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Foreword

The Navy Tactical Applications Guide (NTAG), Volume 6, is devoted
to regional weather analysis and forecast applications of meteorological
satellite imagery in the tropics. Part | deals with operationally significant
phenomena and effects in the tropics. excluding tropical cyclones. Part 2.
to be published at a later date, will focus on tropical cyclone genesis and
evolution in areas around the globe.

The volume is organized into four regional areas: Tropical Atlantic
Ocean, Tropical Eastern Pacific Ocean (EASTPAC), Tropical Western
Pacific Ocean (WESTPAC), and Tropical Indian Ocean. In each section.
synoptic-scale phenomena are discussed first, followed by mesoscale
phenomena. A number of new analysis technigques. never before
published, appear in this volume. The analysis techniques will be useful
to Navy meteorologists aboard ships operating in coastal regions or in
mid-ocean transit.

Navy meteorologists in the tropics mayv have the opportunity to
occasionally document additional important phenomena. It is desired to
update the NTAG series on a periodic basis. Forecasters are encouraged
to submit their contribution. to assist in this purpose.

VN

M. G. SALINAS
Commander. U.S. Navy
Commanding Officer, NEPRF
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Introduction

For the purposes of this volume, case studies are presented for the
major tropical ocean basins and are limited to the region from 30° N to
30° S. Very often. extratropical patterns influence tropical weather
events; in these cases the salient extratropical patterns are included.

In the major oceanic basins of the Atlantic, Pacific and Indian Oceans,
routine surface and upper air observations continue to be limited mostly
to land areas. Weather satellite data over the oceans are very important
to the Navy meteorologist because they can often provide useful
indicators of low-level and upper-level flow patterns. When this
information is integrated with known tropical circulation models,
atmospheric circulation patterns can be deduced in areas of limited
routine meteorological data. This, however. can oniy be fully realized if
the meteorologist is well trained in the methodology of satellite data
processing, data analysis, interpretation, and use as a short-range
forecast aid.

T'he material in this volume has been developed to demonstrate some
of the more operationally significant uses of satellite data in each of the
major tropical ocean basins of the world. Studies are categorized as
either synoptic-scale or mesoscale depending upon the phenomenon in
question. However, this distinction is somewhat arbitrary in that
svnoptic-scale analysis depends upon an understanding of mesoscale
features as indicators of pressure and flow patterns in three dimensions.
With more rapid satellite views of a region. the fourth dimension
time  becomes an additional factor which can provide an understanding
of the evolution of a weather system or feature.

The meteorologist well-versed in the art of satellite data interpretation
can very quickly become confident of his or her forecasts even in
unfamiliar areas of the world. 1t is the purpose of this volume to assist in
the development of such skills.
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Section 1

Tropical Atlantic Ocean

1A Introduction

Tropical Atlantic Ocean ...... ... . ... ittt LA-1

1B Synoptic-scale Case Studies

1 Cloud Pattern Changes in Cold Airflow
over Warmer Oceanic Waters ........................... 1B-1
Deducing Shifts in Wind Direction from Changes
in Cellular Cloud Patterns
Subtropical Western North Atlantic Gulf of Mexico
February 1979 .. ... . i tB-2

2 Effect of Coastal Ranges and Shallow Offshore
Bathymetry on Rainfall Distribution................... .. 1B-5
A Tropical Coastal Region of Unusually Heavy Rainfall
Nicaragua, Central America
August 1976 ..o e 1B-8

1C Mesoscale Case Studies

! Deducing Wind Direction and Pressure Distribution
from Sea Breeze-Generated Cloud Lines ................. 1C-1
Enhanced Sea Breeze Cloud Line Formation
Texas Gulf Coast
July 1977 e 1C-2

2 Mesoscale Nocturnal Jets........ ... 1C-5
Mesoscale Nocturnal Jet
Florida West Coast
February 1977 ..o 1C-8

3 The “Enhanced-V” or “Whkive Tornado”
Squall Line Cloud Formation .......................... 1C-11
Severe Squall Line Development
Gulf of Mexico Straits of Florida
AP 1980 . . e 1C-12

4 The “White Tornado” Cloud Pattern ................... 1C-19
Severe Squall Line Development
Gulf of Mexico Tampa Bay
May 1980 ... 1C-20




1A-1a. SMS-|
Vistble Image

1330 GM 1

19 September 1974

Tropical Atlantic Ocean

I'he tropical Atdantic Ocean is dominated by casterly {low positioned
between high-pressure cells in the Northern and Southern Hemisphere,
A convergence of northeasterly tlow from the Northern Hemisphere with
southeasterly tlow from the Southern Hemisphere often produces a
cloud band which can stretch unbroken from Africa to South America
(1A-la).

The band tends to lie closer to the equator during winter months and
becomes centered near 9° N during the summer.

Perturbations (easterly waves) are observed in this easterly tlow
moving off Africa just north of the convergence cloud band. which.
during summer months and early fall frequently develop to hurricane
strength.

Istand barrier effects and land and sea breeze effects are clearly evident
in satellite imagery from the Canaries and Cape Verde [slands through
the islands of the Caribbean.

Continental effects become more evident near North America as cold
surges and frontal zones frequently sweep into tropical latitudes during
the winter season. Squall lines form and severe weather with tornado
activity are not uncommon. The weather satellite offers a unique tool for
observing and forecasting the movement of such events.




Case |

Cloud Pattern Changes in Cold Airflow
over Warmer Oceanic Waters

During winter months in the Northern Hemisphere cold surges from
the eastern and southern shores of continents are frequently observed
plunging southward into tropical latitudes. The large air-sea temperature
differences under such circumstances lead to strong heat and moisture
fluxes from the ocean, and low-level cloud forms develop rapidly in the
offshore flow. Lines of cumulus generated under such conditions tend to
be aligned with the low-level offshore wind.

As the cold surge advances scaward over the open water. low-level
cettular cloud patterns (open celi closed cell) develop which reflect the
curvature (vorticity) and changes in the curvature of the flow. Open
cellular cloud patterns tend to develop in straight or cyclonically curved
flow: closed cellular cloud patterns tend to develop in anticyclonically
curved flow (see NTAG. Vol. 2, Sec. IB).

The beginning of a closed cell cloud pattern on the upwind side is often
abrupt. coinciding with a sudden pronounced change in curvature from
cvclonic to anticvelonic, indicating a ridge line bevond which the flow
continues to turn in an anticyclonic fashion. An abrupt beginning may
also occur when the flow changes in a more subtle fashion from slightly
cyclonic to shightly anticyclonic. This occurs along or near a line
connecting inflection points in the flow.

Termination of the closed cell pattern on the downwind side may be
similarly abrupt and coincide with a ridge line where flow transitions very
rapidly downstream to cyclonic, or anticyclonic flow suddenly turns to
cyclonic, forming a trough at the downwind edge of the cloud cell
pattern.

IB-1

IB Case !
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Deducing Shifes i Wind Divection from Chansges i Celludar Cloud Patierns

Subtroprcal Western North Atlanti
February

10 February

The DMSPE vsible mmage at 1331 GM ) (1B 2y
shows the typieal cloud hine tormations associated
with a cold surge into tropacal latitudes oft the US
cast coast. Cloud Tormation s inhibited over the cold
slope waters adjacent to the coast, but occurs rapidly
as the cold surge moves over the warmer waters ol the
Gull Stream (see NTAG, Vol 20 Sees 3AL Case )

Cloud elements swathin the lines became Targer
downstream, unplung a deepemng ol the boundan
laver and a hilting of the low-level mversion due to
turbulent mining ettects produced by the strong tlux of
heat trom the ocean ito the air.

There v avery abrupt change in the cellular cloud
pattern along a hine extending from central Flonda to
the cast-northeast. In this region the open-cellular
pattern changes to a closed-cellular pattern. The
closed-celtular pattern also terminates rather abruptly
atong o hne nearly parallel to 28 N,

Ihe NNMO BS0-mb anadysis at 1200 GM T (1B-3h),
ahaut 12 hr betore the time of the DMSP image.
~hows the pronounced cold air advection occurring
along the cast coast trom Flonida to north ot Maine
MWands of 20 ktand higher are blowing perpendicular
to sotherms an this regron, Wdentifving the synoptic
situation as o cold surge event. The NMO surlace
(IB-30) below-treezing  coastal
tempetatures trom Florda to New York and below-
sero temperatures notthward

andlvsis shows

A ostreamibine analvsis of surtace wind reports,
supermmposed on the DMSE image (1B-3an shows
that the abrupt change o the cellular cloud pattern
trom open celis to closed cells cast-northeast ot centrai
Florda comades with the ine connecting mtlection
points where the surtace tlow changes tromesclonie to
anticselomie. On the other hand.  the  abrupt
termmation of cosed cells near 25 N coinaides witha
ndee Time through that regron and a change to more

avelonie flow downstream

Note the similar, but more subtle etiect occurning
over the pateh of stratocumulus i the Gult of Mexico
west of the southern tip of Flonda Inthiscase. a nidge
hine s suggested at the upwind edge ot the closed cell
pattern. and a trough along the downwind edee

197y

Gull of Mexieo

Ilmportant Conclusions

'

v

A abrupt Change i cloud patterns from open-
cell to closed-cell i aseron of cold an advection
OVCE WALICT, open ovedanic tegtots andicates o
change in the curvature of the tlow trom aveloni
to antiesclonw

tidges
pomnts o the

Iroughs. hinese ot hines
intlection tlow often detine the
upwind and o downwind cdge of the closed cell
pattern

vonnoeting
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Case 2

Effect of Coastal Ranges and Shallow
Offshore Bathymetry on Rainfall
Distribution

Unusually heavy rainfall can be expected in tropical coastal regions
under the following conditions: (1) a coast with a nearby mountain range
that is exposed to a persistent trade wind regime. and (2) a broad. shallow
sea area located offshore. One such area of heavy rainfallis located along
the tropical Atlantic coast of Nicaragua, in Central America.

1B-5




The Miskito Bank

The Miskito Bank (1B-7a) is a shallow water area with typical depths
of only 30 m extending to well over 200 km offshore (Murray er al., 1982).
The absence of a continental slope can be seen in the more detailed map
of the offshore bathymetry (1B-7b), which shows depths dropping off
abruptly to several hundred meters. A profile across the West Florida
Shelf, considered to be extremely low sloping by North American
standards, is presented for comparison. The Miskito Bank is located ina
region of persistent northeasterly trade winds.

The rainfall rate along contiguous Miskito Bank coastal watersheds is
one of the highest in the world, exceeding 6 m (nearly 20 ft) per year along
the southern end of the bank. In the Rio Escondido Basin (IB-7b),
terminating at El Bluff, the rainfall rate (1B-7c) shows a maximum of
4.5 m year~! at the coast, dropping off linearly to 2 m year-! at the head of
the basin, 250 km inland (United Nations, 1968).

Note that the coastal plain (1B-7¢) extends 3 -5 times further inland in
the northern and central parts of the coast than at the southern end in
Nicaragua. Long-term wind data indicate that the general large-scale
direction of the trade wind does not change appreciably between Puerto
Cabezas and EIl Bluff, although the wind speed is higher at Puerto
Cabezas. Nevertheless, annual rainfall at the Nicaragua-Costa Rica
border is more than twice that at the Nicaragua-Honduras border
(Portig. 1965 and 1972). The blocking effect of the mountainous
topography near the coast in the southern region is believed to be the
dominating cause for the increased precipitation at that location.

Another important cause for this unusually heavy rainfall is the
atmospheric convective activity caused by intensive air-sea interaction
on the broad and shallow coastal shelf. Regional rainfall data in Central
America indicate that a similar, albeit much smaller, focus on
unexplained intense rainfall off Colon, Panama (e.g.. Portig, 1972). is
also associated with a shallow bank offshore.

References

Murray. S. P.. A. Hsu, H. H. Roberts, E. H. Owens, and R. L. Crout, 1982: Physical
processes and sedimentation on a broad, shallow bank. Estuarine. Coastal and Shelf
Science, 14, 135-157.
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IB-7b. Schematic drawing of Miskito Bank off the east coast of
Nicaragua. Inset: Comparative bathymetric cross-sections of the
Miskito Bank and West Florida Shelf. (After Murray. er al.. 1982))

1B-Tc. General Topography. major rivers used in sediment
and water discharge calculations and annual rainfall (mm)
for eastern Nicaragua. (After Murray. er al.. 1982)
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15-16 August 1976

a - fair weather plumes

b - rain showers

C - spurious noise

d - weak disturbances
e - inversion layer

() 15 August 1976
500 -

400 -

300 -

Haight {m}

16 August 1976

Time (M)

1B-8a. Acoustic soundings of the atmospheric boundary layer. El Bluff, Nicaragua.

Y
1B-8b. GOES-E. Visible Image. 1700 GMT 15 August 1976,
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A Tropical Coastal Region of Unusually Heavy Rainfall
Nicaragua, Central America
August 1976

15-16 August, Fair Weather Conditions

Acoustic radar (upward-looking) sounding data
(1B-8a) acquired at El Bluff, Nicaragua (Hsu, 1978).
show conditions typical of fair weather convective
activity.

Reflections  from temperature gradients and
temperature discontinuities in the lower atmosphere
are recorded as dark traces in the same manner as
conventional echo sounder charts of the sea floor.

Fair-weather conditions are indicated by the
“spiky™ dark traces, ie.. the thermal roots of
convective plumes, extending from the surface to
various heights, depending upon how much warmer
the sea surface is than the overlyingair. An example of
fair weather events is shown from approximately
0700 L.ST IS August to 0300 LST 16 August.

During the mght the shallow bank water cools faster
than the deeper ocean because it has less capacity for
heat storage. T'vpically. as night approaches, the
plumes become smaller and weaker. both in dimension
and intensity, as shown after 1700 ST 15 August.

In tne GOFS visible image at 1700 GMT (1100 1.ST)
15 August (1B-8b), local convective activity appears
along the Nicaraguan coast, as suggested by the fair
weather root convection depicted on this date by the
acoustical sounder data. Note, however, that more
intense consective activity is present over Costa Rica
where moist, trade wind air is advected upward against
the Cordellera de Talamanca (see also 1B-Ta). An
carher DMSP view at 1229 GMT (0629 1.5T: 1B-9h)
shows that the convection an this region was guite
mtense, although the coast of Nicaragua shows only
widely scattered  convectine activaty in this ecarly
MOTNING View

The FNOC surtace analssis tor 1800 GM 1 (1B-94)
shows a portion of the equatonal trough over Panama
and northern South Amenca. with 1Sk casteris trade
winds blowing onshore into Nicaragua

The GOES visihle image at 1700 GM T (L1008 T
on 16 August C1B-104). reveals wide-spread intense
comvection over the mountains ot Costa Rica and
southern Nicaragua. Scattered low-level convective
actnvity continues  to predominite oser northern
Nicaragua

The large amount of cirrus covening the arei 1s not
apparent 1o the GOFS viable image but s clearls
depicted in the simultancous intrared image (1B-10b).
Note in particular the band of arrus cloudiness over
Guatemala and the Yucatan Peminsula. which s
almost undetectable 1in the visthle image (1B-10a).
Such cirrus, when advected oser a continental region,
acts  to impede  the desclopment ot low-level
convectne activpy,

DMSP visible image at 1216 GMT (1B-11a). a few

hours carher. shows that heavy convection over Costa
Rica and southern Nicaragua was presentearher in the

1B-8

day. This indicates that diurnal surface heating and
strong upslope motion have combined to produce the
intense convective activity observed.

The FNOC surface analysis for 1800 GMT
16 August (1B-11b) shows continued easterly trade
wind tlow into the Nicaragua region.

21-22 August, Disturbed Conditions

The GOES visible image at 1700 GMT (1100 L.ST)
21  August (IB-12b) reveals heavy convective
cloudiness extending north to E} Bluff. This relates
well with the acoustic sounder data (1B-12a) showing
shower activity associated with a weak disturbance
passage from about 1300 to about 1800 LST on
21 August. Yhe DMSP visible image at 1258 GMT
(0658 [.ST. 1B-13a), shows an area of heavy
convective activity approaching El Bluff while Puerto
Cabezas is refatively in the clear.

The FNOC surface analysis for 1800 GMT
(1200 LST. 1B-13b) shows an extension of the
equatorial trough low over Central America. bringing
disturbed easterly trade wind flow into Nicaragua.

The tendency for heavy showers over El Bluff and
Costa Rica while Puerto Cabezas remains relatively
unaffected s evident in the GOEFS visible image on
22 August (IB-13¢). which again shows  large
comvective celly restricted to the southern region

ENOC surtace data tor 1800 GM T (UB-13d) reveals
a weakeming ot the equatonal trough low over
Panama: however casterly trade tlow continues across
Nicaragua

Important Conclusions

1. The exceedingly high raintall along the coast
hordenng the southern halt of the Mishito Bank s
due to the enhanced convective activaty produced
i the warm, mosst, casterly trade low. The
atmospheric boundary laver of the trades s
rendered unstable by its transit across the elevated
temperatures of the shallow bank waters, and the
subsequent hitung ot the unstable air along the
mountainous terrain, which is much closer to the
coast 1n the southern halt ot the Miskito Bank
regron. Fhis results in deep convection and heavy
rarntall

=

Simudar lTocal ettects can be anticipated in other
coastal - mountamn regions  having  prevailing
onshere flow crossing shatlow coastal banks 1n
tropical lutitudes

Vo Sateilite data arg useful an determining
preterential regrons 1or convective development.
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18-10b. GOFS-F. Infrared Image. 1700 GMT 16 August 1976,
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21-22 August 1976

a - weak disturbance
b - intense disturbance
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1B-124. Acoustic soundings of the atmospheric boundary layer. El Blutf, Nicaragua.

