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Foreword

This volume of the Navy Tactical Applications Guide series
supplements previous volumes with the focus on regional weather
analysis and forecast applications in the eastern North Pacific. Part 2 of
this guide, originally intended to cover the western North Pacific, will be
incorporated in Forecaster’s Handbooks for that region and in NTAG
Vol. 6, which will be devoted to tropical weather phenomena.

The approach to forecasting presented here is unique in that actual
case studies of regional weather are described by combining satellite
imagery with conventional analyses and prognoses. This case study
technique, incorporating satellite data along with numerical guidance
products, permits the description of weather events that occur over
several days and thus can help in longer range forecasting applications.
The studies so-presented can then provide useful insights into similar
weather developments as they may occur in the future.

This is intended as an evolving volume which will be supplemented on
a case study basis. The initial material is being distributed to the fleet to
expedite access of completed work for operational use. These initial case
studies include topics on blocking, cyclogenesis, and coastal zone
phenomena.

Although the principles derived are developed from case studies in the
eastern North Pacific region, it should be noted that many of the rules are
general in nature and equally applicable to similar weather events in
other areas of the world.

It is anticipated that these guides will provide a routine basis for
supplementing the operational forecaster’s ability to more effectively
support Naval operations.

KENNETH L. VAN SICKLE
Captain, U.S. Navy
Commanding Officer, NEPRF
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Introduction

Volume 4 is a continuation of the Navy Tactical Applications Guide
(NTAG) series, devoted to regional satellite analysis and forecast
applications.

The eastern North Pacific is an especially challenging region for the
Navy forecaster due to sparcity of data and the frequent rapid evolution
of storm systems within this area. Numerical prognoses in this region are
often excellent in predicting the longer wave features, but the important
short-wave developments within the long-wave structure that precede
major storm evolution are often missed. This volume shows how a
careful analysis of satellite imagery combined with correlative synoptic
charts and data can aid in the identification of such short-wave features
for improved analysis and forecast skill.

The topics of blocking and cyclogenesis are treated in a non-classical
fashion primarily based on weather satellite evidence which reveal details
on initiation, development, and dissipation of winter storms. Much of
the background rationale for this work is based on the work of Roger B.
Weldon, Satellite Applications Laboratory, National Environmental
Satellite, Data, and Information Service/ NOAA, for which we are
deeply indepted.

As in preceding volumes, suggestions and/or comments from Fleet
users for improving or for supplementing the material enclosed are
welcomed.

Address comments and suggestions to the Tactical Applications
Department, Naval Environmental Prediction Research Facility.
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1A

Introduction

A Blocking Event over the Eastern North Pacific

The 22-day blocking event described in the following case study is not
a unique or necessarily a typical blocking event observed over the
eastern Pacific during the winter months. Every blocking event over the
eastern Pacific has similarities and differences. The similarities allow a
list to be made of common characteristics—the large synoptic-scale
features that can be identified. The differences arise from the variety of
ways that flow patterns can evolve and disturbances on various time and
space scales can interact. In addition, only a selection of all of the
available weather charts, numerical guidance products, and satellite
imagery are presented. The selection is limited to that required to
provide continuity on the blocking event from its formation to its
dissipation. To make the presentation more dynamic, jet streak analyses
based on the 300-mb isotachs are superimposed on the 300-mb charts.

The main features of the blocking event can be obtained from a casual
examination of the series of weather analyses and satellite pictures. A
careful reading of the accompanying text will provide not only insight
into characteristic features common to blocking events, but details on
the evolution of the flow patterns and disturbances that characterize this
blocking event. In particular, the value of numerical prognoses in
providing guidance on major flow pattern changes during the blocking
event is demonstrated; the use of the 300-mb jet streaks in relation to the
flow patterns to determine the most probable areas of cyclogenesis or
enhancement of convection is emphasized; and the usefulness of satellite
imagery to pinpoint the location of short-wave features within the
overall blocking pattern is firmly established.

1A-1



Index to Characteristic Features

Pre-Blocking Situation .......... ... 00 it e 1B-2

1. Strong upper-level zonal polar westerlies at mid and high latitudes over the
Pacific.

2. Presence of a cut-off low over the eastern Pacific and a strong polar jet
stream at mid latitudes upstream of the cut-off low.

3. Unobstructed eastward progress of cyclonic disturbances in the zonal
westerlies across the eastern Pacific.

Onset of Blocking ......... ...ttt it iiinnnnn, 1B-10

1. Development of a meridional trough at mid latitudes which disrupts the
zonal flow regime over the Pacific.

2. Building of a ridge downstream of the developing meridional trough.

3. Movement of an intense low aloft, accompanied by a strong polar jet, into
the west-central Pacific upstream of the meridional trough.

Blocking is Established over the Eastern Pacific .................. 1B-18

1. Development of a high-amplitude warm ridge over the eastern Pacific.

2. Deep cold lows upstream and downstream of the ridge.

3. A split in the mid-latitude polar jet upstream of the ridge: one branch
passing poleward of the ridge and the other passing equatorward.

Blocking Action: Early Phase .. ................................. 1B-22

1. Blocking ridge persists from mid to high latitudes over the eastern Pacific.

2. Eastward moving cyclonic disturbances in the westerlies at mid latitudes
dissipate against the blocking ridge.

3. As cyclones move into the blocking zone, the associated frontal cloud bands
become meridionally oriented along the western boundary of the blocking
ridge.

Blocking Action: Mature Phase ........................... ..., 1B-34

1. Blocking pattern continues over the eastern Pacific. A blocking ridge
extends from low latitudes to the arctic, and deep upper-air lows are located
upstream and downstream of the block.

2. The development of an intense surface anticyclone over western North
America produces strong southerly flow along the west coast from southern
California to Alaska.

3. The eastward progress of cyclonic disturbances in the mid-latitude westerlies
is slowed as they move against the block.

Blocking Action: Late Phase.................................... 1B-42

1. The high-latitude block is maintained over northwest Canada and Alaska.

2. Polar westerlies at low latitudes strengthen across the eastern Pacific and
advance under the high-latitude block into the U.S.

3. Penetration of the polar westerlies into the U.S. forces the mid-latitude
block over the western U.S. to collapse.

4. Eastward moving disturbances in the polar westerlies at low latitudes
progress inland over the U.S., as the mid-latitude block breaks down.

5. Strong southerly flow offshore along the west coast of the U.S. and Canada
also diminishes rapidly as the mid-latitude block weakens.

Blocking Action: Final Phase ................................... 1B-50

1. High-latitude block over Alaska retreats to the north over the Arctic Ocean.

2. Strong zonal westerlies are established at mid latitudes over the eastern
Pacific.

3. Disturbances in the zonal flow at mid latitudes advance into the U.S.

4. Subtropical high-pressure cell is established over the eastern Pacific.

Blocking Ends over the Eastern Pacific .......................... 1B-58

1. Strong zonal westerlies are established at mid latitudes across the eastern
Pacific and the continental U.S.

2. The blocking ridge along the North America west coast at mid latitudes
dissipates as the zonal westerlies over the eastern Pacific penetrate across the
U.S. and break the connection between the subtropical high and the high-
latitude block over the Arctic Ocean.

3. The major lows upstream and downstream of the high-latitude block
weaken.

1A-3



Case 1

Blocking

Large-scale Circulation Features of a
Blocking Event over the Eastern North Pacific
December 1978 to January 1979

The following case concerns a blocking event that occurred over a
22-day period from late December 1978 to early January 1979. It is an
interesting case because each stage in the life cycle of the block—the
initiation, development, and dissipation—is clearly depicted and can be
readily followed in the upper-air and surface analyses. The FNOC
500-mb, 36- and 72-hour prognoses provide the clues to each stage of
development: the 36-hour prognoses for the initiation phase and
combination of the 36- and 72-hour prognoses for evidence on the
persistence and finally the dissipation of the block. Every major storm
development in the vicinity of the block can be followed in the satellite
pictures and, in particular, the dissipation of these storms as they move
against the block. In order to show the characteristics and evolution of
the synoptic features preceding the onset of the block, the case begins
several days prior to the initiation of the blocking episode.

