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A Ocean surface winds are one of the key components of the Earth systadeed, the ocean surface winds
and stress aré&ssential Climate Variables (EGd@ntified by the Global Climate Observing System (GCOS)
[GCOLK00, 2016; and again IBCOS, 2021

A They represent anique measurement at the interface of two fluidsthe ocean and the atmospheteAs
such, they reflect the interactions at this interface anddify the boundary layers in each one of them.

A They are a major driver of S Wind Stress Curl _. — ==
A the ocean circulation through the surface stress ;
A affect the airsea interactions

A provide fuel to the weather systems by
modulating the sensible and latent heat fluxes--- g

A modify the turbulent mixing in the upper levelg-:., = ey o e
of the ocean i

A drive the atmospheric convection by providing -
dynamical forcing through the convergence of 1(
near-surface winds

A Understanding these interactions is critical for improvin -
ocean modeling and weather forecasting on a variety o
spatial and temporal scales.




Part 1.
Climate Data Records (CDRs)d
EarthScience Data RecordeSDR)

Overview



1.A

Climate Data Record<CDR¥of single instrument
(observationsonly) ocean surface winds

Level 2 and Level 3 products

L2 and L3 products are provided either on

- the observatiorarid (L2 products)
- a regularly spaced grid (L3 products, could be averaged over time to provide some level of completeness)

They do not use models to:
- provide interpolation in time
- to fill the space gaps between orbits

As such, the singlsstrument CDRs
- do not depend on temporally varying external data (such as e.g., ERA5, radiometessattbemetejs

- can assure stability of the CDRs of the ocean surface winds
- would need to be intercalibrated with other siAgitrument CDRs (during overlaps) to extend the Earth Science Dz

Record ESDR
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https://climatedataguide.ucar.edu/climate-data/climate-data-records-overview
https://climatedataguide.ucar.edu/climate-data/climate-data-records-overview

1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds
b. Motivation: existing difference in operational estimates from different wind missions and different institutions




1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds

b. Motivation: existing difference in operational estimates from different wind missions and different institutions
CDR Challenge: SeasoAd@trength and timing of diurnal wind cycles
changes in diurnal winds vary seasonally.

DonataGiglio, SaralGilleet al

Main Sources of Uncertainty

ADiurnal variability of the winds
A Not well-known magnitude and geographic variability of « st peskcat oW, 105

the diurnal signal, to allow properly isolating its iﬁj

contribution to the differences in the wind estimates III ___________ IIII

from missions observing at different Local Times of Day .'-'l on Do
Hour of the diurnal peak

Oct Dec

[
o
b3
k=]
[

Anomaly, hou
ohbowow
T |
& |



1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds
b. Motivation: existing difference in operational estimates from different wind missions and different institutions

CDR Challenge: SeasoAd@trength and timing of diurnal wind cycles

Main Sources of Uncertainty
AD: |variability of the wind changes in diurnal winds_vary seasonally.
iurnal variability ot tine winds DonataGiglio, SaralGilleet al APatterns Vary geographlcally
A Not well-known magnitude and geographic variability of O wysdumapoakatioW, 105 PO 3‘,”” TR
the diurnal signal, to allow properly isolating its e e DA i e e we D a
contribution to the differences in the wind estimates DIIII _______ IIIII pp— R v
from missions observing at different Local Times of Day" o [+ s R

Hour of the diurnal peak T
0 0.2

OCT Dec

[
o
=3
b3
k=]
[

Anomaly, hou
ohbowow
& | %



1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds

b. Motivation: existing difference in operational estimates from different wind missions and different institutions
CDR Challenge: SeasoAd@trength and timing of diurnal wind cycles

Main Sources of Uncertainty
AD: |variability of the wind changes in diurnal winds, vary seasonally.
iurnal variability ot tine winds DonataGiglio, SaralGilleet al APatterns Vary geographlcally

A Not well-known magnitude and geographic variability of O W duratpeskat oW, 10's [
the diurnal signal, to allow properly isolating its ‘ S e wu we T s
contribution to the differences in the wind estimates IIII _______ IIIII P
from missions observing at different Local Times of Da) e e | T

Hourofthediurnal peak L 0 E ' L~ 160 E- ;ow- 21: Bo: W B o_Jms
AAnnual signal can be aliased by sampling (IS

—-“l..l‘——AMultlple satellites, or weitoordinated orbits

are needed to distinguish diurnal signal from
wwoa o other variability

I - ® e Y L n, 8

2 8 E . o
§ i i E I i 3.4 L Bt [

H . o : w0's

Anomaly hour
(ﬂ O’! Lﬂ DDJ O"l w

[
o
=1



1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds
b. Motivation: existing difference in operational estimates from different wind missions and different institutions

CDR Challenge: SeasoAd@trength and timing of diurnal wind cycles

Main Sources of Uncertainty changes in diurnal winds, vary seasonally.