IB-12b GOES-F Visible Image 1700 GMT 21 August 1976.
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Case |

Deducing Wind Direction and Pressure
Distribution from Sea Breeze-Generated

Cloud Lines

In synoptic flow parallel to the coast of a land mass, wind speed will be
strongest over the water and slowed by friction over land. In southerly
flow parallel to a coastline (Northern Hemisphere). with high pressure to
the east (over water) and low pressure to the west (over land). the reduced
wind speed over the land will cause winds to be deflected toward the
tower pressure (1C-1a-1). This will result in a local coastal divergence
7one unfavorable for sea breeze cloud line development (Andersoner. al .
1966). With northerly flow parallel to the coastline and low pressure to
the east and high pressure to the west, the slowed winds over the land are
deflected toward low pressure. resulting in a coastal convergence zone
favorable for enhanced sea breese cloud line formation (1C-1a-2)

Satelhte data can be utilized to detect enhanced sea breese cloud hne
development and, according 1o the above discussion, wind direction and
pressure distribution can be inferred.

cl?.ast coast
ine Line
Ny
Land *
an § land\
N Water § Water |
N Y
\ \ ‘
\ \
Low N\ High %
Pressure% High Pressure§ Low
R Pressure \\‘ Pressure :
N N ‘
N\ |
1 2
1C-Ta Schematic dbustrating the etfects of fnction on Tow-level wind How

Reference

Anderson, R K E W Ferguson. and A

1C-1

J Oliver 1966 The Use of Satelbte Pacturesn
Weather Analyas and Forecasting World Meteorological Orgamization. Tech Note
No TS WMO-NG 190 TP 96, Secretatial of the W MO Geneva Switzerland . pp 166
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Enhanced Sea Breeze Clowd Tine Formation
Tevas Gult Coant
Julv 197

14 July

The  mud-mormimg  DMSP Gbie onaee ar
P56 GMT OISO TS T 1C-2areveals anenhanced seu
breese cloud ine stretching trom western | olisninag
southward along the Texas coust and along the vas
caiast of Mevico

Bised onthe concepts dlustrated i the imtrodu ton
(1C-Ta) and the absence ot surtace feports. one would
anticipate casterfy ov over the water south ol
Lowsina, turming o norther v or northeasteriv thow
along the coast ot Tevas and Mevico s would
imply lower pressure over the gull and hipher pressure
inland over ousanma, Tevas and Mevico

The streambine analysis based on asvadable surtace
reports. superimposed on the DMSP image (1 -3,
contirm the anterred  tlow  pattern and pressure
distnibution An anticvelonie center s located mland
aver [ owstana. and winds are turning anticvclonically
over southern Tesas and central Mevico . A Jow
pressure trough s also analv red over the western Guly
ot Mevico

Note that an enhanced comvection sei breese cloud
ltne does not appear over the New Orleans region or
oser the northern coasthine of the Yucatan Peminsula
where wind flow 8 dess favorable tor enhanced
coastline convergence
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1C-3a. F-1. DMSP LF Low Enhancement. 1747 GMT 14 July 1977, Surface Wind Reports (1800 GMT) and Streamlines.
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Case 2

Mesoscale Nocturnal Jets

Along coastal land areas which are relatively flat, cool oceanic air
brought in behind a sea breeze front may be subjected to further
nighttime radiational cooling and form a distinct low-level cool pool. or
mesohigh (Hsu. 1979). At the top of the mesohigh is a microscale
inversion layer below which the winds are nearly calm. When there is a
mesoscale inversion layer present at higher levels at the same time.
conditions are favorable for the formation of a low-level mesoscale jet.
The jet usually appears between 100 and 600 m (between the inversion
layers) and extends from about 40-50 km onshore to a few kilometers
offshore. It is most likely to occur when the prevailing geostrophic wind
is less than 10-12 kt (5- 6 m sec"!) and blows from land to sea: the wind
shear within the planetary boundary layer is less than 80°: and air
temperatures over nearby waters are at least 9° F (5° C) warmer than
over land.

Reference
Hsu. S. AL, 1979: Mesoscale nocturnal jetlike winds within the planctary boundary layer
over a flat open coast. Boundary Laver Meteorology, 17, 485 494
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Coastal Mesoscale Nocturnal Jet Formation

The mechanism of formation of a coastal mesoscale jet system is a
combination of Venturi and gravity wind effects (1C-6a). Venturi
speedup of the air occurs first in the flow between the nocturnal
microscale inversion over the mesohigh (cold pool) and the higher-level
mesoscale inversion. This is followed by a further increase in wind speed
as the air flows down the microscale inversion (gravity effect). As the air
travels down the slope of the nocturnal microscale inversion, it is also
accelerated by a land to sea pressure gradient due to lower pressure over
the warmer water surface. which causes the higher offshore wind speeds
observed in mesoscale nocturnal jets.

In February 1977, upper-air soundings were obtained on the west coast
of Florida at Tarpon Springs. inaneffort to detect a mesoscale nocturnal
tet. The precunsor conditions for jet formation were satisfied during two
periods: 7 10 and 14 February (1C-7a). On these days. high pressure
prevailed over the area. with light winds blowing from land to sea. Jetlike
winds were observed during the night and early morning. Evidence of a
dimnished jet during the daytime is indicated by the soundings.

f
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1C-6a. Coastal Mesoscale Nocturnal Jet
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Mesoscale Nocturnal Jet
Florida West Coast

February 1977

9-10 February

The GOES visible image at 1700 GMT (1200 1.ST)
9 February (1C-8b) shows clear skies over central
Flonda and broken, lower-level cloudiness over the
Tampa area. It s apparent 1in the corresponding
GOES infrared image (1C-8¢) that, off the west coast
of Flonda, gulf water temperatures in cloud-free areas
are cooler (medium tones) than land temperatures
(dark tones) over Florida in this midday pass. The
narrow. light-tone band extending offshore (west of
Tampa) is a laver of low clouds obscuring the coastal
waters in this area. Mean offshore temperatures inthe
gulf adjacent to the west coast of Flonda for February
1977 were about 68° F (Gulifstream, 1977) while
daytime temperatures at Tampa reached as high as
74° F.

The FNOC surtace analysis for 0600 GMT
(0100 [.ST. 1C-8a) shows a cell of high pressure over
the southeastern U.S. causing light offshore flow over
the west coast of Florida. Hourly observations (not
shown) at Tampa. at 0055 1.ST. indicate that the skies
have cleared. with visibihity 10 miles, temperature
48° F. dew point 36° F. and northeasterly winds from
040" at 10 kt.

A low-level jet was observed at Tarpon Springs,
about 25 mi northwest of Tampa (1C-7a). at 0020 LST
9 February (0620 GMT 10 February). The local land-
water temperature difference had reversed by this
ume. The land air temperature had dropped to
4% F a tull 20 deg colder than the adjacent coastal
water region. This provided ideal conditions for the
development ot the mesoscale nocturnal jet. The
GOFS infrared image at this time (1 C-9b) show land
temperatures as cold as the adyacent sea. and reveals
that the heavy cloud cover (bright tones: 1C-8¢) over
northern Flornida  has dissipated by the time of
vccurrence o) the nocturnal mesoscale jet,

The regular Tampa radiosonde for 0000 GMT
(1900 1 S 1. 1C-9a). about § hours prior to the high
resolution sounding ¢ 1C-7a). s ot interestin that (1) no
evidence of a low-level et could be deduced from the
sounding. even it it had been present at this earlier
hour. due to poor verucal resolution of normal
RAOBs in the boundary laver: and (2) verification of
the mesoscale nversion (1C-7a) suggested  near
1.400 m 1~ contirmed by the sharp inversion shown at
the 850-mb level (1.544 m: 1C-9a).

The GOES visible image at 1700 GMT (1200 LST:
1C-9¢) provides additional evidence that cloud cover
had dissipated over the Tarpon Sprnings Tampa area
during the previous might, contirming the 0100 1 ST
9 February Tampa observation of clear skies

Reference
Gultstecam 1977 1S Dept ol Commerce, NOAANWS,
Washington 12O Vol T No 2 Februany 1977 pp °

1C-%

Important Conclusions

A low-level. mesoscale nocturnal jet development

aver a coast from land to sea, can be anticipated

when:

a  H-gh pressure exists north of a flat terrain
west-coastal location.

. Skies are clear at night.

¢. lLandtemperaturedrops during the nighttoat
least 9° F (5° C) lower than the adjacent
coastal sea temperature.

d. Prevailing offshore wind is less than 10 -12 kt
(S 6msect).

e. Little vertical wind shear is present in the
boundary layer.

Under such conditions a low-level, nocturnal jet
may appear at an altitude between 100 and 600 m.
This is low enough to be an important factor in
aircraft landing approaches toward the east since
wind speeds may drop from a 30 to 40-kt
headwind component to calm in only a few
seconds during the landing operation.
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Case 3 The “Enhanced-V” or “White Tornado”
Squall Line Cloud Formation

There is a distinctive type of squall line which in satellite visible and
infrared imagery appears as a funnel or V-shaped cloud formation laid
on its side. The cloud formation is composed of a series of thunderstorms
or thunderstorm cells characterized by overshooting tops. many of which
penetrate the tropopause. The V-shape occurs because strong upper-level
winds are diverted around the strong updrafts which form the core of the
thunderstorm cells much as horizontal flow would be forced around the
sides of an upright cvclinder (1C-11a). Brandli (1976) has named the
satellite-observed cloud pattern equivalent (1C-11b)a “White Tornado.”
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Development of such a cloud formation may be particularly enhanced
in regions where the polar and subtropical jet, after converging, suddenly
diverge (1C-11c). producing a region of strong difluence and divergence
aloft. which encourages vigorous, deep convection.

This type of cloud formation is frequently associated with tornadoes
spawned from individual thunderstorms within the band. Even without
tornado tormation, the downbursts induced by the collapsing tops can
give rise to surtface winds of 60 kt and higher, which can persist for an
extended time. An example of a navy ship encountering this type of
squall line was documented in NTAG. Vol. 2, Sec. 2D, Case 1. during
which the crew of USS Mirscher was forced to general quarters. In this
instance, untorecast winds of 60 mph with heavy rain were encountered
as the ship entered the cloud band south of Sicily on 16 October 1975.

References
Brandhi. H W . 1976 Satellite Meteorology. AWS-TR-76-264, Hg. Air Wea . Sve., Scott
ABB. 1L 62225 pp [8K

McCann. D W 19%1 | he Fnhanced-V, A Satellite Obsersable Severe Storm Signature
NOAA Tech Memo NWS NSSEC-, Nat Wea. Sve, Wash., D.CLopp. s?
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Severe Squall Toie Developaent
Gult of Mexico Straies of Florida
April 19Nt

25 April

Fhe GOES-E visible mage at 700 GMT (HC-1 2
showsan area of tapered cloudiness along the extreme
wostern pottion of the Gult ot Mexico. The cloud
totmation crosses the coast along the border ol Texas
and L ousana. extends imto Arkansas, Oklahoma.
and covers the northern portion of Texas,

The NMC surtace anabyvas tor 1800 GM T (1C-12)
Jdepats aocold front that parallels the back side ot the
rapered dloud tormation. and  then extends o
castern Fevas western Lowsiana. A warm tront.
eovated with g low-pressure center near the Texas
panhandle. s shown over the northern Texas
~sonthern Oklshoma repion

Phe GOES-F ntrared image tor the same time
CHC- TR reveais that the most well-deseloped portion
o1 cloudimess 1 this sustem s that immediately
onshore of Tesas, extending mto T owstana as o
“white tormado” cloud tormation

The NMO 00-mb oanalvas (1C-13by reveals the
hatacterstic dittuent pattern alott that encourages
espedially antense comvection, Storme Pata (1980)
reported no damage trom southern Texas: but an
Vowsiana, dorecths under the “white tornado.” severe
ditmiage occurred as root-tops, powerlines, and trees
were downed

6 April

The GOES-F vivble image at 1700 GM T (1C-14a)
again reveals the tapered cloud torm of a “white
tornado™ which has apparently persisted trom the
previous dav: drfting now anto northern Florida,
southern Alabama, and Georgia

The NMO surtace analysis tor 1800 GM T (1C-14b)
reveals a cold tront (the castward progression of the
Iront previously over castern Texas: 1C-12b) now
extending trom the central Gult of Mexico into
northern Florida and northeastward. The GOEFS-F
infrared image (1C-1540 shows very clearhy the cold.,
tapered shape of the “white tornado™ cloud pattern

AL 300-mb ( [C-15b). the continued strong ditluence
promoting the strong convection s clearly evident

Storm Data (1980) reports indicate tornad o activiy
in Georgia during the atternoon on this date

27 April

On this day a great sea disaster occurred as an
unknown number of retugees trom Cuba were caught
asevere storm while attempting to reach the Flonda
Kevs (Storm Dhata, 19500,

1e-12

Storme Data (198001 also reports g tornado that
crossed Cudjoe Kev, causing i great deal ot propers
damage and some ninor injuries

The GOES-F viable image wt 1700 GM T (1C-16u)
reveals intense comvection i the Straits ot Flonida and
over the Flonda Kess The NMO sartace analvsis tor
IRO0 GM T TC-T16h) places a cold tront at the tratling
edge of this mtense comvection. Thunderstorms are
reported by all stanons on o hne from Havana to
Miami (see ENOC surtace analvsis, 1C-17¢n

The NMCO 200-mb analysis at 1200 GME (1C-17h)
again shows the appreaable upper-level difluent flow
over the conveetve area

The GOES-F antrared image (1C-17a) shows
extremely cold temperatures extending along the
convective region from the western tip of Cuba i a
broad plume covering almost all ot Flonda. The
plume at this time does not have the classical tapered
shape of the "white tornado.” However. this teatare as
we have seen, has been tracked inats classical torm tor
at least a two day penod. and te g, USS Mincher:
NTAG, Vol 20See 2D, Case Nitis notunusual tosee
avanant ol thistorm,asintense comection produces a
high cloud shield that can assume a broader shape and
hecome almost aircular at times

tmportant Conclusions

| The “white tornado™ cloud  formation s a
characterisnie signature of an extremely severe
sguall hine that often spawns tornadoes and gives
rse to hurneane-toree winds at the surtace

ts

When an upper-level difluent pattern s apparent
over such g cloud tormation, torecasters should be
alerted tor posainle severe weather consequences

3 the “white tornado™ cloud tormation can persist
with it characteristic pattern tor several days.

Reference
Storm Diata 1980 Dept ol Commerce, NOAA FDIS Nat
Chm Ctrs Adhvalle. N C L Vol 220 No a0 pp 21
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Case 4 The “White Tornado” Cloud Pattern

“White tornado™ squall line formations are common in the tropics and
have produced some disastrous results in Florida and the Caribbean.
This is another example of a “white tornado™ squall line development
that was a contributing factor in the collapse of the Tampa Bay Sunshine
Skyvway Bridge. which resulted in a2 number of deaths.
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Severe Squall ine Developmient
Gult of Mevico Tampa By

Vay

& Viay

The DMSP bl image at 1633 GM ) (1020
shows o “white tornagdo™ cloud formation over the
castern - Gult ot Mevico 1t broadens cast-
northeastward into o regron of intense thundestornms
over northern Flondas The NMO surtace analvas at
NG GALT C1C-20h) imdicates i southwest-northeast
oriented cold tront north of the hine of thunderstorms
Mong the surtace tronwal zone over the Gult States
tHondal Tousina, Tesas), surtace tlow o) mos
tropreal air s convergimg with cold. dry. northerby e
trom the central UUS Phe extensive areit of convectine
cloudiness i the moist tropeal ait south of the front
over Florda w clearls depreted m the sateilite image
=200

What v unusual about the “whine tomado™ cloud
Tormation s that 1t is notin the convergent regian of
the cold tronts as an the preceding case study - fhis
sttpprests that some other tupe ot toraing mechamsm s
tesponsible tor the development ot this storm svstem

A3 mb 12300 the possiblegorome mechanism
can o beoseen Suong polar and subtropical qets
camverge o they approach Plonda and then diverge
stronely

Inoaddition the Tampa soundime ai 1200 GM
2100 ndicates that condional imstabiing i
prosent adott Phisenhances vertical motions ender the
tegron between the et theeeting deop convection
thunderstonr ool deveiopment and the “white

tornade” Chad totmation

9 Vay

Fhe DINISE vevbhie aee ot 0623 ONE 102200
tovedis o Cwiets tornade” chngd toomation with
intense Hhamdoestoee s ool oo centnas Baonde The
NAC wttave an s o TR0 OGN 0 23k shiowes
the trontar sons rorte o Lanpg Naortheeie

gt

(RS ty R L L S R AT TR R

Cove o raeress at

Lt o

de e o RO TERIR] and

- R TA A L TN R R R YR |

POt e Gt o

R R N S reand o re e

ST R L TS O Y S R N L U A PR SO ECR

A TR SO N I S Chacacterintie aditluoent

Dottt sshanr G ot Tt tornad o’ Clotd
v
| Tty teeratinv o tebates the sadden
: CRTEC Nt on s Thanderstoris assoidated with
eoowbh e taonade T passaec over Fionda

Orrthe mnp oy oA TN 0630 D oshight
st billed the g onoe Fampa Bav o Tins pave win
sddents fog thianderstarne squall that bt the regron
worhoran o heav s it was virtuadiv mipossible to see
Ihe sand hegan bloswime at speeds ob over 65kt The
pulot ot the tanket Prrc tnd approactung the Sunshine
Skaway Bodge over Lampa By, stated. * The radarg

120

Al

blanked out completely We couldn't see thy brde
MW couldn't see the huoss W conldn’t see anstn ne
It was vone by blur”

About Fhr later at 073 E D the 609 11 | by
repstered Sty bennee tatimed g peling ot e
Sunshine Shyway Brodpeand o 0 31 chiank o e
southbound  span crashed nte the (rarn
Subseguenthve an the provading poor v bhoor
condittons,a bus and tive caos drave ot the danaeed
bridee, and Sel) FSO nto the water heiow N TS
people aboard the bas and 12 others i the cars wer,
hidled

Additional storm damiage teports on ths dat
(Storm Data, 1980 include the tolfowinyg

Reference
Storny Patas 198G Dept ot Commerce, NOANY T DIS N
Chimy Cu s Ashudle, N C Vo 220 No S Pp o3
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2A-la. GOES-W.
Visible Image.
2045 GM I

25 January 1978,

Tropical Eastern Pacific Ocean

fike the Atlantie the tropcal castern Pacitic Ocean s dominated by
casteily tlow between high pressure cellsin the Northern and Southern
Hemispheres. Comvergence ot tlow from the two henmispheres sinmlar s
produces 4 cloud band near 3 10 N stretching westward from South
Amenica past Chrstmas Isfund across the Pacrtic

Perturbations. similarhy. torm north of the convergence cloud band
However, the casterly wave torm. typieal in the Atlantics s onldy rarehy
seen and. more commonlv. the perturbation forms m a monsoonal
trough with westerhes. rather than casterlies. south of the arculation and
vorticity center.

Interactions ot mudlatitude  westerly  troughs and  the tropical
convergence cloud band 1s more trequentin the Paaitic and a maor cause
of intense storm development which brings signmificant and otten
unexpected heavy rain to the southwestern US0(2A-Ta).

Upper-cold low devetopment s also common. especially during winter
in the castern North Pacitic. Such storms are otten detectable i their
early stages only through satellite observations showing a tew evelonic
wisps of eirrus curving about an upper-level center

In Hawail. such storms (known as “"Kona™ storms). when tully
developed. are a major source of the total annual preaipitation recenved
by the islands.

Fhrough a careful analvsis of high resolution and properhy enhanced
satellite 1imagery, the Navy meteorologist can he attuned to subtle hut
important changes aftecting weather developments in this region




Case

2Kl Schematic mendwonal section

showing tocation of Fyuidtonial Counter Current

I The Central Pacific
Near-Equatorial Convergence Zone

The central Pacific near-equatorial convergence 7one (CZ) lies north
of the equator throughout the vear. Onanaverage it moves betweend- N
in spring (April) and 8% N in autumn (September). The movement is in
response to variations in the strength of the northeast and southeast trade
winds. These winds converge north of the equator forming the CZ axis.

The CZ overlies the North Equatorial Countercurrent which flows
eastward counter to the northeast trades. Sea surface temperature (SST)
ts highest in this region. iving between a zone ot equatorial upwelling and
upwetling near 10° N (2B-1a).

