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LFM 24-HOUR PREDICTION OF EASTERN PACIFIC CYCLONES
REFINED BY SATELLITE [MAGES

John R. Zimmerman and Chafles P. Ruscha, Jr.
" Weather Service Forecast Office
Seattle, Washington

ABSTRACT. In looking at Limited Fine Mesh (LFM)
forecasts of surface cyclone central pressure, it
was found that on eleven days betfween April and
November 1977, observed surface cyclione central
pressure was 10 mb or more lower than anticipated

by the LFM model. These eleven cases were examined
in detail.

A common property found on GOES satellite imagery
at the time of undetected cyclone deepening in
these eleven cases was the formation of a distinct,:
sharp, cloud-free slot region on the back side of
the leaf-shaped clouds of the baroclinic zone.

This feature was generally clearly detectable on
infrared images.

For the period of data and subsequently, it was
seen that as frequently as two or three times a
month the LFM failed to predict significant
cyclone development in the eastern Pacific.
Satellite images provided The experienced metecro-
logist with evidence The cyclones would deepen
when this development was not predicted by the LFM.

|. INTRODUCTION

Analysis and prognosis of surface weather charts at most National
Weather Service (NWS) field stations have been automated. However,
Seattle Ocean Services Unit (SOSU) routinely hand-plots and analyzes
~an in-house surface chart at 1800 GMT for specialized ocean forecasting
applications. SOSU is a developmental group attempting to provide
improved weather and oceanographic products for those who go fo sea,
whether it be for commerce, fishing, or pleasure. SOSU has found it
advantageous to hand-analyze weather maps for the Pacific Ocean areas
so that all reported ship and satellite interpretive data can be used.
Much data, if late, may not be included in +the automated analysis.

The SOSU analysis allows special emphasis to be given to data of concern
+o mariners such as wind, sea and swell, and sea-surface temperature.



In the procedure developed 1o provide specialized marine forecasts for
National Oceanic and Atmospheric Administration (NOAA) ships, the surface
position of major storms in the Gulf of Alaska are drawn on a plastic

‘overlay in black in order to obtain a history of their trajectories. in
addition, the position of the Jet stream aloft as given on the 300-mb
chart is also drawn on the overlay in greeh, which helps to indicate
possible regions of storm development and the storm's future trajectory.
Finally, forecast LFM cyclone surface positions and intensity for the next
Two days for 1200 GMT are entered in yellow. After consulting all numer-
ical guidance and checking history of the storm, the forecaster then makes
his own subjective estimate of storm central pressure and position for the
next two days valid at 1800 GMT each day.

Since operational weather guidance for the United States has become
increasingly geared to output of the LFM model, the LFM was selected for
cyclone forecasts rather than forecasts from the Primitive Equation
coarse mesh (PE) model. |+ was recognized, however, that the western
boundary of the LFM north of 35N extends from [60W at 35N to |50E north
of 45N. Thus, weather systems in the extreme western Gulf of Alaska,
will be near the LFM boundary and subject to computer boundary errors.
Further investigation should compare LFM and PE forecasts in the extreme
western Gulf of Alaska in order to determine the influence of boundary
conditions on LFM predictions. )

Forecast and observed positions and central pressure of surface low
centers were kept in a log. This made it easy to compare the two fore-
casts and verify them against observed data. Furthermore, this informa-
tion was useful for reference when predictions by either the forecaster
or LFM were in gross error.

I'l. ACCURACY OF 24-HOUR FORECASTS OF CYCLONE CENTRAL PRESSURE AND

POSITION
The data 1o be presented were taken from the period April 19 to November
2l, 1977. Not all days were included, and operational and mainly eastern
Pacific cyclones north of 35N latitude were verified. In the mean, fore-

cast errors were slighfly smaller than LFM errors for cyclone central
pressure (about 0.5 mb better), but about the same for predicted 24~hour
position of the surface cyclone (see Table 1). Of significance was how
large the average forecast errors were for both cyclone central pressure
and storm location, i.e.; about 5 mb and 300 nm, respectively. These
average errors for a 24-hour prediction are large and would be greater
for a longer forecast period. In fact, there were many cases when storms
in the eastern Pacific deepened 10 mb or more than the LFM had predicted
(Figure 1.

