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ABSTRACT

The past decade has seen continuous impraxemehe
coverage and resolution of ocean surface winds
spacebased microwave scatterometers. The priacipfe
scatterometry and the characteristics of theseosenare
summarized. Examples of scientific applicationshvthese
improvements are given. The high quality and resmuof
scatterometer winds allow

coefficient increases with wind speed [1]. Theutssalso
demonstrate the anisotropic characteristicchetattering.
The backscatter depends not only on the magnitticdeo
hwyind stress but also the wind direction relative ttee
direction of the radar beam. The capability of noeiag both
wind speed and direction is the major uniquenesghef
scatterometer. Because the backscatter is synunadtout
the mean wind direction, observations at many atimu

improved study of tropicaangles are needed to resolve the directional antpighhe

atmospheric convergence zones, particularly a sooth past decade has seen continuous improvement toteeage

intertropical convergence zone in the Atlantic. c&d#
scatterometer data describe the wind jets out afitr@e
America with sufficient details to provide the forg to
simulate realistic coastal upwelling
circulation model. QuikSCAT reveals for the firstné an
ultra long wake composed of alternate high and Veiwds
streaks and lines of positive and negative cuiviod stress;
they stretch a few thousand kilometers from thetwie of
the Hawaii Islands to beyond Wake lIslands in thestem
Pacific. QUIkSCAT also reveal the atmospheric nestétion
of the westward-propagating tropical instabilitywsa in the
equatorial Pacific. Scatterometers are capable afitoring
not only the ocean winds, which feed moisture towdand,
but the consequent flooding of the land. FloodimcAsia,
resulting from monsoon and typhoons are describ@&tie
plan for future missions and proposed new technolag be
presented.

1. PRINCIPLES OF SCATTEROMETRY

During the Second World War, marine radarrafoes
encountered noises on their radar screens, whiskcuoid
small boats and low-flying aircraft. They termdgk thoise
"sea clutter". This clutter was the backscattethef radar
pulses by the small waves on the ocean's surfabe. radar
operators at that time were quite annoyed by theges, not
knowing that a few decades later, important sdienti
applications are being made from these noises.

The scatterometer sends microwave pulsebeceérth's

surface and measure the backscattered power fram thivergence.

surface roughness. The roughness
characteristics of polar ice or vegetation ovedla®ver the
ocean, which covers over three-quarters of thdnssstirface,
the backscatter is largely due to the small cengémeaves
on the surface. The idea of remote sensing ofrosedace
winds was based on the belief that these surfapdes are in
equilibrium with the local wind stress. At incideangles
greater than 20° it was confirmed tkia backscatter
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may describereal winter computed from QuikSCAT data.

and resolution of ocean surface winds.

2. SCATTEROMETER MISSIONS

in ocean geher

Historically, scatterometers of the Europe&pace
Agency (ESA) used C-band (5 GHz), but the National
Aeronautics and Space Administration (NASA) pref&rs
band (14 GHz). Ku-band is more sensitive to wiadation
at low winds but is more subjective to rain contaation.
The European Remote Satellite (ERS)-1 and -2 peavitine
years of continuous wind data starting 1991, cone#i0% of
the global ocean daily. The backscatters measusgd BO-
km spatial resolution but are sampled at 25 kme WASA
Scatterometer (NSCAT) covered 77% of global ocda®ba
km resolution daily. The unexpected destructiornhef solar
array caused the early demise of NSCAT in June 188&r
returning 9 months of data. NASA launched QuikSCAT
1999. It covers 93% of the global ocean in a singlg. The
standard wind product has 25-km spatial resolutibat
special products with 12.5-km resolution for sedectegions
have been produced. Instead of the fan-beam aemsed
by all the scatterometer before, QUikSCAT uses ipbeam
antennas in a conical scan and has a continuo@®9-ki8
swath. In one decade, daily wind vector coveliageeases
from 41%, to 77%, then to 93%, and spatial resofuti
improves from 50km, to 25 km, and to 12.5 km.

3. ATMOSPHERIC WIND CONVERGENCE

The high quality and high resolution of seaitmeter
observations allow better representation of surfaged
Fig. 1la shows the map of wind divecgeim
It clea
identifies the Intertropical Convergence Zone inthbthe
Pacific and the Atlantic, just north of the equatibie South
Pacific Convergence Zone, running in an east-sasthe
direction from New Guinea, and the South Atlantic
Convergence Zone, running southeast from BrazRQHiS.
There is a convergence zone parallel to ITCZ, gastth of
the equator in the eastern Pacific (double ITCA) ho
corresponding features in the Atlantic. Thiesgures have
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5.BREAK IN THE TRADES

