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Abstract 

A graph o f  the latitude of jet htreanis at 80’ W longitude for a 4y-day period in thc 
winter of 1947-8 shows that the je t  streani undergoes changes which appear as discon- 
tinuitics on such a graph. Several cases are discused which illustrate the manner in which 
these discontinuitirs apprar. The new jets so formed then appear to experience a south- 
ward displacenient before their disappearance. Accompanying the southward displacement at 
this longitude is a disappearance of the solenoidal field accompanying the je t  in the lower 
tropocphere, and an incrcase of thc potential temprrature in the center o f  the jet. 

Introduction 

Most previous dctailed studies of the so- 
called ‘2ct stream” (PALM~N and NEWTON 
1948, RIEHL 1948, HOVMOLLER 1948) have 
been concerned primarily with the structure 
of the jet and its relation to other atmospheric 
phenomena in selc,rted situntians. However, 
even in some of these studies there are indi- 
cations that the jet is not a simple phenomenon. 
P A L M ~ N  and NEWTON (1948) averaged con- 
ditions at 80” W for selected cases, using the 
polar front as a moving reference point to ob- 
tain a meridional cross section. There is definite 
evidence on their mean cross section of a sc- 
condary wind maximum south of the pri- 
mary maximum associated with the front - 
this in spite of their method of averaging, which 
would tend to suppress any but the primary 
maximum. There is also some evidence in 
RIEHL’S study (1948) (e. g. fig. 2. b therein) of 
a double maximum of wind. 

Some phases of this more complicated naturc 
of the jet stream have been discussed recently 
by CRESSMAN (1950). He found that (at least 
during certain periods) there seemed to be a 
tendency for a hemispheric jet stream to move 
from high to low latitudes with a new current 
forming in the North as the previous maxi- 
mum moved southward. He also found that 
there was a tendency for the individual jets 
to attain their maximum strength as they 
reached middle latitudes and to increase their 
elevation and potential temperature as they 
moved southward. The rate of southward 
progression was of the order of one-half 
degree of latitudc per day. 

In connection with an attempt to compute 
the transfer of energy from west to east across 
the longitude of 80” W, Dr. H. L. Kuo and 
the writer analysed twice-daily meridional 
cross sections for that longitude for the 49-day 
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dominance of a double wind maximum 

Fig. I .  Graph of the latidude of jets at longitude 80° 
W as a function of time for the period IO Jan.-% 

Febr. 1948. 

period 10 January - 29 February 1948. These 
cross sections included an analysis of the wind 
field normal to the cross section, using both ob- 
served and gradient winds (geostrophic winds 
corrected for path curvature). Although the 
unavoidable errors in the energy transfer cal- 
culations rendered those computations mean- 
ingless, it was soon found that a southward 
shift of the wind maxima seemed to be indi- 
cated by the successive cross sections. Because 
of the interesting results uncovered by CRESS- 
MAN at that time, it was decided to re-examine 
this material with CRESSMAN'S results in mind. 
The continuity of the various maxima from 
day to day was then put on a more definite 
basis by further analysis and examination of 
the twice-daily 500- and 300-mb charts for 
the region of North America during the en- 
tire period. In some cases additional cross sec- 
tions were analysed in other regions of the 
continent. 

The latitudinal movement of the wind 
maxima at 80" W during the period is sum- 
marized in fig. I. Each dot on this diagram 
represents the location of a jet at 80" W on the 
cross section for that time; solid dots are used 
where the existence arid location of the maxima 
are relatively certain, open circles are used 
where the existence or location of the jets are 
less certain. Connecting lines are drawn be- 
tween the dots when it appears from the cross 
sections and upper air charts that the individual 
Jvind maximum would have moved con- 
tinuously from one position to another if 
charts had been available at very frequent in- 
tervals. It is to be expected that in some sit- 
uations the continuity of the wind maxima 
between two successive 12-hr periods is dif- 
ficult to determine; no connecting lines have 
been entered on fig. I in these cases. The most 
striking fact shown on the graph is the pre- 
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throughout the period. During some periods 
there are three or even four jets, but these 
periods are relatively short-lived. Another 
feature of the chart is a tendency for some of 
the systems to gradually move southward, 
ultimately disappearing at low latitudes. The 
three most regular of these are the jets which 
disappear on February 4, 12, and 23. 

