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The goals of our MEaSUREs project NEW PRODUCTS

* After nearly 20 years of continuous scatterometer observations of the ocean surface vector winds by a variety Typ es of L2 ( swath) files QU ality Indicator S EaCUEE Brolact b arinian o Batviacr 0 and s (o daratas the pionD
of scatterometer instruments we are now positioned to address three issues of significant importance that category of the data, with 0 being the highest quality and 5 the lowest.

) ) ) * The new products are organized in three types of files that will be available for both the L2 and the L3 files, and based on . . Here the general description:
& & still face the ocean surface vector wind user community: observations from QuikSCAT, ASCAT-A/B/C and ScatSat: « Traditionally, scatterometer surface wind Cotegory O Noresieval coruption
A Ny P . : retrieval products include a significant T .
SeaWinds on QuikSCAT e . 1. Scatterometer-based estimates of: number of flags that indicate the quality of Category 1: Insignificantly corrupted retrieval
a s on Qu . . . . . . . . o - i ; . . g
SeaWinds on ADEOS I - 1. Creation of a consistent long-term Earth Science the Fquifglen Netral r(gr':‘t)s;”'"d' the stress and the 10 m true wind (accounting for the stability of the atmosphere, each individual retrieved value. Category 2: Possible Significant Error
ASCAT-A, -8, -C 4 i ' * These flags are meant to attest to: the quality of the Category 3: Likely Significant Error
:; ::;:s?sm o—: > Data Rec.ord (ESDR CPR) th at | nCI u.des . * For each of these fields, the files include: input data; the proximity of land or ice that could be Category 4: No winds retrieved due to quality control
observations from all different missions while - the magnitude and the direction; S?Z:anc'gi?ffiﬁhﬁi‘t’ﬁ'iﬁ'?ﬁLTcZﬁL’:ﬁQZ?;f;foﬁ o Category 5: No data over liquid water in cell (i.e., land, ice, etc. data)
Diurnal Sampling eliminating inconsistencies between them. * the zonal and meridional components; view; or other assumptions and factors that might - =
The reis a Slgnlflca nt d |Ver5|ty In the Missions Ascending- * the uncertainty in magnitude and direction; adversely affect the quality of the retrievals. Quality Indicator 0 — No Retrieval corruption - the best ‘B A L
instrument geometry (incidence - 2. Development of the dynamically-significant * a number of traditionally-used quality flags; * Our new products continue the tradition and possiblorafievas; Lo be ed when noeding bighost qualty dan. 1 -JUREH
angle, sampling strategy) QuikSCAT i o derived products including the surface wind stress * anew, and simplified, Quality Indicator flag (values 0-5), in addition to the number of quality flags used in the provide a number of flags used in the past. of data for which winds were retrieved. The bias w..t to ERA-
’ ’ SeaWinds d th l d d . f th f . d past’ to help the users more easily navigate the maze of flags. * These flags are there to help the experienced 5is 0.22 m/s.; The standard deviation is 1.34 m/s.
i i an e curi an iveregence o e surrace win . . researcher to weed out retrievals with questionable ) )
Spatlal rescIUtlon and the ASCAT 9:30pm - 9:30am g 2. AnC|||ary data —to support the evaluation of the new products value, according to their specific research interests. Quallty_lndlc_ator 1 — Insignificantly corrupted retrieval - :
