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Weather Forecasts keep improving

Day 7 NHem e [}3y 3 NHEM
500hPa geopotential height Day 7 SHem ———— Day 3 SHem
Anomaly correlation Day 10NHEM e Oay 5 NHem
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» Bigger computers
> Better weather models f

> Better use of observations
> Satellites since ~2000
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» Series of weather analyses determine climate




Coverage over 6 hour

» Conventional observations
are sparse above sea

> Satellite provide more
homogeneous coverage

Pilots and profilers
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> Still new satellites with new instruments
» Are forecasts increasingly better?
> What observations are needed ?
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And what stratiform processes?
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Observations and Models




Mesoscale 3D turbulence
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e Tropospheric spectra
are close to k>/3

3D turbulence for
scales below 500 km

L/H~ 100

SD=04
(log spectral density)

> Least variance/
detectability in small
scales

» Measure wind to
forecast the weather



Rain column

Cloud layer

Mist

S Wind determines
SBl weather evolution
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Rain column

Cloud layer
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Rain column

Cloud layer

Mist
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s Measure wind

With more spatial detail,
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Definition Classification

Full name Wind speed over the surface (horizontal) |— Domain: Atmosphere |— Used in Application Areas:
o } . |» Sub-domain: Basic atmospheric Agricultural Meteorology

Definition Module of the horizontal companent of the 3D wind vector. |— Variable: Wind speed over the surface (horizontal) Global NWP

Measuring Units mis Uncertainty Units ~ m/'s |~ Measured in Layers: High Res NWF

Horizontal Res km Vertical Res Units |— Mear Surface Nowcasfing / VSRF

Units |— Cross-cutting themes: Climate-O0PC

Stability Units mi's (Stability /decade)

WMO OSCAR dafta base
Connar hittps:// WWW.WMo-

Last modified:

Requirements defined for Wind speed over the surface (horizontal) (8)

This tables shows all related requirements. For more operations/fitering, please consult the full list of Requirements
Note: In reading the values, goal is marked blue, breakthrough green and threshold crange

Id « Wariable % Layer & App Area % Uncertainty Stability / Hor Wer Obs Timeliness Coverage & Conf A Val . Source  $
decade Res Res Cyc Level ¥ Date
318 Wind speed over the surface Near Global NWP 0.5 mis 15 km 60 min 6 min Global land  firm 2009-02-10  John Eyre
(horizontal) Surface 1.5 mis 100 km 6h 30 min
2mis 250 km 12h 6h
319 Wind speed over the surface Near Global NWP 0.5 mis 15 km 60 min 6 min Global ocean  firm 2009-02-10 John Eyre
horizontal Surface 1.5 mis 100 km 6h 30 min
2mis 250 km 12h 6h
389 Wind speed over the surface Near High Res NWP 0.5 mis 0.5 km 30 min 15 min Globalland  firm 2011-08-04 T Montmerle
(horizontal) Surface 1mis 5km 60 min 30 min
Imis 20 km 3h 2h
390  Wind speed over the surface Near High Res NWP 0.5 mis 0.5 km 30 min 15 min Global ocean  firm 2011-08-04 T Montmerie
horizontal Surface 1 mis 5km 3h 30 min
3mis 20 km 12h 2h
456  Wind speed over the surface Near Mowcasting | VERF 1mis 1km 5 min 5 min Global land  reasonable 2013-04-08 P
(horizontall Surface 1.4 mis 5km 15 min 15 min Ambrosetti
Imis 20 km 60 min 60 min
456  Wind speed over the surface Near Nowcasting / VSRF 1mis 5km 15 min 15 min Global ocean  firm 2013-04-08 P.
horizontal Surface 1.4 mis 10 km 30 min 30 min Ambrosetti

3mis 50 km 3h 60 min


https://www.wmo-sat.info/oscar/variables/view/181
https://www.wmo-sat.info/oscar/variables/view/181
https://www.wmo-sat.info/oscar/variables/view/181
https://www.wmo-sat.info/oscar/variables/view/181

Mesoscale model resolution
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Needed time coverage of wind data

s Wind
information at
12:00 from
OSCAT in
2013 appears
fully
complement-
ary to wind
information at
9:30 from
ASCATs in
global NWP

» Fly a wind
sensor every 3
hours
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Obs Type

257 DRIFTEF

ECMWF Data Coverage (All obs) -BUOQOY S—
04/APR/2003; 00 UTC
Total number of obs = 2790
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" ASCAT scatterometer




CEOS Ocean Vector Surface Winds Virtual Constellation (OSVW-VC)

Current status and outlook — NRT data access
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Ocean Vector Surface Winds Constellation

Local time coverage assessment (ground track) - NRT data access
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Satellite Wind Services

24/7 Wind services (OSI SAF)
— Constellation of satellites
— High quality winds, QC
— Timeliness 30 min. — 2 hours
— Service messages
— QA, monitoring
Software services (NWP SAF)
— Portable Wind Processors
— Weather model comparison
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Organisations involved:
KNMI, EUMETSAT, EU, ESA, NASA,
NOAA, ISRO, SOA, WMO, CEOS, ..

