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ABSTRACT 

The distributions of cyclogenesis, cyclone frequen
cy and 500 mb geostrophic wind speed over the 
Northern Hemisphere extratropics (poleward of 20 0 N) 
are examined for the twenty year period 1958-1977. 
The annual cycle is characterized by a smooth de
crease in wind speed from winter to summer but a 
less smooth variation in cyclone frequency and cy
clogenesis, particularly cyclogenesis which lags 
by 2 to 3 months. 

Latitudinal plots of the annual and seasonal dis
tributions of the three parameters show the strong
est 500 mb wind speeds slightly south of the cyclo
genesis peak except in fall when they nearly coin
cide. The peak in cyclone frequency is located 
farther north with the smallest separation between 
it and cyclogenesis in summer. Plots of the three 
parameters as a function of month and latitude pro
vide more detailed information concerning the lati
tudinal and monthly variations. 

Hemispheric maps for the four mid-season months are 
used to show the 20 year mean relationship between 
500 mb wind speed and major areas of cyclogenesis. 
The cyclogenetic areas off the east coasts of Asia 
and North America are closely related to wind max
ima; however, the cyclogenetic area in the lee of 
the North American Rocky Mountains is not related 
to a wind maximum. Meridional profiles of wind 
speed and cyclogenesis in areas of frequent cyclo
genesis are used to further establish the relation
ship between wind speed and cyclogenesis. 

1. INTRODUCTION 

The geographical distribution of cyclogen
esis and cyclone tracks and their seasonal 
variations are of major interest to the 
meteorologist and climatologist. The oper
ational meteorologist commonly focuses on 
the primary geographical locations of cy
clone formation: for example, in interior 
North America major attention is given to 
the Colorado and Alberta cyclogenetic ar
eas. The climatologist uses information 
concerning the sites of cyclone formation 
and most frequent paths followed by the 
cyclones to aid in explaining the climate 
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of a region. Climatic variations are com
monly accompanied by changes in the fre
quency of cyclogenesis in certain areas and 
shi fts in the major paths followed by cy
clones. Investigators using general cir
culation models to simulate the general 
circulation and its synoptic scale features 
are interested in the actual distribution 
of cyclogenesis and cyclone frequency. 

Because a variety of atmospheric scientists 
are concerned with the spat ial di stribu
tions of cyclone acti vi ty, it is not sur
prising that a number of studies have been 
devoted to thi s topic. (In the general 
discussion in this paper the term "cyclone 
activity" will be used to include both cy
clogenesi s and cyclone frequency. It is 
from the latter that the common cyclone 
paths are determined. ) Petterssen (4) 
studied the geographical distribution of 
surface cyclone and anticyclone activity 
over the Northern Hemisphere for winter and 
summer for the period 1899-1939. Klein (5) 
compiled similar statistics covering the 
Northern Hemisphere for each month of the 
20 years 1909-14 and 1924-37. Studies con
fined to North America and its ocean envi
rons have been done by Rei tan L6) who pri
marily studied cyclone activity for the 
four mid-season months of the years 1951-
70, Zishka and Smith (7) who investigated 
activity during January and July 1950-77 
and by Whittaker and Horn (8) who studied 
the latitudinal and seasonal distributions 
of cyclogenetic events for all months of 
1958-77. Studies covering other limited 
regions of the Northern Hemisphere have 
been conducted by Hayden (9), Chung et al. 
(10) and Colucci (11). Recently Whittaker 
and Horn (12, 13) extended their cyclone 
census to include all of the extratropical 
Northern Hemisphere. The basic cyclone 
acti vi ty data used in this paper were ob
tained from the Whittaker and Horn census. 
These data are combined with 500 mb geo
strophic wind data for the same period 
(1958-77) to relate surface cyclone activ
ity to the 500 mb geostrophic wind speed. 



Although there has been considerable work 
done on the distribution of cyclone activ
ity, there have been relatively few studies 
relating surface cyclone activity to upper 
atmospheric parameters such as wind. Klein 
(5) compared normal 700 mb zonal geostro
phic wind to the 20 year zonal mean cyclone 
and cyclogenesis frequency for the 1909-14 
and 1924-37 periods. He found correlations 
between these quantities; however, upper 
level data were very scarce during these 
early periods. Reitan (14) attempted to 
relate an apparent decrease in cyclone fre
quency over North America during the 1949-
76 period to changes in the mean monthly 
700 mb height field. In comparing indivi
dual years of high and low cyclone frequen
cy he found "no apparent circulation type 
associated with many or few cyclones." 

