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THE ASSIGNMENT OF WIND DIRECTION FOR

OPERATIONAL ASSIMILATION OF SSM/I WIND SPEED DATA py

James S. Goerss and Patricia A. Phoebus A

Naval Oceanographic and Atmospheric Research Laboratory 7 ;
Atmospheric Directorate Oist

Monterey. California 93943-5006

1. INTRODUCT'ONj
noticeable in the southern hemisphere, of course w t.i e

Providing environmental support for Navy operations ratio of sea to land is greater and the lack of data is esen more
requires special attention to the marine boundary layer. Ac- pronounced. The only practical soiution to this probiem is
curate meteorological nowcasts and forecasts play a key role to develop and deploy high-quality remote sensors. A step
in weapons system support, aircraft operations, and optimum- towards that goal was achieved on June 19. 1987, when the
track ship routing. Furthermore, surface wind stresses and first Special Sensor Microwave/Imager (SSM/Ii was launched 0
heat fluxes from the atmospheric model axe used to drive by the Defense Meteorological Satellite Program tD).NSP). 40
ocean thermodynarnic and hydrodynamic models (Clancy. The SSM,'I is a passive microwave radiometer that provides c,
1987). Through these coupled air/ocean systems, the atmo- high-resoiution measurements of a variety of environmental
sphere indirectly plays a role in search and rescue missions paranecters-among them. rain rate. precipitable water, ma- •-i
and submarine operations. rine wind speed. sea ice location and concentration, soil mois.

The Navy Operational Global Atmospheric Prediction ture, and land surface temperature,
System (NOGAPS) consists of four separate components- Of particular interest for metcrol;:cal da'a assimila- .b
data quality control, data analysis, initialization, and the tion are the SSMI'l wind speed data. While "te resolution.
forecast model. NOGAPS operates in a 6-hr update data quality, and coverage of the SSM/l data are excellen,. the;r
assimilation cycle, with the 6-hr model forecast serving as usefulness is somewhat limited by the lack of directiona& irifor-
the background field for the data analysis, which in turn pro- mation. Nonetheless, early tests indicated that there '.ould
vides the fields for the initialization of the foreck- t model. be a small positive impact if the data were included im the
The forecast model is an 18 a-level. 79-wave triangui..r trun- analysis (Goerss. 1989a). Given that this positive :nt pact
cation, global spectral model with a nonlinear normal-mode would be in an area of high Navy interest, nameiy the ma-
initialization (Hcan and Rosmond. 1991 ý. The data analysis rine boundary layer, the operational assimilation of SS.,I/l
us,'s the multiva -late optimum interpolation (MVOI) tech- wind speed data into NOGAPS was initiated on Septemoer
nique described Ly Goerss and Phoebus (1991) to analyze 12. 1990. The positive impact of these observations on the op-
geopotentil height and the is- and -wind component here- erational system is described in Phoebus and Goerss ý 1991
ments on standard oressure surfaces. The analysis fields are The initial implementation of the SSM/I wind speed datp
produced for 16 standard pressure levels (1000-10 mb. plus -zsed a .reiiminary 1000 mb analysis to assign wind direction.
925 mb) on the .. 5' resolution Gaussian grid of the spectral Since that time. we have investigated alternative methods of
forecast model, assigning wind direction. and those results are reported here.

Since the MVOI is a three-dimensional incremental anal-
vsis. ob --a•ations made at various heights can influence the 2. SSM/I DATA PROCESSING
analys, ..iults at 1000 mb. However, high quality upper- 2.1 Preliminary Oualitv Control
air profile measurements over the oceans are limited to a few
island radiosonde stations and an occasional balloon launch The SSM/I data are processed and stored by the Navy
from a ship. While these observations provide some infor- in near real-time at Fleet Numerical Oceanography Center
mation about the structure of the lower atmosphere, their (FNOC). FNOC uses the algorithm of Goodberiet, et aL
numbers are too few to have much impact. The conven- (1990) to estimate the ocean surface (19.5 ml wind speeds
tional upper-air observations axe supplemented by temper- from the SSM/I measured brightness temperatures, These
ature soundings from the polar-orbiting satellites. Although speeds have a range of 3-25 m s-1, and meet the specified
these soundings are plentiful. accuracy is a problem. Other accuracy of ±2 m s-1 in rain-free conditions. Since heavy
data sources include single-level wind reports from aircraft concentrations of water vapor and rain effectively mas k mi-
and cloud-tracked wind observations estimated from the geo- crowave emission from the ocean surface at the SSMI/I fre-
stationary satellites. The low-level satellite winds are nor- quencies, wind speed retrievals under these conditions are