The Hawaii Islands are the only majdostacles to the
steady westward flow of the Trade Winds and North
Equatorial Current in the tropical Pacific. Accimgl to
conventional theories and observations, the windkesa
TR Y v caused by the islands should dissipate within 300 k
e s downstream, and should not be felt in the westexaifie.
T 0 The fine resolution of QuikSCAT reveals a persisteind
s ; pattern to the west; composed of alternate high@andvinds
streaks, and lines of positive and negative cudiofd stress.
This pattern stretches a few thousand kilometeosn fthe
western side of the Hawaii Islands to beyond Walkend in

“’?al;oz 0 '1aow‘ oy o 1;;} .,w jl - QSCAT divergence (10“/5)‘ JUL2000
Fig. 1 Ocean surface wind convergence derived froizox : - ' - 1.6
QuikSCAT data for January and July 2000, represgnti : 1.2
Boreal winter and summer seasons. - 0.8
0.4
been well observed [2]. In boreal summer (Fig. 1 il 0
QUuIkSCAT data reveal a convergence zone runningveas -0.4
from Brazil at 8°S. Semyon Grodsky (personal camica- -0.8
tion, 2001) has also observed this convergence mxently, 1057 -1.2
using the same set of satellte data; otherwises th -1.6
convergence zone has never been noticed. Figo®ssthat 20%1 -2
the location of wind convergence agrees with befthigh = X o = = T 3
cloud liquid water and high sea surface temperatbserved o
by the microwave radiometer on the Tropical RairaMeing 4
Mission (TMI) [3]. The seasonal modulation anceiamnnual 208 1
variation of this convergence zone are being stludie 2:
10N o7
4, COASTAL WIND JET -
Coastal oceans are important to ecology armhamy. . zi
Coastal upwelling is driven by wind, but wind fielgith 10 23
sufficient time and spatial resolution to drive ligtic 55
response from ocean model is difficult to find. eTlind jets 21
through Central America have received consideratténtion 2057 20
recently [4,5]. The chlorophyll concentration otveal by the Ry
SeaWifs, shown in Fig. 3 reveals ocean upwellingsed by
the two wind jets through the mountain gaps of Ealepec
and Papagayo. SeaWifs is an infrared/visible sengoich  ?0N 0.23
is obscured by clouds. It takes seven days of tataake 0.21
this map. Most of the time, the wind jets do rmstlthat 1ox L
long. It will take a similar duration to make a maep sea Ll
surface temperature (SST) from infrared/visiblesses. Fig. | LB
3 also shows SST from TMI. Because the atmosphere 0.11
largely transparent to microwave it takes only tday to 0.08
make the SST map. Fig. 4 shows one day of stande 0.06
scatterometer data at 25 km resolution. The aetailind 0.03
structure in this daily map provide by spaceborn **] . 0.01
scatterometer is obvious. For the first time, vesenwind aow SoW 20w a

field with sufficient details to force an ocean mbdo

reproduce the realistic ocean response. Simul&@8d Fig. 2 Surface wind divergence derived form QuikSCA
showing area of ocean cooling caused by he wirlggtees (upper), sea surface temperature from the microvirreger
with observations. Cross-sections in the oceasirofilated on TRMM (center), and the cloud liquid water frorRNM,
temperature and vertical velocity show intense uliwgg[6].  for the month of July 2000 in the tropical Atlantic
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Fig. 3 Three-day average sea surface temperatigenadl
by TMI
concentration observed by SeaWifs in
Tehuantepec and Gulf of Papagayo.

QuikSCAT Winds 1/19/2000
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Fig. 4 Daily mean wind vectors superimposed onrcioiage
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Fig. 5 Ocean surface wind vectors (arrows) supesgagd on
the curl of wind stress (color image) derived frQquikSCAT

(upper). Changes of geostrophic currents (arrows)
superimposed on sea level changes derived from
Topex/Poseidon (lower). The meridional running-mea

representing the large scale gradient has beenveshioom
each set of data.

the western Pacific. The altimeter of Topex/Poseidoows,

in Fig. 5, bands of positive and negativelsgal changes,
implying cyclonic and anticyclonic current gyresthvian
eastward geostrophic current deviation between them
19°N. TMI reveals a narrow band of warmer wated an
enhanced atmospheric convection (cloud water) & th
position of the geostrophic current deviations, baiay
resulted from heat advection from the west. Quik$@lso
observes surface wind convergence and vorticitpaated
with the warm water and convection (Fig. 5). Thend

(upper) and seven-days average chlorophyake" revealed by QuikSCAT may be sustained bytjvesi
the Gulf ofeedback between the ocean and the atmosphere.s Thi

narrow gap amidst westward flowing wind and currerat
may have aided the ancient eastward migration bfri@sian
across half of the Pacific has never been viewesingle
system until QuikSCAT data were combined with twheo
microwave sensors [7,8].

