A weekly periodicity in eastern U.S. precipitation and its
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ABSTRACT

Recurrence of precipitation during weekends—and of precipitation-free weekdays—
was especially prominent over the southeastern quarter of the United States during
much of the 1964—65 winter. This paper, with the help of maps averaged by day of the
week, points out the relation of the weekly precipitation periodicity to interactive
cyclone-scale and long wave systems over North America and the Pacific. Despite the
averaging, the continuity in these maps is surprisingly clear. For example, an upper
trough over west-central portions of the country in mid-week progresses to a position
off the Atlantic Seaboard at the beginning of the week. This progression is associated
with periodic (largely diabatic) development of the Gulf of Alaska Cyclone, which, in
turn, can be traced to the periodic establishment of a ridge in the Bering Sea and oc-
currence of cyclogenesis in middle and lower latitudes of the North Pacific. An in-
crease in hemispheric wave number, provided periodically by development of the
Gulf of Alaska trough, leads to eastward motion of downstream features over the U.S.,
but when the Gulf trough fills abrupt retrogression sets in until its redeepening reestab-
lishes the eastward motion.

One of the primary circulation forcing elements, cyclogenesis in the Pacific, appears
to be related to abnormal sea-surface temperature fields established during the pre-
ceding fall and maintained by the overlying atmospheric circulation during winter.
While this interaction may offer a clue to the sequence of downstream events, it does
not imply a weekly periodicity. Not even the transmission of the periodicity down-
stream is suggested by present numerical forecasts, but this failure can be attributed
to typical errors in these forecasts. Further empirical studies, detecting weather perio-
dicities and relating them to the time-averaged circulations or regimes in which they
occur, might help in understanding and eventually predicting the occurrence of the

periodicities.

Prefatory note

Of the meteorologists of the world, Prof. Tor
Bergeron, through his varied work, is probably
a8 cognizant as anyone of the interdependence
of atmospheric systems on all time and space
scales. Several items in the following paper
touch at least indirectly upon his research on
planetary wind systems, centers of action,
synoptic-scale systems, and rainfall patterns.

I. Introduction

In an earlier paper published in Tellus
(Namias, 1954), I investigated a sequence of
several months during which an atmospheric
periodicity of about 10 days was observed over
much of North America. In that paper, an attempt
was made to show that such periodicities are
inherent in the large-scale, time-averaged flow

Tellus X VIII (1966), 4

patterns of the troposphere and that the cen-
ters of action comprising these flow patterns
condition the entire life history (birth, growth,
and movement) of synoptic-scale systems.
Periodicities in meteorological elements—other
than the diurnal and annual ones—would there-
fore not be climatologically stable features
because of the continually different forms of
the general circulation found in the same
months and seasons for different years.
Reports describing periodicities of about a
month have appeared in the lierature occasion-
ally, and of about a week, frequently. Exam-
ples are the papers of Lanamuir (1951) and
Brier (1955). The extended-range forecasting
methods developed by Multanovsky and applied
by Pacava (1940) utilize ‘“‘natural periods”
of certain types of cyclonic and anticyclonic
activity. These periods generally range from 5
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F1a. 1. Cumulative precipitation (solid) by day of
the week and number of precipitation days (broken)
at Washington, D. C. during period December 1,
1964 through February 14, 1965.
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Fie. 2. Cumulative precipitation (solid) and number
of precipitation days (broken) averaged for 39
stations over the southeast quarter of the U.S.
indicated in Fig. 3.

Fig. 3. The 39 stations used for constructing Fig. 2
(and identified in Tables 1 and 2).

to 10 days, frequently a week. Of course, both
the layman and meteorologist are more likely
to detect weekly recurrences of weather than
any others.

In the case to be described, a pronounced
recurrence of substantial precipitation on week-
ends over the eastern U.S.A. was sandwiched
between relatively precipitation-free weekdays
over an 11-week period. Averaging rainfall and
pressure patterns during this interval for each
day of the week brings to light a series of regular
and continuous developments resembling those
on regular daily charts. These developments
indicate that an oscillatory system became estab-
lished wherein a periodic increase in plane-

tary wave number was introduced by the re-
peated development of a trough in the Gulf of
Alaska. This phenomenon set the stage for
progression. of long waves over the United
States, but when the Gulf trough filled, retro-
gression set in until the trough reappeared a
week later. These downstream trough develop-
ments and motions led to broad precipitation
zones whose phase velocity was very clear over
the United States.

