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ABSTRACT

The abnormal winter of 1976-77 over North America
1s examined in this paper. From the point of view of the general
carculation it was found that a negative 500 mg height angpaly
over the Pacific Ocean, a positive deviation over the North-
west America and a negative deviation over the Mid-eastern
United States were associated with an amplified trough-ridge-
trough pattern over Pacific-W. coast—Mld-eagtern United States.
It was also found that the "blocking" activity cver the West

coast, as a function of the increased meridionality of the

zonal flow, was the highest in the last 28 years ‘{esultlng in

1

the extreme climatic characteristics which took place over

North America during this period.
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RESUME

Cette &tude porte sur l'hiver anormal de 1976-77,
au-dessus de 1'Am&rique du Nord. Du point de wvue de la
circulation générale, la hauteur de la surface isobare 500 mb
présente une anomalie négative au-dessus de 1'Oc&an Pacifique,
une dénation positive au-dessus du Nord-Ouest de 1 'Amerique
du Nord et une déviation nég;tlve au-dessus du Mid-Est des
Etats-Unis. Ces anomalies sont associefs avec un patron
amplifi1é creux-créte-creux au-dessus du Pacifique, de la cdte
Ouest et du Mid-Est des Etats-Unis. On montré aussi que
l'action de blocage sur la cbte Oue;t, en foncé?zn du flux =
méridional accru, est la plus grande des 28 derniéres
années. Cecl entraine les conditions climatiques extrémes

guil sévirent au-dessus de 1'Amérique du Nord durant cette

Période.
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CHAPTER 1

INTRODUCTION AND DATA MANIPULATION

1.1 INTRODUCTION

During the end of 1976 and the beginning of 1977 a
severe weather anomaly took place over North America The
experience of meteorology ascertains that a weather abnormality
1S5 something that 1s not unusual. Despaite this, rigorous weather
patterns over large and i1mportant regions of the earth i1mmediate-
ly draw our attention. One of them 1s 1ndisputably the one
under examination.

Some current descraiptions of the 700 mb circulation and
alsoc of the variability of the circulation during each month of
this period, are given in Monthly Weather Review by Wagner (1977
b, c¢), Dickson (1977) and Taubence (1977), stressing the import-
ance of a ridge over the West coast. Other numerous statistics
of observed temperatures and precipitation accompany these
repérts. Namias (1978) examining mainly Januar¢ 1977 pointed
out that the abnormality was connected with a sea surface temp-
erature anomaly generated over the Pacific Ocean 1in spring and
summer .

This work attempts, at first, to define the duration of
the negative temperature anomaly at the surface, over the Mid-
eastern United States as well as the most affected regions,
based on the use of monthly means. The persistence of the
anomaly must be i1nvestigated using a shorter time interval.

The question whether an anomaly can exist alone or is connected




wlith a certain wave structure over the hemisphere or 1s a local
phenomenon (meaning that an anomaly may be connected with other
nearby anomalies) should be examined. Another point which 1is
1investigated is whether the existance of a ridge, as previously
mentioned by other authors, 1s a necessary condition to cause
this abnormality and the associated climatic characteristics.
The final guestion which will be investigated 1s whether there
1S a certain synoptic situation which usually results 1n this
type ot abnormality In the case that such a synoptic situation
does ex1st, anqother area with similar synoptic conditions will
be 1nvestigated to determine whether there 1s again a connection

between the synoptic condition and the climatic characteristics.

1.2 METHOD

Practically speaking, 1t 1s rare that a particular area
wlll experience a "normal" surface or circulation pattern over
a time span of say a week or a month. The point which distan-
gulishes one abnormality from another 1s first 1ts persistence,
second 1ts intensity and third 1ts areal extent.

An anomaly of any parameter pres upposes that there 1s
something called "normal." The value of the parameter has to
deviate by a certain amount in order for the anomaly to be
significant. The simplest of definitions is that an anomalous
condition is significant if the value of the parameter differs
from the mean value by a certain amount. In this definition,
no statements are made about the shape of the frequency distri-
bution of the parametric values (i.e. whether it is guassian

or not). A number of meteorological parameters, temperature

r—- e s - ¥ s P




for instance, have reasonably normal distributions. Therefore,
a statistically more satisfying method of defining an anomaly
would be 1n terms of exceeding the mean value by one or more
standard deviations.

The disadvantage of using this method of definiton 1is
that generally the standard deviation varies not so much locally
but over larger areas (latitude belts for example). Data over
some areas sometimes may not be avallable, therefore the data
must be bogused 1n some way. This has the consequence that the
intensity of the anomaly centre as well as the longest persist-
ences will be found i1n an area with the largest standard devia-
tion. Alsc, 1f for instance temperature 1s considered, 1ts
variabiliaity changes sharply in different geographic regions,
generally lower variability in low latitudes. The opposite 1s
true for precipiltation, which reaches its maximum variability

. on either side of the sub-tropical high belt, and 1s the least

S
1n the westerlies. 1t is apparent then that difficulties will

be encountered 1f one deviation parameter is to be related to
another deviation parameter as will be attempted in this study.
A further difficulty with this definition of the abnor-

£

mality is that it assumes that no long term trend exists in data i'
chosen for calculations. However, for an extended time series, |

there is no doubt that trends do exist. Trends must be eliminated, r
however, the decision as to what is regarded as a long term trend

or simply a short term fluctuation would need further definition.

It was therefore decided to sidestep the problem in that the

investigation will be based on a case where the fact of the




abnormality 1s beyond the doubt of any definition. This was
" the cold winter 1976-1977 in North Ameraica.

The second question to be 1investigated 1s the period
of averaging of the original temperature observations. The
shortest time interval which could be considered 1s probably
the day. The cold anomaly would then be defined, in 1ts dura-
tion, as the period during which the temperature at a certain
place remained continuously beélow a fixed amount. Figure 1
shows, for the station Sault St. Marlel, the temperature varia-
tion against the normal duringthe period from October to
January usaing different time intervals. The thick solid line
1s the normal temperature. The dashe@® line shows the mean
monthly observed temperature. The thin solid line represents
the observed 5-day mean and the dotted line the observed daily
temperature. 1t 1s apparent from this figure what effect the
choice of a time 1interval will have to the duration of the
anomaly. The monthly means show that all four months from
October to January are below normal. Using 5-day means three
5-day periods were above normal; while using daily values 25
days recorded above normal.

In order to understand what an anomaly 1s, it would be
best to adjust to the everyday meaning. However, the human
weather memory 1s certainly longer than one day, but shorter

than a year. Here subjective impression and objective calcula-

tions start to differ. Usually months or seasons can be recalled.

lAccording to the "Monthly Record” series of 1976 and 1977 the
cold anomaly was considered intense at this station.
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This 1s aided by the fact that most climatic data are published
in the form of monthly means. It was therefore decided to use
the monthly means as the main time period to represent the
duration of the temperature anomaly.

The disadvantage of this choice 1s that a monthly mean
1s, or may be, composed of highly different synoptic periods.
The synoptic period or "grosswbbetage tage" 1s the longest
period for which causal (1.e. physical reasoning) 1s, at
present, reasonably baged. This i1nvestigation must therefore
break down the monthly period into shorter intervals. The 5-
day period was chosen as this interval. It has the advantage
of eliminating the quick moving synoptic highs and lows, while
the large-scale circulation patterns are maintained.

The final point which has to be taken under consideration
1s the area which remains under the anomaly. An anomaly over a
small area could either be accidental or a purely local phen-

omenon (usually caused by a geographical abnormality). Thus

the area which remains under the anomaly should not be smaller.
than a limit. This limited area is a function of the available

data and it will be defined in Chapter 2.

1.3 DATA DESCRIPTION

The available data which will be used is mainly 500 mb
height field and 1000-500 mb thickness, given in a daily and in
a pentade scale as S-day—mean‘. This data was distributed from
England to the Atmospheric Environment Service of Canada. The
data set is organized in grid points of 59 of latitude and 10°

of longitude from 25°N up to the North Pole, as Fiqgure 2 shows.
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Tne data contained a complete set of daily grid point values for
- &
the years 1972-1976. Twenty-eignt years from 1949 to 1976 were
also available from the same source but were missing data over
the Pacific Ocean prevaious to 1972. 1In addition, during thais
investigation complete 500 mb height values were added for 1971

and 1977. Monthly weather maps were also available from the

German Die Grosswtterlagen Europas which give upper air circu-

lation at the 500 mb level as well as surface conditions. 500 mb
height and 1000-500 mb thickness anomalies are given, from the
same source, on a monthly basis everywhere except the Pacific
Ocean, as a departure from a normal value calculated from the
years 1949-1973. Monthly temperature and precipitation anomal-
1es are also available on the same basis. Daily weather maps

at 00z G.M.T. from the German Europaischer Wetterbericht were

also available. 1In addition, data for certain stations were
found in the "Monthly Record” (Meteorological observations 1in
Canada), available in the library of the Department of Meteo-

rology at McGill University.

2Inspecting these data for possible erros it was found that,
during the 5-day period from the 2nd until the 6th of November
1976, the 500 mb height values appear significantly lower than
the values of the previous and next 5-day period. A comparison
between these values and values extracted from the German
maps, shows that there is a significant difference. 1In order
to avoid possible implications the data of this 5-day period
were replaced from values obtained by a linear interpolation
between the values of the previous and the next 5-day period.
On the average this did not affect the "mean" monthly pic-
ture. Comparison with monthly pictures given from the German
maps gives very close results.
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CHAPTER 2

THE COLD IN THE MID-EASTERN UNITED STATES

2.1 DEFINITION OF TEMPERATURE ANOMALY - DURATION AND THE
MOST AFFECTED REGION

It was mentioned in the discussion in Chapter 1 that
the area which remains under the temperature anomaly should
not be smaller than a defined lamit. The defined 1limit in thais
case 1s a function of the available data. Since only grid-
point data are available, distributed every 5° of latitude
and 10° of longitude, this limited area 1s arbitrarily defined

to be the area which included between a 20° longitude belt and

(o}

alo lat1tud¢ belt at the middle latitudes.