The mean 700-mb contours for December 1978 (1B-1a) and January
1979 (1B-1b) show the change in the flow pattern over the eastern
Pacific from non-blocking to blocked conditions. During December,
strong polar westerlies (band of closely-spaced height contour lines)
predominate across the Pacific and North America. This is typical of
non-blocked flow. In contrast, the mean 700-mb contours for January
1979 show a pronounced ridge along 135°W, extending from low
latitudes to the arctic—unmistakable evidence of a persistent block. The
deviation of the westerly flow northward upstream of the block is clearly
evident, and the diffluent contour pattern along 150°W indicates a
pronounced reduction in the speed of the westerlies across the eastern
Pacific by the block, when compared to December 1978.

References

Taubensee, R.E., 1979: Weather and circulation of December 1978. Mon. Wea. Rev.,
107, 354-360.

Wagner, A.J., 1979: Weather and circulation of January 1979. Mon. Wea. Rev., 107,
354-360.
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Pre-Blocking Situation

Characteristic Features

1. Strong upper-level zonal polar westerlies at mid and
high latitudes over the Pacific.

2. Presence of a cut-off low over the eastern Pacific
and a strong polar jet stream at mid latitudes
upstream of the cut-off low.

3. Unobstructed eastward progress of cyclonic
disturbances in the zonal westerlies across the

eastern Pacific.

22 December

The 300-mb analysis for 0000 GMT (1B-2a) shows
strong zonal polar westerlies at mid and high latitudes
over the Pacific. The main polar westerlies extend in a
nearly continuous band from the western Pacific to
North America. Axes of maximum wind (jet streams)
are depicted by thin black line segments of varying
length; isotach maxima (jet streaks) along the jet are
shown by thicker black line segments. This presentation
technique emphasizes the observation that the polar jet
stream is not a continuous belt of strong upper-level
winds encircling the globe, but consists of high-speed
wind segments (jet streaks) connected by regions of
lower wind speeds.

On the 300-mb analysis, note that the regions of
strong jet streaks over the Pacific are reflected at the
500-mb level (1B-2b) by bands of very closely-spaced
height contour lines. This relationship is especially
useful for identifying the location of strong polar jets
on NMC 500-mb analyses over oceanic areas where
few wind observations are available and on FNOC
500-mb prognoses, which do not show plotted winds.

The cut-off low A at 300 mb, has two jet streaks in its
cyclonic circulation. This is typical of cut-off lows
recently separated from the main polar westerlics. The
presence of the cut-off low over the eastern Pacificand
a strong polar jet B (130-kt jet streak) at mid latitudes
upstream of the cut-off low are often observed prior to
the initiation of blocking over the eastern Pacific.

The cut-off low A decreases in intensity to the
surface (1B-3b), where only a weak low A’is observed.
In the satellite picture (1B-3a), convection cells A” are
located in the thermally unstable central region of the
cut-off low. This is characteristic of vertically deep,
cold core lows in this region during the winter. Note
that there are two distinct cirrus cloud decks C”and D”
to the west and east of the cut-off low, respectively. In
both cases, the cirrus decks are located in a ridge aloft
(300 mb) and the narrow cirrus bands and streaks
outline the anticyclonic flow. The dense cirrus D” in
the pronounced ridge to the east of the cut-off low is
associated with a strong jet at 300 mb, which accounts
for the enhanced convection in this ridge.

The location of cyclonic centers on the surface
analysis over the Pacific and North America shows a
train of nearly equally spaced centers E’, F’, and G’at
high latitudes along the 55°N parallel. These
disturbances are migratory cyclones in the main belt of
the westerlies (300 mb). The regular spacing along
55°N indicates that the eastward progress of storms
across the Pacific is not obstructed at this time, Note
that the surface high centers across the Pacific are also
oriented west-east, along the 35°N parallel, which also
reflects the absence of strong meridional flow aloft,

1B-2

In the satellite picture, spiral cloud bands are
associated with the surface cyclones at high latitudes.
In particular, note the short frontal cloud bands
associated with storms F” and G”. The presence of
these short frontal cloud bands provides confirming
evidence that these disturbances are located in strong
zonal flow. If large north-south amplitude systems
were present, there would be prominent meridional
frontal cloud bands instead. The frontal cloud band E”
is considerably longer than F” andG” since it is
associated with a new major disturbance that has
recently moved off the Asiatic mainland. This frontal
band has merged with the older, broad frontal system
H” which trails from storm F” over the Gulf of Alaska.
At the surface, there is a potential wave development
along the trailing front H".

In the DMSP picture (1B-5a), portions of the cloud
patterns of the high-latitude storms are observed along
the western and southern edge of the picture. Note the
clear view of northern Siberia, the Chukchi Sea, and
Alaska. These regions are generally cloud-free during
the winter due to insufficient local surface heating and
the lack of open water arcas. Strong zonal flow at
latitudes south of this region gencrally restricts storm
tracks from passing over this arca.

An examination of the initial 500-mb analysis
(I1B-4a) and the 36-hour 500-mb prognosis (IB-4b)
reveals the following events: The strong zonal
westerlies (band of closely-spaced height contour lines}
across the Pacific and North America are forecast to
persist: however, the westerlies between 140°W and
170°W are forecast to shift southward in response to
the movement of the upper low from Siberia to the
Bering Sea (60°N, 170°W). This action depresses the
ridge to the west of the cut-off low A. The cut-off low
remains essentially stationary and fills slightly.

continued on page 1B-6
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23 December

As forecast, the 500-mb analysis at 1200 GMT
(1B-6b) shows that strong zonal westerlies continue at
high latitudes across the eastern Pacific. The cut-off
low A has not changed position significantly; however,
at 300 mb (IB-6a), a decrease in wind speed in the
cyclonic circulation (note the absence of a jet streak in
the upstream portion, as compared to 36 hours earlier)
indicates that the cut-off low is weaker aloft. A weak
surface low A’(1B-7b) and the convective activity A”in
the satellite picture (1B-7a) indicate that this system
continues to be synoptically active. Note that a long
cirrus cloud band has developed in response to the
nearly continuous jet at 300 mb at low latitudes over
the eastern Pacific.

A significant change in the upper-level synoptic-
scale flow pattern has occurred aloft over the Pacific
and North America. At 500 mb, a short-wave trough I
has developed over the central Pacific. The flow
pattern upstream of this trough shows that the mid-
latitude jet (closely-spaced height contour lines) no
longer merges with the jet at high latitudes due to the
presence of the short-wave disturbance. At 300 mb, a
split at I is evident in the jet axis connecting the mid-
and high-latitude jet streams. For comparison, see the
300-mb (1B-2a) and the 500-mb (1B-2b) analyses
36 hours earlicr. The presence of a surface low 1
(1B-7b) indicates that the 500-mb short-wave
disturbance has developed through a deep vertical
layer of the atmosphere. The distinct comma cloud 1”
(IB-7a) further identifies this system as an incipient
storm. The development of the low at mid latitudes and
the split in the jet at 300 mb are preliminary indications
of the breakdown of the zonal flow regime over the
Pacific.

Over North America, the upper-level zonal flow has
been interrupted by the development of a ridge over
northwest Canada and a deep trough downstream over
North America. The surface storm E’ has moved
rapidly eastward; however, the satellite picture (1B-7a)
shows only a faint, west-east elongated frontal cloud
band extending from the cloud vortex E”, which
indicates that this storm is in the dissipating stage as it
moves under the influence of the ridge aloft. The storm
F’ (IB-7b} has been forced to the southeast by the
development of the deep trough aloft. This has resulted
in the disruption of the pattern of equally-spaced
cyclones along 55°N, Storms F’and G’have weakened
significantly due to the change in the flow patternaloft
over North America.

A comparison of the initial 500-mb analysis (1 B-8a)
and the 36-hour 500-mb prognosis (1B-9a) shows that
the short-wave trough I will intensify as it moves into
the eastern Pacific. To the east of this trough, the polar
jet (closely-spaced contours) remains strong over the
Gulf of Alaska. To the west, however, the height
contour lines indicate that the jet is not swinging
around the base of the trough I—which would
maintain the zonal westerlies across the Pacific—but is
beginning to dig to the southeast toward the cut-off
low A. The surface prognosis (1B-9b) reveals that the
surface highs will tend to assume a meridional
orientation, in contrast to the zonal orientation
observed on the initial analysis (1B-8b). Note that the
500-mb ridge to the east of the cut-off low also showsa
significant building to the north. All of these factors
favor the development of a blocking event over the
eastern Pacific, continued on page [B-10
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1B-7a. GOES-W. Infrared Picture. 1215 GMT 23 December 1978.
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Onset of Blocking

Characteristic Features

1. Development of a meridional trough at mid
latitudes which disrupts the zonal flow regime over
the Pacific.

Building of a ridge downstream of the developing
meridional trough.

