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Abstract

The seasond cycle and intraseasond variability of the Nationd Centers for
Environmenta Prediction/ Nationd Center for Atmospheric Research (NCEP) reandysis
surface winds over the Indian Ocean (I0) are assessed by comparing them with in Stu
surface obsarvations from two moored buoys and winds from the SeaWinds
scatterometer on the QUIkSCAT satdlite.  The buoys are located in the centrd Bay of
Bengal and eastern Arabian Sea. Both QUIKSCAT and NCEP wind products reproduce
cosly the seasond cycle and intraseasond variability (10-60 day) in the in situ
observations. In the equatorid 10, however, the seasonad mean NCEP windspeeds can be
2-3m s ! gndler and the amplitude of intraseasona variability only about helf that of
QUIKSCAT winds. The systematic errors of NCEP zona winds are comparable to the
annud mean or amplitude of the seasond cycle in the equatorid 10. It is suggested that
the sysematic error of mean and intraseasond variability of reandysis winds is relaed to
systematic error in the NCEP andlyss of precipitation.

1. Introduction

The annud mean zond wind in the eguatorid Indian Ocean (10) is rather smdl
(about 1.5 m s! averaged between 40°E-100°E, 2°S-2°N) while the amplitude of the
anua and semiannua components is about 2 m st The zond wind stress drives
eastward equatorid jets in the upper ocean in spring and fal (Wyrtki, 1973), contributes
to the maintenance of warm SST in the eastern 10 and influences the seasond cycle of
circuletion in the Bay of Bengd (McCreary et d.1993, Vinayachandran et a. 1996) via
coastd Kevin waves The interannud vaiaions of the jets determine interannud
changes in equatoria 10 circulation and ocean temperature associated with the dipole
mode (Sgi e da. 1999, Murtugudde et a. 2000). The equatorid 10 winds dso have



vigorous intraseasond oscillations (1SO) with periods between 10 to 20 days and 30 to 60
days (eg. Webger et d. 1998, Goswami and Ajaya Mohan 2001). The amplitude of
wind 1SO in the equatorid 10 could be as large as the seasonal variations (see Goswami
et d., 1998, Sengupta et d., 2001). It might be expected that ISO of equatoriad winds
would influence the equatoria jets and Rossby waves and force new intraseasond modes
of upper ocean crculdion. Therefore, reliable high frequency surface winds in the
equatorial 10 are necessary not only to undersand the intraseasond variability but aso
the seasond and interannua variations of 10 circulation.

The vagt mgority of modd sudies of the 10 circulation (McCreary et d. , 1993,
Murtugudde et a., 1998, 1999, 2000, Vinayachandran et a. 1996, Schiller et a.,1998)
use monthly mean surface winds to study the seasond cycle and interannud varigbility.
The avalability of globad high frequency reandyss wind products represented a step
forward in the study of 1SO. Recent studies (Sengupta et d. 2001, Han et a. 2001) using
high frequency NCEP surface winds have begun to document a variety of circulaion 1SO
in the tropicd 10. Confidence in the results of these studies depends on reiability of the
wind product used. The objective of this sudy is to examine the daily averaged surface
wind from NCEP reandyss (heresfter referred to as NRA) for its fiddity in representing
the seasond cycle and intraseasond variahility in the 10 in generd and the equatoriad 10
in particular.

The voluntary observing ship (VOS) data on surface winds are avalable with
monthly resolution (eg. Da Silva e d. 1994). However, poor sampling does not alow
one to condruct wind field with high tempora resolution from this source. Reandyss
products from the Nationd Centers for Environmenta Prediction/ Nationd Center for
Atmospheric Research ( Kanay et d, 1996) provide six hourly surface wind fields going
back severa decades while he ECMWF reandyss ( ERA, Gibson et a. 1997) provides
amilar data for about 15 years. The NCEP reanalyss has been widdy used because it is
eadly avalable. The drength of reandysis products is that they provide gridded data with
globa coverage a high tempora resolution, while a possble weskness is that systematic
arors of the assmilation modd influence the andyds in data sparse regions Mogt
amospheric generd circulation modds (AGCMs) have dgnificant systematic errors in
gmulating the drength and annua march of the tropicd rain band, especidly in the
Indian monsoon region (Sgi and Goswami, 1997, Gadgil and Sgani, 1998). Since the
surface winds over the tropicd oceans are primarily driven by tropospheric heating
asociated  with  degp  convection, mode biases in  dmulaing precipitation may
gonificantly influence surface wind andyses over data spase regions such as the
equatoria Indian Ocean (Sgji and Goswami, 1997).

Like reandyss, scatterometer vector winds have become available during the past
decade (Liu 2002). The European Space Agency's European Remote Sendng Satdlite
(ERS-1/2) scatterometers measured both wind speed and direction but the areal coverage
was poor due to the relatively narrow swath. The NASA scatterometer NSCAT (Naderi et
a. 1991) operated for about ten months and provided high qudity wind data over the
oceans. The SeaWinds scatterometer on QUIkSCAT satellite provides daily wind vectors
from July 19, 1999 till present. The aed coverage of the wide swath SeaWinds
scatterometer is 40% greater than that of NSCAT and 3.2 times greater than that of ERS.



