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1. INTRODUCTION

During the first year of this project our main objective was to establish the statistical validity
of locating atmospheric fronts by flagging strong gradients in integrated atmospheric water
vapor (IWV) and rain occurrence obtained by analyzing data from the Scanning
Multichannel Microwave Radiometer (SMMR) on the Nimbus 7 and Seasat satellites.
Sixty-five cases of swaths over the oceans in both hemispheres were studied and the
limiting values for the gradient in IWV and the value of the 37 GHz brightness temperature
(related to rain occurrence) which locates fronts were established (Katsaros, et al., 1988a).
An article has been produced for the Journal of Weather Forecasting (Katsaros, et al.,
1988b) which has been conditionally accepted pending revisions. In the second year of
this contract our objective was to make a preliminary investigation of how the experience
with SMMR data translates to data from the operational Special Sensor Microwave/Imager
(SSM/T). This instrument is on the Defense Meteorological Satellite Program (DMSP) F8
satellite Jaunched in June, 1987. Its three lowest frequencies correspond to the three higher
ones of SMMR, which are the ones employed for the work covered in our First Annual

Report (Table I).

This year's report is more limited in scope than the first year's. The First Annual Report
covered work performed over a 15-month period, since at the end of that time we had
reached a natural break point, having finished the work with SMMR data. In the remaining
9 months of the second year we have acquired SSM/I tapes from E. Francis and F.J.
Wentz* by duplicating their compact format tapes here at the University of Washington ,

and have applied the algorithms delivered by the Hughes Aircraft Co. with the SSM/I

* Remote Sensing Systems, Inc., Santa Rosa, CA.



instrument (Hollinger, et al., 1987) to case studies of storms in the North Pacific and North
Atlantic Oceans. We have looked mainly at integrated water vapor (IWV), integrated cloud
liquid water (ICLW), rain occurrence and surface wind speed. Because of the recent
launch of the DMSP F8 satellite, only data from the month of October 1987 were available
to be included in this study. We have adapted our gradient and rain flag subroutines to the

SSM/I, and have evaluated thresholds for this new sensor.

Table 1. Characteristics of the Two Polar Orbiting
Radiometers - SMMR on Seasat and on
Nimbus 7 and the SSM/I on the F8 DMSP Satellite

MMR SSM/I
APPROX. APPROX.
FREQ. RESOLUTION FREQ. RESOLUTION
GHz (km) GHz (km)
6.6 150 - --
10.7 100 -- --
18 65 19.35 55
21 60 22.235 50
37 35 37 35
- -- 85.5 15
Swath Width: Swath Width: 1400 km
Seasat: 650 km
Nimbus 7: 780 km
Period of Operation: Period of Operation:
Seasat: July-October 1978 July, 1987 - Present
Nimbus 7:  October 1978-
Fall, 1987

In Section 2 we describe the procedures and the algorithms used, and the necessary
modifications to our previous flagging routine that is now based on SSM/I data. In Section
3 we present our results by taking the reader through several case studies. In Section 4 we

discuss the implications of our work for future use of SSM/I data.



2. ANALYSIS PROCEDURES

2.1 Data Source

SSM/I antenna temperatures were obtained in the form of compact-format 6250 BPI digital
tapes from Remote Sensing Systems, Inc. These tapes each contain four full days of
global SSM/I data. Computer subroutines were provided with the tapes to unpack logical
data records and to convert antenna temperatures to brightness temperatures (Tb's). A
report by Wentz and Francis describing both the contents of the tapes and the

accompanying decoding procedures will appear in early 1989.

Some hardware-related difficulties were initially experienced in reading and copying the
data tapes, apparently due to the large physical record size of these tapes. Although we
were able to improvise a temporary "fix" for this problem, a satisfactory permanent
solution is still being sought, with the cooperation of both the system administrator of the

department's Prime minicomputer and the computer's manufacturer.

