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Abstract :

| nt roducti on

Satel lite-based passive nicrowave radi ometers are uni quely capabl e of
measuring the three -di nensional structure of tropical cyclone warm cores by

virtue of their ability to sense tropospheric thermal structure in the

presence of non-precipitating, upper-tropospheric clouds. Dense cirrus cloud
canopi es often mask inportant structure and structure change features that can
provi de forecasters and anal ysts vital clues on tropical cyc | one position,

axi symmetry, intensity and intensity change. This report sunmarizes a four -
year, nulti-institutional (UMC MBS, USAF Acadeny, Naval Research Laboratory)
effort to develop a satellite - based passive m crowave tropical cyclone
intensity estimation technique usi ng NOAA- KLM Advanced M crowave Soundi ng Unit
tenperature (AVBU-A) and noisture (AMSU -B) sounder radi ance data. Research
results are quite prom sing and generally support the value of routine

eval uation and/or 1 ncorporation of AWVSU -based tropical cyclone intensity
estimates into the overall analysis, forecast and warni ng process.

Furthermore, the ability of near real -time AMSU-A and AMSBU - B observati ona
data to provide valuable quantitative information on tropical cyclone
position, structure, intensity and intensity change is noteworthy and deserves
recognition. This presentation will briefly discuss historical work, the
current AMBU al gorithm independent testing and lastly ongoing efforts to
transition capabilities into operations under the US Wather Research Program
(UWBRP) Joint Hurricane Testbed (JHT) initiative.

Backgr ound

The ability to renptely observe and characterize the three - di mensi ona
structure of tropical cyclone warm cores has inproved dramatically since | WC
V. The May 1998 | aunch of the first AMSU i nstrunent on NOAA -K (NOAA-15)
mar ked the 20th consecutive year of passive mcrowave tropical cyclone warm
core observations and heral ded a new era of higher resolution (horizontal and
vertical) observations. Kidder et al. (1978) first identified the utility of
55GHz-regi on passi ve nicrowave observations in detecting and nonitoring upper
tropospheric warm anomal i es acconpanyi ng tropi cal cycl ones using the Scanni ng
M crowave Spectroneter (SCAMS) on NIMBUS 6. Subsequently, nmany auth ors
(Kidder et al., 1978, Velden, 1983, Velden et al., 1989, 1991, Kidder et al.
2000, Spencer and Braswel |, 2001, Brueske and Vel den, 2002) have contri buted
substantially to our understanding of the overall utility -- and limtations -
- of satellite-based passive mcrowave tropical cyclone warm core observations
and intensity techniques. However, it has only been possible within the past
four years to renotely characterize the three -di mensional warm core structure
(Fig. 1) by virtue of inproved AVSU -A horizontal (48km near nadir) and
vertical resolution (15 channels ranging from23.8 - 89.0GHz) and reductions
in instrument noise.




Figure 1. A schenmatic diagramof a tropical cyclone (left) depicting a
mature vortex and warm core and the vertical cross-section of an actua
warm core (right) derived from AVSU- A radi ance data for Super Typhoon
Mtag (western North Pacific), 1017UTC 5 March 2002. An AMSBU- A derived
upper tropospheric warm anomaly of AT = 16°C exi sts near 250hPa while

strong cooling in the | ower troposphere (AT = -10°C) reflects strong
hydronmet eor scattering associated with intense convection in the inner

Despite inprovenents in AMSU-A resolution and radi onetric accuracy, hydro-
met eor scattering effects on 55GHz-regi on radi ance neasurenents continue to
limt our ability to precisely determ ne both peak upper tropospheric warm ng
anomaly (UTWA) strength and the structure of the inner core region. Left
untreated, |ower tropospheric hydroneteor scattering effects are particularly
troubl esome as they often mask the lowto-md tropospheric warmcore and can
occasionally reduce the magnitude of the UTWA owi ng to individual AVBU A
channel weighting function overlap. The former issue conplicates attenpts to
determ ne mninum sea | evel pressure (MSLP) hydrostatically while the latter

i ssue challenges attenpts to statistically relate UTWA strength to tropica
cyclone intensity. The need to account for tropical cyclone UTWA strength and
variability was noted very early by Jordan (1961) who found that |owto-md
tropospheric inner core region warmng could only account for 15-20% of the
observed MSLP variance. As a result, nost authors (Velden, 1989, 1991
Spencer and Braswell, 2001) focused on statistical, single-channel passive

m crowave tropical cyclone intensity estimation techniques based on the

appar ent governi ng dom nance of the UTWA conbined with forn dabl e hydronet eor
scattering effects.