Movement of an i low aloft, accompanied by
a strong polar jet, into the west-central Pacific
upstream of the meridional trough.

N

W

25 December

As forecast: (1) the sharp meridional trough I has
intensified over the central Pacific at 500 mb (1B-10b),
(2) the isotach analysis at 300 mb (1B-10a) shows a
strong polar jet over the Gulf of Alaska, and (3) a
southward digging jet is located west of the meridional
trough. These jet features are reflected by the closely-
spaced height contour lines upstream and downstream
of the meridional trough I at 500 mb, the FNOC
forecast level. A wedge of high pressure N has
developed over the eastern Pacific, from the surface to
300 mb, with the cut-off low A at 500 mb trapped
between the ridge and the trough I to the west.
Upstream, a new major trough J, with strong cold air
advection to the rear, has moved into the central
Pacific. Note the strong 300-mb jet associated with this
disturbance.

the eastern Pacific.

The surface analysis (1B-11b) shows two mature
cyclones 1’ and J’ at mid latitudes over the central
Pacific and no major storms at high latitudes over the
eastern Pacific—the train of storms at high latitudes
over the eastern Pacific and North America has
dissipated. In the satellite picture (1B-11a), the faint
vortex cloud pattern at 1” and the weak frontal cloud
bands extending to the south from the vortex, indicate
that this storm is dissipating. In contrast, the distinct
cloud vortex and frontal cloud band associated with
the disturbance J” is characteristic of a storm that is in
the developing stage. In the eastern Pacific, convection
clouds around A” in the 500-mb cut-off low A reveals
that this low continues to behave as an active, deep,
cold core system. To the south of the cut-off low, notc
how readily the jet-associated cirrus cloud decks and
streaks can be used to trace the subtropical jet from the
central Pacific to the Gulf of Mexico. (Compare with
the 300-mb jet analysis.)

During the next 36 hours, the trough I at 500 mb
over the east-central Pacific (1B-12a) is forecast to
move southeast (1B-13a). The continued development
of this trough completes the disruption of the zonal
flow regime over the Pacific. Downstream of the
trough, the ridge N is forecast to develop into a sharp
wedge of high pressure. The most significant feature,
insofar as the onset of blocking is concerned, is the
rapid deepening of the low J at 500 mb as it moves
eastward. The diffluence of the closely-spaced height
contour lines downstream of this low indicates a
continued split in the polar jet: a northerly branch
moving up and over the ridge at high latitudes and a
southerly branch swinging around the base of the
trough over the east-central Pacific. The above

1R-10

features are characteristic of the onset of blocking over

At the surface, a comparison of the initial analysis
(1B-12b) with the 36-hour prognosis (1B-13b) shows
that the closed low I’ and the surface reflection of the
upper cold low A’ over the east-central Pacific will
continue to weaken, as they move under the influence
of the building 500-mb ridge to the north. The storm J’
over the west-central Pacific, however, will continue to
deepen, as it advances on a northeasterly track.

continued on page [B-14
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26 December

At 500 mb (1B-14b), the large-scale circulation
systems over the Pacific are developing in general as
forecast. A deep low J dominates the west-central
Pacific, and a sharp wedge of high pressure N
extending to high latitudes has developed over the
eastern Pacific. The meridional trough Ialong 155°W,
however, has not developed as forecast and is being
squeezed between the amplifying ridge to the east and
the ridge M developing ahead of the intense low
moving in from the west. There is a definite splitin the
mid-latitude jet near 40°N, 170° W—this confirms that
the zonal flow over the eastern Pacific has been
disrupted. The split of the mid-latitude jet upstream of
the building ridge N continues to signal the onset of
blocking over the eastern Pacific.

The jet stream analysis at 300 mb (I1B-14a) also
shows that the zonal flow regime over the Pacific has
been disrupted (see for comparison 1B-2a). There is a
long polar jet stream segment extending from Alaska
to the central U.S., a subtropical jet segment at low
latitudes over the eastern Pacific, and a very strong
polar jet segment at mid latitudes over the west-central
Pacific. A new polar jet over the northwest Pacific
upstream of low J is moving on a merging course with
the strong jet at mid latitudes.

In the satellite picture (1B-15a), the two cloudy areas
A” and I” identify the merged lows A’ and I’ passing
under the 500-mb ridge N. The cloudy area K” is
located in a short-wave trough on the north side of the
ridge. At the surface (1B-15b), the lows A’and I’ have
merged in a single elongated trough. As forecast, the
surface cyclone J' has deepened and moved on a
northeasterly track. It is a major oceanic winter storm.
The satellite picture shows the typical, large spiral
cloud vortex J” characteristic of a mature winter storm
with an active frontal cloud band extending to the
southwest across the Pacific. At the surface, the
pronounced southerly meridional flow to the east and
the corresponding strong northerly meridional flow to
the west of the surface low J’ arc additional evidence
that the zonal flow regime over the Pacific has also dis-
appeared at lower levels. The broad anticyclonically-
curved cirrus band in the satellite picture has formed in
response to the sharply-curved subtropical jet streak
PJS at 300 mb.

A comparison of the initial 500-mb analysis (1B-16a)
and the 36-hour 500-mb prognosis (1B-17a) reveals
that the characteristic features of a typical high-
latitude block will develop over the eastern Pacific.
The elongated ridge over the eastern Pacific on the
initial analysis is forecast to consolidate into a high-
amplitude closed (blocking) anticyclone N, and the
eastern portion of the narrow meridional trough I
upstream of the ridge evolves into a trapped low P
below the block. The polar jet (closely-spaced height
contour lines) associated with the intense low J over
the west-central Pacific on the initial analysis is
forecast to split into two distinct branches: the
northern branch curves over the blocking anticyclone
and the southern branch passes to the southaround the
trapped low below the block. The main surface
circulation feature is the transformation of the high N’
on the initial surface analysis (1B-16b) into a strong,
blocking surface high N over the eastern Pacific
(1B-17b). Note also that the surface lows A’ and I’
merge into a single low center P”.

continued on page [B-18
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1B-15a. GOES-W. Infrared Picture. 1215 GMT 26 December 1978.
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Blocking is Established over the Eastern Pacific

Characteristic Features

1. Development of a high-amplitude warm ridge over

the eastern Pacific.

2. Deep cold lows upstream and downstream of the

ridge.

3. A split in the mid-latitude polar jet upstream of the
ridge: one branch passing poleward of the ridge and
the other passing equatorward.

28 December

At 500 mb (1B-18b), strong warm air advection in
advance of the intense low J has resulted in the
development of a broad, high-amplitude blocking
ridge M-N over the eastcrn Pacific. Deep cold lows J
and O arc observed upstream and downstream of the
ridge. At 300 mb (1B-18a), a distinct split in the mid-
latitude polar jet is maintained near 40°N, 160°W. The
northern branch curves sharply around the blocking
ridge, and the southern branch swings to the south
where it merges with the subtropical jet.

Note that the blocking pattern of a closed 500-mb
anticyclone at high latitudes over the eastern Pacific
with a cut-off low to the south did not develop as
forecast. The reason for the observed difference is that
the strong warm airadvection in advance of the intense
low J has caused the ridge M to build northward and to
merge with the ridge N to form a blocking ridge M-N
from mid latitudes to the arctic (compare 500-mb
analyses 1B-14b and 1B-18b). As the blocking ridge
M-=N develops, the two lows A and I observed on the
previous 500-mb analysis (1B-14b) are forced eastward
by the ridge and merge into a single low. The result is
the low I’ on the east side of the blocking ridge (1B-18b)
instead of the cut-off low trapped to the south of the
block, as forecast (1B-17a). At the surface (1B-19b),
the merged storms A’ and I’ appear as a single low
center P’ in which an “instant occlusion” is depicted.