mISSIOn-SpeC|f|C Local-Time-of- OSCAT 12:00am — 12:00pm and stress. These prOd ucts need to be gene rated » collocated in space and time wind/stress data from ERA-5 * However, the rules to use these flags might also be ?;f:agglih%;:t;zzt; Zic,;)gzzgjzfllf,,;)r:fsfhl: 5:?:?;,1 '\"\' e
. - - - . 3 . . - very cumberspme. In reality, their use co.uld also eved WIRACTEaEI ith t to ERA-S is 0.3 m/s.
Day (LTD) of the observations. RapidScat Diurnal Sampling at the h Igh est pOSSIble resolution of the including SST, surface pressure, 2m temperature and relative humidity) erte ortElon smonathc newie e Wit e ¥£Z‘:¥:ﬂ££’d Sd - :tiolzsw ‘thlh r: ::léstcm"ERA_s islsl.% ':1/: \‘\ .&\;0‘\, / l‘
ScatSat-1 ~9:00pm — ~9:00am  surface precipitation from IMERG, and familiarity with scatterometer data and retrieval OIS
f uality Indicator 2 - Possible Significant E — dat
Instrument | Retrieval Incidence | Scan Characteristics * the surface currents from GlobeCurrents. SRpRoIchES thould?e excluded if rain c(()):lst;mein;tgi:rll li:::lles alr.zoorf :
wm 3. Development of scatterometer-only user-friendly 3. Derivatives of the wind and the stress (are being produced now). These files will contain the following derivative fields: * Here, for the first time, we also provide a IpOnEnss S e s I e e SRS h
TTCTl 25x7km  25&12.5 46&54 oGl e Gr = Twidaswathl IKiFand grldded prOdUCtS (LEVE' 3 prOdUCtS) of the wind Curl and diverg_ence of the EN wind; Curl and divergence of the stress; Curl and divergence of the 10m real wind; Same from more general O:uallty .Indlcator » to help the ithireiriets dulindsuTh e iy itk mecC AT o ;
25 x 7 km & 125 46 & 54 Conical scan - 1 wide swath  Ku band . : ’ ECMWF-ERAS fields. users more eaS"y na\"gate the maze of ﬂags- m/s. The standard deviation is 6.2 m/s. When latitude is E
20x10km 25&125  25to65 Push broom - 2 narrower C band stress, cu rl and dive rgence of the wind and the :f:;l::trild;:vvig:;l:; T,;,;O bl
swaths stress. These new ocean wind L3 products will fill
OSCAT 30x 7 km 50&25km 49 & 58 Conical scan - 1 wide swath  Ku band s
RapidScat 25 X 12km 12.5km Variable Conical scan — 1 Swath Ku band a n u n m et use. r n eed a n d .Com ple m e nt eXI St I ng L4 . = Since Scatterometer Wind errors vary depending on IOOk geOmetry and = = ;oafzz(}:s;nsz{:lzjte:izztelzsile:ns - +?:r::;oc vs Sat: JLMO vs ASCAT JPL Adj(close)
. . . . . . —¥—Liu Tang 96
(narrower) . products, which have their own roles. U ncertai nty wind speed, we performed this triple colocation analysis as a function E stimations Of stress to buoy eddy covariance flux s e
30x7km  50&25km 49 &58 Conical scan - 1 wide swath  Ku band ! , - observations. The comparisons 02 b
of wind speed (for ASCAT and QuikSCAT) and cross-track position (for iire done Lsing four d,ffi,e,,t il :
. Un(-jer t!\is project we are .pro"iding . QUIkSQAT) Future versions of thls: product will estimate errors also as a « We provide L2 scatterometer wind stress estimates ;;our;n;:)a; froerCZ;i Z;adgi;tfzivcéznit,; o
estimation of the uncertainty for each wind function of ASCAT cross-track position. derived from the highest resolution, swath-based sHwind stress deta and 2
A P P RO AC H retrieval cell.  Initially, only data of the highest quality (Ql 0 or 1) were used. wind products. This preserves vector wind stress experiments indicate that latest C, oAl
S R T EREG A T [ o | * Alookup table was formed for QuikSCAT that estlmate's EN wind speed and wind direction estimate accuracy and properly reflects the full zizghgsog%fffxzao%d& | : S
. . error as a function of wind speed and cross track location. dynamic range and spatial variability that can be Drenn;m ~ c;l. 2005'SL;zuki e; = 0.05 ’ e