II. Periodicity in the precipitation field

The author’s attention was drawn to the
periodic nature of broadscale precipitation
during the winter of 196465 by the remarkable
tendency in his home city (Washington, D.C.)
for rain or snow to occur on weekends while
other days were relatively fair.! Fig. 1 shows by
day of the week the cumulative precipitation
and the number of days with measurable pre-
cipitation (0.01 inch or more) for Washington
for the eleven weeks from December 1, 1964
through February 14, 1965. There are eleven
of each of the days except Mondays, of which
there are ten.

This same weekend precipitation tendency
was evident at many stations in the eastern
United States, so that a diagram (Fig. 2) of
the averages of 39 stations shown in Fig. 3
indicates the same tendency. Tables 1 and 2
illustrate dramatically the overwhelming tend-
ency for frequent and relatively heavy rainfall
at most of the 39 stations on weekends. Thus
the precipitation-producing systems were large
scale and not local. Taking the 39-station area
as a whole, almost 60 % of the 11-week total fell
on Saturday and Sunday and about 85 % fell in
the three days Friday through Sunday. Also,
precipitation on Saturdays and Sundays was
roughly three times more frequent than on
any of the first four days of the week.

II1. Mid-tropospheric flow patterns
associated with the precipitation
periodicity

Because of the similarity of upper-level de-
velopments a week apart on many of the daily

contour charts during this period, it was de-
cided to compute average charts for each day of

1 Fortunately, the inauguration of President
Johnson took place on January 20, a Wednesday.
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TaBLE 1. Cumulative daily precipitation (in inches) for period December 1, 1964 through February 14,
1965 at stations in the southeastern quarter of the United States.

Italicized numbers are two highest daily averages.

Station Sun. Mon. Tues. Wed. Thurs. Fri. Sat.

Ft. Wayne, Ind. .38 .24 .65 1.52 .38 2.43 2.46
Indianapolis, Ind. .80 21 .88 1.65 1.73 3.13 1.53
Evansville, Ind. .37 .35 .97 2.68 1.46 2.38 2.48
Dayton, Ohio 71 .18 .58 .37 71 3.16 1.49
Columbus, Ohio 1.01 .50 .92 .37 .83 3.56 2.20
Cincinnati, Ohio .89 .32 .93 .43 1.99 4.08 2.53
Pittsburgh, Pa. 2.10 .29 .62 .26 .83 2.81 2.51
Harrisburg, Pa. 4.01 .25 10 .40 17 1.58 1.75
Philadelphia, Pa. 3.71 1.43 0 .23 .02 1.26 2.42
Atlantic City, N.J. 3.88 1.02 .09 .24 .08 1.37 1.96
Washington, D.C. 4.05 .20 .01 12 .20 .50 1,92
Richmond, Va. 4.45 31 0 .14 .05 .40 1.75
Norfolk, Va. 3.84 .36 .30 0 .10 .43 2.63
Roanoke, Va. 5.14 .02 .08 .08 .16 .42 2.47
Flat Top, W.Va. 4.97 .39 .24 17 .68 1.36 3.12
Charleston, W.Va. 2.32 .09 .22 .14 .98 1.68 2.85
Louisville, Ky. 1.29 .13 .49 .60 1.88 3.97 3.05
Nashville, Tenn. 1.55 .19 .36 .67 2.94 2.50 3.05
Chattanooga, Tenn. 2.76 43 1.056 .34 .76 2.77 2.52
Knoxville, Tenn. 3.12 .46 .32 .18 .90 1.52 3.63
Charlotte, N.C. 2.66 0 .35 .20 0 .66 3.12
Greensboro, N.C. 3.58 17 .13 .13 .02 .37 2.43
Raleigh, N.C. 3.60 .02 .02 0 .10 .33 3.42
Hatteras, N.C. 4.06 1.92 .26 .03 .16 .79 1.65
Columbia, S.C. 4.09 0 11 0 .54 1.32 3.26
Charleston, S.C. 2.98 .03 .30 0 12 2.33 1.59
Savannah, Ga. 2.34 01 .10 0 .01 3.56 1.32
Macon, Ga. 3.16 0 .35 .18 .01 2.96 2.79
Augusta, Ga. 3.51 0 14 0 .10 2.31 2.39
Atlanta, Ga. 2.27 12 .34 .18 14 3.75 4.69
Birmingham, Ala. 1.74 41 .08 2.41 .15 5.13 2.98
Montgomery, Ala. 1.50 .01 15 0 .06 4.54 8.90
Mobile, Ala. .94 .21 .38 0 44 3.74 10.13
Tallahassee, Fla. 5.16 .15 .73 .04 .21 11.84 6.17
Apalachicola, Fla. 4.35 .41 .29 .05 14 3.72 2.16
Jacksonville, Fla. 3.92 .29 .66 0 .06 2.40 1.51
Tampa, Fla. 2.31 21 .48 0 .15 71 2.02
Miami, Fla. 2.03 .14 .30 .05 14 .30 5.93
Key West, Fla. .13 0 12 1.37 1.66 15 2.53
Mean 2.71 .29 .36 .39 .54 2.36 3.01

