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Improve the Navy’s real-time sumtance and target assessment in critical globalrenments
through the use of radar remote sensing.

OBJECTIVES

Using techniques and facilities in the Enovimental Research LaboratorieNSAA, determine

the relevance of new advances in remote sensing to Navy needs by accomplishing the following:
(1) Develop and test the theory relating temperature and humidity gradients (and, therefore,
refractive index gradients) to the momarformation contained in the radar Doppler velocity
spectra sensed by radars (Gossard @98R, 1997, 1998a). (2) Develop and test the theory for
extending the radar observation of cloud drop-size distributions to the small drop domain of the
spectra where the past retls fail lecause of the smallop sizes (Gossard et al. 1998b). (3)
Conduct experiments to test the validity of altgentheoretical concept$4) Work closely with
experts from Navy laboratories to examine the fdagibf incorporating radar remote sensing

of the lower atmosphere into Navy operational procedures. Fifty percent of this work is
supported by thelOAA/Environmental Technology Laboratory.

APPROACH

Stateof-the-art radar falities to sense remotely theotid environment and the clear air
environment have been designed and coattduat the Envonmental Technology Laboratory

in Boulder. These fdlties offer the opportunity to test the applidép of various remote

sensing techniques to Navy problems without the expense otatimdj the faiities in the

Navy. The theoretical approaches to theesttbgre given in the references. The experimental
approach is to cact data in pproprate envionments where ateorological conditions vary

over a wide range and are predictable. (Data on stratus and drizzle have been collected with an
8-mm-wavelength radar in the Azores in ASTEX and with a 449 MHz windipgafadar in San

Diego in a joint experiment with the Naval Command Control acel® 8rvellance Center.

WORK COMPLETED
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An article titled “The potential of 8-mm radars for remotely sensing cloud drop-size
distributions,” by Gossard et al. 1997, appeared in JTECH. It describasilioveter
wavelength radars can remotely sense drop-size information even into the nonapreggize
regime.

RESULTS

During this period, a significant breakthrough occurred while analyzing the radar wind profiler
data and batlon chta collected at Point Loma in Octold&95. The results suggest that height
profiles of radar refictive index can be monitored by GPS andréase-based wind profiler.
These data were analyzed in the time period of tpisrteand led to an article by Gossard et al.
1998 in JTECH to appear in January In this experiment the zeroth and second moments of the
radar Doppler spectra were examined in addition to theneentional first moment winds. In this
experiment the balloon temperature and humidittadvere compared wittrofiler-retrieved
refractive-index gradient data, as described in earlporte to ONR and Naval&@an Systems
Center (NOSC) based on results of Gossard et al. 1982. According to the théory, C is
proportional to the square of the height-gradient ofuative-index. Theffere, since ¢* is
proportional to the backattered power sensed by the radar, the radar can, in prifcimplée
profiles of the square of the rafitive index gradierihote the loss of sign due to the squaring).
Until now, it has been assumed that Doppler radar wind profilers could only provide profiles of
the gradients, not profiles of rafitive index. However, the new availdp of GPS-measured

total precipitable water y®r, (pwv), (and total refictive index) allows radar-sensed gradients
to be integrated with the constraint that the totals equal thasd from GPS and initialized

with the measured value of surface refractive index. Some résuftshe Point Loma

experiment are shown in the attached figures. In these figures thenbadles to a height of 2

km in roughly 10 minutes. During this time the radar cycles through its five beactiatis (N,

S, E, W and vertical) three times, collecting wind and backscattér (C ) data. The three solid
profiles are the radar-measured potentiabetfve index (N )found by constraining the totals to
those measured by GPS and using the surface valug of N to initialize the iotedradise

radar profiles are in a sense simulatioasduse the sign of the radar-sensed gradient is taken to
be that of the balloon sounding, which would not be knownactpre. This is a serioygoblem

in some weatherlimate mnditions, such as southern California, where humiditasionally
increases with height. However, the figures demonstrate the potential accuracy ohiba ifnet
operated near a weathafice where a mateorologist is available to analyze frontal situations, or
where regional balloon soundings are availablected layers of increasing humidity gradient.

IMPACT

The fleet can now monitor radar refractive-ingeafiles aloft with a ship-based wind profiler if

it wants to, but it would have to pay the price in money and maintenance complexity. Because
GPS willprobably not be able to provide pwv with a moving shipboacéiver, it would

presently be necessary to get the equivalent information with a shipboard microwavetadiom

TRANSITIONS



Microwave radiometers are fairly expensive and require special maintenance. However, it
would probably be @cessary to have only one profiler system for any normal task force.
Planning and cost benefit studies should be done now, and alitgasildy should be inidited
aimed at optimum location of a suitable phased array antenmaged spce (the helipad?).
Final decisions about profiler deployment in theeeflmay depend on théneate and refractive
conditions in critically stitegic areas of the world. We note that refractaedions are
especially severe in areas such as the Middle East where conditimatslogically similar to
southern California exist.

RELATED PROJECTS

This work has been dicted and monitored by thedpagation Division of NRaD at San Diego,
and is directly related to therwellance and target identdation systems being developed there.
It is directly related to alllgvellance, EMCON and target identftionprojects inDOD.
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