In the satellite picture (1B-19a), the distinct comma
cloud P” over the eastern Pacific has developed in the
new low on the east side of the blocking ridge and is the
basis for the surface analysis showing an “instant
occlusion” at the surface. This system is located in the
vicinity of the left front quadrant of a jet streak PJS at
300 mb (1B-18a), a very favorable cyclogenetic region.
There is a sharp, anticyclonically-curved, subtropical
jet cirrus deck just to the south of the comma cloud P”
on the satellite picture, which identifies the location of
the axis of the subtropical jet in this area (just to the
north of the sharp boundary of the cirrus deck).

Large-scale meridional (south to north) flow is now
observed at 500 mb (1B-18b) along the western border
of the blocking ridge M-N. In response to this flow
aloft, the surface frontal system J'1 associated with the
low J' extends from low latitudes to high latitudes ina
meridional orientation, as it moves against the
blocking ridge. The widely-spaced contour lines at the
center of the low indicates that it is in the mature stage.
In such cases over oceanic regions, numerous vorticity
commas, which indicate cyclogenetic regions, are
frequently observed in the polar air stream circulating
around the cyclone. Two prominent vorticity centers
Q" and R” are observed on the satellite picture that are
reflected in the surface analysis. The vorticity comma

IR-18

Q” is carried as a trough line on the surface analysis
because of its mature stage of development; the
vorticity center R” does not show a distinct comma so
that there is only a cyclonic curvaturc in the contours.

Another prominent feature on the surface analysis is
the development of the blocking surface high N’, as
forecast, off the west coast of Canada. This
development confirms that the block extends through
a deep vertical layer of the atmosphere. In the satellite
picture, the presence of the clear area N” off the west
coast of Canada and the stratiform cloudiness
(medium gray shades) over the Gulf of Alaska rcveals
the lateral extent of this prominent surface high.

An examination of the 500-mb prognosis {1B-20b),
based on the initial analysis (1B-20a), shows that the
high-amplitude ridge M=N over the eastern Pacific is
forecast to persist, with no major changes in the
associated synoptic circulation features (lows
upstream and downstream and a split in the polar jet
upstream of the ridge). The persistence of these
synoptic features confirms that a high-latitude block
has been established over the eastern Pacific.
Additional cvidence is provided by the DMSP picture
(1B-21a) obtained later in the day. Note the sharp
meridional orientation of the cloud bands associated
with storms that have been forced against the blocking
ridge at high latitudes.

continued on page 1B-22
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IB-19a. GOES-W. Infrared Picture. 0045 GMT 28 December 1978.
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Blocking Action: Early Phase

Characteristic Features

—~

N

. Blocking ridge persists from mid to high latitudes
over the eastern Pacific.
. Eastward moving cyclonic disturbances in the

westerlies at mid latitudes dissipate against the

blocking ridge.

3. As cyclones move into the blocking zone, the
associated frontal cloud bands become mevidionally
oriented along the western boundary of the blocking

ridge.

29 December

The contour pattern on the 500-mb analysis
(1B-22b) shows a pronounced blocking ridge M-N
along 140°W. The low O has intensified downstream
of the block, and the deep low J observed upstream of
the block 36 hours earlier (1B-18b) has become a sharp,
elongated cold trough as it moves against the blocking
ridge. The jet stream analysis at 300 mb (1B-22a) shows
a split in the polar jet in the vicinity of 35°N, 155°W;
however, the jet streaks are weak. The strongest jet
streak appears at mid latitudes over the west-central
Pacific accompanying a new vigorous low R.

A most obvious effect of blocking over the eastern
Pacific is the dissipation of eastward moving cyclones
as they move against the block. In the satellite picture
(1B-23a), the cloudy area J”1 just off the U.S. west
coast was a vigorous frontal system 36 hours earlier
{1B-19a and 19b). It has a fragmented appearance and
is dissipating as it advances into the block at 500 mb—a
very graphic example of blocking action. The
following vortex Q” and frontal system Q"1 has
developed from a vorticity comma cloud observed
36 hours before at 40°N, 175°W (1B-19a). As the
cyclone advances into the blocking zone, the
assocliated frontal cloud band Q"1 has become
meridionally oriented against the western boundary of
the blocking ridge at 500 mb. Although the satellite
picture shows distinct convective activity along the
frontal band, this system has weakened significantly as
shown on the surface analysis (1B-23b). Note that the
two dissipating frontal systems J'1 and Q’1 have
become meridionally elongated against the western
boundary of the blocking high at the surface. This is
characteristic of blocking action at that level.

On the east side of the block the 500-mb low P
remains active as it advances toward the West Coast.
There is a closed surface low P’ (1B-23b), and the
satellite picture (1B-23a) shows a distinct comma
pattern P” with sharp edges—an indication that an
active frontal band is approaching the Lower
California coastline.

A new, vigorous surface low R’ has developed
upstream of the blocked surface lows over the eastern
Pacific. Only a broad meridional frontal cloud band
R”1is observed in the satellite picture due to the angle
of view from the GOES-West satellite. This low has
strong upper-level support—a sharp cold trough aloft
R at 500 mb and an intense jet streak (150 kt) at
300 mb.

During the next 36 hours, the low J on the initial
500-mb analysis (1 B-24a) weakens as it is forced

1B-22

against the blocking ridge M=N over the eastern
Pacific (1B-25a), and a deep meridional trough is
forecast along the western boundary of the block,
extending from Hawaii to the Gulf of Alaska.
Upstream of the meridional trough, the low R is
forecast to deepen significantly as it advances over the
eastern Bering Sea.

The most significant circulation feature at the
surface is the persistence of the blocking high M’-N’
along the west coast of the U.S. and Canada. This high
will preclude the advance into the U.S. of any surface
storms at mid latitudes over the eastern Pacific. A
comparison of the initial surface analysis (1B-24b) and
the 36-hour prognosis (1B-25b) shows that the
eastward moving low pressure system Q’ over the east-
central Pacific will weaken as it becomes trapped
against the blocking high. Note that surface low P’
weakens as it moves inland. Over the northwest
Pacific, cyclone R’ will continue to deepen as it moves
on a northeasterly track.

continued on page 1B-26
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1B-23a. GOES-W. Infrared Picture. 1215 GMT 29 December 1978.
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IB-24a. FNOC PE Initial 500-mb Analysis. 1200 GMT 29 December 1978.
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1B-24b. FNOC PE Initial Surface

Analysis. 1200 GMT 29 December 1978.
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31 December

The jet stream analysis at 300 mb (1B-26a) clearly
reveals the extent of the disruption of the zonal
westerlies at mid latitudes by the blocking ridge over
the eastern Pacific. Within the blocking zone at mid
latitudes therc is no regular pattern to the jet streak
segments: jet streak PJS-1is oriented south-north, jet
streak PJS-2 is oriented northwest-southeast, and jet
streak PJS-3 is oriented southwest-northeast.
Upstream of the block, a multiple jet structure is
observed. Similarly, downstream of the block, over
North America, a multiple jet structure can be
identified. There is no continuous zonal westerly band
across the Pacific and North America—only a series of
discontinuous jet stream segments.

At 500 mb (1B-26b), the blocking ridge M=N
extends from a closed anticyclone at low latitudes to
the arctic. The cold lows R and O upstream and
downstream of the block have deepened and show
strong jet streak circulations—evidence of pronounced
baroclinic zones for cyclogenctic developments. A new
tow S has developed at the base of the trough of the low
J due to strong cold air advection to the rear of the
trough.

At the surface (1B-27b), a storm $’ has developed
under the new low S aloft; the presence of jet streaks
PJS-2 and PJS-3 at 300 mb indicates strong upper-
level support for this system. This storm is forced
against the blocking ridge M-N, as have the previous
surface storms J’ and Q’. The storm J’ has dissipated
against the block and storm Q’shows only a weak front
at the surface. To the east of the block, storm P’
remains active as it advances across the southern U.S.
and northern Mexico.