On an average the CZ in the North Pacific is found along 67 N.
According to Flohn (1967 and 1971) this results from the Southern
Hemisphere's greater tropospheric baroclinicity due to more extensive
ice sheets.

Support for the idea that the central Pacific CZ stays north of the
equator comes from the finding (I'reshnikov, 1967, Walsh and Johnson.
1979) that the ratio of the areas of Arctic and Antarctic ice sheets and the
CZ latitude vary in phase throughout the vear (2B-1b). The figure also
shows that the variation in latitude of the CZ is in phase with the

variation in latitude of the SST maximum and the ratio of the strength of

the northeast and southeast trades.

2B-1b L attudes of surlace wand convergence Zone
Axas: sed surface temperature maximum: trade wind
strength ratio (North Paciie South Pacifie): and
Ice area ratio (Arctic Antarctic). (Atter Ramage.
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Although the North Pacific CZ never moves into the Southern
Hemisphere, in March and April- - when the North Pacific trades are
relatively strongest and the Arctic ice sheet relatively largest  not only is
the CZ closest to the equator but a secondary convergence zone
frequently appears as a cloudiness maximum along about $° S
(Kornfield er al.. 1967; Sadler, 1968; and Sadler er al.. 1976). The
GOES-E visible image (2B-2a) shows an example of a secondary
convergence zone south of the equator over the eastern South Pacific on
10 March 1979.

Small pressure gradients, sparse data, and observational errors make it
difficult to document details of the pressure field. the wind ficld. and CZ
cloudiness on any given date. However. when climatological data
showing seasonal extremes of equatorial trough location for January and
July are compared to mean monthly cloudiness (derived from satelhite
data over a 10-year period: Sadler er al.. 1984) for these same months
(2B-3a and 3b), a tendency is shown for the trough to tie south of the CZ
cloudiness during January and north of the CZ cloudiness during July.

Satellite imagery can be used to test this hypothesis, through sunglint
analysis (NTAG Vol. 1. Sec. 2). Trough axes. similar to ridge axes. are
also axes of minimum wind speed. Hence, more intense sunglint should
be detected from the location of the cquatorial trough than further north
or south, where wind speeds are stronger.

References

Flohn. H.. 1971: Tropical circulation patterns. Bonner Meteorol Abh 18,1 S8

Kornfield. J. A A F. Hasler. K. 1. Hanson.and V. F. Suomi, 1967 Photographic cload
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Location of the Equatorial Trowgh Using Sunglint
Fquatorial Central Pacific
March 1979, July 1984, and December 1977

March 1979

The GOES-W visible mmage at 2145 GM 1 on
20 March (2B-da) shows brilliant sunghnt along the
cquator at {40 W CZ cloudiness appears to the north
between latitudes 5 and 10 No An ENOC surface
analysis and wind treld, valid a hittle over 2 hr Jater
(2B-4b). veries lower pressures and a trough axis
south ot the CZ cloudiness.

July 1984

By way ot contrast, the GOES-W visible image at
2045 GNTE on 10 July (2B-5a) shows brilliant sunglint
north of the CZ cloudiness, near 12° N, 134 W, 'he
ENOC surface analysis and wind field about 2 hrlater
(2B-5b). wverifies @ trough axis north of the CZ
cloudiness. with 4 low center of 1010.4 mb almost
precisely overlving the sunglint position.

[he change i the tocation of the trough axis (as the
seisons change) from the south side to the north side
ot the CZ cloud areas creates more favorable
conditions tor increased cyclonie vorticity on the
north side due 1o horizontal speed shear (strong
northeast trades decreasing to near calm at the trough
axis). For this reason cloud vortices develop more
trequently during the summer period onthe northside
ot CZ cloudiness. Conversely, cloud vortices are rarely
observed along the CZ cloudiness edge (northern or
southern) during winter months. Their development
on the south side of the CZ. it may be argued. would
tend to be inhibited by opposing forces of the
southeast trades.

December 1977

The GOES-W visible image at 2045 GMT on
9 December (2B-6a) shows a “classical™ CZ in the
equatorial North Pacific. On this day a research
aircraft traversed the region and CZ cloud bands were
observed between 8° and 5° N. The bands extended
from 135° 1o 175° W, beneath an overcast of middle
and high clouds. bordered by uniform northeast and
southeast trades.

Within the CZ moist updrafts coincided with
convergence and rain. Downdrafts were dry and
associated with divergence and no rain. There was a
broad maximum in SST in the CZ. At 11° N very dry
air was found above a moderate inversion at 2,600 m.
Beneath. air was moist and contained strong easterly
flow. At 0.5° S air was moist throughout the aircraft
vertical sounding (to 3.200 m). Winds were weak.
being southeasterly below 1.400 m and southwesterly
above. Fanning Island (3.8° N, 159.3° W). just south
of the CZ. recorded no rain and light variable winds on
9 December. D-values, adjusted for diurnal pressure
variation. were applied to eight flights through the CZ
from 13 to 22 Deceinber. The values were averaged
and then the mean for the flight was subtracted. The
data revealed falling pressure reaching minimum
values in a broad trough near the equator south of CZ
cloudiness. The FNOC surface analysis and wind field
(2B-6b). vahid shortly after the time of the GOES-W
data. shows the location of the equatorial trough.

2B-4

N DMSP visible image of the regron (2B-Ta) about
I ohr oatter the GOES-W image. provides a high
resolution view between Hawairand Christmas Istand
Fhe image indicates that Fanning Island (northwest of
Chrstmas Island) 18, ideed, south of the heavy
convection associated with the CZ, but is obscured by
cirrus or middle cloud clements.

Ihe streambine analvsis (2B-7b) indicates
northeasterly trades to the north of the CZ. while the
report at Christmas {sland. south ot the CZ. reveals
southeasterly flow at 15 kt. A streamline trough s
apparent extending from near the Eguator and
164 W southeastward toward a tropical cyclone in the
Southern Hemisphere (T.C. Tessa: near 17 S,
137- W1 2B-6a).

I'he research aireraft tlights demonstrated that the
CZ somewhat resembles an orographic phenomenon.
The lifting of boundary-laver air between the
convergent trade wind flows is necessary but not
sutficient for significant rain: middle and upper
tropospheric effects are also important.

The most conservative property of the CZ s its
latitude. which varies littde trom day to day. However,
weather in the sone fluctuates greatly. If satellite
pictures are used ta classify CZ intensity as weak,
moderate. or strong. then at a particular longitude the
same category persists from one day to the next less
than one third of the time. while simultaneous
uitensities at points 10 deg longitude apart are
apparently unrelated.

Important Conclusions

I. The equatorial trough is generally located north
of the CZ during the Northern Hemisphere
summer and south of the CZ during Northern
Hemisphere winter.

2. Sunglint data from polar orbiting and
geostationary satellites can be very helpful in
locating the latitudinal position of the equatorial
trough.
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Case 2

Identification of Planetary Boundary Layer
Height Changes from Satellite Imagery

In the ecastern sector of semi-permanent anticyclones, such as otf the
west coast of North America, a marked increase in the height of the
planetary boundary layer is often associated with the passage of a ridge
line. The eastern sector of these anticyclones is generally covered by
open- and closed-cell stratocumulus. Observations indicate that the
stratocumulus cloud element size in these cellular cloud patterns is
related to the boundary layer height—it is highest where the
stratocumulus cloud element size is largest. This relationship can be used
to identify ridge lines in the low-level flow field. The ridge line is located
where the cloud elements in the cellular patterns change abruptly in
size—from small cloud elements to large cloud elements.

Such abrupt changes in boundary layer height (which are always
capped by an inversion), profoundly effect radio and radar propagation.
For this reason identification of areas where boundary layer height
changes occur is of great significance to Navy tactical operations.

2B-9
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Ridge Line Passage
Guadalupe Island, Mexico
Tropical Eastern North Pacific
April 1984

26 April

The DMSP infrared image at 1327 GMT (2B-10a)
shows the eastern North Pacific in the region off
southern California and the Baja Peninsula. The
image is enhanced to emphasize contrast at the warm
end of the DMSP-sensed temperatures so that clouds
only slightly cooler than the sea appear white. Note
that large cloud cells appear in the northern 2. 3 of the
image, while much smaller cloud elements dominate
the lower 1, 3. Smaller cloud lines are interspersed
among the cellular cloud patterns, and in the northern
portion, tend to define northwesterly flow which turns
to nourtheasterly flow in the bottom | 3 of the image.

The streamline analysis (2B-11a) superimposed on
the DMSP image is based on surface observations and
cloud lines. It can be seen that a ridge line is defined by
the streamlines along approximately 30° N. The ridge
line coincides with the transition region where cloud
elements change from large to small sizes.

Guadalupe Island. near 30° N, 121° W, is
perturbing the low-level flow and gravity waves are
observed extending southeastward to the Baja
Peninsula. These waves, which require a strong low-
level inversion for formation, are aligned at a sharp
angle from the surface flow. Winds therefore back
with height indicating strong cold air advection, which
is obviously occurring in this example. A cloud line
also extends to the south-southeast in the lee of
Guadalupe Island as a result of the perturbed flow
below the inversion.

Sounding data from Guadalupe Island at
0000 GMT on 26 April (2B-12b) show a pronounced
inversion with base at 700 m. Surface temperature is
17- C and temperature at the base of the inversion
8.2 C. The computed Lifting Condensation Lewl
(1.CLy is 946 mb. Note that the FNOC surface analysis
(2B-124) shows the ridge line to the north of
Guadalupe Island.

Twenty-four hours later. the ridge line has passed
Guadalupe Island  (2B-13a). and the sounding
(2B-13b) shows a pronounced deepening of the
boundary laver. trom 700 to 1.500 m. Surface
temperature cooled from (7 to 159 C, and the
temperature at the base of the inversion cooled from
K2 to 14 C ITheLClL increased trom 946 to 841 mb.

I'hese ettects illustrate the pronounced change in the
height of the marine planctary boundary laver
resulting trom the passage of a ridge line under
conditions of cold wir advection.
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Case 3 Use of Sunglint in Locating
Ridge Lines in the Tropics

During July. the mean sea-level pressure distribution over the North
i*.«citic and the North Atlantic (2B-15a) shows that the center of mid-
latitude surface highs and associated ridge lines are generally located
between 307 and 45° N,

~.

*
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~

Occasionally.  however., mid-latitude surface anticvclones are
displaced well 1o the south of their normal position by troughs. fronts. or
shear lines extending into tropical latitudes. Conventional data over
oceanic regions in the tropics are often very sparse, so that locating ridge
lines in the anticyclones is difficult. Satellite visible imagery from polar-
orbiting spacecraft often reveal sunglint effects that permit identification
and precise location of ridge lines in the anticvclones.

Reference
Haurwitz. Boand | M. Austin, 1944: Climarology. McGraw-Hill Book Co | Inc .
New York. 410 pp

2B-1Sa Mean sea-level pressure (mb)an July (Alter Haurwitz and Austin, 1944)

2B-15




Location of a Ridge Line in 4dvance
of a Cold Front
Tropical Eastern North Pacific
July 1979

9 July

I'he TIROS-N vistble image at 2330 GM T (2B-16a)
shows a cold trontal cloud band extending {rom the
West Coast souithwestward toward the Hawanan
Islands. Notice that the frontal cloud band w the
boundary between the distinet stratocumulus cloud
field to the north of the tront and the cloud-tree zone
immediately to the south. In the cloud-free zone. a
sunglint pattern is evident which shows hnear dark
arcas from near 28° NU 1300 W o 255 N 137 W
I'he dark arcas imply calm seas which result from a
wind speed minimum along the nidge hneinadvance of
the trontal band.

In the eastern North Pacific. ndge hines are
commonly found about 1 to 4deg inadvance of frontal
cloud bands. and they tend to be ahigned parallel to the
trontal bands over long distances. The absence of
cloudiness. just south of the frontal band. from the
West Coast to the extreme western edge of the
HTROS-N image suggests a narrow sone of high
pressure extending through the region,

I he ENOC surtace analvsis at 0000 GMT on 10 July
12B-174). shortly after the time of the TIROS-N
image, contirms the presence of a high-pressure area
over the tropical castern North Pacific with a ridge
extending to the West Coast. The location of the axis
ot the dark areas in the sunglint pattern i
superimposed on the analysas note that it passes
through the central portion of the high-pressure arca.

A close examination ol cloud lines south of the ndge
line.ust north ol the FTCZ cloudiness (2B-162). shows
the narrow spacing and streaked appearance ty pical of
cloud line development in moderately strong flow of
15 20kt Wind speeds decrease markediy south ol the
region This provides the shearing ettect tavoning
varten development within the 1HCZ Thiy type of
development appears to be i progress, judging trom
curvature eticets in cloudiness over the regron

tmportant ( onclusions

I Clear regions inadvance ot frontal cloud bandsn
the castern North Pucttic are normally assoctated
with ridge fine axes runming through the centraf
portion of the region

to

Sunghnt effects can be used to substantiate the
exact location ot the nidge hine i the segment
where it oceurs

2H-16
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Case 4 Tropical Developments of Polar Origin

An important family of storms which affect the eastern North Pacific
and the West Coast during winter and spring are upper tropospheric
cyclones characterized by tracks from the southwest or south. These
tropical/sub-tropical upper-level systems are unique from typical mid-
latitude cyclones because they move into southern California from the
south or southwest, contain large amounts of precipitable water
extracted from the tropics, have maximum intensity near 200 mb, and
often have heavy showers near the low center.

Numerical prognosis and synoptic identification of these systems are
generally poor since a combination of insufficient data for initialization
(with the exception of satellite winds) and inability to forecast
precipitation location and amount accompany these disturbances which
tap and collect abundant tropical moisture and transport it northward to
mid-latitudes.

The origin of these sub-tropical tropical upper lows can be either low
or mid-latitude, but they usually display features characteristic of
tropical weather. Normally most intense systems originate in mid-
latitudes with polar influences, penetrate equatorward. attain tropical
characteristics, then swing northeast over southern California.

2B-19
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Induced Frontal Wave (Vorticity Comma) Cyelogenesis
Tropical Eastern North Pacific
January 1981

8 January

The GOES-W image at 1215 GMT (2B-20a) reveals
a cold frontal band extending from near the Hawaiian
Islands to the Pacific Coast of North America, with a
cloud vortex located near 45° N, 140¢ W. A vorticity
comma cloud A is evident in the cold air behind the
front. The comma cloud shows no perturbation in the
surface analysis and wind field (2B-20b) which
indicates ridging in the region. At 500 mb (2B-21b). the
comma cloud 1s located in a broad westerly current,
and at 200 mb (2B-21a) the wind ficld shows that the
comma system Is in advance of a westerly (jet)
windspeed maximum (100 kt).

9 January

Approximately 12 hours later, the GOES-W image
at 2345 GMT (2B-22a) reveals that the vorticity
comma cloud has merged with the southern end of the
tfrontal zone. Such a merger usually induces frontal
wave cvclogenesis. Evidence that this is occurring is
the anticyclonically turning cirrostratus shield which
obscures much of the frontal band to the north. The
developing cloud vortex will emerge from the west
edge of this shicld (see NTAG, Vol. 4. Part 1. Sec. 2).

The FNOC surface analysis and wind field (2B-22b)
shows a sharp but weak trough development
associated with the frontal wave B. The disturbance B
is located in a cold trough at the 500-mb level (2B-23b).
The FNOC 200-mb wind field and superimposed
streamline analysis (2B-23a) is especially interesting in
that it reveals a sharp upper-level trough on the west
side of the frontal wave cloud pattern with difTuent
winds and a divergence asymptote overlying the wave
development. Such a configuration is strongly
favorable for rapid intensification of the system. Note
that jet-force winds are largely west of the trough axis.

By 1215 GMT. intensification is obvious in the
GOES-W image (2B-24a) which reveals an emerged
comma-shaped cloud defining the system B, and
suggesting a center near 24° N, 134° W Note that the
system has tracked over 10 deg to the southeast from
the initial view (2B-20a). 24 hr earlicr.

The ENOC surface analyvsis and wind field (2B-24b)
shows a low-pressure center and  weak trough
associated with the developing storm B, At the 500-mb
level (2B-25b), the developing storm appears at the
base of a trough. A streamline analysis of the wind
field at the 200-mb level (2B-25a) continues to show
difluence  in advance of a trough over the
disturbance a continuing favorable pattern for
intensification. Jet-force winds remain west of the
trough axis.

10 January

By 1215 GMI. a well-defined cvelonic cloud
signature € is evident on GOFS-W image (2B-26a)
Moderate development has taken place as indicated by
increased  solid-appearing  cirrus  cloudiness  and
increased cloud curvature around the upper low.

The FNOC surface analvsis and wind field at

28-20

1200 GMT (2B-26b) shows that the disturbance is
located in a broad low-pressure region having dual
centers south of the disturbance as revealed by the
satellite  data.  Note that. unlike mid-latitude
disturbances. casterly windys are apparent both to the
north and south of the storm center, similar to a
tropical development.

At 500 mb (2B-27b). a low-pressure center € is
located to the northwest of the developing surface
disturbance (2B-26b)  a location favorable for the
further intensification of the storm.

I'he FNOC 200-mb analysis with superimposed
streamlines (2B-27a) shows that the svstem s ideally
positioned in the positive vorticity advection region in
advance of the upper-level trough. where turther
intensification 1y optimized. as jet-force winds have
rotated around the trough axis to the cast side. Note
also pronounced speed divergence from the trough to
the ridge downstream from the storm which could add
to the intensification potential.

Continued on page 2 B-2X
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11 January
The fow € attained manimum antensity at about
I21SGM T 2B-250) Accompanying the upper-leved
' cvelane were deep mddle and tugh clouds, light rain,
and embedded cumulommbr Connection ot the cloud
swstem to monsture from the eyquatorial convergence
sone (CZ) s apparent, Unlike w typical trontal cload
sastem. heavy rin thunderstorms are concentrated
) near the upper-level areulation center. This s
commuon feature ol these systems. Cumulonimbus
clouds devetop primanly as a result ot cold upper
tropospherie tenperatures which produce unstabie
lapse rates. Fhunderstorms pear the low center are an
excellent satethte dentitier of the low center.

y The FNOC surtace analysis and wind ticld i 2B-2%b)
reveals the characteristic light winds sarrounding the
center of this upper-level disturbance. Note that the
mait ~senstble weather events are oceurring hundreds
of nules from this center. Wathout satellite data 1o
reveal the location of the manin cloudiness surrounding
the svatem, 1t would be impossible to Know when and
where the magor weather events would oceur

1t s interesting to note that.according to data on the
surface anabyvsis (2B-2Xby, the farge spiral band
extending southwestward toward the equatorial CZ s
not assoctated with o convergence asymptote at low
levels. Such a teature s a normal expectation, [t
possable that the surtace anabyvas under-estimates the
caistence ot wester!y winds south and southeast ot the
low center. A shight adiustment to permit this would
resuft o4 comvergence assmptote near IS W,
carresponding to the location of the spiral band.