the week. Let us begin our discussion with the
mean chart for Tuesdays (Fig. 4). Immediately
apparent to the experienced extended fore-
caster is the exceptionally long wave length
between the central Pacific trough and the
trough along the east coast of the U.S. It
measured about 100° of longitude at 40°N,
whereas unpublished empirical studies by
O’Connor set the typical wave length at 90
degrees with the trough tilting sharply south-
westward in the U.S. Therefore, it is not sur-
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prising to find that on the mean chart for
Wednesdays an abrupt shortening of the wave
length to about 80 degrees took place. Because
the trough originally over the eastern U.S.
had actually progressed eastward, only to be
replaced by another, this was a case of ‘‘dis-
continuous retrogression’’ (CREsSMAN. 1948).
We next direct our attention to the incipient
development of a ridge in the Bering Sea and a
trough over the Gulf of Alaska. On the mean
chart for Thursdays (Fig. 6) both the central
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TasLE 2. Total number of days with precipitation December 1, 1964 through February 14, 1965
at stations in the southeastern quarter of the United States.

Ttalicized numbers represent two (or three) highest number of days.

Station Sun. Mon.

Tues.

Wed. Thurs.

]
=

Sat.

Ft. Wayne, Ind.
Indianapolis, Ind.
Evansville, Ind.
Dayton, Ohio
Columbus, Ohio
Cincinnati, Ohio
Pittsburgh, Pa.
Harrisburg, Pa.
Philadelphia, Pa.
Atlantic City, N.J.
Washington, D.C.
Richmond, Va.
Norfolk, Va.
Roanoke, Va.

Flat Top, West Va.
Charleston, West Va.
Louisville, Ky.
Nashville, Tenn.
Chattanooga, Tenn.
Knoxville, Tenn.
Charlotte, N.C.
Greensboro, N.C.
Raleigh, N.C.
Hatteras, N.C.
Columbia, S.C.
Charleston, S.C.
Savannah, Ga.
Macon, Ga.
Augusta, Ga.
Atlanta, Ga.
Birmingham, Afa.
Montgomery, Ala.
Mobile, Ala.
Tallahassee, Fla.
Apalachicola, Fla.
Jacksonville, Fla.
Tamps, Fla.
Miami, Fla.

Key West, Fla.

Mean
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U.8. trough and the Gulf of Alaska trough am-
plified considerably. The latter extended its
influence into lower latitudes while the former
began to advect air from the Gulf of Mexico.
(The effect of the overrunning moisture is
shown in the precipitation field of Fig. 11,
where an extensive area of precipitation with
cumulative amounts greater than 2 inches
developed in the southern U.S. by the Thurs-
days.) By the Fridays both of these troughs
extended into the temperate latitude westerlies

-—especially between 40°N and 50°N—and
the number of long wave troughs (four) be-
tween the central Pacific and the west-central
Atlantic obviously demanded adjustment of the
wave pattern.

The Gulf of Alaska trough is well known to be
largely generated and maintained by the out-
pouring of cold Arctic air over the open waters
of the Gulf. The rapid diabatic heating of
such cold air streams intensifies and retards
synoptic-scale systems (WinNsToN, 1955, and
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Fig. 4. Mean 700-mb charts for each day of the week during the period December 1, 1884 through

February 14, 1965. Heavy solid lines indicate trough positions.

