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> ERAS has substantial spatial blas patterns on large scales and small scales
» After GlobCurrent correction
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- Excess mean model zonal winds (blues at mid-latitudes and subtropics)
- Defective mean model meridional winds (reds at mid-lats and tropics)
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Presenter
Presentation Notes
The data assimilation paradigm is Best Linear Unbiased Estimate (BLUE)
u and v ECMWF random errors are typically 1 m/s
Long-term biases can be 1 m/s too, violating BLUE

https://doi.org/10.5194/os-15-831-2019

Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Milieu

m/s
T

1 | | 1 1 1 |
1.00 OEE O7F5 062 050 038 025 012 000 —012—-025-0.385—-050—-0.82 -0.75 —-0.85 —1.00

1.00 OEE Q75 0OEBEZ 050 O328 025 012 000 -012—-025-0.385—-050—-0.52 —0.75 —-0.38 —1.00

= - — g : b -
s — il P ot 3 = e = il s il ]
¥ : : = s ¥ - : -
o ; e ] p
“1. k L .
. _ u i Y v
) {_—h 7 - B i - 3 Pt ‘;[.
- B ¥ ¢ " < s R A, . ¢ ) : e
. s i e RN | e e | e T LR SR e
b o 4 TN . ; i L S e e 3&?‘
) ! :-.,, s LRk gt
il J r ¢ T g b U
i 1 " W o iy o )
= e . i e i =SS e P s LS e -
= R ~ = S P A o e =
R T e
ERAS5 - ASCAT 2016

- Defective local model wind variability overall:
- Zonal (left) and meridional (right) at mid-to-high latitudes
- Particularly meridional deficit along ITCZ
- Locally enhanced along WBCs (ARC, ACC, GS, KE currents)
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Presentation Notes
 Subsynoptic variability is underrepresented in atmospheric (re)analysis data.
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Presentation Notes
Modest SST changes cause rather large wind changes and these are systematic too, as ocean scales are relatively slow.
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model skill, though B varianceincreasein 2018 is encouraging

Rather slow progress in need for more observations, e.g., constellation
How to better exploit the constellation data, following BLUE ?
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https://nwp-saf.eumetsat.int/site/download/documentation/scatterometer/reports/High_Resolution_Wind_Data_Assimilation_Guide_1.3.pdf
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« Apply in data assimilation

- E.g., local VARBC
IWW15 | 12-16 April 2021 | 6 Trindade et al., 2020
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Presentation Notes
Local biases constitute 20% of the O-B variance as verified by an independent scatterometer
Correcting local biases in a VARBC would allow data assimilation according to BLUE
In that case the weather dynamics that stand out of the persistent biases would be effectively initialized, resulting in better forecasts


https://ieeexplore.ieee.org/document/8879669
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NWP fields show rather large systematlc local biases in both the partitioning into
mean and transient, zonal and meridional winds, i.e., on large and small scales

The ocean current correction contributes notably: it relieves the zonal mean
wind biases globally, but enhances differences connected with SST gradient
effects over the equatorial cold tongues and WBC jets and deteriorates

meridional variability errors

The remaining large (10%) systematic and random errors should be accounted
for to benefit atmospheric surface wind data assimilation, following BLUE

ERA* also improves fluxes and the forcing of ocean models
The ERA* method needs to be tested in applications (ongoing)

The empirical ERA* corrections need to be linked to errors in processes, i.e.,
dynamics, PBL, moist convection, air-sea interaction dynamics and processes

IWW15 | 12-16 April 2021 | 7 Stoffelen and Vogelzang, 2021
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Presentation Notes
See bias correction guide for more information: https://nwp-saf.eumetsat.int/site/download/documentation/scatterometer/Wind_Bias_Correction_Guide_v1.5.pdf 
Perhaps it is not appropriate to use the MO turbulent diffusion scheme to compensate for missing mesoscale variability…


https://nwp-saf.eumetsat.int/site/download/documentation/scatterometer/Wind_Bias_Correction_Guide_v1.5.pdf
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Short-term
=  Apply the method to the ECMWF ERA5 and OPS dataset > ERA5*, resp. OPS*
= Test ERA*/OPS* wind fields in global/regional ocean (coupled) models

