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This publication contains a complete collection of the Satellite
Applications Information Notes prepared mostly by members of the
National Environmental Satellite Service (NESS) from October 1975
through December 1978. Two articles were authored by National Weather
Service (NWS) members.

The articles in this report cover a wide range of topics dealing
with identification of local terrain effects, case studies of synoptic
situations and severe weather, uncommon cloud features, cloud pattern
interpretations, etc., which deals with the practical applications of
satellite data. Geographical coverage of topics range from Hawaii to
the cast coast of continental U. S. and the Atlantic. The notes are
designed by NESS to primarily provide rapid dissemination of opera-
tionally useful satellite data applications techniques to NWS fore-
casters. It may be used as a companion text to AWSTR 212, "Application
of Meteorological Satellite Data in Analysis and Forecasting" and AWSTR
74-250, "DMSP User's Guide."

Headquarters Air Weather Service extends its gratitude to the
personnel of the Applications Group, National Environmental Satellite
Service for making the original manuscripts available for publication.
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:ﬁb\ ATLANTIC AND EASTERN PACIFIC TROPICAL WEATHER SYSTEMS s

AS SEEN FROM SATELLITE
B. MAX MAYFIELD

; NESS Satellite Field Services Station, Miami, Fla. 33124
)

Figure | is a 4-km resolution visible spectrum picture taken at 1730
GMT 24 August 1975 from the Synchronous Metcorological Satellite No. 1
(SMS-1). Secveral interesting tropical weather systems are seen in
various stages of development.

N The most intense weather system on the picture is llurricane Ilsa at A,

I but this one still picture hardly does justice to its long history of
development. The first view from SMS-1 of what was to become Ilsa
appeared on 6 August, as a weak disturbance moved off the coast of
Africa. 1Its cloud pattern crossed the Atlantic at low latitudes and
then moved westward across the northern portion of South America.
This disturbance appeared as an impressive mass of convection as it
emerged into the southwest Caribbean Sea, but again development was
hindered when the system went over the land mass of Central America.
Next, this disturbance emerged into the eastern Pacific as a bright
area of convection and eventually developed into Hurricanme Ilsa which
had a well defined eye at the time this picture was taken. Intensity
estimates of tropical cyclones are routinely made by the National

‘:.‘ Environmental Satellite Service using the Dvorak (1975) technique.

LN T

The tropical depression at B has a similar history. This cloud system
tirst came off the African coast on 9 August and was easily followed
acruss the Atlantic and Caribbean, including one period just east of
the Lesser Antilles when the system took on the appearance of Frank's
(1968) "inverted V.'" The system becanme disorganized after crossing
Central America, and only slowly devcloped into the tropical depression
seen in Figure 1. This depression continued to develop in the ecastern
Pacific and eventually became Hurricane Jewel.

A ANNNTE RS AP SRR U

R { _UTAPREAEAL

The tropical distrubance at C was a rclatively short-lived blowup of
convective activity which never showed enough organization to define
a cloud system center.

v

Another tropical depression is located at D. The tirst clue to the
existence of this system appeared as a northward bulge on the ITCZ

near the west coast of Africa on 16 August. As it moved westward
across the Atlantic it maintained excellent continuity, Although this
depression looks unimpressive in Figure 1 as far as convective activity
is concerned, a cloud system center can be defined with the assistance
of the curved low cloud lines in the western semicivele. This depres-
sion later developed into Hurricane Caroline and eventually made land-
tall on the northern Gulf coast of Mexico.

o
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Yot another African disturbance is scen in the central Atlantic at E.

™

it has the appearance of an "inverted V' with its axis along 51W. This A
system moved westward across the Atlantic without any significant - QT
development. S :;:
,_’ v.)

One last tropical system is suggested by the northward bulge in the ’ :
ITCZ at F. As this system moved across the Atlantic it became much !F
better defined with an apparent vortex visible in the low clouds on N
scveral days. It was accompanied by an increase in convective activity ﬁi
as it moved through the Caribbean. ':;
In summary, Figure 1 reveals several tropical weather systems in a ﬁ{
variety of stages of development, Continuous coverage by geostationary ) !;
satellite has permitted a closer view of the life c¢ycles and journeys ) :Qi
ol these systems., Of particular interest is the development of eastern -
Pacific storms from disturbances which appear to have an origin over o
Africa. e
s
3

REFERENCES
hworak, V. I7,, 1975: "Tropical cyclone intensity analysis and fore- Hé
casting from satecllite imagery', Mon. Wea. Rev., 103, 420-430. ~ ]

Frank, N., 1968: "the 'inverted V' c¢loud pattern - an casterly wave?',
Mon., Wea. Rev., 97, 130-140.
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) HEAVY RAINS ALONG THE EAST COAST A
September 23-24, 1975 Nt D
3
< Frances C. Parmenter .
- -..
J -
3 H$
3 Heavy rains deluged the East Coast during the week of September 23rd. ;}
4 Newspaper and TV reports "blamed" hurricane ELOISE for the rains but in v

essence, a cut-off 300 mb low in the southern Plains and strong ridge -
just off the Atlantic Coast, plus the remains of ELOISE set up a strong

. southerly flow from both the Gulf of Mexico and Coastal Atlantic that

- acted as a covergence mechanism at the surface and horizontal export

mechanism at mid-tropospheric levels.

¥

L4
8

L

e
1
0y

On Tuesday, September 23, 0000GMT, a stationary front was analyzed from
Cape Hatteras southward through central Georgia then westward into the
Gulf of Mexico along the north side of ELOISE. Rain was occurring from

»

sﬁq!l‘f:;:

LI

the Gulf to Pennsylvania. At 300 mb a cut-off low was located on the )
N Oklahoma/Arkansas border with strong 50 kt southerly flow over the mid- I
. Atlantic States. Two forecasting problems were apparent: the first e
Y concerned the landfall of hurricane ELOISE and second, the heavy pre- 'Ai
2 cipitation and flashflooding that would occur in the northern states. \“
. Initial QPF guidance showed a bullseye of heavy precipitation, greater },

than 4" prognosticated northeastward along the mountains and lddated
along the Tennessee, North Carolina and Virginia Borders by 1200z,

(

. September 24, (Figure 1) 2y

Figure 2 shows the hurricane and extensive area of middle and high ol .
g cloudiness over the Eastern U.S. The cut-off low (L) is cloud-free - t;;
- and the axis of the southern wind maximum, at 300 mb, lies along the oo
. cirrus edge from Louisiana to New England. Of particular interest are :L:
- the convective cells (M) that appeared to break off from an upper level gy

L-
cold low that had tracked across the Atlantic. These convective clusters o
continued to be generated over the Gulf Stream waters and moved northward

) with the 40-kt 500-mb flow. RN
’ . -.-
. Landfall of ELOISE occurred near dawn. During this period the cut-off r:a
o low drifted southward increasing the southerly flow along the Appalachians. fe
5, A band of cirrus (N, Figure 3) developed along the zone of maximum wind- L
shear in the upper level trough, and middle level clouds, signifying mid- L
tropospheric vortex development, appeared in northeastern Arkansas.
Strony, onshore flow and upslope motion reinforced the production of
- convection in the near mountain arcas ol the Eastern States.  The con- B L
- vective clusters (M) had moved northward to the Neorth Carolina Coast at S
t this time and had reached inland over the Carolinas to Virginia by 1700GMT, o
Figure 7. o
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Subsequent views, at 2330GMT 23 September, 0630 and 1130GMT 24 September,
Figures 4, 5, and 6 show that the top level remnants of ELOISE (E) became
caught up in the strong southerly flow and had dissipated over the New
England states by 1130GMT. Heavy precipitation occurred along its path,
but the heaviest rains continued, primarily east of the mountains (M),
as moist, unstable tropical air continued northward from the Gulf.

Formation of a cloud pattern (L) with the cut-off low continued through-
out this perind. Moisture from the tropical system never appeared to
become invelved with this system.

The severe weather that occurred with ELOISE late on September 23, was
located along the long "feeder band” (J, Figure 7). It developed when
this meisture-laden convective band moved into northern Georgia where
skies had been clear and surface heating was maximum (J, Figure 4).

8 -, X

-

[
RIAPA,

v e, . -
B
¥

] '::; .l::' :b'.

3
-,

it ¥ ¥ 0 _w_" v "
..f\.".-".-"'-'”-'\-

%

. e
)
L)
0 s al

.
A
2

i

‘:@



P

ACE AP

Sl sl

.’.'./

ey

.
R

a8

'S
P I

0
3
-

LM

23 e QPrE for Day 2

ending 122 20 Sep 7

Fig 4  SMS-1 IR 2330Z 23 Sep 75

Fig 5 SMS-1 IR 00302 24 Sep 75 Fig 6 SMS-1 IR 11302 24 Sep 75

v r
5,8, 4

P

LI
LA L

s

']

.
)

v ryrr

1™

&
" .l" U.
e
D)
- " l' f’ l'
g X

7.7

AT . e
RS Bt AR
4 ety

.
v ‘0 %
B




Elab el R R i p Bt fa iy g
7,

P

.

LIk T A W }

1-mile resolution VIS
23 Sep 75

I
",
.
o
.
"o
-
x
N,
.
«
'
.
.
‘e
Y
g
-9
. O
oY
e
3 K
F KNS 1




o e AL sl br g vl s arde g b SPOhA Sabl A SRR SR Sk Sl Sdh Sl el et And g fnd Ak el belt ol

SATELLITE APPLICATIONS INFORMATION NOTE 10/75-3
DISTINGUISHING FOG FROM STRATUS ON SATELLITE PICTURES
James J. Gurka
The SMS-1 1/2-mile resolution visible picture of the eastern U.S. from

1400Z on September 28, 1975, illustrates two situations in which fog
can be identified on satellite pictures.

XX

In many cases it is impossible to distinguish fog from stratus on
. satellite imagery. To date, there are two primary clues which can -

’ be used on the visible pictures: (1) if a deck of low clouds is moving,
it is probably stratus rather than fog, and (2) if the low cloud is
restricted to valleys or bounded by low level terrain features, fog is

X more likely than stratus.

With the 1/2-mile resolution visible SMS pictures, another c¢lue is now

aviailable in some situations, When valleys are filled with fog they

frequently show up on 1/2-mile resolution pictures as narrow lines which
] are brighter than adjacent fog or low clouds. This is reasonable since
. the tog should be deeper over a valley if the fog has a fairly uniform
top as illustrated in Figure 1. In most cases, infrared pictures show
that the temperature of the tops of fog and stratus is very uniform,
indicating a uniform height of the fog top.

This effect can be seen on Figure 2, where the fog over the river valleys
at A, B, and C is brighter than the surrounding cloud. Fog can also be
seen at D, E, and F where the cloud is restricted to the valleys. T,

Surrounding the valleys at A, B, and C, no definite conclusion can be

drawn from the satellite picture as to whether the clouds are fog or

stratus or a mixture of both, but fog would be more likely adjacent to
. valleys that are filled with fog than near valleys that are fog-free.

Furthermore, rivers bencath arcas of thin stratus somet imes show up as
Vines which are darker than the surrounding cloud since the rivers have
S a lower albedo than the surrounding terrain. 1t the stratus is thin
: cnough, the brightness of the cloud top depends not only on the light
retlected by the cloud itself but also that reflected by the surface
below.
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Y SATELLITE APPLICATIONS INFORMATION NOTE 11/75-1
: LOW LEVEL CIRCULATION SYSTEMS IN THE EASTERLIES
»

!7 R. Weldon

Applications Group, NESS

There is a large variation in the weather which occurs within the
frontal/baroclinic zone on the east side of a major trough in the
westerlies. In addition to such factors as geography, season of

the year, time of the day, and atmospheric stability, which affect
the type and amount of weather, much of the variation can be at-
tributed to short wave disturbances or vorticity maxima moving in
the westerlies around or across the trough onto the east side. The
. SMS satellite data have enabled us to identify and follow such sys-—
tems of quite small wave lengths and rapid motion. Frequently,
however, the weather of the frontal zone - and in advance of it -

is significantly influenced by systems moving within the easterlies
around the south side of the anticyclone which is east of the trough.
There are at least three specific types of systems in this category;
they generally approach the frontal zone from the southeast quadrant
turning to a more northward track as they come around the southwest
- side of the anticyclone. One of these three types of systems in the
' casterlies is illustrated in the SMS-1 pictures of Oct. 31 thru

Nov. 3, 1975, as follows.
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At When a storm in the westerlies moves over a relatively warm ocean

- surface, the region of strong low level cold advection behind the

- cold front is usually covered by very distinct lines of cumulus
clouds - as seen on the IR and VIS SMS-1 photos of Oct. 31, 1975,
just off the U.S. east coast (Figures 1 and 2). Near their upwind
end, the lines are very thin and generally parallel to the low level
flow direction. Further downwind, the lines contain larger cells,
and have become deformed by shear; here they are no longer parallel
to the low level wind direction.

IR AP AP SR

As the region of strong cold advection moves eastward behind the storm,
the clouds forming the original distinct lines enter the anticyclonic
flow of the approaching high pressure system. During this phase, the
lines will usually deteriorate into large cells or wide bands of
stratocumulus. Such a configuration is illustrated on the IR and VIS
pictures of the following day Nov. 1, 1975 (See Figures 3 and 4). The
stratocumulus cells or bands will usually persist and move southwest-
ward, then westward, south of the surface anticyclone. Often, during
the winter season off the U.S. east coast, large cumulus lines will

be formed by cold advection over the bays along the middle Atlantic
coast.  These will maintain their identity as larpe stratocumulus
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3 bands, and will move south - then westward, onto the coast of Florida {ﬂ?
. K or South Carolina as large patches of stratocumulus and increased kﬁf
" ,‘::r::‘ = low level moisture. z "‘
On other occasions, such as illustrated on the 3rd day of this sequence =
for November 2nd (Figures 5 and 6), very large patches of stratocumulus ?\i
with relacively cloud-free areas in between will be formed. Note the hCY'
: large patches of warm cloudiness on the IR photo - Figure 5. On the F?‘
% visible photo for the same time (Figure 6), the patches can be seen f'
; to contain small cumulus lines and arcas of stratiform clouds arranged 0
' . into organized patterns. When observed on time lapse movie loops, -
) cach of the patches can be seen to form a small circulation system. o
X The motion of the cumulus clouds revealed a positive vorticity maximum hj‘
. ’ associated with cyclonic shear in the easterly flow. During the time -?:
) of the picture, the systems were maintaining their identity and prop- ﬁiﬂ
- agating westward. The subsequent 24 hour movement was near 5 degrees f?
g of longitude - a rate of just over 10 knots. I&‘
- Figure 7 shows the same group of systems on | mile resolution visible o
.- data for the next dav - Nov. 3, 1975. Again, cloud motions on the {f:
movie loops showed the characteristic cyclonic twist in the cumulus ‘\':'
: cloud groups, as is associated with positive vorticity maxima. Also '}.
seen on the photograph - and in motion on the movie loop - is a layer o
o of stratiform c¢louds moving with anticyclonic motion. These are ‘
- associated with cach cumulus cloud system and are identified by :”
S arrows on Figure 7. ‘The stratiform outflow layer with the system A7
g approaching the South Carolina coast was near the 700mb surface (as o
~ identified on the Charleston sounding at 0G0Z, Nov. 4). Y
] -y A3
6.. Although each of these small circulation systems caused cloudiness g
b- and rainshowers as they moved onto the coast, the ones over the g?;
: Atlantic did not enter the frontal zone of the storm over the central bi}
~ .S, One small low level system shown on these pictures did enter the X
: trontal zone.  This con be seen on Figures 5 and 6, just west of Cuba '::
3 and north oy the Yucatan Peninsula. That small c¢loud system - in its ol
phiase shown on the pictures - is very similar to those over the Atlantic;
- however, its origin was different and was associated with one of the o
. ather two types obf systems mentioned.  This system moved northwest- '.f«:.
ward across the Gult of Mexico, 1t can be scen on Figure 7 on the next :‘
i dav (ideatitied by the tetter "A") as it forms a comma shape while e
entering the frontal zone of the storm over the central U.S. Subsequent _f
" to the picture time (Figure 7) this system developed deep convection .
and moved northeastward along the {rontal zone. When systems of the ’
same origin as those over the Atlantic enter a frontal zone, they
behave veryv similarly as the one over the Gulf.
N In subsequent articles of this series, I will discuss the other two
3 types of systems mentioned.
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i SATELLITE APPLICATIONS INFORMATION NOTE 11/75-2 -
k THE DEVELOPMENT OF TROPICAL STORM 'HALLIE" _— ::.
* :\.
" Vernon F. Dvorak ale fi
S Applications Group, National Environmental Satellite Service, Washington, D.C. 20233 7;:;“ '\J
i E
N Tropical storm HALLIE was named at 2200%Z on October 26, 1975, while off iﬁ
Q the east coast of Florida. The storm subsequently moved northeastward 5{;
ﬁ passing east of the outer banks of North Carolina with a Coast Guard et
: lightship located offshore about 60 miles south of Wilmington reporting Qﬁ‘
sustained winds up to 58 mph. The storm began to weaken early on the 27th 3
as it accelerated rapidly northeastward. . : lgf
-t :'.»
i Tropical storms like HALLIE form in this region during the early summer ;1'
- and late fall. They form east of troughs aloft (cut-off lows) which bring .
" energy from the Westerlies southward into the subtropics at this time of L
S the year. It is also common to have a weakening cold front in the vicinity -
I of the formation. Although this type of storm development is relatively E{
- common off the coast of Florida and the Carolinas, little is currently ;5:
- known that explains or predicts the phenomenon. The accompanying satellite n?
' pictures are intended to shed some light on this problem. e
. Daily visible satellite pictures taken at 16Z or 172 from October 21, to 5}3
i 28 are shown in the figures. The first three pictures, October 21-23, -
K have the 122 NMC surface (black lines) and 300 mb (white lines) analyses \{
7 superimposed on the picture imagery. The 12Z 300 mb analyses is shown on A
“: the October 24-26 pictures. -~ ':{
The conventional data shows a cut-off low at 300 mb dropping south to . -?;
. southern Florida with a surface trough containing a front to the east of o "f,
! it. On the succeeding days, the data indicates that the low aloft moves e
F: castward and weakens as the surface wave intensifies into a low pressure :f:
. center that moves westward north of the low aloft. The actual positions e
$~ of the 300 mb and surface low centers (and hence their interaction) cannot :::
v, be determined from these data. »:\
v,
The satellite view of HALLIE's formation shows an area of deep-layer cumulus A
. convection increasing in size and taking on a "comma' configuration. This ttf
t: cloud pattern in different sizes and orientations is common to most cyclonic .:}
-, development . This particular comma can be viewed as a structure containing N
3 two curved bands (or lines) of convective clouds and cirrus; one oriented :”i
< coatt-west where the tront is analyzed on October 22, and the other to the S
soulh ol it oriented north-south. Indications of a Jower tropospheric
cireulation became evident south ot the western halt ot the cast-west band e
. con the 22nd becoming more obvious on the 23rd and showing an easily rec- oy
- oenicahle inverted comma pattern on the 24th.  The carlier indications of -l
- this low and middle level vorticity are more casily detected in visible jlf
- movie loops and  high resolution pictures than it is in the pictures shown t
v heres The development of vorticity in the lower troposphere begins, where i }i
7 .-
g - g
y s
) &
: 8- e




- - -y e Ty — L s o e el a reyer e -
LA G e S WL ENRL S RN iRy i W e Nt A i A e C A RN A o= o righ B gt g M e et sl Bt S A WL A o o AL et 0 st e mid o gkt g 2eg aln g I
R

bands, and will move south - then westward, onto the coast of Florida
. or South Carolina as large patches ot stratocumulus and increased
O I, S :
¢ e low level moisture.
L)
=]

On other occasions, such as illustrated on the 3rd day of this sequence
for November 2nd (Figures 5 and 6), very large patches of stratocumulus
with relacively c¢loud-free areas in between will be formed. Note the
large patches of warm cloudiness on the IR photo - Figure 5. On the
visible photo for the same time (Figure 6), the patches can be seen

to contain small cumulus lines and arcas of stratiform clouds arranged
into organized patterns. When observed on time lapse movie loops,

cach of the patclhes can be seen to torm a small circulation system.

The motion of the cumulus clouds revealed a positive vorticity maximum
associated with cyclonic shear in the easterly flow. During the time

' ot the picture, the systems were maintaining their identity and prop-
agating westward. The subsequent 24 hour movement was near 5 degrees
of longitude - a rate of just over 10 knots.

e e S SEEEY-Y Y TR WY . e Ta s e sy
]

Figure 7 shows the same group of systems on 1 mile resolution visible
data tor the next day - Nov. 3, 1975. Again, cloud motions on the
movie loops showed the characteristic cyclonic twist in the cumulus
cloud groups, as is associated with positive vorticity maxima. Also
seen on the photograph - and in motion on the movie loop - is a layer
of stratiform clouds moving with anticyclonic motion. These are
associated with each cumulus cloud svstem and are identified by
arrows on Figure 7. The stratiform outflow layer with the svstem
approaching the South Carolina coast was near the 700mb surface (as
identified on the Charleston sounding at 007, Nov. 4).

Although each of these small circulation systems caused c¢loudiness

and rainshowers as they moved onto the coast, the ones over the

Atlantic did not enter the frontal zone of the storm over the central
U.s5. One small low level system shown on these pictures did enter the
frontal zone. This can be seen on Figures 5 and 6, just west of Cuba
and north of the Yucatan Peninsula. That small cloud system - in its
phase shown on the pictures - is very similar to those over the Atlanticy
however, its origin was different and was associated with one of the
other two types of systems mentioned. This system moved northwest-
wird across the Gulf of Mexico. Tt can be scen on Figure 7 on the next
dav Cidentiticd by the Tetter "A") as it forms a comma shape while
cntering the trontal zone of the storm over the central UoS. Subsequent
to the pictare time (Fipgure 7) this system developed deep convect ion
and moved northeastward along the frental zone. When svstems of the
same origin as those over the Atlantic enter a frontal zone, thev

behave very simil crlv as the one over the Gulf.

In subnequent articles of this series, | will discuss the other two

tvpes ol systems ment ioned.
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SATELLITE APPLICATIONS INFORMATION NOTE 11/75-3

A COMPARISON OF VISIBLE AND TINFRARED VIEWS FROM SMS-2
OF THE REMNANTS OF TROPICAL STORM GLORGETTE

John P. Kearns
Honolulu Satellite Field Services Station

The post-tropical depression stage of what briefly had been Tropical Storm
Georgette is shown in the 2-km resolution visible imagery from SMS-2 taken
at 2318GMT, August 16, 1975 (Figure 1). The center (G) of the delicate
vortex was taken about 250 miles from the island of Hawaii (H) at about
10N, 14694,

The tine cells of the north semicircle imply surface winds of about 25 knots,
which apgrees with ship observations. A plume of cirrus from cumulonimbus
activity at (1) obscures some of these lower clouds. While there are fewer
clouds in the south semicircle, enough are present to reveal southerly and
westerly movements when the corresponding film loop is viewed.

The dast bulletin on this tropical depression had been issued for August
16, at 0600GMT, when the system was located near 169N, 130°W. Visible
and infrared satellite pictures for the next 65 hours show clearlv that
the svstem was maintaining itself while moving westward nearly « thousand
miles.

It is not unusual for such Fastern Pacitic disturbances of less than tropical
depression intensity to approach the Hawaiian Islands. They are of concern
to forecasters since even though they might not present a high wind hazard

at this stage, they do threaten heavy rain and flooding. A more alarming
possibility is that of regencration to the tropical depression stage, or even
hipher.

Figure 2 shows the SMS-2 infrared picture with 8-km resolution of the same
arca 20 1/2 hours later, at 19496MT, Aupust 17.  The hiph clouds have in-
creased in arcal extent.  Somewhat disturbing to the forecaster, the shape
of this area, expecially the hook-shaped cloud configurations (L and M)
along the western edge, suggests a vortex (G?) centered just east of the
bright cloud mass (N). It might be inferred that "ex-Georgette' has re-
intensified and that it has begun a northward movement.

Figure 3, which like Figure 1 is a 2-km resolution visible picture, was
obtained one-half hour after Figure 2, at 2019GMT, August 17. The system
obviously has not regencrated; rather, the low level circulation has con-
tinued on its prior course and is now at (G), near 15N, 151°W, some 300
mites from the pseudo-circulation (G?) indicated in Fipure 2.

Fhe Jow Tevel vortex maintained its identity tor at lTeast another 27 hours
and continued  moving west southwest, passing about 700 miles south ol the
island ot Hawaii.
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M Misinterpretation of a satellite picture is of itself not so unusual, but ...:
. Figure 2 demonstrates a rather high order of deceptiveness. Certain :5
) properties of weak tropical disturbances make them particularly poor Szf
& ~ subjects for standard infrared representation. It happens in this case ol
b that the incompatibility of subject and method produces both concealment o
and misdirection -- precisely the fundamentals of stage magic.
.
X The low level cloud elements outlining the vortex which is so obvious in }EE
X Figures 1 and 3 are concealed in the infrared of Figure 2 by their own oy
f warmth and finencss. These warm clouds are near the temperature of the ﬁ&
2 underlying sca surface and their detection (G. Figure 2) is difficult. ‘f;:
. The small warm clouds here are as effectively hidden as a dark gray thread X
in front of a black curtain. b
& .-:
: . Misdirection is also present in this example.  As frequently happens, a ..j:,
N, cumalonimbus has formed not too far from the center of the vortex. The k:_
h tops of CBs and their attendant cirrus blow-offs are cold and appear bright =g
white in standard IR imagerv. The high clouds of Figure 1 became part of .
the anticyclonic flow east of a col between two upper level lows, and in ?
N time formed the shape which so dominates Figure 2. The size and brightness 5{
N of this arca capture the analyst's eye, and the apparent vortex demands his o
: attention. But perhaps most importantly, since a strong upper level outdraft :i:
5 is one of the significant svmptoms of regeneration that a concerned forecaster f“
) would be Tooking tor, tiw analvst's apprehensions are misled, as well. Thus
) this illustrates the inportmee ot continuity afforded by synchronous
" satellite data over and above the once or twice-a-day polar orbiting data.
“
-” Fortunately, no false alarms were issued  here -- partly because high
- — resolution visible pictures were obtained before such a step would have
. ata boeen necessaryv. However, visib'e pictures are unavailable at night so that
“ an analyvst must Keep o in omind taat wirm clouds may not be well displayed by :
v- standard IR pictures, and that even those enhanced to emphasize warm clouds ey
. may miss delicate features because of the relatively poor resolution of :.'
N SMS-2 infrared imagery. -:
- 2
Or additional interest are the orpanized bands of trade wind strato-cumulus W
such as (€, Figure 1) that pass over the islands and produce rain.,  As the
- vortex propavated southwestward toward the Hawaiioan islands, the noith-
. coanterly Plow increased thus aiding the arrival of precipitation on the
tollowing dav.  Raiatall also increased signiticantly on Hawaii duriny the
-:' pasisiaye of the vortoer,
p the satedbite data in Figore D oalso show the near daily persistance ol
clond plames downwiond ot the Taland chain. Strony, trade wind 1tlow rom
the northeast pecones detlecied by the istand obstacles.  Downwind the
detlected air torms vorticles or long cloud streamers.  The largest plume \
& or streamer (D) extends westward from Hawaii and much smaller streamers v
’.: extend tfrom Vaho and Kauai (B and F). ":':
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FOG DISSIPATION IN THE VICINITY OF THE CHESAPEAKE BAY !E

Carl E. Weiss and James J. Gurka Fff

NOAA/NESS, Applications Group v~

3

Forecasting the dissipation of fog in the vicinity of the Chesapeake Bay 3
is one of the more difficult tasks faced by the marine forecasters at the Xy
Washington, D.C. WSFO. This problem is compounded by the differences in =
terrain over which the fog lies. An example of Bay area fog dissipation N
is illustrated by a sequence of *km SMS-1 visible imagery for November 9, RS
1975. o

The 1500 GMT surface analysis, Fiqure 1, shows a weak cold front stretching
from the New England coast westward through New York state and the southern
Great Lakes. A ridge of high pressure also extended westward from the

Atlantic over the middle Atlantic coast. Winds over the entire Bay region _f;
were generally light, less than five knots and temperatures ranged from N
the low to middle 60's. The 1530 GMT lkm SMS-1 visible picture, Figure 2, N
shows an extensive area of fog covering southern New Jersey, the eastern ']

half of Maryland and most of eastern Virginia and the coastal waters. ¥
Within the fog area, the land masses of Cape May, the Delmarva Peninsula D

and the western shore of the Bay (A) are readily identifiable by their
brightness.