The satellite picture (1B-27a) shows the classic
meridional orientation of the vortex cloud systems Q"
and $” of the two surface storms Q' and S’ whose
eastward progress has been blocked. The frontal cloud
bands associated with these storms assume a
meridional orientation as the cyclones are forced
against the western boundary of the blocking ridge.
Note the bright, anticyclonically-curved, jet-associated
cirrus cloud deck to the south of cloud vortex S”. The
bright vortex cloud pattern P” (1B-27a) to the east of
the block is associated with the surface cyclone P
Convective activity has increased in this system as the
500-mb low P merges with the flow along the eastern
boundary of the blocking ridge.

Upstream of the block the weak frontal cloud band
R”1 is the remnants of the front R’ moving into the
blocking zone at the surface, The two vorticity comma
clouds T” and U” are incipient storms developing over
the west-central Pacific. These disturbances are being
steered by the mid-latitude westerlies (500 mb) toward
the blocking zone over the eastern Pacific.

The 36-hour 500-mb prognoses have been very
useful for forecasting the overall large synoptic-scale
patterns associated with the onset and the development
of the blocking event over the eastern Pacific. Now that
the block is in place, useful estimates of the duration of
the blocking event can be obtained from a consider-
ation of the 36- and 72-hour 500-mb prognoses.

31 December continued on page 1B-29
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Blocking

Blocking Action: Early Phase Case 1

The 500-mb prognoses (1B-28c and 29a) show that
the block over the eastern Pacific will persist for an
additional 72 hours—a very formidable block to
eastward moving disturbances in the westerlies.
During the early forecast period, strong polar
westerlies (tight contour gradient) are observed
upstream from the block. By the end of the forecast
period (1B-29a), the polar westerlies have penetrated
into low latitudes over the eastern Pacific, which forces

a southeast-northwest tilt in the blocking pattern. continued on page 1B-30

A comparison of the mean 700-mb contours over the
eastern Pacific for the week prior to the block (1B-28a), with
the mean 700-mb contours for the week of the development
of the block (1B-28b), provides graphic evidence of the
significant change in the flow pattern over the eastern
Pacific. Prior to the block, disturbances in the westerlies
could advance rapidly across the eastern Pacific in the zonal
flow. During the blocking period, however, this open
channel is no longer available for the disturbances.

Reference
Taubensee, R.E., 1979: Weather and circulation of
December 1978. Mon. Wea. Rev., 107, 354-360.

f

1B-292. FNOC PE 72-hr 500-mb

Prognosis. Valid 0000 GMT 3 January 1979.
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1-2 January 1979

On the following four pages, a serics of satellite
pictures and corresponding 500-mb analyses are
presented for a two-day period, at 12-hour intervals.
This series illustrates how effectively the blocking ridge
over the castern Pacific obstructs the normal eastward
progress of migratory cyclones. In the first satellite
picture (1B-30a), the very distinct cloud vortex S”over
the east-central Pacific is a major oceanic winter storm
that has developed rapidly from the vorticity comma
$” 12 hours earlier (1B-27a).

On the 500-mb analysis (I1B-30b), the closed cold
low aloft S associated with this system indicates that
the storm extends through a deep vertical layer of the
atmosphere. During the next 24 hours (IB-31b and
31d), this 500-mb low is stecred on an almost due north
track by the blocking ridge over the eastern Pacific.
The storm 8” is forced against the blocking ridge and
dissipates, as shown by the break-up of the cloud
vortex in the corresponding satellite pictures (1B-31a
and 31c). A broad, meridional cloud band has
developed in the deep baroclinic zone along the
western boundary of the blocking ridge M=N. The
convex cloud protrusions into the cold air along this
cloud band are short-wave disturbances moving
northward in the strong meridional flow between the
500-mb low and the blocking ridge.

The 500-mb low S continues to advance on a
northerly track during the following 24 hours (1B-32b
and 33b), where this system is identified by a minor
waving of the contour lines. Only broken cloud
remnants of the primary cloud vortex S are observed
on the satellite pictures (1B-32a and 33a). The storm
has dissipated against the block. This example
demonstrates how readily the initiation, development,
and dissipation of storms can be followed in the
satellite pictures.

A characteristic feature of the block is the split in the
polar jet into a northern and a southern branch
upstream of the blocking ridge. Cyclonic disturbances
developing along the polar jet will therefore take one of
two tracks—a northern route or a southern route. In
the satellite picture (1B-30a), storms Q” and R”
(1B-30a) are located in the northern branch of the split
in the polar westerlies, and they dissipate (1B-31c)
against the high-latitude portion N of the block
(1B-31d). These storms arc followed by disturbance T”
(1B-30a) which also follows the northern route against
the block where it also dissipates. Cyclonic disturbance
U” (1B-30a), however, follows the southern branch of
the split polar westerlies. Near the end of this two-day
period (1B-33b), a major 500-mb low U develops, as
the disturbance U” moves to the southeast in the strong
southern branch of the split in the polar westerlies.
Short black line segments on the 500-mb analysis
(1B-33b) indicate the northern and southern branches,
respectively, of the polar jet stream,

continued on page 1B-34
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Blocking Action: Mature Phase

Characteristic Features

—

. Blocking pattern continues over the eastern Pacific.

A blocking ridge extends from low latitudes to the
arctic and deep upper-air lows are located upstream
and downstream of the block.

2. The development of an intense surface anticyclone
over wesiern North America produces strong
southerly flow along the west coast from southern

California to Alaska.

“

. The eastward progress of cyclonic disturbances in

the mid-latitude westerlies is slowed as they move

against the block.

3 January

The 500-mb analysis (1B-34b) shows that the
blocking ridge M~N is persisting over the eastern
Pacific, as forecast (1B-28¢ and 29a). There is a closed
high-pressure cell at 62°N, 144° W, and the axis of the
blocking ridge at mid latitudes has a pronounced
southeast to northwest tilt, as indicated on the 72-hour
prognosis (1B-29a). Deep cold lows R and O are
located upstream and downstream of the block. At
300 mb (1B-34a), the northern branch of the split in the
polar westerlies PJS-1 shows a strong jet streak
(125 kt) moving around the northern boundary of the
block. The southern branch in the polar westerlies
PJS-2 has intensified considerably and extends from
mid latitudes over the western Pacific to low latitudes
over the eastern Pacific. This jet identifies the location
of the main belt of the polar westerlies over the Pacific.

In the satellite picture (1B-35a), the minimum cloud
cover zone stretching from Texas into western Canada
confirms that the blocking extends through a vertically
deep layer of the atmosphere. On the surface analysis
(1B-35b), the blocking anticyclone M’-N’over western
North America is very strong (1056-mb high at N°).
The surface anticyclone contour lines along the west
coast of North America reflect the southeast to
northwest tilt of the upper-level ridge M=N at 500 mb,
and strong southerly flow is observed offshore from
southern California to the Gulf of Alaska. This strong
southerly flow is typical of the mature stage of blocking
action over the eastern Pacific.

At 500 mb, the eastward progress of storm U at mid
latitudes over the eastern Pacific has been arrested by
the blocking ridge M=N. There is a closed low U’at the
surface. The eastward progress of this low is blocked
by the surface anticyclone M’-N’. U’l, U2, and U’3
are cold frontal systems circulating around the U’
center. The frontal cloud bands U”1, U“2, and U"3
identify these disturbances in the satellite picture. The
frontal cloud band U”1 broadens into a large cloud
mass off the West Coast and consists of the remnants
of previous frontal systems that have dissipated against
the block.

A large, dissipating, closed surface low R’ is
observed over the west-central Pacific. This low is
located below the 500-mb low R aloft. An incipient
frontal wave V’is developingin a trough line extending
to the south from the surface low center R’. The typical
incipient frontal wave cloud band V” identifies the
location of this disturbance in the satellite picture.

1B-34

At 300 mb (1B-34a), the polar jet PJS-2appearsasa
nearly continous band at low latitudes across the east-
central Pacific. In the satellite picture (1B-35a), there is
a break inthe jet-associated cirrus decks along the jet
axis between 140°W and 160°W. This clear zone
coincides precisely with the base of the 500-mb trough
(1B-34b). Vertical motions are suppressed along the
base of 500-mb troughs, which accounts for the
dissipation of the cirrus (high-level cloudiness) along
the jet. The suppression of vertical motions is primarily
an upper-level event so that lower-level cloudiness is
often observed in the same area (note the dark gray
shades in the satellite picture which identify low-level
cloudiness).