Though the available record of QUIKSCAT winds is not long, it has advantages over the
other satellite derived products as it provides higher resolution both in space and time

High qudity in Stu messurement of winds with high tempord resolution can dso
be obtained from surface observations from moored buoys. Since 1998, the Department
of Ocean Development (DOD) of India has maintained a set of moored buoys in the north
Indian Ocean for routine monitoring of near surface meteorologicad and oceanographic
conditions. As this data is avalable only a a few points in space they are mainly ussful
for validating other wind products.

In the present study, we compare the NRA surface winds with two independent
sets of wind observations. We firgd carry out a limited comparison between available
wind measurements from the buoys and both NRA and QuikSCAT winds, followed by a
comparison of NRA and QuikSCAT wind fidds in the tropicd 10. A detaled vaidation
of ether QUIkSCAT or NRA winds is not the objective of this study. In section 2 we
decribe the data used in this sudy. The annud cycle and intraseasond variability of
NRA surface winds are compared to those of QUIKSCAT winds in Section 3. Although
QUIKSCAT winds are dso another edtimate of the true winds, previous vdidaion sudies
(e.g. Chelton et d. 2001) have shown that the mean as well as the root mean square (rms)
difference of QUIkSCAT winds with respect to in situ observations are less than 1.0 m st
Therefore, we take QUIkSCAT as representative of observations. The possible cause for
the differences between NRA and QUIkSCAT products is adso investigated and discussed
in Section 4. The results are summarized in Section 5.

2.0 Data Used

The study uses daly averaged zond (U) and meridiond (V) winds a 10m heght
derived from NCEP reanalyss for the period 1999 to 2001. We obtained 'daily’ fields
from NCEP tha are dally averages of the six hourly andyses. The NRA uses a frozen
daa assmilation sysem, the Globd Daa Assmilaion Sysem, (GDAS) and an
observation base as complete as possble (Kadnay et a., 1996). The project involves
recovery of land surface, ship, buoy, rawinsonde, satellite and other data and assmilating
them using GDAS that is kept unchanged over the reandyss period, 1948 to present. The
GDAS includes a wesather prediction modd with horizonta resolution of T62; the
Gaussan grid for the reandyss winds is equivaent to approximately 210 km horizontal
reolution. Use of a frozen data assmilation sysem (including the atmospheric mode)
throughout the reandyds period largely diminates nondaionary biasss. The NRA
surface winds are consdered type B data (Kanay et d. 1996) and are affected by input
data as wel as the asamilation system. Severa dudies have atempted to quantify
uncertainties in the NRA ar-sea fluxes (eg. Hendon and Shinoda 1999, Smith e 4.
2001). Comparison with research vessd measurements (Smith et a. 2001) show that
NRA underestimates surface winds over most of tropics  Spatid and tempord
characterigtics of uncertainties of the NCEP reandyds products in the 10 are not well
known. Our objective in this sudy is to examine how well NRA surface winds represent
the seasond cycle and intraseasond vaiability in the 10 redive to surface winds from
QUIkSCAT.

Scatterometers are spaceborne radars that infer surface winds from the roughness



of the sea surface.  Wind speed and direction are inferred from measurement of
microwave backscattered power from a given location on the sea surface a multiple
antenna look angles. The SeaWinds scatterometer on the QUIkSCAT satelite started
operating in July 1999 and continues through the present. Measurement of radar
backscatter from a given location on the sea surface are obtained from multiple azimuth
angles as the sadlite travels dong its orbit. Estimate of vector winds are derived from
these radar measurements over a single broad swath of 1600-km width centered around
the saellite ground track. Scatterometer wind retrievals are cdibrated to the neutrd
dability wind a a height of 10m above the sea surface (Chdton et d. 2001). We
obtained the gridded QuikSCAT Leve 3 data between July 19,1999 and December 31,
2001 a a resolution of 0.25° x 0.25° from the JPL SeaWinds Project.
(http://podaac.jpl.nasa.gov/quikscat/). The Level 3 data have been crested from the
Direction Interval Retrievd with Threshold Nudging (DIRTH, Stles 1999). Separate
maps are provided for both ascending and descending pass. By maintaining the data a
nearly the origind sampling resolution and separding the ascending and descending
passes, very little overlgp occurs in one day. However, when overlap between
subsequent swaths does occur, values are over written, not averaged. The data aso
contains severd classes of ran flags indicating possble contamination of QuIkSCAT
observations based on ran edimates from three other satelites that are in operation
dmultaneoudy with QUIkSCAT. We diminated dl ran flagged observations from the
andyss. Obsarvations from either ascending or descending passes in rain free regions
ae usd to obtain dally maps. The dally maps Hill contan some gaps. For applications
for which derivative products such as vorticity and divergence are important, the gaps
need to be filled carefully usng objective andyss technique (eg. Pegion et d. 2000).
We use a three day running mean a each grid box to obtan nearly complete spatid
coverage. No spatid interpolation is used. Since we are primarily interested in studying
the seasond cycle and intraseasond variability, some loss of kinetic energy on daily time
scde due to three day running mean is acceptable. The three-day running meen wind
product is refered to as QSCT winds in the text. The superior sampling of the
QUIKSCAT sadllite compared to previous scatterometers is discussed in detall by Schlax
et d. (2001). Cheton et d. (2001) caried out a comparison of 3day mean QSCT wind
gpeed with 3-day mean wind speed measured from the eastern Pecific TAO buoys with
the 3-month data from 21 July to 20 October, 1999. The mean difference and rms error
(rmse) from about 1700 collocated observations were found to be 0.74 m s! (TAO higher
than QSCT) and 0.71 m s? regectivdly. The differences are partidly due to sampling
differences between TAO and QSCT.