A major component of our efforts to work with the new SSM/I data has been the
development of local software packages for interactive screening, display, analysis, and the
plotting of various SSM/I derived parameters. This project is nearing completion and has
reached the stage where these data can now be quickly and efficiently searched and

processed. The cases discussed in this report represent some of the first results.

2.2 Algorithms

The SSM/I was delivered to the U.S. Navy from the Hughes Aircraft Company with a set
of algorithms for calculating various parameters (Hollinger, et al., 1987). Since our task
was to evaluate the performance of the system, we employed these algorithms, even though
predictions had already been made that improvements would be needed (Wentz, et al.,

1986). This prediction is not surprising since a long time had passed between the design of



the sensor and its algorithms in the late 1970's to the launch in 1987. A better algorithm
has been proposed (Wentz, et al., 1986), particularly for wind speed. At the University of
Washington we are also developing new algorithms for ocean surface parameters (sea
surface temperature and wind speed) and for the atmospheric water parameters, integrated
water vapor (IWYV), integrated cloud liquid water (ICLW) and rain rate (G.W. Petty, Ph.D.
thesis work). Since these algorithms are still under development, we have used mainly the
Hughes algorithms for this work, but a few examples of storm analyses that depend on

some use of the experimental algorithms are included.

The following parameters are calculated using the Hughes algorithms, which consist of
linear combinations of brightness temperatures from up to four SSM/I channels. The
channels used, and their season- and climate-dependent coefficients, are given by

Hollinger, et al.(1987).

Integrated Water Vapor (IWV): Preliminary evaluations by other investigators
(e.g., Alishouse, personal communication, 1988) suggest that this parameter is
retrieved quite reliably by the SSM/I in midlatitude zones, with errors of less

than 10%.

Integrated Cloud Liquid Water (ICLW): Qualitative patterns generally look
reasonable, but the frequent appearance of negative values suggests a bias in the
retrieved values. In situ verification of SSM/I cloud water retrievals over the

ocean has not yet been reported.

Wind Speed: Early experience with this parameter suggests the possible
presence of a positive bias of order 5 m/sec. Further verification is necessary.

Errors become large in the presence of rain and large cloud liquid water content.



The remaining parameters are obtained using experimental, in-house algorithms:

Rain Occurrence: Brightness temperature for the 37 GHz, horizontal
polarization channel of the SSM/I increases dramatically in the presence of rain
over the ocean. A threshold of 200 K appears to be a reliable indicator of rain
600urrencc. This value is slightly larger than the 190 K threshold used with
SMMR data in our previous report, attributable to the greater incidence angle of
the SSM/I. The incidence angle, i.e., angle between the local vertical and the
direction to the satellite instrument, was 50° for the Nimbus 7 SMMR and is 53°

for the SSM/I. Greater incidence angle results in a longer path through the rain.

Scattering by large ice particles: The short wavelength of the 85 GHz channels
make them sensitive to scattering by precipitation-size ice particles. These
particles appear to be associated primarily with regions of enhanced vertical
motion and precipitation in midlatitude cyclones. The scattering signal is found
by an index, S, which depends on the 85 GHz brightness temperatures in

vertical (Tgsy) and horizontal (Tgsy) polarization:
S = -0.12 Tgsy + 0.064 Tgsy +15.5

The physical motivation for scattering-based precipitation indices like the one
above is outlined by Spencer (1986). In this report we have used data from the
first four months of SSM/I operation. The Tgsy channel developed gain
problems some time into the mission (C. Crosiar, personal communication).
We are not at present fully informed of the magnitude of the problem, or if
corrections can be applied. Therefore, this channel should be used with

caution.