The ENOC 500-mb analvsis (2B-29h) reveals the
cold-core, upper-fevel low well oftshore at s peak
intensity. The low also appears strongly as a cut-off
feature at the 200-mb level (2B-29a). Note the sharp
anticvelonic turning of the winds at this level over the
main  cloud shield ard the pronounced speed
divergence which encoutages upward vertical motion
in the rain band.

12-13 January

The storm € weakened and moved inland during
this period as shown by GOES-W imagery (2B-29¢
and 29d). At this time the connection of the stormasa
arrus and mid-' el cloud extension from the CZ v s
broken. This appears to be a key satellite indicator of
weakening and or transformation of the disturbance
into g mid-latitude system. This normally coincides
with movement of the jet core through the north-
northeast sector of the low and subsequentiy out of the
crculaton.

A\ review of the trajectory of the storm center reveals
that 1t moved southeastward from 8 10 January
(’H-22a0 244, and 26a) and then turned abruptlv
northeastward trom 11 13 January (2B-28a, 29¢. and
Y to provide a surprise” rainstorm to southern

¢ aotornia and the southwestern United States.

< hanve an direction of movement of the storm

Cuded with o movement of the upper-ievel jet core

st westside ot the svstem around the trough axis

2+t ade Thisisin contormance to the rule that

v ot oo move south (north) while a jet core is on
o e tlenk of anoupper low.

Important Conclusions

-

o

Satellite mugerny s a key tool toradontification
and fotecuts ot upper devel disturbances over
data sord regrons of the castern North Paaitic

Satellne observation and sdentification ot upper
fevel mmd-lat tade sornaties s an amportant clue
that cquatorward wave energy propagation and
ttopical upper-tfow tormation may take place

Pre-existing upper cvelones south ot 25 Noserve
as mdicators ot exnsting equatonal apper
westerhies within which systems mas develop

Increasing  high cloud  wmount and - cloud
curvature are good fistindicators of upper-low
mntensitication

Fhunderstorm claster locanion isa usetul method
ol pm-pomting the low centel

Existence ot g curus cloud band emanating trom
topcal comvection northeastward s o poad
ndicdtor ot et streas moton from the southwest
to the northeast sectors of the low, concurrent
rapd development. and change in direction trom
the southeast to the northeast

Cut-ott of the drrus cloud band trom the tropies s
a signoof upper low weakeming and ot
transtormation ot the low trom o tropical to 4
mud-latitude disturbance
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Case 1

Use of Cloud Lines and Mesoscale Clear
Regions as an Aid in Synoptic Analysis

When surface winds in the tropics are 15 kt or greater. stronger aloft,
and show vertical speed shear but not directional shear in the lower
layers, cloud line formation is normally induced. A close look at cloud
line structure over a region will reveal a tendency for cloud lines to
“branch” in a Y-shaped formation with the top of the Y facing in the
downstream direction. This aids in resolving the 180° wind direction
ambiguity.

Another mesoscale effect is the tendency for an extremely well-defined
clear “stot” to be formed in advance of the leading edge of cloudiness of
an easterly wave. The clear slot, normally oriented in a north-south
direction, defines the location of a sharp ridge line which moves with and
is part of the easterly wave structure and general dynamics. In well-
developed examples an upper-level trough normally overlies the position
of the ridge and an upper-level anticyclone overlies convective cloudiness
of the easterly wave (Fett, 1966).

The enhanced convection and tendency for curved vortical cloud lines
surrounding the wave make identification of this system fairly easy.

Together these small-scale effects can be used to great advantage as
guide lines in obtaining an improved synoptic analysis.

Reference
Fett. Robert, W.. 1966: Upper-level structure of the tormative tropical evclone  Mon
Wea. Rev., 94(1). 9 18,
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Identitication of an Easterly Wave
Central Tropical North Pacific
November 1977

3 November

The DMSP visible image (2€-2a0 reveahs o wide
variety  of cloud forms ranging trom suppressed
tratocumulus - under  presumably igh pressure
conditions to the north, to deep convection assoctated
with disturbances and probably Jower pressure near
270N, 178 Woand 100 N 15T OW

A ficld of cloud fines oriented northwest-southeist
lead up to the northernmost disturbed arca, while
carving cloud lines tend to define a vortical structure
surrounding the southernmost disturbance,

Ihe istand of Hawaii is located near the cast central
portion of the image. and Fanning Island can be
identitied in # sunglint region in the bottom central
portion. Fhesetwo geographical features permitasery
accurate gridding of the entire image.

Fast-northeasterls flow can be deduced passing the
ishand of Hawail by the existence of lee cloud lnes
extending over S0 nmi to o the wost-southwest.
Southeasterly How s tmphied by cloud hines extending
up to the northernmost disturbed region A close
examination of the cloud hoe ficld reveals the
characteristic “Y-shaped™ branching of some cloud
elements with the Y branch open in the downstream
direction. These two How fields imply ndge hine neat
the leading edge ot the southeradisturhance Fhecleat
ot on the teading edge of this disturbanee suggests
that this would he a togical posinon for the ndge hine
dnce this s a characternstie feature of woestward
moving tropical disturbunces

Surtace reports and a streamiime analvars hased on
these reports and  the satetlite indications,
superimpased on the satelhte mmusge £20-3a) contirm
the flow pattern suggested by the cloud torms and
structure appeanng on the satelbie imagen One
could feel guite contident about this anafyvsis despite
the lack of suttace reports, almost entirely abvent
below 200N
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Case 2

ldentification of Island- Produced
Cloud Plumes

Cloud plumes extending to the lee of islands have proven to be very
reliable indicators of the low-level wind direction (see NTAG Vol. I,
Sec. 2C).

Additional lee and corner atmospheric and sea state changes induced
by trade-wind flow over island barriers under low-level temperatures
inversion conditions have been documented through research aircraft
flights and successfully simulated by numerical models (Fett and Burk.
1981).

In every previous example (NTAG Series) the cloud plume shown to
the lee of an island was identified as a low-level phenomenon. In this
example, an apparent cirrus cloud plume is mistakenly identified as
island-produced.

Reference

Fettt R W . and S. D Burk, 1981 Idand Barner fifecty as Observed by satellite and
Instrumented Aircraft and Simulated by a Numernical Model Mon HWea Res . 10%(7).
1527 1541

2C-5

5

C Case

R



- -~ . -
2C-6a Fnlarged View FIV-31 DMSPLE Low Fahancement 1X19 GM T 24 dune 1975

2046




Deep Convection Cirrus Debriy. -
Mistaken as an Island- Produced
Cloud Plume
Havwaitan {slands
June 1975

24 June

The DMSP visible image (2C-6a) is an enlargement
of the region surrounding the island of Hawaii. The
left hand border of this image was the actual border of
non-enlarged data obtained on this pass.

It is of great interest to note the light gray cloud
plume leading from the lee of the island to the west,
This cloud plume is aligned perfectly with the genceral
direction of low-level cloud lines SUggesting an cast-
southeasterlv flow direction past the island.

The uniform “smokey™ structure of this cloud plume
is not usually observed. Normally cloud lines or
plumes in the lee of Hawaii are highly reflective and
obviously low-level in nature (see NTAG. Vol. I.
Sec. 2C, Case 5).

A DMSP infrared image (2C-7a) was also ay ailable
at the same time ar the visible image. The infrared
image reveals that the cloud plume is very cold (w hite
tones cold  temperatures) suggesting a cirriform
structure. This is also suggested by the characteristic
transverse banding apparent along the plume in the
DMSP visible image (2C-6a).

An apparent logical conclusion would be that this is
a4 rare example of an upper-level cirrusy plume
generated by a lifting action of moist. high-level air as
it moved over the island barricr. The expectation
would be for sounding data to reveal moist, high-level
air in strong easterly flow,

Sounding data at Hilo (2C-¥a) reveal VEry moist,
upper-level conditions from 9,670 to 10.910 m {280 10
230mb) at 0000 GMT on 24 June. which seems to fit
the possibility  of cirrus  clouds perfectly,
Unfortunately the winds near this leyel are from the
wrong direction they are blowing castward
(25 30 k1) rather than westward! At 0000 GM Y on
25 June. about 6 hr after the time of DMSP imagery.
moist conditions (2C-8h) are similarly implied at
about 9.710 m (275 mb). However. winds near this
level. again, are strong - northwesterly (30 ke,
obviously from the wrong direction 1o produce a cirrus
cloud plume west of the island.

The diserepancy is resolved through a mosaic ot the
IR image on this date. over the wland, with the image
trom the adjoining pass to the west (2C-94). The
mosgic reveals that the clend plume oves Hawan
emanated  trom cloudiness spawned  from  deep
comective actinity southwese of Hawani and advected
over Hawann westerly flow  The location of the cirrus
plume i the fee of Hawan was due o the advectine
process fortuitoyshy superimposed over the idand of
Hawan, creating the appaarance of g fee cloud
formation due 1o casterly tlow aloft
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Section 3

Tropical Western Pacific Ocean

3A Introduction

Tropical Western Pacific Ocean ................. ... .. ...

3B Synoptic-scale Case Studies

1 Cold Surges Associated with the Winter Monsoon
Development of a Cold Surge
South China Sea
December 1974, ... .. .. ... .o

2 Mesoscale Use of Cloud Lines and 4nomalowus
Gray Shades in the Tropics ... ... . . ..
Identification of a Weak Cyvclonic Circulation
Tropical Central Pacific
June 1974 (.. L

[

Tropical Air Fog......... . ... ... .. ... . ..
Tropical Air Fog
Gulf of Tonkin
December 1978 and January 1980 ... .. .. ...

4 Use of Convergence Bands i the Tropics
to Locate Surface Troughs .......... ... .. .. . . .
l.ocating the Surface Trough line
tn a Weak Tropical Disturbance
Tropical Western Paaitic
November 1977 oo Lo

S Use of Sunglint in Deternuning the Posttion
of the Southern Equatorial (Monvoon) Trough
ldentitication ot the Monsoon Trough
Iropical Southwest Pacitic
February 1988 0 o0 oo

3C Mesoscale Case Studies

I Cloud Line Configarations in the Lee of Ilands
Under Low-level Inversion Conditions ...

Iand Lee Cloud Formation Under Statically  natable

L ow-level Conditions
Tropwai Central Pache
January 1974 o0
2 Streamiine Anahis Using the Butfer Zone
and Monsoon Trough Conceprs aad Satelhte
Imagery Interpretation e
Focating a Butfer Zone and Monscon Trough Axes
Iroprcal Southwest Pacific
August 1974 and August 1979
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Tropical Western Pacific Ocean

The tropical western Pacific Ocean north of the equator is
characterized by easterly to northeasterly flow in winter turning to
northwesterly flow in a buffer zone near the equator. The active
streamline trough area at this time lies in the Southern Hemisphere near
15° S, passing just south of New Guinea and over northern Australia.
Strong northeast monsoon conditions exist over the region from Taiwan
to the South China Sea. The pattern reverses in summer west of 150° E as
southeasterly flow from the Southern Hemisphere crosses the equator
and turns in a buffer region to southwesterly flow which converges in a
monsoonal trough passing through the Philippines and into the South
China Sea. East of 150° E easterly flow predominates.

Unlike the tropical Atlantic Ocean, tropical cyclone activity is evident
on both sides of the equator and sometimes simultaneously.

The Navy meteorologist can use many weather satellite techniques in
this region to significantly improve analysis and short-range forecast
capabilities. Included in this section are discussions of some of those
techniques including meaning and interpretation of anomalous gray
shades; use of cloud lines or streets to determine flow direction; sunglint
interpretation; and island barrier effects. The Japanese GMS view of the
region (3A-1a), in a winter situation, shows a frontal penetration into the
South China Sea and an active cloud convergence zone in the Southern
Hemisphere with a tropical cyclone near the Solomon Islands.

JA-la. GMS.
Visible Image.
0233 GMT

IS February 1979,
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Case 1

Cold Surges Associated
with the Winter Monsoon

With the onset of the Northern Hemisphere winter, intense surface
high pressure develops over the East Asia continental region south of
Lake Baikal (3B-1a). The dominating characteristics of this anticyclone
are quite evident.

The anticyclone is sustained and intensified by strong radiational
cooling over the frozen land mass and by consistent cold air advection.
Outflow from the anticyclone provides strong, steady, northeasterly
monsoon winds along the east Asian coast, and across the South China
Sea. The influence of the winds extends through the area of the maritime
continent, which consists of the Indonesian and Malaysian Islands
(Houze eral, 198la). The occurrences of cold air outbreaks
accompanied by increased northeasterly winds and the weather
associated with them are referred to as cold surges.

In general, a cold surge in the East Asia region may be detected by the
occurrence of either a sharp drop in surface temperature; a minimum
temperature notably below the seasonal average: a strengthening of the
northerly winds; or any combination of these events (Changer al.. 1979).

T ea0=
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IB-ta. Mean sea-level pressure (mb) in January. (After Haurwitz and Austin, 1944)
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3B-2a. Schematic diagrams
showing the effect

of a cold surge passage

on the Hadley and Walker
circulations. Intensities

of jet streams represented

by relative lengths

and intensities of circulations
by relative width.

(After Chang eral.. 1979.)

The vast amounts of heat energy transferred from the ocean to the
atmosphere during convection associated with cold surges make this one
of the major energy sources of the winter atmosphere. The winter
monsoon itself may be viewed as » Hadley cell circulation with combined
Walker cells in the equatorial regions, as depicted in the schematic
(3B-2a) which shows the stages of Hadley and Walker cell development
during a cold surge event. The Hadley circulation consists of lower
tropospheric northeasteriy flow; a strong heat source and ascending
motion in the equatorial trough region near the north Borneo coast; and
a strong heat sink and descending motion in the East Asia-North China
region.

The Walker cells develop to the east and west of the equatorial zone of
ascent (3B-2a). Convective cloudiness forms in the equatorial ascending
region. Outflow aloft diverges east and west as part of the Walker cell
circulation with main areas of descent in the equatorial Central Pacific

West Asig East Asia
Jet Streom Jet Stream

Accelerating
Jet Streom

% Increased
Cooling

3B-2




and along the east coast of Africa. The enhanced upper-level poleward
flow of the Hadley cell results in a strengthening of the East Asia jet
stream located over Japan. On the other hand, as convective cloudiness
develops. as a result of a cold surge, the Walker cell circulation is
strengthened resulting in a decrease of jet stream intensity at lower
latitudes to the west. After the surge passes, convection in the maritime
continent will increase thereby sustaining the circulation. The strong
convection, however, will only last about one day following the surge
passage. From the above considerations it can be seen that although cold
surges are initiated in the northern mid-latitudes they may influence a
large equatorial region and the large-scale motions occurring in that
region.

Cold Surge Effects

Cold surge effects can often be deduced from satellite data through
noting a sudden increase in convective activity over Vietnam. This occurs
because of frictional convergence due to increased low-level onshore
flow.

At the furthest extremity of the cold surge in its southward progression
{near Borneo), other studies (Houze ef al., 1981; and Johnson, 1982) have
shown an increase in offshore land breeze cloudiness due to increased
convergence with the strong northeasterly flow. Chang er al. (1979),
found that the surge will continue equatorward unless interaction with a
synoptic-scale disturbance at lower latitudes occurs. When this happens
the cold surge acts to intensify deep convection due to convergence of the
strong northeasterly flow and easterly trades. The strong convection will
later dissipate as the northeasterly flow weakens or as cold air advection,
which lags the wind increase. stabilizes the area.

Forecast Techniques

Cold surges are associated with the approach of an upper-level trough
over northern Japan. One technigue used in forecasting a cold surge is
that a surge can be expected within one or two days when the 500-mb
winds over Lake Baikal are northwesterly (suggesting a trough
approaching Japan), and the 500-mb temperatures are below -30° C at
40° N. Riehl (1968) offered another rule indicating that when a pressure
difference of >>10 mb occurs between 30° N, 115° E and Hong Kong, a
cold surge would begin in 48 hours.
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Development of @ Cold Surge
Sowuth China Sea
December 1974

3 December

The NMC surtace analvsis at 0000 GM T (3B-4b)
shows a 1064-mb high over Asid. southwest of Lake
Batkal. Strong northerly surfuce wainds up to 30 ktare
reported in the eastern portion of the high, west of
Korea. Winds are notably light and variable in the
South China Sca.

A stationary front is analyvzed nearly paraliel to the
southeast coast ol China, through Hong Kong. The
tront extends cast-northeastward over Taiwan. where
It becomes an active cold trontal system associated
with a 1000-mb low cast of Japan. A more detailed
analysis (Chang eral . 1979) showed that the front
maved past Hong Kong by 1300 GMT.

The surface pressure ditference between 307 N
1S ¢ and Hong Kong v about 12mb, which
accordmg to Richl's (1968) critena. suggests a cold
surge into the South Ching Sea within 48 hours.,

Note that wind reports are already suggesting a cold
air outhreak tlowing into the Sea of Japan and the
Yellow Sca. This i also strongly indicated on the
NMO KSO-mb analvsis 1 3B-di) which shows isotherms
perpendicular o sopleths in that region.

At 500 mb (3B-Sh). northwesterfy fTow s shown
over Take Barhal with o trough approaching Japan,
The -30 Cisothermas very close ta 407 N but has not
passed south of it over Ching to indicate an imminent
vold surge event. A blocking situation seems to be
suggested near 1600 F wath a ndge hine extending to a
high pressure center near 65 N 1700 b The effect of
such i block would tend to encourage cold surge flow
over an extended peniod.

At 200 mb (3B-Sa). a 130-kt jet streak 15 shown
crossing over North Korea and the northern island of
Japan.

The NOAA-3 visible image mosaic at about
0300 GMT (3B-6a) reveals overcast cloudiness north
of the stationary front (3B-4b) extending deep into
China and over the western Pacific south of Japan.
Note the sudden termination of cloudiness to the west
between roughly 22° to 33° N, and {04° to 106" E.
This is the precise boundary where the terrain rises
abruptly. giving way to the mountains of Tibet and
high terrain of provinces to the north.

Very little cloudiness is apparent over Vietnam and
the South China Sea except for convective clusters
along the equatorial convergence zone (CZ).

The DMSP infrared image at 1509 GMT (3B-7a)
reveals the typical cloud line development that occurs
when frigid air flows over much warmer water in the
coastal regian of the Soviet Union northeast of Korea,
I'he isotach analysis shows that winds over the water
are much stronger than over the land. This should be
anticipated not only hecause of less friction over water
but also as a result of the violent mixing process that
occurs during a cold air outbreak which brings
stronger winds from aloft down to the surface lavers,

iB-4

4 December

Fhe NMC surtace analysis at 0000 GM'T (3B-Xb)
shows the beginning of the cold trontal penetration
into the South China Sea. The 1016-mb isobar now
lies close to Hong Kong indicating a pressure rise of
about 5 mb over the past 24 hr in response to the cold
surge event. The light southerly winds apparent in the
anticyclonic flow over the South China Sea on the
previous analysis (3B-4b) have now given way to
northeasterhies.  apparently  as a result ot the
anticyctone’s southward shift.

The NMC 850-mb analysis (3B-Ba) now shows cold
air advection at this level extending offshore of China
and into the South China Sea.

