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 Introduction
* Need for wind profiles

* Impact experiments
— OSRE — Observing System Replacement Experiments

« What is benefit of wind relative to mass (temperature, humidity)
measurements?

« What is the benefit of HLOS (single component) wind data compared
to full vector wind (dual component) data?

« Will degraded quality (random and systematic errors) HLOS wind
data still lead to improved forecast quality?

— OSSE (+SOSE/EDA) — Observing System Simulation Experiments
» Added value of DWL winds on top of the global observing system

« Atmosphere heterogeneity — impact on Aeolus wind quality
« Conclusions (+ reference list)
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RMS fit to wind observations 22N-22S.
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Plotted every 6 hrs, for a 60 hr test period.
conclusion was the same:

the impact of the observations was as expected from

the number of data values; |there was no detrimental effect from having single
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ADM-Aeolus vs. Earth Radiation
Mission (now EarthCare)

OSSE

— Positive impact of Aeolus in
operational ECMWF system

Having dynamics

correct IS a

prerequisite for getting

cloud/aerosol correct
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Need for wind profiles
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70-200 hPa winds provide most impact per observation. New ?
observations would be most beneficial here — Aeolus should provide
lots of Rayleigh and Mie winds here
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 e.g. 300 hPa wind speed
RMS difference between
GFS and ECMWF

 Largest uncertainties in
poorly observed areas
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W. Baker et al., 2014

Similar structures in ECMWF

Ensemble of Data Assimilation

(EDA) spread, 12-h FC 300 hPa

zonal wind, mean Jan-Sep 2014
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« 1 month OSEs using in situ observations
— aircraft; radiosondes; PILOT and wind profilers

» Assessed impact of:
— combinations of wind and mass obs (u, v, T and q)
» which gives most impact relative to current observing system?
— Assimilation of HLOS winds
» convert (u, v) —» HLOS
» can real single-component wind give useful impact?
— Increasing HLOS random and systematic error
» What reduction in accuracy can we tolerate?
» indications for Aeolus

I
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Advantage: good quality, real data are used
Disadvantage: non-uniform coverage
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Impact on temperature forecast performance

— The mass data contributes most to the temperature predictions

— BUT: wind information has increasing role with the altitude especially
at the tropics

Impact on wind forecast performance
— The impact of wind data is overwhelming, particularly at the higher
altitudes and the tropics

HLOS vs. vector wind
— Single component wind information contributes approximately 75%
In average to the full vector wind

I
Joint ECMWF/ESA Workshop on Tropical modelling, observations and data assimilation, 7-10/11/2016
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largest in tropical regions
Impact also in data-rich
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Expected largest improvements of
Aeolus in areas where model errors
are largest!!

ns and data assimilation, 7-10/11/2016
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Reference = no upper-air in situ obs

Impact HLOS ~0.7
(vector wind)

~

Adding bias > 1

m/sisvery |~
damaging to the

Impact

N

—»
A
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|

\

Impact wind obs >

Increasing

random noise on

A

> HLOS leads to

relatively small

{

degradation
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Total 24 hr forecast error reduction %
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Vertically integrated total energy
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« OSSE — Observing System Simulation Experiment
@ requires the simulation of the total GOS plus Aeolus

« EDA — Ensemble Data Assimilation based experiments
requires the simulation of Aeolus only

« SOSE — Sensitivity Observing Simulation Experiment
requires the simulation of Aeolus only

> Relative to OSRE

Impact on top of existing GOS

Allows impact simulation of various instrument configurations, e.g.,
Aeolus follow-on

@ Potentially much more complex

I
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A I- : M?l.emlolﬂgisch Instituut .
Ministerie van Infrastructuur én Milieu Aeo I u S S | m u I atl O n S : L I PAS too I

£ ECMWEF |
true HLOS Windm(} UKMO) 30km  true cloud/aerosol (CALIPSO)

alttude (km)

W P
| - ) M«kw/ﬁ% s

l..,’

1 orbit, simulations with LIPAS

30 km
% Aeolus Mie channel
18 km M) 1“
AL A J Ji
Marsellle et al., 2011

« Rayleigh clear Mie, cloud/aerosol => complementary
« Clear area dominates => Rayleigh channel is most important for Aeolus

« No winds below (optically) dense clouds
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s~ ECMWF
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o

S.Hem

100 . T Spread in zonal wind (U, m/s)

12-hr fc impact ‘

Scaling factor ~ 2 for wind error

ADM-Aeolus Tropics, N. & S. Hem all similar

(burst mode)
Simulated DWL (UKMO truth) adds value

at all altitudes and in longer-range
forecasts (T+48,T+120)

Pressure (hPa)

Differences significant (T-test)