ADiurnal variability of the -WindS _ o DonataGiglio, SaralGilleet al APatterns Vary geographlcally
A Not well-known magnitude and geographic variability of O W: dhmal poakat 10W, 105 “"_?“-“‘f"i“"'-"-“'"‘ ¥ IRTRARN AT .
the diurnal signal, to allow properly isolating its iE;‘ pox PEREnt JEE R R G E e
contribution to the differences in the wind estimates ~ :Bla_ EETE v T TRy
from missions observing at different Local Times of Day

Hour of the diurnal peak = = ]

ADifferences in the active observing systems
A frequency of the observations( vs C bar)l with
possible differences In the physics of the relationship

- A s 2L AA L o« o other variabilit
s S e R k-l
winds; Also having different sensitivity to SR IR L (T
. ) . 25x 7 km 25&125km 46 &54 Conical scan — One wide swath Ku band (13.4)
A atmosphenc parameters (most |mp0rtant|y ram) m 25x7 km 25&12.5km  46&54  Conical scan - One wide swath Ku band (13.4)
. 20 x 10 km 25&12.5km  25t065 Push broom - Two narrower swaths C band (5.25)
A ocean surface parameters such as wind speed, se
surface temperature (SST) and sea state.

30x7 km 50 & 25 km 49 & 58 Conical scan - One wide swath Ku band (13.5)
25 x 12km 12.5km Variable Conical scan — One swath (narrower)  Ku band (13.4)
A instrument design and geometr{pushbroom vs pencil schematic of the observation Py
beam, variable incidence angles of the observations); geometry for the two difierent ‘

EET 30x7 km 50 & 25 km 49 & 58 Conical scan - One wide swath Ku band (13.4)
observing systems: the rotating

AAnnual signal can be aliased by sampling (IS

_ —-“l..“—— AMultiple satellites, or weltoordinated orbits

are needed to distinguish diurnal signal from

Anomaly, hour
ohbowow

pencil beam of thelkand S S— .,
scatterometefieft) and the push// 4 ))
broom fan beam sampling by t \\~“w,,x///

Cbandscatterometefigght) T —

r



1.A CDRs adbservationsonly ocean surface windg goals & motivation

a. Goal: longterm efforts by the IOVWST to provide stable and waltercalibrated records of the ocean surface winds
b. Motivation: existing difference in operational estimates from different wind missions and different institutions

CDR Challenge: SeasoAd@trength and timing of diurnal wind cycles

Main Sources of Uncertainty changes in diurnal winds, vary seasonally.

ADiurnal variability of the winds DonataGiglio, SaralGilleet al APatterns Vary geographlcally
A Not well-known magnitude and geographic variability of O W: dhmal poakat 10W, 105 “"_?“-“‘f"i“"'-"-“'"‘ ¥ IRTRARN AR !
the diurnal signal, to allow properly isolating its iE;‘ pox PEREnt JEE R R G E e
contribution to the differences in the wind estimates ~ :Bla_ EETE v T TRy
from missions observing at different Local Times of Day

Hour of the diurnal peak = = ]

ADifferences in the active observing systems
A frequency of the observations( vs C bar)l with
possible differences In the physics of the relationship

- A s 2L AA L o« o other variabilit

s S e R k-l
i D i | | les [°

Wlnds’ AISO haVIng dlﬁerent SenSItIVIty to . °n 1m &4 Conical scan — One wide swath Ku band (13.4)
A atmosphenc parameters (most |mp0rtant|y ram) m 25x7 km 25&12.5km  46&54  Conical scan - One wide swath Ku band (13.4)

. 20 x 10 km 25&12.5km  25t065 Push broom - Two narrower swaths C band (5.25)
A ocean surface parameters such as wind speed, se
surface temperature (SST) and sea state.

30x7 km 50 & 25 km 49 & 58 Conical scan - One wide swath Ku band (13.5)
25 x 12km 12.5km Variable Conical scan — One swath (narrower)  Ku band (13.4)
A instrument design and geometr{pushbroom vs pencil schematic of the observation Py
beam, variable incidence angles of the observations); geometry for the two difierent ‘

EET 30x7 km 50 & 25 km 49 & 58 Conical scan - One wide swath Ku band (13.4)
observing systems: the rotating

AAnnual signal can be aliased by sampling (IS

_ —-“l..“—— AMultiple satellites, or weltoordinated orbits

are needed to distinguish diurnal signal from

Anomaly, hour
ohbowow

ARetrieval algorithms and assumptionsnconsistencies  penci beam of theland > ft;\\
remain in the different components of the different scatterometefieft) and the push//¢Z. " )
broom fan beam sampling by thel>~«" ,,///

retrieval schemes C-bandscatterometefisght) —

»



1.A CDRs of the ocean surface wingslriving desire for the
observationsonly products

The Driving desire of a number of ocean wind estimate
producers is to create observatiorsnly depiction of
the interface between the atmosphere and the ocea

a. To study trends and variability in the Earth System.

b. To validate models.

Extreme Wind Trends in Climate Data Records

Ad Stoffelen, Alexandre Payez, Rianne Giessen

* Wind trends in extremes are difficult to measure due to
irregular sampling by in-situ observations

* Re-analyses sample regularly and in a fixed model
setting, but suffer from varying observational data set
inputs over time, probably affecting trends

* We have stable scatterometer instruments over several
decades to detect trends in extremes

* Analyzing trends by scatterometer instrument is reliable
due to its constant sampling characteristics over time
(see example plots)

* Combining several overlapping instruments in a row
may produce long-term reliable trends

* PDF interpolation could further reduce sampling errors
and allow determination of 99.9 wind speed percentiles
over larger areas, e.g., basin

* This is being investigated in the ESA MAXSS project
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Figure 2.1.2. ASCAT-A 99th wind speed percentile (a) annual anomaly for
2020 and (b) annual trend (2007-2020). Areas with trends significant above
the 90% confidence level are outlined in black.