At 500 mb (3B-9b). the short-wave trough appears
to have moved over the Yellow Sea while the low-
pressure center at 50 N, 142° F has moved eastward a
few degrees. This maintains the northerly flow over
Lake Baikal. The -30° C isotherm has now moved
south of 407 N in a segment over the Sea of Japan,
fulfilling the criteria for a cold surge event in the South
China Sca within 48 hr. (Riehl’s criterion. however,
had predicted this 24 hr earlier.) The Omega block
near 1607 E perasts and is undoubtedly responsible
for the refatively slow movement of the major low-
pressure svstem north of Japan.

The NMC 200-mb analysis (3IB-9a) shows a
cyclomcally turning 130kt jet streak cirching the
clongated Jow-pressure svstem north of Japan.

The NOAA-3 visible image mosaic at about
300 GMT (3B-10a) shows cloudiness advancing
slightly further into the South China Sea and it
appears more solid, possibly containing shower
activity.

The DMSP visible image acquired at 0030 GMT
(3B-11a). shows that heavy overcast cloudiness has
advanced southward to about 20° N. Strong surface
winds (30 kt) associated with the surge over the open
water are observed just north of Luzon (Philippines).

A streamline showing the flow of cold air moving
over the Yellow Sea ta the South China Sea, where a
merger with normal northeast monsoon flow occurs, is
quite revealing. Note that higher wind speeds in the
surge region over the water are 2 -3 times as strong as
over land. This again is chiefly attributable to the
strong mixing occurring over the water, bringing
strong winds from aioft to the sea surface.

The land breese cloud line extending offshore « ©
southern Vietnam is indicative of light synoptic-flow
conditions and indicates that the surge has not yet
reached this region.

Continwed on page 3B-12
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B-6a. NOAA-D Vivhle Image Mosaic. 0300 GM'T 3 December 1974
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5 December

The NMC surface analysis at 0000 GMT (3B-12b)
shows that the 1012-mb isobar, which had been over
Hong Kong on 3 December has moved southward to
southern Vietnam. Cumulus congestus reported at sea
and along the coast of Vietnam indicates that the surge
has reached the region. Temperatures and dew points,
however, show little change over that shown on the
analysis of 3 December (3B-4b), prior to the surge.
This finding is consistent with that of Chang eral.
(1979), who concluded that a freshening of the
northeast monsoon flow due to the cold surge precedes
a temperature decrease over the same region. They
indicate that such a decrease, “if it occurs, is confined
to the western portion of the South China Sea.” Due to
air/sea interaction, the air further east, having a long
over-water trajectory, is modified too much to show a
large temperature/dew point difference.

The NMC 850-mb analysis (3B-12a) shows little
further evidence of cold air advection into the South
China Sea, with the 15° C isotherm only slightly
further south of the position shown 24 hr earlier
(3B-8a).

The NMC 500-mb analysis (3B-13b) continues to
show the Omega block near 160° E. The effect on the
movement of the low-pressure center is drastic,
resulting in a retrograde westward movement of about
Sdeg in comparison to its position 24 hr earlier
(3B-9b). The blocking action keeps cold air moving
from northern latitudes to the region off the China
coast.

At 200 mb (3B-13a), a jet streak remains south of the
low-pressure center north of Japan with intensity
increased to {50 kt.

The NOAA-3 visible image mosaic at about
0300 GMT (3B-14a) shows movement of frontal
cloudiness southward to Luzon with increased
convection in the South China Sea and along the coast
of Vietnam. This cloudiness change, though subtle in
the NOAA-3 imagery, indicates movement of cold
surge effects southward to at least 10° N,

The DMSP visible image at 0011 GMT (3B-15a)
shows cold surge cloud lines still being generated in the
Yellow Sea and in the Sea of Japan. Jet stream cirrus
cloudiness is apparent near the northern edge of
overcast cloudiness sweeping across the Yellow Sea
past the southern top of Korea.

The flat appearance of overcast cloudiness south of
the jet stream cirrus suggests subsidence as the dense.
cold air spreads southward.

A streamline analysis of surface reports
superimposed on the DMSP image (3B-15a) shows
that this subsidence is occurring under anti-
cyclonically-turning flow with a ridge line passing
through the center of this cloudiness.

In the southwest portion of the DMSP image.
easterly trade wind flow is shown which merges with
the surge in the South China Sea after passing over the
Philippine Islands.

3B-12

6 December

The NMC surface analysis at 0000 GMT (3B-16b)
shows 25-kt winds extending to about 10° N. Cumulus
congestus, rain, and rainshowers, along the coast of
Vietnam suggest the influence of a cold surge in
progress. Low pressure is analyzed in the middle of the
South China Sea, but without a great deal of evidence
from previous history or from indicated pressure
reports in the vicinity. It is possibie that the low was
analyzed-in on the basis of the 25-kt wind report,
indicating a lack of understanding by the analyst thata
cold surge was in progress over the region and that
strong winds associated with such surges do not
require and, in fact. are not associated with low
pressure.

At 850 mb (3B-16a). a dome of high pressure is seen
to have pushed southward toward Hong Kong and the
15° C isotherm is located south of Hainan Island.
Pronounced cold air advection is still indicated from
Korea southward to Hong Kong.

At 500 mb (3B-17b). the blocking pattern near
160°-165° E is still shown to persist and the low-
pressure system north of Japan has moved eastward
from its previous position (3B-13b) by only about
4 deg. which maintains the northwesterly flow over
Lake Baikal. The -30° C isotherm now extends
southward past 40° N into Korea and Central Japan,
indicating a well-advanced cold surge event.

The NMC 200-mb analysis (3B-17a) continues to
show a strong jet streak, now with maximum winds of
over 170 kt, anchored in the southern portion of the
trough extending from the low north of Japan.

The NOAA-3 visible image mosaic at about
0300 GMT (3B-18b) reveals considerable cloudiness
over the northern portion of the South China Sea
except along the China coast where strong subsidence
and clear skies occurred as Hong Kong experienced its
coldest temperature. An analysis of surface
temperatures by Chang et al. (1979; 3B-18a), revealed
that the temperature gradient was greatest in the
northern South China Sea, as Hong Kong recorded its
lowest temperature; however, winds from the surge
preceded the cooling effect and had reached
southward to southern Vietnam (3B-16b). Convective
cloudiness along the equatorial CZ has increased
dramatically as increased convergence caused by the
cold surge has affected the area.

The DMSP visible image at 2353 GMT (3B-19a)
shows a closer view of cloud forms observed in the
NOAA-3 image (3B-18b). The streamline analysis
shows that the initial overcast cloudiness extending
offshore tends to dissipate in the ridge line region
where winds turn from northwesterly to northeasterly.
A convergence of surge winds with easterly trades is
shown in the southeast portion of this image and
coincides with the region of enhanced I1TCZ
convection. Note that along the eastern coastline of
Japan, cloud lines develop in preferred regions with
some regions being clear of cloudiness for as much as
50 n mi offshore. The cloud lines form first in channel
areas ot in the lee of valleys. Wind speeds at the surface
in these regions are much higher than nearby clear
regions which lie in the lee of mountainous terrain.

Continued on page 38B-19
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IB-14a NOAA-} Visible Image Mosaic. 0300 GMT § December 1974
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1B-1%a Surtace Temperature Analysis
0000 GM 1 6 December 1974
(After Chang eral . 1979)
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7 December

On this last day of the cold surge. the NMC surtace
analysas at BOG0 GM T (3B-20b) omuts the erroncoushy
anahvzed low 1n the central South China Sea, and the
pressure  gradient v shown  to have relaxed
considerably in the northern South China Sea.
However, high pressure s butlding up again in the
north  for another surge (which  followed on
9 12 December)

At KBS0 mb (1B-20a), the high-pressure dome has
dropped further south associated with the advance ot
the surge. and cold air advection into the northern
South China Sea has ceased

The NMC S500-mb analysis (3B-21b) shows a
disstpation of the block along 160 F. but the low over
Lapan stull persists 1n roughly the same position. (By
8 December the low moved rapidly  eastward).
Northwesterly flow sull persists over Lake Baikal.

The NMC 200-mb analysis (3B-21a) shows the jet
streah waith 170-kt wind maximum still at the base of
the low near [40° E.

The NOAA-3 visible image mosaic at about
0300 GM T (3B-22b) reveals renewed indications of
cold surge eftects oft Korea and Japan in the form of
cloud hines emanating from coastal regions. A detailed
surtace temperature analysis (Chang eral.. 1979;
1B-22a) shows that a tongue of cold air has now moved
past Vietnam to the northwest coast of Borneo. Heavy
overcast  cloudiness covers most of China and
increased cloudiness appears offshore over Tawan.

1o the south, the cquatonial CZ uppears more
intense with adisturbed arca northwest aof Boraeo Tt
sugpested by Chang erof (1979) that the disturbance
intensthied as aresult of aincreased convergence and
avdonie shear caused by g contluence ot winds trom
the cold surge into the disturbed region. Such an
intensitication v also suggested by airrus streamers
appearing in the DMSP visible image in the regton
south ot Vietnam (3B-234) The arrrus suggest inerease
outtlow alott torced by fower-level convergence and
the accompanving release ol latent heat through the
comvedtive process Surface winds and the streambhines
tend to support this hypothesis in showing that the
streng winds are not donven by a fow-pressure center.
and the arrus outflow arca s many mules from any
center of Areulation assoctated with the disturbance

Chang e al (1979) also noted that the sudden
apparent mncresse inintensity dimisished shortiy after
the time ot the DMSP image. as the cold wir tongue
tdepicted in 3B-224) protruded into the region of the
disturbance  The dimimished intensity was short-lived,
however, as the cold temperature ettects receded. and
the disturbance again showed signs ot intensification

A tinal DMSP view of the disturpance at 0040 GM 1
un Y December (3B-23b) showsntense cirrus outflow,
and the streambines at this tme, andicate a closed
vircelation. The storm, however, failed to achweve
tropical storm intensity

1R-20

Important Conclusions

1. Cold surges oft the coast of Asi have an
important ntluence in the antensitication of
tropical convection and of wtopical disturbances

to

Cold surges are most casily detected by noting the
locations of stronger than normal winds over the
ocean regions during the penod of the northeast
monsoon, especially in the absence of low-
pressure centers.

3. Because of rapid modification of cold air over-
running warmer water, it is often ditficult to detect
a cold surge in tropica)l latitudes by a temperature
decrease.

4. The most reliable method of predicting the
possibility of a cold surge into the South China
Sea, within 24 hr, is to note the following

evidence:
a. Winds at 500 mb over lLake Baikal are
northwesterly.

. A trough at 500 mb is approaching Japan.

c. A strong pressure gradient exists between a
low near Japan and a high to thesouthwestol
l.ake Baikal.

d. The -30° C 1sotherm 1s beginming to move
south of 40° N aver western Asia

e. A pressure gradient of 10 mbexists between
Hong Kong and 30° N, [15 F.

f. Jet streaks ¢ 130 k1) at 200 mb persist for at
least 3days over Japan.

5. The 850-mb analysis is & good indicator ot Tow-
level cold air advection.

6. Strong winds from a cold surge precede any
indication of falling temperatures and at umes
temperatures never do fall. particularly in those
regions where air has had a long over-water
trajectory.

7. Cooler temperatures associated with a cold surge
are most likely to be noted near the coast of
Victnam in the South China Sea.

K. Blocking action. as detected at the S00-mb level,
near 160 E_appears important in anchoring low
pressurein the region north of Japan. and thereby
providing i stationary channel tor cold northerly
winds to surge southward over an extended
period.

References

Chang. C. P J b Enckson, and KM Lau, 1979
Northeasterly cold wurges and near-equatonal
disturhances over the Winter Monex Area durning
December 1974, Part |, Synoptic Aspects Von Hea
Rev.. 107, 812 %29

Richl, H | 196X Surface winds over the South Ching Sea
during the northeast monsoon season Naval Weather
Rescarch Facilits Tech Pap No 22-68 24 pp




s

3B-21a. NMC 200-mb Analysis. 0000 GMT 6 December 1974.

L4
—_ — e e e
3B-21b. NMC 500-mb Analysis. 0000 GMT 6 December 1974,




TR-22 Surtace Temperature Analvas
0000 GM T T December 1974
(After Chang eral . 1979

R
| '00Z 8 BEC
100" 108° 10° 18° 120° 12%°

v ™ e be
B-27h NOAA-Y Visble Lnage Mosaie 0300 GMT 7 December 1974

iB-22




VIETNAM

- 06E e L g - bl € g /(.:j

I8-23a FIV-29 DMSP [ F 1 ow Fnhancement. 0058 GMT & December 1974, Surface Reports (0000 GMT) and Streamlines.




’ 27epr5E. S
B 2N

W23 V29 DMSP EE Low Enhancement 0040 GM | 9 December 1974 Surface Reports (0000 GM 1) and Streamiines.

IB-23




Case 2

Mesoscale Use of Cloud Lines and
Anomalous Gray Shades in the Tropics

Cloud lines in the tropics are good indicators of low-level (gradient
wind-level) wind direction. In addition. in satelhite visible imagery. the
appearance of the characteristic “Y-shaped™ branching on the
downstream end of a cloud line is useful for resolving the 180 deg
ambiguity in determining the direction of the flow.

Weak vortices or upper-level trough axes are sometimes defined by the
spiral pattern of satellite-observed anomalous gray shades and
embedded cloud bands.

Together these indicators can improve synoptic analysis in regions of
few conventional observations.

iB-25
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Identification of a Weak Cyclonic Circulation
Tropical Central Pacific
June 1974

28 June

{he DMSP visible image (3B-26a) reseals a fairly
inactive vonvergence zone (CZ) between 4 to 15 N,
and 170 to 180 W. Note that the surface winds (ship
reports) on either side of the CZ are easterly. Using
cumulus cloud lines as additional indicators ot basic
low-level tlow. it can be interred that casterlics prevanl
throughout the area tromsouth of the Fyuator to nud-
latitudes. The characteristic Y -shaped™ branching on
the downstream end ot several cloud hnes resolves the
sense of direction as casterly.

T'he cloud cluster near 7 N, 165 Wdoes have some
weak banding on the northern wide suggesting the
possibility of a weak casterly wave. About 25 turther
west. a typical spacing between wasve phenomena of
the CZ. a second wave is implied by heavy convectine
activity extending up to 15N,

Fhis example supports other evidence indicating
that weak tropical waves oreasterly waves are foundn
the Pacific as well as the Atlantic tropical areas. where
they are well documented.

A close examination of the arca near 165 N.
170 W (3B-27a) reveals a weak cyclonic circulation
(vortex) defined partially by curving cumulus cloud
bands and partially by darker gray shades indicative of
& high moisture concentration, blocking underlying
sungling. Since tas-fevel tlow s easterly through this
area. 4 vertical shear is implied suggesting the presence
o) an upper-level trough or vortex. This possibility s
confirmed by RAOB data (3B-28a and 28b) from
Johmson Istund ¢16.7° N.169.5 Wiand from Midway
Island (252 N. 1774 W), which show strong jet
force westerhies (55 kt) to the south at Johnson and
light (10 At northeasterlies to the north at Midway
about 4 hr alter the ume of the DMSP image.

The ENOC SO0-mb analysis at [200 GMT on
29 June (38-29a) clearly shows the Tropical Upper
Tropospheric Trough (TUTT) passing westward
through the Hawaiian [Nands to the vicinity of
Johnson Iand.

Important Conclusions

1 Weak casterly waves embedded in casterly tlow to
the north and south of the wave location do occur
i the tropical Central Paatic,

ta

Y-shaped branching on the downstream end ol
cloud lines s a usetul toolindetermining low-level
wind direction
.

3 Anomalous gray shades in regrons where upper-
level troughs pass over sunghnt regons can be
usetul i determming  trough  presence and
lacation

4. Weak tropical waves can be detected by noting
arcas ol more intense copvection preceded by
cvclomicallhy curving cloud clements defiming an
axis, or centers along an axis, of positive refative
vertienty
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Case 3 Tropical Air Fog

I'he tropies are normally thought of as fog-free areas. However. during
winter months, tog can form over tropical or semi-tropical ocean areas as
warm, moist tropical air is advected northward around the western
portion of high pressure systems. The tropical air is cooled to saturation
as 1t pasaes over increasingly cooler water to the north.
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Tropical Air Fog
Gulf of Tonkin
December 1978 and January 1980

24 December 1978

The DMSP wvisible image at 0347 GMT (38-32a)
shows a generally fog-tree day over Southeast Asia
l.akes and streams and land topography are crisply
delineated. Note that the appearance of such features
over relatively low elevations in Thailand. laos.
Cambodia, and Vietnam does not appear less clear
than over much higher elevations such as a
mountainous region of China near the top central
portion of the image. (Overcast cloudiness 1y banked
up against the foothills of this region from the cast)

29 January 1980

The DMSP visible image of the region (IB-134)
shows a significant change in clanity over northerrn
I'hailand. Laos. and Vietnam. The area to the north,
over China, however. appears largely unaftected

Also immediately noticeable v the grayv shade
extending castward over the Guit of Tonkin, which
nearly obscures Hainan Island.

Surface reports superimposed on the DMSP image
(IB-33a) reveal the widesspread tog and  poor
visibilities (1n statute miles) present on this day. One
could immediately deduce and reasonably analvze tor
the poorer visibility areas based only on the gray shade
information appearing in the DMSP image

Since the depiction is for an carly morning
(OX30 TST) view, it s casy to explain the fog over the
land as an effect due to radiational cooling under cleir
night-time sky conditions. However. this logie cannot
explain the extensive accurrence of tog over the South
China Sea.