Retrieval of Tropical Cyclone Intensity Using AMSBU Warm Core Chservati ons

In addition to hydroneteor scattering issues, Merrill (1995) denonstrated that
a passive mcrowave radioneter’s UTWA effective neasurenent accuracy is a
conpl ex function of several factors including (1) stormposition within the
radi ometer scan swath (@), (2) position of the UTWA within a radi oneter’s

i nstantaneous earth field of view (8) and (3) UTWA horizontal scale (Fig. 2).
Merrill proposed and devel oped the ' EXperinental Tropical Cyclone Retrieval
(XTCR) to explicitly nodel and renpve tropical cyclone UTWA scan geonetry-
related effects using a novel, nodified formof the Rodgers (1976) maxi mum
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Figure 2. Schematic diagramof a mature tropical cyclone with a UTWA at
approxi mately 250hPa. The degree of UTWA sub sanpling depends on severa
factors including scan angle ¢ and off-axis scan angle 6. As scan angle @
increases to a maxi num of 48°, AMBU- A resol uti on decreases from 48km (nadir)
to over 100km (limb) . A non-zero off-axis scan angle 6 between the UTWA
position and AMSU-A FOV center will also contribute to a reduced UTWA
magni t ude t hrough principles of diffraction. The nagnitude of these scan-
geonetry related effects (¢ 6) depends on tropical cyclone UTWA hori zonta

|'i keli hood regression technique commonly used to retrieve vertical tenperature
profiles fromsatellite based tropospheric radi ance observations. Wile

Merrill’s XTCR algorithmoffered early indications of promise, it proved to be
highly sensitive to accurate a priori specification of the UTWA hori zonta
scale — information largely unavail able at that time (ex. Defense

Met eorol ogi cal Satellite Program (DVSP) Special Sensor M crowave | mager
(SSM 1) 85GHz radi ance data, conmmonly known to provide detailed tropica

cycl one structure information, was not available for evaluation in near real-
time in the early 1990s).

Brueske and Vel den (2002) nodified XTCR for use with AVSBU- A including the use
of hydroneteor-scatter induced cooling in AMBU-B 89GHz nopi sture sounder

radi ances as a proxy for UTWA horizontal scale (Fig. 3). Dependent test raw
and retrieved AVMBU- A 54.9GHz UTWA regression coefficients (based on Iinb
corrected brightness tenperatures) were devel oped using near coincident AVBU A
and aircraft reconnai ssance MSLP observations in 1998/1999 (Table 1) and were
subsequently applied to predict tropical cyclone MSLP in 2000 using a

compl etely automated, fully objective processing schenme. |ndependent test
results were very encouragi ng; however, several unusually small and intense
tropi cal cyclones in 2001 cast doubt on the new algorithnis ability to
adequately quantify UTWA horizontal scale using AMSU-B 89GH (16km at nadir)
radi ance data. Based on the di sappointing 2001 results, the authors

i nvestigated use of Autonmated Tropical Cyclone Forecast (ATCF) radius



Fi gure 3.

Col or enhanced AMSU-B 89GHz (Il eft) and AMSU- A 54.9GHz

i mgery (right) for Hurricane Erin, 1718UTC 12 Septenber 2001. The
hori zontal scale and peak UTWA warmi ng is effectively constrained by
strong inertial stability within the eye wall region.

of maxi mumwi nd (RMN information as a proxy for tropical cyclone UTWA

hori zontal scale. Reanalysis of 2001 cases using ATCF RMWinformation led to
improved results with retrieved tropical cyclone MSLP superior to MSLP
estimates generated using raw AMSU-A 54.9GHz data. Furthernore, Kabat et al.
(2002) found that in approximately 30% of historical cases in which AVMSU-A
tropi cal cycl one UTWA observations were avail able (N=817), peak warm ng
occurred at an altitude (AMSU-A 55.3 GHz (Ch.8) or ~150hPa) above that used by
the retrieval (AMSU-A 54.9GHz (Ch. 7) or ~250hPa). Finally, the reanal ysis
results enphasi zed the known dependence of the retrieval on accurate a priori
UTWA hori zontal scale information, the ability of the retrieval to inprove
tropi cal cyclone MSLP estimate accuracy, and the emerging need for a nulti-
channel AMSU- A appr oach.