Human LFM
Central pressure (mb) 4.9 5.4
Position (degrees of latitude) 3.7 3.8

Table 1. Mean absolute prediction errors of Human and LFM 24-hour
forecasts of cyclone central pressure and position for
the period April 9 to November 21, 1977.

--
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The sample showed (Table 2) that 24-hr LFM forecasts of cyclone central
pressure minus observed cyclone central pressure was |0 mb or greater
about twice per month. During this period there were |1 cases when cyclones
“deepened 10 to 24 mb more than predicted. Certainly, such failures to
detect cyclone intensification can have serious consequences in terms of
potential loss of |ife or damage 1o ships or cargo or both.

LFM Position
AP Error AS Forecast - Observed

_ P AT (Degrees Pressure Error
Date (12 GMT) (24 hrs) Latitude) LFM (12 GMT) Human (18 GMT)
(1977) .
4/19 986 -4 7.2 10 12
5/4 964 ~20 3.2 16 0
5/18 982 -8 3.2 12 5
6/3 992 -10 .6 12 8
7/21 996 - =24 2.5 13 8
9/1 1005 -1 7.5 14 2
9/26 980 -10 3.0 20 17
10/6 994 ~10 2.1 12 16
10/ 14 . 958 -26 1.3 17 14
10/24 944 -36 0 24 23
11/18 968 -12 5.0 18 ’ 21

Table 2. Eleven cases when the 24-hr LFM (forecast - observed)
cyclone central pressure error was [0 mb or more. All
pressures and pressure changes are in millibars.

[1'1. SYNOPTIC CHARTS ASSOCIATED WITH LARGE CYCLONE CENTRAL
’ PRESSURE ERROR

The 500~mb patterns appear to be roughly similar regarding contour con-
figuration and position of surface low-pressure centers relative to the
500-mb trough for the || cases when the LFM significantly underforecast
cyclone central pressure. Surface low centers generally originated on
the south side of the 500-mb trough, near the trough axis and traveled
northeastward, north of the jet. As would be expected, cyclones of
greater intensity developed under stronger 500-mb height gradients. With
storm deepening there was always considerable cold-alr advection in the
500-mb trough. (Refer to Figures 5, 8, 16, 22, 28, 35, 41, 47, 52, 57, 62.)

Likewise, characteristics of the developing surface low-pressure centers

were roughly similar. These surface cyclones deepened from I5 to 35 mb per
day, with a rapid eastward to northward movement of 30 knots or more (refer

-



to Figures 6,-7,'9, 1o, 17, 18, 23, 24, 29, 30, 36, 37, 42, 43, 48, 49,
53, 54, 58, 59, 63, 64). Rapidly moving cyclones which deepened about
[-mb per hour for a full day resulted in radically altered weather condi-
tions. '

In Figure 2, it is seen that there is poor correlation between observed
24-hr pressure change and LFM central pressure error. For cyclone posi-
tion, however, it is roughly true that the LFM cyclone position errors
were smaller with greater 24-hr pressure changes, Figure 3.

Thus, it appears, for rapidly deepening storms, the LFM will predict ‘
cyclone central position with an acceptable degree of accuracy. Predicted
cyclone central pressure, however, may be 20 mb or more too high. For
weaker, smaller systems, The LFM poorly predicted both central pressure
and location.

The initial analysis, either at surface level or aloft, is suspected
as a probable cause of these misses. Rather than speculate about short-
comings of the LFM, however, it will be of greater value fo look for
techniques by which cyclone intensification can be anticipated by the
forecaster when not handied well by the computer models.

V. USING SATELLITE IMAGES FOR SHORT-PERIOD PREDICTION OF
CYCLONE DEEPENING

In the short ferm (i12-24 hours), satellite imagery has proven useful in
determining the onset of cyclone development early enough o modify the
LFM analysis when necessary. I+ goes without saying, that while attempting
fo modify the LFM forecastT with sateilite data, The LFM forecast should not
be ignored. Even though not entirely accurate in intensity or timing of
cycione development, the LFM surface forecast deoes show the general trend
of events.

Several recent satel!lite papers deal with satellite identification of
cyclogenesis (Weldon 1977). For the Il cases mentioned in Table 2, visible
and infrared (IR) satelliite images of the eastern Pacific and IR movie
loops were viewed to examine the sequence of cloud patterns during cyclone
development.