Figure 3 was produced using the German Die Crosswetler-

lagen Europas maps, showing the individual monthly 0°¢c temper -

ature anomaly isoline and the centre of the negative temperature
anomaly from October 1976 to January 1977. There is also
negative anomaly in September 1976 and in February 1977, but
these were not indicated simply because it confuses the figure
rather than adding useful information. Previous to September
and after February there is no negative anomaly at all over

this area. It is apparent from this figure that, in general,
the anomaly was shifting or extending its position in time with
the result that only certain areas remained continuously under

a negative influence. It is further evident from the individual
monthly anomaly isolines that this shifting or extension was

not a steady progression but simply an oscillation about a main
position. Moreover, what will be défined as the duration of

the anomaly must be of a certain length in order for the area

-9-
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to remain larger than the defined limit. It will be observed
that by increasing the length of the duration of the anomaly
smaller and smaller areas remain under the influence of any
negative value, such that after an extended period of time
the area will be smaller than the defined limit. It must,
however, be emphasized that there may be more than one defini-
tion of the temperature anomaly which could satisfy the area
criterion. In this case the most restrictive case will be
considered.

According to these standards let us test at first the

0°c departure from normal as a definition of the temperature

anomaly. In other words an area is considered under the anomaly

if the departure from the normal is just less than zero. The

technigque which was used to f#%d the area was based on the
“

utilization of mean monthly means. By taking the 0°c isocanomaly

for each month and finding their intersection one can get the
area which remains under the anomaly for any time period. If
the area after a certain time period becomes smaller than the
defined limit the anomaly ended. This way the duration will
be found as well. Figure 4 shows the area which remains under
0°C anomaly from October to January indicated by the thick
solid line. This area is large enough and satisfies the area
criterion. If February will be considered this area becomes
smaller than the limited area (not shown in the figure). 1If
September will be considered, the area vwhich is indicated by
the dotted line is taken to be the area yhich remains fron

September to January under the anomaly. This area satisfies

o
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also the area criterion.

Let us now test as a definition of temperature anomaly

the -4°c departure from normal. Working similarly as 1n the

previous case, the area which 1s shown 1n Figure 4 by the dashed

line 1s taken to be the area which 1s under negative temperature

anomaly 1n October. (There 1s no -4°C anomaly 1n September.)
For November the area which 1s shown, 1n the same flgure, by
the thin solid line 1s taken. Both areas are small and they
get smaller by 1ncreasing the time, as can be seen by consider-
1ng the area which remains under the negative 1nfluence 1n both
October and November (1ndicated by horizontal lines 1in the
figure) .

Finally let the definition of the temperature anomaly
be the -2°¢C departure from normal. In Figure 5, the region
which was under temperature anomaly for four months (October
1976 to January 1977) 1s indicated by the horizontal lines.
The vertical lines 1ndicate the area which was under ancomaly
for five months (October to February), and the solidly shaded
area shows the areadyhlch remalined for six months (September
to February). The two last areas are relatively small while
the first 1s large enough to satisfy the requirements for the
area criterion.

It 1s then apparent that during the period from
October to January, two definitions, the 0° and the -2%

departure from normal satisfy the area criterion.

lThe -3°C definition was tested but it was not satisfactory as
the -2°C Qefinition, from the area point of view.
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(It 1s obvious that the -1°C definition will satisfy the same
criterion.) It 1s also apparent that the area given by the !
0°C definition, 1s a somewhat greater area than the corespond-
ing of the -2°C definition. Both areas are large enough and

the region where the 1intensity of the cold was more pronounced
(Great Lakes and the area just to the south of them) 1s 1ncluded
1in both definitions. Of course, 1t was shown that the 00C
definition can give also a duration from September to January.

It was the author's decision not to consider thlis case, first,
because 1n September the negative temperature anomaly 1s very
weak and secondly because as 1t will be seen the 500 mb height
anomaly started mainly 1in October. To this decision contributes,
also, the fact that the -2°C definition gives a reasonably long
duration and 1s more restrictive. Thus, the definition of the
temperature anomaly was decided to be the -2%% departure from
the normal. According then to area criterion the duration of

the anomaly 1s four months, from October 1976 tc January 1977.

2.2 COLD RECORDS

According to Figure 5 the most affected region 1s that
which contains all or part of. Minnesota, Michigan, Indiana,
Ohi1o, New York, Pennsylvania, Wisconsin, Kentucky, West Virginia ,
and southern Quebec and Ontario, an area of 1.5 x 10 km2 :

approximately. Table 1 gives a first 1mpression of the inten-

sity of the cold spell?

2Accordlng to "Monthly Record" series for 1976 and 1977.

3This table was constructed using statistics given by
Wagner (1977a, b), Dickson (1977) and Taubence (1977).
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TABLE 1
PLACES OCTOBER- NOVEMBER DECEMBER JANUARY
Cincinnati one of the the coldest coldest
coldest coldest
Buf falo 2nd coldest t he
in last 50 coldest coldest coldest
years
El Paso the the one of the one of the
coldest coldest coldest coldest
Tal lahassee the 2nd one of the 2nd coldest
coldest coldest coldest since 1940
Chicago one of the coldest one of the coldest
coldest coldest
Tul sa one of the coldest one of the 5th coldest
coldest coldest since 1918
Dayton coldest coldest coldest coldest
since 1925
3
2.3 DESCRIPTION OF THE COLD SPELL IN KEY STATIONS

In this section the monthly temperature departure from

the normal in some key stations will be examined in order to

determine:

a) where it had the maximum intensity

b) when it had the maximum intensity for each station.

Table 2 gives the departure of the mean monthly tempera-

ture from the normal for certain stations from August 1976 to

February 1977.
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TABLE 2

STATION AUG SEPT OoCT NOV DEC JAN FEB
Sudbury -0.9 -1.2 -3.2 -3.7 -5.3 -3.5 ~0.2
Minneapolas 0.0 -0.6 -4.0 -3.5 -5.2 -6.8 3.1
Chicago -1.7 -1.0 -3.9 —4.%} -5.0 -8.9 -0.5
Detroit 0.3 -1.6 -3.5 —;.5 -4.6 -7.0 -1.5
Buffalo -0.4 -1.5 -2.5 -3.2 -4.7 15.6 -0.9
Cincinnata -1.7 -2.8 -4.2 -3.6 -3.7 -10.1 -1.5
Toledo -0.6 -2.5 -4.0 -3.5 -4.4 - 9.0 -2.8

4.2
for Mar.

Using this table "accumulated curves" were drawn for

each station separately. These "accumulated curves", as shown
1n Figure 6, indicate the following: The value for every month
1tself plus the sum of the values of the previous months fot
the period of August through February. "

Because 1t was defined that a station was under negative .

anomaly when the mean monthly temperature departure from normal

15 at least -2°C the "accumulated curves" indicate that anomaly

started and continued when both of the following conditions ‘

were satisfied:

a) the curve becomes more negative as a function of time:;
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b) the slope of the curve between two months satisfaies

the condition (only for scale of this figure)

| .
tang 7 5 |

where ¢ 1s the angle of the line between two months, and the
X-axls.

Then the maximum total accumulated amount could give
the maximum mean intensity, and the maximum slope could indicate
when the maximum i1ntensity for each station occurred. The
small parallels to y-axis lines show the start and the end of

-
the anomaly 1in these specific stations. As can be seen by
investigating these curves the anomaly started in October and
ended 1n January everywhere except in Cincinnati and Toledo,
where the a;omaly lasted longer as 1s also indicated in Figure

5. 1t 1s also observed that everywhere the 1i1ntensity of the

cold i1increases almost linearly ‘from October to December. 1In

January the slope of the curves appear greater than in the
previous months. Since these curves show the accumulated depar-
ture from the normal, their linearity from October to December
means that the anomaly stayed almost at the same intensaity
during the months October, November and December, and presented
an increase of 1ts intensity in January. It will be seen in

Chapter 4 that this 1s due to the circulation during this period.




CHAPTER 3

THE 500 MB HEIGHT PATTERN

3.1 DEFINITION OF THE 500 MB HEIGHT ANOMALY

Thus far, only the conditions of the surface temperature
field have been considered. If this anomaly 1s caused by a
large scale shift in the circulation, a similar anomaly would
have toc be found by examining the large scale circulation pat-
tern at 500 mb, and thus deducing the weather situation which
took place. Moreover, 1f a circulation anomaly could be defined
1t should become clear, how and what other parts of the hemi-
sphere are affected 1n terms of the specified definition.

The endeavor here 1s, at first, to make the definition
of the 500 mb height anomaly correspond, as much as possible,
to the definition of the surface temperature anomaly. In other
words the purpoge 1s to define an appropriate value for a 500
mb height anomaly such that the duration and the area of thais

anomaly correspond to those of the surface temperature anomaly.

Of course 1t must also satisfy the criteria stated on page 9
Repeating the method which was used to find the duration
and the most affected area in the case of the surface tempera-
ture anomaly, the most satisfactory definition of the 500 mb
height anomaly was found to be a *4 dm departure from normal. .
Figure 7, which shows the area which remains under the -4 dm
anomaly during different periods, was obtained using, once
aqgin, the monthly means according to the German maps. The !

dashed line shows the area which remains under -4 dm anomaly
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Legend

Area under 34 decameters 500 mb height
anomaly from Oct. to Jan.

Area under -4 decameters 500 mb height
T anomaly from Oci. to Feb.

Area under -4 Decameters 500 mb height

anomaly from Sept., to Jan.

NN

Fi1gure 7

Arease enclosed by -4 decameter 500 mb height 1soanomaly

for 4 and 5 month period
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from September through January, the dotted line from October
to February and the solid line from October through January.
As can be seen, according to the area criterion, the anomaly
lasted four months. In addition comparing Figure 7 and 5 the
area whléh remains under 500 mb height anomaly, from October
to January, 1s well related to the area of the surface temper-
ature anomaly for the same period.

Given this information it would be i1nteresting to see
1f there are any other 500 mb height anomalies assoclated with
the negative 500 mb height anomaly over the mid-eastern United
States. Moreover, 1f these anomalies exist, to see 1f they
are related to a hemispheric or a smaller scale phenomenon. 1In
other words whether there 1s a stable wave pattern over the
Northern Hemisphere (with data given from 25°N up to the North

Pole) which may or may not result in a hemispheric anomaly

pattern.
3.2 "MEAN ANOMALY MAP"

For each grid point, the monthly 500 mb height anomaly
1s given. Averaging this value for the period from October

to January the mean anomaly, for each grid point, is found.
Drawing the isocanomals Figure B is given which shows the distri-
bution of the "mean anomaly" over the Northern Hemisphere.