WEDNESDAY

Fi1a. 5. See text for fig. 4.
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FRIDAY

Fig. 7. See text for fig. 4.
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Fi1c. 9. See text for fig. 4.
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Fic. 11. Areas (shaded) where cumulative precipitation on each day of the week exceeded two inches.
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PrTTERSSEN, 1956). In addition to the cyclonic
impulse furnished to the north winds by the
conservation of absolute vorticity, further
cyclogenetic effect is provided by the flow
of those winds over the Alaskan coastal moun-
tain ranges. Thus the Gulf of Alaska winter
cyclone, once developed, is usually a quasi-
stationary and not a migratory system, al-
though it may be eliminated or temporarily
weakened when the initiating and maintaining
influence, the northerly upper-air flow, has
terminated.

Fluxes of cyclonic vorticity from the Gulf
of Alaska Cyclone usually enter North America
in the form of occluded fronts and associated
upper-level short waves, leading to readjust-
ments of the North American long-wave pat-
tern. Consequently, on the Fridays, Saturdays,
and Sundays of the period under study east-
ward propagation of the U.S. trough and a
large precipitation area took place (Figs. 7-9,
11).

By the Sundays the Gulf of Alaska trough
extended its influence southward near the
California coast and weakened in more northern
portions, probably in response to the vorticity

LOS ANGELES, CALIF.
DEC. 1964 THRU MID.FEB. 1965
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Fi1a. 12. Cumulative precipitation (solid) and num-
ber of precipitation days for each day of the week
during the period December 1, 1964 through Fe-
bruary 14, 1965 at Los Angeles, California.

flux from the deepened central Pacific trough.
The cumulative precipitation and precipitation
frequency diagram for Los Angeles (Fig. 12)
reflects the weekend strengthening of the Gulf
of Alaska trough to low latitudes.

By the Mondays the eastern U.S. trough
was displaced to the East Coast and the cu-
mulative precipitation and frequency of pre-
cipitation (Figs. 2 and 11) had diminished
sharply. The Gulf of Alaska trough continued
to weaken until barely discernible by the Tues-
days, completing the cycle.

MEAN SEA LEVEL CHART 1.
(SUNDAY) N 4
DEC. 1964 THRU MID.FEB 1965 -

F16. 13. Mean sea-level pressure for all Sundays during the period December 1, 1964 through February 14,
1985. Hatched and stippled areas in the Pacific indicate prominent pools of abnormally cool and warm
surface water for the preceding fall. Central numbers represent maximum departures from normal in °F.
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IV. Some associated pressure and contour
height change features

Maps of mean sea-level pressure for each day
of the week, similar to those shown for the
700-mb level, have also been prepared. In order
to conserve space, not all of these charts are
reproduced, even though numerous interesting
aspects of day-to-day continuity may be found.
However, the mean sealevel map for the eleven
Sundays in shown in Fig. 13, from which one
could easily infer the braodscale Sunday pre-
cipitation pattern in the east indicated in Fig.
11. In Fig. 13 I have “analyzed” a hypothetical
frontal wave consistent with the pressure
distribution. On this figure are also plotted the
day-to-day positions of the center of the ob-
served mean anticyclone, starting in North
Dakota on the Sundays and moving southeast-
ward, then eastward to an area east of Bermuda
on the following Sundays.

Maps of 24-hour height change at the 700-
mb level, generally associated with centers of

maximum negative and positive vorticity, have
also been constructed. An example, the change
between the Saturdays and Sundays, is provided
by Fig. 15. Here again the large east coast
area of height falls was obviously related to the
weekend rainfall maximum. This axis of 24-
hour negative height change ({(broken line)
may be followed with considerable regularity
from California eastward to West Africa with
an average speed of roughly ten degrees of
longitude a day. Observations were not suffi-
cient to trace it further.

The maps of the sea-level means constructed
for each day of the week also illustrate inter-
esting continuity associated with the Gulf of
Alaska cyclone and the periodic development
of the Kamchatka cyclone. A resume of this
continuity is shown in Fig. 14, on which are
shown the positions and intensities of these
cyclonic centers by day of the week. Thus, the
perturbations which entered and remained in
the Gulf of Alaska during the latter parts of the
weeks started out as centers of low pressure at
176°E on Sundays. The Kamchatka center
developed on Tuedays, moved slowly in the form
of a loop, and deepened most rapidly (to 999
mb.) on Thursdays just as the eastern center
entered the Gulf of Alaska. This behavior of
the two centers seems well related to the mean
upper-level contour and anomaly chart for the
entire period shown in Fig. 16.