An examination of the 300- and 500-mb 
charts indicated that the appearance of new 
wind maxima at 80" W was often associated 
with the development of large disturbances to 
the west. Furthermore, a comparison of the 
movement and location of the jets with the- 
frontal systems on the surface weather chart 
indicated that a close connection between the 
two often existed in the sense that each of the 
successive jets tended to be associated with an 
individual polar front in the vicinity of the 
Atlantic coast of North America. The remain- 
der of this article will be devoted to a descrip- 
tion of these phenomena as illustrated by 
several of the more clear-cut cases. 

The period 21 Jan.-4 Feb. 
This period begins with the appearance at 

80" W of a new maximum at about 45"N. 
This maximum subsequently moves south- 
ward and disappears by the end of the period 
at about 30" N. Fig. 2 contains schematic dia- 
grams showing the relative location of the 
surface frontal systems and the principal jets 
at various intervals during this 15-day period. 
O n  January 21st the newly formed weak 
wind maximum at 80" W is seen to be closely 
connected with the unusually well-developed 
"arctic front" in the middle of the continent.1 
The "older" jet to the south is seen to be 
associated with a weak frontal system on the 
surface. By January 23 the southern frontal 
system has become very weak on the surface 
weather chart, and the arctic front now con- 
tains the principal contrast between the cold 
continental air and the warm sub-tropical air 
- i. e. the arctic and polar fronts are merging 
into a new strong polar front. This is shown in 

1 The name "arctic front" is commonly used by 
American meteorologists to denote the (usually) shallow 
frontal system found in winter between the extremely 
cold surface air over the northern part of the conti- 
nent and the more temperate polar air (often from a 
maritime source) to the south. 
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Fig. 2. Location of jet streanis and surface frontal systems 21 Jm-4 Febr. 1948. A j e t  strcam is indicated 
by a hatched arrow, broken scgmcnts o f  the arrow indicating a diffuse jet. Conventional synbols  are used 

to  indicate the surface frontd positicms. 

the cross section for 1/23/0300 (fig. 3) l .  This 
cross section shows definitely the existence of 
two wind maxima and shows particularly 
well the essential difference in the structure of 
the two systems. The southern jet, associated 
with a frontolysing surface frontal system, has 
its solenoidal field well developed only in the 
middle and upper troposphere, while the in- 
tensifying jet to the north has a greater portion 
of its soIenoidaI field in the lower troposphere. 

The southern j e t  disappears at 80” W shortly 

1 For brevity, a symbolism such as “1/zg/o3oo” will 
be used to denote the datc and time of .I chart, thc 
yuotcd figures referring to 0300 GCT on the z j r d  
of January. 

after 1/23/0300 and on Jan. 38 there is only 
one jet stream with its associated front cross- 
ing the meridian. The jet a i d  thc front arc 
very strongly developed, as shown in the 
corresponding cross section in fig. 3-  The 
schematic chart in fig. 2 for I j28/0300 suggests 
that the strong currcnt cntcring thc continent 
from the Gulf of Alaska will no longer flow 
around the trough in the southwestern United 
States but will crcss the 80th meridian as a 
current distinct from that now crossing thc 
longitude. This does occur and several days 
later a deep disturbance again develops in thc 
western part of the United States (as shown on 
the schcmatic chart for 2/3/0300)  with a new 



1 I9 THE BEHAVIOR OF JET STREAMS OVER EASTERN NORTH AMERICA 

m 

.m 

m - 
m 

m 
m 

Fig. 3. Meridional cross sections at 80' W for 1/23/0300, 
1/28,0300, and 2/3/0300 1948. Isentropes are entered 
in dashed lines, isolines of zonal wind speed in solid lines. 
Straight vertical lines show the location and height of 

the rerological soundings used in the analysis. 

jet crossing the 80th meridian. In the mean- 
time the jet and frontal system shown so well 
on the cross section for 1/28/0300 have moved 
southward and their intensity has decreased. 
However, a new Atlantic polar front is in the 
process of being formed by. the frontal sy- 
stem associated with the new jet stream and a 
new cycle is beginning. In this light the general 
similarity of the cross sections and schematic 
charts for 1/23/0300 and 2/3/0300 is rather 
striking. 