Users: NHC, JTWC, ECMWEF, NOAA,
NASA, NRL, BoM, UK MetO,
M.France, DWD, CMA, JMA, CPTEC,
NCAR, NL, ...

. : :
Ty ey More information:
» D & : “ ) .
“g. ':‘ -;fl*,{.. .».T‘* www.knmi.nl/scatterometer

'*~~ . Wind Scatterometer Help Desk
‘ H B .
-\ Q\ ‘;\ ‘\“ Email: scat@knmi.nl



http://www.knmi.nl/scatterometer
mailto:scat@knmi.nl
http://www.osi-saf.org/
http://www.osi-saf.org/

& OSI SAF

Oonon and Sed Ko

Updated @ 2016-07-07 22:06 utc
Q OSI SAF multi-platform product viewer
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Click in the map to zoom in
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Background information
> Home OSI SAF Wind Centre

OSI SAF Wind Products

e OSI SAF > Ascat-425-km winds

Geeon ard Soa ke Operational status
> ASCAT-A 12,5-km winds
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{ Discontinued status
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Operational status
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Operational status
> ASCAT-B Coastal winds
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> ASCAT-B 25-km winds

Operational status
> RapidScat 25-km 2hrs

Operational status

B0%s

7005

www.knmi.nl/scatterometer/tile_prod/ |"

> RapidScat 25-km 3hrs
Operational status

> RapidScat 50-km 2hrs
Operational status

» RapidScat 50-km 3hrs
Operational status

> Oceansat-2 50-km winds
Discontinued status

> Reprocessed SeaWinds L2 winds
CDR released

? Wind Products Processing Status

> Archived wind and stress products

Other Wind Services at KNMI

> ASCAT-A 25-km winds (EARS)
Operational status

> ASCAT-A Coastal winds (EARS)

|
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Operational status



RE: SCATTEROMETER VISUALIZATION AT KNMI
by kleoniki tsioutra - Thursday, 7 July 2016, 7-40 AM

Py

RE: SCATTEROMETER VISUALIZATION AT KNMI
by Dionysia kotta - Tuesday. 5 July 2018, 4:38 PM

Dear Ad,

| found the website you recommended to us very interesting. It would be very useful to Greek forecasters.

Thank you for all the information you gave us during the fraining course.

RE: SCATTEROMETER VISUALIZATION AT KNMI

by Maja Jeromel - Thursday, 7 July 2018, 8:00 PM

this is very useful, | like it

Thanks a lot for this information

projects.knmi.nl/scatterometer/tile_prod/

Hi Ad,

great operational product! | really like the "Go North", "Go South” etc. options - used it right away -) | also like "Pro

views!

And last, but not least - | found 7.7.2016 is a good day for the Adriatic Sea, even for the norhernmost part --D
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ASCAT-A: 20180915 02:302_!at lon: 16.0 1
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Scatterometar wind spaed (m/s)

Scatterometar u componant (M/s)
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Collocation result - speed (2757 wind vectors)
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» A binned result, e.g.,
<y|x>or <x|y>,

Truthful?

30y

is not meaningful if it is
not known how faithful
X represents y in terms | s Vi
of physical phenomena __
and time and space W 20t (-8
aggregation —
» Particularly at the \E‘ I b5 B
extremes of the PDF =
oy
» scatter plots are = 10k
essential and 7
conditional sampling Sl
may be misleading | . : : ;
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y=t+ey]’Commont L Vsca.t(mls)

32

93147

23287

5822

1455

364

91

23



Y

N
-

Collocation



gollocation result

> ASCAT winds are very

accu rateq

- > ASCAT error SD is smaller
than representativeness
vector error SD

Scatterometer Scale
Error SD

Buoy 1.21+0.02  1.23+0.02

ASCAT 0.69+0.02  0.82+0.02

ECMWF 1.54+0.02  1.55+0.02

Representativeness (r?) 0.78+0.02 1.00+£0.02 - ,

. ‘ for - 225 > » Buoy errors appear large
(current, wind variability)

ECMWEF Scale
Error SD Um/s V m/s

I IRyl - > ECMWE winds appear
1.05+0.02  1.29+0.02 smooth and biased low.
1.32+0.02  1.18+0.02 on-average

> In extreme weather much
larger deviations will
occur e
Vogelzang et al., JGR, 2011.