The deep sea moored buoys, located in the Bay of Bengd and eastern Arabian
Sea, of the Nationd Data Buoy program (NDBP) d DOD measure severd near surface
meteorological and oceanic varidbles (Rao and Premkumar 1998) including wind speed
and direction & 3 m height every three hours. Each three-hourly wind observaion is a
10-minute average wind speed and direction sampled at 1Hz by a cup anemometer with
vane (make Lambrecht). The dated accuracy of wind speed measurements is 1.5% of
full scde (0-60 m s, i.e. 0.9 m . The three hourly data were averaged to obtain daily
winds. The data from the deep sea buoys, athough intermittent have proved to be useful



in validating reandyss and sadlite products over the north 10 (Sengupta et a. 1999,
Senan et d. 2001). Buoy data have dso been useful in identifying important intraseasond
oscillations in sea surface temperature (SST) and surface heet fluxes in the Bay of Bengd
(Sengupta and Ravichandran, 2001, Sengupta et d. 2001). Based on the longest available
record with minimum gaps, we use surface wind data from two buoys, one each in the
Bay of Bengd and the Arabian Sea. The Arabian Sea buoy (DS1) is located at 15.5°N,
69.25°E throughout the period (July 1999 to December 2001) while the Bay of Bengd
buoy was located at 13°N, 87°E during 1999 but was moved to 12.15°N, 90.75°E at the
beginning of 2000. The buoy winds a 3m height are extrgpolated to 10m height usng a
power law (Panofsky and Dutton 1984). No attempt has been made to correct the buoy
winds for near surface sability of the atmosphere.

Findly, to understand the differences between the NRA and QSCT winds, we
make use of NRA precipitation as well as pentad precipitation andyses from the Climate
Prediction Center Merged Analyss of Precipitation (CMAP). The CMAP pentad anaysis
uses the same dgorithm and data sources as the monthly analyss of Xie and Arkin
(1994), and is basad on a blend of rain gauge data and five different satellite estimates of
precipitation using infrared and microwave sensors.

3. Results

We compare the NRA and QSCT wind speed with in Stu measurements from
moored buoys at DS1 and DS3. Since the QSCT winds we use are 3day running meen
winds, a 3day running mean was applied to buoy data as well as to NRA data. The buoy
data is not continuous a either location. Between October 1, 1999 and July 31, 2001,
there is a totd of 374 days of data at DS1 and 405 days of data at DS3. Because the
length of data from the buoys is rather limited, we cary out a smple comparison of
QSCAT and NRA winds with buoy winds. QSCT and NRA winds a ther origind grid
points nearest to the location of DS1 and DS3 were extracted and scatterplots of QSCT
and buoy and of NRA and buoy zonad and meridiond winds at DS1 and DS3 are shown
separately in Fig.l. The rms differences and corrdation are shown in each pand. The
mean rms difference over the buoy locations between QSCT and buoy zond and
meridiona winds are 142 m s! and 1.40 m &' respectively while those between NRA
and buoy are 2.05 m s and 2.04 m s* respectively . Thus, QSCT appears to represent the
observed surface winds better than NRA. The least square linear fit is dso plotted in each
pand. We note that rms difference between QSCT and the limited in Stu observations
over the Bay of Benga and Arabian Sea is larger than that found by Cheton et d. (2001)
over the eastern Pacific.

3.1 The Annual Cycle

In this section, we compare the annud cycle of surface winds in NRA with that of
QSCT. As the two products are on two quite different horizontal grids, they are re-
gridded to a 1.5° x 1.5° laitude-longitude grid to facilitate quantitative comparison. Box
averaging is used to go from a 0.25° x 0.25° grid to a 1.5° x 1.5° grid in the case of QSCT
data while a 4point Bessdl interpolation is used to go from the T62 Gaussian grid (1.875°



X approximatedy 1.92°) grid to a 1.5° x 1.5° grid for NRA. The annua cycle of QSCT
wind vectors and wind speed is shown in Fig. 2. Mean winds are averages over
corresponding months of 2000 and 2001. In addition to winter (Jan-Feb) and summer
(Qul-Aug), we show spring (Apr-May) and fal (Oct-Nov) winds to illudtrate that the
mean zona winds in the equatoria 10 east of 50°E are westerly during these two periods
of the year. Averaged over July and Augudt, the maximum wind speed in the Somdi jet is
about 13 m s a approximately 59°E and 12°N. The differences between NRA and QSCT
(NRA-QSCT) zona (U) and meridiond (V) winds averaged over December-January-
February (DJF) and June-September (JJAS) are shown in Fig.3. Mgor differences in
zond winds occur only in the equatoria 10 east of 60° E. The largest differences are seen
in the eastern equatoriad 10 where NRA eastward zonad winds can be upto 2ms?* smaler
than QSCT. This represents a subgtantid difference as the mean zond wind in this region
is only 24 m s' (Fig.2). We dso note that the monsoon westerlies are generally weaker
in NRA compared to QSCT during JJAS. The meridional winds are generdly weaker in
NRA than in QSCT south of the equator by 1.0-1.5 m s' during both the seasons. The
cross-equatorid flow in the western equatorid 10 and the southerlies in the Somdi jet
region are 1-2 m s* wesker in NRA than in QSCT during JJAS, but are 1.0-1.5 m s!
gronger during DJF.  The differences in both U and V during JJAS show that the large-
scde summer monsoon flow is generdly wesker in NRA then in QSCT. Smilarly, the
differences in U and V during DJF dso indicate that the northeest winter monsoon flow
isdso weaker in NRA than in QSCT.