The synoptic events indicated in a rough 
manner by the schematic charts and cross 
sections in figs. 2 and 3, and their correspon- 
dence to the ty e of synoptic development 

suggests that there is often an intimate relation 
between the formation and southward dis- 
placement of the jet at this fixed longitude 
4*-002069 

frequently foun c f  in eastern North America, 

and the southward displacement and subsidence 
of a mass of cold air in this region. The example 
described here took rather long (two weeks) 
to go through a "cycle". It is not believed 
that this case is necessarily representative in 
this respect; there are indications in the re- 
mainder of the period studied that the same 
process may occur at other times on a smaller 
and more rapid scale (and therefore more 
difficult to detect). It is also not suggested that 
the same sequence of appearances, displace- 
ments, and disappearances of a jet stream 
would be encountered at all longitudes in the 

'same manner (e. g. a chart corresponding to 
fig. I for the meridian of 12ooW would have 
been quite different from that for 8ooW 
during this 49-day period). 

The variations of potential temperature in 
the center of this jet are summarized in the 
top portion of fig. 4. There is a definite ten- 
dency for the current to be found at higher 
potential temperatures as it moves southward, 
although superimposed on the general trend 
are rather pronounced short-period fluctua- 
tions, the result of either errors in analysis or 
actual short-period changes in the jet at 80" W. 
If these latter are present, they are presumably 
connected with disturbances which are not 
sufficiently intense to appear as discontinuities 
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Fig. 4. Potential temperature '(degrees Absolute) in the 
center of three jets at 80' W as a function of latitude 
of the individual j e t .  Each arrow represents either 12 

or 24 hours. 
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of the jets otl fig. I .  Some suggestion of the 
reality of these short-period fluctuations is con- 
tained in the first part of the recent article by 
BERGGREN, BOLIN, and ROSSBY (1949). 

The latitudinal shear (anticyclonic) of the 
zonal wind along the isentropic surfaces to 

. .  

Fig. 5 .  Deforniation of isentropic surfaces accompany- 
ing a shift of a jet to hisher potential temperature. 

the south of the jet in many of the analysed 
cross sections reaches a magnitude almost 
equal to that of the Coriolis parameter. Pro- 
fessor C.-G. ROSSBY has suggested to the 
writer that this may perhaps have something 
to do with the movement of the jet to higher 
elevations and potential temperatures. The 
process is indicated schematically in fig. 5 .  
The near approach to inertia instability inime- 
diately to the south of and below the jet would 
presumably imply a greater freedom of meri- 
dional movement along the isentropic surfaces 
in this region than in the region farther to the 
south where the isentropic surfaces are more 
horizontal. If this meridional movement is 
primarily northward, the resulting net trans- 
port of air along the isentropic surfaces would 
tend to deform them in the manner indicated 
in fig. 5 ,  and, cetcris paribus, cause a movement 
of the jet to a higher potential temperature. 
A study of the several cross sections reproduced 
in fig. 3 shows that the isentropic surfaces 
have been deformed in this manner (e. g. the 
surfaces 0 = 295 and 310)  but the importance 
of these meridional motions and their associ- 
ated vertical motions in producing the observed 
isentropic deformation at a fixed longitude is 
impossible to decide until the effects of longi- 
tudinal (zonal) advection and non-adiabatic 
processes are eliminated. Unfortunately this 
is virtually impossible at the present time. 

Fig. 6.  300-inb charts for 2/7/1500, 2/9/0300. and 
2 /11 /0300  1948. Contours are for 200-ft intervals. 
Observed winds at this level are plotted with the follow- 
ing convention: solid triangular barbs = 50 nii hr l, 

full straight line barb = 10 mi hr-1, half straight line 
barb = 5 mi hr-l. Observed winds at a level 5000 ft 

lower are indicated by open triangular barbs. 
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The period 7-22 February 

At the beginning of this period a new jet 
stream made its appearance at longitude 80" W 
at about 45" N (fig. I) and subsequently moved 
southward and finally disappeared. However, 
the relation between the jet and the polar 
front on the surface was not as simple as in the 
case described above. The outbreaks of arctic 
air associated with the new jet occurred over 
the western part of the United States and 
therefore there was no replacement of the 
previous Atlantic polar front on the surface by 
a new frontal system at the beginning of the 
period. Also, the jet maintained its existence 
at a southerly latitude for some time after the 
surface frontal system had disappeared. 