= &y & &y &y &y

0.77 0.60 1.37 1.40 1.10 1.13
0.80 0.71 1.44 1.45 1.33 1.40
0.64 0.54 1.39 1.41 1.28 1.35
0.60 0.44 1.45 1.50 0.99 1.00
0.61 0.48 1.53 1.54 1.20 1.29

0.46 0.40 1.50 1.49 1.20 1.28

ERAint: SeaWinds (1999 — 2009) en Oceansat-2 (2009 - 2014)

OPS (clearly better quality): All ScatSat-1 v113

ScatSat-1 quality well within requirements (~1.4 m/s)

Better than OceanSat-1 quality

Buoy quality best at smallest scale (25 km), NWP at largest scale (50 km)

o 0SI SAF
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QC: Which error is acceptable?

» We can produce winds with SD of buoy-scatterometer difference of 0.6 m/s,
but would exclude all high-wind and dynamic air-sea interaction areas

» The winds that we reject right now in convective tropical areas are noisy
(SD=1.84 m/s), but generally not outliers!

» What metric makes sense for QC trade-off?
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MLE>+18.6 *  Buoy 10-min

©  Buoy average
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Processing time - data acquieition to end user

> 1trank MLE 1=
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http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
http://www.metoffice.gov.uk/research/interproj�/nwpsaf/scatter_report
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ASCAT—A and ASCAT B come together
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S —— 16 February 2014, near OE, 3N ...
9:00 9:15 9:30

: KNMI MSG rain

ASCAT rot
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* Convergence is well visible in ASCAT

and precedes precip. by 30 minutes
* Divergence too but its peak coincides
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Upscale ?

Literature provides k33D turbulence
spectra on scales < 500 km

ASCAT winds follow such behavior down to
25 km scales

Global NWP models contain an order of
magnitude less variance on scales of 100
km

Regional NWP models contain noise above
sea (weak forcing)

Developments in 3D turbulence regime
from small to large scales are not well
described

Small scale wind information is particularly
relevant in cases of dynamical
developments (upscale)

Watch scatterometer winds above sea



GMF development

An Example for improving the New Wind Direction Modulation

HH, for wind speed centered at 4.5 m/s

1.8 - ks
- N4+Corrections

— = fitted

1.6

1.4 +

1.2 =

Duu(V, @)

0.8 +

T T T T T
0 30 60 90 120 150 180

Relative wind direction



The preferences are produced by wind inversion

Wind directions algorithm (Bayesian approach), ambiguities removal
method (2DVAR), or by GMF errors? = Zhen Li, Xingou Xu
SCATSCAT, ECMWF_Operational QuikSCAT, ECMWF_ERA  RapidSCAT, ECMWF_ERA
180 180 180 5
. 2 A
120 120 - 120 - ' ! "
% % 60 - % 50 { -2
2 2 2 ' -1
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P | , Related| | [*
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Wind Retrieval Performance CFOSAT and WindRad

Scaled VRMS over all wind directions at 9 m/s
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ASCAT Wind Information Content

>

Scatterometer winds are
ambiguous

Every WVC provides the true
wind vector and its opposite

2D-VAR can use multiple
solutions and a NWP
background wind field to
produce a wind analysis

The closest ambiguity to the
wind analysis is selected to
remain independent from the
background field
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Latitude (deg)
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Wind front 2DVAR analysis

Default setting: New setting:
» Gaussian structure function » Empirical structure function
» Fixed O/B errors > Flexible O/B errors
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New setting

Default setting

» Empirical structure function

» Flexible O/B errors

> Gaussian structure function

» Fixed O/B errors



Cyclone SH,

153.5 154 154.5 155 155.5 156 156.5

157 157.5

Longltude {deq)

Default setting:
» Gaussian structure function

» Fixed O/B errors

2DVAR analyses

153.5 154 154 .5 155 155.5 156 156.5 187 157.5

Lorgitade (deg)

New setting:
» Empirical structure function

» Flexible O/B errors




Cyclone SH, selected solutions

Lonecitude (deaq) Loneitude {dea)

Default setting: New setting:
» Gaussian structure function » Empirical structure function
> Fixed O/B errors > Flexible O/B errors
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Use of NWC-SAF AMVs software and
mesoscale AMVs

The group noted that a number of NWP centres are using the NWC-SAF
AMVs software to derive higher density AMVs for their mesoscale

assimilation systems. Further developments of this software are supported
(e.g., production of o-b statistics).

At the same time, the group noted that the use of the NWC-SAF software is
a response to an unmet requirement for mesoscale AMV datasets, and
causes multiplication of undesirable overheads.

Recommendation to AMV producers: to provide higher-density AMV
products that capture small-scale detail for mesoscale applications. Rapid-
scan configurations are particularly suitable for this.







MISR height (km)
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Accuracy versus height assighment

» Passive techniques lack accurate heights MISR versus GOES

» Average shear of 4 m/s per km

» Height uncertainty detriments wind accuracy
» 2 m/s accuracy implies 6, =500 m

» Only met by MISR and CATS. ..