@ a Joe Sienkiewicz — Ocean Prediction Center
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Using Radiometers/scatterometers CDR for climate studies: ot seo spens [
AMS State of the Climate report

= RSS wind CDR is used every year in the AMS State of the Climate report.
= Figures below are from “State of the Climate in 2022”, (published in September2023).
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Wind Trend 1988-2022: RSS Satellite (ocean)/ERAS (land) ‘

Wind timeseries (ocean): Satellite/reanalyses [
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Azorin-Molina, et al, 2023: Land and ocean surface winds, in “State of the Climate in 2022"
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1.A CDRs dhe single instrument ¢bservationsonly) ocean
surface winds from different providers

A There is a number o€limate Data Records (CDRs) being developed at different institutions, having slightly differe
designs an targets

A Here are the examples we will explore further:
A EUMETSATs OSI SAF by kMNis://scatterometer.knmi.nl/archived prod/
A RSS https://www.remss.com/announcement/ASCANBGoceansurfacewind-CDR/
A JPL- https://wow.jpl.nasa.gov/- Look under the Data Tab on the menu in the upper right

A Each of the CDRs uses
A different retrieval algorithms
A different Gband Geophysical Model Function (GMF)
A different nudge fields (NCEP versus ECMWF)

A Why do we need more than one CDR

Only through analyses of a number of different CDRs we can obtdeteer understanding of the uncertainties
associated with the retrieval approaches and the creation of the climatgality CDRs

Such understanding is critically needed when analyzing the CDRs to establish climate trends and variability, gnc
understand the processes and the evolution of the lasgale phenomena such as the MJO, ENSO and the Hadley
Cell. Even the depiction of the diurnal variability of the winds might be affected by the uncertainties associatgd v
the different retrieval approaches.
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https://scatterometer.knmi.nl/archived_prod/
https://www.remss.com/announcement/ASCAT-ABC-ocean-surface-wind-CDR/
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1.A New Keband scatterometer Climate Data Records by OSI SAF/KI\I

Ad Stoffelen, Anton Verhoef (KNMI)

A We havereprocessed the data records from QuikSCAT, Ocea@sand RapidScab obtain a
uniform ocean wind dataset from 1999 to 2016
% Yrerr% A The datasets will become available soon in the EUMETSAT Data Centre (level 2 swath data)
s S on the Copernicus Marine Service portal (level 3 gridded data)
e .51 A As compared to our previous datasets (released in 200157), RapidScat was included, and
» f‘z kT RN NN several product improvements have been implementesee the images showing new vs. old
V) \5{*\2 (5 \WAN A TheECMWF ERAS5 reanalysis winds are used instead of ERA Interim winds to include in the
1.’%‘1_\\\&;\ *:2 7 -‘\x\;\\\ix\ﬁ\ - products and to initialize the ambiguity removal step
\ .‘_\.:tg\w == )3 g‘? .Ai \ \' A Anew quality control rejects less windand has a better skill than the old QC. Two flags are
bt kf*%??:iéé*}///’;‘é PRIRL included now: one for use in visualization and one for use in NWP applications
N et */'/“/ ,'-‘( ke J"/' "‘, \ A Furthermore, thedata are now processed closer to the coast and systematic wind speed and
NS direction biases have been reduced

Corrections for SST lead to smaller systematic wind speed biases (right hand sic

//
A /I/ 7% = Statistics - direction = Statistics - direction
\\ ( / orr) .é‘ P To g, P g e T y v 115 .:é' £ A5
N % 5t i ¢ | 7 2 ! e gt P, T " ,-a"-ﬁ’"we 1 g
\\‘:\\\ g’ ;....v‘g {102 g° ,' /y&'.“:-‘;\\ NMMM“W 108
W) ER s 8 T R gt s @
"y 5 [ | B [ 1=
v 7/ - g SE averaghias = 1,09, mean X = 1_?‘_5}.(?_2. mean Y = 177.79 | = g S5 average bias = 1,14, mean X = 1_?‘_5}.(5_9. mean Y =177.72 | =
L @0 a0 180 270 360 @0 a0 180 270 360
Average model / scatlerometer wind direction (deg) Average model / scatterometer wind direction (deg)

Coastal processing in new datasets (right hand side) GMF and calibration improvements lead to smaller direction biases (right hand side



LucreziRicciardulliAndrew Manaster, Thomas Meissner, Carl Mear
Remote Sensing Systems (RSS), Santa Rosa, California, USA

|1.AScatterometersand Radiometers in RSS WIND CI:

Objective: Consistency among past, present faridre scatterometer and radiometer missions
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4/
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1.A The JPMEaSURERINded CDR

Goals

1.

Creation of a consistent longerm Earth
Science Data Records (ESEHa}

includes observations from different
scatterometer missions while eliminating
inconsistencies between therlote:
QuikSCADbased homogenization

Development of the dynamically
significant derived productsincluding
the surface wind stressandthe curl and

divergence ofhe surface wind and stress.

These products are generated at the
highest possible resolution of the
observations (i.e. at the swathLevel 2);

Development ofscatterometeronly user
friendly gridded products (Level 3
products)of the wind, stress, curl and
divergence of the wind and the stress.
These ocean wind L3 products will
complement existing L4 products, which
have their own roles.