Perhaps the most obvious clues common fo all these cases of cyclone
deepening was the formation of a distinct concave cloud edge on the pole-
ward side (colder side of jet stream) of the cirrus clouds associated with
The baroclinic zone, and the subsequent formation of a "clear slot" on IR
pictures. The clear slot or surge zone as described by Weldon (1976} is
that region located just to The rear of +he baroclinic cloud pattern or fo
rear of the concave portion of the comma cloud. This is also the region
of the baroclinic zcne where translation of cloud elements is tThe greatest.
In our study cyclogenesis or cyclone deepening took place whenever a slot
was detected by the analyst. A distinct increase in sharpness occurred
along The back edge of the cloud pattern which extended along the concave
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portion of the comma cloud toward its tali. Figure 4 shows a simpiified
model -of a comma cloud pattern which indicates the location of the slot
along the back edge of the comma cloud. The slot, more detectable on IR
pictures than visible images, evolved into many different sizes and
shapes. It was easily identified and provided visual evidence of the
various stages of cyclone development. -

BACK
EDGE

COMMA CLOUD

‘Figure 4.

The relative intensity of the cyclone was indicated by ftwo observable
features: 1) Sharpness of the back of the comma cloud edge and 2) the
degree of whiteness (colder cloud-top temperature) of the cirrus clouds
near the edge. With larger, deeper systems, a large cluster of open
celiular clouds follows the comma cloud. '

Most patterns were complex containing inferacting systems. There were
fewer instances when the satellite picture showed a relatively simple or
"ideal" sequence of events as is commonly modeled. The term "ideal" will
be used for isolated, large storms. Instances of this type occurred
October 14, Figure 5 - 7, and again October 24, Figures 8 - 10.

V. EXAMPLE OF "IDEAL" CYCLOGENEStS

A pronounced baroclinic zone strefched across the Pacific from I60E to
140W longitude between 35N +o 50N latitude on 500-mb charts from October
21 - 25, Stitl satellite images at 2345 GMT each day for this.period are
shown in Figures Il - 14. The first hint of a new storm developing was
The "leaf" shaped cloud mass off the left side of the picture near 40N
|B8OW on October 21. This system moved eastward about 25 knots along 40N
latitude. '

- By October 22 the cloud structure had sharpened on the poleward side
of the leaf pattern and a dry slot had formed. On October 23 the storm
continued o deepen. The cold front, now very distinct, contained a
narrow clear zone on its poleward side. Numerous cumulus cells were

-7-



Vvisible in the ¢old air advected southeastward behind the cold front. The
cold front appeared as a smooth, curved line extending from about 47N 14|W
to 29N 178W, a distance of about 2000 miles. No frontal waves developed
as 1t sped eastward across the Pacific about |5 degrees of longitude per
day. '

Finally, on October 24 the storm was fully mature and had a central
pressure of 944 mb (Figure |0). A new cyclone had begun fo form over the
Aleutian Chain and was cutting off the cold air behind the storm in the
. eastern Pacific. Decay of the storm occurred as its cold air supply was
blocked by warm-air advection ahead of the young cyclone which formed
- upstream.

Film loops covering this period confirm that this "ideal" case of cyclo-
genesis was .quite similar to the model of cyclogenesis proposed by Weldon
(1977). The baroclinic leaf-shaped clouds of bright, high-cirrus clouds
sharpened on the poleward side prior to tThe formation of a surge zone.

As the surge zone or slot developed, the rear portion of the cloud leaf
dissipated and a long, narrow cold front became visible as indicated by
a thin line of gray clouds. The surface frontal zone remained narrow,
stretched by the deformation of the low-level winds, with cloud elements
moving both northeastward toward the slot and southwestward behind the
cold front.

An extremely large area of open cellular cumulus clouds which covered
the entire eastern Pacific area existed in the cold air to the north of
the frontal cloud band. To the southeast, ‘considerable amounts of low
clouds streamed northeastward in the warm subtropical air ahead and
along the cold front.

A section of the 1800 GMT surface chart of October 24, with ship reports
plotted in the usual station mode!l format is shown in Figure 15. Many
ships near the center of this storm experienced winds greater than 50
knots and monstrous seas 30 to 40 feet or higher. United States Geologi-
cal Survey (USGS) ship R/V SP LEE receiving SOSU marine forecasts, radioed
the following weather reports October 24.