MISR vs. CATS height MODIS vs. CATS height |

@

MODIS height (km)

. T T T T T
0 2 Rl 6 8 10 12

4 6 8 10 12
CATS height (km) CATS height (km)



Region A

Tb is not a good proxy for height

I corr: ~0.56{At=120s
O : ? . ® ". » 5 o . - —
€ 10f, ¢ b % D L corr: —0.71(At=240
o E o T m b I rs —0.76(At=360s
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Change in vertical height (cloud top)

» Vertical speed is not a perfect proxy for vertical wind
» Tb and height relationship depends on cloud dynamics
62  » Tbschange due to divergence, shear, cloud dynamics, . ..
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Global wind
component profiles
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: WI\)ERN — RADAR CONCEPT lllingsworth et al.

BASELINE: 800km swath:
Slant range 651km

Conical scan 37.9° off-nadir
(41.4° off zenith at surface)

Scan every 7 seconds
- move 50km along track
- sample every 50km along arc

NARROW BEAM - must use 94GHz — 2.9m elliptical antenna

- 3dB two-way beamwidth 0.001rad - pulse length 500m,
Detect line of sight winds - Doppler shift of cloud return

also precipitation rate and cloud ice water content.
Two configurations 1: 500km orbit /800km full swath, and
2: For shorter revisit time, 700km orbit/1800km swath



At Time ¢

\Q/ Temperature

===

At Time t+ At

@ Temperature

Hautecoeur et al., 2016

- \ {
2 (' Model Settings

Constrained

3D optical flow
model

Basic Conservation Laws
Vorticity and Divergence
Regularization
Minimization algorithm

£f

3D wind field
U,V,W fields derived
from observations

@ M=T)S Crzia— @ EUMETSAT
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Global Circulation Models

Used for transient e
weather prediction o “§|=il|'!“g§}‘lg§§~ﬂ
and climate scenarios ““““.. i)

~ 100 x 10002 boxes | o gy
with ~10 variables (p,

T, u,v,w,CC,
H20+fase, 03, ..)

Interaction between
boxes and variables, s
minutes; 100x a day [l ey
Interaction with
ocean and land
surfaces

Largest available
supercomputers are
used

e
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Altitude shear h[m]

NWP model versus hi-res
SPARC radiosondes

Houchi et al., 2010 e ECMWE
Lo X10 1.5-2 km
. SPARC data-2006010100
hiorcast200512312 resolution
= *SD:2m/s
=
25 { e Shear 3
3‘ times too
2r I
= low even
151 == 1 * Physics
=
— tuned to
0 _=_ - poor vertical
% shear
05 3 structure
=
-0.08 -006 -0.04 -0.02 0 0.02 0.04

Zonal Wind shear Ush [1/s]

x 10

351

N
~N o
T T

Altitude level means [m]

0.5

Raw

120 m context
1 km context
—+— 2 km context

— % ECMWF-SR Forecast 2005123112

-20

0
Wind means V [m/s]

20 40

60




Hi-res radiosonde shear

v'Collocation T30 Tropics 2.
data base X £ "-_
vECMWEF winds 3 2} § 20 L
agree very well g = - Mean
v'Shear in £ 10} 3 10 —10%
ECMWF model % RAOB| 2 -' 0%
2-3 times = ~
O = " ~ A < O " : L) Oo
lower, however -20 0f 20 40 -4 -3 I 1 -
tropopause T
strongly = 2,20 —75%
variable X £
»Shear £ o0 ot
determines o £
mixing of air, 3 :
cloud forming, £ 3"
q '~
< 0

|
&

Houchi et al.
2010



ECMWF OPS improves over time

Variances on scales < 200 km only

Scatterometer O variance under 200 km constant

< 200-km variance B increases to

80% (u), resp. 60% (v) of O

O-B decreases, particularly for v, thus reducing B error

0
B

el WY

o

nwﬂ AN f“—\fﬂ'ﬂﬁw
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Does Dynamical Downscaling With Regional Climate Models
add Value to Surface Marine Wind Speed From Reanalyses?

Jorg Winterfeldt!’, Ralf Weissel, Matthias Zahn1
Institute of Coastal Research, GKSS Research Centre, Geesthacht, Germany

‘joerg.winterfeldti@gkss.de

Simulations with RCMs REMO and CL (ava:lablefrompﬁha‘s‘.w@‘tDa!abase} -0 05 <02 0 00 0% 075

Three hindcasts with RCMs REMO (Jakob and Podzun, 1997) and CLM (Bahm et al. 2006)
“Initalization and forcing at lateral boundaries: NCEP/NCAR-Reanalysis (NPA), ~1.875° resolution,
»SN-REMO & CLM hindcasts are addiionally forced by spectral nudging (von Storch et al,, 2000}

