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Motivation

European Center for Medium Range Weather Forecast
Operates Integrated Forecast Scheme (IFS)
= Known deficiencies

e Mixed-Phase clouds in could air outbreaks
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Motivation LEIPZIG

European Center for Medium Range Weather Forecast c ECMWF
Operates Integrated Forecast Scheme (IFS)
= Known deficiencies
* Mixed-Phase clouds in could air outbreaks
* Cloud-Aerosol-Interactions

* Ice crystal shape parameterization

Validation of:
* Cloud representation in IFS analysis data
* Cloud optical parametrization
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- Radiation
- Turbulence
- Clouds/
Precipitation
- Aerosols

26-28 March 2019

kevin.wolf@uni-leipzig.de

UNIVERSITAT




. . . UNIVERSITAT
Motivation — Model evaluation LEIPZIG
O
< o 2
A b =
8 5 3
S i =
S B o
@) = —
C (broat.zl)band - (23 ;;
e Irradiances 3 B S
2 cC . Q)
- ) P
o #
)

* Run radiation scheme
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Instrumentation - SMART

Irradiance
(up/down)

[W m2nm1]

* Zeiss grating spectrometers

* Temporal resolution: 2 -5 Hz

*  Wavelength range: 300 — 2200 nm

* Spectral resolution: 2 - 16 nm FWHM
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Radiance
(up)

[Wsr1m2nm?]

cloud cloud top cloud top
albedo reflectivity phase

[1] Wendisch, M. et al., 2001
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Motivation — Model evaluation LEIPZIG
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Motivation — Model evaluation LEIPZIG
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Motivation — Model evaluation LEIPZIG
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Model Set-Up 2nd step: calculate Missing Input Parameters (4 .‘

/ ECRAD x
Vertical Columns along

Flight Track input parameters:
SZA, p, T, Q, FCC, IWC,
parameters: T, Q, LWC, LWC, RWC, SWC,
IWC, RWC, SWC, u, v, w, gas ratios, default

ps, SLP, FCC, p, SKT parameter settings,
+

Y et liquid

Calculate r for ice r

Fett,i
particles and SIS
droplets output parameters:

I:up/ I:dw:
sw/lw
int. / spect. bands

\ e cloud cover /

Model Set-Up 3rd Step: Calculate Missing Input Parameters / IFS Namelist
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Case Study - Flight 26.09.2016 ‘Karl’ ph

-30

Modis Terra satellite image from 26.09.2016 of ‘Karl’ with entire flight track of HALO (blue)
and selected cloud cases (yellow) .
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Case Study — Plausibility Check
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Case Study — time series LEIPZIG
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Case Study — time series
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Case Study — time series
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Case Study — time series LEIPZIG
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Case Study — time serles
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Case Study — time series
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Liquid Water Cloud Case - Timeseries LEIPZIG
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Liquid Water Cloud Case - Timeseries

Independent Column Approximation
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Liquid Water Cloud Case - Timeseries it {)g; UNIVES
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Liquid Water Cloud Case — Cloud Top Albedo
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Liquid Water Cloud Case - Timeseries LEIPZIG
ecRad (IFS)
libRadtran

4 (Fu)
0 ibRadtran
(Baum)
~ 80f
E & ; | SMART
B s 40 7
kG,
0
_"‘*ijg ~ Y ecRad (IFS)
A 20 T MODIS
8
E 2000
3 1000 ] | I]-
5 0 —8E-43-200 20 40
| Z (g m7)
2000 |
oo v — | 1
Di 000,204 06081.0
14:10 14:15 14:20 14:25 14:30 14:35 14:40 iz

Time (S0D)

NAWDEX WS Toulouse

UNIVERSITAT

) 26-28 March 2019 kevin.wolf@uni-leipzig.de

27



Liquid Water Cloud Case - Timeseries LEIPZIG
= ecRad (IFS)
libRadtran
A ‘0 (Fu)
o o ibRadtran
(Baum)
f."‘au
;F'E 3 A SMART
40 7
0
_ﬁijg ~ Y ecRad (IFS)
s 20 T MODIS
8
€ Voo
§ e
E —60-4G-200 20 40
Z(gmT)
2000 |
oo v — | 1
o 0.0 0204060810
14:10 14:15 14:20 14:25 14:30 14:35 14:40 iz
Time (S0D)

i NAWDEX WS Toulouse

UNIVERSITAT

26-28 March 2019 kevin.wolf@uni-leipzig.de

28



Liquid Water Cloud Case - Timeseries
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Liquid Water Cloud Case - Timeseries cllu Sl
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Ice Cloud Case - Timeseries
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Ice Cloud Case — Cloud Top Albedo
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Conclusion

* Co-location of observation and simulation well

* Too large droplet size due to LWC and fractional cloud cover
(Model error)

* Too low reflection of ice water clouds in absorption bands

(Radiation scheme error)
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Case Study — time series VEr
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NARVAL-II --Trade wind cumulus region

Modis Aque satellite image from 19 August 2016 with entire flight track of HALO (white)
and selected cloud cases (gray) .
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NARVAL-II Trade wind cumulus region
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NARVAL-II Trade wind cumulus region LEIPZIG
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NARVAL-II
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NARVAL-II Trade wind cumulus region
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NARVAL-II Trade wind cumulus region
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NARVAL-II Trade wind cumulus region
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Outlook LEIPZIG

e Estimate uncertainty due to simulation method

Independent Pixel Approximation
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Outlook

e Estimate uncertainty due to simulation method

Independent Pixel Approximation
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Outlook LEIPZIG

e Estimate uncertainty due to simulation method

Independent Pixel Approximation
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Outlook LEIPZIG

e Estimate uncertainty due to simulation method

Independent Pixel Approximation
e Case Study for Tropics

Shallow trade-wind cumulus
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Ice Cloud Case - Timeseries UNIVERSITAT
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Ice Cloud Case — Cloud Top Albedo
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Ice Cloud Case - Timeseries

ecRad (IFS)
libRadtran
(Fu)
libRadtran
(Baum)

SMART

ecRad (IFS)
MODIS

|

—6E-4G-200 20 40
2 (g m™)

B

e — = 0.0 0.2 0.4 0.6081.0
13:37 13:42 13:47 13:52 13:57 s (%)
Time (SOD)

...................

Altitude (m)

NAWDEX WS Toulouse

26-28 March 2019 kevin.wolf@uni-leipzig.de 48



Case Study — time series LEIPZIG
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Case Study — time series
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Case Study — time series
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Case Study — time series LEIPZIG
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Case Study — time serles
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Questions to be answered LEIPZIG
1. How to evaluate the IFS with aircraft observations?
Application of two different RTS and compare with Observations.
Simulation of along-track radiation and statistical comparison
2. How to identify and quantify cloud errors?
Cloud Error: Effective radius underestimated
3. How to identify and quantify radiation scheme errors?
Cloud structure represented
Ice parameterization
NAWDEX WS Toulouse
26-28 March 2019 kevin.wolf@uni-leipzig.de

UNIVERSITAT
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Additional slides
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Motivation — Issues in Radiation Calculations LEIPZIG
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Motivation — Issues in Radiation Calculations
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Motivation — Phase Function LEIPZIG
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Motivation — Single Scattering Albedo
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Instrumentation of HALO
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Case Study — time series
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