CALIBRATING THE QUIKSCAT/SEAWINDS RADAR FOR

MEASURING RAINRATE OVER THE OCEANS

David E. Weissman
Dept. of Engineering
Hofstra University, Hempstead, New York 11549
Tel:(516) 463-5546; Fax: (516) 463-4939
E-Mail: eggdew @hofstra.edu

- Mark A. Bourassa
COAPS/The Florida State University, Tallahassee, FL 32306-2840

Jeffrey Tongue
National Weather Service, Upton, New York 11973

Abstract

This effort continues a study of the effects of rain, over the oceans, on the signal retrieved by thc_
SeaWinds scatterometer. It is determined that the backscatter radar cross section can be used to
estimate the volumetric rain rate, averaged horizontally, across the surface resolution cells of the
scatterometer. The dual polarization of the radar has a key role in developing this capability. The
relative magnitudes of the radar backscatter depends on the volumetric rainrate, the rain column height
and surface wind velocity, the viewing angle, as well as the polarization (due to the oblateness of
raindrops at the higher rainrates). The approach to calibrating the SeaWinds normalized radar cross
section (NRCS) is to collect NWS NEXRAD radar-derived rainrate measurements (4 km spatial
resolution and 6 minute rotating cycles) co-located in space (offshore) and time with scatterometer
observations. These calibration functions lead to a Z-R relationship, which is then used at mid-ocean
locations to estimate the rainrate in 0.25° or larger resolution cells, which are compared with TRMM
TMI rain estimates. Experimental results to date are in general agreement with simplified theoretical
models of backscatter from rain, for this frequency, 14 GHz. These comparisons show very good

agreement on a cell-by-cell basis with the TMI estimates for both wide areas (1000 KM) and smaller

area rain events.
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I. INTRODUCTION

Rain interferes with the intended application of the measurements of the sea surface’s radar cross
section by the SeaWinds scatterometer: the estimation of the sea surface wind speed and direction
{1],[2]. The presence of rain regions within the boundaries of the illuminated surface area results in
additional backscatter from these atmospheric volumes, and possibly attenuation of the beam directed
towards the surface and the backscatter from the surface. In many cases, depending on the wind
magnitude, the backscatter from the rain will augment or dominate the received signal and the
measured NRCS. This results in overestimates of the wind magnitude, and meaningless wind direction
values [3]. The relatively long duration transmitted pulse provides the equivalent of a continuous-wave
radar. The backscatter from the rain volume is the path-integrated value that may include the complete
column of rain, or possibly a thinner layer when the beam attenuation is large enough to suppress most

of the power density before it reaches the sea surface.

Steps were taken to quantify the effect of rain on SeaWinds NRCS, using NEXRAD Level ITI
rain data for in-situ measurements, over the ocean and sufficiently far offshore to avoid land
contamination issues. The near simultaneous NEXRAD composite reflectivity data (“Z” values; e.g.,
Figure 1), were converted to rainrate in 4 km cells, then they were combined into an average over an
approximate scatterometer footprint (a 28 km square), centered at each scatterometer cell. Each of the
co-located SeaWinds NRCS’s, subset by polarization, are assigned to that average rainrate. The wide
variation of the rain intensity within the area spanned by the scatterometer swath results in a sizeable
dynamic range of NRCS values. These data provide the basis of calibration curves for each
polarization; these curves are referred to as Z-R functions in radar meteorology terminology. These
functions are used over the open ocean to convert the QSCAT L2A NRCS data into rainrate estimates.
The rain estimates can then be compared with values derived from the passive microwave imager
(TMI) onboard the TRMM satellite. Numerous events in disparate ocean regions were analyzed and all
produced consistently good agreement between the TMI and this SeaWinds-algorithm rainrate for

averages over a 0.5° square latitude/longitude region.
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capabilities.