In this paper the relationship between the 
500 mb geostrophic wind speed and cyclone 
activity during the 1958-77 period is ex
amined (the 20 Decembers used were from 
1957 through 1976). Primary attention is 
given to the latitudinal and seasonal var
iations in cyclone activity and 500 mb geo
strophic wind; however, the longitudinal 
relationship is also examined for the four 
mid-season months. In addition, lati tud
inal profiles of cyclogenesis and 500 mb 
wind speed are examined for some of the 
principal cyclogenetic areas of the North
ern Hemisphere. 

2. DATA SOURCES AND PROCEDURES 

The data used in thi s study consi sted of 
cyclone frequency and cyclogenesis counts 
from Whittaker and Horn (12) for the period 
December 1957 - November 1977 and mean 500 
mb geostrophic wind speeds calculated for 
a similar period from daily 500 mb height 
data compiled by the National Center for 
Atmospheric Research (15). A 5° latitude
longi tude grid between 20 0 N and 85 oN was 
used for cyclone counts and between 20 0 N 
and 90 0 N for the height fields. Cyclogen
esis was defined as the point at which an 
extratropical cyclone center appeared with 
at least one closed isobar (4 or 5 mb in
tervals). Centers were tracked if they 
maintained their identity for at least 24 
hours. Semi-permanent features such as 
heat lows, etc. were not counted. Cyclone 
frequency was defined as the number of low 
centers which passed through the grid box 
during a given month (no individual low 
was counted more than once in a grid box). 
See Whittaker and Horn (12, 13) for a more 
detailed discussion of data sources, plot
ting procedures, etc. 

The use of a latitude-longitude grid re
quires that some provision be made for the 
variation in area with latitude of the grid 
boxes. In this study, scale factors con
sisting of the ratio of the area of a 5° 
latitude-longitude grid box centered at 
42.5°N to the area of a 5° grid box in each 
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of the latitude belts were calculated. 
These scale factors were applied to the cy
clogenesis counts in each grid box only 
when looking at a hemispheric distribution 
of the values. Because cyclone frequency 
counts depend upon the number of boxes 
through which cyclones pass, the inverse 
of the scale factor was needed to de-empha
si.ze the higher latitudes in the monthly 
Totals (Figure 1). 

"l. 

The 20-year mean 500 mb geostrophic wind 
field for each month was determined direct
ly from the 20-year mean height fields com
puted by Guetter (19). Wind speed values 
at each grid point were calculated using a 
simple centered difference approximation to 
the geostrophic relation. Calculations of 
the eastward (uq ) and northward (vg ) 
wind components at a grid point involved 
height values at points 5° of latitude and 
5° of longitude on either side of the grid 
point, respectively. A variable Coriolis 
parameter was employed. The wind compo
nents were combined to form the total geo
strophic wind speed. Since the zonal wind 
speed components could not be calculated 
on the north and south boundaries of the 
grid except through the use of one-sided 
differencing, the resulting wind data only 
extended from 25°N to 85°N. 

The procedures outlined above were used to 
obtain results which describe various as
pects of the geographical and temporal re
lationships between cyclogenesis, cyclone 
frequency and the 500 mb geostrophic wind. 
They include 1) the hemispheric annual 
cycle of these quantities, 2) their latitu
dinal distributions (both annually and sea
sonally), 3) the hemispheric distribution 
of 500 mb wind speed and cyclogenesis for 
four mid-season months and 4) latitudinal 
profiles of cyclogenesis and 500 mb wind 
speeds for certain cyclogenetically active 
areas. We first turn to the hemispheric 
annual cycle. 