* performing detailed analyses of the » Created based on three years of data between 2007-2010. . . L R i -
—~ A A A A a0 e 1m° s D e e — tterometer wind retrievals and *  Errors in wind speed and direction were chosen (as opposed to u/v components) to obtained using the scatterometer. e eka SO & A ; - :
u I S C T S c T- _ pp—— " — . = scatterometer LS : : ( : ‘ considerably from Large et al. % .06 0.15 0.2 0.25
Nk - R el o « critically needed when assimilating the m?';‘_"a'"I;‘f‘et:‘e':?"-"h'ptb‘?t"f’leeln C"?S:'";‘Ck location and Spefd/ direction error, a * The key factor needed to derive wind stress data (1_9-34)forgulzﬁon'legpeiia”y at _Taue
z e ) £ . .5 ind retrievals into numerical weather relationship that does not similarly exist when using components. . . wind speeds above 10 m/s. Cd Comparison: KNMI vs COARE v3.5 + Edson 2013 Eq 23
A h - - —~ t - i, § E, :)\:'Ie dictiorII n"’10 dells umericatw * To estimate errors in u/v wind components, the speed/direction lookup tables are used, fro?}scatterometer 10m EN wmd:s » thﬁ dl‘?cfg _ ’ —
c l ev' n g c o n s I s e n cy I n 2 : ‘% ' with errors propagated through to u/v using standard error propagation formula. coefficient (Cy), a te_rm parameterizing the eftective Edson et al. (2013) produced a wind- | 4 ——
g, : 8, e Uncertainty estimates were developed by — - ST — surface aerodynamic roughness. de Kloe et al. dependent drag formulation over the 8
e % 2 2 . X . Standard deviation of the QuikSCAT wind 02 I ——— . - : - - open-ocean that shows good agreement X
t h e ret rl eva I s B0) L4 performmg trlple-collocatlons among Sltieed (left pané/) and twind direction — * &Ri\\__/:: (20.17).pl'OVIdES 2 rewgw Of the.ISSUES Sl{rroundlng with both field observations and global 22
é F < Q%@&AL ASCAT-A (JPL retrievals with new (right panel), cqmputeq as afur.7ction of 2“-2“ ] ‘ - iggzo — ] ~——— :g Valldatlon and pOtentlaI blases an0|ved in the reanalysis datasets. This Cy(U;pen) o .
‘ GME), and ERA-5 model first guess (FG) stk poion Dsetnadiond | T S [ e S =+ supposed equivalence between the true observed  model i contaned i tie Conpled
i i . . . . e errors (uncertainties) were computed g8 | [—— w3 1 i icti i Ocean-Atmosphere Response ' : ' ;
: sou.rcesl Of ?ncertalntryf " the‘ tze Scﬁatt'ergme”:te’“r-baSEd % 5 10 15 20 25 a0 % 5 - 10 15 20 25 30 W|nds (InterPOIated In Space and time to ]‘Tr};m triple(co//occ:tio; er)ror analyse,: o;d o.‘ “\\ ] WI:d”.itress é:)’ frICtLon ;.ISIOCIty (.u*)l’ aI:d th: ' i d gt i e OO i N U 1?m/s) B “ N
retrievals ot ocean surrace windads: CUBBOATNE) Opead M) Scaisilooiad o the collocated scatterometer QuikSCAT, ASCAT and ERA-5 EN winds. oos e s s st [ | e e satellite scatterometer 1um equivalent neutral win algorithm (Edson et al., 2013). st IO e e o
— Joint histograms of ASCAT and QuikSCAT retrieved wind speeds, both using the JPL retrieval algorithm observations) ' % w e e s — data (U,qe,) relative to the ocean surface provided S il oSl s o b
e the frequency' and incident-a ngle-dependent GMF, with two GMFs: new adjusted CMOD?7 (left panel) and the original CMOD?7 (right panel). As it was ’ N . oo Tackinoex S ‘e i The assessments that can be made with the limited buoy stress data in hand (top Fig.) indicate that
. constructed to do, the adjusted GMF results in better agreement between the two sensors. The . . . * Significantly Iarger errors are e*pectefj where rain Direction STD Speed STD by the data centers where the vector stress is sIvEn - the Large et al. model would lead to stress underestimation at winds above about 8 m/s and that