V. Possible seat of recurrent circulation
abnormalities

In the preceding portions of this report we
have attributed the periodicity in the precipita-
tion of the southeast U.S. to remote features
of the general circulation. Any attempt at
an explanation of the ultimate cause of this
periodicity would therefore have to consider
the recurrence of the abnormal features or
centers of action—particularly the Gulf of
Alaska trough. and probably features further
upstream.

Let us examine the mean mid-tropospheric
chart for all days encompassed by our periodi-
city (from Dec. 1 through mid-February)
(Fig. 16). On this chart the departures from the
winter normal are superimposed on the mean
contours. This mean flow pattern seems to
imply an oscillatory system extending from the
central Pacific to eastern North America, be-
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Fia. 15. Mean changes in 700-mb height (expressed in tens of feet) from Saturday to Sunday during the
period December 1, 1964 through February 14, 1965. Broken lines indicate steady eastward progression
of negative area of height change where appended letters indicate successive days of week.

700 M8 MEAN AND DN
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Fia. 16. Mean 700-mb contours (solid) and isopleths of departures from normal (broken) for the entire
period from December 1, 1964 through February 14, 1965.
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Fi1c. 17. Mean 500-mb contours of the 96-hour prognostic charts prepared on Thursdays for the following
Monday. Broken lines are isopleths of error and the center numbers are expressed in tens of feet.

cause the spacing between troughs is short
compared with those usually observed for a
month or season or in the long-term normal.
Thus, the Gulf of Alaska trough might be ex-
pected to be an occasionally pronounced fea-
ture arising whenever the Aleutian-Bering Sea
ridge initiated southward flow of cold Alaskan
air into the Gulf of Alaska. But this ridge is
frequently established as a barotropic response
to the deepening of the lower-latitude trough
around 180°'—which, In turn, is associated
with low latitude cyclogenesis. Thus, if the
cyclogenesis could be explained, a chain of
events something like the following might
be anticipated:

1. Development of a strong upper-trough in
temperate and low latitudes at 180° through
cyclogenesis (indicated by the height change
pattern over the western Pacific already
shown in Fig. 15).

2. Building of a strong ridge north of this in the
Bering Sea [largely a barotropic response
to (1)).

3. Onset of northerly flow of Arctic air from
Alaska into the Gulf of Alaska.

4. Cyclogenesis in the Gulf intensified by strong
convection and release of latent heat.

5. Transfer of cyclonic vorticity by short waves
into the western United States, and dis-
placement eastward of the trough usually
found over the Southwest.

6. Relaxation of the system by migration of the
above features from their areas of reinforce-
ment, followed by return to initial conditions.

The persistent and abnormal cyclogenesis
at temperate and low latitudes in the central
Pacific, our starting point, might have been
induced by a pattern of abnormal sea-surface
temperatures generated in the fall of 1964
and maintained during winter by abnormal
prevailing wind stresses. Prominent sea surface
temperature anomalies for the fall in the prin-
cipal area of the low-latitude cyclogenesis are
shown on Fig. 13.2 A large pool of warm water
could have encouraged abnormal cyclogenesis
over it by diabatic heating during the winter

1 See for example the composite maps prepared
by MartiN (1953), wherein a wintertime negative
700-mb height anomaly at 40°N 180° is associated
with a strong positive anomaly in the Bering Sea
and a negative anomaly in the Gulf of Alaska.

2 This mean chart, while computed only for
Sundays, bears a strong resemblance to the mean
chart for the entire winter, particularly over the
Pacific.
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when cold Asiatic air masses along with sharp
fronts began to invade its domain (Namras
1963, 1959). The warm pool of water over the
area east of 180° did in fact continue to be
observed through the winter of 1964-65 and
indeed spread northward, as implied by the
anomalous circulation in Fig. 16 (Namias,
1965). (The pattern of sea-level pressure ano-
malies was similar to that of 700-mb heights.)
Thus the winter atmospheric circulation, while
differing from that observed in the fall, helped
to maintain the broad-scale sea-surface tem-
perature anomalies established then.