3. THE HEMISPHERIC ANNUAL CYCLE 

In referring to the "Hemispheric Annual 
Cycle" we are actually focusing on the 
Northern Hemispheric area between 20 0 N and 
85°N. This area, of course, includes es
sentially all of the hemispheric regions 
which experience extratropical cyclone cen
ters. The annual variation of the hemis
pheric means of 500 mb geostrophic wind 
speed, cyclogenesis and cyclone frequency 
is presented in Figure 1. The cyclogenesis 
counts are the hemispheric totals for each 
month, but as previously noted, the cyclone 
frequency numbers shown were obtained by 
multiplying the counts by the inverse scale 
factor prior to summation. This procedure 
de-emphasizes the influence of small grid 
boxes at high latitudes, which is only nec
essary when looking at the annual cycle. 
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An examination of Figure 1 shows that the 
20-year mean hemispheric 500 mb wind speed 
(dashed line) decreases from a January max
imum of almost 12 meters per second (m/s) 
to less than 6 m/s during July and August. 
The hemispheric cyclone frequency .trend 
(solid line) is similar to that of the wind 
speed except between December and March 
when the cyclone frequency curve is rela
tively flat during the three winter months 
(DJF) then rises to a distinct maximum in 
March despite a significant wind speed de
crease (and implicitly, baroclinity de
crease) . The cyclone frequency decreases 
by 31% of its July minimum from its March 
maximum as opposed to a 47% decrease of the 
wind speed during this same period. 

The annual trend in the mean cyclogenesis 
(dotted line) lags that of the mean wind 
speed (and cyclone frequency) by one to 
three months with a maximum in April and a 
minimum in September. Figure 1 also re
veals that the number , of cyclogenetic 
events does not entirely depend upon the 
strength of the mean wind. It is likely 
that factors such as static stability also 
influence the concentration of cyclogenesis 
over the hemisphere. For example, Hovanec 
and Horn (20) found that the static stabil
i ty over North America was weaker during 
the spring (a condition favoring cyclogen
esis) than that during the fall. This may 
partly explain the April maximum in the 
mean cyclogenetic activity. However, be
cause oceanic areas, which have di fferent 
seasonal trends in static stability occupy 
a large portion of the study area, the in
terpretation of the influence of static 
stability should be treated with some cau
tion. Nevertheless, the September minimum 
for the Northern Hemisphere occurs at a 
time when the 500 mb winds are relatively 
weak and when the static stability over the 
continents is beginning to increase as the 
fall season develops. If stability values 
were available for the entire hemisphere a 
more complete interpretation of its role 
could be made. 

Figure 1 also shows that during some peri
ods of the year the mean hemispheric cy
clone frequency decreases as the cycloge
netic activity increases and vice-versa. 
For instance, examine the relative trends 
of the two curves between March and Septem
beri the minimum in frequency occurs in 
July but the minimum in cyclogenesis is 
postponed until September. The ratio of 
cyclone frequency to cyclogenesis for each 
month can provide information concerning 
the changing path lengths of cyclones dur
ing the course of the year. For example, 
assume that in January only 10 cyclones are 
born in the Northern Hemisphere and they 
pass through a total of 120 grid boxes be
fore dissipating. The hemispheric cyclo
genesis value is 10 while the cyclone fre
quency is 120. The resulting cyclone fre
quency to cyclogenesis ratio is 12. On the 
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other hand, if July has 8 cases of cyclo
genesis and a cyclone frequency of 80 the 
resulting ratio of 10 indicates that the 
mean path length of cyclones in July is 
less than in January. Therefore a larger 
cyclone frequency relative to the number 
of cyclogenetic events for a gi ven month 
implies a longer mean path length. Such 

' ~atios were calculated for each month from 
the data shown in Figure 1 and are present
~ d- in Table 1. 

The cyclone frequency to cyclogenesis ra
tios of Table 1 indicate longer path 
lengths in the colder months compared with 
the summer months. The maximum of 9.5 in 
March is nearly matched by the large values 
in November and December. The summer sea
son minimum, reflecting shorter path 
lengths, is quite pronounced. The shorter 
path length of the summer cyclones probably 
reflects both the influence of a shorter 
life span (presumably because of weaker 
baroclinity) and a slower movement of sum
mer cyclones (i. e., even if a summer cy
clone had the same life span as a winter 
cyclone, it would pass through fewer grid 
boxes yielqing a lower frequency). It is 
beyond the scope of this paper to fully in
terpret the causes of the seasonal changes 
in path lengths. Finally, it should also 
be noted that the area weighting given to 
the cyclone frequency could introduce some 
complications to interpretation of the ra
tios shown in Table 1. If during the year 
the paths followed by cyclones were in ap
proximately the same direction, this com
plication would not arise. Since only the 
relative monthly and seasonal changes in 
path length are being considered, this com
plication is probably minor. 