. the rEtrlevaI (lnver5|0n) algorlthm and a" Its : . ! . J . . ) g . . * The trlple coIIo.c§t|on teChanue (Vogelzang (or_other footprlnt. contt‘a\mlnatlon) ?XIStS AUELL th? © © by - the linear wind-dependent KNMI model agreed well enough with COARE3.5 as to be equivalent for
) primary improvement is an increase in ASCAT winds over 15 m/s to match QuikSCAT. There is also a et al, 2012; Freilich and Dunbar 1999) uses estimated ones using triple colocation from quality = ‘ indsoeedoun o 0 m/ie
aSSUfnpthns' and reduction in the slight meandering of the distribution along the one-to-one line for lower winds. ! P indicator 0,1 data. . T=pPa- ||l*| U+ = Pg - Cb10EN - |UwEN| Urioen s G54 ) . ‘ : ; ;
h f d d h ] _ three data sets and allows random error + Since not enough data exist to perform this analysis S | - Given that this C; model is already in use for ASCAT data production (Copernicus Marine Environment
e the frequencv-dependent atmos eric corrections. ‘ e ki 15_1 . . " , , = X 5 ) ) Monitoring Service, CMEMS L3), is simple to implement as a first-cut MEaSURESs version, and can be
9 y P P e \ . AScar L cmon ans mR oo terms to be estimated for all three. Biases strat.lfle.d b'y cross track I.ocatlon, wind s'peed, and . . where P,1S the air denS|ty and CDlOEN the neutral drag improved in future versions, we chose to adopt this following KNMI C, model for the L2 stress estimates.
: : . : P A=A e 2o | and scaling factors are also determined for quality indicator, we estimate bulk scaling factors > @ = o I e - The model is
» To avoid these sources of inconsistency in the CDR we take .00 \ . N . . between QI=0,1 vs Qi=2,3 data, and apply those = = = coefficient (C4 hereafter).
the fo"owi ng approach. u; ©-06 u 107 \\\\ tWO data SetS Wlth respect tO the thlrd. scaling factors to data where Q|=2’3_ :_..A :;:Aggn :323% _‘ZQE'ZS“ Cd — a*(UloEM + b, where a=7.94e_5 and b — 6.12e_4.
©o.oca 10> N N &
 develop a GMF for C-band starting with CMOD7 and 0.0z s L asamam cmop NNl
adjusting it to match the ASCAT-A retrievals to those o | s e e | L1 Qif.'f"z::?j:moo,bw AL . . . * Estimating the “true” winds is an important step towards Combparine Wind Derivative Calculation Methods
from QuikSCAT, using collocated observations; s = ——— = = T E Stl m at 1on Of Tru e Wl n d S reconciling in-situ wind measurements with remotely sensed p g '
- . . e : —— ASCAT e cmon WV O b L scatterometer wind data, which can exhibit persistent - g
. Utlh.ze consistent measurement reso.lutlon. by . | Rl * Scatterometers are sensitive to the roughness of the differences in regions of ;trong rFents oF SST Honts frOIn Ol‘bltal Swath VV 1ndS '
retrieving winds on the same resolution grid with the cooal | | = N\ ocean’s surface. : . Ethan Wright and Mark Bourassa, COAPS Florida State University
same measurement binning method; . e AR * We developed a system to estimate the “true” 10-meter
= g : - ST P * Through GMFs, we convert scatterometer winds from scatterometer data. How do the noise characteristics of wind divergence and vorticity change with
e convert (NRCS) c® measurement to winds using the o-oo | 1 e + -+ | | 1 1 | 1B measurements of roughness into “winds.”  Pulling in ancillary SST, planetary boundary layer height, and air temperature : : . : 9
same (JPL’s) wind retrieval algorithm and the same S AT from ECMWF ERA-5 analyses, along with surface current from the GlobCurrent common methods of calculation and preprocessing of orbital (L2) wind data’