1. New: Real Winds . En
Link to? A y' S U oSeNX _ MVL N e
ACompared to ERA5, % .0 \ AN | ‘f
. RS ' i
global bias and STDis = _ = "7 /" wfj\ﬂ l
reduced by ~0.1 m/s '
relative to the ENwind -°1 —5 36 =36 ¢ 20 a0 ﬁ'u

ARegionally, biases are reduced substantially by up2ari/s.
Aalmost completely removed large scale biases in the Southern Ocexs
Equatorial biases remain due to poor Equatorial surface currents

2. New: Providing estimation of the uncertainty for each wind retrieval c
3. New: Improved Rain Flagging for #andscatterometersc{ 4 A f S &

4. New: Simplified Quality Flag Indicator (O to 4) to help users navigate
the maze of traditional existing flags (also provided) NA & ip&s@r Q.

5. New: Stress estimatiogl NA & (p@s@r Qa

Comparing Wind Derivative Calculation Methods
hom Orbll al Swe lth Wmds

arry W. O'Neil2, Alexander Wineteer?, Svetla Histrova-Vevela®

6. New: Derivatives of th¢
wind and the stress

ZNAEKGQi-E
andl NA & ip&s@r Q

7. New: ERA overlays
| NA & (p&s@r Qa

Ethan E. Wright', Mark A. Bol ssa’

How do the noise characteristics of wind divergence and vorticity change with
common methods of calculation and preprocessing of orbital (L2) wind data?

Derivative Calzviation Methods ——> Power Spectra Comparisons
- Tropical Atlantic (105-10N, 1 7W-3

Finite differencing on a
uniform grid

3. Finite differencing on the

orbital swath grid

> Circulation about a central
point using a line integral of
surrounding dc




1.B Combinednultiple platform ocean surface winds to create a
long-term Earth Science Data RecofdSDIR

AWinds from observations reflect the state of the atmosphere,
however science and applications suffer from the irregular sampling
by the satellites

A Model winds on the other end provide regular sampling but suffer
from model biases

A Combining observations from multiple instrumentgth or without
the use of mode)ss, thus, a goal for the IOVWST:

A To provide a longerm Earth Science Data RecofidSDIRwith regular
sampling and removed biases

A To combine ocean surface winds with other atmospheric and ocean variable
to facilitate studies of processes in the Earth System



https://climatedataguide.ucar.edu/climate-data/climate-data-records-overview
https://climatedataguide.ucar.edu/climate-data/climate-data-records-overview

1.B

Combinedmultiple platform ocean surface winds
C Level 4 products

L4 products require the use of multiple platforms (eitmnbining observations from multiple instruments and/or using
models)

- to provide interpolation in timeonly because we have insufficient temporal resolution of the observed wind field from
single instrument

- to fill the space gaps between orbits

- to assign direction to wind speed retrievals produced by passive radiometers

- could provide different derived products that involve the use of observations from more than one instrument

The L4 products, by their nature, design, and goal to combine data from multiple instruments inevaldyhave
somewhat variable characteristics over timeven simply because different instruments/missions come to play through
different periods of the Earth Science Data Record (ESDR), and hence their different instrument characteristics, retrie
algorithms, and different sampling through the diurnal cycle would have to influence thadamgstability of the L4
products.
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GLOBAL OCEAN

y MONITORING & OBSERVING

1.B MEaSURES at WHOI OAFlux )\ seioimiome  Efuessines G NOAA

. —= INSTITUTION
Air-Sea Flux CDRs
Pl. Lisan Yu 35-Year Lmear Trend in OAFlux Wmds

1. Satellite climate data record

Winds:integrated from 19 satellite sensors (12
microwave radiometers and statterometer$

Heat and moisture fluxesderived from 13
sensors (9 microwave radiometers and 4
sounders).

2. Over 35 years of 0.23laily datasets
The data records span from 1988 to the present,
providing a longerm perspective on climate
trends and patterns.

rrrrr

3. Robust validation using 151 Buoys
including archived and active research buoys as

well as selected NDBC buoys. (b) Buoy winds (~ 20 ye
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Remote Sensing i?}.,fstems,(l

1.B CDRsCombined Multiple Observations/Models

CCMP 3.1
Cross-Calibrated Multi  -Platform Vector Wind Analysis

Carl Mears, Lucrezia Ricciardulli, Frank Wentz (RSS)
Tong Lee (JPX¥iaochunVang (UCLA)

CCMP uses a variational analysis to combine satellite winds with a background field from Numerical Weather
Prediction (in this case, ERAT)he algorithm islesigned to produce winds that agree with QSCAT and ASCAT winds
from RSYparticularly important at high wind speed) by performing adjustments to the background field and radiome
wind retrievals before the variational analysis is performed.

CCMP 3.0 01/07/2023 18z

Status: 40

A Data available every 6 hours from Jan 7=

1993 thru July 2023. & S
A V3.1 released, now includes ASGAT [ o o e e S S 5
A ASCAT is excluded from V3.1 soitcan [, = R e ) S

e

be used as a validation source. B S
Al LIRFGSE NB LI2aaiof s xveedy, J N
when time and available effort permit. A :
A In process with the PO.DAAC to archive
CCMP 3.1 there.

Wind Speed (m/s)

Available at: https://www.remss.com/measurements/ccmp/



. N Copernicus
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1.B CDRsCombined Multiple Observations/Models
Surface Wind Thematic Assembly Center (Wind TAC)

The Surface Wind TAC is responsible for the collection, processing, qualification and distribution of §
surface winds data products derivedatterometerssatellite missiondlt is in charge of the neaeal time @
(NRT) and delayed mode (REP) processing of Wind observations (globally), required for Copernicu.
Marine Service modelling and data assimilation and for applications.