Hindcast STD-REMO (Standard) ~ SN-REMO  CLM - &

Based on: EM EM M . o AP
Hydrostatic Hydrostatic ~ Non-hydrostatic 2R

Forcing: NRA NRA NPA

Spectral Nudging:  No Yes Yes ﬁ

Resolution: 0.5° 05° 0.44°

« For that purpose a gridded QuikSCAT Level 2B 12.5 km swath (L2B12) data set is
produced on SN-REMO grid (rain flagged L2B12 data discarded) .
co-location with SN-REMO: QuikSCAT wind speed retrieval max. 12.5 km and ' i
+- 10 min from SN-REMO grid point / time step ' S

'. Z
1-0202 if o220p? 6 N T
* Modified BSS = ' o L g
» n .

2 -2 _ 1 2 2
of0.2-1  if 02> 0y l’

+ “Forecast” F: SNREMO, reference “forecast” R: NRA,
predictand/observation: gridded QuikSCAT L2B12 data




Mesoscale model resolution

Data assimilation (B)

Non-determined scales
(ensemble spread)

10-6
108 - Determined scales
(scales in ensemble mean)
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ke Victoria

I A=W - 8 Dec 2016
RS AR ASCAT A

N *\g,\__/ e Little wmd N

%J "ECMWF (green)
= . 25 knots in
- “ASCAT (red) |

| ‘ '

N

‘o I\/|0|st
convectidh'




ke Victoria

50 min later
o Little'wind in

e 25knotsin- *
. -ASEAT (red) -
* Maoist |

~ convection

e Messy ! -






X Stress-equivaleﬁ
winds are compUted
for validation of 3
scatterometer wmd
vectors: independent

of atmospheric ¢,

stratification and’incl.

¢

drag coefficient [no unit]

' jO‘S to stress: drag

-3

= mean (vertical)
=+ 4/-1 stdev

0 0040 == mean (hanzontal)

o o o
o o o
o o o
N N w
o wun o

= 4f-]stdev
o~ |inear Mt result

o

loglO(datacount)

fitresult [y=ax+b]: a=7.94e.05 b=6.12e-04 wspd_threshold=30.0

15 20 25 30 35
stress equivalent wind speed ul0s [m/s]

81



Anomaly (ASCAT-NWP)
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Triple Collocation at ASCAT scales

The error standard deviations at ASCAT scale of the triple
collocation with averaged buoy winds; The accuracy of each
estimated SD error is presented in parenthesis.

5D errors Buoy (nv/s) ASCAL (ms) ECMWF (m/s) Number
Categories u y u v u y
95% stable winds .76 (0.01) 0.80 (0.01) 0.52(0.01) 0.73(0.01) 1.33(0.01) 1.39(0.01) 39293

WoS%variablewinds  1L1(0.1)  L1(0.1) 09(01) 1401 21(02) 21(02) 1243
Vovarmblewinds  15(0.1)  L1(01) 14(02) 20(03) 25(03) 25(03) 828

As expected, errors increase with increased wind variability

e ECMWF errors are the highest

e ASCAT and buoy errors are still reasonable quality for the
highest wind variability category !



Estimated B error variances
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ECMWF Ensemble Data Assimilation ~ ASCAT-derived ECMWF background
(EDA background error) error by triple collocation in QC classes

> The structure and location of ECMWEF errors is not well
resolved in EDA



Statistics
BR

> New ASCAT winds fit
buoys and ECMWF
better

» New 2Dvar analysis
fits ASCAT and buoys
much better, but
ECMWF worse

QC-ed 2-solution cases with | MLE, |<1

2DVAR vs
ECMWEF

1.85
2.00

ASCAT vs
ECMWF

2.19
2.17

2DVAR vs
buoy point
wind

1.94
1.76

ASCAT vs
buoy point
wind

1.74

1.71

2DVAR vs
ASCAT

1.17
0.74

5034

5034



15 T T T T T T T T T T I
Buoy 10-min wind

| —#— ECIMWEF neutral wind
i i E @ ASCAT measurement |

------- Buoy 10-min RR

12

» Dry areas reasonable

» NWP models lack air-s€a .
Tnteraction in raidy areas

Wind speedim/s)

» ASCAT scatterometer doe"§

a good job near rain

= QuikSeat, OSCAT and
radiometers.are affected

3
o

)

Time series

[k}
b}
=
Lx}
= -
-

[
=

="
[ p]

Rain rate({mm/hr)

Rain rate(r




Lack of cross-isobar flow in NWP

Wind direction bias (Deg) g MWF vs QuUIkSCAT fof Squtherly flows
4 NJHem 6.0 Tropics -1.0{ S.jlem -1.6

§§IfS 38 f3. 39333833133

Wind direction bias (Deg) ¢t ERMWF vs QuikSCAT {or Northerly flows
DJF 0001, Globe -1.4 NHem 1.2 Tropics 0.4 SjHem -5.7