Time La+i+ude/ Wind Pressure Seas Swells

(GMT) Longitude (kt) (mb) (1) (f1)
06 43.9/137.6 270/70 980 57 49
12 43.5/137.6 250/60 992 46 52
15 43.5/137.7 260/55 997 26 44
18 43.4/138. | 230/48 1000 26 41
21 43.4/137.9 260/50 1000 26 41

These reports of seas and swells 40 - 50 ft+ high were so startling, that
t+he forecaster, believing a coding error had occurred, requested and
received confirmation that the reports were transmitted correctly. Swells
from this storm were in excess of 20 ft+ (Table 3) along the Washington and
Oregon coast. [n this case of strong cyclogenesis, the position of the
storm was accurately predicted by the LFM, but in 24 hrs its central pres-
sure fell 24 mb lower than was forecast.

-8-
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Wﬁ'Figure 6. Surface Analysis,

Figure 7. Surface Analysis,
10/14/77, 1200 GMT.

Figure 8. 500-mb Analysis, 10/24/77, 0000 GMT.
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: Figdre 9. Surface Analysis,
- 10/23/77, 1200 GMT.

Figure Idl Surface Analysis,
10/24/77, 1200 GMT.

HIGHEST SWELL

STATION ' (1)
Quillayute 22
Cape Disappointment 20
Yaquina Bay 9
Coos Bay 18
Chetco River 20

Table 3. Highest reporTéd swell along the Washington-
Oregon coast on October 25, 1977. Swells were measured
by wave meter.
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'VI;.-EXAMPLES OF CYCLONE DEEPENING DIFFERENT FROM
"IDEAL" CYCLOGENESIS

When cyclone deepening occurred, in most instances it behaved differently
from the sequence of events described by "ideal" cyclogenesis. Usually, a
mature storm was already present (or combination of old storm systems) and
cyclogenesis, or cyclone deepening, took place in the southwest quadrant of
a large low pressure trough aloft. It is this non-"ideal" behavior which
the LFM predicts poorest. In many cases, rapid development took place in
only 12 hours. -

Case of May 17

A long barociinic zone oriented north-~south along 155W stretched
from 40N to 50N on May |7 at 1545 GMT (Figure 19). An elongated
north-south slot extended parallel to it on the north side.

Near 45N 155W a strong speed max was apparent at point A. As
this speed max reached the slot, a new slot formed near 5iIN at
2345 GMT (see satellite imagery, Figures 20 and 21, and 500-mb
analysis, Figure 16).

At the surface a 998-mb iow located near 44N {61W on May 17, at
1200 GMT, moved northward about 35 knots (Figure 17). In 24 hours
its central pressure dropped 16 mb to 982 mb (Figure 18).

Deepening of the low center in this case could have been antici-
pated by the sharpening of the edge of cirrus clouds bordering
the slot and its subsequent rotation. The direction of the low
was indicated by the orientation of +he slot.
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Case of June 2

A 1002-mb surface low was centered near 44N |59W on June 2,
1200 GMT, embedded in a broad zonal flow aloft (Figures 22
and 23). This system franslated rapidly eastward. At 1145
GMT, June 2, a large leaf~shaped cloud mass was present near
40N 140W (point B, Figure 25). Farther southwest a cloud
pattern normally associated with a wind maxima along the jet
stream was evident along 40N (point A, Figure 25). Speed of
the jet was estimated by satellite-derived winds to be at
least 150 k. By 1445 GMT (Figure 26} IR data showed the
slot to be less distinct; however, it was well defined on
visible imagery at 1815 GMT (Figure 27). The surface-pressure
analysis for June 3, 0600 GMT (Figure 24) showed a low center
at 992 mb at 44N 142W which was 10 mb lower than predicted.