In this situation, anticipating the dissipation of the fog was made even %ﬁ K-
more difficult because the fog was present over both land and water. The j N
forecasting problem should be separated into two parts, dissipation over o]
the land areas and dissipation over the water. Gurka (1974) demonstrated

that over Tand, fog areas of minimum brightness on visible satellite imagery

.

are usually the first to dissipate while the brightest fog areas persist N
the longest. In Figure 2, an area of minimum brightness over the Delmarva i
can be seen at (B). This area should be forecast to clear sooner than the 5
brighter fog areas. NG

Forecasting fog dissipation over the cool waters of the Chesapeake Bay is
an exceedingly difficult task. With light winds and water temperatures

reported in the upper 50's to the middlie 60's, the low-Tevel air was cooled -ig
and moisture was added so that the fog was continually being reformed. ’ e
Therefore, the satellite based fog dissipation forecasting techniques used li:
over land cannot be employed successfully for fog over water. All that can o
be said is that in general, fog over water should persist longer than foq N
over adjacent land areas. ;i:
- o
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By 1700 GMT, the l«m imagery, Figure 3, shows the fog over the Delmarva
Peninsula has begun to dissipate (C). This area of dissipation closely
matches the area of minimum brightness (B) shown in Figure 2. Fog can
be seen to persist over the cooler river, bay, and ocean waters (D).

The surface winds at this time became southwesterly,averaging about five
knots. Temperatures remaaned in the low 60's where the degse fog per-
sisted, but climbed to 68 F at Salisbury, Md. (SBY);and 66 F at Andrews
Air Force Base (ADW) where the dissipation has started.

The Tkm visible imagery at 1900 GMT, Figure 4, shows most of the Delmarva
Peninsula and the western shore of the Bay to be fog-free (E), while dense
fog remained over the Bay proper and coastal waters (F). By this time,
the winds turned more southerly and increased to near ten knots near the
coast, but continued about five knots farther inland. The turn to more
southerly flow favored fog persistence over the Bay where the air had a
long trajectory over the water. Cumulus clouds (G) developed in response
to surface heating over land areas where the foqg had dissipaged. 1900 GMT
temperatures ranged from 74%F at Salisbury, Md. (SBY) and 71°F at Ft. Meade,
Md. (FME) under abundant sunshine to 61°F at Dover, Del. (DOV) and 64°F at
Patuxent, Md. (NHK) under a thick fog blanket.

REFERENCE

Gurka, J. J., 1974: "Using satellite data for forecasting fog and
stratus dissipation", Preprint Volume, Fifth Conference on
Weather Forecastina and Analysis, March 4-7, 1974, 54-57.
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National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 12/75-2

TNTEGRATION OF SATELLITE IMAGERY WITH THE SURFACE ANALYSIS CHART

John A. Ernst
NOAA/NESS, Satellite Field Services Station, Washington, D.C. 20233

The NWS forecaster continuously evaluates and melds informational data from

a multitude of diverse sources. One such data source, real-time infrared

(IR) imagery obtained from meteorological satellites, can be of material
benefit to the forecaster (numerical imagery in the form of computer-enhanced
IR images will be on-line in the near future.) _When there are conflicting,
missing, or incomplete conventional data, the satellite picture with its
overall view often furnishes the decisive input to the formulation of an
accurate diagnosis or successful forecast. The following is a brief discussion
outlining one approach to integration of this satellite IP imagery with the
surface analysis chart.

Figures la. and 1b. are time concurrent at 07/0000 GMT November 1975, and
represent portions of the SMS-1 Equivalent IR DB5 sector, and the NMC Surface
Analysis Chart. Figure la. has been annotated with some key features that
led the SFSS/DCA duty meteorologist to suspect the presence of a surface
trough over the Gulf Coast states.

An upper level cyclonic circulation center appears just east of MKC. The
associated flow pattern, indicated by the streaming cirrus, is shown with
smooth continuous arrows. A dashed line, representing the axis of the trough
aloft (TROAL), is extended to near the bottom inflection point. Lack of
moisture in the trough's southern and western portions makes exact placement
somewhat arbitrary but still operationally useful. In this case the character-
istic "comma-cloud" shape of the PVA area is quite elongated stretching from
Mississippi to Illinois (sketched-in). Note (over western Tennessee) that

the northern half of the cloud has become merged with clouds along its eastern
edge.

The preceding is a typical description of an organized upper level system
that in most cases has some surface or lower level reflection. Upon further
examination of the appearance of numerous bright, white "flaring" areas

(A, B, C, D, E) of possible convective activity are noted. The spatial
aorganization suggests the presence of a weather band often associated with
surface troughs, convergence lines and/or prefrontal squall lines. Slightly
to the west of the convective area, a line configuration does seem to appear
and is shown by a dotted line.

At the surface there are some indications of trough formation that correlate
well with the satellite IR image. On Figure 1b., a grouping of stations are
revealed (encircled by dashed line) that reported precipitation ranging from
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1ight continuous rain at Mobile, Alabama (MOB) to heavy rainshowers at
Memphis, Tennessee (MEM). The spatial grouping of the stations is notably

$E$¥ et similar in appearance to that seen in the satellite IR picture, suggesting

‘ . the presence of a weather band.

. The surface wind regime, although light in speed, does contain several
1 significant variations in reported wind direction. Several station-pairs
reported 20 degree or more wind directional difference.

3

I At 07/0050 GMT (prior to receipt of the NMC 0000 GMT Surface Analysis Chart)

l . the SFSS/DCA duty meteorologist discussed the 0000 GMT satellite IR picture

' with meteorologists of NESS's Analysis Branch who coordinated with RMC. The

! 0200 GMT Satellite Interpretation Message (SIM) issued by the Washington SFSS
. noted the presence of the surface trough. NMC's Surface Analysis Chart

i contained a trough in close proximity to that position suggested by the satel-
i lite pictures.
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Uhmire las SMS L Equivalent IR
DN Sector, 0000 (M, November 7,

1975.

Figure 1b. NMC Surface Analysis, 0700 GIT
Novenber 7, 19/
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National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 12/75-3 -~

Fa’aTs TR0 2

:: INFRARED IMAGERY USED FOR TRACKING THE 26 NOVEMBER SNOWSTORM

Roderick A. Scofield
Applications Group, NESS

Heavy snow fell over much of Kansas and Missouri during 25 and 26 November
1975. The infrared (IR) imagery was particularly useful in tracking the
upper air disturbance responsible for the heaviest snow that was deposited
over Missouri on 26 November.

The 500-mb LFM analysis for 26 November O000GMT, Figure 1, shows vorticity
centers over the Oklahoma Panhandle and Four Corners area. Also, the 300-
mb jet axis is indicated stretching from Utah eastward into Oklahoma then
to southern Ohio.

On 26 November, 0000GMT, the satellite data in Figure 2 show an elongated
east/west area of cloudiness stretching from western Kansas eastward into
Missouri. The cloudiness in western Kansas and Nebraska at (C) was as-
sociated with the upper level trough in the northern plains. In addition,
the clouds to the east at (A) were associated with the positive vorticity
advection (PVA) ahead of the vorticity center in the Oklahoma Panhandle.
Passage of this easternmost system deposited snow over eastern Kansas with
lighter amounts over Missouri. The heaviest snowfall over Missouri occurred
with the disturbance located in the Four Corners area. Clouds associated
with this disturbance are located at (B). Their configuration is influenced
by the presence of mountainous terrain.

During the next 12 hours the vorticity center over the Four Corners area
intensified and moved southeastward to the Texas Panhandle, Figure 3. The
vorticity center over the Oklahoma Panhandle moved northwestward and weakened
and the 300-mb jet axis became more sharply curved.

The IR pictures at 0600GMT and 1100GMT, Figures 4 and 5, respectively, give
continuity on the progress of the upper air disturbance at (B). Note that
the cloudiness, originally associated with the vorticity center in Oklahoma
becomes less distinct over the upper midwest and Ohio Valley at (A) as the
new system deepens over the Texas Panhandle. (Cloudiness in Nebraska and
Iowa at (C) associated with the 500-mb low appears to maintain itself as a
distinct and separate system during this period. By 1100GMT, heavy snow
had begun in western Missouri as the disturbance at (B) intensified and
took on the familiar "S-shaped" pattern which is best related to the middle
and upper level baroclinic zone and jet stream. Intensification of this
upper air disturbance occurred in the cold air on the cyclonic shear side




R T T R T A T R R N Y Y N e T T T Y

of this jet in an area of PVA and upper air divergence. At the surface,
this upper air development was reflected as an inverted trough Tocated
from eastern Kansas to a weak low near the upper coastal plains of Texas.

Six-hour precipitation amounts, ending at 1200GMT, 26 November, Figure 6,
indicate that significant precipitation fell in Kansas and western Missouri.
Most of this precipitation occurred with the cloudiness associated with

PVA and indicated by (A) in the previous IR pictures.

Continued development of the upper air disturbance at (B) can be tracked in
the IR pictures for 1330GMT, 1700GMT, and 2100GMT (Fiqures 7, 8, and 9,
respectively). The clouds associated with the upper air disturbance assume

a more "comina-shape" configuration through the period. In this case, the
sharp anticyclionic back edge of the comma at (E) separates the areas of
moderate and heavy snow to the east and lighter snow to the west. The

clouds at (C) appear to move southeastward in response to the movement of

the 500~-mb low. Thunderstorms at (T) develop as the surface low in southwest
Louisiana intensified and moved northeastward along the trough axis.

The six~hour observations of precipitation ending at 1800GMT, 26 November,
and 0000GMT, 27 November, are presented in Figures 10 and 11, respectively.
Most of this precipitation fell as snow in Missouri producing up to 10 inches
in St. Louis. MNote in Figure 10 that the thunderstorm activity near Lake
Charles, Louisiana, produced 2.70 inches of rain in a six-hour period.

Interpretation of the infrared imagery in Fiqures 7, 8, and 9 suggested that
the 500-mb Tow was moving southeastward and deevening. The 0000GHT LFM
analysis on 27 November, Figure 12, verifies this interpretation by showing
a deepened 500-mb lTow over northwest Missouri with a negative-tilted trough.
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National Weather Service/National Environmental Satellite Service S
SATELLITE APPLICATIONS INFORMATION NOTE 1/76-1 AN

A DECEMBER COLD FRONT AT THE HAWAIIAN ISLANDS

H. McClure Johnson
NOAA/NESS/Applications Group, Washington, D.C. 20233

When a cold front is approaching the Hawaiian Islands in the winter season, .
a set of seemingly simple, related, and basic questions is usually asked:
(1) Where is the front? (2) Will it pass any or all of the islands? (3) When
will it pass? and (4) What weather will it bring? These are questions of
practical importance, and of real interest to weather-watching islanders as
well as to professional forecasters. The problem is rendered more difficult
and interesting by the empirical fact that many such fronts approach closely
but do not pass, or do not seem to pass. Some are so modified or otherwise
weakened after several days of generally southward progress over mid-pacific
waters, that little happens or changes when they pass.

The cold front which approached the islands on December 8, 1975, did defi-
nitely pass the island of Oahu. Detailed data from this site sheds some
light on the nature of the meteorological problem and provides answers to
the above set of questions.

A section from the NMC surface chart for O0OOOGMT December 9, 1975, Figure 1,
shows the surface position of the frontal surface to be a little east of
Oahu and just west of Molokai. The labeled dashed lines indicate other =
operational positions (from Oahu) of the front at the times indicated. (The ‘?
Oahu OOOOGMT line is in quite good agreement with the NMC line.)

Figure 2, a 1 km resolution visible view, illustrates the frontal conditions
about the Hawaiian Islands at 0015GMT December 9, 1975. The major islands are
indicated by the letters: K - Kauai, O - Oahu, M - Maui, H - Hawaii. A letter
S indicates the approximate position of the ship JJDT (see Figure 1.) The
line A-A' indicates the position of the primary cumulus line that represents

a local maximum of vertical development and showers, and provides a good
estimate of the surface front position (between Oahu and Molokai) at this
time. A comparable "prefrontal" line lies further east, at P-P' with similar
lines appearing in and near the frontal zone, especially northeast of the
island. This multiple cumulus-line structure is a common analysis (and
forecast) problem with such older fronts. Usually, as here, the most promi-
nent line near the leading edge of the frontal zone relates best to the
surface position of the front as determined by conventional means with
relatively good data. This line is usually a distinct narrow, but con-
spicuously long maximum of cumulus convection. Several hundred miles south-
west of the islands (near N) this line changes into a net-like array of con-
vective cumulus cells. Much stratiform middle cloudiness can be seen along

v
.
!
L/

7§'! ﬁb

e

7

Y

Eﬁ??

proe

25N

-

A

ALY
»
[

B

1

e

»

L ]
A

RN
P

-1,
a0

[ T IR

" (RN
1'.'0"'"."- o ni

PLPCPATATMMANF I M

.15

—t

PR ol ot

Pietl
2 e
RS
)

'y &

L
2 1!
."

.l"l'r'-‘ 2
PLAPL A Il
s N GV S N |

v
.

“ets
0
(A A

e

* *

= 4k

.l

v oo e =
I
a

!l .

.
e e

LR
0 a
'a s

TP A

PR
LR ')

gers. )



the length of the frontal zone major band, and is a major component of it.
It lies mainly northwest of the surface front position, and is reported

by the ship at (S), and extends as far northwest as Kauai. A middle-cloud
plume (E) streams northeastward from Kauai's central mountain mass. A
meso-scale organized convective system can be seen near and north of

Oahu (0). It has a convective line (B) which runs northeastward and then
curves back southwestward over Oahu. A middle-cloud layer (D) lies to

the north and an associated cloud minimum or subsidence (G) area bounds

it on the west and southwest. This minor, component, comma-cloud system,
with middle-cloud "head" and cumulus line "tail', soon moved off northeast-
ward. 1ts passage brought the second period of light showers to Qahu

(see Figure 3.)

Further to the northwest the cold advection cumulus field is well shown
as near C. Figure 2b depicts some of these features schematically.

Figure 3 shows the hourly winds, the light shower events, and hourly
temperatures at the airport station, Oahu. As the complex convective
frontal zone cloud system arrived, a slight drop in the temperature

occurred (2000GMT), showers began at 2100GMT, and light west winds prevailed
(except immediately after the first shower.) Then as the second cumulus
band passed, a little before 0000GMT, the winds veered becoming NW at

10-15 knots, and appreciable cold air advection commenced, resulting in

the substantially lowered minimum night temperatures observed from 1400 to
1700GMT. The pressure dropped from 1012.5 mb at 2000GMT to 1009.4 mb at
0000GMT, then remained fairly steady for the next 24 hours.

Figures 2 and 3, together, illustrate the fact that the convective cumulus
cloud system of the forewardmost part of the frontal surface (including
that part called the surface front) was at least 50 nm in width, and
contained significant and active substructure. The surface front as a
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very narrow intersection line is an idealization. The real surface front, o
a relative discontinuity and a narrow zone of large gradients and marked :uH
changes, began its passage by Oahu at a time near 2000GMT, and was passing "o

PSS

at the time of the shower event of 2200-2300GMT (just before Figure 2),
and was clearly by 0100 or 0200GMT December 9, after which the post-frontal

T

v

cold air advection was distinct but of moderate intensity. This rather D
moderate cold front did pass, but little troublesome weather was experienced. ;*

R
Figure 4, an enhanced inrrared view about 12 hours prior to trontal passage ':f
at Oahu, shows the trontal zone major cloud band as a well defined synoptic B

scale feature and clearly west of Kauai.

Figure 5, the corresponding view about 12 hours after frontal passage at
Oahu, shows the middle cloud over Maui and the leading edge and convective
line at the island of Hawaii.
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National Weather Service/National Environmental Satellite Service
w “SATELLITE APPLICATIONS INFORMATION NOTE 1/76-2 ’
‘ e

MIDWEST SEVERE WEATHER OUTBREAK
. OF DEC. 13-14, 1975

) Melvin D. Mathews and Edward C. Johnston
i Satellite Field Services Station, Kansas City, MO

AR L] LS SN

. During the late night and early morning hours of Saturday and Sunday, g
December 13 - 14, 1975, a series of severe thunderstorms developed over : .~

portions of the midwest ... unusual for time of day as well as time of t

. - year. The activity occurred along the trailing end of a remarkably well

) defined vorticity comma cloud that developed over the central Plains and NG

moved rapidly northeastward toward the upper Great Lakes. A brief sequence

of related events follows. i

. A moderate amplitude long-wave trough extended N-S over the intermountain .-,
. region with a series of short waves rotating through it. At midday on
December 13, one such short wave near the Arizona - New Mexico border was
moving eastward at 20-25 knots. An upstream vorticity maximum over central
Oregon was plunging southeastward at 30-35 knots. With the ever decreasing
wave length thus implied, we expected the short wave in the southern Rockies
- to accelerate northeastward. This in fact occurred later in the day. The
upstream vorticity center, which by then had dropped into central Nevada,

) was ejecting the short wave northeastward out of the southern Rockies as

" illustrated by the barotropic vorticity analysis for 14/00Z (Fig. 1). .
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The short-wave trough was moving at a speed of near 60 knots by 02Z, when
the comma cloud began to take shape over western Kansas (K, Fig. 2). By
this time, the southern branch of the polar jet (A) was discernible in the
infrared imagery along a line from Dodge City (DDC) to Huron, S.D. (HON)

- to International Falls, Minn. (INL). The subtropical jet (B) extended along
a line from Abilene, Tex. (ABI) to Tulsa, OK to Louisville, KY (SDF) (both
superimposed on Fig. 2). Note the obvious diffluent zone between the jets I
downstream from the developing comma tail. -
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Conventional data at 850mb for 00Z showed a moist tongue with dew points -
greater than 8°C extending from the Texas - Louisiana Gulf coast area north-
é ward through central and eastern Kansas, western Missouri and southern Iowa.
A portion of this moist tongue, dark gray in the IR imagery, can be seen kd
. between the jet stream cloudiness northeastward from N, Fig. 2. As the d
leading edge of PVA moved over the low level moist field, a squall line -
developed just to the right of the polar jet. T

g The comma cloud (K) continued to develop and race northceastward across the Ve
midwest (Figs. 3 and 4). Radar indicated tops to 46,000 feet in the tail
of the comma which produced severe weather between 02Z and 11Z on December 14.
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Reports included 4 tornadoes, 14 occurrences of gusts in excess of 50
knots, wind damage, and hail up to golf ball size from south central

Kansas to eastern Iowa. All of the severe weather occurred in the upper
diffluent zone between the two jets. The 0735Z radar summary chart (Fig. 5)
depicts the strongest activity as well as the valid weather watches issued
by the National Severe Storms Forecast Center.

We seldom observe a vorticity comma cloud system over land which is as
well organized as the one discussed here. We believe the compact and
well defined nature of this cloud system implies a concentration of
positive vorticity advection (strong upward vertical motion), and thus
is indicative of the severity of this thunderstorm outbreak.
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. Nat ional Weather Service/National Environmental Satellite Service
. SATELLITE APPLICATIONS INFORMATION NOTE 2/76-1
s o
) UNUSUAL TROPICAL DEVELOPMENT ey
o FROM A MID PACIFIC COLD LOW g
Y Donald R. Cochran
’ NESS, Satellite Field Services Station
. Honolulu, Hawaii
Tropical storms in Hawaiian waters (botween 140° - 180YW) are rare. Non-
tropical vortices deserving of gale warnings are more frequent. Central
) Pacitic Hurricance Center records for 25 vears show few tropical storm
. tracks extending north of 25°N and none north of 35°N. Nevertheless,
- Fivare 1A shows the track of a remarkable storm. It began as a cold low,
" deveioped down to the suriace, and became a probabhle hurricane -- all well
:: north of the Hawaiian Islands.
"oothe SMS-=2 picture taken at 0048 oMT 31 August 1975, the parent cold low
3 (near A on Fivare 18B) was located some 1500 km northeast of Honolulu.
sateilite data and alreps both indicated that the system was a typical
upper evelone which normally migrates westward along the east Pacific
~ trough.  Psine the Hebert-Poteat (HP) (1975) svstem (o new technique de-
“',‘ sioned to mesh with the Dvorak (1975) svstem), the Honolulu Satellite Field
" .. Services Station (8FSS) “"classified” this cold low at 25 to 30 knots. At
- Q0 CMT, 01 Septemoer, tne low was centered near A on Figure 2A.  (The shal-
fow vortex visible southeast of A was lazer absorbed by the developing storm.)
o B 00 GMT, 02 Sceptember (Fipure 2B), the low had assumed the characteristic
X double banded contiparation of o well=developed vortex. A 35- to 40-knot
Y wind cstimate was vrequired by the HP svstem, and o simultancous application
y of the Dvorak svedem indicated similar results. Continued growth occurred
. soothat by carly mornine on the 2nd convection near the circulation center
- e dacrceased sobatantially and had become more isolated.  These two kev
J characteristics toretold an incipient tropical storm.
- By 03 September 00 GMT (Fipure 2C) the svstem was clearly a tropicail
cvelone, with o soatl o central dense overcast (CDod warranting a more than
YO-knot intensity estimate (3.0 trendin: toward T3.5) on the Dvorak scale.
’ Late that cevenine the intrared imacery from SMS-2 hinted at the formation
ot an eveo Next mornang, configuration in the form of the 2018 GMT NOAA &
- view (Figure D) could not be mistaken. Analvsts gaped at the classic round
’ cve == a probable harricane -- and at 40° north!  Using the approximate 1/2
decrec ot lTatitude distance by which the center of the eve was imbedded trom
- Vi nearest cdpc ol the $DO alone with the teshmigne's other components,
: aoovorak wind cstimate g 6% knots or yreater was warranted.  Since the pic-
% Cares later o on Seatember 3 indicated tne: the Storm was hecoming involved
. with the adioco ot droont b clouds, anabvese s hoped 1or gqaick corrobhorat ion
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! from ship data. Perhaps fortuitously, support for the satellite data Sﬁ
> finally arrived. At 04 September 00 GMT a ship which apparently (and X
: no doubt inadvertently) passed near the eye of this tight storm reported ~—’ i :,
& 45-knot winds. Located some 90 km WSW of the storm's center and heading R .
< west, this ship's barometer read 1003.2 mb at 04/00 GMT with a three hour "
tendency of +13.5 mb, suggesting a pressure under 990 mb near 2100 GMT. E
> Using Holliday's ('969) well-known graphical composite of the various i—
< hurricane wind/pressure equations a speed of about 65 knots is obtained -
? from the 990 pressure. Additional ship reports at 0600 GMT continued to -;i
{ confirm the storm's fury. A ship about 200 km SSE reported the highest }t
] ship winds during the sequence: 190 degrees at 55 knots. On into the 2
. evening this small but dangerous storm tracked rapidly northeastward. . o
~ Before dawn she had lost most tropical characteristics, and was enmeshed -
? in the extensive frontal cloudiness and strong southwesterlies ahead of : i{
{ the upper trough. ?3
= -
- SUMMARY_ AND CONCLUSION
. This note reports what may have been the first formation of a hurricane ~
- north of the Hawaiian Islands, or, as is more likely, the first such .
- observed case. Dr. Neil Frank, Director of the National Hurricane Center, -
) has stated (1975) that the ultimate measure of an analysis or forecast {{
8 technique is its ability to handle the 'rare" event, e.g., the explosively -
o deepening hurricane. In this storm, the Hebert-Poteat and Dvorak systems 3
! seem to have handled a similar rarity quite well. This case again demon- -é_
- strates that real-time, high resolution satellite imagery, meaningfully :{{
N integrated into the man-machine mix, can make a significant contribution e
F{ toward indentification and eventual solution of complex meteorological - iﬂ
b forecast and warning problems. e
£ - R
J 3
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/Nationai Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 2/76-2

VERTICAL WIND SHEAR vs. UPPER FLOW AS
REVEALED BY CIRRUS PLUMES - January 26, 1976

Edward €. Jobnston
SFSS, Kansas City, Missouri

Frequently, the wind direction at high levels is approximated on satellite
pictures by the orientation of ¢irrus blow-offs trom cumulonimbus tops.
However, such an assumption is not always valid. A pood example of chis
~henomenon occurred on the morning of Januaryv 26, 1976,

At 12302, a line of thunderstorms extended southwestward “vom the Florica
Panhandle into the Gulf of Mexico, as depicted by the radar summary chart
n Fig. 1. Note the cell movement within the line. averaging 30-35> knots
toward the northeast.