One recent innovation gaining increased application is coherent dual-polarization backscatter
measurements to discriminate between the smaller spherical raindrops and the larger oblate drops, the
distributions of which are functions of rainrate. The difference of H-pol and V-pol signals due to this
effect is called “differential-reflectivity”[6]. While SeaWinds is limited to incoherent dual-
polarization, it still has the capability to exploit this phenomenon. This differential polarization
response of the SeaWinds scatterometer to moderate and large rainrates can be exploited for
quantitative precipitation detection and measurement on many different time and spatial scales. This
technique has been applied across a wide of frequencies from 3 to 35 Ghz [7]. Of particular relevance
to SeaWinds, is that Holt [7] shows that the key measurable parameter, the differential reflectivity
(Zpg), has a very similar dependence on dropsize and rainrate at 16 GHz (Ku-band) as it does at 3 GHz
(S-Band) which is the nominal National Weather Service NEXRAD radars’ frequency.

III. APPROACH

The virtually instantaneous co-location of NEXRAD rain measurements with QuikSCAT and
buoy observations is an advance in the quantitative determination of the effect of rainfall on
QuikSCAT NRCS data. The NEXRAD data products consist of radar scans taken only 6 minutes apart,
so that the time coincidences with QSCAT observations are sufficiently close to be viewed as
effectively instantaneous. Considering how rapidly rain cell spatial structures evolve and how rain
intensity varies with time, this close a time difference is essential in order to have a valid observation
of the precipitation conditions affecting the QSCAT measurement. The 4 km resolution of NEXRAD

is valuable for resolving the spatial variability.

A NEXRAD Level III “Composite Reflectivity” data product with 4 km spatial resolution, is
shown in Figure (1). This depicts a maximum S-band reflectivity found on any constant elevation
angle azimuthal sweep of a volume scan projected onto each Cartesian grid box [8]. The rainrate is
displayed as a quantized color scale for the Reflectivity Factor, Z, in 5 dBZ steps. This example is
from the Wilmington, NC station on Sept. 9, 1999. Buoy #41004 is indicated with a star symbol. The
concentric circles are centered at the NEXRAD site (Lat. and Lon specified in figure), and represent
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range steps of 115 km. The latitude and longitude grid lines are 1 degree each. Since the QuikSCAT
resolution for a radar cross section cell is approximated to be a 28 km square, appreciable averaging of
the NEXRAD 4 km resolution elements was necessary to create an equivalent spatial rain estimate.
After converting the NEXRAD RCS from “dBZ” into rainrate and then averaging each 7-by-7 array
(equivalent to a 28 km square area) a new data array of rainrate, centered at each QSCAT cell location,
and compatible with the spatial resolution of satellite radar was produced. The buoy wind
measurement, southeast of the rain area (location indicated by a star), was about 3 m/s for a two hour
period centered at the time of the QSCAT overpass. Another buoy (# 41002) on the eastern side of this
rain area (Lat. = 32.3° Long.=75.4°) measured winds of about 5.5 m/s for a two-hour interval around

the overpass time.

The locations of the QuikSCAT NRCS points used in this study were constrained to be no farther
than 250 km from the NEXRAD station, over the ocean. Specifically, they lie between 32° and 34.5°
latitude and -79.5° to -76° longitude. The reason is that the accuracy of near surface rain estimates
decreases with distance from the NEXRAD. The NRCS data points were identified as either
Horizontal or Vertical polarization and separated accordingly. This was straightforward since they
have different incidence angles, 46° and 54° respectively. Another separation was made which selected
NRCS points which were observed by the forward beam sweep of the satellite antenna. This
effectively constrains all the data points to be within a narrow range of radar azimuth angles, when the
area under study is much less than the 1400 km swath width. Each data point represents the average
NRCS ( g, ) from an elliptically shaped cell 25-by-35 km. The center point of this cell is used as the
center of a 28 km square area over which the mean rainrate is computed using the 4 km NEXRAD
cells (from data shown in Fig. 1) formed into 7-by-7 arrays. Figure 2 shows the separate plots of V-pol
and H-pol ,'s (converted to decibels) versus the mean rainrates for each corresponding cell.
Obviously, those NRCS cells which fall in an area without rainfall will not be plotted. The two data
sets span a wide dynamic range; approximately 2 orders of magnitude. Even though these plots display
considerable scatter for both quantities, there is a clear monotonic relationship between NRCS and
rainrate. There is a fundamental distinction that contributes to the data scatter. The scatterometer
operates effectively in a CW mode and integrates the rain backscatter throughout the full column in the
line-of-sight. The size of the NRCS will depend on the height of the rain column and the rain profile
within. The NEXRAD data product, measured in mm/hr, is more like a flux quantity representing a



