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(Main) motivation: improve the solar radiation predictions for the renewable
energy sector (within the EWeLINE project)
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- KENDA

 Assimilation of photovoltaic power

 Assimilation of SEVIRI satellite cloud products
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‘  Assimilation of SEVIRI satellite radiance
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Local Ensemble Transform Kalman Filter
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Forward
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Flow-dependent background error covariance

Analysis perturbations: linear
combinationen of the first guess
perturbations

The closer an ensemble member to the observation, the higher it's weight in the analysis linear
combination. No linear/adjoint model needed!
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Outline
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Assimilation of photovoltaic power

Assimilation of SEVIRI cloud products

Assimilation of SEVIRI radiance
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Assimilation of photovoltaic power Deutscher Wetterdienst E
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Forward operator (to derive the model equivalent for the LETKF):

/Forward operator for \
PV module

Model variables:
*Surface irradiance Synthetic PV
*2m temperature ‘
Albedo power H(x)
/ ©Yves-Marie Saint-Drenan, IWES
a Module meta data: ) * Transform to radiation at
*Orientation/tilt angle tilted plane 5
sLatitude/Longitude + Compute losses (soiling,
*Temperature coefficients module temperature,
*Installed capacity ) \optical losses) /
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Data qua"ty Wetter und Klima aus einer Hand E

- PV panels yield unexpected power values for example in the case of

« Meta-data often not given correct!
« Peak power

« Orientation / tilt angle
« Possible failure of single strings
« Soiling? Dust, leaves....
« Shading by trees or buildings?
« Show on panels
« Temperature coefficients unknown

- Some kind of quality control is essential!!
Some bad data can easily spoil the positive
iImpact of a lot of good data in the
assimilation process!
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Quality control system
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CMSAF satellite products:
- Direct surface radiation
- Diffuse surface rad.

-

COSMO-DE analyses:
- T2m
- Albedo

PV panel meta data

Peak power, lat, lon
Orientation and tilt angles

PV

Forward
operator

“theoretical®
PV power

Compute

statistics RMSE

Observed

PV power

-Correlation
-Mean erro
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Quality monitoring for single panels
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Observed power

.Available" power
g i
= 3
6 . . L]
g .
o L] . L]
g g . .
Pal o4t
o G'“. '.f
o.': *
Global radiation o | Beter
S a*% .
foe
— o corr= 0.88
E ) '
= 00 02 04 06 08 1.0
.§ Simulated power [W]
%
| M
. £ — _ -
% EWeLiNE=£=, 2:::11':%’.35::‘5{:;‘.%".:55 ey G2TEMET fipen  ZiFraunhofer 9
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Data with sufficient quality
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,obest panels” ,good panels”
Corr>0.9 Corr >0.85
RMSE < 0.05 * W5 RMSE < 0.15 * W5
BIAS < 0.1* W BIAS < 0.15* W4

NEXT:

> Write blacklist of panels with bad data quality.
» Technical implementation

> First assimilation experiments.
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« KENDA

 Assimilation of photovoltaic power

 Assimilation of SEVIRI satellite cloud products

Assimilation of SEVIRI satellite radiance
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Deutscher Wetterdienst

Satellite cloud product information Wetter und Kima aus einer Hand

= (Geostationary satellite data: Meteosat-SEVIRI
(Ax ~ 5km over central Europe, At=15 min)

NWCSAF satellite product: cloud top height Source: EUMETSAT

Cloud top
£¥ o

- contains information on

horizontal and vertical
distributions of clouds

12 3 456 7 8 9 10 111213
Height [km]
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Method
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OBSERVATION:

Satellite product: cloud top

height

B Cloud top
%

5E 10E 15E
1234567 89 10111213
B [ [T TT T -

Height [km]

Assimilated
variables:

Cloud top
height

100% Relative
humidity at

cloud top height

Extract information if a pixel is observed as cloudy:

MODEL EQUIVALENT:
Determine cloud top model

equivalent: top of most humid

layer k close to observation

Height
(k)

RH(K)

Height

i

Observation

Model RH

profile

see Schomburg et al., QTRMS, 2014
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Extract information if a pixel is observed as cloud-free:

Observation: %ti)'lat(?d Model equivalent:
Q . variapies:
Satellite product: cloud top height B K
Z[km]
Cloud to .
4 @? Cloud cover cmzxgg\lfé?m
"1 e VST 0% high clouds high levels
Maximum
> CIO,Ud SlenAEls cloud cover in
] mid-level  J«— medium -
0%
clouds levels
o Cloud cover Maximum_
low clouds cloud cover in
0% low levels
12 3 45 6 7 8 9 10 111213

Height [km >
ght [km] e

see Schomburg et al., QIRMS, 2014
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Forecast results: low stratus case Deutscher Wetterdienst E
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Total cloud cover after 12 h free forecast
conventional + cloud

satellite obs conventional only assimilation
\"f-“ va
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15. Nov 2011, 6:00 UTC
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Upper air verification for 83 hours cycling
starting at 12 UTC, 12 Nov 2011: bias
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p [hPa]

Bias: OBS - FG
T bias RH bias

300 gl b b 1 pedgongo 300

. v+cloud r |
400 4 ___FGo ew?rcloud 3989 3993 - 400
500 2958 2066 [ 500
600 - T 24132436 T 600

1 - B o ]

] X =% 1
700 - 3182 3200 | o 700
800 - s 800

1 4793 4799 [ ]
900 - - - 900

] "'::\ 4605 4678 [ ]
1000 P4 2055 | 1000 ———

000 010 020 030 040 050 0.0 -0.060  -0.040 -0.020 0.000 0.020
K] (1]

assimilation of conventional obs only
assimilation of conventional + cloud obs

- Strong bias in mid-levels...?
* FGtoo cold and much too humid
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Moisture increment |
for 12 UTC, 13 Nov 2011 il O)