Daly anomdies ae needed to dudy the intraseasond variadility. As the annud
cycle is rather strong in this region, daily anomaies have to congructed with respect to
the annud cycle. Since the QSCT data is only two and a haf years long, it is not possble
to condruct a dally cdimatology. In the absence of a long daly record, an annud cycle
can be defined as the sum of annua mean and firgt three harmonics (360, 180 and 120
day periods) of data for each year. Average of the annua cycles of 2000 and 2001
provides gpproximate measure of the mean annud cycle. This method of congructing
anuad cyde has been found usgful in defining dally and intraseesond anomalies
(Goswvami et d. 1998, Goswami and Ajaya Mohan, 2001). Such annua cycles were
congructed for both NRA and QSCT and their evolution was examined a severd
locations in the Bay of Begd and in Arabian Sea (not shown). No dgnificant phase
difference is noted in the seasond evolution of the two wind products. However, the
amplitude of the annud cycdle is sgnificantly wesker in NRA zond winds specidly in the
eastern equatoria 10 (consstent with Fig.3).

One of the most spectacular features of the annud cycle in this region is the onset
of the Indian Summer monsoon which is best characterized by the evolution of the kinetic
energy (KE) of the low levd flow in the Somdi Jet region (Webster and Yang, 1992,
Goswami, 1998). The onst of the Indian summer monsoon in the two products is
examined through the daily KE averaged over 55° E-65° E, 10° N-15° N during 2000 and
2001 (Fig.4). The dynamica onset of the monsoon is characterized by increase in the KE
by more than a factor of 10 in a gpan of about a week sometime in the middle or late
May. The timing of onset of the Indian summer monsoon during the two years is identica
in both products. However, the energy of the intraseasond fluctuations during the



summer monsoon period is higher in QSCT than in NRA. This difference in
representation of the intraseasond oscillations in the two products is examined in greater
detal in the next section.

3.2 Intraseasonal Variability

As described in the previous section, the annua cycle is congtructed as a sum of
the annua mean and the firgt three harmonics of dally data for each year. As data for a
full one year is not avalable for QSCT winds during 1999, the annud cycde is
congructed from the available data as the sum of the mean and first two harmonics. Dally
anomalies are condructed by subtracting the annud cycle eech year from each fidd. To
get a measure of daly fluctuations of the winds, standard deviation (SD) of daly wind
speed anomdies during winter (DJF) of 1999-2000 and 2000-2001 and summer (JJAS) of
2000 and 2001 were calculated for QSCT. The SD for the two years were averaged to get
a mean SD. The mean SD of daily wind speed anomalies during DJF and JJAS for QSCT
are shown in Fig.5ab. Mean SD of NRA wind speed anomalies were also caculated for
the two seasons and the ratios between SD of dally anomdies NRA and QSCT ae
shown in Fig5cd. The largest amplitude of daily anomalies is 23 m s' over the south
equatorid 10 and South China Sea in winter and eastern equatorid 10 and western
Pecific in summer. The amplitude of daly variations of wind speed in the equatorid 10
and western Pacific in NRA is about 60%-80% of that in QSCT. Further examination
(not shown) reveds that weeker fluctuations of wind speed in NRA in the equatorid
region results primarily from wesker zond wind fluctuations. Not only ae the mean
NRA zond winds weeker compared to QSCT in the equatorid 10 (Fig.3), the
fluctuations of the zond winds are dso smdler. The corrdation between dally anomdies
of NRA and QSCT wind speed during winter and summer are shown in Fg6. The
correlation is poorest dong most of the equatoria belt during summer while it is poorest
in the eastern equatorid 10 and eastern Arabian Sea during winter. The amplitude of
daly anomaies in NRA ae wesker and not in phase with QSCT anomalies over the
equatoria 10.

To investigate how the NRA represents the amplitude of the intraseasond
component of the winds, both NRA and QSCT winds were passed through a 10-70 day
Lanczos filter with 51 weights. As described above for the dally wind speed anomdies,
the mean SD of the band-pass filtered anomadies from NRA and QSCT for the two
seasons were caculated. Standard deviaion of the NRA band-passed wind speed
anomdies relative to those of QSCT band-passed wind speed anomdies during winter
and summer are shown in Fig.7a b. The ratio of SD of filtered wind speed anomdies
(NRA/QSCT) shows that the intraseasond variability of NRA wind speed is wesker than
that of QSCT over most regions during both seasons.  In particular, during summer over
the equatorial 10 east of 60°E the amplitude of intrassasond oscillation in NRA winds is
only about 50% of that of QSCT winds. The ratio is between 0.9 and 1.1 in the central
Bay, north Bay and centra Arabian sea during northern summer. Thus, NRA seems to
represent the summer monsoon  intraseasond variability in the Bay of Bengd and
Arabian sea reasonably well. The tempord correlaion between filtered wind speed
anomalies from NRA and QSCT for the two seasons are shown in Fig.7c,d. Corrdation at