During the next 72-hour period, the blocking
pattern at high latitudes is forecast to persist (1B-36a
and 37a). A large, closed anticyclone N will remain
over Alaska throughout the period. The deep cold
tows R and O upstream and downstream of the block,
however, are forecast to advance rapidly eastward, in
contrast to their slow eastward progression during the
previous periods. In particular, low R moves
southeastward and begins to intrude under the western
boundary of the high-latitude blocking anticyclone N.
At mid latitudes the blocking ridge M along the West
Coast (1B-36a) is replaced by the low U at the end of
the forecast period (1B-37a). This low has been carried
eastward rapidly by the main branch of the polar
westerlies (closely-spaced height contour lines) which
extend across the central and eastern Pacific along
approximately 30°N. The ridge W develops in
response to the strong warm air advection in the
southerly flow in advance of the deep low R.

continued on page 1B-38
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4-5 January

In the following series of 500-mb analyses and
satellite pictures, the changing pattern of the blocking
action on disturbances moving eastward in the polar
westerlies is presented at 12-hour intervals. At 500 mb
(1B-38b), the low U at mid latitudes advances to the
east on a track that takes it under the high-latitude
block N (1B-39d). The blocking ridge M downstream
decreases in amplitude as the low U moves eastward
and, during the same period, a new ridge W develops
upstrecam, In the corresponding satellite pictures, the
cloud vortex U” (1B-38a) is caught in the strong
southerly flow ahead of the 500-mb low and moves
rapidly to the north, where it dissipates against the
high-latitude block N (1B-39c). The frontal cloud
bands U”I and U”2 (1B-38a) are also observed to
dissipate as they move against the block (1B-39c).

The comma cloud U”3 (1B-38a), on the other hand,
initially shows a rapid development into a distinct
comma pattern (1B-39a) which dissipates just as
rapidly (1B-39¢c), as a new development X" occurs in
the southeast quadrant of the 500-mb low (1B-39d).

The cloud vortex V” (1B-38a) is located in the
northern branch of the polar westerlies. This storm
develops rapidly (1B-39a) and reaches the mature stage
(IB-39c). Note that the storm shows a tight spiral cloud
vortex near 45°N, 170°W, During this same period,
the 500-mb low R (1B-38b), in which the storm V”is
embedded, advances eastward (1B-39b and 39d),
where previously this low had been quasi-stationary in
the vicinity of 5§5°N, 170°W (see 1B-31b).

The effect of the high-latitude block N on the
disturbance V” is depicted in the satellite pictures
(1B-40a and 41a) on the following pages. The eastward
progress of the storm is blocked—the position of the
spiral cloud vortex remains fixed near 45°N, 170°W—
while the frontal cloud band V"1 is forced against the
western boundary of the block and becomes
fragmented as it weakens, The 500-mb low R (1B-40b)
moves directly over this disturbance (1B-41b), whichis
not favorable for continued development of the storm.

The 500-mb analyses (1B-40b and 41b) show that
the low U develops a closed center as it approaches the
West Coast. The rapid eastward advance of this low
results in an elongated trough extending to the low R
upstream, which has not moved appreciably to the east
during this period. With the blocking ridge M-Nistill in
place, the satellite pictures (1B-40a and 41a) show that
the castward progress of the cloud vortex X” is
blocked. With the eastward progress of this system
blocked, the following comma cloud X"t merges with
the trailing cloud band of cloud vortex X”, and an
clongated frontal cloud band is formed against the
western boundary of the block.

continued on page 1B-42
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1B-39a. GOES-W. Infrared Picture. 0015 GMT 4 January 1979.

500 mb

1B-39b. NMC 500-mb Analysis. 0000 GMT 4 January 1979, 1B-39d. NMC 500-mb Analysis. 1200 GMT 4 January 1979.
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1B-40a. GOES-W. Infrared Picture. 0015 GMT 5 January 1979.
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Blocking Action: Late Phase

Characteristic Features

1. The high-latitude block is maintained over
northwest Canada and Alaska.

2. Polar westerlies at low latitudes strengthen across
the eastern Pacific and advance under the high-

latitude block into the U.S.

3. Penetration of the polar westerlies into the U.S.
JSorces the mid-latitude block over the western U.S.

to collapse.

ES

. Eastward moving disturbances in the polar

westerlies at low latitudes progress inland over the
U.S., as the mid-latitude block breaks down.

“

. Strong southerly flow offshore along the west coast

of the U.S. and Canada also diminishes rapidly as
the mid-latitude block weakens.

6 January

At 500 mb (1B-42b), the closed high N confirms the
persistence of the high-latitude blocking, as forecast
(1B-36a and 37a). Low R has become a mobile system
and is moving on a southeasterly track under the block.
This forces the mid-latitude polar jet PJS-2 over the
eastern Pacific to very low latitudes, as shown on the
300-mb analysis (1B-42a).

The mid-latitude jet streaks PJS-1, 2, and 3 form an
almost continuous line across the Pacific with the
result that zonal flow is observed from the western
Pacific to Mexico. This strong zonal jet has replaced
the southern branch of the split in the westerlies
observed earlier (see 1B-18a). The northern branch of
the split in the polar westerlies PJS-4 has weakened
and is no longer significant (compare with 1B-34a). A
polar jet PJS-5, however, has developed upstream of
the low R which passes around the block N into
northern Canada and to the rear of the newlow BB (the
original low O has moved eastward over the Atlantic),
so that a polar jet is maintained at high latitudes. Thus,
during this late phase of blocking, the storm tracks will
be either along the high-latitude polar jet moving
against the block N and dissipating, or the storm tracks
will be along the mid-latitude jet advancing across the
eastern Pacific and into the U.S.

" The 500-mb analysis (IB-42b) shows that low U,
which is caught up in the strong mid-latitude polar jet,
has passed under the high-latitude block N and is now
located over the West Coast. The penetration of the
mid-latitude jet PJS-1 and this disturbance into the
U.S. has forced the breakdown of the blocking ridge
M. The ridge W did not increase in amplitude as much
as forecast because the deep low R did not move as far
east, and the pattern of strong cold air advection to the
rear and warm air advection in advance of this low did
not develop. Thus only a weak ridging ahead of low R
is observed. At the surface (1B-43b), the frontal system
X’ associated with the disturbance U’ has advanced
well inland, and the frontal cloud band X“1, in the
satellite picture (1B-43a), confirms that this system is
progressing inland undisturbed, due to the collapse of
the blocking ridge M. With the collapse of the blocking
ridge M, the strong offshore surface flow along the
U.S. and Canadian west coast has also diminished
(compare with 1B-35a).

The eastward advance of the surface low V’ over the
central Pacific (1B-43b) has slowed, and it has the

1B-42

typical characteristics of a decaying cyclone—the front
V't to the cast is weak (it is located between contour
lines and not in a sharp trough) and does not extend
into the low center. In the satellite picture (1B-43a), the
cloud vortex V" is very weak and shows only slight
‘banding {compare with 1B-41a). The frontal
cloudiness V”1 extending to the east from the cloud
vortex is dissipating; however, deep convection (bright
white cloud clusters) is observed along the portion of
the frontal cloud band V”2-3 curving to the southwest
from 40°N, 140°W. Note that this portion of the front
is located in the left front quadrant of a broad jet max
PJS-2 at 300 mb (1B-42a)—a favorable area for deep
vertical convection, The bright, meridional, cloudy
area Y” is an area of deep vertical convection in the
southwesterly flow around the 500-mb low R, and the
convection extends to lower levels, as indicated by the
presence of a trough line (TROF) Y’ on the surface
analysis.

The surface low Z/is a developing disturbance in the
zonal westerlies at mid latitudes over the western
Pacific. Note that the disturbance has support aloft—a
short-wave trough Z at 500 mb—and it is located in the
left front quadrant of a 300-mb jet max PJS-3. A
distinct comma cloud Z” is also observed on the
satellite picture.