Water vapor gradient flag: Scalar water vapor gradient is calculated for SSM/I
water vapor fields as described for the SMMR in our first report. Due to the
higher spatial sampling of the SSM/I, it was necessary to modify the smoothing
procedure in order to obtain results comparable to those from the SMMR.
Instead of a median filter with a 3 x 3 pixel window, as was used for the
SMMR, a moving-average filter with a 5 x 5 pixel window was used. The
larger window permits smoothing on a similar scale (approximately 150 km) as
was used with the earlier sensor. The calculation of a mean instead of a median
for the 25-pixel window has the advantage of being computationally much
simpler and does not appear to substantially alter the results. In a further
modification of the earlier SMMR gradient algorithm, geometric factors are used
in calculating the gradient components in order to correct for the noncartesian

geometry of the SSM/I data arrays.

In order to test WVG and rain occurrence flags, several threshold values were tried. For
the water vapor gradient (WVG) values of 0.06, 0.10 and 0.12 kg m-?/km were tried. The
lowest value (0.06) corresponds approximately to the optimum threshold which we
established in our earlier work with the SMMR. Figure 1a, b, ¢ shows the fields of the
WVG flag produced with these three different values of the threshold for one well
developed frontal region. All values of the WVG greater than the threshold are flagged.
The surface location of the fronts on Figures 1a, b, ¢ have been advected from the position
on the National Meteorological Center (NMC) analysis for 18 UTC. It appears that the
value 0.10 kg m-2/km outlines the frontal zone, but does not flag extraneous regions,
except that occasionally the southernmost side of the pre-cold frontal maximum in IWV has
as sharp a gradient as the postfrontal side, particularly far from the low pressure center near

the tail of the cold front.
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The rain occurrence flag was also tested for three values of the threshold: 190°, 200° and
205°K. For SMMR we had used a threshold of 190°K. Figure 2 shows the rain flag for
the frontal system shown in Figure 1. The choice of a threshold value for SSM/I was made
subjectively by inspection of several frontal zones and by comparison to the appearance of
similar cases studied with SMMR data (Katsaros, et al., 1988a). In the cases presented

below, a threshold of 200°K was used.

Before calculating wind speed with the Hughes algorithm we blocked out regions where
calculated ICLW content was greater than zero, since the wind algorithm fails where ICLW
dominates the emission. Because of the previously discussed negative bias in the ICLW
estimates, our use of zero ICLW to screen out contaminated wind estimates is not nearly as
conservative as it seems, but rather represents an unknown positive threshold of actual
water content which seems, fortuitously, to reliably delineate problem areas in the estimated

wind speed field.

3. RESULTS

3.1 Case Studies from the North Pacific Ocean.

October 25-26, 1987

A mature cyclone with low pressure center at 45°N, 168°W is seen in the surface analysis
by the National Meteorological Center in Figure 3a with the associated GOES infrared
image in Figure 3b. Figure 3c shows the IWV contours with the frontal position analyzed
by NMC for a satellite pass close in time to this analysis. The two consecutive satellite
passes of the region are seen in Figures 3d and e. Figure 3f shows the WVG flags for the
three SSM/I swaths at 05:23 UTC on October 25, and at 05:07 and 14:58 UTC on October
26.
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By our flagging criterion the NMC analysis in Figure 3c shows the cold front 2-3° of
longitude too far westward. The positions of the front which we infer from the WVG are
dashed in Figures 3c and f. This position is corroborated by the rain flag pattern in

Figure 3g.

October 29-30, 1987

This case has been included to illustrate how well frontal zones are located with the WVG
and rain flags, and how the improved sampling by SSM/I over SMMR allows one to
follow the development and advance of weather systems as they cross the Pacific Ocean.
Figures 4a, b, ¢ show the contours of IWV for three orbits over a 22 hour period; note that
swaths are not equally spaced in time. The superimposed frontal analyses are taken directly
from the NMC analyses with interpolation to the time of the overpass. Figures4d and e
show the corresponding WVG and the rain flags for the three orbits. An adjustment of the
position of the triple point between cold, warm and occluded fronts for 19:24 UTC on
October 29, seems warranted based on the rain flag, the new position being at 50°N,
160°E. The new position is not in disagreement with the WVG-flags, since they do not
outline this region of the frontal system at all. The new position of the triple point would
be showing a more consistent movement of the frontal system with time. Otherwise, an
unrealistic 15° longitude jump in position is implied between October 29, 19:24 UTC and
October 30, 07:41 UTC. The frontal position at this latter time also appears to require a
slight adjustment (this time, to the west), when looking at the WVG-flag, but the rain flag
is in agreement with the NMC position. Inspection of the contours of TWV in Figure 4b
reveals that probably the true frontal location is slightly eastward of the NMC analysis and
that a slightly lower threshold for the WVG-flag would have flagged this region.
However, if a lower threshold for WVG flags had been used it would also flag more of the
opposite side of the maximum in IWV (a little line of WVG flags is seen at 43-45°N and
173°E, which belongs to the October 30, 07:41 UTC orbit).