4. LATITUDINAL AND SEASONAL DISTRIBUTIONS 

The latitudinal distributions of the mean 
annual 500 mb wind speed and cyclone acti
vity for the 1958-77 period are shown in 
Figure 2. The most prominent characteris
tics of the curves are the relative latitu
dinal positions of the peaks. The peak 
mean cyclogenetic activity lies slightly 
north of the mean 500 mb wind speed maximum 
which confirms the observation that cy
clones form in the cyclonic shear zones of 
the mid-tropospheric wind maxima. Figure 
2 also shows that cyclogenetic activity 
drops of f much more rapidly to the south 
than to the north of the latitude of peak 
cyclogenesis. This indicates that the 
southern limits of the polar front and jet 
are rather clearly defined . The mean an
ticyclonic shear south of the wind maxima 
inhibits cyclone activity. However, at 
times the 500 mb wind maximum is south of 
its mean position shown in Figure 2. It 
is at these times that the cyclogenesis 
shown south of the mean wind maxima occurs. 

In the case of cyclone frequency, the peak 
lies slightly north of 50 0 N (i.e. 10° north 



of the peak wind). The northward displace
ment of this peak from the wind speed max
imum reflects the tendency of surface cy
clones to have a northward component of 
movement from a region of relatively strong 
thermal contrast to one of a colder yet 
more thermally homogeneous nature. The 
zone of peak cyclone frequency, rather than 
aligning itself with the wind speed maxi
mum, coincides with the latitude of the 
strongest mean cyclonic wind shear (i. e. , 
strong positive relative vorticity) at 500 
mb (as indicated by the slope of the wind 
speed profile). 

Although Figure 2 reveals the latitudes of 
peak cyclone activity relative to the an
nual mid-tropospheric wind speed profile, 
it contains no information on the seasonal 
variations of the parameters. Therefore 
the annual data were partitioned into sea
sons and displayed in Figures 3a-d. 

A comparison of Figures 2 and 3 shows that 
the peaks of the 500 mb wind speed, cyclo
genesis, and cyclone frequency maintain 
their same relative latitudinal positions. 
Also, the latitudinal positions of the wind 
speed and cyclogenesis peaks remain close 
in each season, with the cyclogenesis peak 
just north of the wind maxima except during 
fall (Figure 3d) when they nearly coincide. 
Cyclogenesis and cyclone frequency peaks do 
show somewhat larger seasonal variations in 
the degree of latitudinal separation. The 
degree of separation of the curves north of 
the peaks suggests the mean latitudinal ex
tent of cyclone paths during a given sea
son. For example, the approximately 10° 
latitudinal separation of the curves in 
winter (Figure 3a) implies that winter cy
clones generally travel farther north from 
their point of origin than do those in sum
mer when the cyclone frequency and cyclo
genesis curves are only 5° of latitude 
apart (Figure 3c). 

An alternative and more complete represen
tation of the latitudinal and seasonal va
riation in wind speed, cyclogenesis and 
cyclone frequency can be obtained by plot
ting these quantities as a function of la
titude and month. Zonally averaged wind 
values and zonal totals of cyclogenesis and 
cyclone frequency are plotted as a function 
of month in Figures 4a-c. The dashed curve 
on each figure delineates the axis of max
imum values for the parameter. To facili
tate comparisons, these three axes are re
produced in Figure 4d. 

The 500 mb geostrophic wind speed displayed 
in Figure 4a shows the northward displace
ment and steady weakening of the maxima 
from winter to summer and early fall. This 
north-south migration reflects the north
ward retreat of the polar front. Comparing 
Figures 4a and b one notes that the cyclo
genesis does not decrease in a similar man
ner as the seasons progress. A strong con-
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centration of cyclogenesis exists between 
35-400N during the winter and early spring. 
Following this period of strong activity 
cyclogenesis then decreases and the zone 
of maximum activity commences a rapid 
northward migration. As a result the axes 
of maximum cyclogenesis and cyclone fre
quency (Figure 4d) are in relatively close 
l .ati tudinal proximity from April to Septem
b~r, suggesting the decreased mean north
south extent of cyclone paths during this 
period. The cyclogenesis axis then shifts 
southward again from its most poleward lo
cation (about 47°N) to 37°N in December . 
In Figure 4d the nearly coincident axes of 
maximum wind speed and cyclogenesis from 
October to December is in agreement with 
the results shown in Figure 3d (fall sea
son) . 