ancillar data (e NCEP model flEldS) fOf' nud in Probability Density Functions (PDFs) for four types of retrievals from collocated observations (four ® However, this surface roughness IS not generated by project, and
Y -8-s gINg. different colors in each of the four panels). Top and bottom panels show comparisons for 2 different the wind per-se, but instead by the wind stress. As *  Combining them with scatterometer stress-equivalent 10-meter neutral winds
SST reg/rrres. Leﬁ column shows cqmpansons on the linear scale., reve:allng the PDF differences in . discussed above, the wind stress (‘C) is related to the (EN winds) to estimate the “true” 10-meter winds. Derivative Calculation MethOdS POWCI‘ S ectra Com arisons
the dominant wind regimes. The right column shows the PDF comparisons on the log scale, revealing wind speed by T=p *Cd*(UlO-US) I U10-US| Note L o T R T S ST A SR Sl T '
the PDF differences in the tales of the distributions. the difference bet\A;gen U10and U thicl s ferarred Man of the differences Ein terditt . ~— : Tropical Atlantic (10S-10N, 17W-35W)
t th - f f ! th “ | ti between the 10m “true” winds 1n1te 1 erenC1ng on a
o as the moving reference frame, or the “relative Gnilthe “Stress Equlvilent . v
Flowchart of Ku/C-band rain correction and harmonization work- Bryan Stiles et al. OISR sttt i el TSl ) i s e
: : . : scatterometer data products this stress is written as o : ,
(Green — completed in past years, Blue — completed this year, , Gray — Future work described in poster.) = C > UTDERE= UTOEN] Finite differencing on the
T=p, ¥ CdN . : :
S : TR orbital swath grid
MOdify C'band * By training scatterometer GMFs to transform As illustrated above, the difference between true 10m winds versus the EN winds has stronger g = —
R I'b t t . . o - it e g : )
ecalibrate ScatSAT to Develop neural network Remove step functions in between winds and surface roughness, we are really regional significance than bulk statistics might imply. | @Giclioni s ccnal 2 — %2 [ monod b
( ASCAT) GM F to S g N - . . . - In regions with strong surface currents, like the Southern Ocean, the persistent Eastward . Cu O ou C€C #7 . ‘S - RS3
: : training to go between stress equivalent winds given i e - & P £ - Rsa
o remove ngwuugm in to coO rrect Sc.atSAI W|nd time of a few te nth S Qf a blowing wind and Eastward currents significantly reduce the surface stress compared to the real . . . . . > / S ,
match QuikSCAT bt i dsi o o /s in ASCAT/ScatSAT a neutral boundary layer and surface roughness. wind. This results in a strong positive correction in the real wind product. point using a line integral of e . (727 ) it
< . W!lg; QQIIS&QAI speedas In rain to matc m/s in SCATOA ) ) ) - Other places with substantial correction are in areas of large sea-air-temperature difference, - ; e : & : | = e 2 Method A
wind speeds in using ASCAT-B data P ASCAT-B dat librati * The question we like to address is: Can we make an (e.g., off of Alaska). surrounding wind cells e o - i
5 e - - ala calipration . . . Owing to the bulk calibration done in scatterometer data, and to the GMF training, the average = - &F = In-Swath 0(1) cFD } Method B
[ﬁlllfLeey COﬂdIthﬂS ad-l UStme':'t to our .I'ESUItIng st:ress equ:valent correction globally is likely very close to zero. ; .~ ix , . = } =
neutral winds to give somethlng that more But most areas around the globe have substantial ~1 m/s scale adjustments between real wind e M 10 10