Solid isolines correspond to negative anomaly and dashed

isolines to positive anomaly. It is obvious that the maximum
"mean anomaly" values define the "mean centres” of the anomalies,

which is a reasonable approximation, indicating that the centres

:
Fos
A
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of the anomalies were during this period, positioned most of
the time there. Since this figure, called "mean anomaly map”,
is the averaged map for the whole period it could be used as a

first indication of the relation between the anomalies around

the Northern Hemisphere during this period. The criterion for
the relationship will be, of course, the average magnitude of

the anomalies, or the "mean centre" value; in other words the

intensity of the mean anomalies. From this point of view the

first interesting observation is the fact that the magnitude of

the maximum "mean®" values, over the mid-eastern United States, 5
over fhe Pacific and over the Northern W. coast are very close

to each other (-12 dm, —-13 dm, +10 dm respectively). Also, a

mean negative anomaly with a "mean centre"™ of -8 dm over the

eastern Atlantic and western Europe, together with a small

positive anomaly near the North Pole ("mean centre" of +8 dm)

is included on the "mean anomaly map."

3.3 THE CORRESPONDING MEAN OBSERVED AND NORMAL CIRCULATION

,

Figure 9 gives the corresponding observed mean circu-+
lation at 500 mb from October through January. Figure 10 shows
the normal mean circulation for the same period. Comparing these
two figures with the. "mean anomfaly map" it is observed that the
three anomalies, over Pacific-West Coast-Mid-eastern United
States, are in phase with the normal pattern while the other
anomalies over the Northern Hemisphere are not. In other
words, these anomalies were under an intensifigd trough-ridge-

~7

trough pattern in a pregiven {position of the normal trough-
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ridge~trough pattern, resulting in an increased northernly flow
over the area of the negative temperature anomaly. The nega-
tive anomaly over eastern Atlantic and western Europe was under
a slight trough which replaced the normal slight ridge; in
other words being out of phase with the normal pattern. The
same can be applied for the small positive anomaly near the

North Pole.

3.4 MONTHLY ANOMALIES AND THE CORRESPONDING CIRCULATION

Moving now to the monthly time base, Figures 11 - 14
show the anomalies and the corresponding circulation for each
month from October to January. Figure 15, which was produced
using Figures 11 - 14, shows the distribution of the anomaly
centres as well as the 548 dm height isoline for each month.

A plus sign corresponds to a positive centre and a minus to a
negative one. The letter in parenthesis indicates the month -
(0 for October, N for November, etc.).

As can be seen, by examining these maps, during the
whole pgriod a megative anomaly over the Pacific, a positive
anomaly over the northern part of the W. coast and a negative
anomaly over the mid-eastern United States prevails while over
the rest of the Northern Héﬁisphere nothing seems to be so per-
manent. As shown, from the distribution of the centres around
the Northern Hemisphere, the negative—positive-negative anoﬁaly
pattern over Pacific-W. coast-Mid-eastern United States is quite
permanent, while elsewhere the distribution seems to be rather

random. Over the eastern-Atlantic and western Europe, for
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example, the negative anomaly disappeared in November, but
reappeared during the rest of the period. Elsewhere the situ-
ation 18 not clear, with changes occurring every month. From
the point of view of the upper flow, the three anomalies over
Pacific-W. coast-Mid-eastern United States, correspond to an
intensified trough-ridge-trough pattern visible throughout this
peraiod. It 1s apparent then,that the points which distinguish
these anomalies from the other anomalies over the Northern
Hemisphere, are:

1) they are continuously 1n phase with the normal pattern,
while the rest are not;

2) their persistence.

It 1s also 1ndicated from what has been m§%t10ned above
that a hemispheric phenomenon does not seem to be involved
during this period. On the contrary, it seems reasonable to
accept that only these three anomalies are related to each
other. This will also be supported by the examination of the

500 mb circulation using 5-day means in Chapter 4.

3.5 CLIMATIC CHARACTERISTICS CAUSED BY AN INTENSIFICATION
OF A PREGIVEN RIDGE-TROUGH PATTERN

Examining the intensification of the pregiven ridge-
trough pattern over North America it was already shown that a
negative temperature anomaly was lying continuously for four
months under the trough over the Mid-eastern United States.
This temperature anomaly is associated with a flow at the
surface of cold air into the well developed trough, and reached

its greatest value below the position of the trough.
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Figure 16 shows the pos:tion of the centres and their
central value of the temperature anomaly over North America
for each month from October to January. Figure 17 which was
produced using the monthly precipitation patterns given from

the German Grosswetterlagen Europas maps, shows the average

precipitation over the same period. According to these figures
1t can be concluded that the following climatic characteraistics
are associated with the intensified ridge-trough pattern:

1) Over the W. coast, and generally in the underlying area
of the intensified ridge, the precipitation amount 1s remarkably
less than normal, while over the south-eastern United States
an amount aboge the normal 1s observed. This 1s due to the
fact that the precipitation systems cannot pass through the
intensified ridge, which 1s prevailing over the West coast,
but simply track north;

2) Also, over the W. cost, a positive temperature anomaly

accompanies the drought, due to warm air advection from the

south along the strong ridge. This positive temperature anomaly
appears as a system with a double centre. One, the primary,
over Alaska and another one, the secondary, over Southwest
United States. This phenomenon, which usually appears under

a ridge, 1is probably due to the clockwise mechanism of air
circulation from the corresponding high at the surface. This

results in a relative cooling over the corresponding area and

the creation of a secondary centre to the south of that area. )
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Figure 16 Centres of temperature anomaly

Figure 17 Mean observed precipitation over the

over North America for the months period of Oct to Jan

of Oct. to Jan. inclusive Legend:

-*i. Below but close to normal




CHAPTER 4

THE 5-DAY MEANS

4.1 INTRODUCTION

It was established in the previous chapters that the
negative temperature anomaly over North America was indeed
associated with a marked change in the mean circulation maps.
In view of the discussion 1in Chapter 1; since 1t may be that a
monthly circulation pattern ais composed of a few peraiods
of very intensified ridges and troughs with periods of normal
circulation 1n between, 1t 1s necessary to 1nvestigate to ‘what
degree the circulation anomaly was continuous. This will be
done using the 5-day means of the 500 mb height circulation.

Using 5-days for the period from October to January one
gets twenty six maps which show the anomalies and the corres-
ponding 500 mb height circulation. As it was mentiona§ in
Chapter 1, these maps include the portion of the Northern
Hemisphere from 25°N to the North Pole, with data distributed

every 10° of longitude and 5° of latitude.

4.2 "PERCENTAGE OF TIME MAP" - "MEAN HEMISPHERIC VALUES"

Use of the 5-day means is first to see what their effect
is to the duration of the anomaly. Using the results of the
twenty-six anomaly maps. the computer was asked to print out two
maps which would show how many times each grid point was in
negative, and how many times in positive anomaly during‘this
twenty-six pentade period. 1In other words it gives the pro-
bability of a grid point to be under positive or negative

anomaly. The results are shown in Figures 18 and 19 respectively.

-35-
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Each 1soline shows the percentage of the time an area was under
negative or positive anomaly. Using these two figures a compo-
site figqure was constructed using 50% of percentage as the lower
limit of consideration. The result is Faigure 20 which was called
"percentage of time map.” Solid lines correspond to negative

and dashed lines to positive anomaly. The value at the centre

of each anomaly shows the maximum of percentage of fime. This
figure gives also a measure of the preference of an/anomaly
(positive or negative) to appear over an area during this period.
A better look at this figure gives the impression that a posi-
tive anomaly predominates most of the time at high latitudes

and that the Northern Hemisphere tends to appear more under the
influence of negative anomalies than under positive ones.

To visualize the last statement the "mean hemispheraic
value" was i1ntroduced. Each map includes 14 latitudes (North
Pole 1included) with a certain number of orid-points for each
latitude. Let S(25°) denote the sum of the 500 mb height
anomalies around the latitude 25°N, and N(25°) the number of
the grid points at this latitude. Then S(30°) ... S(90°)
and N(30°%) ... N(90°) are defined similarly. The "mean hemi-~
spheric value” (m.h.v.) is defined then as fdéllows:

o
5(257) 0525 (307 (0530°+. .. . +ém-%cos°|0°
N (30°) V(a0

_ _N(45)
M.HV= c0525°+ 0830°+ . -.. T co3q0°

As a result the "m.h.v." shows whether the Northern Hemigsphere

(from 25°N up to the North Pole) is below or above its normal
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value, that is zero. As an extension the sign of the "m.h.v.
shows what predominates over the Norther Hemisphere in the sense
that a negative value indicates that negative anomalies predomin-
ate and vice-versa.

In Figure 21' the "m.h.v." for each 5-day period,
during the period of October - January, is indicated by the
s0lid line. The value in the parenthesis shows the average
"m.h.v." over this period. As can be seen from Figure 21 on
the aGerage the Northern Hemisphere is covered mostly by negative

anomalies, which was also indicated in Figure 20. The dashed

line in Figure 21 corresponds to the "mean hemispheric thickness"

which was obtained if one repeats the same using instead of

500 mb height anomalies, 1000-500 mb thickness anomalies. Thais

curve goes until the end of 1976 because of lack of thickness
data for 1977. The purpose of doing this is to determine whether
the negative "m.h.v." corresponds to a cooling of the atmosphere
during that period. 1Indeed it is apparent that the negative
"m.h.v." corresponds to a negative "mean hemispheric thickness"”,
in other words Yo a cooling, on the average, of the atmosphere. "
Finally, in order to compare the average "m.h.v." of the period
October 1976 - January 1977 with other similar periods, Table 3
was produced. Table 3 gives the average "m.h.v." for the corres-

ponding period of the years 1972-1973, 1973-1974, 1974-1975

and 1975-1976. ~

llt was mentioned in the data description that the.data for the
8th 5-day period were possibly wrong. For the 8th 5-day period
a linear interpolation between the 7th and the 9th 5-day period

was made.
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——— Mean hemispheric value
— — = Mean hemispheric thickness
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Figure 21 Mean hemispheric value and mean hemispheric
thickness ( decameters ) versus time
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TABLE 3

YEAR 1972-73 1973-74 1974-75 1975-76 1976-77 NORMAL
{(dm) S T

Average "m.h.v.
during the per- -0 2 +0.5 +0 8 -0.2 -0.9 0.0
1od Oct.-Jan

In general the "m h.v " does not seem to deviate sianificantly
from theenormal (recall that the definition of a 500 mb, height
anomaly 1s *+4 dm) In any case, the "m h.v." of 1976-77 appears
to be the lower one 1n the last 5 years. About this, one
possibly can declare that on the average the negative "m.h.v."
1s due to the two negative anomalies, over the Pacific and over
the Mid-eastern United States, which as can be seen from the W
"percentage of time map," are the major negative anomalies around

the Norther Hemisphere (see alsc "mean anomaly map", page 23 ).