Surface downward eastward stress AN

The Surface Wind TAC develops wind and wind stress vector products e | —

but also their derivative curl and divergence fields at both L3 and L4 ¢ * °

“

from scatterometersand radiometers. =

pE——

EXAMPLESlobal Ocean Monthly Mean Sea Surface Wind and "‘{\5‘73_
Stress from Scatterometer and Model

For the Global Oceail'he product contains monthly Lewlsea surface wind
and stress fields at 0.25 degrees horizontal spatial resolution. The monthly
averaged wind and stress fields are based on monthly average ECMWF ERAS5
reanalysis fields, corrected for persistent biases using all available3.evel
scatterometer observations from thi@letop-A, Metop-B andMetop-C ASCAT,
QuikSCABeaWindsERY and ER8 SCAT satellite instruments. The product
provides monthly mean stressquivalent wind and stress variables as well as
their standard deviation. The number of observations used to calculate the

monthly averages are included in the product.

2005 2010 2015 2020

Explore in MyOcean Pro


https://marine.copernicus.eu/about/producers/wind-tac
https://data.marine.copernicus.eu/product/WIND_GLO_PHY_CLIMATE_L4_MY_012_003/description

Part 2.
Science questions that could be addressed from
the CDRs of ocean surface winds



2. Sclence guestions that could be addressed from the CDRs c

ocean surface winds

a. Trends and variability in the global
circulation:
I. Hadley cell

Hadley Cell edges from scatterometer observations
Zonal Component of the wind; 10-year mean

-

e T

> ot
"
A

- Are the tropics expanding as an atmospheric response to the observed

tropical ocean warming trend? If so, this widening of the Hadley cell could ha

a substantial impact on water resources and the ecology of thereygics.

- Until now, the understanding of the mechanisms that govern the changing
width of the tropics has been confined to models and proxies because of the
unavailability of systematic observations of the larggeale circulation

- Ocean surface vector winds, derived from scatterometer observations, pro
for the first time an accurate depiction of the largeale circulation and allow
the study of the Hadley cell evolution through analysis of its surface branch,

-In a 2015 study we determine the extent of the Hadley cell as defined by tk
subtropical zerecrossing of the zonalgiveraged zonal wind component,
determined from QuikSCAT observations (Fig(H)istovaVeleva et al., 2015).

To investigate the consistency in the trends and variability when determined
different scatterometers we performed similar analysis of the Hadley cell usit
the wind estimates from ASCAWe found an apparent discontinuity in the

signal when the data source changes from one observing system to anothet

v

Fig. 1. Schematic f the lacgee circulation (left panel) and the zonal component of th

/ide surface wind as determined from QuikSCAT (right panel).

ASCAT

More evidence for a trend
Another cycle is evident

‘——_ Is t'h‘er‘e a break?: 15

4-2010
4-2011

4-2006 ._20074-2003 4-2012

4-2004 4 2005

4-2002

4-2000 4 2001 4-2003 4.2009

(Fig. 2). What is the reason? Diurnal signal or retrieval inconsistencies?

Fig. 2. Time evolution of the width of the combined Hadley cell as determined from tF
crossing of the mean zonal wind (r@en linning averages) 22



2. Sclence guestions that could be addressed from the CDRs c
ocean surface winds

a. Trends and variability in the global Tropical Convection and Ascent Region Variation
circulation:

I. Hadley celand ITCZ

Low Pass filtered Divergence field; 20

1 DG G UUUL S L, SRS Y, LU LS L, S DML U Uy, LN

nature > nature communications > articles > article

Open Access | Published: 07 June 2017

Tightening of tropical ascent and high clouds key to
precipitation change in a warmer climate

PR OUY, RESUIMUUII— | £ PR, DTSV IGELD | SNULIY DL

Hui Su &, Jonathan H. Jiang, J. David Neelin, T. Janice Shen, Chengxing Zhai, Qing Yue, Zhien Wang,
Lei Huang, Yong-Sang Choi, Graeme L. Stephens & Yuk L. Yung

Nature Communications 8, Article number: 15771 (2017) | Cite this article
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2. Sclence guestions that could be addressed from the CDRs c

ocean surface winds

WWB as depicted by the Zonal Wind Anomaly from Buoy and S¢
a. Trends and variability in the global LucrezieRicciardulli

circulation: SSMI @ buoy location only SSMI all obs
SSMI Zonal Wind Anomaly 2014-2017 Zonal Wind Anomaly 2014-2017

i. Hadley Ce” and ITCZ BUOY Zonal Wind Anomaly 2014-2017 st . st

2014 -

ii. MJO and ENSO { , f —

|
il

The Westerly Wind Bursts (WWBR)r : : : Tz ==
ENSO 97/98 as seen by the buoys only, |by [ _ : :
SSMI at the buoy locations, or by all SSMI 20153_ sl = o ——
{ { a wisddirection is from CCMP DA —— . = | ——

A When taken only at the buoy locations _ =
SSMI gives exactly the same figure as [ ——
the buoys only. : S . .