Q
U
Q
g
Q
Q
Q
N
Q
Q
g
U
0
Q

<~ NoSondes | Supported by information content
o 1 diagnostics

L Cheaper than OSSEs

Tan et al., 2007

ool . . . L
0.0 05 ] 0
Zonal wind (m/s)
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memireniXEolus EDA impact assessment (continuous mod

e@ SBOLUS
b@COUSB w/nd ma/?Er‘ S

<> ECMWF |

* Reduction in ensemble spread — Global mean 12 hr EDA spread of zonal wind
positive impact 10 hPa (~30km)

» Aeolus continuous mode simulation Reference
(UKMO truth) ' No radiosondes

« ECMWTF, T399 (wind impact for | ( Simulated Aeolus
small-scales could be underestimated) 7

« Impact similar to radiosonde network:

— Largest at ~200 hPa, tropical
oceans and winter poles

— ~5 % improvement short-range —
could lead to 1-3 hrs impact

500 hPa (~5 km) B
ESA VHAMP final report, | //

L. Megner, H. Kdrnich, H. Schyberg, ol . J l . . .
. 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
G.J. Marseille, A. Stoffelen, J. de Kloe EDA spread in zonal wind [m/s]

100 hPa (~15 km)

Pressur
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—0.01 4
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Ministerie van Infrastructuur én Milieu

OSSE by JCSDA

AC Scores for 500 hPa Height Forecasts
1

SBOLUS

bBCGUSB w/nc/ ma/?Er‘s

098 (D)
0.96- Zaizhong et al., 2013
0.94- Images courtesy JCSDA
0.92 1
0.97  NCEP GSI/GFS
0.88 4
0.86 1 system, 2009
N °%1 s . leflel_rent DWL
Difference w.r.t. CTRL e o .—-’"‘,’—’ Sate . Ite .
e _—~~ |  configurations
— T tested
4_—._=-ﬁ=—_'_"f : = T 0 —r_—'_.‘_fﬁ_ A -
0.01
Are Mirnificant Al The obx Confidence level
T -0.02

0 48 96
Forecast Hour

NH impact 500 hPa Z:
4-look DWL, ~5 hrs

48
Forecast Hour

SH impact 500 hPa Z:
4-look DWL, ~6 hrs

1-look DWL, ~ 1 hr

1-look DWL, ~ 3 hrs

Impact on tropical winds;
15% reduction in RMSE,
short-range at 200 hPa, but
lost after 5 days (NCEP
system?)
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—~ECMWE SOSE - Sensitivity Observing System Exp. ecouse und nalrs
e I
Marseille et al., 2008
+ TRUTH=AN+3 locta

» O (key analysis error) is obtained from a sensitivity calculation
such that

— the forecast initiated from TRUTH improves the 2-day forecast
— The TRUTH is compliant with all observations from the existing GOS

 Simulate Aeolus from TRUTH

« OSE type experiment
— Control and Control+Aeolus; impact: compare to TRUTH

I
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Optional future DWL scenarios
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>d

DUAL-PERSPECTIVE
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2

Marseille et al.. 2008
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Global model vs. real atmosphere @
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30r
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]
o
T
]
-

ECMWEF
. radiosonde
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—
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%o ] 20

Zonal Wind [m!s]
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35

= [ [ [
[82] o (43} o

Altitude shear level [km]

T T
—— SPARC 2006123000,
— ECMWF-SRF 20061 %29’] 2

N
i

A -0. 05 0. 05

Zonal Wlnd shear [1/s]

0.1

* Models are very

smooth relative
to real data

1+ ECMWEF

underestimates
real
atmospheric
wind shear by a
factor of 3

Houchi et al., 2010
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High-resolution radiosonde database @

0.2

s ECMWF

- Radiosondes provide wind, temperature, 0
humidity and pressure at 10-m resolution -

 cloud layers detected from humidity along o
the radiosonde path (Zhang et al., 2010).
Applied to De Bilt radiosonde

[=]
—
N

Frequency (%)
[}

Sunetal., 2014  20%
25 25 T . . | | | T 0.08
= RH-Water
20 20 : qu;ﬂater&lce | 0.04
— Max-RH
— Inter-RH 0.02
E"]S— 15 ]
s % 2 3 4 5 6 1 8 O
Sd . " 1 km Ice Cloud Thickness (km)
i . | Aeolus height bins are typically 1
zx km, but 1/3 of cloud layers are

%0 80 0 20 0 6 20 40 60 80 100 120
RH (%)

thinner than 400 m

Temperature (°C)