Figures 4a and b show another interesting 
feature at high latitudes during the sum
mer. The mean geostrophic wind speed sig
nificantly decreases during June and July 
while the cyclogenetic activity north of 
SooN slightly increases during the same 
period. (Note the bulge in the 180 iso
pleth north of the axis of maximum cyclo
genesi s. ) This enhanced acti vi ty may be 
due to lee-side effects at high latitudes 
(e.g. Alberta and Northwest Territories 
lee-side cyclogenesis). However, the ab
sence of increased cyclone frequency values 
(Figure 4c) at these latitudes during the 
period suggests that the resulting cyclones 
do not travel far. 

5. HEMISPHERIC ANALYSES 

The analyses up to this point have involved 
only zonal distributions of the data with 
east-west variations disguised. However, 
there are signi f icant longitudinal varia
tions in all three parameters largely due 
to continent-ocean thermal contrasts. To 
study these variations in the 20-year mean, 
hemispheric analyses of cyclogenesis (from 
Whittaker and Horn, (12» were superimposed 
on similar analyses of the 500 mb wind 
speed for the four mid-season months (Jan
uary, April, July, and October; Figure 5). 
The wind speed data were analyzed for every 
4 m/s . The shaded regions of each analysis 
represent areas of more than 10 cyclogene
tic events per grid box over 20 years for 
each of the four mid-season months. These 
are areas of relative cyclogenetic maxima. 

Figure 5 reveals that the sites of strong
est cyclogenetic activity commonly lie up
stream of the stongest mean wind speeds. 
This is especially true off the Asian and 
North American I=ast coasts; the relation
ship being most obvious in January and Ap
ril (Figures Sa and 5b). The relative po
si tions of the two parameters may ref lect 
the fact that a 500 mb jet is often weaker 
during the initial development of an asso
ciated surface than during the period of 
maturation when both entities progress 
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eastward and intensify. This is in agree
ment with the energetics concept that de
veloping cyclones are the major sites of 
the conversion of available potential en
ergy to kinetic energy. It is also inter
esting to note that in January, particular
ly in the western North Pacific, the area 
of primary cyclogenesis tends to extend 
from the right-rear quadrant of the wind 
maximum to the left-front quadrant (Figure 
Sa) . These are the two quadrants of up
per- and mid-tropospheric transient jet 
maxima in which cyclone development common
ly occurs. See Uccellini and Johnson (21) 
for a discussion of the mass adjustments 
around jet maxima. A similar, but less ob
vious, arrangement exists in the western 
North Atlantic during January. Similar 
configurations are not apparent in the 
other three mid-season months. This may 
be due to less well defined mean wind max
ima and the somewhat subjective criteria 
used for shading cyclogenetic areas. 

The relationships between mean wind speed 
and cyclogenesis noted above are not as 
clear in the lee of the Rocky Mountains. 
Figure Sa indicates that Alberta cyclogen
esis is associated with a meager mean wind 
speed maximum in January. In April (Fig
ure 5b), a broad region of lee-side cyclo
genesis extending from Northern Alberta to 
Colorado and the Great Basin occurs during 
a period when the strongest wind at these 
longi tudes has shi fted to sl ightly south 
of the Colorado cyclogenet ic reg ion. In
spection of Figures 5c and 5d also reveals 
significant lee-side cyclone development 
despite weak mean 500 mb winds in July and 
October. This suggests that baroclinity 
plays a relatively less signi ficant role 
in the lee of the mountains than is the 
case over the east coasts of Asia and North 
America. A more detailed analysis of the 
relationship between the mean wind and cy
clogenetic activity in these regions is 
provided below. 

6. CYCLOGENETICALLY ACTIVE REGIONS 

To facilitate comparisons of the relation
ship between the mean 500 mb wind speed and 
cyclogenesis, meridional profiles of the 
two parameters were constructed through the 
three main cyclogenetically active regions 
of the hemisphere: the East Asian coast 
(EAC), the lee of the North American Rocky 
Mountains (NAR, including both Colorado and 
Alberta reg ions), and the east coast of 
North America (NAC). The sectors chosen 
for the profile study are delineated in 
Figure 6. Each sector is four grid boxes 
(20 longitudinal degrees) wide and covers 
the latitudinal extent of the study area 
(20 0 -8S 0 N). It was felt that the sectors 
were wide enough to include most of the 
cyclogenetically active portions of each 
region; yet narrow enough to exclude data 
unrepresentative of the regions of inter
est. The data north of 45°-SO o N in the two 
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east coast sectors will not be discussed 
since the cyclogenetic acti vi ty in these 
areas is continental, not east coast, in 
nature. 