Year Error (hPa) Raw Ret (AMSU-B) Ret (ATCF) Dvorak N
2000 Mean 7.5 5.5 N/A 7.8 31
Std Dev 9.9 7.2 7.6
2001 Mean 10.4 11.5 8.6 4.8 63
Std Dev 11.1 12.3 7.1 4.1
Table 1. |Independent test results for the Atlantic Basin during 2000 and
2001. (A) ‘Raw indicates tropical cyclone MSLP estinmates generated using

AMBU- A 54.9GHz raw brightness tenperature (T,) anomalies and regression
coefficients, (B) ‘Ret (AMSU-B)' Indicates MSLP esti mates generated using
AMBU- A 54.9GHz retrieved T, anonalies, regression coefficients and AVSU-B
89GHz- deri ved UTWA horizontal scale paraneter, (C) same as (B) with the
exception that ATCF RMWval ues were used to specify UTWA hori zontal scale,
(D) 'Dvorak’ are Dvorak-generated MSLP-equival ent val ues.

Future Work

Based on four-years worth of AMSU-A warm core observations and i n-depth
anal ysis of retrieval algorithmperformance, a nodified formof the Brueske
and Vel den (2002) AMSU tropical cyclone intensity estimation retrieval is
bei ng enpl oyed in 2002. The new retrieval incorporates (1) ATCF RWV



information as a proxy for tropical cyclone UTWA hori zontal scale, (2) uses
mul ti pl e AMBU-A channel s (54.9CGHz and 55.3CGHz), regression coefficients and

|l ogic to accommodat e for upper- tropospheric warmcore variability, (3) and
uses latitude and RMWthresholds to prohibit retrieval application for
unusual |y small and intense ‘pin-hole systens or for systens undergoing
extratropical transition in which baroclinic nodification of the UTWA
structure makes application of the retrieval unwarranted. Additionally, AMSU
generated tropical cyclone intensity (MSLP) estimates are now routinely sent
to the NOAA Tropical Prediction Center/National Hurricane Center (TPC/ NHC) for
anal ysis and review by forecasters under the US Wather Research Program
funded Joint Hurricane Testbed program

Concerning the issues of hydronmeteor scattering and scan geonetry-rel ated
effects, work is underway to nodel and explicitly treat tropical cyclone
hydronet eor scattering effects and their inpact on passive nicrowave
observations of inner core region warnmng and structure. Furthernore, the
next - generation of converged National Polar Obiting Environnental Satellite
System (NPOESS) satellite conical scanning passive microwave radi oneters will
greatly reduce the inpact of UTWA sub sanpling by virtue of their near
constant horizontal resolution and inproved radionetric accuracy. Wile
coni cal scan geonetry will likely aneliorate scan-angle dependent tropica
cycl one UTWA sub sanpling for all but a small percentage of unusually snal
tropi cal cyclones with extrenely conpact warmcores, it is |likely that
diffraction effects for non-FOV centered UTWA will remain.

Summary

Passi ve nmicrowave observations of tropical cyclone warm cores continue to
offer a viable nmeans to estimate tropical cyclone intensity in a nmanner wholly
i ndependent of other satellite-based intensity estimation schemes npbst notably
the Dvorak (1975) technique. The author, through the assistance and success
of multi-agency cooperative research, has denonstrated the efficacy of a
passi ve m crowave- based techni que using the | atest generati on NOAA pol ar
orbiting AMSU instrunents. It is inportant to recognize that in order for
AMSU- generated tropical cyclone intensity estinates to be operationally

rel evant, not only nust intensity estimate accuracy be conpetitive with other
satel lite-based techni ques, but they also nust be available in a tinmely manner
to facilitate their evaluation and use. Both factors — accuracy and
timeliness -- dictate the use of a technique capable of treating storm
scan/storm scal e geonetry interaction and the entire AVBU scan swath. It is
these factors that notivate, and will continue to notivate, the use and
refinement of the aforenentioned nethodol ogy until the next generation of

i nproved, constant horizontal resolution passive microwave radi oneters makes
its use largely obsol ete
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