20 Dec. 2016,

18Z+01h
no S':'_D
—— ZTD
20 Dec. 2016,
18 Z+ 06 h
20 Dec. 2016,
18Z+12h
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Task 2.2: GPS STD

winter period (with spells of low stratus)p.tscher Wetterdienst N~/
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Task2.2: GPS STD %
summary Deutscher Wetterdienst Nwj

* experiments with combined assimilation of ZTD + low-elevation STD
— small but consistent positive impact (summer)
— slightly better than use of ZTD alone

— no major problems with low stratus
(which was a problem for nudging of GPS-derived integrated water vapour IWV)

(improved first guess check for radiosonde T, q (already operational at MeteoSwiss)
will likely mitigate 1 negative case)

* technical work being done towards operational use (e.g. BUFR format)

« further experiments required with COSMO-D2,
still option to (try to) make it operational for COSMO (but not very likely due to limited resources)
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