The 36-hour (1B-44a) and 72-hour (1B-45a) 500-mb
prognoses show a closed high-pressure cell N over
Alaska. This indicates that the high-latitude block is
forecast to continue for an additional three days. In
addition, the major low R over the central Pacific and
low BB over Hudson Bay arc forecast to remain almost
stationary during the same period. The increase in the
amplitude of the ridge W (1B-44a) acts to reinforce the
blocking action along the West Coast. This ridge does
not intensify further (1B-45a) so that the blocking
action is temporary. Strong, zonal westerlies {closely-
spaced height contour lines) are forecast to persist at
mid latitudes across the Pacific.

continued on page 1B-46
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7~8 January

During the first 36 hours of the forecast period, the
500-mb analyses (1B-46b, 47b, and 47d}, show that the
large synoptic-scale circulation features behave as
forecast: a closed high-pressure system N is maintained
over Alaska so that blocking persists at high latitudes;
the major low R over the central Pacific is blocked and
holds near 35°N, 170°W; the ridge W develops
downstream, and strong zonal westerlies (closely-
spaced height contours) are observed across the Pacific
at mid latitudes. The pronounced waving of the
westerlies over the central Pacific indicates that intense
disturbances are present in the zonal flow.

With the major low R at 500 mb stalled over the
central Pacific, the associated cloud vortex V”remains
essentially stationary as shown in the satellite pictures,
while short-wave disturbances Z” and AA” develop
along the southern boundary of the low. The cloud
vortex Z” advances slowly eastward in the weaker
circulation around the center of the low R at 500 mb;
however, the frontal cloudiness Z”1 moves rapidly
eastward because it is caught in the stronger zonal
westerlies to the south, This difference in motion
results in the elongated frontal band Z"-Z"1, which
shows signs of dissipating. The enhanced cumulus area
AA" (1B-46a) develops into the intense, small comma
cloud AA” (1B-47a). This storm is located in the
deepening low AA at 500 mb. As this low advances
eastward it slows as it moves against the blocking ridge
W-N, and the comma cloud pattern does not develop
the clear-cut banding features of a major winter storm
(1B-47c). The cloud vortex X” associated with the
500-mb trough U (1B-46b) over the western U.S., tends
to dissipate as U merges with the long-wave trough
along the eastern boundary of the block (I1B-47d),
while frontal cloudiness X”I moves rapidly castward.

The effects of the re-established 500-mb blocking
ridge W-N along the Pacific coast of North America
on castward moving disturbances is clearly cvident in
the satellite pictures. The frontal cloud bands V”1 and
Y"1 (1B-46a) move eastward in the flow around the
eastern periphery of the low R and shear-out, in
succession, as they are forced against the blocking
ridge (1B-47c). Note that the cloud vortex V” persists
long after the connections with the frontal clouds to the
east dissipate.

Toward the end of the 72-hour forccast period
(1B-48a and 49a), the storm over the central Pacific
intensifies dramatically, as evidenced by the
development of a spiral cloud vortex Z” and a distinct
frontal cloud band Z"1 extending to the southwest,
The rapid development of this storm occurred as the
500-mb short-wave low Z (1B-48b) passed south of the
major low R and intensified in the southerly flow on
the eastern side (1B-49b). A similar deepening of the
storm AA” occurs (1B-48a and 49a) in the southerly
flow along the western boundary of the blocking ridge
along the West Coast, as the low AA (1B-48b and 49b)
moves against the block. This system is most intense
aloft, however, since there is no prominent trailing
frontal cloud band emerging from the tail of the
comma cloud AA” (IB-4%9a). The remnants of the
frontal band V”2 also dissipate against the block W.

continued on page 1B-50
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Blocking Action: Final Phase

Characteristic Features

~

. High-latitude block over Alaska retreats to the

north over the Arctic Ocean.

N

. Strong zonal westerlies are established at mid

latitudes over the eastern Pacific.
3. Disturbances in the zonal flow at mid latitudes

advance into the U.S.

4. Subtropical high-pressure cell is established over

the eastern Pacific.

$ January

An examination of the 500-mb analysis (I1B-50b)
shows that the location and pattern of the large
synoptic-scale features compares satisfactorily with
the 72-hour prognosis (1B-45a). The blocking high N is
holding over Alaska; the major low BB, downstream of
the block, has remained nearly stationary, as has the
low upstream of the block which, however, shows two
centers R and Z instead of the single forecast center R.
The sharp ridge W along the U.S. west coast was not
forecast. This ridge moved eastward more rapidly than
was expected and has temporarily re-established a
blocking ridge W-N along the Pacific coast. Strong
zonal westerlies (closely-spaced height contour lines)
are observed at mid latitudes over the Pacific, as
forecast.

At 300 mb (1B-50a), the strong zonal westerlies show
wind speeds in excess of 130 kt at mid latitudes over the
Pacific. In particular, the jet streak PJS-1 (110 kt)
extends from 140°E to 160° W over the eastern Pacific.
Downstream of the block, strong polar westerlies are
located to the south of the major low BB, but the wind
speeds have dropped off significantly in the northwest
flow between this low and the high-latitude block
(compare 1B-50a with {B-42a). There has been a
similar decrease in the wind speeds of the southerly
flow upstream of the block. With this breakdown of
the high-latitude polar jet moving around the block,
the northern branch of the split in the zonal westerlies
that was a main feature of the block has dissipated, and
the blocking event over the eastern Pacific is in its final
phase.

Note that there is a strong polar jet PJS-2 at 300 mb
associated with the deep 500-mb low CC located off the
Asiatic mainland. This jet stream development is a
significant feature in the changing flow pattern over
the Pacific, and the jet is advancing to the southand to
the rear of the major 500-mb low R-Z over the central
Pacific. On the surface analysis (1B-51b), the mature
storm CC’ over the northwest Pacific confirms that the
500-mb low aloft is 2 major development. The cloud
system accompanying the storm does not appear in the
satellite picture (1B-51a), because it is not in the field-
of-view of GOES-W.

The double-center 500-mb low R-Z, over the central
Pacific, is reflected at the surface by an clongated
surface pressure circulation system R’-Z’. The surface
storm Z’ is the major winter storm that developed in
the western quadrant of the 500-mb low aloft. The
satellite picture shows a distinct cloud vortex Z” and
frontal cloud band Z”1 curving to the southwest. The
bright cloudiness along this frontal band is cirrus
debris from deep convection produced in the

1B-50

baroclinic zone associated with the strong polar jet
PJS-1 paralleling the frontal zone. The cloud vortex
R”in the satellite picture has developed as evolution of
vortex V” (see 1B-49a) interacting with surrounding
cloud vorticity features near the center of the 500-mb
low R. Cloudiness from the vortex Z” has spread along
the northern boundary of the 500-mb low to the
vicinity of R".

In the satellite picture (1B-51a), the comma cloud
AA” is retaining its distinct features (see 1B-49a).
There is only a weak low AA’and frontal system on the
surface analysis (1B-51b). The absence of a prominent
tail extending to the south from the comma cloud, such
as observed with the cloud vortex Z” upstream,
confirms that this system continues to be most intense
aloft. At 500 mb, the short-wave trough A A associated
with this storm is moving against the temporary
blocking ridge N-W, and warm air advection is
occurring to the west (rear) of the trough which would
be expected to cause a filling of the trough. Note also
that the closed vortex center of the disturbance AA” is
located in the left rear quadrant of the jet streak PJS-3,
at 300 mb. These conditions are unfavorable for the
further development of this storm.

The 36-hour (1B-52a) and 72-hour (1B-53a) 500-mb
prognoses show that the closed high center N over
Alaska will move north over the Arctic Ocean, and
strong polar westerlies will dominate at mid latitudes
across the Pacific and the U.S. This indicates an end to
the blocking event over the eastern Pacific.
Disturbances in the polar westerlies should have a clear
track into the U.S. by the end of the forecast period.

The new major low CC at high latitudes over the
western Pacific is forecast to deepen and advance
slowly eastward (1B-53a). This will maintain strong
polar westerlies upstream of the major low R over the
central Pacific. Cold air advection will occur to the rear
of this low, which will result in a decp trough. As the
trough deepens, warm air advection will increase
downstream of the trough and a subtropical ridge of
high pressure DD is forecast to develop over the
eastern Pacific.

continued on page |B-54

1B-50b. NMC 500-mb Analysis.