4.3 RELATION BETWEEN THE ANOMALIES

It has been mentioned previously in the presentation of
the monthly anomalies and the correspondina 500 mb circulation
that three anomalies, namely over the Pacific, N-W America and

Mid-eastern United States, seem to be the most permanent phenomena i

during the known period, while over the rest of the Northern

Hemisphere nothing seems to be as constant. One of the purposes

of the use of the 5—-day means is to see more accurately the
relationship between the anomalies over the Northern Hemisphere.
The relation, or "coupling"” or "tel econnections,”

of the anomalies has been studied extensively by authors in the




past {(O'Connor, 1969, Martin, 195%, etc.). Their method 1s
usually to locate a reference anomaly ceétre (positive or nega-
tive) at a certain grid point and then they find the probability
for an area to be under positive or negative anomaly, given

that an anomaly (pocsitive or negative} will occur at that

grid point. From their results 1t seems that usually a local
"coupling” between the anomalies 1s more favorable than a hemi- :
spheric one. This method could give better results 1f there was
a large sample of occurances of anomaly centers at the given
grid points. It 1s obvious that 1rn the case under examination
twenty-six anomaly maps do not make for a significantly large

sample. These especially become less significant 1f one takes

into account that a reference anomaly (over Mid-eastern United
States for example) wlll not necessgarily remaln contilnuously

at the same grid point during 1ts 1laife. To start with, the
"percentage of time map"” could be used as an indication of the
relation between the anomalies. The way 1t was computed ap-
proaches to a degree, the way the other authors determine possible
relations between the anomalies. The difference 1s that in
computing thils map no restrictions were made on the position of

the centre of the reference anomaly (over the mid-eastern United ‘

~

States, for instance). Therefore, from the point of view of

the relation between the anomalies, this will give false results
1f, during this peripd, breaks or motion of the reference anomaly
took place. As a result it was decided, in this case, to
approach the relation between the anomalies as follows: the
sector between 90°W to 70°W longitude and 35°N to 55°N latitude

is considered. This is the area where the negative anomaly
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over Mid-eastern United States was most often positioned.
When, and only when, the anomaly has 1ts centre in this
sector, the positions of the centres of the other anomalies
around the Northern Hemisphere are considered. Then by defini-
tion the probability that a negative centre will occur ain this
sector 1s 100%. After that 1t will be possible to find the
probabarlity that a centre (positive or negative) will occur
over the other areas around the Northern Hemisphere. In addi-
tion since the reference anomaly 15 the negative One over the
Mid-eastern United States 1t will be shown how much an anomaly
(positive or negative) elsewhere, 1s related to the reference
anomaly.

Figure 22 1s the result when this method 1s applied.
A negative probability corresponds to the probability that a
negative centre will occur and a positive to the probability
that a positive centre will occur. In this figure probabilities
of less than 50% are not included. Also, it must be emphas1ized
that a ?2P% probability does not necessarily imply a (1007P) %
probability. For example 1f the probabilaity that a positive
centre will occur over an area 1s +50% that does not mean that
the probability that a negative centre will occur over the same
area i1s (100-50) = 50%. It could very well be, that there were
cases where there were not any centres over this area. Finally,
in the endeavor to translate these probabilities to a "coupling"
or to a relation between the anomalies the limit of 75% pro-

bability was considered as a restriction. In other words a

“coupling” is considered significant if the probability is
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at least 75% (independently of the sign). Returning to Fayure
22 each signed number shows the probability that an anomaly
centre, of the same algebraic sign, will occur 1in the indicated
region. From this figure it is quite apparent that only a nega-
tive anomaly centre over the Pacific and a positive anomaly
centre over North-West America are related to the negative
anomaly over the Mid-eastern United States. The probabilities
indicate a strong "coupling" between these three anomalies. In
the rest of the Northern Hemisphere such a "coupling" 1s not
apparent.

Consequengiy 1t can be concluded that during the period
from October 1976 to January 1977 there 1s not a hemispherac
anomaly or wave pattern associated with the abnormality over the
Mid-eastern United States. On the other hand a local "coupling"
between a negative, a positive and a negative anomaly over
Pacific, North-West America and Mid-eastern United States
respectively, is a fact. As was shown, in the monthly presen-
tation of the anomalies and the corresponding circulation, this
anomaly pattern corresponds to a trough-ridge-trough pattern
over that area, which 1s the major characteristic of the 500 mb
circulation during the period from October to January. It is
then interesting to examine in more detail the circulation over
these areas, and to determine whether there were any breaks or

lulls in this anomalous pattern.
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4.4 TYPES OF CIRCULATION WHICH CAUSED THE PERSISTENCE OR
BREAK OF THE ANOMALY OVER THE MID-EASTERN UNITLD STATES

A} Breaks
As was mentioned previously the use of the 5-day means
serves the purpose of verification of the relation between
the anomalies, as well as of the continuity of the ancmalaies.
Taking the negative 500 mb height anomaly over the eastern
United States as a guide, Figure 23 shows the oscillation of
the centre of the anomaly. The number to the left i1ndicates

the 5-day period and the number to the right (in the parenthesis)

18 the corresponding centre value of the negative anomaly. The
anomaly came over the Mid-easter United States on the 3th
S-day period (from 8 - 12 of October). Except for one major
break, where there 1s no negative anomaly (17 - 21 of December),
the anomaly exists and oscillates about 1ts mean position which
15 at 42°N latitude and 80°w longirtude (see also the "mean
anomaly map”"). From this figure it can be seen that the maxima
of the intensity of the anomaly occur rather when the anomaly
1s around its mean position. Also it is apparent that some
times the centre of the anomaly moved far enough to indicate a
break of the anomaly over the defined area.

Defining that a break is significant when at least one

third of the defined area is out of the anomaly, the following -

breaks were reported.1

1) 12 - 16 of November (10th 5-day period)
2) 7 ~ 11 of December (15th S5—day period)

3) 12 - 16 of December (l6th 5~day period)

lIt was observed that,more or less, two-thirds of the defined :
area approached the limited area as it was defined in S9N
Chapter 2.
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4) 17 - 21 of December (the major break)

5) 1 - 5 January (20th 5-day period)

6) 21 - 25 of January (24th S-day period)
Comparing these breaks with Figure 23, 1ndeed a break corresponds
to a motion of the centre of the negative anomaly far enough
from the mean position. The 5triking point that the 20th 5-day
period classified as a break, even though the centre of the
anomaly was not very far from the mean positioh, 1s due to the
fact that the anomaly 1s not very extensive with the result that
1t does not cover two-thirds of the defined area. On the con-
trary the 22nd 5-day period did not classify as a break even
though the centre was far from the mean position, the reason

being that the anomaly was very extensive and covered more than

two~thirds of the defined area.

Figure 24 shows the corresponding 540 dm height 1isolines

of the zonal flow during these breaks as well as, shown by the
heavy dashed line, the typical 540 height isoline when there is
no break. From the point of view of the circulation, these
breaks correspond to a flattening or a breakdown of the ridge
over the West Coast. This results 1n a change to a West or
South-West situation from the North-West situation which is
associated with the existence of an intensified ridge. As an
example, Figure 25 gives the typical circulation which corres-
ponds to the breaks.

Recalling Figure 1 from Chapter 1 it can be seen that a

break of the negative 500 mb height anomaly corresponds to a

break of the neative temperature anomaly. Possible differences
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Legend

——— Farst break
Second break
T hird break
F ourth break
F 1fth break

Sixth break

— ~— No break
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Figure 24

540 decameter iso-lines corresponding to the breaks
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are allowed, since it was not considered that a certain one-
third of the defined area must be out of the anomaly region 1in
order to get a break, but any one-third of the area. Thus 1t
1s possible for an individual station to get below normal
temperatures at a certain time period even 1f this time period
classified as a break, simply because this station happened

to be 1n an area which remained under the influence of the 500

mb height anomaly. Of course, the opposite 1s also a possiblity.

B. The persistgnce of the anomaly.

It was already shown previously that there 1s a strong
"coupling” of a negative anomaly over the Pacific and a positive
anomaly over the North-West America with the negative anomaly
over the Mid-eastern United States (Figure 22). Excluding the
breaks, examination of the maps nges even stronger relation be-
tween these three anomalies. The reason for this 1s that the
method to find the "coupling" was restricted to centres with a
consequence, in very few cases, that it was possible for an
area (over the Pacific, for instance) to be under anomaly, but
the centre to be out of this area. 1In genreal it is observed:

1. The negative anomaly over the Mid-eastern United States
15 always associated with a negative anomaly over the Pacific.
In two cases there is also a positive anomaly (but not a centre)
over the Pacific, but this is due to an intensification or
motion of the positive anomaly over North-West America to a
position over the Pacific. The Pacific's anomaly also oscillates

about its mean position which is about at 170°w and 47°N (see

also the mean anomaly map).
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2. The negative anomaly over the Mid-eastern United States
158 always {with an exception of two cases) associated with a
positive anomaly. One interesting point about this is that the
position of the centre of the positive anomaly varies from a
position over the North-West coast and at a latitude of SSON,
to a position over the North Pole. Most of the time when the
centre 18 situated over the North Pole the anomaly is very strong
and covers North-West America as well.
This relation would fit perfectly were it not for two
cases (two S5-day periods) from the 28th of October to the bth
of November, where the negative anomalies over the Mid-eastern
United States and over the Pacific exist but no significant
positive anomaly ovér North-West America 1s associated.
Summarizing, basically there are two major types of
circulation anomaly patterns which caused the known weather
situation over North America. Minor cases as the previously
discussed two cases were not considered as a type.
1. Type 1 ) \
Centres of negative anomalies over the Pacific and Mid- .

eastern United States and a centre of positive anomaly over the

northern part of the West Coast.

Corresponding circulation:

A well organized ridge over the West Coast extends up
to 75°N latitude, and two well-developed troughs over the
Pacific and the Mid-eastern United States (Figure 26).

2. Type 2
Centres of negative anomalies over the Pacific and Mid-

eastern United States and a large positive anomaly centred over
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the North Pole which covers North-West America as well.