= Apply other optimizations, e.g., supermodding, cf. Mile et al., 2021, 4D-var

Long-term
«  Work towards ERA* near-real time and multi-year L4 wind products (CMEMS)
« Correct local biases in ECMWF data assimilation (VARBC) for better initialization

« Attribute wind biases and variances to model errors, both in dynamical closure
and parameterizations (fluxes, convection, PBL, ... )

« Test atmosphere-ocean coupling stresses with scatterometers

The following slides explain method, results and conclusions of the foregoing slides

IWW15 | 12-16 April 2021 | 8
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Presentation Notes
Supermodding is decribed in Stoffelen et al., 2020: https://nwp-saf.eumetsat.int/site/download/documentation/scatterometer/reports/High_Resolution_Wind_Data_Assimilation_Guide_1.3.pdf 

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/qj.3979
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ERAS5 10m stress-equivalent winds (w.r.t. earth frame)
CMEMS ASCAT Level-3 REP observed ocean-current-relative wind data
Wind-related drifts are part of scatterometer (and ERA) winds
Trial with ocean current correction (GlobCurrent) of ERA to make it
ocean-relative

Differences:
Zonal and meridional mean wind
Zonal and meridional transient wind
Wind stress curl
Wind divergence

Differences mainly reveal ERA errors since ASCAT biases and errors
are small as verified with buoy, model and scatterometer comparisons

Belmonte & Stoffelen, 2019 'WW15 | 12-16 April 2021 | 10
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Presentation Notes
- Stability effects corrected by use of U10S
- Ocean currents removed
- Fluxes depend on ocean-relative winds

https://doi.org/10.5194/os-15-831-2019
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Underestimation of wind turning in NWP model: surface winds more aligned to
geostrophic balance above than to pressure gradient below - stable model
winds are more zonal with reduced meridional flows

Sandu (ECMWF) reports that turbulent diffusion is too large (enlarged to reduce
sub-grid mesoscale variability) which helps improve the representation of
synoptic cyclone development at the expense of reducing the ageostrophic wind
turning angle ...

- It is a problem that the ocean is forced in the wrong direction though

Other processes poorly represented include 3D turbulence on scales below 500
km (closure) and wide-spread wind downbursts in (tropical) moist convection

- Atmospheric mesoscale variability stirs the ocean and enhances fluxes

Belmonte & Stoffelen, 2019 [WW15 | 12-16 April 2021 | 11
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Missing mesoscale variability in reanalyses

Surface wind stress and the associated heat and momentum fluxes play
an important role in driving surface and deep ocean circulation

The inability of reanalyses to reproduce mesoscale variability implies
underestimation of atmospheric forcing at the air-sea boundary, with
detrimental consequences for ocean forcing [Condron, “polar
mesocyclones”, JGR, 2008] [Laffineur et al, “polar lows ERA interim”,
MWR, 2014]

Belmonte & Stoffelen, 2019 'WW15 | 12-16 April 2021 | 12
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Presentation Notes
Surface wind stress modulates the amount of energy available for the ocean gyres (ekman transport and pumping) [Kelly, Dickinson & Yu, JGR, “wind stress maps”, 1999], ocean stirring by vertical turbulent mixing [Chen et al, JGR, “sensitivity wind forcing” 1999] and deep convection responses [Pickart et al. “deep convection greenland jet” 2003] [Condron & Renfrew, Nature Geos, 2013]. 
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Presenter
Presentation Notes
- Thick lines show ASCAT mean zonal (top) and meridional (bottom) winds
- Thin lines show (ASCAT minus ERA-interim) mean wind differences
 Systematic mean ECMWF errors (up to 0.5 m/s or 10% in the subtropics and westerlies) very stable in time (~0.1 m/s interannual variability)
** 2010 was an anomalous year in Atlantic
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Presenter
Presentation Notes
- Thick lines show ASCAT mean zonal (top) and meridional (bottom) winds
- Thin lines show (ASCAT minus ERA-interim) mean wind differences
 Systematic mean ECMWF errors (up to 0.5 m/s or 10% in the subtropics and westerlies) very stable in time (~0.1 m/s interannual variability)
** 2010 was an anomalous year in Atlantic
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Presenter
Presentation Notes
Subtropics: strongly defective mean model meridional (equatorward) flows near the equator, but excessive (equatorward) at horse latitudes (30 deg)
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- ERA-int puts excess energy into mean flows and too little into eddies
- In ERA5, mean flows have slowed down and eddy activity has increased