flow rate at a specific reference height. In this case, it is the maximum value in a vertical column.
Therefore variations in the length of the rain column will affect the NRCS but may not affect the
NEXRAD product by the same amount. Another quantity that will cause scatter in the NRCS data is
the variability of the drop size distribution. These uncertainties, while undesirable, does not appear to

negate the usefulness of the relationship seen in this figure.

The lower graph of the H-pol data has been fit with a regression function to create a “Z-R”
function for the Ku-band scatterometer. This function is similar to the one developed using a simple
theoretical model for spherical raindrops [Weissman, et al, 2001]. This empirical function can then be
used to estimate rainrates over the ocean, with cell sizes determined by the scatterometer resolution,
once it has been determined that the scatterometer is receiving backscatter from rain volume. The

prerequisite to applying this procedure is having a reliable “rain-flag”

At the wind speed regime which is believed to exist at the surface, if no rain were present, the
NRCS data points for both polarizations would be in the range from -30 dB to -25 dB. For rainrates
larger than 0.5 mm/hr the NRCS is found to equal or exceed these surface estimates, and both
polarization ay’s clearly increase proportionally to the rainrate. A more careful comparison of the data
for rainrates larger than or equal to 1 mm/hr in Figure 3 shows that H-pol NRCS tends to exceed the
V-pol. This effect, the differential reflectivity (Zpg) is well known in the field of radar meteorology.
The physical basis for this is the oblateness of raindrops, once they become larger than about 2 mm is
diameter [9]. Fortunately, the normal no-rain relationship between the two polarizations is that V-pol
exceeds H-pol by a few decibels or more, depending on the surface wind speed. Therefore, when an
average surface area ( say 0.25° Lat/Lon square) displays a higher NRCS for H-pol than V-pol, it is
very likely that appreciable rain is present. This effect has been adopted as a “rain-flag”. It is then used
in conjunction with the Z-R formula derived from the H-pol data of Figure 2 to estimate rainrates in
the open ocean. Note that while the swath of SeaWinds is 1600 km, the H-pol observations only cover
a 1400 km swath.

IV. RESULTS

Several co-locations of the TRMM satellite and QuikSCAT were studied to determine the level of

agreement between rain estimates produced by the passive microwave imager, TMI, and the method
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discussed above. The TRMM product used here, which has a 760 km wide swath, contains daily files
with 24 hourly segments of the orbit. The gridded rainrate estimates are in 0.5° cells in units of mm/hr,
and are accompanied by the time of observation. The procedure used here is to survey the rain
observations collected by TRMM and then seek a sufficiently close encounter (in space and time) with

QSCAT. Numerous events have been studied with similar results.

A good example is an event of July 20, 2001 in an ocean region west of Nicaragua. A section of
the hourly segment corresponding to 12:05Z is extracted from the TRMM data image (Figure 4). The
features here are typical of many other observations. Relative small clusters of high rainrates, often
exceeding 7 mm/hr, occur in areas of 1-to-2 degrees latitude and longitude. These are imbedded in

much larger regions of lower rainrates.