Figure 23. Surface Analysls, Figure 24. Surface Analysis,
6/2/77, 1200 GMT. 6/3/77, 0600 GMT.
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IMAGE OF CYCLONE DEVELOFMENT, JUNE 2, 1977, 1145 GMD.
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Case of July 20

A baroclinic cloud leaf was visible at the top left edge of
the satellite picture on July 20 at 1745 GMT (Figure 31). A
weak wave, associated with the cloud feature, was analyzed
at 50N I77W on the 1800 GMT surface chart, Figures. .28 and 29.
By 2345 GMT, a slot was evident near polnt A, Figure 32. In
the next 12 hours the slot grew rapidly and by 1145 GMT on
July 21 the concave back edge had moved eastward to 5IN 165W
(Figure 33). On this picture the back edge of the slot south
of 50N was noticeably sharper and more distinct. On the
surface chart at 1800 GMT the low-pressure center had deepened
24 mb in 24 hours to a central pressure of 994 mb (Figure 30).
In the next 24 hours the slot continued moving eastward and
its strength was maintained. This was a moderately intense
system for mid-summer.

. Figure 28. 500-mb Analysis, 7/20/77,
‘ 0000 GMT.

Figure 29. Surface Analysis, i Figure 30.  Surface Analysis,
7/20/77, 1800 GMT. 7/21/77, 1800 GMT.
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FIGURE 31. SATELLITE TMAGE OF GYCLONE DEVELOPMENT, JULY 20, 1977, 1745 GMI. ; FIGURE 33. SATELLITE IMAGE OF CYCLONE DEVELOPMENT, JULY 20, 1977, 2345 GMI.
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Case of August 3|

On September I, a strong band of westerlies was manifest on
the 500-mb chart along 45N (Figure 35) with an upper-low
center near 52N |78E.

. Visible satellite imagery of August 31 at 2315 GMT, showed a

leaf-shaped cloud with a sharply defined back edge marked A
(Figure 38) and a slot just beginning to form at B. A comma
cloud marked C was circulating around the 500-mb low center.
On the surface chart at 1200 GMT, a new wave was forming near
}70W (Figure 36). ' :

On enhanced IR imagery on September | at 0615 GMT, the leaf
cloud, with its back edge marked A, had moved eastward about
seven degrees (Figure 39). The comma cloud, marked C, was
left behind. The leaf~cloud pattern suggested that the sur-
face low would continue to deepen. By September | at 1200
GMT, the surface low center at 47N I55W had deepened to 1004
mb (Figure 37). '

Enhanced satellite imagery on September | at 1515 GMT shows
rapid development and eastward movement of the system (Figure
40). The head of the slot at B was seen to be moving 80 knots
on movie loops! The speed of the surface low center was 50
~knots. In this case, cyclogenesis could have been detected as
early as 2315 GMT by examining the satellite pictures.

Figure 35. 500-mb Analysis, 9/1/77, 0000 GMT.
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Case of October 5

Development again occurred near the edge of the satellite picture
where the image was distorted and difficult to read. . There were

fwo interconnected cloud patterns,

labeled A and B,

in Figure 44,

System A was a closed, upper-level, low-pressure center that was

quite weak (Figure 41).
at 55N |165W near the central Aleutians.

The surface cyclone labeled B was located
The slot of this develop-

ing low center traveled northeastward. - By 2345 GMT +he slot had

moved eastward to 55N 150W (Figure 46).

A surface

low center of:

1004 mb located at 52N I70W on October 5 at 1200 GMT (Figure 42)
continued tTo deepen To 994 mb as the slot grew larger (Figure 43).
This slot was not discernible on the visible picture of 2315 GMT
(Figure 45), but fthe jet-stream shadow (jet core) could be seen
Another cold front was located near point B on this same
Colder, more unstable air later moved into the surface
low associated with system B, and it continued fo deepen.

near A.
figure.

p wﬁﬁ
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Figure 41.

500-mb Analysis,

10/6/77, 0000 GMT.
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Figure 42. Surface Analysis, Figure 43. Surface Analysis,
10/5/77, 1200 GMT. 10/6/77, 1200 GMT.
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Case of'November |7

On November 18 at 1145 GMT (Figure 50), a large cluster of clouds
is shown centered at 4IN 162W. This cloud was followed by a
weakening baroclinic zone located at 40N {55W. A+ 2345 GMT a

.major cloud band had formed from the cloud cluster (Figure 51},

and the head of the comma cloud had completed one rotation.

This Is often the case when a storm reaches maturity. This
system formed and became fully developed in just {2 hours!
Central pressure of the surface low fell 12 mb fo 968 mb, Figures
48 and 49.

Figure 47. 500-mb Analysis, 11/18/77,
0000 GMT.