Fig. 6, containing the 300-mb charts for 
2/7/1500, z/g/0300, and 2/11/0300, shows 
rather clearly how the appearance of the new 
jet at 80" W was closely associated with the 
development and southward movement of a 
cyclonic vortex over the western part of the 
continent. In this type of development the 
cold arctic air in the lower levels is brought 
far to the south over the region of the South- 
western United States and occasionally even 
into California. This is apparently the reason 

Fig. 8. 300-mb charts for 2/12/0300 and 2/17/0300. 
1948. (See legend to fig. 6.) 

____- --loo 
uc I I  FEBRUARY 1948 

Fig. 7. Meridional cross sections at 80' W for  2/9/0300 
and 2/11/0300, 1948. (See legend to fig. 3.)  

why the behavior of the surface polar front 
over eastern North America did not corre- 
spond to that during the earlier period describ- 
ed above. The cross sections for the 9th and 
11th of February (fig. 7) show the develop- 
ment of the new jet (very weak at 2/9/0300, 
45' N - stronger at 2/11/0300, 40"N) and 
the weakening of the previous maximum 
(strongly developed at 2/9/0300, 39"N - 
barely discernible at 2/11/0300, 34" N). 

The 300-mb charts for z/g/o300 and ~ / I I /  
0300 seem to indicate that the new jet at 80" W 
is continuous with the strong current curving 
anticyclonically over Alaska. The 300-mb 
chart for 2/12/0300 (fig. 8) shows that this 
connection has been broken ahd the jet at 
80" W will in the future be more connected 
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with what appcars to bc another current in 
the Pacific, south of the currcnt in the Gulf of 
Alaska. Scattered wind and radiosonde re- 
ports from the Pacific (not reproduced) in- 
directly support this conclusion - which on 
the reproduced 300-mb charts for 2/12/0300 
rests rather heavily on the single ship rawin 
west-southwest of San Francisco. 

Thc cross section along the 80th meridian 
for 2/12/0300 (fig. 9) is interesting in that it 
is taken in a rcgion of pronounced conjuence, 
which according to NAMIAS and CLAPP (1949) 
is of some itnportancc in thc development of 
jet streams. In this respect it is interesting to 
note that the 300-mb chart for 2/12/0300 
shows that the two jets cxist upstream of the 
confluence region in as fully developed a state 
as they do in the conflucncc region.' Hydro- 
statically this requires a more-or-less longitu- 
dinally-constant cross stream temperature gra- 
dient in each currcnt (in the middle and lower 
troposphere). Synoptically this in turn requires 
the southern jct in its southernmost position 
to flow around a cold low (trough) and thc 
northern jet in its northcrnrnost position to 
flow around a warm high (ridge). In the writ- 
er's opinion thesc conditions arc usually found 
in caws of pronounced conflucncc. This 
suggests that thc conclusion of NAMIAS and 
CLAPP that confluence necessarily causcs an 
increase of the tcmperaturc gradient rats on 
a streamlinc-isotherm relationship which in 
many cases differs in the essential features from 
the streamline-isotherm relationship actually 
existing in regions of confluence. In other 
words, the process dcscribed by NAMIAS and 
CLAPP may actually occur in the atmosphere, 
but the conditions for its occurrence need not 
always exist in regions of streamline confluence. 

Thc 300-mb chart for 2/17/0300 (fig. 8) 
shows that at this tiinc there wcrc still two 
maxima existing across thc continent, in 
agreement with the indications of the chart 
for 2/12/0300. Thc existence of the southern 
current between 30' N and 35' N is also borne 
out by rawin reports at higher lcvcls from 
stations in that latitudc belt, thesc winds being 
stronger than thosc rcported in the latitudc 
belt 35-40' N. The cross scction for 2/17/0300 

1 A computation of the mean gradient wind at the 
300-nib level shows thai in both currents the values 
are the same (+ z 111 sec 1) before (over the western 
part of the continent) and at confluence (807W). 

Fig. 9. Meridional cross sections at 80' W for z/12/o300 
and Z ; I ~ / O ~ O O ,  1948. (See legend to fig. 3.) 