each grid point for JJAS (DJ) was cdculated by teking the two summers (winters)
together. Correlation between the two products is poor (less than 0.5) over the equatoria
IO during both seasons. The amplitude of inraseasond oscillations in NRA winds are not
only sgnificantly weeker than those in QSCT, they are dso out of phase with those in
QSCT. We note (not shown) that during spring and fdl too the amplitude of intraseasond
variability in NRA wind over the equatoriad 10 is sgnificantly wesker than that of QSCT
winds.

4. Discussions

Why are the mean as wdl as the intraseasond varigbility in NRA surface winds
over the equatoria 10 sysematicaly wesker than those in QSCT? Surface winds in the
tropics are driven partly by deep tropospheric heating associated with tropical convection
(Gill, 1980) and partly by surface pressure gradients associated with SST gradients
(Lindzen and Nigam, 1987). Since seasond mean SST gradients in the 10 are rather
week, surface winds in this region are driven primarily by the devated heating associated
with tropicd rainfdl (Chiang e d. 2001). Therefore, the weskness in surface winds in
NRA is likdly to be related to the weskness in analysis of precipitation by NRA.

To tet this hypothess, we compare NRA precipitation analyss with observed
precipitation, taking CMAP to represent observed precipitation.  According to our
hypothesis, the zonal winds in the centrd equatorid 10 (say, between 70°E and 95°E)
should be related to precipitation variations in the esstern 10 (say, between 90°E and
100°E). This is indeed true in observation as seen in Fig.8a where CMAP precipitation
(linearly interpolated to daily values) averaged over the eastern 10 between 5N and 5°S
is plotted together with zonal winds averaged over the centrd 10 during 2001. The
correspondence between the two curves is evident. However, such a correspondence is
missng in Fg.8b where NRA precipitation averaged over the eastern 10 and NRA zonal
winds in the centra 10 are plotted. We note that NRA precipitation in the eastern 10 is
rather weak and does not have sgnificant intraseasond oscillation. The intraseasond
ogdllaions in NRA zona winds in the centrd 10 are wesker than those in QSCT and
gopear to be unrdated to the eastern 1O precipitation in NRA. The weskness in
intrascasond oscillation in NRA precipitetion in the eastern 10 is further illustrated in
Fig.9 where we show precipitation averaged over the eastern 10 box from CMAP and
NRA during 2000 and 2001. Vigorous intraseasond oscillation in precipitation with a
period of aout a month present in CMAP is missed by NRA most of the time. The mean
precipitation in NRA in this region is only about one hdf of tha in CMAP while the
intraseasona variance of precipitation in NRA is only about one third of that in CMAP.
This seems to be the man reason why NRA underestimates the intraseasond wind
vaiability in equatorid 10.

Figure 9 shows that not only the intraseasond variability but dso the time mean
precipitetion over the eastern 10 is much weaker in NRA compared to CMAP. To
examine the spatid dructure of this bias in NRA precipitation andyss, bi-monthly mean
differences between NRA and CMAP precipitation are plotted in Fig.10. It is interesting
to note that NRA dggnificantly underestimates precipitation in the eastern equatorid 10
and Indonesa and overedimates precipitation in the wesern equatorid 10. The



precipitation bias of 6-8 mm.day® is dmost as large as the mean itsdlf. The precipitation
biases in the east and west 10 are both likely to contribute to easterly wind bias in the
centra 10 through biases in devated heating. To test whether these biases in precipitation
andyss may be related to the observed wind biases in NRA, we forced a linear modd of
surface winds (Sgi and Goswami, 1996) by eevated heating corresponding to the mean
precipitation bias corresponding to each month. The modd of surface winds constructed
by Sgi and Goswami (1996) included the SST gradient effects in a Gill type modd
through a transformation as suggested by Nedin (1989). Our previous experiments with
the modd forced separately by SST and precipitation heating indicate that contribution of
the observed SST gradients to the observed surface winds in this region is week,
contributing to less than a quarter of the observed wind magnitude. The influence of the
SST gradients is, therefore, not included in the present smulaions. Thus, the modd is
essentidly a Gill (1980) modd. As an example, the vector wind difference between NRA
and QSCT averaged for January-February (JF) and October-November (ON) are shown
in FHglla b together with mean smulated vector winds (Fig.1lc, d) forced by
corresponding bimonthly mean precipitation bias (Fig.10). The good correspondence
between the smulated winds and the wind bias over the oceanic regions indicates that the
precipitation bias in the reanayss is indeed responsible for a systematic underestimation
of zona winds by NRA in the equatorid 10, especidly et of 60°E. Improvement in
NRA surface winds will therefore require improvement in NRA precipitation which
depends on the physics of the forecast model used in the GDAS.