13
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We must also keep in mind that the NMC frontal position has been interpolated to the time
of the overpass by the satellite. The main point to be made is that IWV contours, WVG
and rain flags give a special view of the position and shape of this frontal system. The
third orbit at 17:31 UTC on October 30 shows perfect agreement between the NMC frontal
analysis, the water vapor gradient and rain flags. However, an additional region of strong
water vapor gradients is flagged at 180°E between 41° and 46°N. Such secondary regions
of WVG flags were seen in SMMR data, but appear to be more common in SSM/I data. It
may, therefore, be necessary to include a directional criterion with the WVG-flag, as
suggested by Katsaros, et al. (1988a). Only regions whose gradient vector has an
equatorward directed component of the proper sign would be used for flagging fronts
(positive in the northern hemisphere, negative in the southern hemisphere). In this
particular case, combination of the WVG and rain flags allows one to distinguish which of

the two regions flagged by the WVG-flag locates the frontal system.

3.2 Case Studies from the North Atlantic Ocean

October 15, 1987, 19:16 UTC

This case is of special interest because it shows a low pressure center that was to deepen
and become a dramatic storm over England on October 16. It was also not well forecast by
the British Meteorological Office. In Figure 5 a swath over the region just west of Europe
shows the appearance of a frontal system in several of the parameters derivable from
SSM/I. The water vapor contour pattern (Figure 5a) shows strong gradients at the leading
edge of a cold front (which even after advection of the NMC analysis to agree with the
overpass time appears to be located about 1° longitude too far west). The water vapor and
rain flags (Figures 5b and c) locate the cold front beautifully (after account has been taken
of the slightly too slow advection) all the way from 33°N to the Bay of Biscay. In the
North Sea, both the water vapor gradient flag and rain flag suggest that the frontal analysis

is in error. The apex of the northernmost wave appears to be at 54°N, 0°E rather than 3° or

16
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4° farther north as indicated. According to Figure 5a, it appears that the warm front should
be running SW to NE about 5° farther south than the NMC analysis indicates.

The 85 GHz scattering map seen in Figure 5d corroborates this interpretation, since it
shows a region of strong signals associated with our estimated position of this wave,

which is almost as large as the region associated with the mature cyclone south of England.

Figure Se depicts SSM/I estimates of scalar wind speed associated with this storm. Since
the cyclone was observed only a few hours before moving into Southern England and
bringing with it a wind storm of record-breaking intensity, the performance of the Hughes

wind speed algorithm in this case deserves particular attention.

In Figure 5(¢), the ICLW estimates have been used to identify and blank out regions where
the wind speed estimates are likely to be significantly contaminated by liquid water in the
field of view. Obviously the winds in some of the most interesting regions of a storm are
lost. Nevertheless, the picture that remains contains several interesting features. As one
would expect, the wind speed increases towards the front, and is strongest in the Bay of
Biscay, near the center of the low. Qualitatively, this pattern is entirely consistent with the
detailed 18 UTC surface pressure analysis produced by the British Meteorological Office

(not shown).