The results in Figure 7a show that the Jan
uary peak cyclogenetic activity is closely 
associated with maximum mean 500 mb wind 

' ~peeds in all three sectors. The wind 
s.peed maxima reside at the same latitudes 
as, or slightly south of, the latitudes of 
peak cyclogenetic activity. The strong 
cyclogenetic maximum in Alberta located 
much farther north than the east coast max
ima (52°N vs. 3S 0 N) is associated with a 
much more moderate mean wind speed maximum 
(20 vs. 30 or 35 m s -1). Note also the 
secondary cyclogenesis maximum in the Col
orado area (37°N) despite the lack of a 
mean wind maximum. This highlights the 
importance of orographic effects as noted 
in the literature (e.g., in Chung et al., 
(10» . It should be emphasized that the 
lack of a mean wind maximum does not pre
clude the existence of occasional jet max
ima propagating through this region and 
aiding cyclone development. 

Although the mean 500 mb wind speed de
creases by more than 30% from January to 
April in both east coast sectors (Figure 
7b), the magnitudes of the peak cyclogenet
ic activity remain the same or slightly 
increase . This effect is most spectacular 
in the lee of the Colorado Rocky Mountain 
region where the cyclogenetic activity in
creases 'more than 100% between January and 
April. The relative April positions of the 
mean wind max and peak cyclogenetic activ
ity in Colorado are similar to those found 
by Hovanec and Horn (21) during Apri 1 and 
May (1964-71). 

The wind speed maxima in all sectors shift 
northward and decrease significantly in 
July (Figure 7c). A concurrent northward 
displacement of the major cyclogenetic ac
tivity (i.e., the primary peak) is also 
evident in the EAC sector while the domi
nant site of lee-side cyclogenesis (NAR) 
shifts northward to Alberta. However, in 
the NAC sector, the peak cyclogenetic ac
tivity remains near Cape Hatteras despite 
the northward displacement of the wind max
imum. Between July and October the mean 
wind speed maxima within the east coast 
sectors show moderate increases, reflecting 
the increased pole-to-equator tropospheric 
thermal gradients. However, the cycloge
netic activity continues to decrease in the 
east coast regions during the same period. 
Furthermore, the peak cyclogenesis off the 
North American east coast remains anchored 
to the same latitudinal position as it is 
in the three other mid-season months. Ap
parently additional forcings are active in 
this region. 

Thus it appears that although dynamics (in 
terms of the 500 mb winds) play a large 



role in determining the sites (and the 
strength) of major cyclogenetic acti vi ty, 
other factors also play an active role. 
For example, the major sites of lee-side 
cyclogenesis are mainly fixed to two re
gions of the Rocky Mountains (Colorado and 
Alberta); both known for their relatively 
high elevations and the steep eastward de
scent of their terrain. The strength of 
the mean wind seems to be less important 
in determining the degree of cyclogenetic 
acti vi ty in these areas than off the east 
coasts of Asia and North America. The ma
jor di fference between the two east coast 
regions is that the site of maximum cyclo
genetic activity in the NAC sector is tied 
to the same latitude throughout the year. 

7. SUMMARY 

The relationships between cyclogenesis, 
cyclone frequency and the 500 mb geostro
phic wind speed have been examined for the 
period 1958-1977. The more prominent re
lationships have been discussed in the body 
of this paper and are apparent in the fig
ures. They include the following. The 
annual cycle of the hemispheric values of 
these parameters is characterized by a 
rather smooth decrease in wind speed from 
winter to summer, with less uniform trends 
in cyclone frequency and cyclogenesis. In 
particular, cyclogenesis tends to lag the 
others by 2 to 3 months. The rat io of 
hemispheric cyclone frequency to cyclogen
esis was used to gain some insight into 
seasonal variations in the path lengths of 
cyclones. The longest path lengths occur 
in the colder season with the mid-summer 
path lengths about 20% shorter. 

Lati tudinal plots of the annual and sea
sonal distributions of the parameters 
showed the latitude of the maximum 500 mb 
wind speed slightly south of the peak in 
cyclogenesis except in fall when the two 
are nearly coincident. The cyclone fre
quency maximum is located the farthest 
north in all four seasons, but the differ
ence is smallest in summer. Figures show
ing each of the three parameters plotted 
as a function of latitude and month reveal 
that cyclogenesis remains concentrated near 
latitude 3S-40 oN until mid-spring, at which 
time the maximum values are displaced quite 
rapidly northward to 4S-S0oN where they are 
found until October when a rather sharp 
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southward displacement occurs. Seasonal 
displacements in cyclone frequency are less 
pronounced. 