QuikSCAT vs model wind dir
Stratify w.r.t. Northerly,

Southerly wind direction.
(Dec 2000 — Feb 2001)

eLarge effect warm advection

*Small effect cold advection

eSimilar results for NCEP

A. Brown et al., 2005
I. Sandu et al., ECMWF (2013)
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' feIWi'nds |

',servatlons"m a D |
o | nd any forecasters’ reference. “

K GIobaI model§ lack. mesascaie:varlablllty N sl | -
- *e Regmriélmo’élels lack true mesoscale#varlablllty

-ovér sea and in-the upperair - - 5

e Regional moddstare serlously affected by Iateral ‘- R

undaries http://meteo.fmf.uni- = '
'si/sites/default/file IVﬁ%WmdsWorkshopL]ubh
ammary:pdf |

din the tropfcs or efsewhere near -
(e.g., polarlows) - &y S
systematic wind biases (in stable air,
S, drag, diurnal cycIe Ay
: v \
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Bad & '


http://meteo.fmf.uni-lj.si/sites/default/files/MesoWindsWorkshopLjubljana2016_Summary.pdf
http://meteo.fmf.uni-lj.si/sites/default/files/MesoWindsWorkshopLjubljana2016_Summary.pdf
http://meteo.fmf.uni-lj.si/sites/default/files/MesoWindsWorkshopLjubljana2016_Summary.pdf
http://meteo.fmf.uni-lj.si/sites/default/files/MesoWindsWorkshopLjubljana2016_Summary.pdf
http://meteo.fmf.uni-lj.si/sites/default/files/MesoWindsWorkshopLjubljana2016_Summary.pdf
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* Improved forecast
tropical hurgicanes

e

Isaksen & Stffelen,OOO
No ERS Scatterometer With ERS

ﬂx ‘Mainly by~ 3

S improved vertical
,,JJJ @l projection in 4D-




bservations

* Use of short-range for
containing all observed
information fromthe past

e Onenew observation s
influences a large area” -~
"o A change in‘the wind field by
an observation implies-a
change in the mass field
(balance mass/wind) *

B Relatively few 4D,
observations determine thes

(u,v)=(0,1) m/s; v=0, R=600 km

f 77 > > NN v
[ 77 = >N N

£
P
¢ /£
‘¢
¢/
L
Ll
Vo
v\
NN
NN
NN




epresentation

Wind scales

Wind speed (m/s)
N w H
o o o

-
o

Distance (km)

SWesestimate area-mean (WVC) winds usmg the emplrlcal GMFs

al winds are lesé- extrem'e than 10 mlnute sustamed |n
) ffom buoys).. - ©

€ buoy winds should be higher than extreme
‘%ter winds (allowfor gustiness factor)

allNWP winds are again somewhat Iower due to

Iackmg resolution ; alt have different PDFs! -



Scatterometer example

, Scatterometer input

Representation error

2

» Buoy errors are
< 0.2 m/s, butin
NWPo,=15m/s *
is used due to
representation gl e e e
error

> Scatterometer
winds are used
with similar error

» But, thinned to
100 km to not
oversample B
spatial structure
functions

NWP
Scatterometer
Observation

v (m/s)




Ku-band systems more complex

* Rotating beam (SeaWinds. OSCAT: mid swath)
i Likedhood of solution (carteswan Likedhood of solution (careszan) Likedhood of solution (cartessan)
Mid swath 4 " catesan (catosa

20
. d 10 10
> )
B EO
> 02 >
10 01 l 10
| 00
20 20
20
20 10 0 10 20
u (my's) u m's)
» Fixed antennas (ASCAT: mner swath)
Likelhood of soltion (canesian) Likelihood of soltion (cartesian) Likelihood of solution (canesian)
20 20
10 : 10
) -
Eo E O
> - >
10 : 10
20 : | : : 20
20 10 0 10 20 20 10 0 10 20 20 e T 10 20
u (mvs) u (ms) u (myvs)

X Broad MLE minima and closeby multiple ambiguous
solutions are complicating scatterometer wind assimilation



Direct assimilation of o°

o noise 1s narrow
leading to accurate
wind retrieval
Observation and
background wind
noise are relatively
large leading to
complex and skew
error PDFs 1n
measurement space

Not compatible
with BLUE, higher
order statistics
needed

Wind assimilation
appears simplest

yll

Yo X
» Main uncertainty is in the wind domain (B, R)



Scatterometer data assimilation

* J, 1s a penalty term penalizing
differences of the analysis
control variables with the
observations

* Choices:
 Direct assimilation of ¢’
X Complex error PDFs
« Assimilate p(vg | %), like
in MSS and 2DVAR
* Needs p information
« Assimilate ambiguities

X Reduces wind solution
space to max 4 points

v (m/s)