5. Summary and Conclusion

Reandlyss surface wind products such as NRA are very useful for studying ocean
vaiadility and large scde ar-sea interactions as they provide long records of
homogeneous 'data with good spatiad and temporal coverage. However, these products
are dgnificantly influenced by the amospheric modd used for assmilation. In this note,
we examine the ability of the NRA surface winds to represent the observed annud cycle
and intrascasond variability over the 10. The scatterometer on the NASA sadlite
QUIKSCAT provides surface wind speed and direction over the oceans with high
horizontal and tempora resolution. Based on earlier sudies of validation of QuIkSCAT
winds, we treat QUIkSCAT winds as representative of in Stu data, and compare NRA
winds with them. During northern summer, the large scde monsoon flow is weeker in
NRA than in QSCT. It is shown that the mean NRA zond winds are approximatdy 23 m
s wesker than QSCT zond winds in the equatorid 10. The NRA meridiona winds, on
the other hand, are dightly stronger than those from QSCT in the northern 10 and 12 m
s weaker than QSCT in the southern 10. Our findings are consistent with those of Smith
et d. (2001) who compared NRA products with research vessel neasurements during the
World Ocean Circulation Experiment (WOCE) for the period 1990-1995 and concluded
that the NRA near surface wind speed is sgnificantly underestimated a al lditudes. In
addition to the bias, the daly variability is underesimated by NRA over large parts of the
10, specidly over the equatorid 10O where it is about 70% of the observed variability.
Further andyss indicates that this essentidly arises due to underestimation by NRA of



the intraseasona varidbility of the wind. The amplitude of NRA intrasescond wind
variations over the equatorid 10 east of 60°E is only about 50% of the amplitude in
QSCT. It is shown that the NRA severdly underestimates the mean as wel as the
intraseasond  variability of observed precipitation in the eastern 10. We show that NRA
precipitation has a large negative bias in the eastern 10 and a poditive bias in the western
10. Usng a smple modd, it is shown that the bias in the NRA winds is related to the bias
in NRA precipitation. It is further shown that the NRA underestimates the observed
intraseasona  variability of precipitation in the eastern 10. The weeker than observed
intraseasond variability of NRA winds in the equatorid 10 is dso likely to be reated to
the weaker than observed intraseasond variability of precipitation in the east in NRA.

An ocean modd forced with the dally wind dress from NRA s, therefore,
expected to smulate weeker inraseasonal Kelvin waves and wesker equatorid jets in the
1O. Both these processes could sgnificantly influence the intraseasond as wel as the
seasond  variability in a modd of 10. Laent heat fluxes edtimated from NRA winds
would dso be generdly underestimated, and this could affect the SST in the ocean
modd!.

Acknowledgments: This work is partidly supported by a grant from the Depatment of

Ocean Deveopment, New Dehi. We thank Retish Senan , D.S. Anitha, Prince Xavier
and R. Vinay for hdp in andyzing the data

10



References

Chdlton, D. B., SK. Eshensen, M.G. Schlax, N. Thum and M.H. Freilich, Observations
of coupling between surface wind dress and sea surface temperature in the
eagtern tropica Pecific, J. Climate, 14, 1479-1498, 2001.

Chelton, D. B., Saterometer based assessment of surface wind fidd andlyss from the
European Center for Medium Range Wesather Forecasts. In Proc. WCRP/SCOR
Workshop on Intercomparison and Validation of Ocean-Atmosphere Flux Fields.
May 21-24, MD. U.SA. 2001.

Chiang, JCH., SE. Zebiak and M.A. Cane, Reative roles of eevated heating and
surface temperature gradients in driving anomadous surface winds over the
tropical oceans. J. Atmos. Sci. 58, 1371-1394. 2001.

da Slva, A. M., C.C. Yong and S. Levitus, Algorithms and Proceedure, Vol.1: Atlas of
Marine Surface Data 1994. NOAA Atlas NESDIS 6. 1994.

Gadgil, S. and S. Surendran : Monsoon precipitation in the AMIP runs, Climate
Dynamics, 14, 659-689, 1998.

Gibson, JK., P. Kaberg, S. Uppala, A. Hernandez, A. Namura and E. Serano, ERA
description, ERA project report series. ECMWEF, Reading. 1997.

Gill, A., Some smple solutions for heat induced tropicd circulation. Quart. J. Roy.
Meteor|. Soc. 106, 447, 462. 1980.

Goswami, B.N., Inter-annud varidion of Indian summer monsoon in a GCM: Externd
conditions versusinternd feedbacks. J. Climate, 11, 501-522. 1998.

Goswami, B.N. , D. Sengupta and G. Suresh Kumar, intraseasonad Oscillations and
Inter-annua variability of surface winds over the Indian monsoon region. Proc.
Indian Aca. Sci. (Earth & Panet. Sci) 107, 45-64. 1998.

Goswami, B.N. And RS Ajaya Mohan, Intraseeond oscillaions and inter-annud
variaility of the Indian summer monsoon. J. Climate, 14, 1180-1198. 2001.

Han, W., JP. McCreary, D.L.T. Anderson, A.J. Mariano, Dynamics of the eastern
aurface jets in the equatoriad Indian Ocean. J. Phys. Oceanog. 29, 2191-2209.
1999.

Han, W., D. M. Lawrence and P.J. Webster, Dynamicd response of equatorid Indian
Ocean to intraseasonad winds. zona flow. Geophy. Res. Letts. 28, 4215-4218,
2001.