Belmonte & Stoffelen, 2019
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Presentation Notes
In the subtropics, wind variability (EKE) is low in ERA, with mean wind speeds (MKE) apparently correct – but with an incorrect partition into mean zonal and meridional components (see next slide)
In the extratropics, wind variability is low in ERA, and mean wind speeds too high (zonal winds are too strong, meridional winds are too weak in the model)
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Figure 2.1.2: Time-series of globally averaged annual mean kinetic energy (MKE, left plot) and
turbulent kinetic energy (TKE, right plot) contributions for the 2007-2017 period split into zonal and
meridional components. The kinetic energy partition is shown for ASCAT observations (black) and
ERA interim collocations (in red).

- On a global level, the ERA-int winds show that:
- MKE is too high in the zonal, but low in the meridional
- EKE is missing both in the zonal and meridional components

IWW15 | 12-16 April 2021 | 17 Belmonte & Stoffelen, 2019
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Figure 2.1.2: Time-series of globally averaged annual mean kinetic energy (MKE, left plot) and turbulent kinetic energy (TKE, right plot) contributions for the 2007-2017 period split into zonal and meridional components. The kinetic energy partition is shown for ASCAT observations (black) and ERA interim collocations (in red).
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> Defectlve model convergence along ITCZ, weak Pacific cold tongue divergence
- Missing model mean divergence (subsidence) over subtropics (red)

- Missing model mean convergence over subpolar area (blue)
- Lacking tropical moist convection in eddy divergence

Belmonte & Stoffelen, 2019
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Presentation Notes
- missing model subsidence in subtropics (observed divergence is larger than model divergence)
- missing model convergence in the subpolar areas (observed convergence is smaller than model convergence)  residual circulation ?
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- ERA mean stress curl is more cyclonlc (blue NH, red SH) at high latitudes
- May be caused by defective poleward meridional transport
- Associated to low eddy stress curl activity 2 missing mesoscale turbulence

- This has obvious |mpI|cat|ons for Ekman upwelling estimates
T T oTrmm T Belmonte & Stoffelen, 2019


Presenter
Presentation Notes
We know that tropical air masses acquire anticyclonic vorticity as they move poleward (conservation of momentum):
Model air masses remain too cyclonic at mid and high latitudes  because of defective poleward meridional transport… (and related diffusion of momentum by mesoscale turbulence)?
ERA stress curl is too cyclonic at mid and high latitudes, with implications for Ekman upwelling estimates

https://doi.org/10.5194/os-15-831-2019
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Presentation Notes
Mean 2016 ocean currents 
from CMEMS MULTIOBS_GLO_PHY_REP_015_004 
(Global Total Surface Current from Altimetric Geostrophic Current and Modelled Ekman Current Reprocessing)
- Signature of ocean divergence is negligible compared to surface wind divergence
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Presentation Notes
Ocean currents have no effect on meridional wind biases, but notably relieve the zonal wind biases

https://doi.org/10.5194/os-15-831-2019

Eastern Tropical Pacific

- Globcurrent accentuates

SST effects in ASCAT
winds that are missing
in ECMWF winds

- Provides much better
alignment of ECMWF
discrepancies with
branched SEC (N and S)
to show positive curl
error in between

Belmonte & Stoffelen, 2019
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Presenter
Presentation Notes
In the eastern tropical Pacific, we saw that model winds were under-representing SST gradient effects, being too weak (strong) over cold (warm) SST fronts relative to ASCAT observations. The ocean current correction accentuates these differences, and aligns them better with the actual SST fronts that underlie the branched SEC(N) and SEC(S) currents just north and south of the Equator, enhancing the narrow strip of positive curl just north of the Equator that previous research [Kessler, Johnson and Moore, 2003] has underlined as important for the representation of equatorial ocean circulation and the actual maintenance of the SEC(N).