4 ASSilllilate SeleCted : 0 ;ml_LLLl.'l.l.;.l.l.i.l.l.;.’.;.l.;‘_l_‘.,-i_kL'.J,l;.l.l_;.l_"_;l.l.l‘l
solution 20 10 0 10 20
. 3 u (m/s)
X Reduces wind solution

space to one point, but 2DVAR skill may be better than 4Dvar



Mesoscale model resolution

Data assimilation (B)

Non-determined scales
(ensemble spread)

10-6
108 - Determined scales
(scales in ensemble mean)
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(o-b) diagnostic

Following Lorenc (1986): “t is the vector of coefficients obtained by projecting the
true state of the atmosphere onto the model basis”

0-Db t, is the true state <(0 B b)2>
averaged over the
:’[0 + &, -b sampling volume —<t2 >+<82>+<(t —b)2>
—t 4+t _+e —b t,, Is the true 0-m 0 m
m o-m 0 state on scales repr. err + instr. err + backgr. err

-t 4+ +(t.=Db that the model
o-m 0 ( m ) can determine

Experiments show <(0-b)2> Harmonie larger than from ECMWF

Harmonie: <(o-b)2>= instr. error+ repr. error+ background error

> >>
ECMWE : <(o-b)2>= instr. error+ repr. error+ background error

» Harmonie (small) scales do not verify with observations

99
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>

>
>

HARMONIE from ECMWF

HSCAT scatterometer 50 km
HARMONIE effective resolution 25 km, grid 2.5 km

(m/s) bias w0,  stdev uyg,  bias vig,,  stdev vig,,
HSCAT (23.961 collocations); At = —0.29; |At| = 0.85
(0 —b) -0.46 1.61 -0.24 1.57
Temporal interpolation: (0 —by) -0.46 1.36 0:22 1.29
ECMWE: tf bias g,  stdev wyg,  bias vig,  ostdev vigm
HSCAT 5.6 -0.11 1.09 0.05 1.15

ECMWEF 6-hour forecast better than matched 50-km scale time-
interpolated HARMONIE background

ECMWEF resolution is ~150 km over the open ocean
Deterministic resolution HARMONIE = ECMWEF over sea



Small-scale data assimilation

» The amplitude spectrum of small-scale atmospheric waves can be well
simulated in NWP models, but the determination of the phases of these
waves will be problematic in absence of well-determined forcing
(orography) or 4D observations (1 observation cannot determine structure)

» Undetermined phases at high resolution cause noise in data assimilation:

Increased NWP model error, B> > B

Model errors get more variable and uncertain since small scales tend to
be coherent; coherence is of most interest meteorologically

B error structures will be spatially more sharp

Increased 0-b, while the observation (representativeness) errors will be
reduced; observations (should) get more weight, O’ <O

Increments would be larger
When O’ > B, the analysis error will be larger too | A’ > A

» Undertermined scales interfere with larger scales in DAS

On common scales A’ may be deteriorated w.r.t. A



Mesoscale model noise

O=t+¢g +¢ ; <tg>=0, <t £>=0, <g, £>=0
b=t+¢g+¢, ; <t gp>=0, <t g>=0, <g; &>=0

o-b=¢ +¢-¢,-5 ; <g >=0,<g,£>=0,<g,£>=0, <¢, £>=0

» Errorris real variability on scales of n
» We define n as realistic but not real (noise), i.e., undeterminable model scales

» Errors 0 and d as defined here do not include the geophysical variability in n
and r at the intermediate scales

(0-b)2>=02+02+ 0%+ 02

a=W.[o-H(b)] ; H interpolation operator

» Variances in n and r do not contribute constructively to a as we have too few
observations for appropriate 4D initialization, “aliasing” will occur

Y

Aliasing on scales of n detriment a for scales in b; upscale errors occur

Y

Variances in h and r represent the same scales and a “double penalty”

A\

This “double” aliasing does also occur in each ensemble member of EDA



Deterministic scale ?

<(0-b)’>>=02+ 02+ 0?2+ 0,2

» Consistent superobbing and supermodding reduces variance in all o terms
» This is undesirable as the determined true variance should be maximized

<b?>-<(0-h)%>=0?2-0,2- 52

» Supermodding of b reduces o, which is not part of righthandsight terms
» Averaging deterministic scales reduces o though

<0%>-<(0-b)?>=02- 02 - 0,2

» Superobbing of 0 reduces o, which is not part of righthandsight terms
» Averaging deterministic scales reduces o though

» Spectral/spatial analysis of 0, b and 0 — b (Vogelzang et al., . . .)