The maximum SSM/I wind estimates for this storm are in excess of 25 ms-1. Given the
20 ms-! sustained winds and gusts to 40 ms-! that affected inland areas of England a short
time later, the SSM/I values are quite plausible. Unfortunately, because we do not have
ready access to ship reports of wind speed in that region, it has not yet been possible to

directly corroborate the absolute magnitudes of the wind speed. Under more ordinary
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conditions, it has been our subjective impression that the Hughes algorithm tends to

produce wind speeds which are biased high by about 5 ms-1.

In the easternmost half of the Bay of Biscay, a sharp gradient in SSM/I wind speed
appears, with the highest estimates appearing on the downwind side of the bay. The
pressure analysis, however, shows a uniform gradient with straight isobars oriented SW-
NE over the region, suggesting that the winds should be fairly constant. Because the wind
speed algorithm actually responds directly to sea surface roughness and merely interprets
the observed roughness in terms of wind speed, it may be surmised that the gradient is in
fact a consequence of variations in the surface roughness due to factors other than wind

speed alone. For example, the gradient in the SSM/I wind speed coincides app'roximately

with the location of a marked decrease in the depth of the bay, so that the sensor may in fact
be responding to the steepening and breaking of low-frequency gravity waves moving onto
the coastal shelf. It could also be necessary to have an open-water fetch of order 100 km or
more in order to fully develop that aspect of the surface roughness responsible for the
signal sensed by the SSM/I. Since neither the interaction between wind and waves nor the
response of microwave emission to surface roughness is well-understood, any such

interpretation must be considered speculative.

Another region of large SSM/I wind speed estimates (15-20 ms-1) appears behind the cold
front, in the vicinity of 43N, 15W. The highest speeds appear in close association with a
pattern of deep convection within the cold air mass, as indicated by the appearance of
blanked out clusters of pixels resulting from the ICLW screening. The presence of the
deep clouds raises questions about the reality of the SSM/I winds in this area. On the one
hand, it is possible that the more intense convective instability behind the front is indeed
associated with the strongest surface winds in the cold air mass, due to more efficient

momentum exchange through the boundary layer or for any of a number of other reasons.
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On the other hand, there is the ever present spectre of rain contamination of the wind signal
~onvective elements too small to detect and screen out with only the low resolution

channels of the SSM/I.

October 16, 1987

This case shows our, by-now-classic appearance in the integrated water vapor pattern
(Figure 6a) of a cold front between 31° and 37°N. It is flagged by the WVG and rain flag
and appears in the 85 GHz scattering map (Figures 6d). A new cold front at 10-15°W, 40-
47°N does not have a signal in the water vapor field, the WVG flag, or the rain flag.
Interestingly, however, the 85 GHz scattering map (Figure 6d) shows activity at this cold
front and west of it, with another strong activity center at 50°N. The NMC surface
analysis shows only a weak pressure gradient with no trough or developing depression; so,
we attribute these signals to convective clouds. The wind speed map for this case (Figure
6¢) shows strong winds, 15-20 ms-l, in the whole region where the 85 GHz scattering
indicates deep convection and, additionally, south and west of the tail and at the northerly

cold front at 40°N, 15°W.

October 17, 1987

An occluded front is seen between 45° and 50°N at about 23°W. This front has only weak
water vapor gradients associated with it (Figure 7a), and no WVG-flags occur for a
threshold of 0.1 kg m-2/km. The rain flags, shown in Figure 7b, do not outline this front
either, but a broad region of distributed precipitation is flagged a substantial distance to the
east of this occluded front. The 85 GHz map, Figure 7c, and the liquid water map, Figure
7d, both show this broad region of hydrometeors from 45° to 53°N and from 10° to 20°W.
The 85 GHz pattern is particularly interesting, showing regions of intense scattering, which
appear to line up in a band stretching from 43°N, 23°W to 50°N, 17°W. The associated

weather map, Figure 7e, shows no special features except a weak trough in the general