At this time, the upper level flow pattern revealed a rather pronounced
meridional trough extending from Minnesota southward across Texas, with
sredominantly west te southwesterly flow over the Guit of vdexico. The
corresponding 200mb chare (Fig. 2) shows winds along the Salf coast blowing
crom S50V ta 205V, decreasing from 130 knots over Brownsviile to 35 knots
art tampa.  One mipght expect to see cirrus blowing ot i the tops of the

cumulonimbus in the Cuitf toward the cast-northeast. But the 1372 plcture
snows the orientation of the cirrus streaks toward the southeast (Fig., 3).

This Is an example ot the important role that vertical wind shear plavs

in che oricntation o0 the cirrus plumes in the picture. A vector rep-
resentation ot the mean (low through the convective laver and at cirrus
levels [liustrates this relationship (Fiy. 4). Notice the shear between
the mean cell movement, !rom abeat 2259 at 50 knots, and the 200mb average
ilow in that area, Zo0Yat arvund 70 kaots. We have drawn the vectors tail
rootall from those Jdirections with leagths proportional to speeds (Vectors
A and B oin Fig. ). Me resultant wind shear is toward the southeast, as
represented by Vector @, This explains the orieniation of cirrus blow-offs
in Fig. 3.

Eaamples such as this are not trequently observed, but do ocour in varying
degrees from time to time.  The purpesce of this briet discussion is to
i1lustrate the importance of vecoynizing that the civrus will alian fraefdt
along the vertical shear wind vector, rather than the flow at cirrus levels
Manv times the shear wind will agree fairly well with the upper flow; but
not alwavs, as illustrated here.

Ref:  ESSA Technical Report NESC 51, March, 2745 pp. A-D-1 & 2.
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SATELLITE APPLICATIONS INFORMATION NOTE 3/76-1 ;
3

3 USING SATELLITE DATA AS AN AID TO FORECASTING A y
> FOG AND STRATUS  FORMATION el
James Gurka "‘,:
! Applications Group, NESS

g ::'
1 Although fog and stratus are frequently observed in the Gulf and central L:f
. plains states during the fall, winter, and spring when the low-level flow .-
X is from the Gulf of Mexico, it nevertheless remains a difficult forecasting -
H problem. Now, enhanced IR satellite pictures can provide the forecaster o
with a new tool for forecasting the extent of warm air advection fog and 4

stratus formation. t}:

L-.

Frequently, areas where fog and stratus are most likely to form will appear "
as relatively dark areas on satellite pictures that are taken a few hours .-

- R ASAEATMENREN

after sunset. These dark areas are normally found downwind from a moisture ;i
source, such as the Gulf of Mexico, and as noted by Parmenter (1), appear -
; to outline the boundary of relatively moist air in the lower levels of the Rl
" atmosphere. This boundary can be monitored and used as an estimate of the 5"
. extent of fog and stratus formation during the night. }z
- »
+ e -~ Of course, the extent of the moist air at the surface can be located with :)?
’ ‘. surface dew points. The satellite, however, has much higher resolution
. s than the surface observation network. Furthermore, the moisture will ey
;; frequently move into an area above the surface so that it does not show '5\:
- up on the surface reports. fi:
- N
- On October 27, 1975 at 0200 GMT (Fig. 1), the boundary of warmer temperatures :::
v can be seen at A and B. The general pattern corresponds roughly to the area -
~ of higher dew points on (Fig. 2.) Although the moist air appears to extend oy
; into southeastern Nebraska, on the 0200 GMT picture, the dew point at Lincoln o
- Nebraska is only 31, and those in eastern Kansas are in the mid 40's, sug- i
- gesting that the moist air in southeast Nebraska is above the surface. From f?
. the ceiling and visibility chart (Fig. 3), it can be seen that there are no e
> low clouds reported in Nebraska, Kansas, or Oklahoma at 0200 GMT. There is ’;x
some stratus reported in east central and southeast Texas (C, Fig. 1). 1?;
. Using the moilsture pattern implied from the 0200 GMT picture, stratus formation t’f
< - would be expected in extreme southeast Nebraska, central Kansas, excluding :5{
S the extreme eastern and western portions of the state, most of Oklahoma, N
- except the western panhandle and extreme eastern portions, and most of Texas .
) except the panhandle and extreme western portions. On the 1331 GMT visible el
picture (Fig. 6), the pattern of fog and stratus (A and B) is very similar .0
- to the moisture pattern implied from the 0200 GMT IR picture. The low clouds :ﬁ.
: did not extend as far west as expected in Kansas or in the Oklahoma panhandle, }}
-~ as some dryer air had moved in from the west shortly before sunrise. {:
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The area of low clouds in Arkansas (seen in Fig. 6) spread northward from

A
b an extensive area of low clouds that extended eastward to the Appalachians :-
(7 at 1000GMT (C on Fig. 4). For cases such as this, where the darker area -~ i{
" on the IR imagery indicates a low cloud boundary rather than a moisture R e
G boundary, the cloud edge is typically more well defined than the latter; .;;;: ?:
,f but at times it is difficult to distinguish between the two. During the g
- night, most fog and stratus, with the exception of post cold frontal stratus, g?
appears warmer than the surrounding land areas, while fog and stratus in the ﬁ?
\: daytime almost always appears colder than the surrounding land areas, which ey
N ure quickly heated. 1In cases where the cloud edge moves into a relatively R
. dry area, the satellite pictures can still be an aid for short range fore~
q casting by simply making it possible to locate the position of the cloud
d boundaries at one half hour intervals. "
- dowever, in forecasting fog formation or any other meteorological phenomena,
. the satellite data cannot be used exclusively, but is simply an additional
- tool to be used with all the available conventional data to aid in the short
X -ange forecast. For example, chinook warming over the central plains can
_ “ave a very similar appearance to an area of high moisture content. There-
ore, the cause of the warmer temperatures should first be determined from
- “ne surface charts. Also, deep river valleys almost always appear warmer
9 ‘han the surrounding terrain at night, and should not be confused with a
- moisture maximum.
} tn summary, the pattern of relatively high moisture content in the lower
i ievels of the atmosphere can frequently be determined from the early evening
R {0200 - 0300 GMT) enhanced IR satellite pictures. This information can
- then be used as an aid to forecasting extent of the formation of warm air
x advection fog and stratus during the night. ~
b T~
" (1) oy
7 Reference: Parmenter, Frances C., 1976: Low-level Moisture Intrustion ;a
: from Infrared Imagery, Monthly Weather Review, Vol. 104, -
pp. 100-104.
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Fig 1. SMS-1 4X4 enhanced IR imagery

0200(ML, 27 Oct 75.

Fig 4. SMS-1 4X4 enhanced 1R imagerv
$ - 1000GIE, 27 Oct 75.
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Fig 5. SMS-1 4X4 ennanced IR imagery
1170Q4T, 27 Oct 75.

- KT Vigd
33ioMy, o7 o0 vy




L aed ol arA gk atau e AP ASC )

U.S. DEPARTMENT OF COMMERCE

P . . . LR N
Nat ional Weather Service/National Environmental Satellite Service N

SATELLITE APPLICATTIONS INFORMATION NOTE 3/76-2 7

A NEAR-STATIONARY GULF OF ALASKA LOW--
ITS EFFECT ON WEATHER IN THE PACIFIC NORTHWEST

Frances C. Parmenter
Applications Group/NESS

Suring the last week of February, the northwestern U.S. experienced the
oacnne of a number of rain/snow producing sub-synoptic systems that
Corancd and rotatoed around a large Gulf ol Alaska low.  Some of these

Cems came onshore and moved eastward: others were channeled northwest-
wars alony the rugged coastline back towards the Alcutians, The data for
Sooriary 26 are presented. A time section of weather from three stations:
Vitoecia (AST) and Pendleton (PDT), Oregon, and Missoula (MSO), Montana,
~h:ion represent coastal, plains, and mountain environments, is also in-
“inaed tor this day.

e initial surface analysis at 0000GMT, Pebruary 26 (Fig. 1), showed
two snrTace lows north of 509N.  These were indicated by the two cloud
vortiees (L oand LYY in (he visible (2245GMT) and TR (2345CGMT) images
(“iow. 2 oand 3. The visible data shows a remarkably large number of
oreanized cloud svstems within this large cyclonic flow. For example,
¢ aamber of old vortices that have completed a circuit about the low,

can o be seen in oa eyelonic are from (L7 to J).

Cast of (L') is the cloud band (M) associated with the analyzed Canadian
cotd tront. A well organized comma-shaped cloud pattern (N) lies ahead

of the surface trough near 130°W while a smaller cloud mass (N') appears
4t the apex of the wave on the southernmost front.

fooking upwind, a number of cqually impressive cloud patterns can be
seen. Movie lToops showed a low-level circulation with the comma pattern
at () and lesser rotation with the system (P to P'); IR data located
fwe additional areas (Q and R) as incipient stages of comma ¢lowd devel-
opment . The succceding series of pictures show the ensuing trajectories
and Jevelopments.  What is ol particular interest is the behavior of the
clond svstems (No N' O and P=P') and their effect on the weather at AST,
POE, and NSO (indicated by dots on Fig. 3). A time scction showing

Al imeter, winds and weather at these stations appears in Fig. 4.

fnitially (0000GMT), precipitation was occurring along the coast with
showers on the mountains near PDT and light rain at MSO. The 0245GMT
data (Fig. 5) shows a gencral castward movement of all the systems during
the intervening three hours with some important changes cvident in the
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smatl scale Features.  Note that the cloudiness associated with the surface
wave (N') has a distincet comma shape with colder tops along the northesrn
side.  The clouds at (P') have caught up and increasced the convection near
the conma tail of (0) and appear to be advancing castward faster than the
cloudiness (P) north of 45°N, thus suggesting a sipnificant speed shear

at low levels.

By 0645GMT (Fig. 6), the organized cloudiness with the northward moving
wave (N') has become broken by the terrain into a number of ecast/west
bands. The upwind cloud svstems (0, P) continuc to show little eastward
movement north of 459N, while the southern portions continue to move NNE
resulting in the re-orientation of this convection into a more zonal
cont iguration. Pressures have st rted to fall rapidly in Oregon although
surface winds remain casterly (Fig. 4).  Based on the movements extrap-
olated from this satellite data, precipitation would be expected, once
avain, along the coast accompanicd by o chanpe to seowtherty winds at
increancd apecds. AL NSO, precipitat jon wonld alao be cxpected an the
cemnants ot the wave (N'Y move across the initiab cload bhand (N) . This

.
B

r-
7,
s

L4
»

o be seen in the short period Huactuat ion of winds, 1all in pressure,
and incereasing snow shower activity from U600GMT.

-
)

by TLOOGMT, 1ight but continuous snow was reported at MSO. A look at the
TEHASCGMT data (Fig. 7)), shows that this precipitation originated from the
ovorraphically produced cirras and alto-stratus cloudiness that frequently
Yorms in areas oi PVAL During this period another system (S) moved from
calitornia into southern Oregon.  Note that the c¢loudiness at (P') has
become more organized and still poses a threat to the Oregon coast.  Winds
have chanyed from light southerly to SW, susting to 23 knots at AST.

Thae T3ASGMT data (Fig. 8) shows that the cioudiness marvking the approachinge
Cortes 1Y had inereasced in o arceal o coverapse, but ono o proevipital ion was

e ted ot AST. A stieht northeastward movemen! ob the clowd band (N)
daraony this period saw the end ol snow at MSO.

Faliine pressure and snow showers mark the approach of the next svstem
50 {FieL %) diato Tdabho and Montana.  Snow showers continned over the
Lot toerrain near P oalong the comma tadl. Ondby o brict peciad of

dr ot snow showers wan reported with the cloudiness (7)Y ot AN,

ot dast oview (Fig. 10), the svstem (P and (8) can Uil be located.
Noto the bright o andevelanically shaped cirvus in bdaho and Montana.

i crvstals trom this civrvrus plume appear to eltectively sceed the
deriving stabie ctowliness prodocing continuous Tivht to moderate snow
Copoa ot the area.

ot ol i e b o) Pl we e v whier o o i e e

Lo o it b ot aate b iee dme ey oand Dot weat b b reimdn

a0 e Thone oresentod i re allow the Torecaster to bhoed ter anctet sband

cocurrence of intermittent precipitation cventa, Fooomeed PR imasory

o rarther derais the obaervat ions by indicatineg the oo Crve area o ol

Cooav e hiny svsiten,
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) ESSA: The title of Note 3/76-1 should read "Using Satellite Data As
An Aid to Forecasting Fog and Stratus Formation; paragraph qgj&

2, page 1, line 3...upwind should be downwind.
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Figure 1. Surface Analysis,
26 February 1976.
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Figure 2. Visible Imagery SMS-2
2245 GMT, 25 February 1976.
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Figure 3. Infrared Imagery SMS-2
2345 GMT, 25 February 1976.
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Figure 5.

Figure 6.

Figure 7.
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Infrared Imagery SMS-2, 0245 GMT
26 February 1976.

Infrared Tmagery SMS-2, 0645 GMT
26 Februarv 1976

Infrared imagcry SMS-2, 1145 GMT
26 February 1376

6

-
P Y
o’

ol

R

...;,,

.




o, v, 0 e - e
'I ":l " "

.
Y

-
.
A

Figure 8. Infrared Imagery SMS-2,1345 GMT
26 February 1976.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/7%

OCEAN THERMAL FEATURES AS SEEN FROM GOES-1

Stephen R. Baig
Satellite Field Services Station, Miami, FL

The National Weather Service has recently introduced a "Gulf Stream Wall
Bulletin' as an adjunct to regular East Coast weather broadcasts for
mariners. The bulletin provides the location of the western edge (cyclonic
edge) of the Gulf Stream.

The National Environmental Satellite Service makes input to this product
with thermal infrared data from both the NOAA-4 (polar orbiting) and
GOES-1 (geostationary) satellites. This note will describe some of the
Miami SFSS experience with GOES-1 from the marine viewpoint.

There can be little doubt that for non-spatially limiting features,
imagery from a geostationary satellite is much preferable to that from
a polar orbiting satellite, at least where there are no features to
provide easy registration of latitude and longitude.

The second and perhaps most important advantage of the GOES-1 data is
that it provides an imape every haltf-hour instead ot every twelve hours
of the entire Gult Strcam region. Ocean features do not move with speeds
which would require imiges more often than once every tew days, were it
not for the overlying clouds. When a few hours of GOES-1 imagery are
used to prepare an animated movie the data seem to come alive! Small
cloud-free areas move along with the air flow, revealing the positions

of thermal rearures in the nearly stationary water below. The satellite
analyst's eve persistence integrates this information, allowing the
thermal features :n tie water to be described with a continuous contour.

The images used tor the preparation of the animated movies are "enhanced"
to better displav the weak thermal gradients found in the ocean. NESS
oceanographers have proepared a number of different enhancements for
various par.s of the ocean.  Yor o the Gult Stream and adjacent waters

the most usctul crnancosent currentlv available is labeled "S" (The type
of enhancement di-piaved in o COES imape s indicated in the picture
header.) A description ot the S-curve enhancement is included in the
"Fnhancement Kit'" available at all WSFo's.

It is expected that, a, mere interest is penerated within the marine

community, the marine forecasts will be asked to supply not only the

Gulf Stream Wali Bulletin but also more detailed information about

* We've been asked by cubscribers to nuanber the notes serially for each
calendar vear. So tar in 1976 we've distributed 2 Information Notes
in each of the tirst 3 months and this one in April for a total of 7.
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thermal features in smaller areas, and the changes features undergo
after the Bulletin has been issued. 1Indeed, the increased number of
observations provided by GOES-1 imagery already has shown us a higher
variability in the Gulf Stream position than had been generally recog-
nized.

Occasionally the cloud conspires to clearly reveal large portions of
the oceans. An example is shown in Figure 1. The Gulf Stream system
is well defined from near the Georgia coastal zone downstream to a
position south of Nova Scotia. A series of small edge waves can be
seen along the cyclonic edge.

Southeast of Cape Hatteras a pool of cool water is nearly surrounded
by a warm band. Two well defined warm eddies can easily be seen in
the slope water between the cyclonic edge and Nova Scotia. Data from
recent research cruises into similar eddies shows that the water is
uniformly warm right to the bottom of such eddies, (Apel & Byrne).
Many such features can be tracked from day-to-day.

In the Gulf of Mexico a good portion of the Eastern Gulf Loop Current
is visible. This water bulges into the Gulf and then breaks off,
forming a gigantic warm eddy. The process repeats on an annual cycle
(Maul, 1975). Knowledge of the extent and position of the features
described above are of immense value to merchant shipping as well as
fisheries interests.

In the Eastern Pacific two patches of cold water can be seen extending
out from the shore. One, near 16N98W, is the result of the classic
Tehuantepecer, cold air being funneled through the mountain pass of

the Isthmus of Tehuantepec. The second patch extends seaward from
near 12N86W. In this case air is funneled over the Lake Managua
region. These low level jets cause a seaward displacement of the
usually warm surface water and brings colder deep water to the surface.
In both areas the marine forecaster can therefore infer the direction
and relative magnitude of the low level winds. Note also that the wind
stress curls the cold water to the right.

It should be noted that only a few hours before this GOES image was
made the entire Gulf Stream system was covered by cloud. A few hours
after this iamge was made, cloud again obscured the Gulf Stream. By
monitoring the images on a 30-minute schedule the marine forecaster
can request ocean enhanced images timed to provide him with a wmaximum
of information. By contacting the oceanographer or hydrologist at
the NESS/SFSS serving him the marine forecaster can obtain other
information which will be useful in his forecast speciality.

Figure 2 shows the analysis made from the movie loop prepared using a
series of images including figure 1. These loops are analyzed every
day at Miami. On Tuesdays a final weekly analysis is prepared, on
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tracing paper, using Tuesday's data. If a portion of the area is
obscured, then data from Monday is used, and so on. In this way
the latest available data is included in the final weekly analysis.
If an area is obscured for more than one week, no data is shown on
the analysis. By hanging the most recent analysis over those of

the previous weeks, changes can easily be seen and data from previous
weeks used to estimate positions in the breaks in the most recent
analysis.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/8

THE EAST COAST WINTER STORM, 1-2 FEBRUARY 1976, A CASE STUDY

Richard M. Clark
NOAA/NESS, Satellite field Services Station
Washington, D.C. 20233

This storm produced the first significant snowfall of the winter season

in the Washington, D.C. area. Although only one inch of snow was officially
reported at Washington National Airport (DCA), strong winds and plunging
temperatures, which accompanied the passage of a cold front after the storm
passed to the northeast of DCA, whirled the snow into near blizzard con-
ditions that made driving hazardous and closed most schools. The purpose
of this paper is twofold: First, the origin of the storm is unique in
that it can be traced from over southern Baja, CA as an upper level
cold-core low. Secondly, as the storm moved from the Gulf of Mexico up
the east coast the night of 2 February 1976, the author, who was on duty
in the Washington SFSS, had an opportunity to observe, compare, and
comment on the relative merits or disadvantages of three different en-
hancement curves of GOES-1 infrared (IR) imagery. The first of the three
curves was the Z curve which was developed for general purpose meteorolo-
gical use with the full disk [R. This curve is primarily used for film
loop production by the Satellite Field Services Station and the NESS
Satellite Winds Group. It also is forwarded via GOES Fax to NWS WSFds,
supported by the Washington SFSS, who desire receipt of alternate visible-
infrared images on the Washington one mile resolution sector (DB-5).
During the nighttime hours it is alternated (every other image) with an

IR image having one of 12 different enhancement curves currently being
tested and improved by NWS Ficeld Forecast 0ffices and the Washington SFSS.
As seen in Figure 1, temperatures from 56.8°C will appear as black areas
on the satellite images with the Z curve. Enhancement is applied to

lower warm clouds (Segment 2) and high level, cold clouds (Segments 4 & 5),
while a slope tactor of 1 is applied to middle level clouds (Segment 3).
The G curve was enhancing the IR images as the storm was in the Washington
SFSS area of responsibility (Figure 2). The objective of this display

is to enhance both for fog/stratus (Segment 2) and convecetion with one
curve (Segmeuts 4 - 8). Segment 3 of this curve ranges from -3.29C to
-21.79C. This wide, black buffer zone is an attempt to differentiate
between Lhe warm and cold ends of the curve. As seen on later images,

a considorable area of data was blacked out by the black buftfer zone

but this was primarily with clear skies after the storm had passed, so

vus of little conscquence. On the positive side, Segments 5 & 6 showed
aiddle clouds and lower cirrus while Segments 7 & 8 clearly depicted
convect ive areas. The third enhancement curve being monitored was the
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M curve (Figure 3). This curve was set into one of the Washington SFSS
floaters. The primary purpose is to enhance convective activity by

using an alternating gray shade step-function format for the coldest =
temperatures. All data warmer than -32°C are displayed linearly -
(Segment 2) but with a steeper than normal slope factor of 1 to produce {;5,

some enhancement. Convective areas stand out well, especially Segments .
5, 6, & 7, and they are easy to interpret.

The author first noticed a well defined comma-shaped circulation of middle
and high clouds south of El Paso, TX over Chihauhau, Mexico on the early
30 January 1976 IR film loop. A vorticity center was drifting to the
southeast and by 00Z 31 January appeared to be just south of Laredo, TX.
After the storm passed the Washington area, a call to the NWS San Antonio
Forecast Office (WSFO) revealed that they had been monitoring this system
earlier on the Kansas City SFSS KB-8 sector from the NESS SMS-2 satellite.
San Antonio WSFO provided Figures 4 and 5 for this study. Both images .
are enhanced IR with the Z curve. Figure 4 is the 2215Z, 28 January image

which shows the early stages of development of the system. The bright clouds

over lower Baja, the Gulf of California, and Mexico, depicted as '"Ci:, are

high, cold cirrus moving in the direction of the arrow. By 0115z, 31

January (Figure 5) the upper level cloud shield has increased with the

leading edge extending eastward over the Gulf of Mexico, again depicted

as "Ci". Cloud cover had increased with the familiar comma shape,
indicative of positive vorticity, with the center of rotation near
notation "O". This center correlates well with the National Meteorological

Center (NMC) 300 MB Analysis at 0000Z, 31 January which placed a closed
low southwest of Laredo, TX (Figure 6). The corresponding Surface Chart

(Figure 7) had a weak surface low near Tucumcari, NM with variable middle -
and high clouds over the area. 24 hours later, at 00Z, 01 February, a

surface low with closed circulation was centered over Louisiana (Figure 8). T
By 15007, 01 February, NMC had placed the apex of an open wave frontal 'Eg?

system near Tallahassee, FL (Figure 9). Aloft, a north to south trough

of low pressure extended to all levels from a low over James Bay in the
north to over New Orleans in the south (Figures 10, 11, and 12). Positive
vorticity was being advected rapidly to the east as seen on the NMC
Barotropic Chart (Figure 13). The 1500Z, 01 February, Visible 1 mile
resolution GOES-1 image (Figure 14) correlates well the position of the
open wave as seen on Figure 9. A line of thunderstorms is along and

ahead of the frontal position over the Gulf and north across Florida

and over central Georgia. Dense cirrus overcast covers most of South
Carolina and the ecastern half of Georgia. Rain is falling over Georgia,
the Carolinas, and Virginia with snow showers over New England and Central
Pennsylvania. An opportunity to compare the enhanced G and M curves with
one of the last visible images before darkness covered the East Coast was
at 2130Z. By this time the open wave was over Augusta, GA (Figure 15) and
the trailing cold front had crossed the Florida Peninsula and paralleled
80°W offshore. Comparing the 21307 Visible (Figure 16) with the 21302
enhanced M curve (Figure 17), and the 2100Z enhanced G curve (Figure 18),
an important feature on each of the three images is the north/south -
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trailing, or western edge of the dense cirrus shield which extends from .
over Roanoke, VA south to Columbia, SC, then offshore north of Savannah, gr;
GA. These stations are indicated by R, C, and S on the 3 satellite o
¢ - images. A wedge of cold, dry air has moved in behind the frontal zone C.Q
< ,\::‘ causing skies to clear over coastal areas of Georgia and the Gulf Coast ﬁ,'
N states to the west. The M curve enhanced IR (Figure 17) also shows the Dy
sharp break over the Carolinas between the warm lower clouds to the west [ A
X and the higher colder clouds to the east. The location of the offshore K
thunderstorms, as indicated by the symbols on the visible image, are N
: fairly easy to locate because of low sun angle. However, some cells ;$¢
are undoubtedly lost in the dense cirrus overcast which covers the oy
h of fshore area north to southern Delmarva. The M curve shows a good a
. correlation between known convective areas and Segment 6 (black) and
Segment 7 (white). For example, the black arca of Figure 17, along e

v
.

the North Carolina coast, northeast of Cape Fear, was being tracked by
Wilmington (ILM) radar. Unfortunately, Hatteras radar was inoperative
during this time period. The author has depicted the dark gray areas
(Segment 5) over the Carolinas as indicative of towering cumulus (Code 3)
since moderate rain was reported through this area. The G curve (Figure 18)
o correlates well with the M curve in depicting thunderstorm areas. This is

. especially true of areas 1, 2, 3, and 4. 1Individual cells and clusters of

: cells appear to protrude above the black (Segment 7) areas. The white,
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hazy appearance (Segment 8) of the image over the black areas is cirrus

blowoff from overshooting CB tops. On later images this cirrus is seen QE

being pushed to the northecast by strong southwesterly flow. The dis- e 1

- advantage of this curve is the large areas of data blocked out by the it
. buffer zone (Segment 3) which saturates the image with black. Some of ey
. these buffer arcas are indicated on Figure 18 as "B'". }::
" e The next series of images shows the rapid northeast movement of the storm ;i:
Q. but more dramatically shown is the intensification of offshore convection K

. = ahead of, and along, the trailing cold front. As seen on Figure 19, at };f
. 03007, 03 ¥February, the surface low was centered over eastern North Q:
: Carolina. The 03007 enhanced IR with Z curve, (Figure 20) shows a Ei
N large area of convection north of 35°N and between 70°W with scattered ‘{{
- cells to the south ahead of the cold front. Figure 21, with the 03302 L

M curve, shows a very large increase in the areas covered by the black, i
Segment 6, and white, Segment 7. Figure 22, with the 0330Z G curve, kS
shows a similar arcal coverage of Segment 8 (white), when compared with -

IAEREAEH

w.
the M curve area of temperatures colder than -529C, or the combined areas :ﬁﬁ
j of Segments 5, 6, and 7. Of interest on Figures 20,21, and 22, are the :f:
- enhanced clouds over central North Carolina and southcentral Virginia. n 24
This represents an area of positive vorticity advection (PVA) which moved -
¥ over the Carolinas with the upper-level trough. [ts center is seen over S
; Louisiana on Figure 3. This is what the satellite meteorologists o
s normally look for when viewing the IR movie loops - positive vorticity ':
: advecting over an area at mid-tropospheric levels. PV centers are usually e
j best defined on IR imagery as middle-level alto clouds as opposed to higher, R
:
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colder cirrus clouds. As such they are warmer than cirrus clouds and
appear darker than cirrus on the IR image with Z curve, yet brighter than
lower, warmer clouds. Tracking the vorticity induced clouds gives the
field meteorologists an opportunity to compare the NMC 5 panel Barotropic
and Baroclinic models and LFM packages to the actual speed and direction
of vorticity and moisture advection.