Further support for the hypothesis that oce-
anic temperature abnormalities constituted an
important link in the seven-day periodicity
mechanism is given by graphs of mean sealevel
pressure, averaged by day of the week, at se-
veral key locations (Fig. 15). In mid-Pacific,
the Bering Sea, and the Gulf of Alaska, much
of the pressure variance about the weekly
mean appears to lie in a seven-day cycle. On
the other hand, Japan, across which one might
expect any periodic cyclone passage to take
place prior to cyclogenesis in mid-Pacific, shows
no suggestion of a eycle. 700-mb height change
graphs (not shown) conform to these sea-level
indications.

Unfortunately, the foregoing explanation of
the existence of the central Pacific trough and
its downstream consequences implies little
or nothing about the existence or frequency of
a periodic cycle. However, it is conceivable that
an analogy can be drawn between the cycloge-
netic effects of the oceanic warm pool and the
quasi-periodic cumulus cloud formation often
observed over hilltops in summertime or in the
tropics. In the latter case recurrent cumuli
develop, are periodically carried away by
prevailing winds, and the cycle is reinstituted by
a new cumulus formation. In our case, one of a
much higher order of complexity, we might
think of the cyclogenesis as being the recur-
rently instituted feature. Of course, the cyclones
would move out of the area of formation or
development (the warm pool), as perturbations
in the westerlies and a finite period of time
would probably be required for cyclonic re-
formation. Different values of zonal index or
placement of long waves would probably
have given other periodicities, or perhaps no
well-defined period at all. On the other hand,
this case may represent regularly recurring dy-
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namic instability in the westerlies over the
Pacific operating in conjunction with the anom-
alous oceanic surface conditions.

In the hope that currently prepared numerical
predictions might have confirmed the dynamical
linkages in the seven-day periodicity, I com-
puted the means of numerical prognoses of
500-mb. height made for 24, 48, 72, and 96
hours from the eleven initial Thursday charts.
These prognoses, calculated routinely by the
National Meteorological Center of the U.S.
Weather Bureau, employ a baroclinic model to
36 hours and a barotropic model beyond.
Thursday’s charts were chosen for initial data
because it was hoped that some eastward mo-
tion of the southwestern U.S. trough would be
suggested, since the Gulf of Alaska trough had
developed sufficiently on Thursdays to affect
the downstream pattern. Figure 17 displays the
mean 96-hour error field of the numerical prog-
noses. This chart and the corresponding ones
for 24, 48, and 72 hours (not shown) show that
the numerical model typically erred in pro-
pelling the Gulf of Alaska trough eastward into
Canada and gradually replacing it by a ridge.
Thus, the main factor accounting for the dis-
placement of the U.S. trough to the East
Coast on Monday was eliminated and the pre-
dicted flow pattern was out of phase with the
observed (compare Figs. 10 and 16). This
failure, not uncommon when Gulf of Alaska
troughs appear in theinitial ata, is probably
due to the omission from the model of diabatic
heating. A similar failure occurs over the warm
waters east of Japan. In this case, I have as-
sociated the observed seven-day cycle with the
form of the general time-averaged circulation
and with migratory synoptic systems. A syn-
optic and physical desecription of related periodic
events far removed from the area of weekly
periodicity in rainfall has been given, and a
stabilizing effect on the long waves, operating
through anomalous sea-surface temperatures,
has been proposed.

Despite the bewildering complexity of quasi-
periodic weather phenomena, I believe that
they may be amenable to early detection and
validation if a way can be found to relate their
character and duration to prevailing mean
circulation patterns and associated synoptic-
scale phenomena. This detection could be used
for more detailed long-range prediction.
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HEJEJBHAA NEPNOANYHOCTb OCAJKOB HA BOCTORE CIIA
1 EE CBA3b C NOJIVIIAPHON IIUPRYJIALUUEN