Corresponding circulation:

An intensified ridge over the West Coast exists,
positioned more to the west than in Type 1, and two developed
troughs over Pacific and Mid-eastern United States (Figure 27).

Looking now at the Figures 26 and 27, it can be seen
that the point which makes the difference to the circulation 1is
the most intensified ridge. Circulation pattern Type 2 has the
most intensified ridge giving as a result the most developed
trough over the Mid-eastern United States as well. Circulation
Type 1 is present in 62% of the cases while Type 2 is 28% of
the cases. Type 1 is the most pronounced type, but Type 2
which appears mostly in January ;esults in an‘incrgase of the
intensity of the cold over the Mid-eastern United States (recall
Figure 1), and an increase of the temperatures over the West
Coast (Alaska included). This also, can be seen in Figure 16.
where both negative and positive temperature anomalies are more
intensified in January than in the previous months. This is due
to the fact that the southernly flow over the West Coast and \
the northernly flow over the area of the negative anomaly is
greater, resulting respectively in warmer and colder termpera-
tures. According to these two types, the slope of the accumulated
curves (Figure 6) can be explained. The appearance of Type 1
during thegperiod from October to December results in an almost
constant intensity of the temperature anomaly, since in January

Type 2 results in the increase of its intensity.
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Recapitualing, the ridge over the West Coast where 1ts
normal position 1s, appears as an 1intensified ridge and 1t
depends on how stro?g this ridge 1s 1n order to have the centre
of the positive 500 mb height anomaly over North-Western America
or over the North Pole. A flattening or a breakdown of the
ridge, results i1n a break of the temperature anomaly since a
West or South-West situation replaces the North-West situation
The two troughs, which are again situated over their normal posi-
ti10ns, are deeper and appear on the deviation maps as negative
anomalies. The resumé 1s that 1n general the main characteristac
of the flow during the period from October to January 18 the
intensification of the normal trough-ridge-trcugh pattern over
Pacific-West-coast-Mid-eastern United States, or, in othef
words the 1ncrease of the meridicnal flow over this region.
Finally, from the use of 5-day means 1t 1s apparent that the
main characteristics of the flow, compared with those observed
using the monthly means, are maintained. Therefore in this case

the mean monthly maps represent the actual cirulation and they

are not the result of averaging.

|-

o e



CHAPTER S

PHYSICAL CHARACTFRISTICS OF THF CIRCULATION
5.1 INTRODUCT ION

fhus far 1t has been seen that the circulation pattern
ovef the Pacific - West coast-Mid-eastern United States 1s the
major characteristic over the Northern Hemisphere during the
given period. It was also shown that the corresponding 500 mb
height anomalies are independent of the anomalies 1n the rest
of the N. Hemisphere 1n the sense that they exist together
whereas elsewhere tne situation 1s not as constant Until now
only synoptic conditions during this period where examined and
1t wi1ll be of 1nterest to i1nvestigate some physical character-
1stics associlated with these synoptic situations. For this
pﬁrpose the heat and momentum transports, during the given period,
wlll be presented 1n an endeavor to see how a strong meridional
type of flow expresses 1tself 1n terms of he?t and momentum

transports to the North or to the South.

5.1a Heat Transport

The heat transport across the latitude ¢ from the top of

the atmosphere to the standard pressure p = P, 15 given by :
B 2n
TH((?): L Tvaces¢ dqd
e r A%F (1) .
0~ 0
where: g is the gravity -

c 1is the specific heat at constant pressure
T 1s the temperature

v is8 the meridional component of the wind.velocity

a 18 the radius of the earth

lWiin—Nielsen, A, J.A. Brown, M. Drake, Tellus (1963), 261-279.
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The contribution to the heat transport across the latitude

circule from scme layer of pressure Ap 1S
2n
bp T4
ZF ¢c,a cos TV
Cp ¢ Y (2)

THe)- 2

where T, v are the vertical mean gquantities 1n the layer Ap.

It 1s known that T 1s related to the thickness h of the layer

by the formula
k - ‘—“ (34 <jz )
% ‘ (3)

where P, 18 the pressure at the upper boundary of the layer

p, 1s the pressure at the lower boundary of the layer.

(3), (2) becomes:

‘ =
_ G __—2n h¥
iy (0)= bp G- et oy

The bar over the product hv means the zonal average

Using

(average
around the latitude circle):
= == C )
= 9n p
o

In equation (4) the product hV 1s equal:

WY = hY + R+ KT+ KT
Wi+ b+ KT + RV’

where it was considered that h = h + h' and v = v + v'.

The prime indicated the deviation from the zonal average:

(Y=()-()

¥

T

A LSk

A

-

e
7
(Y

-

2
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Assuming that the wind 1s geostrophic, 1.€.
an

gd"):@

0
then:
-— 1 r~y
- hv
Thus, (4) can be written

TI.J[ ) P”L"LDS&_EIH l’\.V

Then, according to (5) positive heat transport will
on the average warm air 1s transported to the North
transported to the South. Physically the result is
1.e. a warming of the North. A negative value will

reverse.

(5)

mean that

or cold air

the same,

mean the

Consider now that v, and v, are the meridional velocities

1
at the two pressure boundaries P, and Py- Then the

dional velocity of the layer v is defined simply as:

ViV
2

The thermal wind is defined as:

=

vT = V,-VYy

From (6) and (7) it follows that:

~o _ MYx
VEIRY) 2

Using the fact that

3 oh

AR

92° smbwséa 33

Ve =

(8) becomes:

mean meri-

(6)

(7)

(8)

(9)
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3 o
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(10)
At the pressure level Py the two components of the geostrophac

wind in spherical coordinates are given by:

3 D2
u.:- - —1—0—5—\:—;: 3¢ (zonal velocity) (11)
v - 3 ELZL (meridional veloc1tg(12)

. S—
| 22 s mpcospa aj
Where z 15 the height of the pressure level Py -

Using (12), (10) becomes:
9 92,,’.%

~
v - ) (13)
12smé¢cospa 3:3 2 J
Equation (13) shows that v can be calculated if the height and

thickness fields are known. Return then to (5) the heat trans-

port can be calculated from the same fields.

5.1b Momentum Transport.

The momentum transport at the pressure level Py is

defined as:
—_ u v
or, for the same reason as in the case of heat transport (page

58 ) MT('ﬂ-‘ u"u,’ (14a)

The bar and the prime have the same meaning as before. Using

equations (11), (12) and (14a), (14) can be expressed as follows:

— ™ ¥
he A N o, P T2
5 A at s
v, e
- . -

gz
A
A
YO
%y
:S
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9* de Jz
q?.t.smz? cos¢al a'? Sj
_ thy 9283 (15)
~ T L oTun%cos pa¢ DP B

Again, the momentum transport can be ca1CU1ated from the height

AT(8) U= W, =

fields and a positive value will mean transport to the North,

5.1c Changes 1in the Mean Zonal Flow

The first equation of motion can be written in the

following form:

au U ‘Du v Qu “+ wféﬂ—

= ¢ b P~
3t cu,o5¢153_ Q ra? op (16)
+
T oL SR WAL Sy
- acosq 'c'):)\ a
where: Fx 1s the frictional force

$ is the geopotential

f 15 the Coriolis parameter

w is the vertical "velocity” (w = dp/dt)

Note that u and v in the horizontal part of the advec-

tive acceleration are going to nsidered non-divergent,

i.e. Vv = 0. Note also that v in thqd term fv on the right hand‘

side of (16) has divergence so ther¢ v # 0.2 Making use of

the continuity equation in sphericall coordinates,
+am © Dw -
a P (17) 5
acosg ) v
g5
s

e

N

and averaging along the latitude circle, {(16) becomes:

Su | gHCOS‘* _ 3‘"‘ 1—-‘: + &U
9%~ acos D¢ op (18)

Lo at

Z2Phillips (1963)
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where: M 1s the momentum flux (M = uv). EQuation (18) would
give the contribution by the momentum flux to the change in
the mean zonal wind. This can be done from the momentum trans-

port by computing the first term on the right hand side of (18).

5.2 RESULTS

5.2a Heat transport

Considering the layer from the surface to 500 mb, the

heat transport for every 5-day period was calculated for the

o} o O o

latitudes 350, 40, 457, 50, 557, 6OOH, from October to
December 1976. January 1977 was not included in the calculations
due to the lack of thickness data.

Figure 28 gives the neat transport as a function of
longitude and taime (every pentade) around the 45°N latitude,
as calculated according to (5). The white area corresponds to
a positive value of heat transport and shaded areato a negative
one. The thick solid line in the same figure shows the position
in time of the trough-ridge-trough pattern. The way this posi-
tion was determined, was based on the criterion that the average

meridional velocity along this part of the latitude circle

should be zero. In other words:

2y
%’A}‘ =0
o

where ) A, are the longitudes which present the beginning and »

l ’
* B
the end of the trough-ridge-trough pattern. This way a similar "

expression as (5) can be used replacing 2rby the difference

(XZ - Al) expressed in radians. In this case supppse that ¢

this pattern is represented as follows:
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For the purpose of this section the beginning and the end of
the trough-ridge-trough pattern are defined to be A and B
respectively. It is obvious that from A to B the sum of the
meridional velocities, 1.e. the average over this sector, 1s
zero. Because of available data, every 10° of longitude, in
order to determine the exact position of the pattern, a linear
interpolation of the velocities between two grid points was some
times necessary.

Returning to Figure 28 1t is observed that most often
a warm air transport to the north (v' > 0, h' > 0) or a cold
air transport to the south (v' < 0, h' < 0) is taking place.
A cold air transport to the north (v' > 0, h' < 0) or a warm
air transport to the south (v' < 0, h' > 0) is also observed in
some places. This especially, seems to be almost constant in
time over about 250% (110%°W) longitude. For this case it was
found that v' < 0 and since the heat transport has a negative
value that means that h' > 0, i.e. a warm air transport to
the south. In general the sign of the heat transport depends
on both v' and h' (or T'), i.e. the deviations of the wind and
thickness (or temperature). It is also obvious that the sign
of T' is a function of the longitudinal distribution of the
temperature around a latitude circle. If the temperature appears

to be very cold over a large region of the hemisphere, it will

)
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probably have the result that T' over the rest of the hemisphere
wi1ll be positive. 1In other words, the sign of the heat trans-
port over an area depends upon the longitudinal distribution
of the temperature (or thickness) around the latitude circles.
Figure 28 can be produced for every latitude and thus
one could calculate, for this period, the average heat trans-
port across each latitude, as well as the average heat trans-
port due to the trough-ridge-trough pattern. It 1s obvious that
knowing these two, the average heat transport across the rest
of the latitude can be found. Let these transports be repre-
sented as total transport, transport 1 and transport 2, respec-
tivaity. Table 4 gives the total transport, as a function of
latitude, averaged over the period from October to December
1976. In the same table the "mean" total transport, as a func-
tion of latitude, is given calculated using the available data
from 1972 to 1976. For comparison "mean” total transport
values for the same months are given, calculated by A. Oort
and E. Rasmusson (1971). The data they used covers the period

from May 1958 to April 1963.