21



*03ed 3uimol[oy ayp uo e 99 pue pg samSr "aapun(g Jo AusIdAtu) ayl 1k SutrosuiSuy (eI
Jo wownredaq ay1 £q paonpoid a8ewr ue st 59 21nSr] ‘sp[ayy 9yl Jo isowr ut Juaredde 10U ST M P 01 o] | WOL PUE N,/ O
o0p Woly U0l PIod 3Y1 18Y) AION DL 00:90 e SisA[eue DIAN 24} WoIj paurelqo uadq aaey suonisod [eiuoyy pasodwiradns
Y1 (q) pue (B) Ul "6991# 1GIO ‘DLN SH:90 18 L86T ‘91 1290100 ‘I/INSS 84 dSINA ‘1uoyy pjod jo e, *(3)-(e)9 a.ndiy

RS lg_ BF 1°0) 10 BTIRA PIousarqy fog peyiord _m Ay up Jodea Jelwa paiwaBeiul (e)

Bepj juajpeld Jodea J83EN (q)

TOLN ZPiIPO ‘9T 129q03ID0 JI0F URSDO DTIURIIV YIION r

ay3 Jo abeuwt I3TTI23IeS PaIeIFUT §-YVON (o)

T MOT

22



“MI1A JO p[oly oy Ut 13jem pInbi pnopd £q pateurueIuod A[519A3S 9q pinom SIRWNISY P3ads puim o a19ym panwo
u33q 2aey switod eep (3) up "DLN (0:90 I8 sisk[eue DN 2y W01y PuIL1qo u33q 2Aey suonisod [eiuoyy pasodwadns
Ul () puk (P) Ul "6991# N1GIO DLN SH:90 I8 L8 91 1990100 ‘I/INSS 84 dSWA U0y P[od Jo [1ef,  *(3)-(P)9 aundiy

spasds putA IayBiy ajeaTpul suotfaa ABIIROE IS rall a39ITpul suojlaz Jayiep asagm
124 INp FIIYA PUTM S2I9JING (&) [auuey> THO G4 8yl Aq peinsedw sv BUjIsyiwdg (p)

— 3 G e

23



(a} Integrated water vapor in kg 2 {b) Rain occurrence ‘'t
based on Ty,7y threshold of 200 K

a,/ A
fou.' ) ﬁS

- i BRI (i |
: 25W  Zow i15W 1uv--w51'l1—‘
3 \I ; T
- I - \ ‘ o
5"‘&.-.-____ T s g .,‘: e, Jio -Tr
{c) Scattering as measured by the 85 GHKz channel (d) Integrated cloud liquid water

where darker regions indicate greater scatter where darker regions indicate larger values

Figure 7(a)-(d). Convective region ahead of frontal system, DMSP F8 SSM/I,
October 17, 1987 at 06:35 UTC, Orbit #1683. In (a)-(d) the superimposed frontal

positions have been obtained from the NMC analysis at 06:00 UTC. Figures 7e and
7f are on the following page.
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vicinity, but the closest satellite image in time, Figure 7f, obtained several hours later
shows a large cloud mass east of 20°W. Further investigation is required to ascertain

whether the SSM/I data were harbingers of rapid development of the trough.

October 18, 1987

Figure 8a shows the water vapor pattern associated with this frontal system. A typical
post-frontal gradient is seen, and readily caught by the WVG-flag at the tail position
(Figure 8b). Closer to England the threshold appears to have been too large to locate the
front, however. The rain flag, Figure 8c, gives no doubt where this front may be found,
and the 85 GHz pattern outlines not only the cold front, but also the occlusion, giving a
strong hint that, if the occlusion is associated with a spiral cloud band, NMC has drawn it

in the wrong place (Figure 8d).