» To determine a 4D structure, sufficient samples are
required in time and 3D space

» Insufficient sampling leads to interference of the
sampling pattern and the structure being sampled

A\

It leads to corrupted/artificial analysis structures

A\

Evolving artificial waves in NWP may degrade the
short-range forecasts

» Determining scales that cannot be determined well
provides a sincere risk in mesoscale (ensemble) data
assimilation

» Nyquist suggests oversampling of 4D analysis
structures by a factor of 2

» E.g., in the horizontal: a deterministic resolution of 150 ‘
km thus suggests sampling at 75 km '




Challenges and Guidance

» Adaptive B covariances are difficult to estimate (slide 88)

» More (wind) observations are needed to spatially sample
small-scale 4D B structures

» Observations need to be accurate, O<B

» How to prevent overfitting (uncertain B, small O) due to
inaccurate and high innovation weights ?

» And spin-up due to more noisy analysis (statistical model B) ?
» Problems also exist in EDA

» Separate determined from undetermined scales in data
assimilation, e.g.,
» Data assimilation with ensemble mean / full ensemble (expensive!) ?
» Maintain broad B, i.e., target deterministic scales ?
» Average b up to determined scales (“SuperMod”) in H operator ?



Y V

YV VYV

Best Linear Unbiased Estimate

Common assumption in data assimilation

NWP model biases exist due to drag, ocean
currents, stable PBL, moist convection,
diurnal cycle, . ..

Biases are not only speed dependent, but
also air mass dependent

Correcting parameterizations may detriment
forecasts (Sandu, 2013)

Correct model in H operator to follow BLUE ?

Local bias contributions are not negligible in
0-b, but of the order of the innovations !

Biases probably severely detriment
scatterometer impact in NWP

Most biases are stable in time -> apply VarBC
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Effect of bias

» Bias reduces the dynamical innovation
<(0-b)2> = 0,2 + g,? + bias?
a=W.[o-H(b)] ; H interpolation operator

» Biases are caused by dynamical closure (smoothing), parameterization
error, missed processes (moist convection downdrafts, ocean currents)

» Assimilation of a bias does NOT correct the model’s dynamical balance

A\

Model biases are the same every cycle and corrected over and over again
in every analysis cycle without much beneficial effect

» Improving the dynamical closure, physics and resolution of a model is a
long-term project

» Bias is detrimental for analyzing evolving dynamical structures, which is
however what we need to better forecast the weather



3 Jan. 2012 ~ 13UTC. In the strong
westerly flow, a cold front rapidly moved
across the North Sea, passing the Dutch
coast. The front was accompanied with a
squall line. The coastguard
('Rijkswaterstaat') reported a so called
meteotsunami at the coast at Ijmuiden,
with a sea level change (rise and fall) of
over 1.5 meters in 30 minutes.
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Harmonie 3 January around 13 UTC
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Large impact of SCAT on analysis but forecast skill is I|m|ted to a couple of hrs
(biased model)
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New turbulence scheme: HARATUUP

U-itm HAR(IMPACT _HARATUUP) - SCATIASCAT _metopb) r=0.874

U-10em HAR{IMPACT_CONV) - SCAT(ASCAT_metopb), r+0.963 . entries
TETTENTIONY TRrrrorreram
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e

HARMONIE (ms )

HARMONIE (ms '

SCAT(ms ') SCAT (ms )

» HARATUUP shows smaller biases and spread

» But still substantial model biases for strong winds

» HARMONIE coupling with ocean model may further help

» Bias correction in speed at global NWP centres, but not yet
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Conclusions

Mesoscale data assimilation is a new paradigm

Many accurate 4D wind observations are needed to initialize 3D turbulence
and convection in the atmosphere

NWP models are locally substatially biased over long periods -> VarBC needed

Undetermined scales cause headaches and destroy the analysis of the larger
scales potentially

It is possible to determine small observed scales in the analysis, even if they
did not exist yet (2DVAR)

Weather models return to their dynamical balance very quickly though

Seek ways to avoid analyzing non-deterministic scales and to avoid their
detriment as model noise:

— Ensemble mean ?
— Broad B (low pass filter) ?
— Supermod and superob up to deterministic scales ?



Related EUMETSAT2018 talks

Hi-res NWP and nowcasting session:

Saleh Abdalla, NRT winds and waves from S3, Monday 15:30

Giovanna De Chiara, Impact ASCAT winds at ECMWF, Monday 17:15
Giovanna De Chiara, Assimilation of new ASCAT products, Wednesday 10:30
Ad Stoffelen, Summary of this workshop, Wednesday 11:00

Yan Liu, Impact scatterometer winds in GRAPES, Thursday 10:30

Isabel Monteiro, Impact ASCAT in HARMONIE, Thursday 11:00

Ralph Peterson, gNWP and rNWP impact of winds, Thursday 11:15

Jur Vogelzang, Impact observed flow-dependent errors, Thursday 11:45

Session on Monitoring Climate and Oceans, Wednesday 16:15-17:30

Plenary Gunnar Noer, Thursday 9:00
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