Also of interest on this series of images is the rapid movement to the
northeast of the trailing or western edge of the high cirrus cloud shield
noted on Figures 16, 17, and 18. The trailing edge now extends from
over Norfolk, VA northwest to near Charlottesville, VA representing a
speed of approximately 65 knots to the northeast. It was near the same
time as this series of images that Patuxent River radar started painting
buildups east of the Delmarva Peninsula. These cells moved northeast
and were off the 125 nm remote scope by 0445Z. The storm continued to
move rapidly up the east coast and by 1500Z, 02 February, had deepened
to 958 mb and was centered over Maine (Figure 23). During the night

the M curve was dropped from the imagery. However, the 1400Z enhanced
IR with Z curve (Figure 24) depicted the offshore frontal position with
a line of CB ahead of the cold front. Cold, bright cirrus tops are

also seen over the Gulf of St. Lawrence and northern New Brunswick with
the upper level vorticity center (PVA) near Portland, ME. Cold, dry

air follows the surface position of the front and a dry slot is seen
northeast of Maine over New Brunswick. Behind the front to the coast

is predominately broken to overcast low clouds. A dry slot is also

seen in the offshore low clouds from near Bar Harbour, ME south to

35°N. Skies over Virginia and the southeast states are mostly clear.

The 15007 enhanced G curve image (Figure 25) correlates both the G
existence of the line of CB ahead of the cold front and the two dry e
zones described from Figure 24. The black buffer zone B again appears - e
over Virginia and North Carolina. ';f
In summary, although based on a limited number of images, it appears ?:? F
that the M curve is superior to both the Z and G curves for routine, i
operational use. Convective cells on enhanced Z curve imagery may be ﬁ{j
hidden or difficult to locate when embedded in multi-layered cloud shields. }:.
Also, the M curve with 5 step-boundaries to provide temperature contours -fu;
for quantitative height determination does a good job of differentiating 'T%

warm, low clouds from middle level clouds as well as showing convective o
areas. The G curve may be superior to the M curve for showing individ- '
ual thunderstorms or clusters of convection. However, the large areas

of data blacked-out by the buffer zone on this curve may discourage its

routine use by forecasters.

Editor's Note

Since the writing of this paper, a modification has been made to the M
curve. The new M curve incorporates the same slope factors 1, 2, and 3
as the Z curve (Figure 1); maintains Segments 3, 4, 5, and 6 of the M
curve (Figure 3); and incorporates a slope similar to that of the G curve
(Figure 2) at the coldest end. This new M curve should therefore be able

to handle most of the enhancement needs for routine satellite meteorology
analysis.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/9

CONVECTIVE TRIGGER MECHANISM
AS VIEWED BY GOES-1

Edward C. Johnston
Satellite Field Services Station, Kansas City, MO

PP

During the early morning hours of Tuesday, March 24, 1976, a significant
upper air feature was detected in the satellite imagery which rather
strongly influenced the surface weather over parts of the central U.S.
later in the day. A brief explanation follows.

At 07Z on the 24th, an upper trough extended southward from a vorticity
center north northeast of Williston, North Dakota to the northwestern
corner of New Mexico. The trough was translating eastward at 30-35 knots,
in good agreement with the interpolated barotropic position and speed.
However, shortly thereafter, a spiraling cloud configuration (V Fig. 1)
appeared along the Nebraska - South Dakota border. Though none of the
prog packages showed evidence of this system, a definite cloud rotation
could be seen near Valentine, Nebraska on the movie loop at 09Z. This
feature was moving eastward at 35-40 knots and accelerating, with indication
of a subsequent turn toward the northeast. Positive vorticity advection
(PVA) ahead of the poorly defined vorticity comma tail helped trigger
convective development (T Fig. 2) along the 850mb thermal ridge from
northern Oklahoma to eastern Iowa in advance of the surface frontal
system. By 13Z (Fig. 2) the center had accelerated to near 50 knots

and had moved into southwestern Minnesota, with an associated short

wave trough through western lowa.

It was learned later that WSFO Milwaukee, Wisconsin (indicated by (o)
Fig. 2 and 3) had updated their morning state forecast to include a
chance of thundershowers during the day over most sections. Surface
conditions were not particularly favorable for convective development
at  the time, as temperatures were in the 40's with dew points in the
low 30's. Later conversation with the WSFO revealed that the revised
forecast was based on the possibility of a short wave coming out ahead -
of the mean trough, and that the final decision was influenced by the ..
satellite interpretation message which called atte:.cion to this impulse. -

By 1630Z (Fig. 3) the vorticity center (V) had moved into northwestern -;;?
Wisconsin. Strong PVA ahead of the associated short wave wis generating 200
convective activity (T) over Wisconsin, verifying the earlier updated i_f
forecast. o
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N . This is one of several cases observed this spring in which significant
<+~ ~ PVA has been one of the more important factors in generating convection.
X N The presence of this impulse, which was not detected by the 00Z March 24
vorticity progs, was obviously a major contributor to the convective
development that occurred on this particular morning.
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u{y» — National Weather Service/National Environmental Satellite Service
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AN Y

TECHNICAL ATTACHMENT

BRIEF ANALYSIS OF AN ARC CLOUD AND ITS EFFECTS
ON A NEARBY THUNDERSTORM

'

I A

Daniel L. Smith
WSFO, Birmingham, Alabama

Since the introduction of routine GOES Imagery there has been increasing
awareness and documentation of arc clouds* and effects associated with
them. Unfortunately, little of this documentation has originated from
the field and there may remain some doubt whether features of this scale
can be incorporated into our forecast and warning procedures - even when
recognized in the imagery. The present report concerns the occurrence

of an arc cloud which was unusual (to the author) in two respects. First,
the arc cloud was observed in IR imagery at night. This is unusual be-
cause the cloud is a low level and relatively warm feature. Second, the
major effect of the cloud appears to have been enhancement of an existing
thunderstorm. Usually we try to anticipate where an arc cloud may induce
new development.

b

)

The accompanying figures show the sequence of events in East Texas during

~ the early evening of March 25, 1976. From 0000 to 0230 GMT enhanced
‘ - (curve MB) and unenhanced [R images are shown and at hourly intervals the

Dt corresponding MDR(1) data are included for .comparisen. In the MDR plots
- Dallas (D) and Tyler (T) are indicated to serve as reference points. At
2330 (all times GMT) the last visual image of the day shows an arc cloud
emanating trom an eastward-moving group of intense thunderstorms in the
vicinity of Shreveport. The arc cloud is moving westward. 1In all
photographs, the arc is just at the point of the arrow - it was very
faint in the original images and in the process of reproduction may be
difficult to observe.

.

s e e s
PR

Between 2330 and 0030 the arc cloud propagated westward toward the group
of thunderstorms southwest of Dallas. MDR data and satellite images
suggest that these thunderstorms moved very little during this hour.
Based on imagery available at 0030 we anticipated at that time that
within an hour these thunderstorms would intensity rapidly aleng the
castern edge of the cloud mass. Since our main concern is far from East
. Texas, we had no way of knowing whether this expectation was reasonable

. in light of additional conventional data or whether the previous state of
- events supported this estimate. The passage of the arc cloud at Tyler

*"Arc cloud" is a misnomer but use of the term will be continued here.
Actually, the miniature cold air mass which originates from a thunderstorm,
of which the arc cloud is only (sometimes) a visible manifestation, is

the meteorological teature of interest.
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might have been seen in conventional surface data but in this case was
probably obscured by the thunderstorms themselves. It could not be seen
in the hourly observations which may mean only that the scale of the phe-
nomenon is too small.

At 0100 the arc cloud appears to have just passed under the eastern edge
of the thunderstorm cloud area. The satellite picture is ungridded at
0130 but the arc cloud can be seen extending northward from the top of

the cloud area. At 0130 the MDR data shows an eastward movement (or
development) of the thunderstorms although intense echoes (MDR 8) are
still located southwest of Dallas. The MDR 8 values near Tyler do not
seem to agree with the satellite photo. These MDR squares are well beyond
the effective range of the Stephenville radar and the MDR values are based
on intensity estimates. (The echoes were noted as TRWU in the body of the
radar SD report.)

Part of the arc is still visible at 0200 and the enhanced IR image clearly
shows that our expectation was verified - whether or not the arc cloud was
the cause. The sketch beside the 0200 picture shows the outlines of the
thunderstorm cloud areas at 0100 and 0200. The highest cloud tops are
shaded. A similar superimposition at 0000 and 0100 would show little
change during that hour - especially with regard to the location of the
highest tops. The rapid eastward shift of the strongest thunderstorms

can also be seen by comparing the 0130 and 0230 MDR plots. Note parti-
cularly the very strong and intense echoes south and southwest of Dallas
at 0230.
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How such an expectation might be translated into a useful forecast is
another matter. It might take the form of a special statement such as,

...there are indications that this storm will increase
rapidly in intensity within the next hour in the
vicinity of ..., etc.

As a final note, it is interesting to observe in the 0230 picture the
boundary of the moist air in West Central Texas. The dry line separates
the lighter (drier) and darker (moist) areas of the picture. (Notice in
the 2330 visible picture that this area is generally cloudless.) 1t was
along the dry line, at about the point marked by the arrow, that the
thunderstorm group subsequently affected by the arc cloud first formed
about mid-afternoon.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/11

HIGH LEVEL PVA IMPULSE IS INTENSIFIED BY LOW-LEVEL OLD FRONTAL OCCLUSION

David L. Cohen
National Environmental Satellite Service, San Francisco

On April 12, 1976, a positive vorticity advection (referred to as PVA)
impulse moved over a weak, old frontal occlusion off the southern California
coast.  When the two systems were in phase they intensified each other, and
this in turn caused moderate rain over southern California later that day.
This paper gives a brief history of how & high level and a low level system
developed separately, then later came into phase and intensified, and how
this kind of development could be anticipated by using satellite data. The
first set of pictures show the systems about 24 hours before they came into
phase.

122, April 11, 1976

The general synoptic scale flow pattern that prevailed over the eastern north
Pacific throughout this episode was shown on the 500 mb chart for 12z, April 11
(Fig. 1). A broad long wave ridge had its axis along 155°W. A sharp trough-
line was quasi-stationary just off the west coast along 127°W.

The SMS-2 IR picture for 12Z, April 11 (Fig. 2) clearly shows the positions
of the two systems.

The lTow level system (A, Fig., 2) was an old frontal occlusion with its back
edpe near 139N, 1349W drifting cast southeastward about 25 knots. Two days
carlicr it broke oft a quasi-stationary mid-Pacific front near 459N, 160°W
and since then had been drifting east southeastward. It is significant

that the old occlusion did maintain its organization as it moved through

an area of general subsidence between the long wave ridge line and the sharp
trough line.

The fact that this old occlusion did maintain its organization could be
verified by examining the TR enhancement curve "H'" that was available at
the San Francisco SFSS during this period. Curve "H" is a three step IR
cnhancement curve.  The first step goes from black to white between

369C and 09C; the scecond step goes from black to white between 0°C and
=529Cy the third step goes from black to white between -520C and -820C.
Arothe old occelusion drifted cast southceastward, the coldest cloud top
comperatures were in the sccond step of curve "H", that is between 09
and =-529C,  The old occlusion is shown (A, Fig. 3) as it appeared on
carve "W oat 127, April 11, 1976.
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The high level system (B, Figs. 2 and 3) was a PVA impulse near 47°N,
148°W at 122, April 11. This PVA impulse could first be seen at 122
April 10, near 43°N, 165°W. Being a high level system, it first moved
northeastward over the long wave ridge line near 155°W, then dropped
east southeastward at about 50 knots towards the sharp trough line.
Like the old occlusion, the PVA impulse maintained-its organization
quite well in an area of general subsidence.

00z, April 12, 1976

Now the stage was set for the PVA impulse to move over the old occlusion.
The back edge of the old occlusion was near 30°N, 130°W (A, Fig. 4) and
had changed its movement to just slightly south of due cast at 15 to 20
knots. The PVA impulse was near 409N 1330W (B, Fig. 4) and still moving
cast southeastward 50 knots. Since the PVA impulse was moving in an

almost straight line; its vorticity was due mostly to the shear term
in the vorticity equation.

122, April 12, 1976

The PVA impulse was on top of the northern part of the old occlusion with
the back edge of both along 125°W (A and B, Fig. 5). As the PVA impulse
reached the base of the sharp trough (Fig. 1), more of its vorticity was
due to the twisting term in the vorticity equation.

007, April 13, 1976

The dramatic result of the PVA impulse and the old occlusion coming into
phase could be clearly seen at 00Z, April 13. The two systems had "merged"
and greatly intensified just of f the southern California coast. A new
vorticity center had formed near Point Conception (A, Fig. 6). As the

main PVA impulse slowed off the coast, cirrus clouds moving out ahead

of it were over southeast California and western Arizona (B, Fig. 6).
During the next 24 hours, the systemoff the coast moved inland and brought

between 1/4 and 1/2 inch of rain to much of the southern California coastal
area.

[t is quite likely that the PVA impulse would have undergone some intensi-
fication at the base of the trough even without the presence of the old
ocelusion, but this intensification would not have been as great. The
presence of the old occlusion also pinpointed the exact arca where the
intensification would take place.

Separately, both the PVA fmpulse or the old ocelusion could probably
have passced throupgh southern California and caused little or no precip-
itation It was the coming into phase of the two that gave the total
system far more impact then the sum of both its separate parts.
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The purpose of this paper is to show how useful the SMS-2 satellite can
be for tracking and anticipating the "merger" of a high level and a low
level system. Using the satellite, it should be possible to forecast

whether a weak front will pass through an area almost dry, or if it will

receive a sudden input of upper level support and pass through the same
area quite wet.
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Figure-1 500mb Analysis, 1200 GMT,11April 1976

~
Figure 2 SM5-2 Infrared, 1200GMT, 11 April 1976 .
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLTCATIONS INFORMATION NOTE 76/12

AN EXAMPLE OF DRY LINE CONVECTIVE DEVELOPMENT
"THE OMAHA TORNADO"

Josceph A. Miller
Satellite Field Services Station, Kansas City, Missouri

Satellite Imagery presented a "birds eye" view of intense thunderstorm
development on May 6, 1975, as a well defined dry line moved eastward
over the Plains.

There were other metceorological factors at work in conjunction with the
drv line development which meshed together to produce the Omaha tornado;
however, for the sake of brevity, the sequence of satellite pictures
depicting the actual dry line development will be presented as an entity
devoid of charts and figures.

Briclly, some of the other metceorological factors arce here presented. Most
important was an old surface boundary formed by previous thunderstorm
activity. Across the boundary a wind, temperature and dew point discon-
tinuity developed as rain-cooled air "back doored'" into northwest Missouri
and extreme eastern Nebraska. Figure 1, a visual one-mile resolution
picture taken at 2045 GMT shows this boundary as a line of clouds (A)
extending from southeast Missouri to northwest Missouri and then disap-
pearing beneath the cirrus "blowoffs" in extreme southeast Nebraska.

The geographical location of this old boundary, with respect to the squall
line(s) easing in {rom the west, was probably a prime factor in concentrating
the maximum low level convergence near the intersection of the two lines --
in the Omaha area. Figure 2 is an ungridded visual 1/2 mile resolution
picture taken at 21002 with synoptic surface rcports superimposed (Omaba (0)
is circled). Note the location of low surface convergence and temperature-
dew point discontinuitics in this view. Also, it appears that the low level
moist tongue was squeezed and funneled into the Omaha area by the old boundary
Lo the cast and the approaching dry line to the west. An unstable air mass,
the location and configuration of the high level jet structure, PVA, etc.,
were other segments of the total picture, however, let's look at this series
of two-mile resolution IR pictures with the concept that here is pristine
dry line development.

195017 FIG. 3 Low leve!l cumulus clouds, in the moist air, can be seen
as o long prey shadow (D) from central South Dakota
sonthward through eastern Nebraska into north centreal
Texas.  The sharp western edpe corrclates to the dormant
dry linc. Note the line of thunderstorms (B) [rom sout h-
citst Missouri to western lTowa.
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The sharp western edge of the low clouds (dry line (D))
is still plainly visible and has edged slowly eastward
during the past hour. The line is beginning to come to
life as the first hint of developing convection can be
scen over south central South Dakota (E) and along the
central portion of the Kansas and Oklahoma border (C).

Dry line (D) has moved further east and is '"lighting up"
along a good portion of its length. South Dakota thunder-
storm tops are pluming off to the northeast with the
prevailing upper flow. The Kansas and Oklahoma activity
continues to increase in intensity and convection has
started to form in castern Nebraska.

In just 30 minutes, activity has shown a marked increasc.
The entire eastward moving dry line commences to explode

as it begins to encounter the deeper moisture gradient along
the western side of the moist tongue axis.

This print was taken approximately 33 minutes prior to the
Omaha tornado. Very heavy thunderstorm activity can be

seen from the Dakotas to northwest Oklahoma. The main
squall line is near the western cdge of the bright clouds
with cirrus blowoffs to the ecast and northeast of the line.
Note also, several large thunderstorms (F) over eastern
Texas.  This activity is just east of the dry line near

the intersection of the sub-tropical jetstream, as evidenced
by the high clouds from the Texas Big Bend northeastward,
and the low level moist tongue.
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. ) National Weather Service/National Environmental Satellite Service 1
SATELLITE APPLICATIONS INFORMATION NOTE 76/13 bt
. R0
] A LIMITATION TO THE ENHANCED IR DATA :,t
. Y
- ‘
~ Brian E. Heckman Voot
) Satellite Field Services Station, Kansas City, Missori =
-
. One of the immediate benefits realized with enhanced IR (EIR) data (when .::~:
';:- . using certain look-up curves) has been the elimination of the dense cirrus _‘
':-f shield frequently observed with convective activity on regular [R data. .';:
X EIR data received at 30 minute intervals provides a new dimension in
i weather analysis to field users. This new dimension is a vertically E'.
- structured temperature profile of cloud patterns and is especially useful AT
3 in the analysis of convective activity. Extensive work in the enhancement R
. of NOAA IR data has been conducted since 1974, at the SFO SFSS with :-
X excellent results. )
- o
ETIR data was transmitted on an experimental basis to the SFSS's between :?
- June 1975, and Janvary 1976. Comparisons were made between these data o
N «nd radar data to determine how the satellite imagery could be used to '-:-’:
3 monitor thunderstorm activity. B
o e Experience to date indicates trends of intensity and movement of convective o
‘. T areas is best afforded by the Mp (Figure 1) or similar curve. Convection k-
« A is well highlighted by segments 4-8 (Figure 1) on the enhanced image. We L
"\: have tound that the time rate of change, as determined from an EIR sequence “:
s of building convection, to be somewhat analogous to intensity trends noted :.r
" by the Video Integrator and Processor (VIP) on the WSR-57 radar. This v
Al allows the forecaster to relate changes in cloud top temperature as sensed
| by the satellite to changes in intensity as indicated by radar.
s 3
) Even though enhanced data provides a new means of observing convection, he
.E certain limitations e¢xist. Several cases have been documented in which ':
¥ two areas of convection appeared similar on the Radar Summary Chart '\‘.1
< (intensity, areal cxtent and maximum cell tops), but appeared significantly =
different on the EIR data. A detailed investigation was made to determine p
v the cause of this difference. Our approach was to examine conditions at
- the tropopause since, in general, the upper extent of convective prowth is e
K near this level. :-:':
',:j Cloud top temperatures are a function of the environmental air temperature. :-.’_"
- Each shade of grey in the EIR image corresponds to a known temperature plally
. interval. Therefore, if a cloud is displayved in the imapgery as a particular .
o, prey shade, the cload particles must exist at that level where the atmospheric ‘_:.
< temperature is within the temperature range assipned to that shade of grev. -fj
-‘ (This assumes that the cloud particles in question radiate as approximate g
black bodies).
3
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’ Assume, for instance, the tropopause temperature was near -55°C and the Y
. enhanced curve displays as black those cloud particles whose temperature - k
N is between -59°C and -620C (segment 7, Figure 1). In this situation, )
\ black would not appear on the EIR image since cloud particles which have &%
these temperatures do not exist in the atmosphere at this location
(assuming the convection did not penetrate the tropopause). K
&) t‘-
Based on a number of cases studied, it appears likely that the manner és
\ in which active convection is enhanced (number of segments displayed) 9%
ﬁ is heavily dependent upon the tropopause temperatures. Evidence o
' supporting this conclusion is illustrated in the following discussion of =,
a case study. ) 2,
3 : e
:§ The Radar Summary Chart for 01352 April 7, 1976, Figure 2a, depicted a {}
.- scattered area of TRWH from north central Kansas to central Nebraska. S
; Maximum ccll tops ranged from 30,000-40,000 feet. The scattered area E;‘

of TRW+ and TRWXX located in south Texas at 01352 April 8, 1976, (Figure
2b) was of similar intensity and height,

h\-
Figures 3a and 3b arc the enhanced images using the My look-up curve for :}
display of these convective areas. It's obvious the activity in 3a is o
much more accentuated than in 3b. Note only the first three grey shades ’b
are displaved in 3b while all shades plus some lighter shades inside the -~
black region (temperatures £ -639C, segment 8) are displayed in 3a. k4
This gives the impression that the thunderstorms in 3a are stronger. o
Response from field forecasters indicates that significant weight is ;::
placed upon the appearance (the number of grey shade contours present) - e
of the EIR data when judging convective strength. If this technique was o
applied in this case, the activity shown in Figure 3b would rate lower . ;\'
than that shown in 3a. Two tornadoes and several reports of large hail 'Eig
occurred on the 8th, while only thunder was reported on the 7th. d
Figures 4a and 4b show tropopause temperatures taken from NSSFC's Jet
and Tropopause Chart for 00002 April 7 and 8, respectively. Figure 4a
depicts a cold termal pool aloft over the northern Plains with temperatures
in the -60YC to -629C range near the Kansas-Nebraska convection. 1In the
area of maximum tops, the observed temperatures correspond fairly well ~
with those represented in the EIR., The small amount of grey within the }:,
black suppests the spacecraft sensor is detecting c¢loud particles in NS
the lower end of segment 8 (Figure 1). ?:
It is interesting to compare this situation with the enhanced depiction e
of the activity in the vicinity of a warm thermal ridpe aloft over central 3&
Teas (Fipure Ab), Temperatures over the conveet fon near Austin are R
cabstantiab by warmer than those obscrved 29 hoars previowsly over Kansas -::"
and Nebraska.  Acain, there is reasonable agpreement between observed N :;':‘
Lropopause temperatures (over arca ol omaximum cloud taps) and the tempera= .j
ture ranpe ol the thivd prev shade (sepment 6, Fipure 1), e\
i
- -
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This casc brings to light how two arcas of convection which appear similar

on the Radar Summary Chart can be displayed significantly different by the
same enhancement curve. Even with intense thunderstorm activity (accompanied
by severe weather reports), the enhanced data can appear very flat and
unaccentuated. It is suggested that the tropopause temperature overlaying
the convection greatly affects the enhanced display.

The look-up curves constructed for enhancement of convection have been
changed (GOES Imagery Enhancement Kit, Amendment #3) so that a family

of curves are available to field users. This variety of curves is made
so that all displays of convection, regardless of the curve, will exhibit
convection in a similar manner (all curves are now similar to Mg curve).
The only portion of each curve modified is the colder portion which has
been adjusted for varying tropopause temperatures. Use of this family

of curves should provide greater flexibility in selecting a curve cor-
responding to existing or anticipated tropopause temperatures. Also, all
convection, regardless of season or synoptic situation, can be judged by
somewhat of a common denominator, i.e., the number of grey shades displayed
and amount of accentuation present.

v v
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This case study illustrates one of the limitations encountered when a
single curve is used in the enhancement of convection. A possible solution
to this problem has been provided. 1In conclusion, knowledge of existing
tropopause temperatures by field forecasters contributes to a better
understanding of enhanced displavs of convective activity.

Reference:
(1) GOES Imagery Enhancement Information Kit, FSD, NESS, 1976.
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FIELD SERVICES DIVISION - NESS ENHANCEMENT TABLE MB
COUNT VALUE-INPUT
000 051 192 153 204 255
WHITE 9
l | l !
—_ — _ _ - — —_ —_ - 1 204
-_— _ 4 153
4 8
2 :
> [
2 S
e — — 4 102 |
53]
o
[
<
=
i
=
o
(&)
- - + 051
1" T L] 1]
134 88.4 42.5 - 3.4 -74.5 -1659F
56.8 31.3 5.8 -19.7 -59.2 -109°c
330 305 279 253 214 164°K
TEMPERATURE
SEGMENT | OC TEMPERATURE COMMENTS -
CoNUMBER ] TO REASON FOR SEGEMENT ENHANCEMENT
1] 4+58.8 To +28.2 Little or no useful Met Data (Black)
2 % +28.8 To + 6.8 Low Level/Sea Surface Differcence
3. .. _*+6.8To -31.2 Middle Level - No Enhancement
oo A ) =32.2 To -41.2 First Level Contour (Med Grey)
_____ 5 T Ta2.2 To —=52.2 N Thunderstorm {Light Grey)
,,,,, b ]_=53.2 To -58.2 ? Enhancement (Dark Grey
_____ 77_ ‘>_>»__—~59.2 To -62.2 (Black)
8 *77;‘(_11._2 To -80.2 Overshooting Tops Enhancement
9 .. 1.780.2 To -109.0 . _(White) SO
FIGURE 1
4
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Figure 2a-Radar Summary Chart
01357 7 April 1976

Figure 3a-Mb Enhanced IR
01007 7 April 1976

Figure va=lropepaase Femperatufes
(- ¢y oz 7 Aprad 1976
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/14

DIURNAL VARJATION IN THE WAVELENGTH
OF LEE STANDING WAVES

Carl E. Weiss
Applications Group, NESS

Low-level standing lee waves are frequently observed during the winter and
spring downwind from the Appalachians. The vertical motions which establish
and alter such a wave pattern are of interest to most light aircraft and
glider pilots. Changes in the lee wave pattern reflect variations in thermal
stability and tropospheric winds. The 1 km visible imagery for April 27, 1976
illustrates a situation in which wavelength changes were observed during the
dav.