(fig. 9) shows that the same changes have 
occurred in the structure of the southern jet 
since its first appearance at 80°W on the cross 
section for z/g/ojoo that occurred in the case 
of thc jet studied above for the period 21 Jan. 
-4 Feb. However, the solenoid field in the 
lower troposphere associated with the southern 
jet on the cross section for 2/17/0300 seems to 
be somewhat stronger than the almost non- 
existent solenoid fields in the lower troposphere 
which accompanied the earlier jet in those 
latitudes (fig. 3). The surface frontal system 
which was associated with the jet as it devel- 
oped in this case disappeared by the 15th of 
February. 

The movement of the southern maximuni 
between 2/17/0300 and Z / Z I / O ~ O O  was not as 
clear as it had been up until this time, but at 
2/21/0300 there were still two maxima in 
existence, as shown by the 200-mb chart for 
that time (fig. 10) Thc general zonal orienta- 
tion of the contours south of 30' N in this 
figure indicates, in an indirect and qualitative 
manner, that the current shown on that figure 
and on the cross sections in fig. 11 is not a 
local phenomenon but probably exists over a 
wide band of longitude. Unfortunately no 
observations were available to test this at 
other longitudcs. However the 500-nib charts 
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sensitive to small errors in the pressure field 
and therefore too much reliance cannot be 
placed on the numerical value of either the 
maximum speed in the center of the jet of 
fig.. 11 or on the horizontal shear indicated bv 

1 , 1 
m s 

Fig. 10. zoo-mb chart for 0300 GCT, 21 February 
1948. Winds arc plotted as stated in the legend to 
fig. 3 except that the winds for Havana (23' N, 82' W) 
and Swan Island (17'N, 84' W) are winds at 40 ooo 
ft (-zoo mb) and 35 ooo ft (- 250 mb) rcspec- 
tively, at 1500 G C T  on the z1st ( 1 2  hrs aitcr map 
time). Observed heights of the zoo-nib surface are 
plotted in tens of feet with the first number (either 
3 or 4) omitted, e. g. 003 = 40 0 3 0  It. The observed 
height of 40 140 f t  at Brownsville was considered 
incorrect. Temperatures are also plotted in "C; height 
reports unacconipanicd by temperature reports are 
extrapolations made where the sounding terminated 

between 250 and zoo mb. 

reproduced in the article by BERGGREN, BOLIN, 
and ROSSBY (1949), some of which are for 
t h s  same period, indicate that a double maxi- 
mum would also be found in the vicinity of the 
Greenwich meridian. Because of the low lati- 
tude, geostrophic wind computations are very 

Fig. 11. Meridional cross sections at 80' W for 0300 
and 1500 GCT, 21 February 1948. Winds are plotted 
in mi hr 1 (see legend to fig. 6). West winds arc 
plotted horizontally as if coming from the North. 

tG isolines of ti .  To demonstrate that the exii- 
tence of the current on the maps and cross 
sections does not depend on the existence of a 
systematic error in the observed pressure field, 
observed pibal and rawin reports have been 
included on the cross sections for 2/21/0300 
and 2/21/1500 in fig. 11. The geostrophic 
(gradient) and observed winds are in fair 
agreement except for the last wind observation 
reported above Managua (085) at 2/21/0300. 
No trace of this southern current could be 
found after 2/22/1~00. The continued exi- 
stence of this jet for a week after the surface 
frontal system had disappeared (in contrast to 
the case of Jan. 21-Feb. 4) agrees with the 
observation that this jet was reinforced, so to 
speak, by the existence in the Pacific of a 
strong current at low latitudes. 

The variation of the potential temperature 
in this jet is summarized in the lower portion 
of fig. 4, which shows the same type of varia- 
tion of potential temperature as did the jet 
of 21 Jan.-4 Feb. A similiar graph for the jet 
which moved southward during the period 
2 Feb.-12 Feb. shows the same changes. 

It appears likely from the time scale indi- 
cated by fig. I that the phenomena represented 
thereon are not identical with those reported 
by CRESSMAN (1950). In the writer's opinion 
the southward displacement of hemi'spheric 
jets reported by CRESSMAN to occur during 
some periods must in some fashion be the 
statistical result of the processes shown in fig. I 
occurring at several longitudes around the 
hemisphere more-or-less simultaneously. 
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