A QuikSCAT orbit co-location was observed at 12:00Z, but with an oblique swath that covered
only the region east of -99° longitude, and slanted to exclude some of the section below 8.5° latitude.
The higher resolution of the QSCAT L2A data (the highest level data set containing backscatter ‘
observations) are used to estimate mean rainrates in 0.25° cells, using the Z-R relation discussed
above. The rain rates are averaged again to create a matching 0.5° cell rainrate. Therefore, a sub-region
of the rain seen by TMI (Figure 4) is plotted in Figure 5 (upper graph) for comparison with the new
SeaWinds rain estimates in an identical region in the lower graph. The scatterometer rainrates (lower
graph) are seen to provide a very similar spatial image of the rain occurrence and intensity. Some
limitations are that the scatterometer may not detect some of the lower rainrates detected by TRMM,
but this appears to be minor shortcoming. A point-by-point scatterplot of the TRMM versus QSCAT
rainrates (Figure 6) shows those data points where neither has a zero value. The solid line indicates
perfect agreement and the dashed lines show the limits for differences that are less than a factor of two.
Clearly, most of the comparison points show that the QSCAT rain estimates are within a factor of two
of the TRMM values. A simple summation of all TRMM and QSCAT rainrates over the entire region
under study produces very close agreement (within 20%). This consistency will be useful if the two
data sets are combined for monitoring precipitation over the global oceans. The general agreement
between cell rainrates is better for those rainrates above 1 mmv/hr. Possible reasons for disagreements
at the lower rainrates are errors in either instrument at lower rainrates, variations in the height and

uniformity of the rain column, and variations in the drop size distribution.



V. SUMMARY

This study provides evidence on the capability of SeaWinds scatterometer to estimate rainrates
over the ocean. The relationships derived from empirical data are consistent with those used in radar
meteorology, and applied to weather radar and the Tropical Rainfall Measurement Mission (TRMM).
The principal algorithm was derived from collocated NEXRAD and QSCAT measurements. It also
exploits the differential reflectivity associated with moderate and higher rainrates. Analysis is
continuing to refine the features and quality of the algorithms for rain-flagging, and rainrate estimation
(Z-R formula), in the future. Attention will also be directed at situations with strong wind, and storm
conditions to test the usefulness and range of validity of this technique. Considering the wide swath of
the scatterometer and its global spatial coverage, future applications for global precipitation studies are
likely.
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FIGURE CAPTIONS

Figure 1. Composite reflectivity (quantized in 16 discrete levels of dBZ) derived from a six minute
scan by the WSR-88D NEXRAD at Wilmington, NC on Sept. 9, 1999. Buoy # 41004 is indicated by a
star symbol.

Figure 2. SeaWinds normalized radar cross section data (L2A files) vs. rainrate. Upper graph is V-pol
data, lower graph is H-pol data. All azimuth look angles are in forward direction. Rainrate is
determined from NEXRAD data shown in Fig. 1 (4 km resolution) averaged over a 28 km square areas
centered at each SeaWinds cell. All NRCS data celis used were within 250 km limits from NEXRAD,
shown in Fig. 1, and lay within a 150 km-by-150 km area. Winds: near buoy #41004 =3 m/s, at
eastern edge, at buoy #41002, =5.5 m/s.

Figure 3. Combined plot of V-pol and H-pol data from Fig. 2, limited to rainrates greater than 1
mm/hr. The differential reflectivity between H-pol exceeding V-pol is apparent, notwithstanding the
considerable scatter of each data set. A regression analysis of these two sets shows two different slopes
for each polarization.

Figure 4. TRMM-TMI rainrate (0.5° Lat/Lon bins) measurements over ocean, west of Nicaragua, on
July 20, 2001 at 12:00 GMT, within 5 minutes of a QuikSCAT overpass. The colorbar indicates rain
intensity.

Figure 5. Comparison between SeaWinds rainrate estimates averaged over 0.5° to match TMI, the data
of Fig. 4, which lie within the H-pol swath of the radar. Upper graph is the subset of the TMI
measurements of Fig. 4; Lower graph are the SeaWinds rainrates estimates, derived from the H-pol
data and a Z-R relationship derived from Fig. 2. The spatial pattern of rain detection by SeaWinds over
this ocean region matches TMI very well. Note upper and lower colorbars are not identically
calibrated.

Figure 6. Point-by-Point comparison of TMI rainrates versus SeaWinds rain estimates for cells shown
in Fig. 5. The log-log plot was chosen for wide dynamic range. The solid line indicates perfect
agreement, with the parallel dashed lines above and below indicating factor of two differences. A
majority of data point comparisons lie within the dashed lines.
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Filename: LTX19990909_1051_00.538 Date: 9 Sep 1999

Latitude: 33.59.20 Longitude: -78.25.44
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