A Butif we use all SSMI (all pacificb8)|  ®'¢f  =——— oer ———— i
for the selected longitudes, we have a : : - [ . = [ :
much better pictureof the zonal wind i : =
anomalies that define a WWB. : : == —_—

A Note: features in the East side that are i . b e

2017 bl L) 201 e T a0 220 250 280 130 160 190 220 250 280

not covered by the buoys (some tiny WO e e = Longitude Longitude
negative anomalies at the end of the n__" 864202468 864202468
ENSO event). m/sl [m/s] [m/s]

vJ
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2. Sclence guestions that could be addressed from the
observationsonly CDRs of ocean surface winds

a. Trends and variability in the global circulation:
I. Hadley cell and ITCZ
ii. MJO and ENSO
lii. Climate indices

b. Trends and variability in extremes

Wind trends in extremes are difficult to measure due to irregular
sampling by irsitu observations

Reanalyses sample regularly and in a fixed model setting, but
suffer from varying observational data set inputs over time,
probably affecting trends

We have stable scatterometer instruments over several decades,,.,

to detect trends in extremes
Analyzing trends by scatterometer instrument is reliable due to
its constant sampling characteristics over time

Combining several overlapping instruments in a row may produce

long-term reliable trends

PDF interpolation could further reduce sampling errors and allow

determination of 99.9 wind speed percentiles over larger areas,

e.g., basin (all this is being investigated in the ESA MAXSS projeg

Extreme Wind Trends in Climate Data Recort
A AdStoffelen AlexandréPayez Rianne Giessen

90°N

60°N

30°N [+

[ms]

30°5 |k

90°N

60°N

LA e
0° oo nidin

30°S [orera¥

-0.12

60°S |12

-0.18

60°E 126°E 180° 120°W 60°W 0>
Figure 2.1.2ASCAA 99th wind speed percentile (a) annual anomaly for
2&2}0 and (b) annual trend (20§2020). Areas with trends significant
ve the 90% confidence level are outlined in black.

25



2. Sclence guestions that could be addressed from the CDRs c
ocean surface winds OAFIUX

a. Trends and variability in the global circulation:
I. Hadley cell and ITCZ
ii. MJO and ENSO
lil. Climate indices
b. Trends and variability in extremes
c. Coupling of tropical convection with surface
wind convergence and flux convergence

FIGURE 1 | (A) Annual mean net surface heat @unef) for

2016 from theOAFIuxHR + CERES EBAFv4.0 product. (B)
Annual mean wind stress curl and wind stress vectors for 2016
from the OAFIuxHR. (C) Standard deviation of anroaan
Qnetfrom 12 products. (D) Standard deviation of annual mean
of surface wind stress magnitude from 12 products. (E)
Standard deviation of annuahean surface shortwave and
longwave Qswc¢ QIlw) from 10 products. (F) Standard

deviation of annuamean turbulent latent and sensible heat
flux @Qlat+ Qser) from 11 products. Based on Yu (2019).




2. Sclence guestions that could be addressed from the
observationsonly CDRs of ocean surface winds

R _ _ Correlating Extremes in Wind Divergence with Extremes
a. Trends and variability in the global circulation: in Rain over the Tropical Atlantic

I. Hadley cell and ITCZ
i. MJO and ENSO
ii. Climate indices

King GP, Portabella M, Lin W, Stoffelen A. Correlating Extremes in Wind
Divergence with Extremes in Rain over the Tropical Atlantic. Remote Sensing.
2022; 14(5):1147. https://doi.org/10.3390/rs14051147

Figure 2 A satellite view of

2012-10-23, 09:00 . : :
D i S interaction of rain and ocean

b. Trends and variability in extremes 14
c. Coupling of tropical convection with surface il

wind convergence and flux convergence
d. Relating winds and precipitatiom tropical

_convective systems _ _
A Aircsea fluxes are greatly enhanced by the winds and vertical exchanges generated I1ooy

mesoscale convective systems (MCSs). In contrast to global numerical weather g
prediction models, spacbornescatterometersare able to resolve the smadtcale =
wind variability in and near MCSs at the ocean surface. E

A Downbursts of heavy rain in MCSs produce strong gusts and large divergence ands
vorticity in surface winds.

12

1r

g—

8>

A In this paper 12.5 km wind fields from the ASGATRnd ASCAB tandem mission, 7+
collocated with short time series dMeteosatSecond Generation 3 km rain fields, are
used toquantify correlations between wind divergence and rain in the Inter 6F

Tropical Convergence Zone (ITCZ) of the Atlantic Ocean.

A We show that when there is extreme rain, there is extreme convergence/divergence 5/ < X

winds in Atlantic Inter
Tropical Convergence Zone
in an area a few degrees
north of equator to west of

utC- 1127 2 '_: s — .’_'-_'-\‘,-t','_‘_'.- S
= coast of Africa.

Figure shows superposition
1  of wind vectors from ASCAT
| A (black) and ASCAT(red)

[ with contours ofMeteosat
Second Generation (MSG)
rain at time corresponding to
pass of ASCAA.

UTC-11:28

~ o = Colorbarshows rain rate in
o1 e 1040 . B, mmhb mbNete convective
a il A E rain cells (>10 mnth m b ™
R R 1 2 and nearby areas of strong
ot iy wind convergence (C) and

in the vicinity. \
A The divergence time lag is close to zero, while it is 30 min for the convergence peak,_“26
implying that extreme rain generally appears after (lags) extreme convergence.
A The temporal scale of moist convection is thus determined by the slower updraft
process, as expected.

e e . : o divergence (D).
25 0K -2 S D 20-AF A8
Longitude (deg)
27



2. Sclence guestions that could be addressed from the CDRs c
ocean surface winds

. Trends and variability in the global circulation:
I. Hadley cell and ITCZ

ii. MJO and ENSO

lii. Climate indices

. Trends and variability in extremes

. Coupling of tropical convection with surface
wind convergence and flux convergence