Scorer (1949, 1953, 1954) has demcnstrated that the wavelength of lee standing
waves is a function of both the wind speed and stability, with the former

being more critical. Short wavelengths are found with light winds and strong
stability and longer wavelengths are found with stronger winds and weaker
stability. Fritz (1965), using Corby's (1957) observational results along with
TIROS visible imagery, observed a similar relationship between wavelength and
wind speed and stability.

The 1 km visible imagery for 1330GMT on April 27, 1976, Figure 1, shows an
extensive area of mountain wave cloudiness (A-A') stretching from central
Pennsylvania into southwestern Virginia. This wave cloud pattern developed
within a stratocumulus deck extending southward from the Great Lakes. This
cloudiness was located in the region of northwesterly flow behind a large
storm over the Canadian Maritime Provinces, Figure 2. The stratocumulus
terminated abruptly where the low-level flow changed from cyclonic to
anticyclonic curvature. A more cellular or convective pattern is present
in the stratocumulus field north of Lake Erie and in portions of Ohio and
Pennsvlvania (B).

The surface and 850mb analyses at 1200GMT, Figures 2 and 3, show a trough
extending westward from the low center across northern New England into

the Great Lake states. At 850mb, a pool of cooler air extended from
Michigan into Ohio and Pennsylvania. The enhanced convection (B, Figure 1)
appears to be located in this cooler, less stable air aloft, with snow
showers being reported in this area.

The 1200GMT sounding from Dulles Airport, Virginia (IAD), Figure 4, suggests
that the stratocumulus layer was shallow with cloud tops occurring at

864mb @w1400m), the base of a strong subsidence inversion. Wind speeds
below the inversion averaged 20 knots and ranged from 31 to 34 knots just
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beneath the inversion, ...reasing to 8 knots at the surface and 15 knots

at 820 mb. The strongest winds were found just above the average mountain
ridge elevation, Winds in the lower layers were from the northwest,
perpendicular to the ridges of the Appalachians. Adiabatic conditions were
present below the inversion in the wind-mixed lower layers.

By late afternoon, 2035GMT, the wavelength of the lee wave clouds (A, Figure 5)
had increased markedly in Virginia and West Virginia. Part of this increase

in wavelength can be attributed to the diurnal destablization that occurred

due to daytime surface heating and stronger lower-~level winds.

At this time, the stratocummulus south of the Great Lakes had become
generally more convective with the most cellular clouds (B) stretching

from castern Ohio into Pennsylvania, West Virginia and extreme western
Maryland. This convective area moved southeastward during the day.

Mountain waves of even longer wavelength (C) are visible in the area where
the enhanced convective cloudiness had entered the standing wave train.
Along the northern portion of this area (D), over southwestern Pennsylvania,
the added instability coupled with somewhat lower terrain had almost completely
destroyed the wave pattern. The southern edge of the stratocumulus through
northern Virginia and extreme southern West Virginia continued to mark the
boundary between cyclonic and anticylonic surface flow.

The synoptic situation at OOOOGMT on April 28, had not changed significantly
from the carlier map. The gradient flow remained west northwesterly at both
the surface and at 850mb. The area of enhanced convection continued to
accompany the cooler temperatures found in the 850mb trough (Figure 6).

Snow showers, reported earlier in Ohio and Pennsylvania, had ceased by this
time.

By 0000GMT, the low-level inversion had lifted to 828mb (~1700m) and had
weakened considerably at IAD (Figure 7). The average wind velocity below
the inversion had increased to 27 knots during the day. The weakening of
the inversion or the destabilization of the lowest layers can be attributed
to advection of cooler air aloft and solar heating of the surface layers.

In summary, the meteorological conditions on the morning of April 27, 1976,
favored the formation of lee standing wave clouds over the Middle Atlantic
region.  An increase in the wavelength of these wave clouds reflected a gradual
decrease in the atmospheric stability and an increase in the wavelength of
these wave clouds reflected a gradual decrease in the atmospheric stability

and an increase in the low-level winds.
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Fig. 5. GOES-1 lkm Visible Imagery 2035(MT, 27 April 1976.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite lervice
SATELLITE APPLICATIONS INFORMATION NOTE 76/15

THE USE OF GOES 1 km RESOLUTION IMAGERY IN HELPING PINPOINT TORNADO ACTIVITY

James F. W. Purdom
Applications Group, NESS, Washington, D.C. 20233

The isolation of areas within a severe weather watch where intense tornado
activity should be expected to develop is one of the real problems facing
the field forecaster. For many years, an accurate and timely mesoscale
surface analysis was one of the most important tools available to the
forecaster in locating these areas. This was because surface reports were
the only observations of sufficient density, in both space and time, to
identify mesoscale weather systems. The most important information to be
gained from an analysis of this type is the location of areas of stronger
surface wind convergence and thermodynamic instability and how they change
with time. This type analysis, however, is a laborious one with many
mesoscale systems going undetected due to the lack of a reporting station
at the right place at the right time. Additionally, when a mesoscale
surface analysis is of most value to the forecaster, he is normally too
busy to do more than take a cursory glance at the currently available
teletype data, or NMC surface chart.

The same type reasoning used to make a mesoscale surface analysis also
holds when using GOES imagery in severe weather forecasting. Changes in
thermodynamic instability can be inferred by observing cloud types and
their change with time. Many important areas of low level moisture
covergence appear as organized convective lines in the satellite imagery
long before the first thunderstorm associated with this covergence forms.
Other important boundaries, such as those bounding the thunderstorm
mesoscale high are often readily detectable as arc cloud in the imagery.
One of the more important things which satellite imagery has repeatedly
shown is that the merger or intersection of these convective cloud Tines
and arcs with another boundary, such as a front, dry line, or other
convective line almost always locates a point for intense thunderstorm
development. In fact, for at least one type of intense tornado,
convective-scale interaction in this form seems to be an absolute require-
ment. The following example, from May 25, 1976, will be used to show how
satellite imagery might be used to isolate an area with a high probability
of intense tornado activity.

May 25th was an ideal day for tornadoes in Texas. The 1800 GMT NMC
surface analysis, Figure 1, shows a stationary front across the central
portion of the state; the dry line in southwest Texas was just beginning
to move eastward. Inspection of the 1 km resolution GOES picture for
1800 GMT, Fiqure 2, shows a large thunderstorm area alonq the staticnary
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front at A. This thunderstorm area was moving to the southeast along the
front and as we will see, it played a key role in determining where the
tornadoes would be later in the day. By the 1900 GMT GOES picture,

: Figure 3, the arc cloud boundary (B, C) produced by the thunderstorm

9 complex at A was easily detectable. The important area of the arc is
along its western end, where it will be interacting with the stationary
frontal boundary and the dry line; attention should be focused there

for tornado activity. At 1900 GMT, a scan of the teletype would have
shown that the arc had moved to the south of Abilene, Texas (ABI) where
the wind had shifted from 2100 at 8 knots to 90° at 13 knots. Note the
enhanced convective activity forming where the arc and frontal boundary
are merging (D). By 1945 GMT, Figure 4, a large thunderstorm complex

has formed at the intersection point D. The arc cloud is readily
detected merging into the area. For point warning purposes, all attention
should be focused on that storm area.

vy,

Figure 5 is the GOES picture for 2045 GMT with Abilene, Texas located
at the X. The following severe weather was reported in the Abilene area:

L]

1. 2045 GMT, tornado 14 NNW ABI, 5 homes damaged;
2. 2053 GMT, tornado 10 N ABI;

3. 2120 GMT, tornado 14 E ABI, farm homes damaged;
4. 2130 GMT, tornado 7 NNE ABI, 12 homes damaged.

In this example, the arc cloud merged with a stationary frontal boundary
helping create the needed conditions for tornadic thunderstorm development.
Similar results would have occurred if the arc had interacted with the

dry line. Thus, the use of satellite imagery in the early location of
boundaries and subsequent determination of important interaction points
can greatly aid the forecaster in his mesoscale assessment of the
convective situation at hand.
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igure 3. GOES-1, Visible (1 KM) data taken at 1900GMT 25 May 1976.
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DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service -
SATELLITE APPLICATIONS INFORMATION NOTE 76/16
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HOW CAN DISTANCES ON GOES PICTURES
BE MEASURED MORE ACCURATELY?

John D. Thomas
NOAA, NESS, Satellite Field Services Station, Washington, D.C.

# Have you noticed that weather systems seem to move eastward faster on
satellite pictures than the other data would indicate? This discrepancy

3 may be a result of the procedure used to measure distance on the pictures.

The standard method seems to be to measure distance on the pictures the

same way as on wedther maps: transfer the distance to a latitude scale,

‘ at the same latitude as the segment being measured; a technique that

works on weather maps, because they are projections of the earth which are
designed so that the distance scale is the same in all directions from a
specific point. But the grid on GOES pictures is designed only to fit

the view of the earth from outer space. The distance scale is not the
same in all directions from any given point, because of the earth's
curvature.

The 60 n.mi. per degree of latitude technique is accurate on GOES

pictures only for measurements in a north or south direction. 1In

addition one other condition must be met: The latitude scale that is

used must ecither be near the segment being measured or near the mirror -
image of that point on the other side of the longitude of the satellite
subpoint. For example: The latitude scale is the same at 409N 85%

and 409N 65°W for GOES-1, which is located at 759W. g\?

This method applied to east or west cloud motions on GOES-1 pictures
can lead to large errors, especially in New England where the earth's
curvature causes distances to appear to be compressed much more from
south to north than from east to west. For example: When measuring
the distance across the state of Maine (at 45°N) on a map projection
and rotating that distance to the perpendicular, it measures ap-
proximately 2.8° of latitude, or about 168 n.mi. (Figure 1). This .
is comparable to the distance obtained from a Rand McNally Atlas.

If this same distance is measured by using the same technique on a
GOES-1 picture it becomes approximately 4.20 of latitude, or about
249 n.mi. (Figure 2), an error of 48 percent! The error is less over
the rest of the U.S., but is significant (20 percent to 50 percent)
throughout the Eastern Region.

An accurate measurement of the distance between two points on a GOES
picture can be made by transferring the points to a standard map,
if the points can be transferred accurately. In many situations,
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especially over the ocean, this may be the best way to proceed. But,
what about those times when the points cannot be accurately transferred

- because they are not near geographical features on the picture or the '
. grid? i:
; N
) East or west distances can be measured accurately on GOES pictures h\‘
by using the longitude scales on them. The number of miles per S
i * degree of longitude is a function of latitude. The following table k.4
is provided to measure the miles-per-degree at various latitudes on ﬁa
L GOES-1 satellite pictures. i
” Cat
i v
b Latitude (degrees) n.mi. per degree of longitude ;i
L o
20 56 '&.
N 25 54 e
P~ 30 52 —
) 35 49 e
- 40 46 o
o 45 43 ‘.
: 50 39 -
. 55 35 ¢
> 60 30 )
N A9t
“ For the greatest accuracy, measure the degrees of longitude in the same L .
) peopraphical area as the segment beiny measured. Again, for example: ;gs
= ‘j‘l ~ The measured distance across Maine at 45°N on the satellite picture -3
el (Figure 2) is approximately 3.9° longitude. Using the table above: x
N 3.9° x 43 n.mi. = 167.7 n.mi. -- the same as the map measurements. e
s o - ">
- [N ™.
N ' However, the latitude and longitude lines are left out of the satellite "<
- grids over the U.S. 1t turns out that, over the eastern U.S., the error Q;
‘ is very small if a longitude scale over southeast Canada, the Gulf of ]
) Mexico, or just off the East Coast is used instead. It must be remembered
X though, that the number of miles-per-degree of longitude that is used i
- must correspond to the latitude where the longitude scale is located ??
e on the picture. i#
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National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/17

ESTIMATION OF RAINFALL FROM SATELLITE IMAGERY

Vincent J. Oliver and Roderick A Scofield

NOAA/NESS Applicat ions Group
Washington, D.C. 27233

- . INTRODUCTION Follansbee and Oliver (1975) developed a modifi-
- cation to this method for use with the ovening
. Since the lavmeh of our first satel- COMD TR satellite Jdata which becoame avat lable
. Lite o 1960 there has been continied interest after the attermoon dara wor dicscont ol
o ad progress on the use ol thesie weather satel -
l lites tor the determination of raintall  One Recent v, Follansbee inoan as yet
ot the earliest studies was by Mie lethbridye unpublished mnusceript, has developed a4 technique
. (1967) at Pennsylvania State University who for estimating rainfall from winter storms any-
b compared the local rainfall with the combination where in the world using the twice-per-day satel-
>:~ of image brightness and infrared (IR) temperature. lite pictures now routinely available. Follansbee
i later Eric Barrett (1970, 1973) of Bristol Univer- combines the use of satellite imagery with the
N sity, England, did a series of studies on monthly normal frequency and amount of precipitation to
L: rainfall estimates in which ne developed statis- obtain a rainfall estimate based on the amount
tical methods of estimating rainfall from neph- and type of cloudiness. Values from zero to
analyses and later from the actual pictures. several hundred percent of normal are obtained
- Mist of this work was designed to determine where using rhis technique.
g rain had fallen; however, his latest works concern
) the use of satellite data for the prediction of This present study of quantitative
N rain. precipitation is an attempt to utilize much of
b the research done previously in conjunction with
b buring, the past five years with the the development of new TR picrure enbaneing,
) “uv - dvent of better satelbite dara and the availa- rechnigues e Applicat fons Croup of NESS hae.
L. ’ bitity of dipiticed dota, nore detailed quinti- been using these enhinceing, techniques to mike
o« itad tative stwlies have been condicted using comput ers thimderstorm raintal [ oestinates nore quantita-
- color displays of intensity lewels, and coneen- tively processable
trated growdd truth data. Martio, Stout and
Sikdar (1979), niversity of Wisconsin, Martin The new IR picture presentat ion
and Schwrer (1973), Sinpson and Woodley (1971) (which we call picture enhancement) makes use
ad Oriffith et al. (19/6), ERL, Miari, were of an malog equivalent of a look-up table by
pioneers in this eftort. We are now at the point which the temperatures and the picture gray-scale
where given the high quality digitized satellite can be modified to give us the ability to deter-
pictures, the processing equipment, and time, mine the temperaturce (or height) of the tops of
reasnably accurate estimate of precipitation ~louds from the imagery received every half-hour .
can be made . Av using a nearly linear relationship between
temperature and brightness (dark for warm and
Hydrolopists, working on current white for cold) up to the thin cirrus level, we
operit ional problems for river or lake management, obtain the usual clowd pictures evervone has
have frequent ly asked the following questions: hecome familiar with, then bv contouring, the
(1) How can we use the satellite data to determine colder tenperatures withh various shades ot prav,
total watershed rainfall quickly enough to be of we see the tops of thanderstormes ad the distr-
use in the dav-to-day operation of a dam or spill- bution of the anvil material accompanyviy theae
, wiy svstem? and (2) Where have rains occurred in storms . As one mivht expect, the hivhest ana
9 the past hour heavy enough to cause flashflooding? coldest clonds form where the thimderstoms are
» . Using, ideas pleaned fom the abowe research plus most vipgorows cawd the rain heaviest ) which aper
)" mewch experipentat ion, Walt Follanshee (1973 han ol diarwited e the cnvi b onatersal hlome. ey
P:. At taupted to tind aneaaers to these Dao quuent ions Prom b0 orayan oveer the e atd
. ety satedDrte oo taken dhirvny, the aftemoo
- part ob the day, Follansbee developed a technique
. . tor estimatiny, the 29-hour raintall o tropical S A SCHEME FOR UING ENHANCED TR PTWRRY
e or semi-tropical lind areas by judiciously com- IN RAINFALL ESTIMATION
. bining, the amounts of different types of clouds
[-: ower the area of concem. A statistical tech- As an initial effort for testing the
k’. nique was developed which gawe usetul rainfall feasibility of enhanced IR imagery in rainfall
}\‘ averapes for areas the size of a small state estimation, the following simple procedure was
. (about three degrees square) . Subsequently, devised for sumer convection in the middle

0 A4
(

LA
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. upwind portion of the comvective system between
' jaciyudes. Using enhanced IR Imagery as shoun the cumilative digital IR values and the observed [‘
\ Each E‘h";; as assigned a ber “g .).'1.. ( X 6-hour precipitation. This equation was generated ‘o
. gray) representing the warmest and "7 (whitest) fro‘m. the data in the upwind portion of the con- _ 3
N those clouds with the coldest tops. The following vective system and is given by: ) o
. LN
. gray shades were evaluated as follows: P = 0.0185E, where e :__
* \:t'l.. e
dﬂﬂ_‘zgé?y (warmest - +17 to -1 P = observed 6-hour precipitation and E = 4
light gray (-3 to -23°C) <2 cunulative 6-hour digital IR values. E{
b white (-24 to -43°C) =3 ) .
) dark gx('ay (<44 to -58C) =4 . The results from using the abowe ~L
” Light gray (-59 to -639C) -5 equation are presented in Figure 3. 1In the \i
) bl kcgf )('-64 to -68°C) - 6 Fiyure, the 6-hour rainfall estimates are plotted “r
v ohitest (coldest - bel B and analyzed for 0000-0600QMT, 26 August 1975. N
:J ngct’c coldest o -y The observwed 6-hour precipitation amounts ending A
4 - ) ) at 0600MT are plotted imd inalyzed in Figure 4. b
v ] e In both Figures, the upwind and dowrwind portions 3
' R val Uu;“‘?ﬁebh‘; dbovz :(L)ale, dig:.ltal of the comvective system are indicated by the F
S IR va “f:l"fe}:e )tge O;‘)O(a)O(}_‘rI‘ mdp?)g(l)(o)(m dashed line. In the upwind portion of the con- L
o (ev%y - m“;‘e ththen digital ;.RE‘( 1 weetive system, the analyses of the 6-hour K
“ ™ dAl(J%wta\e 6 20 se 'Og)xta 1 vadues wgere rainfall estimate and observed 6-hour precipi- .
. Smmzmd zth d\e-é-tlgmperzl-eci'i?a‘gic);\me' l“fm at tation are comparable. In addition, rainfall -
e “’680«1. Thi our pr E . g2 was generally overestimated in the periphery of - .
. O(‘)th 00 mb S dscz{lpfa!188100g65$ mdi tgsurle the convective system. Dowrnwind from the center s
‘{21 enhanced "I’;{n 5 tor ‘{mt‘g ; hx.gce line, the rainfall estimates were not usable.
case sr.u:ifr mepm g&gvgyzigxai IESZ This was expected since that sector represented t,
) value poss,ible was 84. The maximgn cumulative the blown off anvil area. o
. IR values of the convective system were located e
and a dashed line was drawn approximating the 3 SUMMARY
axis of the digital IR pattem passing through ’ ot
this maximm. This dashed line separated In thi o et
. s paper, a simple scheme for e
"~ appFO)dnntely that po.rtion upw}nd from r_he IR estimating rainfall was dewveloped for summer oy
. maximm and that portion dowwind. In this case, convection in the middle latitudes. Since this 3
" Lhe.s:)jut_herr} tw&;t?lurﬁ of Ml:som m‘zhfr]dthe simple scheme gave usable results for six-hour .
- ‘m"m z:’” u'mnd p(l)riione “’#12 mo:jle;nd was rainfall estimation, it appears worthwhile to o
> dOoWnWl : UpWLIy down- t tem by enlarging the dat -
% wind portion of the comvective system can be !:mk:l: :geiﬁgpoz;:; [z;rflo‘im altead; o
. determined directly from the imagery pattem in demonstrated i . — Py
- : improvements : -
Figure | by using the shape of the individual T
anvils to determine the wind direction. a. Use only the upwind portion of each N
' It can be observed in both Figures 1 cumulonimbus cell for the rain estimates. g
e x
and ! that the largest gradient in the enhanced Weight the id expansion period of anvil baar
N IR imagery and in the cumulative digital IR values b- greclg;h rmchr;geater than t:hgedecay period. “
" occurred in the upwind portion of the convective s
::. systani Ag" this Wii"d portion Wasd"’he_;: the c. Use Simpson and Woodley's results to o
S most significant precipitation occurred. e give greater weight to merging cumilo- oY
) enhanced IR imagery in Figure 1 shows the cunulc.)‘ nimbus cells. ~ .
N nimbus anvil cirrus blowing off downstream. This S,
' cirrus contributed to the rather large digital IR -
vilues located in northeast Missouri, t ; i
N Towa, an(d rxne'rh\;;srt\ [1linois, fkinniznds?::neilie The scheme should also be a function of the synoptic AR
active thunderstorms.  Six-hour precipitation situation and .10(:81 effects; _These above Lmprove- =
.z amounts were penerally less than 0.2 inches in ment s plus an increasing ability to produce digi- L ~
N this area. tally enhanced pictures with greater temperature D
. resclution and more precise slicing in the anvil ey
K Correlations were computed between areas suggest that hydrologic applications of e
the cumalat ive dipital IR values and the observed satellite imagery can become of great value in =t
o-hour precipitation. These correlations were the near future.
! carputed for the entire convective system (upwind -
.. and dwiwind portion) and for the wpwind portion S
g alorge .
.:'«~
For the entire convective system, ) -
L the correlation between the observed 6-hour NOTE: This paper appears in the preprint volumes -
. precipitation and the cumulative digital IR from both the Sixth Conference on Weather w2
- values was 0.63. However, when data from only Forecasting nand Annlysis, May 10-14, 1976,
] the ypwind portion of the convective system was Albany, New York nnd the Conference on . Py
o amsidered, the correlation increased to 0.88. Hydro=Meteorolopy, Aprit 20-00, 1976, +OF
‘e A sinple regression equation wns obtained in the P, Worth, Texas. D
' » i‘\
- s
'\: r\ q
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Figure 1. SMS-1 Enhanced IR, 8 lan resolution, T
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Figure 2. Six-hour precipitation amounts (plotted) and cumulative six-hour digital IR isopleths for
0000-0600GMT, 26 August 1975. 500 mb winds for OOOOGMT are also indicated. Dashed line

separates upwind and downwind portion of convective system.
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Sueure 3 Guaulative six-hour rainfall estimates using the regression equation generated from data
in the wwind porrion of the convective system for 0000-0600QMT, 26 August 1975, Dashed
line separates wwind and dowrwind portion of convective system.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/18

SATELLITE PICTURES USED FOR LOCATING THE RAINFALL
ASSOCTATED WITH A CONVECTIVE SYSTEM OVER TEXAS

Roderick A. Scofield
NESS/Applications Group

One of the ongoing projects in the Applications Croup is the fine tuning of
a scheme for estimating rainfall amounts from satellite imagery. Enhanced
IR and high resolution visible imagery are used to locate rainfall areas in
convective systems. A thunderstorm cluster over Texas on May 25, 1976, is
used to point out some important factors in using this technique.

Synoptic Situation

The surtace analvsis for 1500CMT in Figure 1 shows a quasi-stationary front
extending from the northern Culf into north central Texas. Aloft, a north/
south ridge cextends from Texas into southern Canada at 1200GMT, Figure 2,

with a 100 knot jet max located over soucthern Arizona and New Mexico. Showers
and thunderstorms are obscrved just north of the {ront under the upper level
diffluent flow over Kansas, Oklahoma, and northern Texas. The LFM analysis

at 12006MT in Figure 3 shows ridging throughout the Plains with weak PVA in
western Texas and Kansas. A moist area of 2 707 in the mean relative humidity
analysis (Figure 4) 1is obscrved over northern Texas and Oklahoma at this time.
Presence of a low-level boundarv, weak PVA, diffluence aleft, and moisture
contributes to the development and maintenance of severe thunderstorms over
northern Texas on this dav.

Locating Raintfall Arcas Msing Satellite, Radar and Surtface Observations

Surtace observations at [SO0CMT, Figure », continue to show showers anc
thunderstorms in soutuwestern Okiahoma and northern Texas.  Minceral Wells
(MWL), Texas, reports that the thunderstorms north of the station are moving
southeastwiard.  Station locations from Figure 5 are shown on the one-mile
visible imagery in Figure 6. The visible imagery shows a line of overshooting
tops (B) alonyg the Teading edge of the thunderstorm area just north to north-
west o of MWLL By comparing the satellite imagery, Figure 6, with the coincident
Stephensville (SEP), Texas, radar observation, Figure 7, the relationship
hotween the bright, textured clouds and overshooting tops and the intense

radiar cchoes becomes apparent.  On the other hand, the bright, smooth c¢louds
near Witchita ¥Falls (SPS) and DallasZFort Worth Airport (DFW), Texas (Figure 6)
represent middle and high cloud debris without precipitation. Also, the radar
indivates that the darker clouds (at b in Figure 6), just east and northeast

of DIFW, do not contain falling precipitation,
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. One of the characteristics of a convective system is for thunderstorm r
K generation to take place on the upwind side and to propagate to the right éVQS

v} of the mean tropospheric wind. The downwind side locates the blown-off

anvil material region which contains little or no rainfall. At 1500GMT,

7
5 W

. the upwind side of the thunderstorm system is just north and northwest
: of MWI, and propagating southeastward. The strong westerly winds aloft ?_
» with a thunderstorm system propagating southeastward places SPS and DFW by
¢ in the downwind region (further discussion on upwind and downwind portions R
j of convective systems as related to rainfall is given in Oliver and o
Scofield,(1976)). * | 3
3% An enhanced TR (Mb curve) picture, taken at 1530GMT (Figure 8), indicates fz
o that the upwind portion is composed of a tight gradient of colder temper- f'
- atures (light gray to white contours). The area from near DFW eastward e
i lies in the downwind portion where the cold temperatures of the blown-off

anvil material are still present, but the IR temperature gradient is
much weaker. The warmer (darker) areas embedded near the thunderstorm
clusters at (A) d (B) may be due to strong compensating subsidence at
- the periphery of the more vigorous cells. A radar picture at 1530GMT

4

Y ""'- m e

. and the surface sectional at 1600GMT, Figures 9 and 10, respectively, }‘
N show that intense thunderstorms are occurring at MWL, MWL reported hail ~?
. up to 1 1/4 inch diameter, winds up to 35 MPH, and heavy rain during the -
1500-1600GMT period. Over 2 inches of rain was reported at MWL while ;
. DFW, which remained in the downwind portion of the convective system, '
AN received only 0.08 inches. The radar picture in Figure 9 shows that the .:'
: intense echoes which encompass MWL are associated with the colder cloud N e
- tops and tight TR temperature gradients displayed in Figure 8. The Lj
N blown-off anvil material from near DFW northward and e¢astward has cold tops, s hT
but is in an arca of weak [R temperature gradients. This area is associated ‘Eﬁ; .
N with cither weak echoes or no echoes. ;:.
-. k‘:
N Summary &
3 N
N In the visible imagery, the heavier rainfall is associated with bright, E:.
textured clouds with overshooting tops. Bright, but smooth clouds, and =
" darker cloud areas are associated with little or no rainfall. TIn the T
- cnhanced TR (Mb curve) picture, the heaviest rain is not only associated -
i- with cold tops (enhanced light gray to white) but is also in the areca of BX
& tipht IR temperature gradient (upwind portion). The blown-ofl anvil area -
:‘_ contains little or no rainfally possesses cold topsyand lies in a region oL
of weak IR temperature gradient (downwind portion). There arce situations »
when the upwind portion and active thunderstorm clusters are difficult i
to find because: (1) the tight IR temperature gradients cannot be .
discerned, or (2) the colder enhanced IR contours overspread a large -
- arcia.  In such situations during daylight hours, the capability of the -
high resolution visible imapery to delineate bright, textured clouds :{
X and overshooting tops can greatly aid in pinpointing heavy rainfall areas el
in convective systems. ‘ b
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! U.S. DEPARTMENT OF COMMERCE

t} National Weather Service/National Environmental Satellite Service 9%

U$ SATELLITE APPLICATIONS INFORMATION NOTE 76/19 - :,
RO

FRONTAL WAVE DEVELOPMENT - A MESOSCALE PHENOMENON ;f?:. }‘

N

[ 4

Samuel K. Beckman
Satellite Field Services Station, Kansas City, Missouri

A unique characteristic of SMS/COES satellite imagery is the early detection

of mesoscale fcatures which are located between reporting stations. One

mile visual pictures from GOES-1 during the afternoon of July 13, 1976, v
provided an excellent example of the formation of small scale frontal waves

along the cold front (Figure 1) over Minnesota and castern South Dakota.