I
Joint ECMWF/ESA Workshop on Tropical modelling, observations and data assimilation, 7-10/11/2016


http://www.bing.com/images/search?q=ecmwf+logo&view=detailv2&&id=9AA42389BC835B864DF11FA4EA1150580D9B00B0&selectedIndex=0&ccid=v6eUrXqU&simid=608034063141244418&thid=OIP.Mbfa794ad7a9450769d97a5088c34ef4ao0
http://www.bing.com/images/search?q=ecmwf+logo&view=detailv2&&id=9AA42389BC835B864DF11FA4EA1150580D9B00B0&selectedIndex=0&ccid=v6eUrXqU&simid=608034063141244418&thid=OIP.Mbfa794ad7a9450769d97a5088c34ef4ao0

Metearologisch Instituut ‘\“jf‘ anlJUS

Kby eionr e Cloud/aerosol layer inside Aeolus bin @ beoause und nalers
s ECMWEF |

ﬁ:ﬂ Koninklijk Nederlands
g

2-way cloud layer transmission: 0.7

10 m/s /km wind wind shear
30 m/s/ Mie error | Rayleigh error

1 30.0 |+10.0| 25.10 [+0.10
275 | +25| 25.36 |+0.36
1 km 250 | +0.0 | 25.44 |+0.44

275 | ¥25 | 25.30 |+0.30
20.0 |-10.0| 25.07 |+0.07

/ 20 m/s

Aeolus wind error can be large depending on (i) bin size, (ii) cloud/aerosol layer
location inside the Aeolus bin, (iii) layer size, (iv) layer transmission and (v) wind-

shear over the bin
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Sun et al., 2014
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s ECMWEF |

A large number of various experimental setups provide similar
conclusions over a large time period: robustness

There is still a need for wind profiles
— wind more beneficial than mass when added

SBOLUS

bECOUSQ w/'na’ ma/?ér‘s

€

— wind is particularly important in the and at high altitudes
« HLOS gives of vector wind impact — promising
for Aeolus
— Larger random errors than predicted
— 2 m/s bias: large Impact — therefore critical to minimise Aeolus

“unknown” biases
» Expected Aeolus impact similar to radiosondes
« Most impact expected over oceans and in the tropics
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« Stoffelen, A., Marseille, G.J., Bouttier, F., Vasiljevic, D., de Haan, S. and Cardinali, C. ADM-Aeolus Doppler
Wind Lidar Observing System Simulation Experiment, Q.J.R. Meteorol. Soc., 132, pp. 1927-1947, 2006, doi:
10.1256/9j.05.83
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Polar Stratospheric Clouds

« Quite a lot over Antarctic in August and Arctic in January

Scenario: WVM-tropical-zwc (2)
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» PSC not always well sampled with the Mie channel
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The role of wind measurements in the analysis and the short-range forecasts
(in function of the vertical levels)
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The highest amount of wind information is available below 850 hPa and at 200-
300 hPa (due to aircraft data) and the DFS/FSO values are in agreement with the
data amounts
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An HLOS data assimilation suite had to be designed, built and executed with
the following settings:

— A one-month period: September, 2011

— Forecast/outer loop resolution T511/191 and T95/T159/T255 for the
analysis inner loops

— IFS Cycle 38r1 used
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— The experiments are using HLOS data extracted from existing direct wind
measurements (radiosondes, aircraft and wind profilers)

— The real vector wind data are transformed to a single component zonal
line-of-sight wind data

— The original wind information is blacklisted - no double use of the data

— Temperature and humidity data from radiosondes and aircraft were
blacklisted in most experiments — to better simulate Aeolus wind scenarios
(no indirect wind information)
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S ECMWF HLOS WIND V5.
NO WIND, TEMPERATURE AND HUMIDITY

HLOS EXPERIMENTS
zonHLOS Zonal wind components as HLOS winds
NO WIND, NO T and NO Q Neither wind nor temperature and humidity
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Scorecards will be used for compact evaluation. They contains:
 Anomaly correlation and root mean squared error differences between the
two experiments verified against the operational analysis
e Scores for every 12 hours, up to five day forecast range
* Green/red triangles indicate that the differences are significant  (small
triangles: significant; big triangles: very significant; shaded:not significant)
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HLOS (zonal) wind significantly improves (green triangles) the forecasts,
especially in the Northern Hemisphere extra-tropics and tropics (and the impact
Is kept for the longer forecast ranges as well)
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«HEOS WIND VS. VECTOR WIND VS.

splus

s ECMWF
CONTROL (REFERENCE) EXPERIMENTS
BASELINE All available observations
T and Q, NO WIND Only mass variables
WIND, NO T and Q Only wind variables
zonHLOS Zonal wind components as HLOS winds
NO WIND, NO T and NO Q Neither wind nor temperature and humidity