Figure 48. Surface Analysis, Figure 49. Surface Analysis,
11/17/77, 1200 GMT. 11/18/77, 1200 GMT.
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FIGURE 50. SATELLITE IMAGE OF CYCLONE DEVELOPMENT, NOVEMBER 18, 1977, 1145 GMT.
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Cases of April 18, May 3, and September 25

Unfortunately, several of the Il cases investigated were so near
the edge of the satellite picture that they were difficult to
study from the U. S. GOES-West satellite. Some of the features
of The "ideal" case could be seen in these cases, but not all of
them. The most common feature detectable in These as in nearly
all the other cases was a distinct slot region, which appears to
be the best evidence that cyclione deepening is fTaking place.

Satellite images for these cases are found in Figures 55, 56, 60,
61, 65, and 66. Surface and 500-mb charts for these cases are
roughly similar to the other cases, and again the LFM prog failed
to predict the cyclone deepening which took place (Figures 52-54,
57-59, 62-64).

Figure 52. 500-mb Chart, 4/19/77,
0000 GMT.

Figure 53. Surface Analysis, Figure 54. Surface Analysis,
4/18/77, 1200 GMT. 4/19/77, 1200 GMT.
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Figure 58. Surface Analysis, 5/3/77,
1200 GMT.

Figure 59. Surface Analysis, 5/4/77,
1200 GMT.
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PIGURE 60. ' SATELLITE IMAGE OF CYCLONE DEVELOPMENT, MAY 3, 1977, 2345 GMT.
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Figure 62. 500-mb Analysis, 9/26/77,
0000 GMT.

Figure 63. Surface Anaiyéf5;157§§777, '
1200 GMT.

Figure 64. Surface Analysis, 9/26/77,
1800 GMT.
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- Vil. CONCLUS!IONS

When making marine forecasts, location and intensity of cyclones must be
accurately estimated. In the Eastern North Pacific, meteorologists should
not hesitate to predict cyclone central pressure lower than indicated by
LFM guidance whenever satelliite evidence warrants i+. The LFM, although a
great help to the forecaster, is not perfect. Over a relatively short
period (six months), there were a number of occurrences when LFM-predicted
cyclone central pressure was in error by 10 mb or more. These errors made
by the LFM may in part be due to an incorrect initial analysis.

The GOES IR satellite images which show initial development cyclone
deepening night or day are of.considerable assistance to tThe marine fore-
caster. The most consistent cloud feature associated with deepening
cyclone systems is the slot. Slots form near the poiar jet stream and
usually extend from the upper troposphere to the surface. The sharpness
of +he back edge of the cloud boundary of the slot is a good clue that the
surface cycione is deepening. Shape and orientation of the slot indicate
direction of movement of f+he system. Visible pictures also reveal siots;
however, because of limited daylight in winfer and low clouds which are
sometimes present in the siot region, visible imagery is often not as
reliable as IR images. |R-enhanced images are very helpful for determining
slot location and characteristics of the slot provide important information.
A ruffled slot boundary indicates a weakening and slow-moving cyclone. A
spiral-shaped siot shows that a matured system has become nearly stationary.
A speed maxima, indicated by cluster of rapidly moving high clouds, can
cause the cyclone and associated frontal! system to intensify when it moves
near the slot region.

An area of open cellular clouds behind the slot indicates that the system

will continue o deepen. Ridge development aloft is indicated by cirrus
clouds overrunning open cellular clouds behind the slot. When this occurs,
the system is no longer deepening and the cyclone will begin to fill rapidly.

In winter and spring months, on the cold side of the polar jet stream,
satellite photos often show comma-shaped cloud patterns detached from the
baroclinic zone. These features are usually not predicted by the LFM or
PE (Reed 1977); however, they are significant in the analy5|s of surface

charts and to marine forecasting.

Whether a cyclone is ideal or complex, an inexperienced forecaster can
usually detect development of cyclones and its movement by looking at fwo

 or more satellite images over atwo-hour period. A series of pictures over

a 24-hour period or +1me~lapse images (film loop) is very helpful.

Full ma+ur|+y of cyclones in some cases. may +ake as long as. five days.

~ In a number of cases, however, cyclones can change-significantly or reach

maturity in only 12 hours. For these short time spans, fThe forecaster
shouid use satellite imagery to refine computer predictions.
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