Blocking
Blocking Action: Final Phase Case 1

1B-51a. GOES-W. Infrared Picture. 0015 GMT 9 January 1979.
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IB-51b. NMC Surface Analysis. 0000 GMT 9 January 1979.
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The mean 700-mb contours for the first week of January
(1B-53a) show the highly-amplified blocking ridge along the
west coast of North America. This ridge moved from the
eastern Pacific (1B-28b) 1o the west coast of North America
forming a barrier to eastward moving disturbances in the
westerlies, from low latitudes to the Arctic Ocean. The strong
northwesterly flow downstream of the block blanketed the
U.S. with repeated surges of Arctic air masses that resulted in
record or near-record low temperatures over most of the U.S.

During the second week of January (1B-53b), the high-
latitude portion of the block moved to the north over the
Arctic Ocean. This allowed the westerlies to penetrate below
the block into the continental U.S., and the mid-latitude
block was eliminated. The movement of the deep low from
Siberia (1B-53a) to the Asiatic coast (1B-53b) contributed
significantly to the increased speed of the westerlies across
the Pacific. In contrast to the first week of January, eastward
moving disturbances in the westerlies, under the intensified
zonal westerlies, had an open channel from the Pacific into
the U.S.

Reference
Wagner, A.J., 1979: Weather and circulation of January
1979. Mon. Wea. Rev., 107, 354-360.
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10-11 January

During the first 36 hours of the forecast period, the
large-scale features at 500 mb (1B-54b, 55b, and 55d)
develop as forecast: the closed high center N over
Alaska moves to the Arctic Ocean; the major low
centers CC, R, and Z upstream of the high-latitude
block and BB downstream of the block progress
eastward; and strong polar westerlies (closely-spaced
height contour lines) are observed over the central
Pacific. Note that the vorticity comma AA” (1B-54a),
which had shown a distinct cloud pattern (1B-51a),
dissipates (1B-55c) as the subtropical ridge DD builds
and forces the low AA eastward, where it merges with
the northwesterly flow around the major low BB.

The cloud vortex Z” (1B-54a) is associated with the
disturbance Z in the castern periphery of the major low
R (1B-54b). This disturbance is caught in the southerly
flow in the castern quadrant of the low R and is
advected rapidly to the north where it dissipates
against the temporary block DD-N. As the low Z
dissipates against the block, the spiral cloud bands of
the vortex Z” break up (1B-55c).

As the 500-mb low Z moves northward and
dissipates against the block DD-N, the low R moves
eastward toward the ridge DD. The pressure gradient
tightens between these systems, and an increase in the
speed of the mid-latitude westerlies (closely-spaced
height contour lines) is observed between 160° W and
130°W (1B-55d). This process intensifies the baroclinic
zone along the eastern periphery of the low, and a
bright frontal cloud band Z”1-Z"2-Z"3 (1B-55a),
indicating an active frontal zone, is observed extending
from the West Coast to south of Hawaii.

To the south of the cloudy area R” (1B-54a), an
enhanced area of convection EE” has formed in the
polar airflow, which is associated with a short-wave
disturbance EE at 500 mb (1B-54b). This disturbance
has developed in the westerlies to the south of the
major low R. The bulge into the cold air FF” identifies
another short-wave disturbance in the westerlies;
however, this system has formed along the baroclinic
frontal zone Z"1-Z"3, This storm develops slowly and
does not show the typical spiral bands of a developing
vortex (1B-55¢). On the other hand, the storm EE”
develops rapidly and remains entirely within the cold
air north of the frontal cloud band. Still another cloud
vortex system GG”is observed developing in the polar
airstream upstream of the major low R.

Toward the ecnd of this 72-hour forecast period
(IB-56b and 57b), the strong southwesterlies (closely-
spaced height contour lines) observed over the eastern
Pacific (1B-55d) have become more zonally oriented,
as the westerlies penetrate further inland over the
continental U.S. The new storm GG" over the central
Pacific shows signs of continued intensification, as new
spiral cloud bands develop around the circulation
center. The storm EE”, however, dissipates against the
high-latitude block N, and the minor short-wave
disturbances FF”, HH", and I1”, which have developed
along the baroclinic zone Z"1-Z"3, move rapidly
eastward in the strong zonal flow developing across the
uU.s.

continued on page 1B-58

1B-54b. NMC 500-mb Analysis. 1200 GMT 9 January 1979.
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Blocking Ends over the Eastern Pacific

Characteristic Features

1. Strong zonal westerlies are established at mid
latitudes across the eastern Pacific and the

continental U.S.

N

. The blocking ridge along the North America west

coast at mid latitudes dissipates as the zonal
westerlies over the eastern Pacific penetrate across
the U.S. and break the connection between the
subtropical high and the high-latitude block over

the Arctic Ocean.

W

12 January

The 500-mb analysis (1B-58b) shows that strong
zonal westerlies (closely-spaced height contour lines)
have developed at mid latitudes over the eastern
Pacific and the continental U.S., as forecast (1B-53a).
The major 500-mb lows R and BB, upstrecam and
downstream of the block have weakened, however, the
low R shows a closed circulation center instead of an
open trough pattern and has advanced furthereast ona
track taking it under the block N. The high-latitude
block N still shows a vigorous, though less than jet-
force, anticyclonic circulation pattern. At 300 mb
(1B-58a}, winds are still of moderate strength;
however, there are no new jet streaks observed
upstream or downstream of the block. This confirms
that the high-latitude block is in the process of
weakening.

Although the penetration of zonal westerlies at mid
latitudes over the continental U.S. was forecast, the
synoptic pattern attending the zonal westerlies did not
develop as forecast. The most important difference is
the development of the strong zonal westerlies which
have completely broken the connection between the
subtropical high DD and the high-latitude block N.
This has eliminated any possibility of redevelopment
of the blocking ridge along the West Coast, as long as
the strong zonal westerlies are in place. At 300 mb
(1B-58a), the isotach analysis reveals the strength and
geographical extent of the mid-latitude westerlies—a
series of closely-spaced 100-kt jet streaks, PJS-1 to
PJS-4, form a continuous polar jet stream from the
central Pacific to the eastern Atlantic.

In the satellite picture (1B-59a), the frontal zone
2"1-71"3 continues to show short-wave disturbances
(FF” and HH") moving eastward along the northern
boundary of the polar jet at 300 mb (1B-58a). These
disturbances were previously observed developing
along the frontal cloud band extending across the
eastern Pacific (1B-56a and 57a). The strong zonal
westerlies preclude any significant meridional
circulation developments with these disturbances so
that they do not grow into the typical mature cyclone,
but remain as short-wave disturbances. This is
confirmed on the surface analysis (1B-59b), where only
frontal waves are observed along the surface frontal
zone,

On the other hand, the storm GG’ at the surface
shows more development than the disturbances FF’
and HH'. In the satellite picture, the storm GG” shows
a distinct comma pattern. This storm developed from a

1B-58

The major lows upstream and downstream of the
high-latitude block weaken.

disturbance (1B-55b) which has merged with the major
low R at 500 mb (1B-58b) over the east-central Pacific.
The slight anticyclonic curvature to the cirrus deck
between Z"2 and Z”3 suggests that the storm GG” is
beginning to interact with the baroclinic zone
identified with the frontal cloud band Z"2-Z"3,

Upstream of the cloud vortex GG”, in the satellite
picture, is a distinct frontal cloud band JJ”1 and a
barely visible cloud vortex JJ”. At the surface there is
an intense, mature cyclone JJ’ and a pronounced
frontal system JJ’l. This storm is identified with the
fow JJ at 500 mb (1B-58b) moving out of the major low
CC over the Asiatic coast. Note the strong polar jet
PJS-5 associated with this development at 300 mb
(1B-58a). This jet has become more intense (see
1B-50b) and is digging to the southeast (PJS-6) to the
rear of the major low R over the east-central Pacific.

With the breakdown of the mid-latitude block along
the west coast of North America, the continued
weakening of the high-latitude block, and the advance
of the intense polar jet PJS-5 at 300 mb, a return to
more zonal flow conditions across the eastern Pacific is
evident—in contrast to the strong meridional flow
pattern observed during the blocking event.

1B-58b. NMC 500-mb Analysis. 0000 GMT 12 January 1979,
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Case 2

Blocking

Steering of Cyclonic Disturbances by Blocking Ridges

Large-amplitude, upper-air (500 mb) ridges over t