. Relating winds and precipitatian tropical
convective systems

. Winds and currents: effects on the ocean
dynamics

28



2. Sclence guestions that could be addressed from the CDRs c
ocean surface winds

. Trends and variability in the global circulation:
I. Hadley cell and ITCZ

ii. MJO and ENSO

lii. Climate indices

. Trends and variability in extremes

. Coupling of tropical convection with surface
wind convergence and flux convergence

. Relating winds and precipitation in tropical
convective systems

. Winds and currents: effects on the ocean
dynamics

. Marine heat waves

. The value of thespeedonly CDRs from
radiometers: coincident observations of the
surface winds, the precipitation and
thermodynamics of the environment (in terms
of the Total Precipitable WaterTPW)



Part 3.Applicationfocused uses of the CDRs



3. Applicationfocused uses of the CDRs

Guiding question:Would we get the same conclusion in our science investigations depending on whether we are
using models or observations?

Very important consideration Account for sampling issuaesspatial, and, maybe more importantly, temporal (i.e.
account for the diurnal component that is hidden (aliased) in the observational CDR).

Model validation across spatial and temporal scal
I. Types of model validations
1. Verify whether reanalyses are:
1. consistent with observations
2. stable¢ meaning the difference from observations do not show trend
2. Determine:
1. Geographical (regional) model biases, and their trends
2. Biases in spatial wind variability (convergence and vorticity; scale wind/stress spectral analyses)
3.a2RStQa FoAftAGe G2 OF LI dzNB  { $tvaségadddaignasl NA | 6 Af A @Y
35SUSNNYAYS Y2RStQa loAfAGe (2 OF LJWidzZNB AYLRNIIFY(d LIKS
a. Global atmospheric circulation
I. WWB and ENino evolution
ii. MJO phases
iii. Hadley cell structure and trends: in width of the cell; in intensity and width of the ITCZ
b. Air-sea interactions: e.g. S®ind coupling; fluxes and flux convergengédso, their trends and variability
c. \ertical exchanges due to moist convectipather poorly represented in all models)
ii. Which models
I. Operationalc coupled and uncoupled
ii. Reanalyses -

2S

V2

ii. Climate



Part 1, 2, 3
Background and Additional Contributions

AN ote:

Some repetition of information in earlier slides as the followihg
slides come to support or complement the earlier discussio



Flowchart of Ku/®and rain correction and harmonization wolgtyan Stiles et al.
(Greeng completed in past yearBlue¢ completed this year rGrayc Future work described in poster.)

Modify G _ L
el Cloelie RecalibrateScatSATo Develop neural network Remove step functions |

(ASCAT) GMF to SEEESALE _ _
match QuikSCAT ‘ removenonilinearityin to correctScatSAwind » time of a few tenths of &

calibrationw.r.t QUIkSCA speeds in rain to match m/s in ASCABcatSAT

wind speeds in using ASCAB data ASCAB data calibration

rainfree conditions

Old Corr., rainy, RMSE= 2.06 m/s

Current

§ QuikSCAT ~ 2-D ASCABCatSAT
rain .. Joint histogramin

30

ction (m/s)

N
=]

Utilize the serendipitous

improvement in neaice | correction = _ rain with 90 minute
winds due toScatSAT - colocation
trained rain correction N
neural network to improve ¥ New “ <:I

N
v

detection and where .
possible correction of sea
ice contaminated wind RMS | Rainy | Rain
data forScatSATASCAT, |l ¢ | (mis) | free

. (m/s) (m/s)
and QuikScat
Current 2.06 1.22

QuikSCAT
rain K
correction
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ASCAT (JPL) wind speed (m/s)
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[

QuikSCAT wind speed with new rain correction s

(See Stiles et al poster) TSP 1.20 33
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ASCAT (JPL) wind speed (m/s)



A.

Comparing Wind Derivative Calculation Methods from Orbital Swath Winds

Ethan Wright and Mark Bourassa, COAPS Florida State University

How do the noise characteristics of wind divergence and vorticity change with
common methods of calculation and preprocessing of orbital (L2) wind data?

Finite differencing on a
uniform grid

Finite differencing on the
orbital swath grid

Circulation about a central
point using a line integral of
surrounding wind cells

Vorticity (s~1)

Power (572)

1079 4

1012 4

| == RS
5 RS2 L Method C
- RS3

{ =-- Rs4

1 — 1/8° HP=20km
— 1/8° HP=50km
Method A

1/4° HP=50km

1 — v4° HP=80km

In-Swath O(1) CFD]- Method B Il't

10~3 1072
Wavenumber, km ™1
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Marine Weather Warnin

A Introduced Hurricane Force i 2000
A Ability to observe winds

A confirm warnings
| A Validate NWP guidance
¥ A Observe wind structures/evolution
.4 A QuIkSCAT, ASCAT A-C, OSCAT, RapidScat
A Improved algorithms i high winds, coastal
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S ATLANTIC

@ @ Joe Sienkiewicz — Ocean Prediction Center
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Discussion Slides from

John Knaff



JohnKnaff

We work to estimate operational TC wind metrics

AAIl existing satellite data has shortcomings
AWe work to get estimates in front of forecasters
AProvide guidance on use

The following slides proved an overview of availability, shortcomings, and
resulting best track/operational use

These were taken from Knaff et al. (2021)

Knaff, J.A., C. R. SampsonKudcasC. J. Slocum, M. J. Brennan, T. Meissn@rctiardulli A.Mouche N.Reu| M. Morris, GChirokovaand P.
Caroff 2021: A practical guide to estimating tropical cyclone surface winds: History, current status, emerging technologileskatodiae
future. Tropical Cyclone Research and Review, 10(3)18@5https://doi.org/10.1016/}.tcrr.2021.09.002.



