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PAGES 237,240 surface wind vectors can be derived at 25-km 
spatial resolution, covering 77% of the ice- 

September l5  25, lgg61 NASA's free ocean in one day and 97% of the ocean 
scatterometer (NSCAT) monitored the evolu- in two days, under both clear and cloudy 
tion of twin typhoons-Violet and Tom-as conditions, 
they moved north from the western tropical 
Pacific. acauiring features of mid-latitude . >  ., 
storms. The typhoons developed frontal struc- 
tures, increased asymmetry, and dry air was 
introduced into their cores. Violet hit Japan, 
causing death and destruction (Figure I), 
and Tom merged with a mid-latitude trough 
and evolved into a large extratropical storm 
with gale-force winds (Figure 2). 

We understand relatively little about the 
extratropical transition of tropical cyclones 
because of the complex thermodynamics in- 
volved [e.g., Sinclair, 19931, but we do know 
that the mid-latitude storms resulting from 
tropical cyclones usually generate strong 
winds and heavy precipitation. Since the tran- 
sition usually occurs over the ocean, few 
measurements have been made. The transi- 
tion is a fascinating science problem, but it 
also has important economic consequences. 
The transition occurs over the busiest trans- 
ocean shipping lanes, and when the resulting 
storms hit land, they usually devastate popu- 
lated areas. 

NSCAT was successfully launched into a 
near-polar, sun-synchronous orbit on the 
Japanese Advanced Earth Observing Satellite 
(ADEOS) in August 1996 from Tanegashima 
Space Center in Japan. NSCAT 's six antennas 
send microwave pulses at a frequency of 14 
GHz to the Earth'ssurface and measure the 
backscatter. The antennas scan two 600-km 
bands of the ocean, which are separated by a 
330-km data gap. From NSCAT observations, 
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Together with the precipitable water (ver- 
tically integrated water vapor) derived from 
the Special Sensor Microwave I Imager 
(SSMII) onboard the Defense Meteorological 
Space Program's (DMSP) operational space- 
craft, the wind observations provide a good 
opportunity to monitor and understand the 
evolution of Violet and Tom. The precipitable 
water from SSMII has been evaluated by Liu 
etal. [I9921 and others. The detailed structure 
of the wind-field in Figure 1 illustrates the 
high spatial resolution of NSCAT. The abrupt 
change in wind direction to the northeast 
was likely caused by the development of the 
frontal structure. The overlay of wind on pre- 
cipitable water dramatically visualizes not 
only the structure of this evolving system, but 

Fig. I. Typhoon Violet is revealed by the wind vectors (dark arrows) and the integrated water va- 
por (color image) on September 21, 1996, just before it hit Japan, causing damage and fatali- 
ties. The wind and water vapor are derived from the observations by NSCATon ADEOS and 
SSM/I on DMSP F-13, along their respective ascending orbits, which are roughly 5 hours apart. 
Original color image appears a t  the back of this volume. 
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Fig. 2. Evolution of 
Typhoon Tom re- 
vealed by surface 
wind (dark arrows) 
and integrated water 
vapor (color image) 
fields at  0 UTC on a) 
September 16 and b) 
- - r - -  - - ?  -- 
rived from NSCAT 
and SSM/I obserua- 
lions by using an oh- 
jective interpolation 
scheme described by 

using any other data 
for initialization. 
Original color image 
appears a t  the back 
of this volume. 

also the relationship between the dynamics 
and the hydrologic balance in the mesoscale. 

The best-track analyses from typhoon cen- 
ters and the surface weather maps put out by 
the National Weather Service (NWS) indicate 
that Tom and Violet developed approxi- 
mately on September 11 in the western tropi- 
cal Pacific at 8"N, with Violet at 130°E and 
Tom at 150°E, before NSCAT data were avail- 
able. In the observations for September 16, 
the two spaceborne sensors clearly identify 
Tom (at the lower left corner of Figure 2a) 
with high cyclonic surface wind. 

A family of mid-latitude cyclones is re- 
vealed at 35'N by winds detected by the 
NSCAT. There are two centers of wind speed 
minima and cyclonic relative vorticity, at 
152"E and 158"E. The former is an old oc- 
cluded system that evolved from a cyclone 
on the previous day, while the latter is an in- 
cipient system with clear warm and cold 
fronts. On the 17th, NSCAT observed the de- 
velopment of a third cyclone centered at 
167"E and the occlusion of the cyclone at 
158"E. For these three days, September 15- 
17, the surface weather maps from NWS and 
the numerical weather prediction (NWP) 
data of the National Center for Environ- 
mental Prediction (NCEP) allow only the 
identification of a single low-pressure center 
at 35"N, moving from 148"E on the 15th, to 
156"E on the 16th, and on to 166"E on the 

17th. The advantage of NSCAT observation is 
clearly evident in comparison. While there 
were no NSCAT data during an ADEOS check- 
out period between the 17th and 18th. the sur- 
face weather maps indicate that the low-level 
trough remained around 35"N, with its center 
moving east to near 180°E. On the 19th. Ty- 
phoon Tom moved in and merged with the 
extratropical system. 