A RAOB trom Da Nang (16 N. 1082 F) at
0000 GM T (3B-34a) reveals a boundarv-layer height
of about 1366 m (X530 mby. The sounding stabilizes
above this level as the ar becomes much dryer. Wind
speeds increase rather strongh within the boundary
Fiver trom (0 to 35kt at 466 m (850 mb) The fact
thut these strong winds do notextend to the surtace is
an mmdication ot the stabihizaing ettect of cold air near
the ground . Sull some possibihty of advection ot the
tog from the fand to the sea s suggested by the
sounding which reseals westerls winds hfowg trom
the land to the sea

Por tog to persist oner the sea at a tand ar
temperature of about 19 10 20 Cimphies that the sea
surtace temperate.ean the Gult ot Tonken region be no
warmer than the ¢ same values Otherwase the tog
would be dispersed by turbulent mysing and heat fluy
from the sea to the an

An ENOC regional sea surtace tearperatare analvsis
tor 0000 GM 1 (IB-34b) reveals that temperatures,
indeed. were conuderably warmer than the an
temperature over land  ranging in values trom 22 1o
24 Cooor 2 to ddeg hgher than land temperatures
[tis suggests that foy advected over the water could
not persist and thiat the major source ol the fog over
the South Ching Sca was not advection from land but

IB-32

through some other mechanism

The FNOC surface analysis tor the region (1B-35a)
shows the tight packing of sobars associated with
extremetly cold air and high pressure to the north over
China. A trough ot low pressure extends trom east of
Japan southwestward past Tawan to Hamnan Island
A ndge ol high pressure extends trom cast ot the
Philippines into the South China Sea

Weak southeris tow comes around the peniphers ot
the high. i the South China Sea. into the trough to the
north

Dew pomnt temperatures over the southern South
China Sea are about 29 C and dry bulbtemperatures
are only g tew degrees ligher Companing these
temperatures to the sea surface tempetsture anglyvss
CIR-Wbyindicates that the mantime wic over the South
Ching Sea would reach satutation sery rapdiv. atter
bernyg advected north ot 1S N due tocooling of the ayr
by the sea This could account tor the widespread tog
noted i that regron which becomes denser Gudeing by
the grav shade values (38334 the turther nosth the an
s oadvected over ancreasingdy cooler water bog
tormed i such a manner s reterred to as tropcal an
tog (Byers 1974

Important Conclusions

1. Widespread tog over the South China Sea van
accar mowinter months dJue 1o the advection of
moist tropieal anr northward over increasingh
cooler water

20 A good way to predict the occurience of such tog
is to note when condihons for advection of moist
tropical wir trom the south into the South Ching
Sca dre hkely to occur When the tropcal wir s
close to saturanon, tog can be anticipated to the
north

2 The presence of tog over land can otten be
determined by visual inspection of DMSP high
resolution visible imagery, and noting regons
where underlving terraimn features. lakes and
streams. are blurred or obscured i comparisan to
fog-lree views

Reference
Brere, WO R 1973 General Meteoradow MoeGraw Hitl
Book Co e New York and Tondon, p 648
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Case 4

Use of Convergence Bands in the Tropics
to Locate Surface Troughs

Cloud bands cading into tropical depressions from points a thousand
miles or more from the center are normally found to be associated with
asymptotes of convergence in the low-level flow or with trough lines
connecting c¢yclonic centers.
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Locating the Surface Trough Line
ina Weak Tropical Disterbance
Tropical Western Pacific
November 1977

17 November

Lhe DMSP vsable image (GGR-3Nareveaba tropuaal
depression with center near 200 N0 13401 This
depression never intensibied to tropieal storm status

O immiediate nterest s the long north-south
ortented cloud band eadimg to the storm trom ovet
1300 0 midintance to the south, Also ot interestos the
heavy cloud band tormimyp the tad ot the starm comma
cloud. also pamting to the south

Lhe supetimposed sueambine analysis based on
surtace teports and o clond ahignment (3B-39a)
reveals that the Tong cloud band is Jocated due cast ot a
trough Line. while the heavy convective comma tail
correspands 1o the location ol an asymptote of
comergenee associated  with a0 hvperbolic point
southeast ot the storm center. These are logeal
posttions tor the trough and vonvergence assmptotes
which repeat in other synoptic situaions on a reliable
basiv. The features, therelore, can he g great assistance
moowonoptic analysis particalarly. when other
conventonal teports are not available
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Case 5 Use of Sunglint in Determining
the Position of the Southern
Equatorial (Monsoon) Trough
I'he seasonal mean sea-level pressure over the tropies (3B-4layshowsa
broad elongated trough extending trom ncar the equator in the castern

Pacific westward to the Australian Indonesian region during the month
of January.

e
1’-
0° 0* (114 .0° Qoe 120° 140° 1“0" IU‘O‘ 160° 140° 1207 1002 L KO «* = . ‘
1B-41a. Mean sca-level pressure (mb). (After Crutcher and Davis, 1969)
IB-4!




This broad depiction is not very useful in delineating details of the
gradient wind flow (3B-43b) over the same region, which shows a reversal
of wind direction from easterly north of the equator to westerly south of
the equator in the region of Indonesia and New Guinea. A streamline
trough is additionally defined south of these westerlies extending from
near the Fiji Islands (18° S, 178° E) through northern Australia and into
South Africa.

The circulation involving easterly trade wind flow crossing the equator
and changing direction to westerly is referred to as a “buffer zone™
(Conover and Sadler, 1960) while the streamline trough having westerlies
on the equatorward side and easterlies on the poleward side is referred to
as a “monsoon trough.” In the eastern Pacific, the northeast and
southeast trades merge without change of direction to form what is called
the “Trade Wind Trough” (Atkinson, 1971). The various configurations
are illustrated schematically (3B-43a). Note the reversal of flow in the
buffer zone transitioning from Northern Hemisphere summer to
Northern Hemisphere winter.

A feature of the monsoonal trough is that a distinct isotach minimum
lies along its axis. Sunglint data from polar-orbiting satellites during the
winter should therefore be very useful in locating the exact position of
this trough axis at a particular latitude, since minimum wind speed
regions over the ocean should reflect sunglint more brilliantly than
adjacent rougher sea regions. By combining the satellite input with
available ship reports a significantly improved analysis can often result.

References

Atkinson, GG. D., and J. C. Sadler. 1970: Mean Cloudiness and gradicnt level-wind charts
over the tropics, AWS Tech. Report 215, Vol. I (Text), Vol. 11 (Charts).

Conover, J. LT.. and J. C. Sadler. 1960: Cloud patterns as seen from altitudes of 250 to
850 miles preliminary results, Bull. Am. Meteorol. Soc., 41(6). 291 297.

Atkinson, G. D., 1971: Forecaster's Guide to Tropical Meteorology. Air Weather Service
Tech Report 240, Hq. AWS, Scott AFB. I1., pp. 360.
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ldentitication of the Monsoon Trough
Tropical Sourhwest Pacitic
February 1985

8 February

The DMSP viable mage 3B-340 extends
southward over Borneo and past Java and the Tessa
Sunda IMands. Brillant sunglnt retlection occurs
south 1o the Tesser Sunda Iskinds at the bottom ot the
kage near 128, As can beseen from the depiction ot
the resultant gradient wind tlow (3B-43bb this s very
near the mean posttion ol the streamiine trough ftor
that time of vear

Fhe streamune analssis, based on surtace reports
and superimposed on the DMSP o mmage (3B-454).
teveals the tHow pattern detimmg the butter zone and
stugpests an cast-west trough asis detiming the evadt
location ol the monsoon trough passing throueh the
position of the brilhant sunghnt

Fhe ENOC surface anahvses at 0000 and 0600 G\
(3B-d460 and 47a show 1w low-pressure centers just
south ot the Fesser Sunda Isfands with igher pressure
to the north and  south. tullv substantiating
impheations ot trough locations derived trom the
DMSE image
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Case |

Cloud Line Configurations in the
Lee of Islands Under Low-level
Inversion Conditions

When island topography rises to near the base of a low-level inversion,
or rises above this base, air flowing past the island is forced around the
sides rather than over the island. Downstream effects may become
perturbed giving rise to Von Karmen vortices, or if the inversion interface
is especially pronounced. cloud formations may separate in a “ship
wake” configuration (see NTAG Vol. 1. Sec 2C). The particular effect
depends on many variables including the shape of the island. vertical
shear. stability, moisture, and sea surface temperature variations.
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Istand Lee Cloud Formartion Under
Statically Unstable Low-level Conditions
Tropical Central Pacific
January 1974

16 January

Ihe DMSP visible image (3C-2a) reveals a band of
trontal clouds extending down into tropical latitudes,
1 he rope-ike cloud structure at the leading edge of the
frontal band defines the surtace frontal position.

A sharp surface ridge normally precedes frontal
movement. Ponape and Kusaie Dlands show lec
eftects, indicating southeasterly low-level flow past
these locations (see enlargement, 3C-3b).

The surface observations and streamline analysis
superimposed on the DMSP image (3C-3a) confirm
the existence of a ridge line in advance of the frant
while the frontal band is located along an asymptote of
streamline comvergence.

The flow pattern past Kusate and Ponape Islands
has resulted in lee cloud line formations (3C-3b)
exhibiting a “split-V" configuration similar to the
appearance of a ship’s wake in the ocean. Such
formations occur when an extremely sharp inversion
exists near the top of the sland’s mghest terrain (see
NTAG., Vol |, Sec. 20).

The 0000 GMT sounding for Ponape (3C-3¢)
reveals such a condition at 3,200 {1 (900 mb). Ponape’s
highest altitude is indicated to be 25951t close
enough to the base of the inversion (v resuitin suchan
ctfect.

Important Conclusions

1. The “split-V™ cloud line tormation forms under a
wtatically unstable local environment and denotes
the existence of an especially sharp inversion near
the top of the island’s highest terrain.

2. Island lee cloud line formations. exhibiting a
“split-V" configuration, are useful in delineating
the direction of low-leve!l flow.
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Lacating a Buller Zone
and Monsoon Trough Aves
Tropical Southwest Pacific

August 1974 and Auguse 1979

15 August 1974

The DMSP siseble nmage (3C-6a0 reveals the sdands
ot Borneo, Celehes. Morota, and Halmaheta, which
he vers near the cquator One woufd exvpect the buttes
zone anis to be located runming cast westsomew here
in the vicimity of these slinds

The retlective pattern around the islands of Morotas
and Halmahera immediately enable one to deduce the
presence of southerly low-levelflow. fhisais ventied by
surtface observations and  the streamline analvas
superimposed m 3C-7a.0 A butfer zone axis iy detined
near the cyuator consistent with  climatological
expectations.

Southwesterfy flow continues north of the bufter
cone unttl nearly 157 No owhere casterly winds are
encountered on the northern side of the convergence
rone (CZ) cloudiness defining the position of the
monsoon trough. Two tropical storms are evident.
embedded as circulations along the monsoon trough
axis.

S August 1979

Five vears later. a DMSP visible image of the same
region (3C-8a) reveals that similar flow patterns are
evident. The arecloud line apparent on the south coast
of Obi. and convective cloud hines  streaming
northward on the the cast and west side of Halmahera.
indicate southerly flow. blocked by a low-level
inversion. resulting in air flowing around. rather than
over the islands at fow levels.

Convergence sone cloudiness te the north would
suggest that this southerly flow turns southeastward
through the convergence zone cloudiness and then
becomes casterly or southeasterly to define a monsoon
trough on the north side of the cloudiness.

Surtace observations and a streamline analysis
superimposed on the DMSP image (3C-9a) contirm
that this pattern did exist. Note that Tropical
Depresston #11. as designated by the Joint Uyphoon
Wiarming  Center (JIWC) has formed along the
monsoon trough on the northern edge of the €7
cloudiness

Important Conclusions

L. The concept of the butfer sone and moensoon
trough v & usetul aid in streambine analvsis over
the tropies

ra

Satellie indications of low-level tlow revealed by
barrier effects and cloud vortex centers are usetul
indicators in fine-tuning a streambine anabysy
based on sparse surface observations
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Case 2

AC-Sa. Schematic representation
of monsoon and trade-wind
tvpe troughs and
near~equatorial hutler zone

n the tropics

(Atter Athinson, 1971

Streamline Analysis Using the Buffer Zone
and Monsoon Trough Concepts
and Satellite Imagery Interpretation

During the Northern Hemisphere summer. a “buffer 7one” as defined
by Conover and Sadler (1960). is created near the equator where the
easterly trade wind flow from the Southern Hemisphere changes
direction to westerly as it moves into the Northern Hemisphere. The
westerlies again change direction to easterlies near 10° 15° N_defininga
streamline axis referred to as the monsoon trough (3C-5a). From a
satellite perspective, the monsoon trough axis is frequently found near
the northern edge of the convergence szone cloudiness where tropical
depression formation is favored (Fett, 1968).

The Northern Hemisphere summer buffer zone occurs
characteristically in all areas of the world except the central and western
North Atlantic and the North Pacific between longitudes 120° W and
140° E. In those regions, Southern Hemisphere easterlies converge on
crossing the equator with Northern Hemisphere easterlies, creating what
is referred to as the “trade wind trough™ (3C-5a).

It is especially useful to have these concepts in .nind when analyzing
satellite imagery, making use of additional detail in the satellite images to
fine-tune placement of the buffer zone and monsoon trough axis.
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Case 3

Detection of Mountain Gap Winds over
Coastal Areas from Sunglint Patterns

Under offshore flow conditions, where a coastal mountain range has
gaps and valleys which lead to the ocean, winds are observed to be
stronger in the valley regions (due to the Venturieffect) than in mountain
lee areas, which act as a barrier to the winds. The stronger winds produce
rougher seas over the adjacent coastal waters and, when sunglint is
present, these areas can be distinguished from adjoining calmer areas in
the sunglint pattern (see NTAG Vol. I, Sec. 2A).
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Mountain Gap Winds
Southeast Asia
July 1973

20 July

The DMSP vivble image (3C-12a) is a view of
Southeast Asia dunng the season of the Southwest
Monsoon. Westerly or southwesterly flow can casily
be deduced trom the cloudiness pattern which shows
tare weather cumulus over the western slopes of the
Annam coastal mountain range. while the coastal
areas are clear due to subsiding downstope flow. Row
alignment ol cumuius cloud patterns over Thadand
tlower lett portion of picturey is suggestive of west-
southwesterfy fTow.

tn the DMSP image. the subsolar point s located
very pear the subsateilite point, just south ot Hanoi
tnear 21 ND 106 By Brilliant sunglint over the
flooded Red River delta area is so intense that the
scannung radiometer v adversels atfected in s abihty
to record consistent retlectance over the castern half ot
the scannming swath. which appears darker than it
should

[he grav shade patterns A m the Gult of Tonkia
present a problem tornterpretation which is clantied
throagh acomparson with FRIS-Fimagery acquired
approvimately two hours carlier {3C-13a). This higure
v mosase o two adyacent FRIS images from
Channel 4405 0.6 pm) and shows o portion of the
same section ot the northern Vietnam coasthne
appeanng i the DMSP image Arrows onthe FRIS
mosatc cotrespond to simalar locations on the enlirged
DMSP image (3C- L3¢ (v wall be noted that the hight
eras shade streaks appearing at the end ot the arrows
i the DMSP image appear as dark gras streaks wthe
FRIN mosawe This tupe of resersal is consastent with
retlective etlects of calm seas, as viewed by sateliite
tram ditterent perspeetives with respect to the sun At
the hme of the DMSP image acquisition, the subsalae
point was over the DMSP cubsateliite track. new
Hanoo as indwcated by the X0 AN the satethite
progressed northward. over the Gull of Tonkin, 1he
subsolur pomnt was essentially stationary and the
spectlar pomnt was very close to the subsateflie ponnt
throughout the entire portion ot the satelhte track
Calm  seas show greater retlectance ir o suach
Circumstanees bt poimts near the primary specalar
poInt. ar nedar the conter of o sunghnt pattvrn

fwo hoursearher however atthe time ol the RIS
imapers. the subsolar pemt was to the castat 208\
1395 b tnot showny Heneeo the specular points o
the TRIS imapers were also well to the cast o the
PR IS subpont track Catmier arcas in ERIES data at
the vdpe ot a sunghint pattern should therefore appear
darker than surroundimg seasand this s precisels the
eifect shown e 30130 (Reter to NTAG) Vol 1
See A tor techmead discussion ot sunghnt patterns )

Fhe taet that the calmer arcas cotnerde in the two
types obimages, despite the two hour time ditferential,
sugrests a comman caase. Ona topographical map ot
this area (3C-13h) gray shade posttions have been
hghthy superimposed over the Galt ot Tonkin. It can
he seen that many of the gray shade patterns arein the
tnmediate lee of mountain peaks. Cafm or refatinely

-2

calm seas extending tor some distance offshorein the
lee of such features is consistent with a barrier effect
simifar to that seen and documented in the lee of
mountainous islands (see NTAG, Vol, 1.8ee. 20). The
pensistence of calim narrow streaks on the water's
surface long distances seaward i attributed to a
downward turbulent mixing of wir trom aloft which s
heated as it ascends adiabatically over heated elevated
terrain (Annam Mountains). A thermal stratification
resalts tn the lee of such a feature which can persist
great distances downstream. Fhe explanation for this
effect was tirst suggested by Deardortt (1976) who
indicated that the “wind shadow seems due to the
assoctated stable stratification that both protects the
wake trom significant lateral mixing. and
micrometeorologically causes weak winds at small
heights.™”

Not ali ot the gray shade plumes are due to sunglint
patterns. For example, the reflective plume north ol
the northern-most arrow in the FRI1S mosaic
(3C-13ay extends tfrom the mouth of a river and is
obviousts caused by water turbidity. Such plumes
have been photographed by the astronauts on
numerous occastons. Several other smaller plumes 1o
the south aie Wdentihied that comade with river exit
p\\\l\l\v

Note that the retlectivity ol the northern-most
turbid  plume decreases byeoat least an arder ot
magnitude where it passes into the dark . calim, swath,
depected by the northernmost arrow Such o decrease
would be anticipated because more of the sun's ravs
are reflected awan trom the spacecratts sensorin this
calmer regton in comparison to adjacent rougher scas

Reference
Dcardartt, S W 1976 Iand wind shadows obsersed by

satelte and tadar Bedl Am Meteorol S0 0 STHM,

1241 1242
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Case 4

Mesoscale Convective Systems
in the Tropics

Winter monsoon cloud cover and precipitation over the maritime
continent (i.c.. Malaysia, Indonesia. and surrounding seas) take place
largely in mesoscale convective systems (or cloud cluster) initiated by
low-evel convergence associated with local diurnal land- and sea-breese
circulations (e.g.. Johnson, 1982). These cloud clustersexhibita lite eyvele
stmilar to those of mesoscale cloud svstems found elsewhere in the tropies
te.g.. Hourze, 1982).

The ty pical cloud cluster life cvele commences with the formation ot a
group ot comvective cells. which evolves into a svstem composed of 4
combination of convective cells and mesoscale stratiform precipitation
within the arca covered by a mesoscale upper-level cloud shield. observed
by satetlite. As the system ages. the precipitation becomes increasingly
stratiform and less conveetive, then ceases. The upper-level cloud persists
tor several more hours, stowly thinning and tinally dissipating (Churchill
and Houze, 1984).

I'his study presents a typical cloud cluster life cvele as revealed by o
group of cloud clusters that occurred over the South China Sca on
10 December 1978, The discussion s based on Churchill and House
(19%4).
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Mesoscale Convection Systems Induced by Land Breeze Convergence
Tropical Western Pacific
December 1978

9-10 December

Satellite imagery of the upper-level cloudiness in the
vicinity of Borneo and the South China Sea from
1733GMT on 9 December to 1530 GMT  on
10 December 1978 is shown in 3C-16a, 17a. and 17b.
The corresponding schematics (3C-17¢) show the
evolution of the family of cloud clusters (labeled A J)
that developed along the north coast of Borneo and
over the South China Sea.