https://doi.org/10.5194/os-15-831-2019
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The alleviation of zonal mean wind errors reduces the MKE differences in the mid-latitudes
EKE differences increase globally, particularly in the extra-tropics (the EKE in the model relative winds, which was expected to increase due to the uncorrelated variability of geostrophic currents, becomes effectively diminished by removing the coherent (wind-driven) signature of Ekman currents. This correction is subtracting energy from the already defective model wind variability, and increasing the gap between the observed and modelled eddy kinetic energies)

https://doi.org/10.5194/os-15-831-2019
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Presentation Notes
… only after the ocean current correction is introduced in the Gulf Stream, we get to recover the expected signature of an under-represented SST gradient effect in the wind speed and wind curl differences, with coincident high SST and observed wind speeds over the Gulf Stream jet, and positive (negative) observed curl anomalies upwind (downwind) of the warm SST tongue…

https://doi.org/10.5194/os-15-831-2019
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At mid-latitudes, missing wind variability in ERA can be associated to:
- Excess zonal mean model winds and defective poleward flows

- Excess cyclonic stress curl

- Defective subtropical divergence and defective subpolar convergence

‘ Subsidelnce gvg g ; ‘

_ -
‘ dlvergence Mid-latitude convergence ‘
(subtropical gyre) DRAG (subpolar gyre)

Transfer of neiative vorticity

- Missing 3D turbulence weakens (poleward) flow in Ferrel Cell

. . . i 5
> Ocean forcmg |mpI|cat|ons. Belmonte Rivas & Stoffelen, 2019
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Presentation Notes
Solves the zonal, meridional and stress curl errors
Solves the wind divergence errors
Closes the circulation


The geographical distribution of model
vs observed NO2 below 820 hPa (land
source are urban emissions in US,
Europe and China) suggest that
horizontal diffusion by model winds
(ERA Interim) is not vigorous enough...

[Belmonte et al, OMI tropospheric NO2 profiles, ACP,
2015] IWW15 | 12-16
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Presentation Notes
Defective mean model wind convergence in the tropics may be associated to problems with (defective) convection over tropical landmasses and (defective) subsidence in the extratropics? The equatorial cross-section of model vs observed NO2 plumes (land source is biomass burning) suggest that convection in the model winds (ERA Interim) is not vigorous enough… 


C-band
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C and Ku-band
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1)O tlcal remote sensing lidar_in wind tunnel
2) Improve wind lidars for wind energy '\ t
3) Development of an uncertainty model for modular wind lidar designs Innovatlve Trammg
4) Floating lidar to assess offshore wind resources Network

5) Computational flow models for lidar field campaigns

6) Aeolus satellite lidar for wind mapping

7) Lidar for tall wind for Kitemill

8) Wind turbine wake characterization with long-range lidars

9) Lidar measurements of intra wind farm wake dynamics

10) Characterization of power performance of a wind turbine inside a wind farm

11) Adaptive lidar control

12) Atmospheric turbulence characterization under inhomogeneous inflow conditions using
nacelle-lidar measurements

13) Lider applied for planning and design of long-span_ bridges
14) Lidar-assisted wind farm control in wind tunnel and full scale
15) Turbulence characterization at exposed airports
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https://www.msca-like.eu/esr-projects/project-1
https://www.msca-like.eu/esr-projects/project-2
https://www.msca-like.eu/esr-projects/project-3
https://www.msca-like.eu/esr-projects/project-4
https://www.msca-like.eu/esr-projects/project-5
https://www.msca-like.eu/esr-projects/project-6
https://www.msca-like.eu/esr-projects/project-7
https://www.msca-like.eu/esr-projects/project-8
https://www.msca-like.eu/esr-projects/project-9
https://www.msca-like.eu/esr-projects/project-10
https://www.msca-like.eu/esr-projects/project-11
https://www.msca-like.eu/esr-projects/project-12
https://www.msca-like.eu/esr-projects/project-13
https://www.msca-like.eu/esr-projects/project-14
https://www.msca-like.eu/esr-projects/project-15

Aeolus

1)

2)

3)

Verification of PBL winds by triple
collocation

Verification of PBL modification by
Aeolus OSE

Aeolus data assimilation near
hurricanes
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