TABLE 4*
October -December
Latitude Total “Mean” total transport "Mean total
Transport 1972-1976 transport after
Oort & Rasmusson
35 0.05 0.07 0.08
40 0.12 0.11 0.12
45 0.18 0.15 0.16
50 0.22 0.18 0.19
55 0.20 v 0.18 0.19
60 0.16 ' 0.17 '0.18

16 Joules sec-l.r

*
Units: 10
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( As can be seen from Tabel 4 across each latitude there
is a warm air transport to the North or a cold air transport
to the South both having the common result of warming the North
and cooling the South. It is also observed that the heat trans-
port appears to be somewhat higher than the mean at 400, 450, 50°
and 55°N latitudes, while at 35° and 60°N appears below the mean.
It would then be interesting to examine the heat transport due
to the trough-ridge-trough pattern (transport 1) as well‘as
the heat transport across the rest of the latitude (transport 2).
Table 5 gives transport 1 and transport 2 as a function of

latitude. The total transport is again given from comparison.

The units are same as in Table 4.

W. coast - Mid—-eastern United States is not a factor which

TABLE 5
Latitude Total Transport 1 Transport 2 "Normalized"”
Transport Transport 1
35 0.05 ©0.022 0.028 0.027
40 0.12 0.053 0.067 0.066
45 0.18 0.080 0.100 0.100
50 0.22 0.095 0.125 0.120 !
55 0.20 0.085 0.115 0.110
60 0.16 0.070 0.090 0.090 @
° ‘%”’i
¥ . o
For all transports a maximum around 50 N is observed. The
interesting point about the results in Table 5 is that transport
]
i 1 and transport 2 are of the same sign with transport 2 a little
| higher than transport 1. This observation could have the conse-
§ (’ quence that the increase of the meridional flow over Pacific-
! o ¢
:
|




e AR ETNA : HB ~ —me _ ~

O

results in more heat transport to the North. Transport 2 is
higher, even if over this sector there is not a strong meri-
dional type of circulation, which is the case as it is known
from previous discussion. Rather it is possible that the heat
transport is a function of space. This can be seen in Table 5
comparing transport 2 and "normalized” transport 1. On the
average the sector which transport 2 comes across is about 1.25
times greater than the sector which transport 1 comes across.
The "normalized"” transport 1 is obtained by multiplying the
Values of transport 1 by 1.25. Then, it can be seen that trans-
port 2 and "normalized" transport 1 are almost equal at each
latitude. Therefore, transport 2 appears greater simply because
it is the transport across a sector which is bigger than the
sector which transport 1 comes across. In an endeavor to search
for a solid answer to these questions, results from the next
chapter were introduced. T;ese results represent the increase
of the meridionality of the flow as a function of time. Knowing
the heat transport across latitudes as a function of time, one
can possibly deduce a relation between increased'meridion;lity
and heat transport. Table 6 gives the average heat transport
across the 55°N latitude as a function of the year , for the
period of October-December. It also gives the increase of the
meridionality of the flow, for the same period, in the latitude
belt between 50° and 60°N, as a function, again, of the year.
Each number gives a measurement‘of how increased the meridional-

ity is. Actually it indicates the number of days or the total

duration of the increased meridionality in this period.
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TABLE 6

YEAR 1972 1973 1974 1975 1976

Average over
the period of
Oct-Dec. H.T
across 55°N 0.19 0.10 0.19 0.135 0.20
Units: 1016
Joules sec-1l

Duration in

days of the

increased meri- 28 42 29 35 60
dionality in

the period of

Oct-Dec.

Let X represent the heat transport and Y the increased meridion-

ality. Then using statistics the correlation coefficient between

X and Y is given by

- = 2t
x, - v‘z':i'z—’—z' (19)

/"

where x and y stand for the deviations of X and Y from their
mean values:

x=_ X - X

Y=y -Y
Using Table 6 and working as it is shown in Table 10 in the .
Appendix from (19) it was found that:

9
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Therefore, it can be concluded that the heat transport is not ,

a function of the increased meridionality of the flow. The

A

trough-ridge~-trough pattern on the average transports heat to

PRI

the North but this is not due to the fact that the meridional

flow was increased over this sector.

5.2b Momentum Transport

It is known that in order to get a northward momentum
transport from a wave the axes of its troughs and ridgeé must °
tilt on the average from the southwest to northeast (éoéitive
slope). A negative slope will give a southward momentum trans-
port respectively. It is apparent that an intense wave or an
increase of the meridional flow could result in both northward
or southward momentum transport depending on the s}ope. It is
also possible, for an intense wave will transfer no momentum at
all (zero slope) while a weak wave transfers some. Thus, one
cannot really relate beforehand increase of the ﬁeridional flow
and increase of the momentum transport. Of course, a higher
amount of momentum transport with increasing”meridionality is
always a possibility.

Considering the 500 mb level the same procedur; to’
find total transport, transport)l and transport 2 was repeated.

Table 7 gives the results for the momentum transports averaged

. over the period of October - December , obtained using (ISL
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TABLE /*
Lati1tude Total Transport Transport | Transport ¢
35 12.0 70 5 0
40 121 10 © 21
45 10 © 9 O 1.0
50 1y 5.0 -3.5
55 - 30 - 2.0 -1.0

60 - 9.0 - 5.0 -4.0

2
*Units: m”/sec

e

From these results 1t 1s apparent that across; the
O O o ¢]
latitudes 357, 407, 45, 50 a northwards transport of momentum
1s taking place Above 50°N a transport to the South 1s observed.

About transport 1 (due to the trough-ridge-trough pattern) 1t

1s observed that up to 50°N a transport to the North 1s taking

place. That m-ans that ‘up to 50°N the pattern tilts, on the
average, 1its axes Of the troughs and ridge from the southwest
to the northeast. Afterwards 1t op erates 1in the opposite
direction. Comparing now transport 1 and transport 2 1t 1s
apparent that at each latitude transport 1 1s greater than trans-
port 2. This difference can be determined by a combination .
or by eaither of the following factors:

1) the 1ncreased meridionality over the sector of the
trough-ridge-trough pattern,

2) the persistence of this pattern.

:
ey  # N
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It 1s known that transport 2 (OmMES ac ross a secto!
where the meridionality was not 1ncreased. It 1s alsou known
that during the given period, over this sector, nothing was as
constant as the trough-ridge-trough pattern over Pacific-w
coast-Mid-eastern United States It 18 then possible that
transport ¢ 1s a result due to different wave patterns over
this sector during that period Obvicusly, that difference 1s
not due to the difference 1n sector size, as was the case 1n
Lhe‘heat transport. Here, transport l 1s greater than transport
. even 1f transport 1 C;mes across a sector which 1s smaller
in s1ze than the corresponding of transport 2. Also, 1n order
to state whether or not transport 1 appears higher than a mean
value 1s probably not possible since one cannot find similar
patterns over the same sector very often. Whatever the reason

for this difference, one thing 18 certain and 1mportant. That

1s, 1n fact, the trough-ridge-trough pattern contributes the

most to the total momentum transport across each latitude.
Consideraing then this pattern, the contribution by the
momentum to the change 1in the mean zonal flow wascalculated.
This was done by computing ®the first term on the'rlght hand side
of equation (18), and the result 18 shown 1n Figure 29 by the
s0l1d line. The scale 1s the one to the left expressed 1n
m/sec day. The scale to the right corresponds to the dashed
line which gives the mean zonal wind (m/sec) observed during
this period, as a function of latitude. Comparing the solid

line of this figure with Table 7 it can be concluded that an
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increase of the momentum with latitude contributes to a tendency
of the mean zonal flow to decrease and vice-versa. Furthermore
a comparlson between the two curves 1in Ficure 29 shows that the
effect of the momen t um transport 1s to tend to move the jet
stream maximum to the North.

Concluding, the 1increase of the meridional flow over
Pacific-W. coast-Mid-eastern United States did not affect the
heat transport to the North which does not seem 1n the average
across each latitude from 35°N up to GOON, to be "abnormal."

On the other hand, the trough-ridge-trough pattern contributes
the most to the momentum transport across each latitude.
Finally, the effect of the contribution of the momentum trans-
port, due to this pattern, to the change 1in the mean zonal flow
over this area, 18 to move the maximum of the jet stream to

the North.

5.3 SUMMARIZED REMARKS

For what has been mentioned i1n previous chapters an
abnormal existence of a ridge may cause some characteristics
upon the regional climate which appear as weather anomalies,
sometimes severe, depending on the intensity of the ridge. An
extensiVe ridge results in direct flow of polar air which falls
in the following trough which simulataneously ig developing.
The result, then, ies cold temperatures and precipitation. On
the other hand the ridge, with its persistence and extension, -
is blocking the circulation, preventi?g this way the motion of

the precipitation systems. The result then is drought over the

kX

underlying area. Also, as a consequence of the increased ,
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southerly flow on the left side of the ridge, warm air advection
gives high temperatures. From the case which was under examina-
tion 1t can be concluded that the severe negative temperature
anomaly was causally connected with the positive 500 mb height
anumaly to the west, which 1s connected with a warm spell and
drought. This description 18 qualitatively the same as the one

gaiven by Rex (1950b) for weather sequences in the "blocking”

ridges and highs. Obviously, the increase of the meridional
flow over the West Coast has all the characteristics of a "block-

1ng" ridge or high. It would then be interesting to investigate

to what degree the existence of the "blocking” radge over the

West Coast is abnormal. 1In order to determine this, an inves-

tigation of "blocking" ridges and highs based on the increase

of the meridionality of the flow is the next step.