At 2100 GMT (Figure 2), positive vorticity advection, in advance of a short
wave (A-B) over the western Dakotas, created an increase in clouds (C)

through the frontal zone (D-E) in eastern South Dakota. The resultant

convex bulge toward cold air is characteristic of the wave stage of cyclonic
development. A second wave (F) is also evident on the front to the northeast
of St. Cloud, Minnesota. Rain was falling out of the post-frontal clouds
(P~P') extending from southeast North Dakota to northwest Nebraska. The
northern edge of the high cloud band extending from Rapid City, South Dakota
(north of B) to central North Dakota (I) was associated with a weak polar jet.

PR [ e e

. o .y
'y a". e B L R
T S B

Bv 2200 GMT (Figure 3) a cluster of convective cells (G) began to form near
the crests of the frontal waves where cyclonic circulation associated with
the wave  augmented surface convergence along the front. At 2230 GMT
(Fipure 4), a line of cells had developed along the entire cold front (H-1)
from northeast Colorado to Minnesota. The 2235 GMT radar summary chart
(Figure 5) showed maximum thunderstorm tops of 15km (49,000 feet) near both
wave crests.

The storms associated with the wave over southern Minnesota produced 1 3/4
inch hail and wind gusts around 50 knots which caused damage to trees in the
vicinity of Redwood Falls, Minnesota. This was the only reported area of
severe weather along the front on this day.

This example illustrates how small scale features, such as these frontal
waves, can be identified in satellite imagery. Prior to the operational

use of satellite imagery, systems of this type were often-times not readily
apparent on synoptic scale surface charts. Early detection of these waves
wis helpful in isolating areas of increasced surface covergence along a [ront
which on this day, produced a localized area of severe weather in southern
Minnesota.
ERRATA:  Notce 76/11.Delete "term in the vorticity cquation on pape 2,

paragraphs 2 and 3, last sentences.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATLONS INFORMATION NOTE 76/20

CUMULUS LINE FORMATION IN THE TRADE-WIND EASTERLIES

Robert N. Larson
NESS, Satellite Field Services Station, Honolulu, Hawaii

The ocean area between California and Hawaii, located to the south of the
semipermanent Eastern Pacific surface high pressure ridge (35°N), normally
Is largely covered bv an extensive low-level trade-wind cloud field. This
cloud field is usually restricted in the vertical by the presence of a
strong subsidence temperature inversion. During the summer this inversion
height averages from 500 m along the California coast to about 2000 m over
Hawaii. Cloud patterns under this inversion vary from thin stratus, pre-
dominant near California, to complex mosaics of open-closed cellular
stratocumulus (Se) further ofishore, to increasingly more unstable cumulus
(Cu) clusters and line formations. Such Cu clusters and lines, when
advected over the Hawaiilan Islands by the prevailing NE trades, contribute
significantly to trade-wind rainfall. Organized Cu patterns such as
mesoscale circulation svstems and frontal shear lines have recently been
considered via geostationary satellite imagery by Weldon (1975) and Larson
(1976), respectively.  These Cu patterns have frequentlv been observed to
be associated with a disruption of the trade-wind inversion and resultant
above-normal raintall.

Two examples of non-trontal Cu line formation occurred NE of Hawaii during
19-23 April 1976. These lines appeared and behaved verv similarly to
trontal shear Tines which are a frequent source of winter trade wind
vaintall in Hawaii. The svinoptic pattern during this period was relatively
stat teoand not atvpical.  As seen in Fip. ool 0000 GMT, 20 April an

=W surtace high pressure videe was centered near 357N with prevailing
tow-level casterlies to the south over the Hawaiian Islands. At the

250 mb level an ENE-WSW trough extended trom California to Hawaii. By

23 April the surface ridge shifted southward to near 30°N ahead of

an approaching cold front while the 250 mb trough became oriented N-S
along 145YW.  This latter development was due to the influence of a
passing short-wave trouszh alott in the westerlies.  The presence of
upper-tevel troughing probably contributed to the predominance of
open=cellular Cu in the area between Hawaii and 1557 during 19-23 April
(Figs., 2-6).

Figures 2=6 reveal sequentinlic Che development and rovement of the Cuo

lines aeross Kaui (K and fhawai i ()L fThe carly staee o Cu bine tormat ion
can beoseen i Fio. 2 ol B9 April oo o cene o openceellular Ca (Y to AN
aloney 299N from 10V 0. b M. b o 20 April thi Tiney Ay has

progressed to the odee o tae cload Tield o and bevnn to o soparate trom it
o2 April, Five A0 Pine A §s oapproachine the islands as g ooew line, By
. - .

avain torms alones 20N, In Fiso 5% oo G0 april, Line A has moved through

the islands at abeut BH fnct and e boea temporarily weakenoed in the
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: process. Line B is now well organized and approaching the islands.

. . Finally Fig. 6 of 23 April shows both linces west of the islands and

) ﬁ{{f - moving westward at about 20 knots in response to increasing trade wind

i RN velocities,

. Weather in the islands during the Cu line passages consisted primarily

: of the light showers at sea level and some heavier showers at higher

. elevations. Rainfall during the 24-hour period ending 1800 GMT

3 (0800 HST), 22 April, and largely attributable to line A, was in excess

3 of 25 mm at some mountain stations on the islands of Kauai and Oahu.

i . Heavier rainfall, with amounts to 48 mm, were recorded on the island

. of Hawaii, which was located directly under the 250 mb trough. Rainfall

. associated with the passage of line B, during the 24-hour period ending

) 0800 HST, 24 April, was somewhat less overall than from line A, although

- amounts in excess of 29 mm were again reported on Oahu.  This slight

: reduction in rainfall may have been related to the more rapid movement

of line B through the islands and to the dampening influence of a short-

' wave ridge aloft at the time. Nevertheless both lines produced ap-

t preciable and well above-normal periods of trade-wind rainfall. This

. increased rainfall was evidently attributable to the increased vertical

- development of the Cu in the lines which were able to penetrate the

. prevailing 2000 m trade wind inversion. Lihue radiosonde soundings

o) revealed a coincident inversion breakdown during and rapid reformation

. after the passage of both Cu lines.

g The 24-hour SMS-2 satellite coverage now available in Hawaii enables

: forecasters to more accurately track o variety of transiting mesoscale

trade-wind disturbances.  Through such observation the impact of these

o . -~ disturbances on island weather is rapidly becoming better understood.
‘é" Without adequate satellite observation in relatively data-sparse oceanic

areas, the forecasting of many mesoscale features would continue to be
largely an impossibility.

REFERENCES

Larson, R.N., 1976: Shear line Weather Regime Over Hawaii, Mon. Wea.
Rev. 104, 1081-1083,

Weldon, R., 1975: Low Level Circulation systems in the Easterlies,
NOAA NESS satellite Applications [nformation Note 11/75-1, 4 pp.
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MOISTURE EFFECTS AS SHOWN ON CGOES-ENHANCED TR IMAGES

e
.

Paul M. Duernberger (LCDR. NOAA Corps)
Satellite Field Services Station, Miami, Fla.

~-
»

The type and amount of cloudiness over an area are certain indicators of
atmospheric processes such as air mass movement, convergent areas upper
lovel ditfluence, and irregular heating of the carth®s surface.

The amount and distribution of water vapor is directly connected to
these motions and processes.

Under clear sky condit ions, atmospheric moisture will absorb outgoing

tong wave radiation, thus a lower radiance temperature will result

and the surface will appear colder  in the daytime satellite view

than it actually is. (At night the opposite is truce; a warmer temperature
is observed as water vapor serves to cause a 'greenhouse' effect.) In
order to delincate "moist" and "dry" arcas, a comparison of an enhanced
infrared (ETR) picture (CC enhancement curve) with a compatible visible
scctor is presented to illustrate the effect of moisture on radiance
temperatures.

The 19307 EIR photograph (figure 1) shows many small "dry" zones (white
- outlines) in the eastern Caribbean Scea (Box 1), a few just east of the

‘. Bahumas (Box 2) and thiree zones in the western Gulf of Mexico (Box 3).

Comparing the TR with the 19307 visible picture (figure 2), note that

the peneral "gpray smearing' (G) in {igure 1 through the castern Caribbean

Sva vast o 795W is an arca of very few small clouds (G, figure 2) in

the visible. (An easterly wave, located near 82W at this time, had a

histor:s ot Tittle Alrican dust behind the wave, thus the cooler return

is not due to airborne particulate matier.)

Mean mixing ratios tor the Caribbean =tat ions showed a moisture decreasce
o 200 prame at Covacae (O) and a 008 oram decrease at Trinidad (F) tor
the period 127 Aupust 10, 1976, throageh 007 Auguast 13, 1976, Based upon
these U072 upper air measarement s and the GC enhancement of the TR
(Figure 1), the avea around Trinidad was in a dark or dry zone of 7.0
prams while Caracao, in a gray area, reported an 8.5-gram measurement .
lased upon this sincgle compartison, the amount of moisture that will
cause this "eorav oncarine' in this GC curve displav is about 8.0 grams.
Grand Cavman Tstand (D) increased 100 orams, from 9.9 to 11,0 during
this same period, vet was clear in the visibice imapery (not shown).

The data in figure | showed a significant clond and moisture area
poised on the western edge o) the island,
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Using figures 1 and 2, the '"dry" zones (D, D') just east of the Bahamas
align very well with the clear zones of the visible picture, yet in
between these zones a two-degree-wide ''smear band" (G, figure 1) with
only widely scattered low clouds (G, figure 2) is present. The fzﬂ”
surface water tempcratures varied very little, and in both areas the A
thermal pradients were very weak and could not have had any major

effect on radiance toemperature,

.-‘
Py

Possible uses of such enhancement curves, besides the present analysis

of the Gulf Strcam, arc the location of areas of large-scale vertical

motions preceding a frontal passage and the location of the large

moisture pockets for a severe weather outbreak. On the other hand, ’
the dark clear arcas provide information about large-scale atmospheric .
subsidence. The best results using the GC curve, however, have been -
over water, and an adjustment must be made for any such plotting over
land. oo

bt

-','H

R
e
”,

A second use would be the estimation of precipitable water for a ' 3
tropical or semi-tropical area using the available moisture as shown .
‘rom the picture. Expanding this concept to the trades, the moisture

content of an ecasterly wave could be monitored. However, a significant it
problem would be the effect of the African dust behind the wave on the ‘
radiance temperature. (Visible data could assist in the determination P:
of the cooling process.) i

’
In one recent case, the Miami area forecast was improved as a result of r.
monitoring the movement, expansion,and contraction of a "dry" zone. o
Figures 1, 3, 4, and 5 show a "dry'" zone approaching and crossing the ~
southeast coast of Florida. The Miami sounding confirmed a marked change

from a "moist" to "dry" condition between 12Z August 14 to 00Z August 15,

1976, and the stability index increased from a +1 at 122 August 14 to a

+4 at 00Z August 15, 1976.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/22

AN EXAMPLE OF NIGHTTIME FOG FORMATION IN SOUTH CAROLINA

James J. Gurka
Applications Group/NESS

This information note discusses the use of satellite imagery in the
short-range forecasting of fog and stratus formation during the night.
Conditions favorable for the formation of advection-radiation fog
include clear skies, light winds,and a maximum of low-level moisture.
Frequently, areas with a relatively high moisture content in the lower
atmosphere can be inferred from the enhanced infrared (EIR) GOES imagery
(references 1 and 2). At night, these moist areas will generally appear
as warmer regions in the EIR due to the fact that the ground does not
cool off as rapidly in a moist air mass as in a dry regime. Therefore,
it is not the moist air itself that is seen on the IR imagery, but
rather the effect of the moist air on the radiating surface. (It

should be noted that the warmer ground temperatures do not necessarily
show up at the six-foot instrument shelter height.) Delineation of
these warmer, moist areas is important since they will be the most
likely areas to watch for fog and stratus formation.

At 0600 GMT on October 14, 1976, skies were clear over South Carolina
with a cold front approaching from the northwest (see Figs. 1 and 2).
In Fig. 2 and in the visible imagery at 1630 GMT (Fig. 3), there are
several lakes and reservoirs (dark areas) that can be seen: H is the
Hartwell Reservoir; C is the Clark Hill Reservoir; M is Lake Murray;

A is Lake Marion; and 0 is Lake Moultrie. The front became stationary
along the South Carolina coast during the afternoon of the 14th and
moved very little throughout most of the following evening. With
clear skies and very light winds, there was a good setup for fog
formation in the vicinity of the front (Fig. 4). A zone of maximum
low-level moisture could be inferred from the 0600 GMT EIR picture
(Fig. 5) near the front with boundaries at A and B. The moisture
maximum becomes particularly obvious when compared to the ground
temperature pattern on the previous evening (Fig. 2). The darkest
spots on fig. 5, however, are the lakes and reservoirs that are shown
on Fig. 2. Melding the surface observations with the moisture pattern
shown on the EIR picture, isodrosotherms were drawn on Fig. 4. lUsing
both the satellite data and the hourly observations, considerable
increases can be made in the presentation of details in the dew point
analysis.

By 0800 GMT and 1000 GMT (Figs. 6-8), the darker areas had become more
pronounced (A and B, Figs. 6 and 8) with an obscuration due to fog,
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first reported at Savannah (SAV) on the 0800 GMT observation (Fiq. 7).
By 1200 GMT, a very distinct pattern of warm temperatures (C, D, and

E on Fig. 9) marked the boundary of the fog, which was verified by (1)
the visible picture at 1230 GMT (Fig. 10) and (2) the reports of dense
fog at Columbia (CAE) and Charleston (CHS) at 1200 GMT (see Fig. 11).
This fog pattern formed within the area of maximum low-level moisture
as indicated on the earlier satellite pictures.

Frequently, an enhancement curve with a steeper slope in the warm end
than this Mb curve is needed to pick out areas of low-level moisture
in the early evening and the fog itself later at night. In this case,
however, as can be seen from the Charleston RAOB on Fig. 12, there was
at least a 10°C temperature difference between the instrument shelter
temperature and the fog top temperature.

The example shown in this information note demonstrates how the EIR
satellite pictures could be used to pick out areas of maximum 1low
level moisture which under clear sky conditions represents the
location with the greatest potential for fog and stratus formation.
Obviously, it should not be assumed that the appearance of a low level
moisture maximum will guarantee fog formation, nor should the fogq

be expected to fit the moisture pattern exactly, but it can give a
fairly good estimate. In this particular case, the moisture did not
show up well until approximately 0600 GMT; but in other cases, the
pattern has been discernible as early as 0100 or 0200 GMT.

REFERENCES

1. Parmenter, Frances C., 1976: Low-level moisture intrusion
from infrared imagery, MWR Vol 104, pp 100-104.

2. Gurka, James J., 1976: Using satellite data as an aid to
forecasting fog and stratus formation, NWS/NESS Satellite
Applications Information Note 3/76-1.

3. Sutton, 0. G.: "Micrometeorology" McGraw-Hill, NY 1953,
pp 178-179.
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UTILITY OF SATELLITE DATA OBSERVATIONS
DURING FLASH FLOOD WATCHES - FREDRICK, MARYLAND
FLOODING, October 9, 1976

e
s

Gilbert Jager
Applications Group/NESS

™, v v

On October 9, 1976, a devastating flood hit the old historical downtown

. business district of Fredrick, Maryland. Althouqgh the area flooded was

< only a few blocks in extent, more than $4,000,000 of damage was done. -
. fortunately no lives, were lost. Numerical quidance and satellite

photographs taken during this event illustrate the potential for heavy

rains. A close inspection of the satellite data taken on the day of

- the flood show, with the benefit of hindsight, that local flooding

< might have been forecast in this area. A flash flood watch had been

. issued for the nighttime hours before the event occurred, but it had

- been cancelled for the period of flood-producing rains.

A deepening surface Low had been moving up from the south along the

east flank of the Appalachians during the night and was centered in

northwestern Virginia at 1200Z (Fig. 1). Very warm, moist southerly

flow and strong vorticity advection occurring between 0000 GMT and -

> 1200 GMT on the 9th (Figs. 2 and 3} combined to produce a very unstable

A situation. Rain began falling before midnight on October 8 and continued e
) throughout the night. Accumulations in the Fredrick area totaled more ‘Eﬁg
2 than 4 inches (10 cm). This rain was particularly troublesome becausr

the ground was already saturated from heavy rains the previous week.

N The enhanced infrared (EIR) picture (Fig. 4) for 9 Oct, 1000 GMT, shows
\ the large convective conma-shaped cloud mass (G-G') associated with the
surface system while the cloudiness with the upper level center remained
back at (H). By 1300 GMT (Fia. 5), the area of maximum convection
‘G-G') had moved into eastern Pennsylvania and New York State. The

y convective tops appeared colder at this time and the pattern more

> orqanized and the tail of the comma extended down off the coast. The

: width of the area of colder cloud temperatures that was over Virginia
and MNorth Carolina in Fiqure 4 had decreased considerably as it moved
of fshore. Convective activity appeared to be concentrated in the band
Just off the coast at (C and D).

2 By this time, the cloud pattern associated with the unper level center

) had also become better defined (H). The 1300 GMT DAl visible photo

(Fig. 6) shows a small Cb cell (A) embedded in the multilayered cloud

band near Fredrick. It is also visible as a small point (A) on the -
1300 GMT IR picture (fig. 5). Examination of the low sun anqle
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1230 GMT view (Fig. 7) reveals the small Cb cluster (F) that moved

up from the southwest across Fredrick. Later, by 1330 GMT (not shown),
these build-ups moved northeast to the Pennsylvania border. The
thunderstorm appeared to form over the ridges to the southwest of
Fredrick, most probably due to low level up-slope motion.

The Patuxent, Maryland, radar pictures showed an intense echo moving
over Fredrick around 1300 GMT. The radar supports the idea that the
Ch formed to the southwest of Fredrick as the 10-minute interval
sequence for the hour previous to 1300/ showed no stronqg echoes.

A line qgradually solidified trom an amorphous area of precipitation
and can be seen in Figure & extending from B to B'.

The most intense Cb moved over a heavily built up and paved section

to the west and northwest of Fredrick, Maryland. The total rainfall
amounted to 6.1 inches (i15.5 cm) with about 2 inches (5 cm) falling
from the last thunderstorm. This water rapidly drained off into a
very constricted portion of Monocacy Creek, thus flooding the Fredrick
business district.

The potential for local flash flooding can be assessed from the sequence
of LIR photos using the method of Scofield (SAINs 76/17 and 76/18).
Close monitoring of the behavior of imbedded Chs not only along the
tront, but also in the near quadrant of an extensive storm such as

Phiw is a must. The latter type of convective development can be

copecially dangerous as it may take place after flash tlood watches
have been cancelled.
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/24

PRE~FRONTAL GULF DISTURBANCE

Stanley W. Wright
NESS/Applications Group

During the period beginning in the late fall and extending through the
spring, disturbances often form in the Gulf of Mexice and wove north-
ward over land. The disturbances serve to enhance precipitation and
initiate pre-frontal rain. These features usually appear in [R satellite
imagery as low cloud comma configurations. This note describes a pre-
frontal disturbance that formed in the central Gulf and moved northward
over the Florida Panhandle on October 20, 1976.

The 1500 GMT, 19 October, surface analysis (Fig. 1) showed a cold front
approaching the Texas coast. The 1430 GMT, 19 October, IR data (Fiaq. 2)
shows the cloudiness associated with the front. O0Of particular importance
in this situation is the presence of a comma-shaped area of cloudiness
{A) that was located in the surface ridge.

Recontly, the Winds Section of the Analysis and fvaluation Group (NESS)

e Started to provide the Kansas City ST05 witn o set of low-level wind

vedtors tor the Guif of Mexice.  These derived winds ave calculated

trom tow cloud motions.  The veclors that were derived tor 1530-1700 GMT,
v tuher s are superirmosed on oa T-km Gulf osector (Fig. $).  On this day,

these veotors supported the possibility of a Tow-level circulation in

tae central Gulf.  The Winds Section informed Kansas City SFSS that a
iroalation «ould be seen in the animated version of tnese data. Subsequent

bl lite views showed that the disturbance grew both in size and con-

e tion as at moved northward at 15 knots.  During this period, the

S oethesty tlow along the Flovida Gulf coast was 10 to 20 knots.

e Tow cressure center associated with ‘he disturbance was first indicated
pirie surtdee analysis Just off the Fiorida Panhandle at 0600 GMT,

L taber

e showe YN oeecrpitation package (gl 4) for the period ending at
PalgMl o L abiery tarecasted no precapitation for the southeast
Saten s dhe wadous, 2 october, observed b-hour raintall chart (Fig. 5)
mdcated that Tight raintall had bequn. fiqure 6 shows the LM forecast
pres cp1tation to be Tess than one-half inch in the southeast for a
Voohanr periad o ending o ar 1200 GMTL 20 October . By 06080 GMT, 20 October,

the rarne, had become heavy along the Florida peninsula with more than
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one-half inch of rain over western Florida and southeastern Alabama

and a maximum of 1.37 inches at Dothan, Alabama (see Fig. 7). The - ji'
, accompanying satellite view (Fig. 8) shows the cloud pattern at this - N
X time. By 1200 GMT, the end of the LFM forecast period, more than S
| one-half inch of rain was recorded over a wide area of the southeast AL >

(Fig. 9).

aH.

2

This case illustrates the importance of a pre-frontal disturbance

vy
: in initiating and enhancing pre-frontal precipitation. e
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 76/25

THE USE OF THE HB IR ENHANCEMENT CURVE TO MONITOR
THE ONSET OF FROST CONDITIONS IN THE WESTERN STATES

James J. Gurka and Ralph K. Anderson
NESS, Applications Group

The Hb enhancement curve (Fig. 1), which is used operationally in the
Western Region, has a black contour that covers the temperature range
from 0°C (32°F) to -3.3°C (26°F). Theoretically, on clear nights,

this contour could be used as an indicator of the ground surface
reaching freezing and the onset of frost. However, there are no ground
temperature data available to check the accuracy of the satellite-
observed temperatures on a given evening. The question then arises as
to whether the relationship between satellite-observed ground temperatures
and the six-foot instrument shelter temperatures is consistent enough to
calibrate the temperature values associated with the enhanced infrared
(EIR) contouring. Satellite data could then be used to indicate the
onset of freezing conditions in remote areas.

In an attempt to answer the above question, a grid with station locations
(Fig. 2) was used to estimate the time at which the edges of the freezing
contour passed over 30 stations in nine Intermountain states. It is
important to determine this time accurately since it is only at the
"breakpoint"” of a contour that a temperature is defined. For example,

if a station is located in the middle of the black contoured area on the Hb
curve, the temperature could be any value between 0°C and -3.3°C.

However, at the instant that the contour spreads over a station, the

ground temperature should be 0°C.

On the evening of October 18-19 of this year, in the Western Region,

the colder edge (C on Figs. 1 and 2) of the freezing contour on the

Hb curve corresponded fairly closely to an instrument shelter temper-
ature of 1°C (34°F). Thus in this case, the average difference between
the satellite-sensed group temperature and the six-foot shelter temper-
ature was 4.4°C (8°F). Figure 3 is a plot of the time that the instrument
shelter temperature dropped to 1°C versus the time that the colder edge

of the black contour spread over the station.

The best fit straight Tine on Fig. 3 is Y = .86X + 1.16 with a correlation
coefficient of .96. The average error from the best fit straight line is
47 minutes with 19 out of the 30 cases having an error less than the
average. The larger errors, such as the one case with 2.62 hrs. and
another with 2.44 hrs., occurred when the contour remained stationary




near a station location for several pictures, and thus small gridding
errors could have made substantial differences. The theoretical best
fit straight line should be Y = X. The average error from Y = X on
this evening was 52 minutes, with 20 out of the 30 -cases having an
error less than 45 minutes. Therefore, there appears to be a close
and consistent relationship between the satellite-observed temperature
and the instrument shelter temperature.

There were several limiting factors in this study: (1) only hourly
temperature reports were available; (2) the enhancement IR (EIR)
pictures were taken hourly, and thus the arrival of the gray contour

and the time at which the termperature dropped to 1°C were interpolated;
(3) the resolution of the IR sensor is 8 km, so that the imagery presents
a ground temperature that is an integrated radiational field from the
ground, tree tops and other vegetation; and (4) slight gridding errors
could have made a substantial difference for estimating the temperature
at a point. Another possible source of error could be the amount of
moisture in the atmosphere. The magnitude of error in satellite-derived
temperatures due to water vapor absorption as a function of precipitable
water content is shown on Figure 4. The precipitable water chart for

1200 GMT on the 19th (Fig. 5) clearly shows that atmospheric moisture
was minimal in this case.

In order to use the EIR satellite pictures to monitor the spread of
freezing temperatures, the user should: (1) be familiar with what
instrument shelter temperature corresponds to the onset of frost in

the area of interest; (2) determine what instrument shelter temperatures
are associated with the edges of the black contour in cloudless areas

as early in the evening as possible; (3) estimate what portions of the
contour will be associated with the onset of frost in the agricultural
area of concern,.