Conventional OnIy Conv+cloud Mid-level moisture
s 2:E 4:E G:E 8:5 10]'5 12]°E |4I°E 15:? 1BI°E o o 2‘;E J‘IE G:E 5:5 \01°E |2I°E 14'°E 16]"? 18:5 | increment

- 54°N 54°N —

ey Bl Observed cloud top
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* mid-level moisture increment in low-

Observed cloud type

. . >N ‘* ".‘ .'l ) u ) fractional
stratus situation?!? AT
12345678 910111213 e

height [km] 52°N high

- Problems caused by incorrect cloud top height in
NWCSAF cloud top height products e
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Eliminate suspicious observations Wetter anis Kima sus cine Hand E

- Use flag from cloud analysis to throw away data flagged as “inconsistent”

Preprocessing to merge satellite and
radiosonde cloud top height information Flag
(Cloud analysis): Use nearby radiosondes within 2E 4 SE ®E 10E 12 14E 16E 18
the same cloud type to determine quality flag ' . eonsist
undefined
Satellite cloud type B ..
Radiosondes: yp fractional
Coverage 2°E 4°E 6°E 8°E 10°E 12°E 14°E 16°E 18°E l only RS
N " L 56°N
fractional
SN o | only SAT
" t high semitr
s4°N TP, Ry I SAT&RS
very high \
S wn | Provides SAT&RS
| uality flag SATSRS
45N . | 50N & X low SAT&RS
5 VarjIcw . SAT&RS
o cloudfree . '::~‘ N cloudfree
4 cloudfree ! . | | | I | I T
46°N S 4°E 6°E 8°E 10°E 12°E 14°E 16°E
undefined
8, ;’ '
4°E 6°E 8°E 10°E 12°E 14°E 16°E
% Deutscher Wetterdienst E e azrenner P oion  Zi Fraunhofer 19




Deutscher Wetterdienst

New experiment Wetter und Kilma aus siner Hand M

Flag

2°E 4°E 6°E 8°E 10°E 12°E 14°E 16°E 18°E

inconsist
undefined

- = New simulation

« with more strict data elimination

cloudfree
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Results of new experiment with rigid quality

control: Upper air verification
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Scores computed based on
several 6h-forecasts from 13-
15 November 2011:

T RH
RMSE - No detrimental effect of
25000 - cloud assimilation visible any
conv more, but sometimes a lot of
0000 4 —|conv-cloud cloud data has to be
' bias screened out
RMSE :
75000 =
bias
100000 =
° - T
=) (=) (=) o o
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 Assimilation of photovoltaic power

 Assimilation of SEVIRI satellite cloud products

Assimilation of SEVIRI satellite radiance
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Sensitivities of SEVIRI channels Wetter und Kiima aus einer Hand NS

Standard Mid—Latitude Summer Nadir Cloud classification at 1 June
2011, 18:00 UT
& e

== T ¥ T T T T T ¥ T
oo | Source: EUMETSAT | ch  4: IR 3.9 fractional
Ch 5: WY 6.2
1Ch 6: WV 7.3 high semitr
Ch 7: 1R 8.7
1Ch 8: IR 9.7 very high
lCh 9:IR10.8
high
4Ch 11: IR13.4
medium
i low
4 very low
b cloudfree
= cloudfree
undefined

Normalised Weighting Function

Observed BT WV6.2
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Sensitivities of SEVIRI channels:

FG computed with RTTOV
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Standard Mid—Latitude Summer Nadir

T T * T
Source: EUMETSAT

Cloud classification at 1 June
2011, 18:00 UTC

-

100 1 Ch 4: 1R 3.9 = fractional
Ch 5: Wv 6.2
200 ~ 1Ch 6: WV 7.3 high semitr
— Ch 7:IR 8.7
1 very high
{Ch 9:IR10.8
high
1Ch 11: IR13.4
medium
i low
4 very low
- cloudfree
= cloudfree
ndefined
Normalised Weighting Function i
OBS -FG WV6.2 OBS —FG WV7.3 OBS-FG IR8.7
WV6.2 wv7.3 IR8.7
8§ - — § i
B 5 £ 5
. ¢ e el -Hm.»
S r T T 1 © r T T 1
7‘20 20 ~10 0 10 20 20 ~10 0 10 20
OMB [K] OMB [K]
Tennert
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SEVIRI radiance assimilation: | E
channel WV7.3 ietor s ima sessner iond )

First assimilation experiment by former DWD colleague Africa Perianez and visiting
scientist Jason Otkin (University of Wisconsin-Madison):

all sky — no radiance assimilation

— all sky — with SEVIRI WV073 assimilated E— all sky — no radiance assimilation
—_— all sky — with SEVIRI WV073 assimilated

RMSE

BIAS and RMSE time series for all sky during the 12 hour assimilation period for the Control
(black lines) and SEVIRI (red lines) assimilation cases. With parameter values, Observation error o, =
3.5, horizontal localization radius [;, = 35 Km and vertical localization radius /,, = 0.7.
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- Progress towards the assimilation of cloud-sensitive data:

»‘gg Photovoltaic power: Quality control running - blacklist "bad panels® >
=1 Implementation of usage of the data in KENDA - experiments

4 SEVIRI cloud products: detected and solved problem with false cloud
B top heights in satellite product

SEVIRI radiances: very first experiments have been run, more will follow

. ) ."”\.A

Thank you for your attention.
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