Note: temperature is measured only by aircraft and radiosondes;
humidity is only measured by radiosondes.
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Results for the tropics similar to Northern Hemisphere extra-tropics
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HLOS EXPERIMENTS
zonHLOS Zonal wind components as HLOS winds
zonHLOSbias0.5/1/2 Zonal HLOS wind with adding constant bias
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250hPa | YYYYYY¥rrr VYVYVVVYVVrvy 250hPa | Y¥rrvry AAAsrAdana
S500hPa | YYYYVYVrYV¥Y VYVVVVVVVVY 500hPa | YY¥vyvyrvyvyvyy VYV¥¥vvvvvvy
700hPa | YYYY¥V¥vvvy VVVVVVVVYVY 700hPa VYvissaaasna
|I850hPa | YYYYvYvYYvyy vyvvvvvVvVYy 850hPa
1000hPa| vyvyvvyyvyvyy vvvvvvvvyvy 1000hPa veviotaabion
100hPa AAAAAAAALAANER AAAAALALADS 100hPa YvYYy YYYY VYVYVYYVVYVYY
250hPa | YY¥Y¥ryvyvyvyvyy YYVYY¥rvvvy 250hPa | YYYY¥rryrvvy wYVYYYVYVYYY
S500hPa | YYYY¥vrvvyvy VYYVVVrvvvy S00hPa | YYY¥vryvyvyvy VYVVYYVVYVvY
700hPa | YY¥YY¥rrvvyy YYVYVvvvvy 700hPa | vvvvvry \AAAAAZTRS
850hPa | YYY¥¥rvvyvy VVVVVVvrvvy 850hPa | Y¥Y¥vvrvy \AAAAARET
1000hPal YYYY¥rrrvy YYYV¥Vrvvvy 1000hPal Y¥v vvv Y¥vvvvy
100hPa | YYYYYYvrvy vYVYVYVYVYVVvvy 100hPa | YYYYYYYV¥ry VYYVYVYYVYYVYY
250hPa | YY¥Y¥vyvyvvyvyy VVVVvvvvvy 250hPa | YY¥¥vyrvyvyy VVVVrvvvvyy
S500hPa | YYY¥rrvyvyvyy VVVVvvvvvy 500hPa | YY¥Yryyrvyvyvyy VYVVYVVV¥vvvy
700hPa | YY¥Y¥Yryrvyvyy ¥YYVVrvvvvy 700hPa | YYY¥Y¥rvyvvvy VYYVVVVrvvy
I850hPa | YY¥Y¥rvrv~ YYYVY¥rvvrvy 850hPa | YY¥¥Yvrv~ YYYVvvvvy:
1000hPal YYYY¥rvvvy VYVYVYV¥¥vrvvvy 1000hPal Y¥vvvry Y¥yvvvvv:
100hPa | YYYYYY¥rvryYy VYVYVVVVYVVYVY 100hPa | YYryryyryyvyvyy W AddAAAAA
250hPa | YYYYYVYvvvy VYVVYVVvvvy 250hPa | ¥Yv vvvvvy ViAAAAAAAA
S500hPa | YYYrvrvyvyvyy VYYVVVrvvvy S500hPa | YY¥¥ryryvrvvy
700hPa | Y¥¥vvryvvvyy YYVVVrvvvy 700hPa | ¥r¥¥rvvvvi
850hPa | YY¥¥rvvyvyvy VVVVVVvrvvy 850hPa
1000hPa| YYYY¥¥rryvyy VYVYVVVvvvy 1000hPa

Adding a bias has a very large negative impact on the verification scores
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— Extratropics:

500 hPa geopotential: 1-3 hrs, 2-5% analysis improvement:

— Difficult for any one observation type to show “large” impact now

 Expect similar impact for wind
— Tropics:

 Evidence of locally large impacts, e.g. up to 15% improvements in upper

tropospheric winds at analysis time

— But the proof of the pudding is ...

I
Joint ECMWF/ESA Workshop on Tropical modelling, observations gpn¢jdag@assimilation, 7-10/11/2016
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£ ECMWF HLOS DATA ASSIMILATION: @
IMPACT OF DEGRADED HLOS OBSERVATIONS
(RANDOM ERRORS)

HLOS EXPERIMENTS (ALSO DEGRADED QUALITY)

zonHLOS Zonal wind components as HLOS winds

Zonal HLOS wind with the increase of observation error and adding

zonl Lo 2o DA ls: Gaussian white noise to the observations

The background errors are unchanged and the observations errors are
Increased as prescribed
(25%/50%/100% corresponds to 2 m/s = 2.5, 3, 4 m/s respectively)

I
Joint ECMWF/ESA Workshop on Tropical modelling, observations and data assimilation, 7-10/11/2016
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