CHAPTER 6

AN INVESTIGATION OF "BLOCKING" ACTION

6.1 INTRODUCTION

Since the time that the "blocking"” situation was first
noted by Garriott (1904}, many 1nvestigators have examined 1t
and 1ts effects on synoptic situations. Namias (1947), Elliot
and Smith (1949), Berggren, Bolin and Russby (1949), Rex (1950
a, b) and more recently, Sumner (1954, 1963), Kikuchi (1971)
and others have given geographical and seasonal distribution
of the "blocking" action. There are significant differences

between the definitions and restrictions about a "hlocking”

action adopted by the i1nvestigators. For example, Rex (1950a)
formulated the very restrictive definition that the spliting of
the jet stream should extend over at least 45° of longitude
and that the pattern must exist for at least 10 days. On the
other hand, Sumner (1954) without any restriction on the exten-

sion or the persistence of the blocking action classified 1t 1into

dif fluent and meridional types as below.

o~ A
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D iffluent T ype

Meridional T ype
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In genegal the common denominator to all definitions
18 that the meridionality of the flow 18 1increased. A "block-

lng” situation 18 nothing more than an i1ncrease of the meridional

flow over an area and 1t depends on how increased this meridion-
ality 18 1n order to get an 1ntense or a very 1ntense "blocking"
si1tuation. Recalling results from these i1nvestigations the
longitudinal distribution of the "blocking" activity presents

two maxima: one, the more frequent, about 0° (36OOE) longitude

and another one about lSOOW. The seasonal distribution i1ndicates

a maximum 1n April.

6.2 A METHOD OF DEFINING "BLOCKING" RIDGES AND HIGHS
Suppose that the following grid-point model 18 given
where £ 18 the longitude every 10° and X 1s the latitude every

59 .

e| (z 63
Suppose that for each grid-point its 500 mb height value (H)

in decametersis given. Now, let us consider grid-point number
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5. If H_. - H H. - H and H, > H theé at longitude 12 a

5 4’ 75 6 5 2
ridge is positioned. If in addition H5 > H8 then at longitude
£. a closed high 18 found. In order to avoid flat ridges the

2

following arbitrary restrictions were made:

1. The east-west gradient should be greater than 4
decameters;

2. The north-south gradient should not be greater than

B decameters, because it 18 known that the north-south gradient

in ridges 18 not very strong.
Following this method 1t 18 possible to locate on a
daily time scale the longitudinal position of ridges and highs
at the 500 mb level. It 18 also possible to find how extensive
a ridge, or a high, 18 In order to more comprehensively present
the increase of the meridional flow, a "blocking" ridge or high
divided into three types as follows:
a) Type 1l: Ridge extending over 3 latitude belts, or more
b) Type 2: C(Closed high over 2 latitude belts
c) Type 3: Closed high over 3, or more, latitude belts.
No restriction was made on the duration of each type. IF is
obvious that according to the definition Type 3 includes Type
2 which includes Type 1. 1In other words, when Type 3 is
reported over an area, a Type 2, although existin; there, is not.
From these types a new type was contructed by putting
a restriction on the duration. This new type, Type 4, is
defined to be any of the other types but with a persistance of

5 or more days. A motion of 10° of longitude is permissible.
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Thie type comes closer to fitting the definitions of other
authors and has as a further purpose the checking of the results.
In the continuation when Type 4 is examined, neither the longi-
tudinal position of the initiation nor the end are considered,
but 1ts position every day. As a result the number of selected
cases or occurrences of Type 4 shows the total duration of 1ts
activity. When Types 1, 2, or 3 are examined every case (Or
occurrence) 18 censidered i1ndependently of the duration. For
example, if Type 2 18 found at 320°E for one day, this 18 con-
si1dered as one occurrence.

This 1nvestigation covers the years 1971-1976 for the
Northern Hemisphere, from 25°N lat1tude up to the North Pole,
and the years 1949-1970 only for the part of the Northern
Hemisphere which 18 1ncluded between 120°w and 6OOE longitudes.
The restriction i1n the latter case is due to missing information
for these years. This restriction has as a consequence that
for the longitude 120°w the number of cases, or occurrences,
of Type 4 can not be accurate. The reason is that, according

to the definition of Type 4, information west oOf 120°w should

be available. Of course, in this case Types 1, 2 or 3 can
be used,
6.3 RESULTS FROM THE INVESTIGATION OF THE YEARS 1971-1976.

Using the results of this investigation Figure 30 was
produced. It shows the longitudinal distribution of Types 3
and 4, as well as the summation of Types 3 and 2 and the
summation of Types 3, 2 and 1. The purpose of presenting this

~

graph in this manner is to determine whether the different

[=— -
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— SUMMATION OF TYPES 1,2,3
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Figure 30 Longitudinal distribution of type 4,type 3,

summation of types 2,3 and summation of

types 1,2,3 ( results for the years 1971-76)
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types result 1n a different distribution of the 1ncreased
meridionality. As it turns out this longitudional distribution
remains exactly the same i1ndependent of the way of presenting
tt. This gives the ability to present the "blocking" activity
ag a summation of different types or as Type 4, which as it
was mentioned previously approaches more the definiton of other
lnvestligators.

As can be Been from Figure 30 the longitudinal distri-
bution of “blocking" activity obtains a maximum at the longitude
belt 0° - 30°W and a second maximum at the longitude belt

© .- 150°W, with the first maximum being more frequent than

120
the second one. The minima are located over 70°W and 100°E
longitudes. Figure 31 shows the seasonal variation of observed A=
Type 4 1n 1971-1976, indicated by the solid line. The figure r

shows a maximum between March and May and a second one in August.

The dashed line, indicating the peak around April, represents

an approximation which was obtained using the method of the
semi-averages. These results are found to be in agreement with

results obtained by Rex (1950b), Sumner (1954) and others.

6.4 RESULTS FROM AN INVESTIGATION OF 28 YEARS (1949-1976). ,
This investigation, as it was mentioned beforet refers

to the longitude belt 120°w to 60°E. 1In the results from the

years 1949-1970, the results from the year 1971-1976 (considering

the same longitude belt) were added. Using these results one e

can find "normal” frequency of occurrences for sach longitude,

or longitude belt, and compare these with the frequency of

occurrences in any year.
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Figure 3% shows the longitudjinal distribution of Type «,
as well ag the summation of Types 3, 2 and 1. Note that for
Type 4 over 120%w longitude there is no accuracy, therefore
this is indicated with dots instead of a continuation of the
dashed line. Comparing these results with the reuul; in Pigure
30 it can be seen that the longitudional distribution remains
almost the same. The maximum is over the longitude belt from
0° - 30° and the minimum is at 70°W longitude. About the
next maximum and minimum there can be no accuracy, since there
was no information available, but an increase of the activity
over 120°% and a decrease at 60°E is visible. A differenég/~\
appears only at the longitude belt from 30°E to 50°E, where
nov an increase instead of a decrease of the "blocking” activity
1s observed. Also it can be observed that there is a relative
decrease of the activity, compared with that of 1971-1976, at
longitudes 120°%, 110° and 100°% and a relative increase at

longitudes 80°Ww, 70°W, 60°%w and 50°w.

6.5 EXAMINATION OF THC "BLOCKING" ACTIVITY OVER THE
WEST COAST _IN 1976
b\

It is known that during the\Petiod from October 1976 to
January 1977 an abnormal ridge was prevajiling over the West
Coast. The purpose of this investigation is to compare the
activity of the increased meridionality, during this period
and over this region, with the normal. Using the results of
this investigation Figure 33 was produced giving thcloblorvod
frequency of occurrences,-of the summation of Types 3, 2 and 1

in 1976, against the normal. The first interesting point from

—
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this figure is that in 1976 the "blocking” activity over 120°W
' 7
longitude shirply increases compared to the normal. It wéuld
£ ¥

then be intereéting to determine wl‘&ether that increase appeared
in the period where the known abnormality took place. Figure 34
gives the number of occurrences of the summation of Types 3, 2
and 1 at 120°w lengitude as a function of time (the time step
is in months), as well as the normal frequency. In this
fiqure, Jenuary 1977 was .i.ncluded.1 Examining Figure 34 it is.
quite apparent that the "blocking" activity is much more than
normal durin§ the period from October 1976 to January 1977.
Also, it is interesting that this abnormality is taking placeo
in a period where the normal minimum is observed. Converting
this abnormality into numbers, a number of 16 cases is obsérved
from October 1976 to January 1977, ;:hile normally a number of

4 cases is reported. A strikinig point in this figu;e is that

e

in September the "blocking" activity is also much greater than

'

normal .but is not associated with the known climatic extremes

over the area which was affécted during the period from October

1976 to January 1977. The reason is, that this "blocking"
activity is located further north than during the period from
October to January, thug not affecting” the area which is under

da;scuss:.on. A presentat:.on of the latltudxnal‘ d:.stnbutlon of.

9

the "blocking activity was' not ‘attempted in ghls work, but

»

for cases as this results were recalled. In fact, during -

&

‘.

lOxaly data 'for the first months of 1977 were available to the
author in the first 1nstance. Complete data for 1977 were |,
added later. ‘ ———

L magea e oa T T
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September 1976 tge ;i;ought—cold pattern is ioca;:ed over Northern
Canada. On thé otht;r ixand, during September, the Wesﬁe/rn United
States reported .a lafge amount of precipitation and the Mid-
eastern United States wa{'s négti very cold. Also, from the same
figure an increase of the "biocking" action is' i‘ndicated in
January 1976. In this éase the activity is located over the
same region compared x:zith that during the period from October

1976 to January 1977. Now, in fact, this activity is associ&t;ed

R —

with the sameé tlimatic characteristics over the known areas..
.

That is, the\synOptic maps for January 1976 indicate drought over

the West Coast and cold over the Mid-eastern United States.
Working with the same period for all\jears on_which
data were available, Table § gives the observed f;queﬁcy of
‘occurrences of the summation of Types 3, 2 and 1 at longitude
120°%. This. serves the purpose of a better estimation of the
abhormality during the period of October 1976-January 1977.
As can be seen the frequency of 16 cases in 1976-77/ is the
highest ever observed. - . .
conclyding, indeed during the period of October 1976
to January 1977 thei"blocking" action ié remamably greater than
normal, appearing also as the highest observed frequency of
occurrences in the last 28 years.— Such a !'iigh appearance of
"blocking® action could give severe climatic,eff,ects upon the
regional climat:e such as drought over the underlying area and
cold over the area of the following developed trough. It e
must, however, be emphasized that i:his relation may not be

one to one in all cases, depending on the 1atit;.:dinal pogitio\n

‘.
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LONGITUDE 120°%W
. Nuntber of occurrences of the summation of Types 3. 2, and 1
- in the period from October to January’.