mally concentrated at the 925-850 mb level, while the upper- more likely in error. Currently, the NOGAPS data pre-
level satellite winds and the aircraft data are predominently processor screens the SSM/I data so that only rain-free obser-
ýkt the 250-200 mb level. Over water, conventional sources vations are used in the MVOI. Furthermore. any wind speed
of surface data include observations from ships, moored and reported outside the range of the SSM/I instrument is Ig-
drifting buoys, and Coastal-Marine Automated Network sta- nored.
tions. These marine surface reports are concentrated primar- The wind speed data are also subjected to quality con-

lY in the northern hemisphere, along major shipping routes. trol procedures that compare the observed wind speeds to
The relative sparseness of data over the oceans certainly prelirninars" analysis field. Whether or not an obser'atiot .-,

hinders efforts to produce accurate analyses and forecasts of rejected during this comparison depends upon noth th- ot-'

meteorological conditions in these areas. The effect is most served wind speed and the wind speed from the pr0:mnnatv
analysis valid at the observation location. The stricte," or::C
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ria are applied and the most data are rejected (- 5%) when most recent data. independent of the SSM/I. Originally, the
the analyzed wind speed is very light and the SSM/l wind 1000 mb wind fieid from the preliminary analysis was used to
speed is substantially stronger, Since thr preliminary analv- assign SSM/I wind direction. However, the NOGAPS fore-
sis will also be used to assign wind directions to the SSM/l cast model produces a 10 m wind field from the lowest model
observations, this decision reflects the fact that it would be 7-level (,- 40 m). primarily to provide forcing data for the
inapnrooriate to ad.e'm - , ir..,tinn Cro0 i light snA FNOC ocean .ograplic mode!l the !0 in winds ar, sta;i;t,.
variable condition to a stronger wind speed. The other cate- dependent ano consistent with the model's bouninarN iayer
gories exhibit more tolerance for differences between the pre- pitysics. Thus. the assigned SSMil wind directions are now
liminarv analysis and the SSM/i data and, as a result, reject taken from the analyzed 10 m wnd field, which is horizontaljs
fewer observations, interpolated to the location of each superob- Onsce the direv.

The preliminary analysis is run using the same software tiols ha'Ve been assigned. til, SS.Mi I superohs art, processed
and the same background fields a' the NOGAPS analysis, like anyv other surface wind observation and are assumed to
but is executed at only 2 hours past the synoptic time icom- have the same observational error as wino observations from
pared to -9.5 hours for the update cyclei. so it has a shorter ships.

data window, Analyzed fields are produced only at the four An improved technique for assigning wind direction to
pressure levels nearest the surface. The preimrrunary analysis the SSMiI wind speeds is under development. The cnr-
uses almost all of the available data. except for aircraft wind rent operational technique just described is heavily depeneent
reports, satellite temperature soundings, and, of course, the upon the MVOI analysis background fields in areas spa:seiy
SSM! wind speed data. covered by marine surface data. The accuracy of these back-

ground fields. which are 6-hour forecasts from the global spec-
2.2 Computation of Superobs tral model, is dependent upon the performance of the forecast

A typical 6-hour coverage by the SSMiI produces in ex- model. In the northern mid-latitudes. where weather s;'stems

cess of 200.000 observations at approximately 25 km resolu- typially move from west to east. the accuracy of the Dack.-

tion. a resolution much higher than the effective resolution of grouno fields over ocean areas is greatest rust to the ea.t of
NOGAPS. Thus, to reduce the number of data points without the data-rich continental areas and decreases from west to

losing information on scales relevant to NOGAPS. the SS.r/I east. The largest errors in the background fields are assuci-

data are rombine ;,o .. ._-::,aiiy iocai atd ;zih .ncorrecL f v i., ut ane position rinctor intenl~ty

ave;ages of groups of observations. of extra.tropical cyclones. The error that is most critical to

Before the superobs are computed, the wind speeds the "signment of SSI,' wind direction is that a.ssocuated

iromi the preliminary asnalysis are interpoiated to the ioca- with an incorrect position forecast In such situation•, tne
ton of each individual observatuon, and the interpolated val. backg:round fields normally depict quite wei "he structure of

ues are subtracted from the observed wind speeds to form the cycione and its associated fronts but show an offse :r;