The surface wind speed associated with this case shows maximum winds of 15 to 20 ms-!
west of Ireland; these speeds are supported by the NMC surface map that shows a station
with a wind speed of 17 ms-1 at 54°N, 15°W (Figure 8¢). The 85 GHz pattern shows
activity only in the northerly portion of this region, so we don't expect much contamination
of the wind speed estimates. The same may be true in the Bay of Biscay. The high wind
speeds and 85 GHz scattering just south of Iceland are associated with the cold front of an
old system that shows no strong gradients in the IWV pattern, nor does NMC draw a front
in that region of the SSM/I swath. Whether 15-20 ms-! winds occurred south of Iceland at
this time cannot be readily verified. The NMC surface pressure analysis for 06:00 UTC
shows a weak pressure gradient in that region; to the north and to the south the pressure
gradient is about twice as strong. It appears that the SSM/I wind speeds could have

improved the surface pressure analysis in this case.
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October 19, 1987

Twenty-four hours after the previous case this occluded frontal system still shows a sharp
gradient west and south of England (Figure 9a). The WVG-flag outlines this front (Figure
9b), as does Integrated Cloud Liquid Water (Figure 9¢c). The interesting feature of this case
is the appearance of enlarged regions of integrated cloud liquid water, where a wave is
apparently developing along the cold front at 47° N, 8°W, and where a new low with an
associated trough is analyzed at 50°N, 14°W. A second feature of interest is the support of
the analyzed "trof" at 45°N, 12°W by a relative maximum region of = 20 kg m-2 in the

water vapor field (Figure 9a).

4. DISCUSSION

Our impression from the cases studied using SSM/I data is that this new instrument
performs very well, indeed. The wider swath, twice that of the SMMR, and the
continuous operation (compared to every other day for SMMR) insures that the SSM/I data
will provide a tremendous improvement over the SMMR data for studying midlatitude
cyclones over the sea. We do not observe any obvious large errors in the SSM/I data
analyzed with the Hughes algorithm, but we have not attempted a validation effort, since
that is being carried out expertly elsewhere (Hollinger, 1988, personal communication).
The view that SSM/I presents of midlatitude cyclones is unique and detailed. Mesoscale
features such as frontal waves and rain bands, dry slots and convective activity are readily
recognized in the IWV, ICLW, rain occurrence and 85 GHz scattering patterns, and their
location and areal extent can be ascertained. These features could undoubtedly be used to
advantage by forecasters in improving short range forecasts, if they were available in near

real time. At present, they can be used for research on midlatitude cyclonic storms.
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That the threshold value for flagging fronts is larger for the SSM/I data than for our SMMR
data is at first surprising, since the information is in terms of geophysical units, and the
magnitudes of the water vapor should be invariant with the sensor. We have found that the
IWYV gives a strong and robust signal. However, the data sampling and processing for
each sensor is handled differently. The brightness temperature channels used for water
vapor estimates from the SMMR were first regridded onto a rectangular array with grid
spacing of 60 km; the SSM/I data, on the other hand, are used directly at their original
sampling density of one pixel every 25 km. The regridding of the SMMR data entails
spatial averaging which leads to some degradation of the resolution. Thus, although the
nominal spatial resolution of the water vapor sensitive channels on each sensor is similar --
about 50 km, the effective resolution is poorer for the SMMR (no better than 60 km). In
addition, SSM/I gradient values are calculated from pairs of points which are separated by a
much smaller distance. As a consequence of both of these facts, a very sharp gradient of
limited spatial extent is more faithfully reproduced in the SSM/I data than in the SMMR
data. This might normally be interpreted as giving an advantage to the SSM/I, but the
undesirable result is that small but sharp variations in the water vapor field which have
nothing to do with fronts are flagged by the SSM/I, when they would be ignored by the
SMMR. Simply increasing the threshold used to flag fronts cannot completely alleviate the
problem. Possible remedies include smoothing the SSM/I field with a larger window
before calculating the gradient and/or calculating the gradient between more distant pairs of
points. We are still experimenting with all of these options to find a procedure which most

effectively and reliably locates fronts without raising an undue number of false alarms.