The 10th of December 1978 was characterized by
the onset of a cold surge over the South China Sea.
During a cold surge. northeasterly monsocon surface
winds over the South China Sea increase in speed in
conjunction with the passage of an upper-level trough
in central China, and cloudiness and precipuation are
enhanced along the north coast of Borneo (Ramage.
1971: Chang and lLau, 1980; Johnson and Pricgnits.
1981). At 0000 GMT on 10 December 1975, 30-kt
(15 m s°1) northeasterly surface winds over the South
China Sea extended southward to 6° N (3C-18b) By
1200 GMT they reached 1° N (3C-{&c¢). indicating the
intensifying cold surge. Clusters A, B, and € were
penetrated by aircraft (an Electra and a P3) between
0900 and 1100 GMT as indicated by the fhight tracks
(3C-18a, i k). Low-level convergence centered near
3.5 N, 114° E (3C-18b). and an apparent increase m
upper-leve! difluence over the north coast of Borneo
between 0000 and 1200 GMT (3C-19a and 19b)
consistent with the development of this group of cloud
clusters. At middle and upper levels the flow was
easterly over the north coast of Borneo, in a pattern
typical of the winter monsoon (3C-19a, 19h, 19¢. and
19d).

Cluster Bdominated the family of clusters (3C-21b).
This cluster was apparently triggered by the low-level
convergence of the diurnal land breeze with the
northeasterly monsoonal surface flow just off the
north coast of Borneo. Atter 1731 GMT (3C-21b. a).
cluster B grew until the area covered by its cirrus shield
reached a maximum on the next day at about
0533 GMT (3C-21b. h). During this period of growth.
the southeastern boundary of the cirrus shield was
stationary along the coast of Borneo, while the western
and northern boundaries expanded outward. Cluster
L also seen developing at 1733 GMT (3C-21h, a),
never attained as great an areal extent as B. By
2303 GMT 10 December. while cluster B was still
actively expanding, cluster T was decreasing i size.

Extensive changes occurred in the cloud patterns
between 0233 and 0833 GM 1 10 December (3C-21h,
g 1). Cluster B developed a northern arm connecting
with the remains of cluster I, while separate new
clusters. A, C.and J. formed. During the next three
hours (3C-2Ib, i k), clusters A, B. and C were
penetrated by the Electra and P3. Active growth
continued on the western, northern. and northeastern
borders of B during this time. However, at about the
time that typical diurnal fow-level flow reversed from
offshore to onshore (3C-21a). the southeastern border
of B disintegrated, while new clusters D, E, F, G, and
H appeared just inland from the coastline. (Note

3C-16

similar behavior over the Makassar Strat, along the
cast coast of Borneo, where new clusters also tormed
in a line just inland trom the edge ol 4 weakening
cluster (3C-20a. g 1)

Further descriptions of ¢loud clusters Aand Bare as
follows:

(1) Cloud chater 4 Cloud  and  weather
ohservations were reported by a rescarch ship (44
Shirshov), located beneath cluster A From 0500 1o
0700 GM T 10 December. the ship reported (3022
building cumulus evolving into cumulommbus with
arnform tops A maderate rainshower had begun by
0700 GM T, and U9 ot the shy wasvovered by Jow-and
middic-level cloud AU X0 GM T heasy thunder-
storm detivity was reported By 0900 GM 1L the
thunderstarm had ended. though some rian el at the
ship dunmg the next hout b rom 090 ta 100 GAM Y
the ship reported middle coud and arrus, presumabin
the cloud deck o A combined with cumulonimbus
covenng 09 ot the sky Thiroughoutthe penad ot 100
to 200 GN Tt was seen teaching the sea in the
distance. but not at the ship AU 1200 G0N T s
Sturshony recorded a 6-hr precipitation totad ot T mm
fheno o cleaning trend progght tusr weather tor the
next few hours

Note that cluster A was tormung between cluster B
and the remoants of cluster §at 0533 GM T (3228
fr Surtace and souading data tiekea at A Slurdhoy
suggest that convectine downdratt outflows simudar to
those that appeared to produce the cloud are hines mas
have been mvolved i tngeening cluster A The hourly
surface data at the ship showed @ drop in wet-bulb
potential  temperature from 29535 10 29685 K
between 0600 and 0700 GMT. The ship sounding
reported for 0600 GM 1 (3C-23a) showed the Tow wet-
bulb equivitent potential temperature at the surtuce at
the base of a shaliow stable laver similar 1o that of
convective downdratt outflow air seen elsewhere inthe
tropics (Houze and Betts, 1981). lthe sounding
observed at Ak, Shirshov carlier in the das (3C-23h)
and dropwindsondes obtained just prior to (3C-23¢
and just after (3C-23d) the P aircraft penctration ot
cluster A show the undisturbed stratification.

Conttnued on puage 30-24
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ENVIRONMENTAL SOUNDINGS FOR CLUSTER A
10 DECEMBER 1978
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(20 Clowd  cheeer B Clouds and weather
obsenvations beneath cluster Bowere teported by
another rescarch vessel (AL Aorcodovy (30234

Radiosondes trom the stip and other sources show the
WATONE N (Winter Monsoon Eaperiment mean and
G000 GM T 10 December 1978 soundings 1or the shap
C3C-250 and 25by The latter was obtined just betore
Cluster Bi3C-24by moved over the shp.andat strongly
resembic the mean soundmy. However. the two P3
dropwindsondes (3250 and 2300 and e two
th Aoroln soundings obtuned along the truck ol
the Flectra rescarch aireralt between 0800 and
100 GM 1 (3C-25d and 25¢) sampled o very ald,
decaving part ot the stratitorm region of cluster B In
other words, the saundings in the decas g seeatitarm
region (3C-25¢ through 281 showed marked deviation

deviation was evidenthy produced by an trisaturated
downdratt below the stratitorm cloud base of Cluster
B Fach of these soundings was o tvpucal mesoscale
downdratt sounding (Zipser. 1977 charactenized by g
law-leve! ~subadence with
depression decreasimg with herght ap to the base ot the
stratitorm cloud. approsimstein. S0 mb

Ny ersing the dew pom

trom the mam structure seen m 3C-2%aand 25b This
[ T
wwOg(.O)-()-()-()-(vvvvv}‘“)'(OOvO
Cw ‘ /// b
Cu oo wu wu oo o & T L GG L CURYVINOY
c ,‘@aa&aaa&&a@a@@& o oo
N DDA DPEDIDIDDDD DTSR
I Y U U WS U T U G F SO SO U S NN U T GERr S |
18 19 20 21 22 23 00 QI Q2 O3 04 05 06 O 0B 09 0 11 12
LU SRR PO TS oord s g Wt tior veacet laster BT D co ek 19T
(01733 (b)2033 c12203 . (¢) 2233 K (e) 2303 |
- | ! O o~ P
8 - ’ r . ) o
. ). s V» N "4 - v,i . . v,, 'r
(t12333 ,b.x ,1g) 0233 . ‘(h)Oég A
S - SEEERE -
(mi1133 (n. 1533
0 A , -
N ~ .
Y4 ’ -

CNS gty '




ENVIRONMENTAL AND MEAN SOUNDINGS
FOR CLUSTER B
10 DECEMBER 1978
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Important Conclusions

1. The dominant cluster observed off the north
Borneo coast was initiated when a group of
convective cells formed in response to a land-
breeze convergence flow pattern associated with
upper-level difluence.

o

During the mature stage of this cluster, the
stratiform rain area became nearly surrounded by
a broken line of convective cells of various
intensity. The greatest concentration of intense
cores was maintained in a generally stationary
region on the southeast side of the cluster, where
the land-breeze convergence was located. while
convection on the northwest side of the cluster
propagated out to sea.

3. The stratiform precipitation area of the cluster
appeared to be formed and maintained by a
combination of three processes: dying convective
cells being transformed into stratiform structures,
hydrometeors being advected from the tops of
active cells into the stratiform precipitation
region, and condensation in the mesoscale updraft
contributing to the growth of hydrometeors
falling as stratiform rain. About 46¢¢ of the total
precipitation from this cluster fell as strat'form
rain.

4. Other cloud clusters that occurred on this day
generally formed around the periphery of the
large land brecze-gencrated cluster and were of
smaller size. Convective downdraft outflous
found in the regions between the old and new
clusters may have been involved in tnggenng the
new clusters.
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Tropical Indian Ocean
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4A-Ta. GOES-Indian Ocean.
Vistble Tmage.

0730 GM

23 Apnil 1979,

Tropical Indian Ocean

The tropical Indian Ocean is characterized by the famed northeast
(winter) and southwest (summer) monsoon seasons with transitions in
the spring and fall (see NTAG, Vol 5. Parts | and 2).

The northeasterly  winds  of the Northern Hemisphere  turn
counterclockwise near the equator to northwesterly winds in a butler
sone similar to that existing over the tropical western Pacific Ocean. This
wind regime does a complete reversal by summer as southeasterly winds
from the Southern Hemisphere turn clockwise to southwesterly in an
equatorial buffer zone.

A GOES-Indian Ocean image (4A-1a) shows an April view of the
region. Dark streaks south of convergent cloud bands indicate calm seas
and the location of the equatorial trough on this date. Note the extremely
clear conditions over India indicating that the southwest monsoon has
not vet been initiated in that region. It has started. however. over
Southeast Asia where abundant convective cloudiness is evident.

This section includes a number of examples of Indian Ocean weather
as detected by satellite and includes other interesting examples of other
effects including dust storm activity and the detection of oil spills by
satellite.

4A-1




Case |

Low-level Jets

Low-level jets with wind speeds concentrated in the lowest 2 km of the
atmosphere have been detected in a number of locations. One of the
carliest described was that found in the south to central United States
extending from Texas to Nebraska (Polson, 1958). Low-level jets are also
observed over the western Arabian Sea off Somalia, the west coast of the
United States, and along the coast of western Africa.
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-~
~
P
~
-~




Formation of Low-level Jers

Wexder (1961) explained the formation of the jet as a dynamic effect
originating from casterly trade wind tlow being detlected antieyclonically
northward into the Mississippi Valley by the high escarpment of Central
America and the foothills of the Rocky Mountains, According to the
potential vorticity expression

‘%{ = constant

where fis the coriolis parameter, £ is the relative vorticity. and D is the
column thickness, as air moves northward in adiabatic moton. f
increases. while D remains constant. This implies that the relative
vorticity  must decrease to maintain the required constant rato.
Increasing anticyvelonic vorticity if converted into anticyvelonic shear.
implies a high speed current at the western boundary of the flow. which
correlates with the observed position of the low-level jet.

In the Indian Ocean, a Jow-latitude jet was documented by Findlater
(1969). This jet requires the following precursors tor formation: (1) the
southeast trades of the Southern Hemisphere: (2)a strong. narrow.
cross-equatorial flow over East Africa and the western edges of the
Indian Ocean: and (3) the southwest monsoon over the Arabian Sca. The
presence of these components collectively result in the formation of the
Fast-African or Somali jet.

Since the cornolis force is very small at fow latitudes. the vorucity
thcorem is inadequate to explain jet formation in near-cquatorial
regions, Some other type of forcing must be in-olved. Bannon (19X2).
with a numerical model successfully simulated known details of the
East-African jet and concluded “that large-scale mass, source-sink
forcing present to the cast of the model geography drives the low-level
circulation.™

I'he source of the jet was determined to be southeasterly trade wind
flow from the region cast of the Malagasy Republic (Madagascar) in the
Southern Hemisphere. The mountains of Fast Africa act to block this
flow and play a crucial partin intensifving the speed of the current. Heat
lows over Saudi Arabia and India act as atmospheric sinks which tend to
draw the flow northeastward into India.

Northerlies associated with the heat tow over Saudi Arabia appear
crucial in causing the separation of the jettror the coast of Somalia near
11 N. The model simulated positions of relative wind maxima and
minima which refated well to known maxima near Madagascar, over
Zambia Zimbabwe, and oft the coast of Somulia. Southwest monsooen
winds over the Arabian Sea were also shown to be notably stronger than
winds in the southeast trades, as s commonly observed.

FLow-fevel jets have also been detected in other regions of the world,
most notably along the west coast of the United States and along the
coast of western Atrica. Jet formaticnin these regions occurs commonly
during the summer period under a normat situation of high pressure at
sea tothe west witha thermal low inland. Northerly winds along the coast
subside in their stragght southward movement and produce warming ot
the air, lower pressure, and low inversion height near the coast.

The rise of the inversion to the west s often steep. For example Brost
etal (1982), report that on 12 June 1979, the mixed laver depth was only
1RO m near shore in the San Francisco region but rose to BOOm at a
distance 150 km out to sea. The increased pressure gradient below the
sloping inversion implies a sudden increase to higher wind speeds in the
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same region reaching values as much as 26 kt (13 msec ') going from
above the inversion to below the inversion. 1t is the slope of the inversion,
therefore, which is thought to be an important factor in the development
of the low-level jet in these regions.

Finally, Hsu (1979) describes mesoscale jets that can form over flat
coastal regions when the prevailing geostrophic flow is less than 10 12 kt
(5 6 msec'!) and blows preferably from land to sea; when the wind
directional shear within the boundary layer is less than 80°; and when air
temperatures over nearby waters are at least 5° C warmer than over land.

Under such circumstances a cold pool of air may develop over land at
night creating a mesoscale low-level inversion below a mesoscale
inversion at a slightly higher level. Jet-like winds develop between the
inversion layers over land as a ventun effect. Under conditions of
offshore 1w the jet is normally found between 100 600 m and extends
from 40 50 km inland to a few km offshore (see Sec. 1C, Case 7).

Diurnal Variations

It has been noted that the low-level jet is normally much weaker during
daylight hours, and increases in speed rather dramatically at night. This
is true of the low-level jet in all locations.

Blackadar (1957) attributed this variation to an inertial oscillation of
the ageostrophic wind (such as sea breezes) at the top of the boundary
layer. Turbulent mixing during the daytime decreases boundary layer
momentum below the geostrophic value. This acts to retard the wind at
that level. After sunset, cooling of the land stabilizes the atmosphere so
that mixing no longer occurs. The ageostrophic wind component at the
top of the boundary layer, then, acted upon by coriolis force, undergoes
an inertial oscillation as it turns toward the geostrophic wind direction.
As the geostrophic and ageostrophic winds become aligned. the wind at
the top of the boundary layer accelerates, normally becoming super-
geostrophic in the process, thereby creating an inportant jet maximum
during the evening hours.

Upwelling is very intense along the coast of Somalia during the period
of the southwest monsoon. The land sea temperature difference during
davlight hours can be as much as 20° 30° C. The strong sea breeze,
which develops as a result of the temperature contrast in this region, acts
to retard the low-level jet during daylight hours. During night-time the
land sea temperature difference becomes very small, and the reverse
circulation of the land breeze begins to develop. Additionally, because of
mountains in the region, cold katabatic winds develop, flowing seaward
down the mountains, in the direction of the land breeze.

This combined effect acts to accelerate the Somali jet during night-
time hours leading to the jet maximum, which is normally double the
strength observed during daylight hours (Hsu, 1981).
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The Somali Low-Level Jet
Somalia, East Africa
June 1979

23 June

The NMC surface streamline analysis for
0000 GMT (4B-4a) shows the basic elements forcing
the Somali low-level jet. The southeast trades turn to
southwesterly as they cross the equator and increase in
wind speed as much as 45 kt off the coast of Somalia,
and then flow at somewhat reduced speed toward
India. A closed circulation over the Persian Gulf has
associated trough lines extending northeastward to
northern India and southwestward across Saudi
Arabia.

The FNOC surface analysis for the same time
(4B-5a) gives a slightly different portrayal of
conditions, indicating a low-pressure center over the
southern Red Sea region and in south-central Saudi
Arabia. Northerly winds over Saudi Arabia and the
Red Sea converge with strong southwesterlies near the
southern Saudi Arabian coast.

The DMSP visible image acquired at 0818 GMT
(4B-6a) shows cloudiness over the region.
Anticyclonic turning of the southeasterly trades is
clearly depicted by the curvature of cloud lines which
can be traced from well south of the equator to the
northern coastal area of Somalia. The fine nature,
close spacing, and long length of the cloud lines is
characteristic of high surface wind speed conditions as
verified in the surface analyses (4B-4a and Sa).

The sudden clearing of cloud forms in the region,
outlined on the DMSP image offshore of Somalia,
corresponds to the cold upwelled water which rings the
“prime eddy.” a warm anticyclonic ocean feature
located semi-permanently in that position during the
southwest monsoon (Findlay, 1866). Cloud lines
disappear over the cold water but reappear over the
warm prime eddy where the air is again heated from
below

Note that cloudiness apparently associated with the
Somah jet extends well inland. A sudden break in this
cloudiness occurs over Somalia near 8.5 N_ the
location of the Nogal Valley, which runs nearly
perpendicular to the coastline. Such a break indicates
strong downward motion of the low into the valley,
causing the observed dissipation of cloudiness. As
such this clear zone s indicative of a low-level et over
the region

Gardo, Somalia (9.5 N, 491 F). 1s located just to
the north ot the Nogal Valley. The RAOB{rom Gardo
at Q0SS GMT (03551 ST, 4B-7b) suggests a thin
surface layer in which the wind increases very rapadly
from calm to 20 kt (J0msec '), The temperature
shows a nearly adiabatic lapse rate in this region
From 100 m to about 1.200 m an adiabatic laver exiers,
in which the wind speed increases steadily trom 20 kt
to 60 kt (10 30 msec ). This is the peak speed of the
Somali jet. The lapse rate stabilizesin this region at the
base of an inversion which extends from about 1,200
to 1,700 m. The dew point decreases fairly rapid!y
from near the top of the inversion as the temperature
lapse rate again returns to adiabatic. Wind direction
veers from southwest and west below the inversion
layer to northwest and north above this layer.

4B-4

During the day, the surface layer (4B-7c) behaves
superadiabatically; with about 20-30kt (10-
15ms!) wind speed, a condition which exists only
between the surface and 100 m. Above this height, an
adiabatic layer with steady wind speeds of 30-40 kt
(15-20 msec!) prevails up to 1.500m. and a
subsidence inversion is located from 1.5 to about
2.0km. Above 2km, adiabatic conditions again
prevail. These features imply . four-level structure
characteristic of the atmosphere over Somalia in the
region of the jet. Note that the wind blows from
southwest to west below the inversion layer. Wind
speed shear is largest in the surface layer. Above the
inversion layer, wind speed decreases to less than 20 kt
(10 m sec!). It can be seen that the jet effect is much
reduced during daylight hours. Note that vertical
mixing has tended to sharpen the inversion, which
appears much more pronounced in comparison to the
sounding acquired during night-time hours (4B-7b).

The DMSP visible image of the region on the
following day (4B-7a) shows virtually identical
conditions to the preceding day (4B-6a). Note in
particular the clear slot over the Nogal Valley and the
clear region offshore of Somalia outlining the
upwelled water surrounding the prime eddy. These
conditions imply strong southwesterly flow at low-
levels across Somalia and the adjacent coastal region.
Ship reports (4B-7a) over the western Arabian Sea
show 30-40kt southwest winds that confirm the
presence of strong southwest monsoon flow on this
date.

Important Conclusions

I. The East-African or Somali jet has a low-level
wind maximum at the base of an inversion
generally below 1.500 m over Somalia.

2. The Somali jet's existence can easuy be inferred
from satellite data by tracing cloud lines turning
anticyclonically over the Arabian Sea off the coast
of Somalia and noting the distinct clear slot
formed over land by the evaporation of clouds in
downslope motion from the southwest over the
Nogal Valley

3. Soundings over Somalia during the occurrence of
Somal jet conditions retlect a distinet four level
structure: surface, adiabatic.inversion, and again
adiabatic. The Somal jet hies near the base of the
mversion.