SSM/Ii wind sneed increments. Next. th, 6lobe is divided their positions. As a result, in the absence of other data,

into 200 km boxes and, given suafcient numbers of 3bser- the wind directions assigned to the SSM/1 wind speed unser-

vations. the SSM/I wind speed Incremrects within ea-c' box vatotis by the current technique would reflect the erroneous

are averaged. The increments rather than tne oriz;n, cal- olfe.. Tic goal of our research iR to utilize the SS.'I ,tsd
ues are used because, in general, the increment field is mor- speed observations to deterniie and correct for such oi,ets

hef`r1ent~ally homogeneous than the raw data. Once toe su- netore the wind directionisassigned
peroh increments are computed, the superob wtnd speeds are , Prior to computing cross.soectrai quantities like the co-obtained by adding the incremend in each box to the prelim- nerency or phase spectra. it is common practice n time se-

inary anaJysis wind speed interpoiated to the center of the ries analysis to align the two time senes !Jenkins and Watts.

box. 1968). This is done by lagging one time series with respect

to the other and computing the values of the cross-covariance

3. ASSIGNMENT OF WIND DIRECTION function for the different lags. The lag at which the maxi-
mum value of the cross-covariance function is found is used to

The analysis variables are geopotential height and the align the time series. This technique was utilized by Duc.hon
e- and -wirnd components-variables that have well-known and Goerss (1976) in their time series analysis of a6ircraft data
dynamical relationships. The design of the MVOI analy- from intercomparison flights performed during the National
sis is such that it cannot utilize scalar wind speed informa- HaIl Research Experiment. These flights typically consisted
tion directly. So. once the SSM/I superob wind speeds have of three aircraft flying in formation with one in the :ead.
been computed. each superob wind speed must be assigned The data from these flights consisted of samples 1 second
a wind direction. Tbhre have been several techniques pro- apart. Before performing cross-spectrum analysis upon the
posed for independently determining appropriate directions time series from the aircraft, the dIat -z : frbm ho tra:.ng
for the SSMiI wind speeds. Atlas et aL. 1991) combine aircraft were aligned to that from the lead aircraft by rnea-
conventional wind data and SSM/I winds with background suring the time displacement from zero of the peak in the
analyzed surface wind fields from the European Centre for cross.covariance functions. The location of this peak could
Medium Range Weather Forecasts, using variational tech- be easily defined and the resulting time displacement was
niques to constrain the degree to which the SSM/I data can attributed to the persistent longitudinal separation between
modify the background. Yu ( 1987) bases his technique on Ek- the aircraft and to asvnchronizattcn of the aircraft clocks.
man boundary layer dynamics, using the National Meteoro- We propose to use an analogous technique in aaeas
logical Center's surface pressure analysis and the SSNMiI wind sparsely covered by marine surface observations to spatiaily
speed to compute the surface drag coefficient, which then al-
ow the computation of the vector at some height align the SSM/I wind speed observations with the prei:m-

nary analysis wind fields prior to the assignment of -ind
within the boundary layer (typically 10 m). direction. For an area of appropriate size, for which t.,rec

in our case. we ise the power of a global data assim- is sufficient cocverage 5v SSMl/I wind speed obse'rvations, we
ilation yvstem to produce a preiiminary analysis rising the

can compute the correlation between the wind speed obsprva-
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tions and the wind speeds from the preliminary 10 m analysis Fig. 2 shows the analyzed 1000 mb wind field cornpLe,:
at the location of the observations. We then spatially shift using the current technique, with direction assigned from. tt.
the preliminary analysis with respect to the SSNI/l observa- prelinunary 10 m wind anaysis. In comparison. Fig 3 sa.,

tions and recompute the correlations for spatial lags in the the comparabie field, but in this case, the SSM/I wsd &..,

ea.st-west and north-south directions to determine the lag for tions were assigned by shifting the backgrol.nd fie : ,
which this correlation is a ma~xmum. The wind directions to the data- As you can see from tthe streamlireý . _

from the shifted analysis are then assigned to the SSM/l wind in a slight easw.•.rd shift tit the centers of circua ,to_- "
speed observations, but the observations themselves are not notice~ble in the northw•_ster]v section of the erid
actually displaced.

We illustrate this technique for an area located between

301S and 60(S. 30"A' and 1201W. In Fig. I the isotachs from
the unshifted preliminary 10 m analysis are plotted along
with the SSM/I wind speed suberobs. In the northern half of
this domain, t.here is a nerthwest-to-southeast "~s of mini- !•- "•-

mum wind speeds in the background field that is located to

the southwest of a similar ais in the wind speed observations. "

Sirtiiarl.y the center of maximum winds in the south-central - -
Dart of the domain is located southwest of the corresponding
maximum wind speed superobs. Table 1 provides the corre- -.. *. .. .

lationc computed by systematically shifting the preliminary vi, . --

anaJysis reiative to the SS.•;I wind ooservations, using 1.5' . ,
increments in the east-west direction and 1.0' increments in -

the north-south direction. The maximum correlation is found - -
by shifting the preiirrunary analysis 1.01 to the north and 4.5' . - -.

to tne east. "
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