During the three days of active cyclogene- 
sis at 35"N, Typhoon Tom moved very slowly, 
with slight development of a frontal structure 
in the east. In Figure 2a, Tom can be distin- 
guished from the extratropical cyclones by 
the high water vapor (and diabatic heating 
generated by latent heat release) concen- 
trated in the core. There is much less water 
vapor in the extratropical cyclones, in which 
there is a slightly higher value in the warm 
sector between the fronts, but not at the core. 

Tom speeded up on the 18th and moved 
toward the northeast, retaining a high 
amount of water vapor in the core. On Sep- 
tember 19, Typhoon Tom moved into the 
trough at 35ON. In doing so, Tom lost much of 
the water vapor, but still maintained an un- 
usually high water vapor content at the front, 
compared with previous extratropical cy- 
clones (Figure 2b). This high watervapor 
was clearly observed by SSM/I in the next few 
days as the system resulting from Tom moved 
east. Both NCEP and NSCAT data indicate 

that the resulting extratropical system pro- 
duced strong winds above 25 m / ~ ,  but the 
maximum winds from NSCAT were located 
to the west, while the maximum winds from 
NCEP are located to the east of the cyclone. 

The atmosphere and clouds are much 
more transparent to radiation at microwave 
frequencies than at visible or infrared fre- 
quencies. The combination of an active 
(NSCAT) and a passive (SSMII) microwave 
sensor provides good observations of 
weather systems accompanied by cloud 
cover. In this case, the two sensors revealed 
the evolution of tropical cyclones from a 
warm core system into more baroclinic mid- 
latitude storms with unusually strong wind 
and high precipitation. However, even micro- 
wave sensors are contaminated by rain, and 
the accuracy of scatterometer winds above 
25 m/s has not been sufficiently validated. 

The NSCAT data used in this study are the 
interim products retrieved using a prelaunch 
model function developed by Wentz et al. 
[1984]. Vigorous validation efforts are under 
way and an improved model function is be- 
ing developed. McMurdie et al. [I9871 used a 
combination of microwave scatterometer 
and radiometer data to study midlatitude cy- 
clones. Hsu and Liu [I9961 used scatterome- 
ter winds to derive their surface pressure 
field and to provide an improved description 
of the location and intensity of tropical cy- 
clones. Hsu et a/. 119971 demonstrated that . A 

scatterometer winds can be used to signifi- 
cantly improve the surface divergence, verti- 
cal velocity profile, and, therefore, the heat 
and hydrologic budgets of convective sys- 
tems. These methodologies can be used to 
further our understanding of the thermody- 
namics of the extratropical transition of tropi- 
cal cyclones. 
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Exotic Fluids in the Exosphere: 
When Hades Meets Apollo 
PAGES 237-238 

The interaction of magmatic volatiles 
with ldkes and shallow groundwater systems 
results in some of the most exotic fluids 
found at the Earth's surface. Geologic envi- 
ronments where such fluids occur and the 
chemical and physical processes responsible 
for their formation were the subject of a mul- 
tidisciplinary Chapman Conference titled 
"Crater Lakes, Terrestrial Degassing and Hyper- 
acid Fluids in the Environment," held from S e p  
tember 4 to 9,1996, at Crater Lake, Ore. 

Sixty-eight scientists with backgrounds in 
geochemistry, hydrology, limnology, microbi- 
ology, economic geology, and volcanology 
attended the conference. Their presentations 
covered the physical and chemical charac- 
teristics of volcanic lakes, the geochemistry 
and microbiology of hyper-acidic (pH<l) flu- 
ids found in crater lakes, geothermal and 
acid-mine drainage environments, the rates 
and mechanisms of magmatic degassing in 
near-surface environments, and acid fluid- 
rock reactions and their role in alteration 
and mineralization associated with epither- 
ma1 ore deposits. 

