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Overview:

1) Show how rairflagging generates biasesoatterometertime-
averaged surface divergence awudticity, and how these are
affected by the order of differentiation and tira&eraging

2) Explain why the order of differentiation and tira@eraging
matter

3) Surface convergence field near the Gulf Stream from alll
weatherscatterometerwind fields
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What happens.when we switch order of spatial
derivative.and timaveraging operations applied
to rain-flaggedQuikSCATwinds?

Spatla| N a) QuikSCAT Instantaneous Divergence ... ©) QUIkSCAT Instantaneous Vorticity
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Milliff et al. (2004) found that raflagging g, LoukSeAT in-Swath Bvergence (ran fag appled

of QuikSCATobservations inherently i i A,

produced divergent and antyclonic

sampling biases in the wind field since

precipitation preferentially occurs in eooso;,’" e 1350Ef180c,w e

convergent, cyclonic conditions.

- Scatterometeconditionally sample  *™ fj-\ o

nonprecipitating conditions, and thL20° A
conditionally sample predominantly * 2008

divergent, artiyclonic winds wsh
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Largescale meandivergence-avalticity

fields from NCEP

a) NCEP Ram Free 10—m Dlvergence
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Comparison-of NCEPR aleather andQuikSCAT
rain-free time-averaged divergena@'rticity
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" b) QuikSCAT Vector—Averaged Divergence d) QuikSCAT Vector-Averaged Vorticity
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These are the divergence amdrticty of the
time-averaged raufree QUIkSCATu,vwinds!!!

Remarkably, the vecteaveraged method applied to rairee QuUikSCAT
winds accounts for the major laregeale features of the divergence and
vorticity fields in the allveather NCEP fields (which include rain).



Differencerbetween tim@averaged instantaneous
and vectoraveraged divergence and curl
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Difference between the two
methods is the influence of
unpaired observationghe
vectoraveraged method

Unpaired observati@tccur at
the first nonrainflaggedrid
point bordering rain patches

The vectoraveraged method
thus contains more
information than does the
instantaneous averages

Wind observations paired in time



Frequency of rauilagged occurrences inthe-0
- QuikSCAT data record

. b) % of total observations rain-flagged
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- Large spatial variability of frequency of rain frequency
- Oft-quoted global oveocean average is 7.3%
- This global average does not fully characterize regional
variability



Questionsraised by this.analysi

- The time-averaged divergence and
vorticity from the vectoraveraged
method applied to raidree winds
resembles the timaneans from the all
weatherwindsDoes t hi s me
Bé t Imlkebetween rain and convergence an

cyclonicvorticity Is not true, weak, or more
complicated than previousuppose@

Bé wi imchigare not necessary to get
plausible estimatesf the time-averaged all
weather divergence anebrticity?



Numerical-simulationto evaluate
vectoraveraged method

Diagnose why vecteaveraged method applied to
rainfree winds resembles timaveraged allveather
derivative wind fields.

.1 year simulation using COAMP&soscale
atmosphere model over the Northwest Atlantic
B Realistic rain and wind variabiltgiariability
B9km grid resolution
B Results here presented for 06Z and 18Z for year of 2009

COAMPS analysis domains
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Comparison - of COAMPS RainFrequency for 200!
with satellite-estimates

Rain Frequency for 2009

a) COAMPS b) AMSR-E ¢) WindSAT
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Spatial structure and magnitude of rain frequency-vegltesented in COAMPS,
although it is a few percent higher compared to other satellite rain frequency
estimates.



1-yr average surface divergence from
COAMPS: simulation

All-weather

Rainronly
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COAMPS DIVERGENCE 2009
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Analysis ofidivergence of vector
averagedl.,V
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Split all four means
into contributions
from paired and
unpaired

Contribution from
paired rainfree
observations

Contribution from
unpaired rairfree
observations



Contribution of unpaired.winds-to divergence of
vectoraveragedi;, V. in model-simulation
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Unpaired winds partially sample the convergence in mixed rairlieengrid
points, although it produces far too much convergence.

The spatial gradient in the number of rdnee data points focuses this
convergence onto raining convergence zones.

=>This is why the vecteaveraged method produces convergence and cycloni
vorticity in about the right geographical locations



Comparison-of.various timaveraged

divergence estimates

DIVERGENCE AUG 2007-JULY 2009

a) JPL QuikSCAT AW
Instantaneous Avg
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Rainrate induced.wind speed biasesin JPL
QuikSCATwiInds
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Figure 9, Fore et al. (2014)

Since there are strong rairate gradients in convergence zones, it is
possible that allveatherscatterometerwind fields will contain raHnate
induced biases in divergence amdticity



Simulate raisrate induced divergence bias-inakather
QuikSCATwinds with COAMPS model winds

Di

fference

b evéather EQAMPS divergence and all

weather COAMPS divergen@mulatedto includeQuikSCATike rain
rate induced wind speed bias

Emulated JPL
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1-yr average
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This suggests rain
rate induced biases in
allweather
scatterometerwinds
are manageable in
time-averages



Summary

Two methods of computing timaveraged divergence and
vorticity

B In-swath or Instantaneous
B Vectoraveraged

When applied to rairfree winds, the vecteaveraged
method produces timaveraged diefl fields that strikingly
resemble the allveather timeaveraged diefl

Resemblance is due to:

B Biased estimate of the timmean mixed rain/raHfree divktrl

Introduced from wind observations unpaired in time, which
occur on the borders of rain patches

B Spatial gradients in the number of rdree observations, which
are strongest in raining convergence zones

Vectoraveraged method applied to rairee winds should
not be used.






a) QuikSCAT In-Swath D|vergence (ram flag not applled)
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b) QuikSCAT Dlvergence of Tlme—Averaged u,v (raln flag apphed)
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a) OwkSCAT In— Swath Dlvergence (no rain—flag applied)
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b) kaSCAT Dlvergence of T|me Mean u,v (rain-flag applied)

75°W 60°W 45°W

30°W

Divergence of timeaveragedl,vthat has
been rainflagged
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Latitude

Latitude
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b) (1-NP/N.
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NCEP Percentage of u,v Ram Flagged (threshold 0 4 mm/hr)
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Create a rain flag for NCEP from precipitation rate
(PRATE). Results not sensitive to a range of PRATE
thresholds.



NCEP Px1°x6hr Divergence QuikSCAT
analyses
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