6. TROPICAL INSTABILITY WAVES

The tropical instability waves (TIW) were bebserved
as meanders of the temperature front between thé co
upwelling water of the Pacific equatorial cold taegand the
warm water to the north. It was first identified Kye et al.
[9] in wind variations observed by the ERS-1 scatteeter.
The high quality winds derived from QuikSCAT and
coincident all weather SST measurements by TMIlaktre
coherent propagation of atmospheric and oceanienpeters
associated with TIW. The phase differences infet the
wind-SST coupling is caused by buoyancy instabibtyd
mixing in the atmospheric boundary layer, as coméid by

of wind speed derived from QuikSCAT measured byind profiles measured on a research ship [10]e dtmalysis

QUuUikSCAT showing wind jets through Central America.
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was extended to the south of the equator and té\tlaatic
Ocean by Hashizume et al. [11]. Data from theteoameter
and the altimeter were also combined to study teatpee
advection in TIW by Polito et al. [12].
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Monsoon winds and flood index
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Fig. 6 Three-day average wind vectors over oceanflaod
indexes over land derived from QuikSCAT observatjdior
four months in 1999. Topographic map for areas &
elevation is plotted over flood indexes.

7. FLOOD INDEX

Scatterometers are capable of monitoring ardy the
ocean winds, which feed moisture towards land, theat
consequent flooding of the land. Both scatteringd a
reflection from the surface contribute to the baekeer
energy received by the scatterometer.
scattering dominates and the horizontal polarimatieturn
(H) is smaller than the vertical polarization ret{¥). When
the land gets flooded, however, the reflectivitytlud surface

increases greatly, and H becomes larger than V.e T

difference between reflectivity in H and V increaseith
incident angle, up to 80°. Over flooded land, thtorin V/H
is less than 1 in the linear scale or negativehandB scale.
The opposite is true in the dry case. QuikSCAT suess H
at a constant incident angle of 54° over a swath890 km

Over dry ,lan@

monsoon and the advance of the winter monsoon. The
intensity of the flooding increases again in Octoladter the

landfall of a typhoon.
8. FUTURE MISSION AND TECHNOLOGY

Quikscat will be followed by an identical #eaometer
on ADEQOS-2 scheduled to be launched in February 200
there is sufficient overlap between the operatiohthe two
identical scatterometers, the importance of higiency
wind forcing on the ocean can be demonstrated it al.,
2001]. ESA is planning to launch a series of Cebdnal-
swath advance scatteroemter (ASCAT), on their dioeval
platform METOP, starting in December 1995. NASA is
planning to launch a polarimetric scatterometer tbe
Japanese Global Change Observation Mission (GCGM),
that two wide-swath scatterometers will provide towrous
time series of high frequency wind forcing.

One of the drawbacks on scatterometer is wred-
direction ambiguity. The backscatter is a cosinecfion of
the azimuth angle (angle between radar beam andl win
direction). In a recent experiment, it was demaistt the
correlation between copolarized and cross-polarized
backscatter is a sine function of azimuth angley adding
receiver of cross polarized backscatter to theteszaheter on
QuikSCAT, the directional ambiguity problem can be
eliminated [13]. Although QuikSCAT has a contina@can,
the azimuth angles are too close together at ther guwath
and too far apart near nadir, hampering selectibrviad
direction. With polarimetric scatterometer, we @ohieve
uniform retrieval accuracy across the entire swath.
Polarimetric scatterometer can separate rain efiecthe
atmosphere from that at the surface, and perhapsrg@ove
the accuracy of retrieving wind under rain. Paotairic
scatterometer does not require full circular soargét the
zimuth angles, and will ease accommodation probdem
spacecraft. We strive to infuse new technologyextend
applications and to ease transition into operatispacecratft,
while preserving the continuity of high quality wlivector
fpeasurements.

9. DATA AVAILABILITY

Twice-daily maps of surface winds over globakans,
derived from objective interpolation of the obsdiwmas by

and H at 46° over a 1400-km swath, providing adargQUikSCAT are displayed at http://airsea-www.jplaa®v.

difference in reflectivity. It is more conducive monitor
flooding than previous scatterometers, with varyingident
angles. QuUikSCAT data were used to depict the nansso
and tropical cyclones which brought excessive rogsinto
the Asian continent and to monitor the subsequieiding
over land, during summer and fall of 1999 [14]. Thaps in
Fig. 6 show that the flooding in the Yangtze Vall#yChina
(30°N), represented by blue patches, is clearlyplasn July,
following strong summer monsoons. The flooding obseé
in Anhui, Zhejiang, and Jiangsu provinces agreé¢B mports
by the International Federation of Red Cross. fibeding

recedes in September, with the retreat of the summ
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Digital data can be downloaded on line. Near-rgaét
scatterometer winds maps in swath format are displeat
http://manati.wwb.noaa.gov/quikscat. Standard N$G#id
QUIkSCAT data can be requested through htgdéac.jpl.
nasa.gov.
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