As discussed earlier, the water vapor gradient flagging routine for locating fronts
occasionally identifies large water vapor gradients at locations other than in the immediate
vicinity of a front. Thus, when the present form of the algorithm is used in isolation, there

is some chance that a front may be diagnosed where no front is actually present. In most
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cases, the greatest potential for this kind of error appears to occur 100-1000 km ahead of a
cold front, where the very moist air mass on the warm side of the front may form a
relatively sharp boundary with the dry air associated with the neighboring high pressure

region farther downstream. An example of such a case was seen in Figure 1.

On average, the value of the WVG appears to be somewhat lower at such a boundary than
along a true front, but sometimes, the WVG values found in such cases may exceed those
found in a true front having only weak gradients. Thus, although increasing the WVG
threshold might help to reduce the number of false alarms, it would also reduce the number

of correctly identified fronts.

When the SSM/I WVG flags are plotted, the above-described "false alarm" condition
usually appears as a narrow secondary line of flags roughly parallel to and ahead of the
legitimate cold front. Such a double row of flags should always be considered suspect,
unless there is other evidence supporting the presence of two cold fronts in close proximity
to each other. An example of such evidence is the rain flag. Quite often, rain will be
prominent along and just ahead of the true front, but it will seldom appear near a false front

identified by the WVG flags.

To help alleviate the problem of false-positive diagnoses in a semi-automated environment,
a more sophisticated WVG flagging algorithm can be envisioned in which directional
information is exploited. Typically, the water vapor gradient vector (i.e., the direction
along which the IWV increases most rapidly) is oriented approximately perpendicular to the
front and directed toward the warm sector of the cyclone. For example, if a cold front in
the Northern Hemisphere is oriented northeast-southwest (a very common case), the WVG
vector is directed approximately southeast. On the other hand, most of the "false fronts"

that we have seen flagged by the WVG routine have been associated with larger IWV
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values poleward and westward of the WVG flags. Very few true fronts appear to exhibit
this orientation. Thus, it seems probable that, by excluding from consideration water vapor
gradients having both a westward and poleward component, the number of false-positives

may be drastically reduced without greatly reducing the number of correctly flagged fronts.

The actual implementation of such an algorithm is straightforward. Indeed, the calculation
of the orthogonal vector gradient components of the IWV field (relative to the axis of the
satellite swath) is already performed as an intermediate step in calculating the scalar WVG.
By keeping the cross-swath and along-swath gradient components and then rotating these
into the geographic coordinate system, a scalar WVG exceeding the threshold can be
further screened for poleward- and westward-directed components. If both are present,

that flag would be discarded.

When advocating the practical use of SSM/I WVG-flags and precipitation flags for locating
fronts, we don't mean to imply that with typical operational data available, an experienced
forecaster could not usually have located the front as well. The particular value of the
WVG-flag, we surmise, is that it is totally objective (once a threshold has been established)

and it can be readily made available with very little sophistication in computer support.

Integrated cloud liquid water, ICLW, and 85 GHz scattering by large ice particles are two
parameters that show promise for diagnosing developing waves, intense convection and
storm intensity. When identifying cloud and rain features it is likely that the resolution of a
particular satellite sensor must be carefully considered. In context of measuring cloudiness
and rain from space, Gabriel, et al. (1988) discuss the dependence of critical measures of a
radiation field on the resolution of the remote sensors and suggest that resolution-

independent models in terms of "continuous multifractals” allow later development of
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optimal sampling, averaging and calibration procedures. These are interesting concepts to

pursue, but beyond the scope of this research.

The wind speed calculated with the Hughes algorithm shows features that appear to be
realistic by comparison with weather maps. However, once the regions of the swath have
been eliminated, where rain contaminates the wind speed algorithm, most of the interesting
parts of weather systems have been lost for wind speed determination. However, cols and
high pressure regions, and regions of high wind speed away from fronts, can often be
quite well defined with the surface wind determination. This feature may be very helpful
for surface pressure field analysis over remote oceanic regions, and could thereby become
valuable for weather forecasting, even though these regions do not themselves represent

dangerous or dramatic weather conditions.
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