Hendon, H. T. Shinoda, Assessment of warm pool surface fluxes form NCEP
reanayss. COARE-98 Conf. Proc. TOGA Coupled Ocean Atmosphere Response
Experiment (COARE) , Boulder, CO. 714 July, 1998. WCRP-107, WMO/TD-
940, WMO, Geneva, 255pp.1999.

Kanay, E., M. Kanamitsu, R. Kistler, W. Coallins, D. Deaven, L. Gandin, M. Iredell, S.
Saha, G. While, J Woadlen, Y. Zhu, M. Chdliah, W. Ebisuzaki, W. Higgins, J.
Janowiak, K. C. Mo, C. Ropeewski, J. Wang, A. Leetma, R. Reynolds, Roy
Jenne and Denis Joseph, The NCEP/NCAR reanalyss project. Bull. Am.
Meteorol. Soc. 77, 437-471, 1996.

Lindzen, RS. And S. Nigam, On the role of sea surface temperature gradients in forcing
low level winds and convergence in the tropics. J. Atmos. Sci. 44, 2418-2436,

11



1987.

LiuW. T., Progress in scatterometer gpplication, J. Oceanography, 58, 121-136, 2002.

McCreary, J. P.,, P. K. Kundu and R.L. Molinari, A numerica invedtigation of dynamics,
thermodynamics and mixed layer processes in the Indian Ocean. Progress in
Oceanography. Vol.31, Pergamon, 181-224,1993.

McPhaden, M. J, Vaidbility in the centrd equatoria Indian Ocean, Part 1I: Oceanic
heat and turbulent energy balances. J. Mar. Res. 40(2), 403-419,1982.

Murtugudde, R., R. Seager and A.J. Busdacchi, Smulatiion of tropica oceans with an
ocean GCM coupled to an amospheric mixed layer moddl. J. Climate, 9 1795-
1815, 1998.

Murtugudde, R.,and A.J. Busdacchi, Inter-annud variability of the dynamics and
thermodynamics of the tropical Indian Ocean. J. Climate, 12, 2300-2326,1999.
Murtugudde, R., JP. McCreary Jr. and A.J. Busalacchi, Oceanic processes associated
with anomaous events in the Indian Ocean with relevance to 1997-1998. J.

Geophy. Res. , 105, 3295-3306, 2000.

Naderi, F. M., M. H. Frellich, and D. G. Long, Spaceborne radar measurements of wind
velocity over the oceat An overview of NSCAT scatterometer system. Proc.
|EEE, 79, 850-866, 1991.

Nedlin, J. D. On the interpretation of the Gill modd. J. Atmos. Sci. 46, 2466-2468.  1989.

Panofsky, H. A. and J. A. Dutton, Atmospheric Turbulence, John Weily and Sons, New
York, 397pp. 1984.

Pegion, P.J, M. A. Bourassa, D.M. Legler, and JJ. OBrien, Objectively derived daily
winds from satellite scatterometer data. Mon. Wea. Rev. 128, 3150-3168, 2000.

Rao, Y.R and K. Premkumar, A prdiminay andyds of meteorologicd and
oceanographic observations during the passage of a tropica cyclone in Bay of
Bengd. NIOT technical note, NIOT-NDBP-TR-001/98, 1998.

Sgi, N.H. And B.N. Goswami : An improved linear model of tropicd surface wind
vaiability. Quart. J. Roy. Meteorl. Soc. 122, 23-53. 1996.

Sgi, N.H. and B.N. Goswami, An inter-comparison of the seasona cycle of tropica
surface stress smulated by 17 GCMs. Climate Dynamics. 13, 561-585. 1997.

Sqji, N. H. , B. N. Goswami, P. N. Vinaychandran and T. Yamagata, A dipole mode in
the tropical Indian Ocean. Nature, 401, 360-363. 1999.

Schiller, A, JS. Godfrey, P.C. Mcintosh,G. Meyers and R. Fiedler, Inter-annud
dynamics and thermodynamics of the Indo-Pacific Oceans. J. Phys. Ocean. 30,
987,1012, 2000.

Senan R, D.S. Anitha and D. Sengupta , Vdidation of SST and wind speed from TRMM
usng north Indian Ocean moored buoy observations. CAOS Report 2001ASL,
Centre for Atmospheric Sciences, Indian Inditute of Science, Bangalore-560
012. India, 2001.

Sengupta, D., P. Joseph, R. Senan and G. Suresh Kumar , Vaidation NCEP daily surface
winds over the north Indian Ocean. CAOS Report 99ASL1, Centre for Atmospheric
Sciences, Indian Indtitute of Science, Bangadore-560 012. India, 1999.

Sengupta, D. and M. Ravichandran, Ostillations of Bay of Bengd sea surface
temperature during the 1998 summer monsoon. Geopgys. Res. Letts. 28, 2033-

12



2036, 2001.

Sengupta, D., B.N. Goswami, R. Senan, Coherent intraseasond oscillations of ocean
and atmosphere during Asan Summer monsoon.  Geophys. Res. Letts. 28, 4127-
4130, 2001.

Smith, S R, D. M. Legler and K.V. Verzone, Quantifying uncertainties in NCEP
reandyses usng high quality research vessdl obsarvations J. Climate, 14, 4062-
4072. 2001.