, -1
and EN wind. Comparisons between scatterometers and in-situ real wind data would be wise to Wavenumber, km

closely resembles “true winds?” scatterometers

Old COiT., fRlny, RMIES 2.06 NS take this into account, especially if regional influence from currents or SST is expected.

Current

| el § Ermrer ] A4 STUDYING TRENDS IN THE CIRCULATION

30

Utilize the serendipitous
improvement in near-ice

Approach

se the observations from QuikSCAT and

QuikSCAT wind speed with old rain correction (m/s)

winds due ScatSAT-trained Q colocation ASCAT. Compute statistics from time
g H H . Zonal Component - 10 year mean
rain correction neural ) 3 The G IObaI CI rcu Iatlon d nd the Had Iey ce" composites (1-year and 3-month running <tt: Yeor; YEAR9O; Resolution=12irm; BeginDoy 1999-10-30; r‘f Begroni y AoDes; SCATmPBASE noftFontys DIRTH; ; blos0.0-2m
New CorrV2.1, rainy, RMSE= 1.83 m/s = : e = - - : — s =~ =
network to improve : New y m <: - Q Relatively simple overturning circulation, with EMETSEas ol sat By = Weaaks ) e Ges o

. Determine the extent of the Hadley cell as

detection and where - rising motion near the equator

rain

defined by the subtropical zero-crossing of

0 5 10 15 20

possible correction of sea- e

- poleward motion near the tropopause the zonally-averaged zonal wind component

E
: . d wind Rain ] - sinking motion in the subtropics, and (the separation between the midlatitude
Ice contaminated win diff g Correctlon/- 3 Fongs - an equatorward return flow near the surface westerlies and the easterly winds in the
data for ScatSAT, ASCAT, (m/s) i - e tropics).

and QuikScat. 8 : - « Determine the circulation strength as
Current  2.06 1.22 : = - defined by the area of divergence/
. 3 aeSSnt gié S convergence.
(See Stiles et al poster) New 1.83 1.20 S
. . 0 5 10 15 20 25 30 AN\ Divergence; Zonal
ASCAT (JPL) wind speed (m/s) > mir}\\\\\\\:\\< S : 12k :

Zonal-Average. Zonal-Wind (mJ/s) Meridional Overturning Girculat (10" kg/s) B.74x107 :,

° * The overall ASCAT-A initial comparison indicates a very slight 3D view of the global wind : g

Bu Oy Eva I UatIO n improvement in wind speed quality going from the KNMI c'hr'cu"“m“ due d*°;'"eqtl'°' heating at T
original ASCAT-A to JPL processed ASCAT-A data. FRsiSTsen s Tne e == %i
* In this work we took advantage of the NDBC buoy . . . . ' ’ =
measurements to quantitatively characterize and * The JPL QuikSCAT retrievals compare very slightly better in The Hadley cell depicts the ,
validate the four scatterometer-derived ocean the mean bias but have larger RMSD and standard deviation equator-to-pole heat exchange in [ e S In a 2015 study we
surface wind products (for 2008): ;o:npa)red to the ASCAT comparisons to the buoy (Table the tropical atmosphere. Qu-;k—SC; - ~ determine the extent of the
elow).

S ASEAR A ni Hadley cell as defined by

: 22§21:21pbcmom, . * These results support the validity of our approach. Are the tropics expanding as an atmospheric response to the | the Sl.JbtropicaI zero-
. QUKSCATsy R observed tropical ocean warming trend? If so, this widening of ‘ - | ”§d°zf Ot:jl Zvj{;jj”y'
* The retrieved winds compared fairly well with buoys tropical ra’in/convection including the recentlfavailable the Hadley cell could have a substantial impact on water J\/\ o compinent, determined
i the presence of AC-flags (AF), though at low and ST SR e resources and the ecology of the sub-tropics. | J\J\/ " Another cyclais evident | .1 MG RIENIE
30 30“ 30” 30 - Until now, the understanding of the mechanisms that govern - - 0 —— lsthege abreekt] | | i
w ® & e 4 the changing width of the tropics has been confined to models o AR z00n 992 2008 2 200s Sz B arcon N gttt 0 O 2y 201)
e 12 12 12 12 and proxies because of the unavailability of systematic To investigate the consistency in the trends and variability when
ol o 7 [ I s e s il observations of the large-scale circulation. determined by different scatterometers, we performed similar analysis of
o | o R P R Pt P P I P - Ocean surface vector winds, derived from scatterometer the Hadley cell using the wind estimates from ASCAT. We found an
v ijz rd ijz ra jz Z observations, provide for the first time an accurate depiction apparent discontinuity in the signal when the data source changes from
QuikSCATp s ) i L N of the large-scale circulation and allow the study of the Hadley  one observing system to another (Fig. 2). What is the reason? Diurnal
cell evolution through analysis of its surface branch. signal or retrieval inconsistencies?
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