4. Cold upwelled water off the coast of Somalia and
the position of the prime eddy are clearly shown in
satelhite: davtime DMSP visible images by the
absence of clouds over the cold water and the
quick return to abundant cloudiness over the
warm waters of the pnime eddy.
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Cuve 2

Detection of Surface Ridge Lines
i Intrared Imagery

Do s Maschimbrough carhy Apnibeach sear the Indian Oceanisin
st ttansson trom the diy northeast mensoon (winter) to the wet
S morsoon summer b Areas ot high pressure slowly transit the
e Nrahan Sea duning this pertod - The location and progress of
scari be teliowed iomtrared imagery . Sinee the central regions ot
T en pressure sstemis have light surtace winds, there i1sa minimum
ot g the sartace layers of the ocean. The surface
v theretores will warm rapidly durimg dastime insolation and
Secvnne Thot™ areas that can be detected i dasntime infrared imagery.
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4B8-10a. Surface Analysis
1200 GMT § April 1980
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Surface Ridge Line
Arabian Sea
April 1980

1 April

The NOAA-6 mid-infrared image trom Channel 3
(3.55 393 um) in the late atternoon (1506 GMI.
1906 1.ST: 4B-10b) displays a prominent clongated
dark tone area (warm temperatures) between 167 10
18° N and 58 to 62 E. A surface analysis at
1200 GMT (4B-10a). about 3 hr prior to the satellite
image. shows a ridge of high pressure that extends
from the Gulf of Aden castward over the Arabian Sea.
Note that the central region of the high and the dark
tone area on the satellite image coincide. The light
surface winds in the vicinity of the high pressure ridge
axis has allowed the afternoon insolation to heat the
surface as much as 17 or 27 C and the satellite image
clearly depicts this warming.

Also appearing are cool, thin, curled lines adding to
the appearance of the surlace signature. These curled
Hines are associated with surtace slicks. Under hght
winds, areas of alternating shick and wavelets wrapand
bend to conform to the dynamic How of the upper
lavers of the sea. This signature coupled wath surtace
warming will often obscure the normal sea surtace
temperature sipnature. Fddy location and sea surtace
temperature  boundary  analvsis hecomes more
difficult under such conditions. [n this example
(4B-10b). numerous  surtace shcks are prosent.
however. they de not maskh the warm sca surtace
temperatures which denote the location ol the surtace
ndge line.

Dunng the spring ot 1984, the crew of the U
Shuttle Flight S1S-13 photographed a very comples
oceanic surtace shick pattern (4B-11a). The sheks
appear as narrow darh streaks. The surtace winds are
hight in this mud-ocean photograph The highter arcas
between the shicks are where the water s disturbed by
wavelets. The surface shek pattern occurs i a region
ot sunghint, which s brightest an the upper-right
poartton ol the mmage (shok pattern s obscured by
sunghint): the sunghint decreases i brightness toward
the lower-left portton where the shiek detat s
enhanced by the highter arcas between sheks due o
sunghnt from wavelets

Important Conclusions

I Surtace ndge hines can be located i davtime
infrared as well as i visible imagersy . trom warm
temperiature arcas associated with calm or hight
wind areas along ndge hines

1]

Surtace shehs which are most promnent in calm
ircas, b numerous in namber. can mask the warm
seid surface temperatures used to locate urface
ndge lines.
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Case 1

Detection of Sea Breeze Offshore
Subsidence Regions in Daytime
Infrared Imagery

During the monsoon spring transition over the Persian Gulf, the land
areas heat up more rapidly than the adjacent waters of the gulf. This
discontinuity coupled with a weak pressure gradient is conducive for
local afternoon sea breeze development along the coastal regions. The
offshore subsidence areas associated with the sea breeze circulation
(4C-la) are often detectable in daytime infrared imagery by the
appearance of a zone of warmer temperatures offshore.

SUBSIDENCE

)

P
)

/\>~—V"'

RETURN FL%

SEA
BREEZE
CELL T

CONVECTIVE
CURRENTS

HEATED AIR
(RADIATION)

WEAK, DIVERGENT
SURFACE WIND

SEA BREEZE
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Sea Bree:ze
Persian Gulf
March 1983

29 March

I'he surface analysis (4C-2a) shows a flat high-
pressure system covering most of the desert regions of
Iran. with weak ridging through the Persian Gulf into
the eastern portions of the Arabian Peninsula. A weak
surtace trough extends from the southeast portians of
the Arabian Peninsula across the Gulf of Oman and
into lran,

AVHRR imagery from the NOAA-7 spacecraft
were collected in the afternoon. The large-scale
unenhanced Channel 2 (0.725 1.10 um) visible image
sampled only every four pixels: 4C-2b) shows what
appears t¢ beacloud-free view of the northern Persian
Guli. However, an enlarged and enhanced full-
resolution view of the area (Channel 2 visible, 4C-3a)
shows acrosol and cloud details not apparent in the
first image. Of particular interest are smoke plumes
emanating from burning oil wells in the narthern
portion of the Gulf. The smoke originates in a light
northwest surface wind as indicated by the smoke
tracers. As the smoke approaches the eastern shore,
the wind s Yight and vaniable, with a slight northward
component. where a  sea  breeze circulation s
occurring. Evidence of the sea breeze circulation is
apparent on  the corresponding infrared image
(4C-3b). Solar insolation has heated the surface water
I 102 C due tolittle or no wind. and the sca breere
subsidence zone parallels the coast.
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Case 2 Fog Formation over
Cold Upwelled Coastal Waters

During the period from late May through the middle of September ot
cach vear. the southwest monsoonal tlow is fully developed over the
northern Indian Ocean. Upwelling occurs in several arcas along the
Arabian Peninsula. due to the prolonged southwest flow parallel to the
coast. Fog. low stratus, and occastonal drizzle tormation in the warm.
MOISt MONNOON il 4re not an uncommon oceurrence n the coastal
region. Shatlow. low-level comvergence (40-54) can enhance tog
formation over the cold coastal water. while warm dry air alott tends to
cap the moisture under a strong fow-fevel imversion (4C-Shy. Onee the fog
and stratus have developed. they can persistin the same general area tor
an extended ume period.

—» —» GRADIENT WIND
—= —~ SURFACE WIND

_ INVERSION
DRY AIR _

- FOG and STRATUS ~ WAVES

ARABIAN
PEN. INDIAN OCEAN

ARABIAN COAST

H0-Su Coastal wind convergence pattern 4C-5h. Capping inversion over coastal tog region
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Coastal Fog
Arabian Peninsuda Southern Coast
Julv and August 1981

31 July and 2 August

In the NIMBUS-7 CZCS Channel S 0.7 0.8 gm)
tar red image at 0744 GME (3C-60), an isolated laver
ot clouds is observed along the coastal region between
Yemen and Oman. The enlarged view ol this area
(4C-6b)  reveabs  that  the  cloudiness  has  the
characteristic appearance of voastal fog and stratus,
The surface analvsis (4C-7a) shows strong, southwest
monsoon wind flow (generally 25 30 k) parallel to the
Arabian Peninsula. Note that intermittent light drizzie
s being reported at Mirbat. Gravity wasves in the
otfshore stratus (4C-6b) indicate that thereisastrong,
low-level temperature nvension over the coastal
region. The fog and low stratus appear below the
iversion. where the air is warm and very moist,

Fhe NOAA-6 Channel 4 (10.3 11,3 um) intrared
image two davs later (4C-7b) indicates some Log and
stratus in the same general arca. The Tog and stratus
have persisted for two dayvs and appear to overhic a
region of cold upwelled water. partialiy visible on
either side of the Tog as a shghtly darker gray shade
tone,

Important Conclusions

I During the southwest momoon. cold  water
upwells neur the capes which protrude trom the
Arabian coast line

=]

Fog and stratus that develop i the warm, maoist
tropical ar advected over the cold coastal water
can persist tor several days,
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Case 3

Island Barrier Effects

For the interpreter of satellite imagery island barrier effects ofter
useful clues concerning inversion height. low-level wind direction,
strength of flow, mesoscale changes in low-level humidity and changes in
sea state (see NTAG, Vol. 1. Sec. 2C). Operational use can often be made
of such information in mesoscale analysis and in positioning ships foran
optimum operating environment.
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Island Barrier Effects Revedled by Sunglint Patterns
Socotra Island; Fastern Arabian Sea
June 1979 and June 1983

4 June 1979

The southwest monsoon started late 1n 1979, with
onset occurring around 11 June. The DMSP visible
image (4C-10a). a week earlier. was acquired durning
conditions of light southwesterly winds over Somaha.
Socotra Island. and the southern coast of Saudi
Arabia. Land brecse effects are revealed by the cloud
line with convective build-ups oft the Somaha coast.
This cloud hne, developing here under geaerally weak
mid-morning syvnoptic flow (1021 151, does not
occur  once  the  southwest  monsoon  becomes
established.

An enlargement of the Socotra Island region
(4C-11a) shows that Socotra s on the west edge of a
sunglint pattern and 15 exhubiting lee eftects on the
north side indicating southerly low-level flow past the
wland. A dark pattern € on the edge of sunghnt
indicates calm seas while a brighter pattern R indicates
rougher seas. 1t can be seen that calmer regions extend
from sections of the north coast of Socotra northward
toward a mesoscale cloud eddy. apparently formed
due to turbulent eftects of flow past the sland.

A map of Socotra (4C-11¢) shows high terrain
teatures which could cause such blocking eftects. In
the DMSP visible image (4C-11a). note that the bay
area (Ghubbat Kharmah) has a lighter gray shade tone
and theretore rougher seas than the surrounding areas.
The map (4C-11c) shows a valley leading from the
south ide of the island to this bay which could afford a
channef for shghtly stronger winds to exit (nto the hay
and cause the noted rougher etfects.

I'he DMSP infrared image (4C-11b). acquired
simultancousty with the visihle image. s espectally
mteresting in that at reveals warmer temperatures
{dark tone) downstream in a swath contorming to the
exact dimensions of the sland's width. The IR sensor
tor Fhght Test Vehwele, F-10 which acquired these
data, was responsive to radiation 1n a broad hand
extending from ¥ to 13 um. This bandwidth 1overy
susceptihle to water vapor absorption. In 4 typical
tropwal atmosphere. over S0, of the outgomng
radiation 18 ahsorbed by water vapor an the
atmosphere and  retranemitted  at a cooler
temperature Under Tow-level inversion conditions,
with clear shies ghove. most of the water vaporn the
atmosphere v trapped bejow  the inversion. Aar
tlowing over an sland barrer, in such condinons, v
heated by the sland and mixed na turbulent tashion
by bringing warmer air trom abosve the imversiondown
into the boundars luver Under such arcumstances
water vaporan the fee ot the island would re-radiate at
4 much warmer temperature than the surrounding
unmixed and unheated wr 10 suggested that this s
the cause tor the lee pattern observed

I3 June 1983

A ditterent perspective of barnier etfects i the lee ot
Socotra s provided by Coastal Zone Color Scanner
(C708) data. The NIMBUS-7 €ZCS Channel §
(0.7 0% ) tar red amage (4C-120) shows an
uncrhanced large-scale view ot the region Note that
Socatra i this view v on the cast side of @ sunghnt

4C-10

pattern. lee effects past Socotra are faintly
discernable in this image.

An enlargement of the Sacotra Island region from
the CZCS Channel 1 (0.433-0.453 um) blue-spectrum
image (4C-12b) shows detailed effects which should be
compared to the DMSP visible depiction (4C-11a). In
this CZCS image. sun angles have changed so that
rough ocean areas appear dark (in sunglint) while calm
arcas appear bight. Note that the image still
consistently indicates a rougher area (dark tones) in
the bay of Ghubbat Kharmah and calm seas (light
tones) bounding this region and cxtending well down
stream. The surface analysis (4C-13a) indicates strong
southwesterly flow across Socotra {sland. Arc clouds
or acrosols appearing upwind of the Brothers Islands
and Socotra Island (4C-12b) indicate a strong. island
blocking effect due to a very Jow inversion on this date.
Unfortunately no nearby RAOBs are available to
verify this condition.

T'he NIMBUS-7 CZCS Channel 6 (10.5 12.5 um)
infrared image (4C-13bj displays some very subtle but
important eftects. Note the faint tendency tor warmer
temperatures 1n the lee of cach of the isfands. This is
not as decisive as in the similar DMSP intrared image
(4C-11b}, since the CZCS channel is less susceptive to
water vapor absorption.

On Socotra Island. two thin warm (dark tone)
streaks extend from the north coast of the island. The
casternmost streak appears almost aligned with a
5.021 ft mountain and the westernmost streak extends
from a 1,470 ft mountain on the northwest coast
(4C-11c). Note that the infrared streaks coincide with
highest reflectivity bands emanating along the north
coast in the visible tmage (AC-Tia). indicating
especially calm seas. It is believed that the added
trbulent effect or heated effect ot air flowing down
and 10 the lee of these mountains results in especialiy
warm air that stabilizes the lapse rate in a narrow line
extending trom these features. The added stabihiny
prevents strong winds trom aloft in reaching the
sarface and insures calm seas confined to the narrow
lines in the wirared image.

Deardortt (1976)  first discussed  this possible
explanauon tor island wind shadows referring to them
s Cthermal-stabhty™  patterns. He o referred 1o
ditfuston studies by Rayvnor eral ¢1974). who showed
that @ smoke plume “showed virtualty no lateral
spread foser dhm) when the air was | 2 K
warmer than the sea ™ As indicated by Deardortt, “the
great persistence of the wind shadow seems due to the
assoctated stable stratifization that both protects the
plume drom  signihicant Jateral moang and
micrometcorolopicially causes weak winds at small
heighty @
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40124, NIMBUS-7, Arabian
CZCS Channel § Peninsula
Far Red Image.
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Case 4

Detection of Oil Spills in Sunglint

The areal extent of oil spills from damaged oftshore oil fields can be
detected and tracked in satellite imagery when sunglint is present. The
reason for this is that surface tension effects of oil act to significantly
dampen sea state structure. Under such conditions sunglint will be
veflected strongly from the oil slick pattern and appear as either bright or
dark streaks or patches in satellite visible imagery. depending upon
satellite verses sun angle perspective.

Attempts to detect oil slicks in satellite infrared imagery have fargely
tailed despite laboratory experiments which indicate that oil slicks are
warmed as much as 10° 18" C more than the surrounding water. under
clear skv. daylhight conditions (see NTAG. Vol 2, Sec. 3F, Case §). The
reason for this appears to be that the much lower emissivity of oil, as
compared to water, acts todiminish the o1l water temperature difterence
as sensed by satelhite infrared sensors. which inhibits the detection of o1l
shicks in infrared imagery.
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Damaged Oil Fields
Persian Gulf
June 1983

19 June

Damaged oil ficlds were reported in the northern
Persian Gult. The NIMBUS-7 CZCS Channel §
(0.7 0.8 um)farred image (4C-16b)does not show any
trace of the oil spills from the damaged oil ficlds. A
sunglint envelope appears along the northeastern
coastal waters and the east-central Persian Gulf. The
surface analysis (4C-16a) indicates that a moderate
northwesterly surface wind pattern prevails over most
of the Persian Gulf. with light’and variable winds near
the northeast coast in the vicinity of the trough which
lies along the lranian coastline.

In the NIMBUS-7 CZCS Channel | (0.433
0.453 um)  blue-spectrum image (4C-17a). the
alternating dark and bright patterns are located in the
sunglint along the northeast coastal waters of the
Persian Gulf. The bright squiggly lines in the cutlined
area are oil slicks which have propagated from the
damaged oil well area. Dark tones near the Iranian
coast indicate calm sea regions, some of which may
also be due to oil slick effects. The oil is made
discernable by reflection of the sun’s rays from the
slicks-- the water surface is very smooth in the slicks.
Wind waves in the water between the oil slicks results
in the diffused reflection. The dark V-shaped streak
west of the oil slick pattern is smoke from a damaged
oil well that widens and dissipates as it spreads in the
divergent surface winds. Oil visible near the edge of the
smoke curls under the smoke (4C-17a and 17b).

Pictures taken from the space shuttle show the
smoke to appear black when photographed in the
visible spectrum. The variability in surface Persian
Gulf waters coupled with the variability in the surface
winds have created the complex downstream signature
in the oil that remains at the surface. As the oil is
dispersed and sinks, the more or less continuous
concertrations of oil become less obvious and more
detached downstream.

Importart Conclusion
The surface environment (wind and stability) and
the presence of sunglint determine whether oil on
the surface of a body of water can be detected in
satellite imagery.
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Case 5

Differentiation of Phenomena of
Atmospheric Origin from Oceanographic
Origin in Satellite Imagery

In Landsat (formerly called ERTS)imagery, atmospheric phenomena
can generally be differentiated from oceanographme phenomena due to
their simultaneous appearance in all tour chanaels in the spectrum from
0.5 to 1.1 um. Oceanographic phenomena (underwater sediment and
shallow water features) are best delineated by Channels $(0.5 (.6 um)
and 5 (0.6 0.7 um) respectively.
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Dt Storm
Red Sea
June (973

30 June
FRIS-E imagery in Channels 40 50 60 and

covening the Sina Peninsula and the northern Red
Sea,are shown o 30200 through 30 2th
respectinely . A most obvious ditference between these
various deprctions s the indication of turbid and or
shallow water around the coastal island arcas They
are most evident in the Channel 4 depiction (40 - 2400,
and almost totally lacking in the Channel 7 response
(4C-21b). However, the hight gray shade that covers
the southwest sector ot the Channel 4 image v alsa
evident in Channel 7. although teduced in brightness
and arca. The hght grav shade o theretore, o
atmospheric organ

The DMSP visible imuage (402201 was acquired
about 2 hrafterthe F RTS-Faimageny A surtace report
at Port Sudan (4C-22a) shows an obscured cetlhing ina
plume ot blowing sand and dustentendimg trom F gy pt
over the Red Sca. A tanter plume of dust « also
indtcated  over the northern Red Sea On the
enlargement of this arca (AC-23000 4 surtace report
(Aswan)in the interior of b s ptindicates dust or sand
raised by wind at the time ol observation Note that
this hight tone gray - hade (dusty was also viewed i the
FRIS-T imagers chght tone arcas in the southeast
sectors of 40-20u. 20b, 2. and 21k

A reasonable conclusion s, theretore, that the hight
gray shades inthe FRIES-E imagery mdicate blowing
sand and dust extendmg over the northern Red Sea.
Pherr extension castward against northeasterly low-
Jevel flow (4C-230) imphies that the sand or dust
extends toa higher Jevel, whuere winds of necessty
must have d westery component Such anestension s
not unustal simee strong dust storms have heen
reported by aireralt to bave avertical extent reaching
2000010 and higher Ventication tor this example s
shown i the NV SO0-mb analysis (40230 which
revedls the southward estension of an uppet-lesel
trough over the Red Sea
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