Schlax M.G., D.B. Chdton and M.H. Frelich, Sampling errors in wind fields constructed
from single and tandem scatterometer datasets. J. Atmos. Ocean. Tech. 18, 1014-
1036, 2001.

Stiles B. W., Special Wind Vector Data Product: Direction Interval Retrieval with
Threshold Nudging (DIRTH) Product Description, Version 1.1. Jet Propulsion
Laboratory, Pasadena, CA, U.S.A. 1999.

Vinayachandran, P. N. , SR. Shetye, D. Sengupta and S. Gadgil, Forcing mechanisms
of the Bay of Bengd Circulation. Current Science, 71, 753-763. 1996.

Webster, PJ. And S. Yang, Monsoon and ENSO: Sdectively interactive systems.
Quart. J. Roy. Meteorl. Soc. 118, 877, 926, 1992.

Webgter, PJ, V. O. Magana, T. N. Pamer, J. Shukla, R. A. Tomas, M. Yana and T.
Yasunari, Monsoons. Processes, predictability and the prospects for prediction. J.
Geophys. Res. 103,C7, 14,451-14,510. 1998.

Wyrtki, K., An equatorid jet in the Indian Ocean, Science, 181, 262-264, 1973.

Xie PP. and PA. Arkin Andyss of globd monthly precipitation usng gauge, satedlite
observations and numerical modd precipitation. J. Climate, 9, 840-858, 1996.

13



Figure Legends

Figure 1: Scatter plot between zond (U) and meridiond (V) winds (m s') from QSCT
and Buoys, DSl upper four panels) and DS3 (lower four panels). The rms
difference (m s*) and correlation between the variables are shown in each pand.
The draight line represents least square linear fit with dope m and intercept c.

Figure 22 Bimonthly mean wind vectors and isotachs (m st) from QSCT for January-
February (JF), April-May (AM), July-August (AG) and October-November
(ON). Isotachs greater than 6 m s are shaded.

Figure 3: Mean zond wind (U) differences (m s?) between NRA and QSCT (NRA-
QSCT) for DJF and JJAS (upper panes). Mean meridiona wind (V) differences
arein lower pands.

Figure 4: Evolution of daily kinetic energy (mfs?) for 2000 and 2001 averaged over a
box (55°E-65°E, 10°N-15°N) in the Somdi jet region. NRA (solid), QSCT
(dashed).

Figure 5: Standard deviation (SD) of daly wind speed anomalies in QSCT during winter
, DF (@ and summer, JJAS (¢) and ratio of SD of NRA and QSCT
anomdlies (b,d). SD vaues less than 2ms? are shaded while SD ratio less than
10 are shaded. Anomdies for two winter (1999/2000 and 2000/2001) ard
summer (2000 and 2001) seasons are used in calculating the mean SD.

Figure 6: Tempora correlation between daily wind speed anomadies of NRA and QSCT
during winter (DJF) and summer (JJAS). Anomaies for two winter (1999/2000
and 2000/2001) and summer seasons (2000 and 2001) are used in caculating the
mean correlation. Correlation greater than 0.5 are shaded.

Figure 7. Ratio of standard deviation (ab) and correation of 10-70 day filtered NRA
and QSCT wind speed anomdies for winter (DJF) and summer (b, JJAS).
Anomalies for two winter (1999/2000 and 2000/2001) and summer (2000 and
2001) seasons are used in calculating the mean SD and correlation.

Figure 8: (8 Time series of precipitation anomdies (mm.day?) averaged over 90°E-
100°E and 5°S-5°N from CMAP for 2001 (solid) zond wind anomalies (m s')
averaged over 70°E-95°E and 5°S-5°N from QSCT (dashed). (b) Sameas  inthe
top pand but for NRA precipitation (solid) and NRA zond winds (dashed)

Figure 9: Time series of precipitation anomaies (mm.day?) averaged over 90°E-100°E
and 5°S-5°N from CMAP and NRA for (8) 2000 and (b) 2001. Pentad CMAP
anomdies were linearly interpolated to daly vaues. Mean and variance each time
series are indicated.

Figure 10: Bimonthly mean bias (NRA-CMAP) of andyzed precipitation (mm/day) of
NRA compared to observations (CMAP). Negative contours are shaded. Two
years of datafrom 2000 and 2001 are used to create the mean.

Figure 11: (ab) Bimonthly mean vector wind difference (m s*) and isotachs between
NRA and QSCT for January-February (JF) and October-November (ON). (c,d)
Bimonthly mean vector wind anomdies (m st) and isotachs for JF and ON
gmulaled by a liner modd forced by corresponding bimonthly  mean
precipitation biasesin NRA as shown in Fig.10.
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Figure 9:Time series of precipitation anomaliesi:.day ') averaged over 3E-100E and 5S-5N from

CMAP and NRA for (a) 2000 and (b) 2001. Pentad CMAP anomalies were linearly interpolated to daily values.

Mean and variance each time series are indicated.
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in NRA as shown in Fig.10.

isotachs for JF and ON simulated by a linear model forced by corresponding bimonthly mean precipitation biases

Figure 11:(a,b) Bimonthly mean vector wind difference26~') and isotachs between NRA and QSCT for
January-February (JF) and October-November (ON). (c,d) Bimonthly mean vector wind anomalied and