[ToBTOpAEMOCTL 0CAIKOB BO BpPeMs YHK-3HIOB
(1 oTCyTCTBHE OCAZKOB BO BpeMA OOGEIYHEIX AHeil
Hefenn) Oblla 0co0eHHO B3aMeTHONl HAX IOro-
BocTOuHOI 4YerBepThbio CHIA B TeueHnme 60ib-
moi vactu 3umer 1963-64 rr. B craree ¢ no-
MOIIbl0 KapT, OCpeJHeHHBIX IO JHAM Heje,
ofpamaeTcds BHMUMaHHUe Ha CBA3b MexAy He-
JeJbHON MepPHONYHOCTRIO OCAJ[KOB M B3aUMO-
JeficTBHEM LMPKYJIALUMM LMKIOHMYECKOTO Mac-
wmraba ¢ JJINHHBIMH BoiaHamMu Hax CeBepHoit
Amepurolt u Tuxum oreanom. Hecmorpa Ha
OoCpefHeHHMe, HeNpPePHIBHOCTh JTMX KapT yau-
BUTEJIbHO AcHA. Hampumep, BeicoTHas momkOuHA
HaJ 3anajHo-1eHTPAJbHAIMI YACTAMU CTPAHH B
cepequHe HelesM NPOABUIAETCA K IOJOHEHUIO
B6au3M OT ATJaHTHYeCKoro molepekbsa B Ha-
4ajie ciaefyomleii Hejeau. ITO MNpOJBUHKEHMe
CBA33HO € TepUOIHYEeCKUM (B OCHOBHOM He-
aguabaTHYeCKHM) pAa3BUTHEM LIMKJIOHA Hag
ANACKUHCKMM 3aJMBOM, KOTOPHIl, B CBOIO
ouepenb CBA3AH C NEPHORMYECHKUM BO3HHKHOBe-
nueM rpebHA B DBepuHroBoM Mope M LUKJO-
reHe30M B CPEJHMX M HU3KHX LIMPOTAaX CeBepHOIl
gactd Tuxoro oxeana. Bospacramme moJy-
LIAPHOF0 BOJHOBOTO YHUCJIA, NePHOJHYECKH BI-
3LIBAEMO€ PA3BHTHEM JIOHKOUHB B AJICKMHCKOM
3ajJuBe, NPUBOAUT K MepeMellieHHI0 HA BOCTOKR

BO3HHMKAKWILNX BHU3 I10 TEYEeHHI0 0COOEHHOCTEH.
Ho xorpa nom0una Hajg sanuBoM GBICTPO B3a-
MOJHAETCA, BOBHUKAET JIBUMEHUEe B oGpaTHOM
HanpaBJeHMU, NMOKAa HOBoe yrayOJeHue JOMK-
OMHBI He NpHUBEIeT CHOBA K JBWKEHUIO Ha
BOCTOK.

OauH M3 TIaBHHIX HaBOJUMBIX LUPKYIALH-
OHHBIX DJIEMEHTOB — UNKJoreHez B Tuxom oke-
aHe — NOBUJMMOMY CBA3AH C aHOMAJBLHBIM HO-
JleM TeMHepaTypsl NOBEPXHOCTH MOpP#, KOTOpoe
YCTAHABJMBACTCA BO BpeMA INpefllecTBYIOLIei
OCEHU M HOJJepKuBaAETCA aTMOCPEpHO INUPKY-
gAnuer 3umoii. XoTA 3TO B3auMOmelfcTBHE MO-
MWeT JaTh KIIY K [0CNeI0BATEeIBHOCTH HABJIE-
HUIl, BO3HUKAKIIMX BHH3 1O HOTOKY, OHO He
nojpasymeBaer HegeldbHoOU nmepuogudHoctn. Ile-
penaya nmepuogU4YHOCTY BHU3 IO IOTOKY He HO-
JNy4yaeTcA ¢ MOMOIILI0 COBPEMEHHBIX YHMCJIEHHBIX
NpPOrHO30B, YTO MOKeT OBITH 00BLACHEHO TUNNY-
HBIMU omMOKaMu »TMX nporHo3oB. Janbpueitiue
aMIUPUUYECKUEe MCCIeN0BAHNA, 00HApYKeHNE TIe-
PUOAUYHOCTEH TOTOABl U CBA3b UX C OCPeJHeH-
HoOli 1O BpeMeHM UMpPKYyJIAnuell UIM perkKUMOM,
IpY KOTOPOM OHH MMEWT MeCTO, NOJHHBI II0-
MOYb IMOHMMAHHUIO M B KOHEYHOM cuYeTe IIpej-
CKa3aHUIO MOABJEHNA 3TUX NepPUOINYHOCTell.
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