On the basis of this one case, there appears to be a fairly consistent
relationship between satellite-derived temperature and instrument shelter
temperature. Therefore, knowing what that relationship is on a given
evening and what temperature is associated with the onset of frost in

a particular location, the EIR satellite pictures, and in particular

the Hb curve, could be used to estimate the spread of frost conditions.
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FIRST GLANCES CAN BE MISLEADING
IN LOCATING VORTICITY CENTERS

A 5, "SR WV

., 4

Carl E. Weiss
Applications Group, NESS

L TN

A problem in both static and animated IR picture interpretation is that an
apparent center of cloud rotation frequently does not coincide with a center
of maximum vorticity.l This is particularly true with rapidly moving short-
wave systems in the westerlies. According to Weldon (1976), a cloud rotation
center is defined as "an apparent 'center', 'axis', or 'hub' of rotation
within the cloud motions when viewed in time lapse motion." The GOES-1 IR
imagery on 3 September 1976 illustrates such an exampie.

At 0001 GMT on 3 September, cloud rotation about (R), Figure 1, was evident
in the IR movies. The LFM vorticity analysis at 0000 GMT overlaid on this view,
Figure 2, shows the vorticity center (X} to be farther west than the cloud
rotation center (R). This is not an obvious location in view of the cloud
pattern. The cloud rotation (R), in this case, lies ahead of the vorticity
center and is to the north of mid-level wind maximum (S to S') in the area
where the vorticity is strongly cycionic. The cloud rotation center (R) be-
comes better defined in the IR imagery at 1200 GMT, Fiqure 3. Here the

— curvature (C) of the accompanying cirrus to the north of the center (R) has
become more pronounced. At this time, a closed 700 mb low (L) was analyzed
to the northwest of the rotation center. Examining the 1200 GMT LFM vorticity
analysis with the concurrent IR imagery, Figure 4, one can see that the
vorticity center (X) continued to be to the west of the cloud rotation (R)
in an area relatively free from any middie or high cloudiness. As before,
the cloud rotation is found just north of the leading edge of the wind
maximum (S to S') where the vorticity gradient is strong.

This apparent discrepancy between the locations of the vorticity center and
the cloud rotation center is common. Several possible explanations for this
disagreement come to mind. First, since systems often siope in the vertical,
clouds showing rotation in the satellite imagery may not coincide with the
analyzed vorticity center at 500 mb. However, studies of systems with cloud
tops near 500 mb revealed that a similar spatial difference between the
tocation of maximum vorticity and rotation centers still existed. Secondly,

a systematic bias in the vorticity analysis could also lead to this same
discrepancy. Typically, only over oceans or at other locations where cumulus
congestus or cumulonimbus are found behind the comma cloud, do the vorticity
centers and the cloud rotation centers agree. In those cases over the oceans,
clouds are sometimes present at the vorticity center and therefore the maximum

1. In this discussion, a maximum vorticity center is defined as a point at
a given level where the value of absolute vorticity is at a maximum. At
500 mb, this correspondends to an "X" on an NMC vorticity analysis.

' ‘/ 57
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i turning is seen there. More commonly, however, the vorticity center is
free from any significant cloudiness. It is obvious, but often overlooked,
b that cloud rotation can only be seen where clouds are present. Therefore,
e cloud rotation is frequently found at some location other than the vorticity -
" center. Weldon (1976) depicts a typical short-wave comma cloud pattern with A
A . s . o y S
A the corresponding vorticity and streamline analyses, Figure 5. The vorticity v
center (X) is just to the rear of the comma head (A). If rotation in the
clouds is evident, it will most 1ikely be in the hatched area (B) along the
‘ shear axis of vorticity (dot-dash line, D to D'). This relationship between
. the vorticity field and the cloud pattern is common for most short-wave troughs
imbedded in a strong westerly flow. In summary, by recognizing the typical
. relationship between cloud rotation centers as seen in satellite imagery with
analyzed vorticity centers, errors made in locating vorticity centers (which .
can be more serious than no analysis at all) can be minimized.
M}
- REFERENCE

Weldon, R. B., 1976, unpublished satellite training notes. (Available from
NESS, Applications Group (S121), World Weather Building, 5200 Auth Rd.,
Wasnington, D.C., 20023.)

Errata; SAIN 76/23: Last sentence, first paragraph should read:

A flash flood watch had been issued for the nighttime hours before

the event occcurred and had been extended for Western Maryland for the
period of flood-producing rains.
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Figure 1:

GOES-1 Full-Disk IR Imagery, 0001 GMT, 3 September 1976

Figure Z2: GOES-1 Full-Disk IR Imagery, 0001 GMT and NMC LFM

Vorticity Analysis 0000 GMT, 3 September 1976,
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. Figure 3: GOES-1 Full-Disk IR Imagery, 1200 GMT, 3 September 1976 5?
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Figure 5: Schematic showing the relationship between the cloud
pattern, streamline pattern, vorticity pattern and
jet stream in a short-wave system in the westerlies.
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N A QUICK WAY TO DETERMINE CLOUD FEATURE Y
. SPEEDS USING GRIDDED SATELLITE PICTURES }\
>
N H. M. Johnson
App'ications Group/NESS, Washington, D.C. 20233 2
John D. Thomas, in the Satellite Applications Information Note 76/16, ol
) points out the need for care in determining the movement rates of
satellite-observed cloud systems or system details when using the
usual, operationally available qgridded IR or VIS pictures, and presents e
two simple methods for determining these speeds accurately. This note !F
A presents a quick way to apply the second method without doing any v
- numerical calculations (other than the very few required to set up e
. the procedure initially). The procedure is of very general appli- N
- cability and has been tested by use for several years. o
L
1. What is needed: ggg
. “_'
- (a) Gridded pictures or an appropriate overlay grid (a full -
! set of Tatitude and Tongitude Tines is best). o

. 2
o
. ¢

(b) A two-point divider or equivalent (such as a child's

school, circle-making "compass"). A millimeter scale L e
will do in a pinch. ‘Fﬁf E ‘

w oy v »
.

(c) A small piece of graph paper (one inch paper, 10 squares e
to the inch, is excellent). iy

A A )
AN

2. How to do it: ' o
(a) Measure separately, with dividers (or scale), (1) the east- T
west component of the displacement of interest, and (2) the o

north-south component of the same displacement, in terms of
degrees as shown by the grid.

(b) Convert these to displacement rates for a time interval of . -

1 hour (or other standard time interval, if preferred).

'l
B &

v ,%,0,
v e
.

(c) Determine the north-south component rate (in knots from

Fig. 1 using the 0" Tatitude line.

W
. ot

A

(d) Determine the east-west component rate (in knots) from :,
y Fig. 1 using the latitude (or an approximate "average" jﬁ
. latitude) of the feature of interest (interpolating in ;::
. Fig. 1 as necessary). oS
] -‘:\. !
; - oS
0 ‘&N
' 4
5 RO
'_: IR o
p o

L4

.
(]
»

T

-
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l’_ .,

-\"n

: | - =
‘ (e) Combine the 2 components by simple vector addition, using ]
- the graph paper (as shown in Fig. 2). The desired rate w5
AT "L" can be obtained by a separate piece of graph paper of o
AT the same type used as a scale to measure "L" or an arc may Ry

be drawn of radius 0-B {(which is "L") with a compass (or

> divider) about 0 as center to the line 0-C and the length !!&
) of "L" read directly from the original qraph paper scale e
N (In Fig. 2 a northward rate of 10 knots combined with an e
. eastward rate of 17+ knots gives a vector sum of 20 knots -;};
(from 240"). o

-> "

. The two components must be determined separately because the N-S x
- component does not depend on latitude, and the E-W component does N
X depend on Tatitude, strongly at the higher latitudes, as shown in Ve
. Fig. 1. _—

Fig. 1 can be used for loops also. For use with a 10-hour loop, .

. maltiply the values on the horizontal scale by 10 (or better, add B

- or substitute a scale renumbered in this way). Similarly for a o
X 12-hour Toop, multiply by 12; for a 24-hour loop, multiply by R
. 24, etc. <)
f Note that this procedure is a rapid one largely because once set '-j
up, no additional numerical calculations are needed. “reg
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 77/4

EARLY SIGNS OF TROPICAL STORM DEVELOPMENT
IN THE WESTERN ATLANTIC

Vernon F. Dvorak
NOAA/NESS, Applications Group, Washington, D.C.

Introduction

During the past three years, a total of 10 tropical cyclones reached
tropical storm intensity or more in the western Atlantic after showing
early signs of cyclogenesis in the region east of Florida and north of

20° latitude. Satellite pictures of five of these ten storms are shown

to illustrate the earliest indications of their development. An analysis
of the cloud pattern evolution is made to test the criteria currently used
by operational analysts to forecast tropical storm development.

The operational procedure regarding initial development is to monitor all
disturbed cloud areas and determine when a cloud system warrants a T
classification. This number (T1), when used without a minus, forecasts
a storm of tropical storm intensity (T72.5) 36 hours from the time of
classification (Dvorak 1975). The T1 classification is made when a
disturbance meets the following criteria:

(1} A cloud grouping has persisted for more than 12 hours that

(2) includes an area of either dense-appearing convective overcast
or cumulonimbus organization of at least three degrees in areal extent
with

(3) cloud line curvature defining a cloud system center within an
area less than 2-1/2° diameter. The center can be defined either by curved
cloud lines associated with cumulonimbus, by low cloud line curvature with
the center defined near dense overcast, or by a combination of the two.

Data Description

Figures 1 and 2 show four days early in the lives of tropical cyclones
Belle and Gloria, 1976. The pictures, taken 24 hours apart, are arranged
in columns with time increasing from the bottom ?f the picture to thg top.
In each horizontal row, coincident infrared (IR)', enhanced IR (EIR)¢, and
"VIS" images are displayed from left to right.

Figure 3a, b, ¢ shows three different tropical cyclones in the IR only,
with time also increasing from bottom to top. The disturbances shown are:
Fiqgure 3a, Becky 1974; figure 3b, Dolly 1974; and Figure 3c, Candice 1976.

1. 7 curve display
2. Applications Group gamma enhancement
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In all the storm histories shown in these three figures, the disturbances
reached tropical storm (T/S) intensity in National Hurricane Center bulletins
from 23 to 33 hours after the time of the picture in the top row. -

I

Data Analysis R

Four days before tropical storm (T/S) was named (bottom pictures). In

the first views, clusters of convective clouds and cirrus are visible (A)
but 1ittle, if any, sign of curved convective line structure is apparent.
(The right-hand disturbance in Figure 2 does show this but is not discussed
in this paper.)

"'J-M \-‘ 4%

, Three days before T/S was named (second picture from bottom). All
- disturbances now show some convective line curvature (B), but only the
patterns in 3b and 3c show good center definition (i.e., within a 2.5°
. area). The smooth uniform appearance of most of the clouds defining these
a centers suggests that there may be 1ittle convective line structure under
» them. The "VIS" pictures (not shown) do show the north side of these
patterns to be only thin cirrus (C). This Teaves the remaining amount of
- dense clouds too small in area for the T1 criteria. Either TO or T0.5 is
-, usually used in these marginal cases (depending on the persistence of
- the features observed in previous pictures). The IR data were shown in
- preference to the "VIS" to illustrate how well the IR imagery reveals the
Ay organization of the cirrus outflow patterns (C). Note the similarity of
' this pattern for all disturbances at this stage of development.

!;

PR A
3. 0y Ay by e

v...,
TR
? »y e

Two days before T/S was named (second picture from top). Convective

line curvature has increased in all cases but the center definition

: remains marginal in all but those in Fiqgures 2 and 3a. In Figure 2,

~ however, the amount of deep layer convection is too small for T1. In i
. Figure 3a, the pattern showed signs of being in excess of T2, but o
operational rules constrain the analysis to T1.5 on the first classification. ‘Eﬁj
The patterns in Figure 3b and Figure 3c, being still weak, illustrate

how the smooth uniform cirrus patterns seen the day before can give the

appearance of advanced pattern evolution during the first days of develop-

ment. With short interval data, these patterns are often seen to be short-

lived.

BRI RN
AL

. One day (23-33 hours) before T/S was named (top picture). By this time

Y all pictures show convective line curvature defining a cloud system center
- within a small area. At this stage, one day after T0.5 or more, the cloud
i pattern is expected to show more organization of dense clouds around the

» system center. This usually takes on the appearance of a curved "comma”
band at the T2 stage similar to the cnes seen in Figures 1, 2 (EIR) and 3a
(D). The band is more tightly curved than required for T2 in Figures 2 and
3a, but since Fiqure 2's T-numbher was only T0.5 the day before, it was

held down to T2. The band in Figure 1 has not quite made it to T2 so it

is held to the expected change of one number per day.
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Summary and Conclusions

1. The earliest indication of cloud pattern organization in the cyclones
of the sample was observed about three days before T/S intensity was
reached.

2. The first sign of cloud pattern organization was the appearance of a
"cold" overcast cirrus pattern over previously existing convective clouds.
The cirrus pattern showed anticyclonic cirrus shear across the cloud
system. The pattern appeared to be similar in all cases at the same stage
in the growth process and usually weakened during the succeeding 24 hours.

3. The developmental criteria tested in the study worked well for all
storms except Becky which was forecast 23 hours early. The addition of
cirrus cloud pattern criteria for detecting the early stages of cyclogenesis
is suggested by the study. Cirrus patterns as well as areas of deep layer
convection are easily recognized in enhanced IR imagery.

REFERENCES

Dvorak, V. F., 1975: Tropical cyclone intensity analysis and
forecasting from satellite imagery. Mon. Wea. Rev., 103, pp. 420-430
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U.S. DEPARTMENT OF COMMERCE

&gﬁb - National Weather Service/National Environmental Satellite Service
‘ SATELLITE APPLICATIONS INFORMATION NOTE 77/5

MERGER OF TROPICAL CYCLONE REMNANTS OVER THE NORTHEAST PACIFIC

Arthur C. Pike
NESS, Satellite Field Services Station, Honolulu, Hawaii

An unusual case of two large, distinct tropical cyclonic vorticity maxima
of approximately equal strength merging to form a unified system occurred
east of Hawaii in August 1976. It was the first such instance to be viewed
by the SMS-2 geostationary satellite. The disturbances involved were the
late, declining stages of tropical cyclones GWEN and HYACINTH. They are
illustrated with SMS-2 daylight sectors of two km resolution, except in
figure 4, where the resolution is four km. Since tropical cyclone pairs
are commonly observed during the hurricane season over the northeast
Pacific (Baum 1976), a future case similar to this one is likely to occur
there.

Figure 1 is a view of GWEN and HYACINTH late on August 9 when their centers
were 1550 km apart. GWEN, to the southwest near 10°N 125°W, has maximum
sustained winds estimated at 45 knots, while HYACINTH appears near peak
strength as a 95-knot hurricane near 15°N 111°W. By the afternoon of
August 12, figure 2, HYACINTH has moved west-northwest to 22°N 128°W and

- has weakened to a 55-knot storm over relatively cool, 21°C ocean surface
‘i; ~  water. GWEN, now only 770 km southeast of HYACINTH and embedded in its

LS. convergent counterclockwise flow, is moving north-northwest at 15 knots with
35-knot winds. The Fujiwhara effect (Fujiwhara 1921, Jager 1968), a
relative cyclonic rotation about each other of two cyclones as they approach,
is now evident.

One day later on August 13, figqure 3, both systems are weakening 35-knot storms
spaced 480 km apart. GWEN has shifted northeast of HYACINTH and is beginn-

ing to move more westward at an accelerated rate of 28 knots. HYACINTH
continues west at about 15 knots. Only seven hours later, figure 4, the
predominatly stratiform cloud patterns of both cyclones are merging in

the general vicinity of 23°N 137°W, although the GWEN vorticity maximum

is still well defined about 450 km to the north-northeast of the HYACINTH
maximum. Highest winds in the system are estimated at 35 knots just

north of the GWEN maximum.

By the morning of Auqust 14, fiqure 5, the two vorticity maxima have
become parts of a single larger-scale cyclonic system near 22°N 141°W.
The remnants of GWEN, farther north at this time, and HYACINTH are now
only 180 km apart, and are beginning to diffuse vorticity into a common
center of circulation between them. In figure 6, taken early in the
afternoon of Auqust 15, only one well defined vorticity maximum can be
seen, near 22°N 148°W. Highest winds are estimated at 25 knots. The
disturbance seen near 24°N 141°W marks the remnants of tropical depression
11, which was not involved in the GWEN-HYACINTH merger although it did

- execute a Fujiwhara-type motion along the periphery of the merging pair.
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. Now officially classified as a single tropical depression, T.D. 9, the o
. cyclonic system moved generally west-northwest for the next several days .
» passing 200 km north of Oahu and Kauai in the Hawaiian Islands during - . N
- August 17. The only associated Hawaiian rainfall occurred in conditions s e
§ of sea breeze convergence in the col area south of the depression. Wt A
Although no strong prevailing winds were apparent in the depression, E
. cumulonimbus convection was briefly activated within it on August 17 00
N northeast of Hawaii and on Auqust 20 near 37°N 178°W as it passed through f
>, regions of ascending air east of slow-moving upper tropospheric troughs. R
1 The system recurved into the westerlies as a minor vorticity maximum 5}'
] on the latter date.
. A best track map for GWEN, HYACINTH and tropical depression 9 appears !%
by in figure 7. East of longitude 140°W it is based on information supplied f@
. by the National Weather Service Forecast Office at Redwood City, CA; N
- farther west it has been constructed by the author. T
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SMS-2 visible (2 km resolution),

G = GWEN, H = HYACINTIH.
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THE FEBRUARY 23-24 DUST STORM AS VIEWED FROM GOES-1

James J. Gurka
Applications Group
NESS/Washington, D. C.

On February 22, 1977, an intense surface low developed in the lee of the
Colorado Rockies (Fig. 1) producing strong winds but very little precipi-
tation in the drought-stricken areas of eastern Colorado, western Kansas,
and west Texas (see Fig. 2). As was expected, the storm began producing
blowing dust on the 22nd. By February 23 and 24, the storm was responsible
for the most spectacular dust storms over North America since geostationary
satellite imagery has been available. While the satellite imagery made it
possible to monitor the spread of the dust, the 24-hour P.E. trajectory
prog. proved to be a useful tool for predicting the spread of the dust on
this occasion.

The hourly sequence of visible satellite pictures beginning at 1700 GMT,
February 23 (Figs. 3-6) shows the edges of the blowing dust at A, B, C and
D. At 1700 GMT (Fig. 3). one area of dust is confined to west central
Texas and appears as a hazy, milky-looking area between A and B. Farther
north, a more widespread area of dust extends from northeast Colorado,
southeastward through parts of Kansas and the Oklahoma and Texas pan-
handles (D) and then northeastward through central and northern Qklahoma
(C). Numerous observations of blowing dust were being reported on the
1800 GMT surface chart (Fiqg. 7). From 1800 to 2000 GMT (Figs. 4-6), the
dust originating near the west Texa~ border spread southeastward into
central Texas, and by 2300 GM™ (Fiq. 8), into southeast Texas. The edge
of the northern dust area at I} spread southward durina the afternoon, while
that at C moved southeastward. The airborne dust can also be seen as a
cotd radiating surface (A, B and C) in the daytime IR imagery (1900 and
2000 GMT, Fiqgs. ¢ and 10).

By 1600 GMT on the rext day, February 24 (fig. 11), the dust extended from
southern and western Oklahoma and northeast Texas (D) eastward through
portions of Arkansas and Louisiana into Missiscippi (E), Alabama and Georgia
(A); and then southward into the Gulf of Mexico, with edges at B, C and F.
On the 1600 GMT infrared picture (Fig. 12), the dust can be seen over land
(A to D); however, in this case, the temperature of the top of the layer
approaches that of the sensed water temperature in the Gulf and could mask
the actual thermal pattern and lead to errors in determining sea surface
temperatures from the satellite imagery.
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The dust on both days extended upward through a deep layer in the -
atmosphere, with several pilot reports taken on February 23 over Texas 'E
indicating tops of the layer to be 12,000 to 15,000 feet. On the 24th, :f.
reports of dust tops from 7,000 to 9,000 feet were common, with most - N
pilots reporting the thickest dust in the lowest 3,000 to 5,000 feet SRS RO
range. '5i:’ ::&

The 24-hour P.E. trajectory prog. for the 850 mb level (Fig. 13) moved

some of the dust-laden air from central Texas into southeastern Georgia
between 0000 GMT on the 24th and 0000 GMT on the 25th; another portion

was forecast to move into the Gulf of Mexico. For the same time period,

the trajectories passing through the dust in Oklahoma extended southeast-
ward to Alabama and then northeastward through northern Georgia and into

the Carolinas. From the 2200 GMT satellite picture (Fig. 14), it can be

seen that the trajectory forecast was fairly accurate with the dust extending
through Georgia and into the Carolinas and southward into the Gulf of Mexico,
with edges at A, B, C, D. E, and F. This suggests that the satellite-
observed dust patterns, combined with the 24-hour trajectory prog., could

be useful tools in the preparation of aviation forecasts during counditions
of blowing dust.
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Fig. 2. Observed 24-hour precipitation for the
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AN OCEANIC CYCLOGENESIS - ITS CLOUD PATTERN INTERPRETATION

o
e

-
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R. B. Weldon
NESS, Applications Group
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Shown is a series of 13 infrared pictures over the Pacific. The pictures
are at 3-hour intervals and span a total period of 26 hours. Picture 14 is
a visible image which corresponds to the time of picture 6 of the IR series.
The cloud pattern evolution shown is a type which is often observed with
relatively rapid cyclogenesis over the oceans. Many aspects of the cases
are pertinent to weather systems that occur over North America as well.
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Note the cloud pattern that is labeled "A" on pictures 1 and 3 and its
evolution during the 36 hour period. Some aspects of the cloud pattern

and its evolution are unique to the case shown; other aspects are common

to many systems of the type. It is those common aspects that are emphasized
in the following observations and interpretations.

The cloud pattern evolution:

Most of the cloud pattern change occurred during the 24 hour period which
began at 12 GMT, 3 February, and ended at 12GMT, 4 February (pictures 3

thru 11). On picture 3, the cloud pattern - labeled "A" - is well defined
with a relatively uniform cold top area and a distinct edge on the poleward
side. The “distinctiveness" of the cloud pattern has increased during the
previous six hours (compare pictures 1, 2 and 3), although the general "wing"
or “leaf" shape has continued. The cloud top area has become more uniformly
cold and the poleward edge has sharpened - become better defined. In many
cases, this trend is accompanied by a clearing or decrease of cloudiness
adjacent to the main cloud pattern, but this is not apparent on the pictures
shown here. 1 have noted that such an increase in "distinctiveness" is an
indication that the system is intensifying; the mid-tropospheric vorticity and
temperature gradients are increasing with time, and the value of the maximum
vorticity associated with the cloud system is probably increasing with time.

Note that tne poleward edge of the cloud pattern on picture 3 has a low
amplitude "S$" shape. On FIGURE 3 - which contains the same IR image as
picture 3 - this edge is jdentified by the white letters "a", "b" and "c".

The shape of the edge reverses from slightly concave to slightly convex

at point “b", an inflection point. On picture 4, that portion of the edge
which was concave west of the inflection point (section "a-b" on Figure 3),
now appears as a separate cloud band. The clouds which were south of the
edge in that portion of the system have begun to dissipate - or have stopped
forming. This trend continues. On picture 6, the edge band itself is no
Tonger detectable; and the cloud pattern has begun to form a comma-1ike shape.
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That part of the edge which was convex east of the inflection point

(section "b-c" on Figure 3) has been maintained. This has evolved

WS, to become the border of the "head" portion of the emerging cloud

‘gb ht comma pattern. On picture 6, a protruding cloud point or "tip" (labeled
“D") appears at the rear of the comma "head". When viewed by 30 minute
interval time-lapse motion - film loops - the tip appears to have evolved
from the inflection point of the original edge. A small clear "slot"
anpears to the south of the "tip". It is the presence of the "slot" that
differentiates between having a "tip" rather than an inflection point at
the Tocation where the edge reverses its shape from concave to convex.

. During the ensuing pictures of the series (pictures 7 thru 13) the slot

becomes larger, the portion of the edge which is concavely shaped (south

and west of the slot on picture 6) rotates cyclonically with time, and the

tip "hooks" cyclonically around the center of maximum vorticity.

Picture 14 is a visible image which corresponds in time to the IR image of
picture 6. This was the first high sun angle visible picture available

to me for that date. Note the bright distinct pattern and the smooth top
appearance of the main cloud system on the visible picture. Such distinctive-
ness on both the visible and IR images is an indication that the cyclogenesis
is occurring through a vertically deep layer. With such a case over an
oceanic environment, it is likely that significant surface cyclogenesis is
accompanying the upper level cloud system development. Had there been visible
data available for the time of picture 3 (about midnight local time), cloud
pattern "A" would likely have displayed a similar bright well defined pattern
as on picture 14. This opinion is based upon observations of other similarly
developing systems at the same phase of their evolution.

st - The cloud system "movement" and relationships to the wind field:

Which way will it move? If, at the time of one of the first 3 pictures,
cloud system "A" had been recognized as an incipient pattern of a developing
storm system, this would have been one of the basic questions asked. Another
related question is: "which way did it move?" The first requirement for
answering either of those questions is to define "it". Figure 4 is a drawing
which depicts the movement of the edge "a-b-c¢" which was indicated on Figure
3. The edge position is shown at six hour intervals. The numbers correspond
to picture numbers. Point "a" was defined as the location where the cirrus
which was coming over the upstream high level ridge ¢rosced the "tail" end

of cloud system "A". Point "b" was defined as the inflection point of the
original edge, which became the "tip" as the system evolved. Point "¢" was
defined as the point on the "outflow" end of the edge where the clouds either
ended or became ragged. Keeping in mind that picture 9 was a 0615 GMT picture
30 minutes later than it should have been to maintain the 3 hourly intervals,
the following observations are made:
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Note that prior to picture 5 the cloud system had changed little in shape

and moved rapidly toward the east-southeast. It was during the period
between pictures 4 and 6 that the "a-b" section of the radar edge became -
banded and disappeared - shifting that part of the edge southeastward and
forming the comma-like shape. It was during the same time period that the
inflection point/tip part of the cloud system changed from moving eastward

or slightly south of eastward to northeastward. Both the change of direction
and the transition of the cloud pattern are coincident with the development
of southwesterly winds in advance of the vorticity center at mid tropospheric
, levels. A "waving" or increase of amplitude of the streamlines at middle
levels occurred, and the system began to "turn the corner".