JohnKnaff

1980

Aircraft reconnaissance

1990

2000

2010 Present

Observations Useful for Wind Radii Estimation

—

Digital aircraft reconnaissance (select times)

—

SSMI outer wind speeds
SFMR (Select storms)

ERS-1/ERS-2 Scatterometry — mmp

N-SCAT

QuickSCAT

IE——
RAPIDSAT
ScatSat  m—T———
HSCAT HY-2A m—)
HY-2B mp
HY-2C mp
ASCAT-A —
ASCAT-B ma——
ASCAT-C mmp

SSMI/S

VVind S 2t
AMSR-E

AMSR-2

SMAP

SMOS

SAR Sentenal-1A m—)

SAR Sentendl-1Emmmp

RCMV mmp



JohnKnaff

Wind Speed

Broad Wind
Structure

Wind Speed

Inner-core

Wind Speed

WAX & RV

0 10 20 30 40 A0
Ku- & C-Band Scatterometers

SMARPISMOS

IRfSounderMulti
0 10 20 30 40 50

Not Applicable to the
Inner-Core
Circulation

0 10 20 30 40 A0

60 70 al 90 100 110 120 130 140
Not Apllicable to the Broad Circulation
60 70 80 90 100 110 120 130 140

AMSR2/\WindSat

SMAP/SMOS

Ku- & C-Band Scat

SAR
60 70 a0 90 100 110 120 130 140

kKu- and C-Band Scatterometers

AMSR2 WindSAT SMAP & SMOS Wind Speeds

SAR

150
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JohnKnaff

1980 1990 2000 2010 Present
Records

North Atlantic

VVindl radii - WO kS 61—

Wind Radii in the TC D0g LIS
Wind Radii Best Tracks m——

East Pacific
Wind Radii in the T C D0g LIS 1
Wind Radii Best Tracks >
West Pacific

Real time estimates (various) —

Wind R adii Best Tra ks (VA ) mm—m—— e —
Wind Radii in the TC bogus (Vario U s ) 1m

Wind Radil in Best Tracks (JTWC) 5

Wind Radii Best Tracks (JTWC) »

Southern Hemisphere
Real time estimates (Vv ari oL ) mm—————————

Wind Radii in the TC bogus )
Wind Radii in Best Tracks (JTWC) )

Wind Radii Best Tracks (BOM) s —

~

Intermittant Wind Radii in Best Tracks (BOM) !

Wind Radii Best Tracks (RMSC, Reunion) m—)

North Indian Ocean

Real time s timate:s (VariO LIS ) m———
Wind Radii in Best Tracks (JTWC) m )



JohnKnaff

What are the needs

surface wind data coverage from a combination of sources should
cover an area extending at least 600 n mi (1100 km) from TC centers
with a horizontal resolution on the order of 2 km In the info@re

region, and be available at least every six hours.

planning for research and experimental observational capabilities (e.g.,
for surface wind estimation) should incorporate adequate funding for
iInstrument design and ground station capabillities so that near real
time digital data are provided for forecasting applications and critical
evaluation during realime weather events.



Extreme Wind Trends in Climate Data Records € osizar
Ad Stoffelen, Alexandre Payez, Rianne Giessen = @ Marne serdce
A Wind trends in extremes are difficult to measure
due to irregular sampling by-situ observations
A Reanalyses sample regularly and in a fixed model
setting, but suffer from varying observational data
set inputs over time, probably affecting trends

30°N [

30°S

60°S [ s

A We have stable scatterometer instruments over
several decades to detect trends in extremes

A Analyzing trends by scatterometer instrument is
reliable due to its constant sampling 20N SR
characteristics over time (see example plots) o b g : ehonids

A Combining several overlapping instruments in a B
row may produce longerm reliable trends

A PDF interpolation could further reduce sampling
errors and allow determination of 99.9 wind speed _ _

Figure 2.1.2ASCAA 99th wind speed percentile (a) annual anomaly for

pe'jce_nt”e_s oyer |arger are_as, e.g., basin _ 2020 and (b) annual trend (20¢2020). Areas with trends sidrmant above
A This is being investigated in the ESA MAXSS projeche 90% cofidence level are outlined in black.
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60°N

30°S oo

60°S [ i2%

60°E 120°E 180° 120°W 60°W 0°



Extreme wind intercalibration & validation

A Adjustment of radiometers & scatterometers high & extre
winds using SFMR (202020)

A OSI SAFASCAR, -B &-C, Rapidscat, OSCAT, OSCAF. 27F 7
2A & HY2B L

A REMSSWindsat (v7), AMSR (v8), SMAP (v1)
A Ilfremer: SMOS (v2)
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Accounting for spatial representativeness and QC effect:
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Addressing SFMR calibration variations

=
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Ensuring intefcalibration among all satellite systems 25|

The L2 adjusted products are available on the ESA MAX
study webpageh(tps://www.maxss.org/Products/MAXSS 2451
ProductCatalogué
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o Do Io I

17 -76 -75 -14 -13 -12 -71 -710 -69 -68
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ASCAT adjusted wind field over Hurricanae
Dorian
using SFMR winds as calibration reference

44 —~——


https://www.maxss.org/Products/MAXSS-Product-Catalogue