Presentations at this C h a ~ m a n  Confer- 
ence illustrated the wide compositional spec- 
trum of volcanic lakes, from extremely 
diluted lakes like Crater Lake, Oregon, to 
acidic brine lakes that receive inputs of heat 
and volatiles primarily from underlying 
magma bodies, and thus are subject to full- 
scale eruptions, such as Ruapehu in New Zea- 
land (see Eos, May 14, 1996, p. 189). Volcanic 
lakes can be dominated by meteoric waters 
("Apollan lakes") or by volcanic and hy- 
drothermal inputs ("Hadean lakes"). Energy 
budget analysis of volcanic lakes was pre- 
sented as  a way of creating a quantitative 
classification system to replace such mytho- 
logical analogs. 

The meeting marked the 10th anniversaty 
of the Lake Nyos disaster, in which over 1700 
people were killed when a cloud of cold CO2 
gas was ejected from a stratified lake in 
Cameroon. Few disagree that the CO2 in the 
Nyos lake water has a deep magmatic origin, 
but what actually triggered the 1986 cata- 
strophic gas burst remains poorly under- 
stood. The C02 may be introduced into the 

by diffusing COz through bottom sediments. 
Depth / CO2 profiles presented at the meeting 
indicate that Lake Nyos is again stratified and 
that CO:! is accumulating in the lake's bottom 
waters. Calculated COz accumulation rates at 
Lake Nyos indicate that C02 oversaturation 
could occur there in less than 30 years. 

A gas-lift system to extract C02 from the 
depths of such lakes has been successfully 
demonstrated, but the logistics of large-scale 
applications are quite complex. Cold, mag- 
matic COz releases also occur in volcanic 
and geothermal areas not covered by lakes, 
such as Dieng, Indonesia, and Mammoth 
Mountain, California. Results of recent re- 
search at Mammoth Mountain, California, in- 
dicate that diffuse degassing of large 
amounts of COz followed the intrusion of a 
shallow dike in 1989. Tree rings document 
the apparent ages and the stable carbon iso- 
topic composition of past C02 releases at 
Mammoth Mountain. 

The placid surfaces of Nyos-type volcanic 
lakes contrast starkly with turbulent, sulfur- 
rich, acid-brine crater lakes (Figure 1). Long- 
term monitoring of such lakes hasshown that 
chemical and physical properties of these 

lakes change in response to changing vol- 
canic activity. Exciting efforts are now under- 
way to develop reliable real-time 
surveillance techniques, including monitor- 
ing of acoustic noise levels and in situ deter- 
minations of polythionate (&OF) 
concentrations in lake water. Seepage and 
discharge of toxic and hyper-acidic fluids 
from high-level crater lakes into flank water- 
sheds may result in strongly contaminated 
surface waters, an environmental hazard that 
deserves closerscrutiny. Circulation of such 
hyper-acidic fluids in volcanic flank aquifers 
also may affect the long-term stability of the 
volcanic edifice. 

Studying hyper-acidic fluids with several 
weight percent total dissolved solids poses 
problems. How can we measure and inter- 
pret pH when hydronium ion concentrations 
exceed 1 molal, and how can we model 
chemical speciation, mineral solubilities, 
and water-rock reactions involving such flu- 
ids? A method was presented at the meeting 
for calibrating and accurately measuring 
negative pH fluids that employs the specific- 
ion interaction approach developed by 
Pitzer. Thermodynamic models that use the 
Pitzer approach can be used to evaluate the 
speciation and saturation state of such 
brines, whether it is from acidic mine drain- 
age or warm crater-lake brines. Microbial 
populations in hyper-acidic mine waters, 

lake by advection-for example, by discharg- Fig. 1. The turquoise crater lakes o f  Keli Mutu, Flores, Indonesia. The lake with the floating sul- 
ing COrrich waters at depth--or alternatively, fur slick (at left) has a pH o f  about 0.3. 
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Fig. J. Typhoon Violet is revealed by the wind vectors (dark arrows) and the integrated water va
por (color image) on September 2 J, J 996, just before it hit Japan, causing damage and fatalities. 
The wind and water vapor are derived from the observations by NSCAT on ADEOS and SSM/Ion 
DMSP F-J 3, along their respective ascending orbits, which are roughly 5 hours apart. 



'4OE 

0,$ 

Eos, Vol. 78, No. 23, June 10, 1997 

,see ,&oe. 170£ 
LonglMlt 

1.5 2.5 3.5 4.5 5,5 
Integrated Water Vapor In gfcm' 

180£ 

6,5 

Fig. 2. Evolution of Typhoon 
Tom revealed by surface wind 
(dark arrows) and integrated 
water vapor (color image) 
fields at 0 UTC on a) September 
16 and b) September 19, de
rived from NSCA T and SSM/I 
observations by using an objec
tive interpolation scheme 
described by Tang and Liu 
[1996 j, but without using any 
other data for initialization. 
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