Studies of such cloud systems over the U.S. data network have shown that
the "vorticity center" - or the point of maximum absolute vorticity value
of the 500 mb winds - is located just to the rear of the inflection point
on the clear side of the distinct edge - as seen on pictures 1,2, or 3.

On picture 6 it would be located southwest of the "tip" feature. As the
pattern evolves and the amplitude of the "trough" in the wind field and
height contours increases, the vorticity center moves faster than the
“tip"”. I have placed dots on Figure 4 indicating where I believe the
vorticity center would most likely be located with respect to the cloud
pattern at each of the 6 hour intervals. Note that a line drawn between
the vorticity center and the "tip" (or the inflection point of the edge) at
each picture time would rotate cyclonically as the pattern evolved. This
changing relationship is directly related to the fact that the system was
developing an increasing amplitude trough (and eventually a closed low and
streamline center) and to the fact that the vorticity center (and the tip
feature and comma head) were moving in a path that curved increasingly to the
left with time.

In regard to the part of the system that moved northeastward, another point
to consider is: can we determine from the satellite pictures when the upper
level center "closed" in the contours and streamlines - if it did? Consider
picture 7. If we examine the cloud motions on movie loops at the time of that
picture, or those of other comma shaped cloud systems in a similar phase of
development; the following is observed. The small cloud elements on the
north or northwest side of the slot are moving backwards - or losing ground -
with respect to the overall cloud system movement. Clouds are dissipating

at the edges of the tip. On the other side of the slot, clouds seem to be
forming. In other words, the air northwest of the slot is losing ground to
the moving cloud system, and the air southeast of the slot - and along the
edge southward of that area - is gaining ground with respect to the system.
At this phase of development, this differential motion is due mostly to wind
shear and only slightly to curvature. The air northwest of the vorticity
center - at cloud Tevels - is still moving from the west or southwest with
respect to the map, but not with respect to the system which is moving faster.
A "Closed" circulation is present in the relative motion of the air, but not
in the winds. As the system evolves and the circulation "closes" in the wind
field, the following behavior is observed on movie loops. Cloud elements
move back along the tip area and dissipate; those that move furthest before
dissipating define the end of the tip. There is considerable variation in
this process at half hourly intervals, and a corresponding variation in the
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shape and extension of the tip. As the system evolves, these elements tend
¥ A to move more to the left and further along the path than their predecessors
y 4{}5 —  before they dissipate. The result to the pattern is, that the tip begins

to hook cyclonically around some point moving with the system. In the case
shown, this pattern appears on picture 9 and is better defined by picture 10.
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Experience has shown that this process of the tip hooking around into a curved ig;
by pattern occurs at about the same time that the elements begin moving back with ]
. respect to the ground (as well as with respect to the system). Thus, the hooked :ﬁ«
X tip pattern is a good indication that the system is "closed" in the wind -;:
I field - and contour field - at cloud levels. Careful study of the film loops R

for the case shown indicates that the system was "closed" in the cloud level ki

flow: probably by picture 9 and definitely by picture 10. Note that the tip (Z
- can be hooked completely into a circle; and, if the system is still moving, e
" the vorticity center will not be in the center of the circle formed by the o
- hooked tip. It will be offset to the right of the center of the hooked circle -

Tooking downstream in the direction of system movement.

Bk 0

- Whereas the comma "head" portion of the cloud system turned northeastward,
~ the part of the cloud edge indicated by "a" continued to move eastsoutheastward
until picture 8, then eastward until picture 10. Section "a-b" of the edge
rotated cyclonically, such that point "a" which was about 500 miles westsouth-
. west of "b" on picture 1 is nearly the same distance to the southsoutheast of
) "b" by picture 13. Edge section "a-b" forms the rear edge of the "tail" cloud
feature of the evolving storm cloud "comma". The tail cloud band, in this
case, indicates a vertically deep frontal zone extending thru the middle and
lower troposphere. Significant convection occurs along that frontal zone
from the comma head southward (or southwestward on the earlier pictures) to N2
_ point "a" where the cirrus crosses over the frontal zone. The northern edge ~7
) §.~ of the cirrus which crosses the tail/frontal zone is near to and parallel to
. < the axis of maximum winds at high tropospheric levels. Thus, point "b" re-
g presents the point where the axis of the jet stream crosses the lower level T
: frontal zone. At low levels the frontal zone extends under the jet stream o
cirrus. The cloud band labeled "f" on picture 14 and on IR picture 6 is "o
. Tikely very close to the location of the surface cold front associated with oy
: the developing cloud system. =
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~ At the time of picture 9, the southern end of the tail/frontal zone where o
the jet stream cirrus crosses has been moving eastward, and active convection AN
has been occurring. In the interest of forecasting the weather to the east o
of the tail at those latitudes, the significant question is: 1is it safe to A
- extrapolate the past movement of the southern end of the active frontal zone. S
From experience 1 have noted that, as long as the cirrus coming over the up- =
stream ridge extends downstream to - or across - the frontal zone tail band
as a well defined band or edge nearly parallel to the high level winds, the
frontal zone - where the cirrus crosses - will continue to move, and convection
. will occur along the tail to the left of where the cirrus crosses. When the
] cirrus edge or band coming over the upstream ridge is well defined, the axis
of maximum winds tend to be parallel to the edge and parallel to the isopleth-
of vorticity. If such an edge is present and nearly straight upstream to the
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ridge or back upstream 10 or 15 degrees longitude, then the frontal band
at the crossing point will remain active and move in the direction of the

'».J"ir'r'

3
cirrus that crosses it. I can reliably extrapolate the frontal band - N
movement for 12 hours or more. If the definition and straightness of the S bﬁ
edge is maintained, but the upstream ridge is building northward with time (;4}~ b ge

the jet and cirrus band will rotate anticyclonically and the cros§ing point
will move increasingly to the right of its previous track. In this case,

LY. v v AR e 2
'
)

.,

: none of the above are occurring. Examination of the clouds of the upstream B
' ridge indicates two changes occurring during pictures 9, 10, and 11. The o
flow between the upstream ridge and the frontal band is increasing its R
amplitude. The cloud edge near the ridge is more and more anticyclonically Kt

curved and that near the frontal band is more cyclonically curved. The cirrus -
edge near the frontal band is rotating cyclonically in concert with this

-;vf‘rm

5 increase of amplitude; and the point “a" of the system begins to turn toward

N the northeast. Also, as the increase in amplitude occurs, the cirrus no longer cod
s extends from the ridge to the frontal band. The second change occurring is .

s that the edge near the ridge is becoming ragged indicating that the flow is

across the vorticity isopleths in an "negative vorticity advection" sense. This
also indicates that the strong winds in that area will be spread over a wide
- area; the axis of maximum winds will be difficult to define. The first
i change indicates that the point of cirrus crossing the frontal band will turn
y toward the northeast (or more to the left of its previous track); and the
A second change indicates that the system will begin to shear out and weaken.
‘ Note on Figure 5 that the 300 mb contours spread in a different pattern
between the upstream ridge and the evolving storm cloud system. During
the period from picture 11 until picture 13, the cloud system elongated into
a northwest - southeast orientation, and the cloud bands became thinner.
Studies of such cloud system behavior over data rich areas indicate the
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%
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following: An elongated region or "lobe" or higher vorticity values extends - -
from the vorticity center to the point where the cirrus crosses the frontal oS
band. As the cloud system stretches or elongates in the manner shown here, @ 3
the vorticity lobe also elongates, the vorticity gradients decrease, and . -
the value of the vorticity center decreases. X
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Because of the change of structure of the upstream ridge, the demise of the A
system can be guessed at the time of picture 11. By picture 12, the quess -
is reinforced, and by picture 13, the trend is well established. After that
the system continues to "shear out" as it moves against the blocking ridge-

5 trough pattern over the North American continent.

>
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The early cloud pattern identity - a "baroclinic leaf"

. How soon was the development identifiable on the satellite pictures? The
answer is - in my opinion - at the time of picture 1. Although the cloud
pattern was identifiable prior to that time, it was less distinct. By

: picture 1, the pattern had a distinct "wing" or "leaf" shape which is character-
3 istic of the incipient cloud patterns in many cases of cyclogenesis. I refer
to such an incipient cloud system as a "baroclinic leaf". I could not be sure

at the time of picture 1 - based merely on the shape alone - that the cloud
patpprn "A" was of the "baroclinic leaf" cateqory. However, there are some .
additional clues which reinforced the identity.




(1)

(3)

(1)
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If the "leaf" shaped pattern is a "baroclinic leaf", it should

be located within the jet stream zone, or in the exit region of

an advancing jet stream with weaker flow ahead of it. The differences
of the low clouds in picture 1 indicate that pattern "A" is within
the jet stream zone.

The logitudinal cloud axis of a "baroclinic leaf" pattern will

most 1ikely be oriented in a direction which is rotated counter-
clockwise by some acute angle with respect to the direction of

the upstream jet axis. This is difficult to check on picture 1,
since the upstream jet stream is on the horizon of the picture.

A related characteristic which can be checked is that the axis of
the "leaf" will usually be in a direction oriented counterclockwise
from the direction of propagation of the cloud system. This is
true at the time of picture 1. The axis of the "leaf" is WSW-ENE,
and the direction of propagation a little south of eastward.

On an IR picture, the cloud top area of a "baroclinic leaf" system
is usually colder and smoother on the wider portion, with the cloud
tops becoming progressively warmer and more irregular toward the
narrow "tail-like" end.

From the above combination of characteristics, the "baroclinic leaf" identity of
cloud pattern "A" was firmly established; and the interpretation that significant
d-~velopment was underway was a highly reliable one. The primary remaining
yuestion is: What is the vertical depth involved in the development? The
coldness of the pattern on the IR image indicates that system is affecting the
high troposphere, but some "leaf" cloud patterns and their associated

development are confined to the higher levels.

In this case, | concluded that the development was vertically deep and
probably included the surface. The conclusions were based on the following:

Such coldness on the IR image with respect to other cloud systems
on the same picture, impiied a vertically thick cloud system.

The jet stream associated with the system appeared to be vertically
deep because of the effects on the convective clouds on opposing
sides.

The de\ :lopment was not in the southern branch of a split in the
westerlies, but appeared to be within the main brench of the jet
stream. Hign leval development often occur in the southern branch
of splitting westerly jet streams.

The development was over the ocean where a large availability of
Tow level moisture existed.

Another point to check in this regard is:

Does a 1ow level tail-Tike band of c¢louds - such as those associated
with a surface front - extend to the rear of the narrow end of the
"lTeaf"? [f it does the development involves the lower atmosphere.
[n this case the area where the low band would be is obscured by
hrgher Clouds.  So, this clue cannot be checked,
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s Figure 3 shows the 300mb contours from the NMC analysis superimposed on

the IR image of picture 3. The purpose of the figure is to illustrate the
relationships of this particular "baroclinic leaf" pattern to the long wave
environment. Figures 1 and 2 depict "baroclinic leaf" patterns within two

other types of environments. -

The following conditions are common to "baroclinic leaf" patterns in all
3 types of environments:

(1) The region of the atmosphere under the leaf is frontogenetic.
In early stages of most cases, the frontogenesis was strongest in
the middle troposphere, and was occurring in the deformation zone
in advance of a speed maximum in the jet stream upstream from the
leaf. The overall frontal zone is parallel to the longitudianal
axis of the "cloud Teaf". As the system progresses, lower level
frontogenesis begins or increases under that part of the leaf with
the concave rear edge. This appears to be enhanced by sinking air
to the rear of that part of the cloud system. At high tropospheric
levels the frontogenesis is greatest near the convex portion of
the edge.

(2) The presence of the "leaf" is an indication that cyclogenesis is
likely. If the development is not halted by some change in the
environmental conditions, the "leaf" will evolve into the storm
cloud comma pattern.

(3) Although the "rear" edge of a "leaf" is often well defined, the
winds and height contours at cloud top levels are oriented across
the edge at angles ranging from very large at the narrow (usually
equator-ward) end to very small or paralled at the wide (usually
poleward) end.

(4) The leaf pattern is located within a tight gradient of 500mb u-,
vorticity isopleths. The 500mb winds cross the isopleths in a oo
positive advection direction. The vorticity gradient is usually
increasing with time. For those systems that are developing rapidiy,
the vorticity isopleths are parallel to the contours and winds
along the jet axis upstream from the narrow end of the "leaf".

(5) The jet stream axis is NOT along the well defined edge of the leaf.
The jet stream axis normally crosses the leaf pattern in a manner
depicted by the arrows on Figures 1 and 2. The jet stream is usually
well defined and strong at middle levels upstream from the leaf
where the cross-hatched arrows are shown on Figures 1 and 2. There
is more variability in the jet structure on the other side of the

leaf.
The following differences which depend upon the 3 types of environments
shown:
Figure 1:

Here the "baroclinic leaf" is located over a pre-existing or established
low level or surface frontal zone. The clouds associated with the low level




front are indicated by the hatched band. As the deep layer frontogenesis
occurs, the low level increasing gradient will be merged with the existing
gradient of the established surface front along the tail portion of the
leaf. In such cases, when the surface cyclogenesis occurs north of the
established front, that portion of the newly forming cold front which is
north of the established front, will be "an instant occlusion". If the
surface cyclogenesis occurs in the surface frontal zone of the pre-existing
front, a "frontal wave development" will occur. My observations indicate
that the place where the surface cyclogenesis occurs in most dependent upon
where the middle and upper level strong wind zones are. The lower level
environment - especially the availability of warm moist air - appears to
influence the rapidity at which the surface cyclogenesis proceeds. This may
be related to the fact that when a "leaf" cloud pattern does occur over or
near to an already established surface frontal zone, the convex curved
portion of the edge and the clouds in that portion of the "leaf" dominate
in coldness and brightness. In fact the cloud system quickly takes on more
or an "arch" shape rather than a "leaf" or "wing" shape on the IR images.

Figure 2:

Here the "leaf" occurs on the forward side of a relatively high amplitude
trough. Frequently in such cases considerable high cloudiness is present

on the warm side of the jet stream axis. Note that the edge of that cloud
pattern coincides closely with the axis of the jet stream indicated by the
arrows. The edge of the "leaf" does not. In regard to the low level frontal
locations, similar variations occur as in the case of Fiqure 1, since often
there is a pre-existin, low level frontal zone under the jet stream related
cirrus. Frequently a new surface front will form along the tail of the
“Teaf" before it accelerates eastward and overtakes the colde pre-existing
front.

Figure 3:

Here, as in Figure 1, the "leaf" is forming within a relatively low amplitude
branch of strong westerlies. However, in this case there is no pre-existing
surface frontal zone near the "leaf". Note the southwest to norteast oriented
warm cloud bands well to the southeast of the "leaf". These are the remnant
frontal cloud bands of previous systems which have moved east and dissipated
against the blocking ridge. One of these stil' had active convection along

it in picture 1. In such a case as this - during the eariy staqges of the
"leaf" - a surface front may exist, trailing back upstream under the middle
and upper level jet/baroclinic zones, or it may form under the tail end of

the "lTeaf"” as the system intensifies.
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National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 77/10

LIFE CYCLE OF AN ATLANTIC SUBTROPICAL LOW

James B. Lushine
Satellite Field Services Station, Miami, Fla.

The subtropical cyclone has drawn increased attention by Atlantic tropical
meteorologists due to its greater frequency in recent years and its potential
for transformation into a tropical cyclone (Frank, 1976). Hebert and Poteat
(1975) have described three principal types of genesis of subtropical lows
that predominate in the Atlantic. One of these is the type which forms east
of an upper tropospheric trough but not in a frontolyzing zone. The evolution
of this type of subtropical cyclone near Bermuda during the period 11-15 March
1977 will be examined and probable reasons why it did not become a tropical
cyclone will be offered.

A mid-tropospheric short wave moved eastward off of the southeastern U.S.
coast on 10 March 1977. By 1501 GMT, 11 March 1977, this short wave was
centered along 68°W between 25°N and 35°N and was reflected on the surface
as an inverted trough (Fig. 1). Twenty-four hours later the middle level
short wave had moved eastward and surface pressures had fallen about 3mb.
Fig. 2 shows the 1800 GMT surface analysis superimposed on the 2 mile
resolution visible picture taken at 1501 GMT on 12 March 1977. During the
next 24 hours, the system moved southward at 5-10 knots and convection
increased dramatically. Bands of thunderstorms began to align themselves

in the familiar comma-shaped confiquration scen in the formation of some
tropical cycleones. Visible movie loops ot this time indicated a low cloud
circulation center had developed. Fig. 3 1s a 1/2 mile resolution visible
picture taken at 1500 GMT on 12 March 1577 with an 1800 GMT surface analysis
superimposed.  Surface pressures had new dropped approximately 6mb in the
past 24 hours. Wind speeds up to 30 knots were observed well away from the
low center, a distinguishing feature of -ubtropical cyclones as opposed to
purely tropical cyclones. Although exhibiting some tropical characteristics,
the still cold air environment around the low is indicated by the stratified
low clouds seen northwest of the center. The <urface low center had now
moved southward at 10 knots. By 1801 GM” on 14 March 1977 (Fiq. 4},
weakening of the system was inferred from the satellite pictures as the con-
vection had diminished and become displaced well to the east of the low-
level circulation. Tnis circulation was then indicated by rather poor
alignment of the jow-lTevel cumulus elemests.  Although surface pressures in
the low remained nearly unchanged from 74 hours earlier, falling pressure
ahead of an approaching cold front weakered the pressure gradient and winds
around the low subsided. By 1331 GMT, 15 March 1977, the convection had
moved further eastward and decreased rapidly (ig. 5). The surface low center
had moved sTowly southward and was barely discernable as a weak 1014 mb

low pressure center. Six hours later there was no evidence of the low center
on the surface,either from conventional data or from ¢loud motions.
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The reasons tnal thi —atiro, oalb cyclone failed to become tropical

were twofoid. Hirst, <va Lurtiace temperatures were 3'C-8°C below the
commonly recognized thresnold value of 27°C needed for tropical storm
formation (Palmén. 194k). These sea surface temperatures were obtained
operationaily from satellite observations, a weekly summary of which is
shown in Fig. 6. The other factor which inhibited the transformation to

a warm core tropical cyclone was the strong vertical shear of the horizontal
winds. Mean wind shear charts (not shown) derived by subtracting the
1000-600mb mean wind from the 600-200mb mean wind indicated shears of 15-30
knots in the area of the subtropical low. This shear is 5-20 knots greater
than is normally associated with tropical storm formation in the Atlantic
(Hope, 1975).

Satellite depiction of cloud cover, sea surface temperature, and wind
flow has given the tropical meteorologist an opportunity to observe and
evaluate the potential of disturbances over data spar<e areas.

Thanks qo to James Eskdale for his drafting and photographic expertise and
to Suzanne Melisano for the typing.
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w AN EXAMPLE OF THE IMPORTANCE OF SUBSYNOPTIC FEATURES IN FORECASTING o P
3 Warren M. Wisner I
& Satellite Field Services Station, Anchorage, Alaska
{: A
N The use of GOES/SMS-2? imagery in forecasting for the Alaska area got a L
- big boost when the Synchronous Meteorological Satellite (SMS-2) was moved gj
. to 1354 some 35,795 kilometers above the ocean. This satellite is orbiting LY
B eastward at the same rate as the earth's rotation giving it the appearance o
v of being stationary over the same location on the ocean. Since the open- =
- ing of the National Environmental Satellite Service's (NESS) field station e
L4 in Anghorage in December, 1975, the use of the SMS-2 Infared (IR) data, o~
; which is received hourly, has become a major input for the locating and
tracking of weather systems as they move towards the Alaska mainland. .
. However, weak looking but potentially important short-wave or subsynoptic L
S features are often overlooked by the forecasters as important weather o
- producers. An example of this occurred on April 26 and 27, 1977. -
- The 0000 GMT Monday, April 26, 1977, 500mb analysis, Figure 1, shows a B3
. trough through western Alaska. The corresponding surface analysis, Figure MG
N 3. shows a weakening occluded front from a low in northeastern Alaska -
~ through Anchorage and Kodiak. The SMS-2 picture for about the same time o
-5‘ shows the cloud pattern associated with this front, ABC on Fiqure 7. ~ .
. Note also at this time that a poorly organized system was located about . R
‘. R00 kilometers west of Washington state with clouds spreading northward iE;E i;
to southern southeast Alaska. - R
- Figures 8 and 9 show that the frontal clouds over the Gulf of Alaska -
- dissipated as the front moved eastward. Also one can see on Figure 8 11
= at 'D' what appears to be the start of a speed maximum coming into south- -
- west Alaska. This speed maximum, OE on Figure 9, reaches the bottom of -
the trough aloft over Kodiak Island and from the conservation of vorticity
Taws, develops a weak vorticity comma 'D' on Figure 10. This vorticity comma
moved eastward across the Gulf of Alaska with the 500mb trough, see Figures
2 and 12. .
Meanwhile, the cloud system south of southeast Alaska first weakened and T
then with the approach of the vorticity comma, began to reintensify and w
- move northwara. This development reached its maximum when the vorticity f??
S comma reached the southeastern Alaska coast, Fiqure 13. The intensification L
. of this system was missed by both the LFM and PE prog series and also by :f'
- the quidience forecasters at WSFO Anchorage. The forecasts for southeast oy
ﬁ Alaska underplayed the precipitation and ended it too soon. The precipi- e
i tation ended with the passaage of the 500mb trough which could have been ol
- timed by using the speed of the vorticity comma which apparently was tied -
L to the bottom of the trough. o
: - o
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FIG, 7:

SMS-2 IR (Z Curve) 0045 GMT

APR 26, 1977

GMS-2 IR (2 Curve) 1145 GMT
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SMS-2 (R (Z Curve) 0745 GMT

APR 26, 1977
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PAGL I SMa=2 IR (7 Curve) 2045 GMT FIG 12: SMS=2 IR (7 Curve) 0NA4S GMT

APR 27, 1877 APR 27, 1977
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U.S. DEPARTMENT OF COMMERCE

National Weather Service/National Environmental Satellite Service
SATELLITE APPLICATIONS INFORMATION NOTE 77/12

AN EARLY MORNING FOG BOUNDARY AND ITS EFFECTS
ON AFTERNOON CONVECTION

Charles F. Burger
NESS/Applications Group
Washington, D.C.

The formation areas of afternoon convection are, in many cases, influenced
by a variety of mesoscale features, such as differential heating, the sea
breeze, and terrain. One such case occurred on 11 July 1977. The MOS
thunderstorm forecast available that morning (Fig. 1) showed a broad

region of 60 to 70 percent thunderstorm probabilities over Virginia, the
Carolinas, and Georgia for the period from 1200 GMT 11 July to 1200 GMT

12 July 1977. An important task for the forecaster is the refinement of
synoptic scale forecasts such as this through the specification of areas
where convection is most likely to form and the direction that it is likely
to move. This task can be aided by using satellite imagery for analysis and
for delineating regions and boundaries that might contribute to convection.

The NMC surface analysis for 1200 GMT (Fig 2) shows a broad area of low

stratus and fog in the region of 60 to 70 percent thunderstorm probabilities.

Differential heating due to the fog can affect the formation of afternoon
convection (Purdom and Gurka, 1974). The most likely formation area is
on the clear side of the fog boundary, and the least likely area is near
the center of the fog region. It is therefore important to be able to
analyze the foa boundary correctly. The 1230 GMT GOES-1, 2 km, visible
imagery (Fiy 3) reveals that the fog and stratus is separated into two
distinct areas, which were not obvious on the surface chart (fig 2). One
area is located over central North Carolina (A)., and the other area is
loc:'ed in the mountain valleys to the west (B). The 1200 GMT GQES-1,

2 ki, IR (MB enhancement) imagery (Fig 4) shows low, warm cloud tops at

A and B, indicating that high clouds are not covering the fog and stratus
in these regions.

Fog and stratus on a scale the size of A (Fig 3} have been shown to
correlate with the formation areas of afternoon convection. The patches
of valley foqg at B (Fig 3) cover much smaller areas, and their effect on
convection is complex and localized.

A more detaited view of the foq and stratus at A can be seen an the 1300
GMT GOES-1, 1 km, visible imagery (Fig %), The foa and <fratus boundary
is marked with arrows. By 1800 GMT, the GOES-1, 1 km, visible imagery

(Fig 6) indicates that all of the convection is occurring on or oulside
this 1300 GMT boundary, which is shown as a dashed line. The first
thunderstorms are developing at this time at C and D.
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The thunderstorms at C are forming in a warm tongue and surface convergence

region, as shown by the 1700 GMT surface temperature and surface streamline

analysis (Figs 7 and 8). The dotted triangle is the region of storm -
development. The cooler air to the north of the triangle is a result of s
the morning fog. The cooler air to the east is probably caused by the sea s
breeze, which was easily detected on the GOES-1, 1 km, visible film loop '
and confirmed by the surface wind reports (Fig 8). The thunderstorms

forming along the northwestern fog boundary (Fig 6, D) are located on the

slopes of the Appalachian Mountains, thereby indicating terrain and

differential heating effects.
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The 1930 GMT GOES-1, 1 km, visible imagery (Fig 9) shows that the initial .
thunderstorms have moved northeastward from their original 1800 GMT

xR positions at C and D, following closely the 1200 GMT, 700 mb flow. The

- thunderstorms are just starting to enter the region of morning fog. A

- new line of thunderstorms is beginning to form at E. This Tine is probably

the result of a moisture maximum being advected onshore from near F and of

peninsular convergence of the sea breeze at Cape Fear, which is just west

of F.
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- The 2100 GMT GOES-1, 1 km, visible imagery (Fig 10) shows that the thunder-
- storms are continuing their northeastward movement. Clear, stable air
- still remains at this time near the center of the early morning fog and
. stratus region. (The 1300 GMT fog boundary is indicated by the white
dashed line, and the 1630 GMT fog boundary by the black dashed line (Fig. 10).
. In this case, there is a definite relation between the duration of fog in
- a certain area and the probability of convection occurring in that same
- area later in the day.
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- Differential heating due to an area of morning fog had an effect on the

formation areas of afternoon convection in this case. The sea breeze, s
i terrain, and moisture maximum also influenced thunderstorm formation. -
N Satellite imagery was used in this example as an aid for analysis and for X
o pointing out regions and boundaries that might contribute to convection. gy
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1L~ It is important to note that solar heating was the main driving force L
behind convection in this case, with the synoptic scale situation being
of less importance. Our observations have shown that differential heating .
effects also contribute to the weather patterns and evolution in cases e
where the synoptic scale wind field is stronger. However. in those cases, -
the interactions between the larqge and small scales are complex and difficuit s
to torecast correctly. Therefore, differential heating as a tool in forecasting A
thunderstorms is used most reliably when the sun's heating is the major »
factor in convective development.
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