TABLE 8 -

» YEAR

- NUMBER' OF OCCURRENCES

S i e

Y

1949-50
1950-51

1951-52°

1952-53

'1983-54

I954-55

- 1955-56
'1956-57"
1957-58

1958-59
1959-60

1960-61

1961-62
1962-63
1963-64
1964-65
1965-66
1966-6€7
1967-68
1968-69
1969-70

1970—71ﬁ
1971-72 .

1972-73
1973-74
1974-75
1975-76
1976-77
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of thea"blocking”" agtivity. A verification and a test of thesde
results could be an exam1nat:;on of the climatic characterlstl.cs
somewhere, where a lugher than normal frequency of 'blockmg

acglon is ‘observed. Thls could be done for the same region
h I

since results are already given (Table 8), but it was desirable
. , ' ]
to perform a test over the region where the maximum of the

"'bl'ocking” activity was observed. 1In other words over the 0®
i R

(36098) longitude. In order to choose the period in this case,
the restrlctlon was made that the frequency of "block:.ng .

activity during this period, must be at least two times greater

Y

than the corresponding normal. This way only strong cases will
be considergd. At first, it was attempted to fmd a permd of

four conségutive months, but without success. After that a

three month period was considered and Table 9 gives the most

v

abnormal cases which occurred over the longitude belt from 10%w
to 10°E, in the years from 1949 to 1976. Finally, it was
d}ecided to examine the abnormality of tfle period of June -/,//

August 1976, solely because it is more recent and all relative

synoptic maps and data were available.

6.6 .THE 1976 CASE OVER WESTERN EUROPE

In this case since more information is available, the

previous presentation was repeated for the o° longitude as

well ag for the longitude belt from 10°W to 10°E. Figure 35

hY

shows the observed frequency of occurrences of Type 4, against

the normal, at o° longitude and over the longitude belt from
sy

1 10°W to 10°E. as it is observed from this figure the frequency

—~

)
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! |




TABLE 9,
| ' " Longitude belt 10% - 1%

Three month periods where the "blocking activity appeara to |
be much higher than normal
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P R T YEAR = PERIOD )
t ] J " —
. 1949 June - August B
& v ~ .
) 1952 March - May A
T 1953 October - December ‘
. 1959 February - April
1961 " . September - November

, - 1976 June -~ August ;
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_normal frequency is observed.

o o .. .
of - occurrences in 1976, for both 0 longitude and the ,10ngﬁqde
beit 16% - 10°E, is higher than normal during the jperiod from ‘

June to August as well as in March. It can also be seen from

this figure that when the 'lon’gi'tude belt is congide‘red a rela-

4 —

‘tive decrease of the act‘ivitjr is observed, compared with that

at 0°

?longitude. This shwt the "blocking ﬂactivity over

the iongitude belt 10% - J,OOE t'\aa its maximum at 06 longitude.
This is further evidence that the abnormal freq’tfm/c; of occur- .
rences is taking. place in a period where, again, the minimum
It is then inter_est;.ng to examine
the climatic characteristics Mhiqh were ;f,s,ocfatéd with this

abnormal frequency .of "blocking” activity during the summer

i
i [

1976, over Western Europe. ) .

T e e

-
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3 C . CHAPTER 7

—~

-~ SYNOPTICS OVER EUROPE DURING THE SUMMER 1976 1

-
]

7.1 CIRCULATION OVER EUROPE DURING THE PERIOD OF '
JUNE-AUGUST 1976 |

Examining the abnormal winter 1976T77 over North
America it was shown that higher than normal freguency of
"blocking" activity was associated with the circulation, and
y the climatit characteristics. If this.increase of the meridional
flow is the common denominator‘of such synoptic patterns it would

be expected that in the European case Bimilar circulation and .

cJe:'Fmatic characteristics wo:ild i)e fbund'.
g Figure 36 shows the mean average 500 mb hneight flow
fo’r the period of Juiae - August 1976, t}{is is indicated “by the .
solid lines. The corresponding normal circulation is also shown /{
- " in this figure by the dashed lines. It is clear that on \‘Fhe .
. \/\V\ ’average, the ‘flow is more deve\loped during this period wit‘.;h a
| ui'iage building up over Weséern Europe (about at g° lolngitu\fle)
‘and a developed trough situated over, Eas]tern Europe. In addi-
a _ tion the trough over the Atlantic also appears-stronger thtn
: the normal. This picture of the trough-ridge-trough pai;térn is
almost always visi:ble in the German "Europaischer Wetterbgricht"
daily weatther maps as well as in the monthly maps f;om June to ’ T

August. A similar picture, to that of the abnormal winter over ta

M o

Y ™
Bt
',

:
A
~y 3‘5“}‘,?“
;

North America, seems to appear again with an increased frequency

x’{;ﬁﬁ e
¥ g:f
¥

of "blocking" action expressing itself by the building of a

\
2
o
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ridge over Western Europe. | _
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trough a more than normal: or normal amount of precipitation is
t - °

7.2 CLIMATIC CHARACTERISTICS ASSOCIATED
o Figures 37 ang 38 show respectively the@tempexjature

anomaly and- the precipitation Hanomaly, as functions of longi- /
tude moving along :the 50°N latitude, for the months June, July ©
and August. As it is. shown from these figures, over the under-

lying area of the increased meridionality a positive temperature

. anomaly is observed, as well as a-ﬂ—negati\ie one under the developed

trousgh over Eastern Europe. Fo¥ the precipitation again, a high

. .
drought accompanies the "blocking"” activity, since under the

-
<

-

a fact. f
The picture of these figurgs remains almost the same if

one repeats the procedure aiong the 55°N or the 45°N latitude. '

Referring also to the German maps for the months June, July

and August 1976, the above picture is very distinguished and N P

connected with the ridge-trough-system over Europe. \ |
Recapitualting, the similarity of the results, given

\ » .
that an abnormal appearance of increased meridionality of the

flow is taking place, indicates that this.is a factor associated
-

o

with the appearance of such weather situations.




\

TEMPERATURE ANOMALY

@

1

* 4P~

«t

— JUNE
JULY
-AU GUST

- e o=
L4
(A XX 1)

WEST +—— EAST

LONGITUDE

°

“ Figure 37 Temperature anomaly as a function
of longitude moving along the 50° .N.
% {
latitude

?

°% PRECIPITATION ANOMALY & .

Q

X

s - ™
™
L s B
\ , .
Y . EER
\ L * ) ! LY
o .~ e JUNE
_ -—w JULY
28 s+ A UGUST

w
©

N
]

128

130

173

:oot— - 4

1 L

20 19 o0 10 20 30

' | B
WEST EAST _

LONGITUDE .

. N '

Figure 38 Precipitation anomaly as a function

of longitude moving along 50° N.

latitude !

-

ot




v
A R O A i 7 sy § o e e e GOANIT

CHAPTER 8 ’ L
, SUMMARY O : . , \\\~»e

- \‘ ’
8.1 *DISCUSSION

(Y

mmr g

surface temperature anomaly over the Pacifi¢, generated early
in éﬁ??n& and summer, resulted in an increased South-North upper ¥

R " level flow east of 140°W, and the creation of an extensive ridge

over the West Coast. The question which may arise here is

2
4

whgéher a sea surface tehpg;ature anomaly can result in an abnor-
- mal freqqeﬂcy of "blocking" activity. This is not very well

known and needs further investigat%oni However, it is the T

author's hope that thf§‘§€:dy will be a useful guide to the inves-

tigation of climat?c anomalies and the factors which are involyved

in the appearance of such weather situation.

-

8.2 CONCLUSION \

” ery well known weather anomaly was examined, namely -
the abnormal winter 19f6—1977 over North America. The 500 mb j/J
heigﬁt Anomai}ps were examined and it was found that a severe :) ‘ e
<=, ' weather situation does not depend by necessity on-a ﬁemispheric
{;*ﬁ waveﬁpattern butkmay very well be the/;gzult of a smaller scale

b phenomenon. }n this case an anomaly can not exist alone but must

be found in relation with other associated anomalies. For the
weather situation which was ‘under examination it was found that

the abnormality was caused by a strong meridional' type of y

- P - ~. ! o
' circulation which expressed itself by a very well organized
(Tﬁ ridge over the {zst Coast accompanied by two developed troughs,
! P24
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one over the Pacific and the other over the Mid-eastern United

© States. This type of circulation resulted by necessity not in
4/' one abnormality but in several ones related to each other via
the circulation type. This pattern was found to be sensitive to
slight shifts in position of the meridional tfbe. Examining
some physical c%aracteristics of thisy pattern it/ was féund that
the heat transport to the North was not a function of thevincrease
of the meridional flow. However, the persﬂstence,of{tﬁis pattern

contriputes the most to the momghtum transport across each lati-

tude/from 35° up to 60°N. T increased meridionality was
examined by defining "blocking"ridges and highs. It was found -

o that the persistence of the ridge over the West éoas£ was quite

abnormal, ébncluding that a higher than normal frlequency of

"blocking" activity causes the known climatic characteristics

over the undetlying area of the intensified ridge and over the

(NS s

underlying area of the corresponding developed trough. A test

which was perfoFmed for/ the périod of June - August 1976 over E
i the western Europe S oﬁeé that similar circulation and climatic

charagdteristics are associated,‘hgain. with a hiqh frequency of

inc;easeJmeridionality of the flow. ) /

- ‘ F
, T ° p *
. ! » :
. P




APPENDIX
Computation of the correlation coefficient V';(y i
- . .- 4 — e m
! 1
/ - L TABLE 10 pe |
X Y T x ) x* Xy
days 1016 7.gec™! 1016 J.gec” 1029 J.sec’lj )
28 0.19 -11 0.027 121 [ 0.729 Z ~0.297x10%°
43 0210 + 4 -0.063 16 © 3.969 ' -0:252x10%8
29 0.19 -10 0.027 100 ) 0.729 ~o!270x1016
35 0.135 -4 -0.028 16 0.784 +0.112x10%°
60 0.20 +21 0.037 441 ) 1.369 +0.777x10%
o . . -~ £x2= Zy2= Ixy =
‘. MEAN: 39 MEAN: 0.163 694 7.58x1029 - 0.07x1016
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