To gain some insight into longitudinal va
riations in 500 mb win<;l speed and cyclo
genesis, hemispheric maps of these quanti
ties were prepared for the four mid-season 
months. Most striking, as expected, is the 
rel 'a.tionship between the wind maxima and 
cyclogenesis over the Western Pacific and 
Western Atlantic, especially during Janu
ary and April. For the most part the pri
mary cyclogenetic areas are in close prox
imity to, and slightly upstream of, the 
wind maxima. A second noteworthy feature 
of these charts are the extensive areas of 
significant cyclogenetic activity in the 
lee of the Rocky Mountain chain despite a 
lack of relatively strong wind maxima. It 
was noted that this is indicative of the 
important role of orographic influences on 
cyclogenesis. 

For a more detailed assessment of the wind 
speed-cyclogenesis relationships in the 
primary cyclogenetic areas, meridional 
profiles for limited sectors were prepared 
for the four mid-season months. The pro
files confirm that seasonal wind speed 
fluctuations are more closely related to 
fluctuations in east coast cyclogenesis 
than to those in lee-side cyclogenesis. 
Of the three areas studied (the east Asian 
and North American coasts and the North 
American Rocky Mountains), there is a dis
tinct July 'poleward displacement of both 
wind and cyclogenesis maxima over the East 
Asian coast and in the Rockies. By con
trast, the strong cyclogenetic activity 
over the North American east coast remains 
near the same latitude during all four mid
season months regardless of the latitudinal 
displacement of the mean wind speed maxi
mum. 
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TABLE l. Ratios of hemispheric sums of cyclone frequency 
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Figure 5 . Hemispheric analyses of mean 500 
mb geostrophic wind speed (m s -1; 
dashed) and primary cyclogenetic areas 
(shaded) for a) January, b) April, c) July, 
and d) October . 



>-11 
U 
Z 
W 
::J 

~9 
0: 
lJ.. 

W 
Z 
gr 

~ 
U 

0: 
05 
en 
en 
W 
Z 
W3 
(.!) 
0 
..J 

~ 
U 

>-" 
U 
Z 
W 
::J 

~9 
0: 
lJ.. 

W 
Z 
g7 
U 

~ 
0: 
05 

en 
en 
W 

153 
(.!) 

g 
t 

" 

30 

30 

a 

\ '. , 
\ 
'. \. , , 

\. 
\. , 
\~~" ' " , '. 

'~" 
"':':":-: ... 

... ~>.' .•. ~.>,-

'. 

'. 

40 50 60 70 BO 
LATITUDE (ON) 

c 

.......... 

22 

IB 

en 
0.. 
::;: 

14-
Cl 
W 
W 
0.. 

10en 
Cl 
Z 

~ 
6 

2 

22 

IB 

en 
0.. 
:::;: 

14-
o 
W 
W 
0.. 

10 en 
Cl 
z 
~ 

6 

2 

" ", 

""- >-" 
U 
Z 
W 
::J 

~9 
0: 
lJ.. 

W z 
g7 
U 
>-
U 

~5 
en 
en 
W 
153 
(.!) 

0 
..J 
U 
>-
ul 

~" 
z 
W 
::J 

~9 
0: 
lJ.. 

W 
Z 
07 
..J 

t 
0: 
05 
en 
en 
W z 
W3 
(.!) 
o 
..J 

~ 
U

I 

30 

, 

/ 

40 50 60 
LATITUDE (ON) 

40 50 60 70 BO 30 40 50 60 
LATITUDE (ON) LATITUDE (ON) 

Figure 3. Same as Figure 2 except for a) 
winter, b) spring, c) summer, d) fall. 
Cyclone data normalized for 90-day seasons. 

Volume 8 

b 

, , 

70 80 

d 

70 BO 

Number 4 

22 

18 

en 
0.. 
:::;: 

14-
Cl 
W 
W 
0.. 

10 en 

6 

2 

22 

IB 

Cl 
Z 

~ 

en 
0.. 
:::;: 

14-
Cl 
W 
W 
0.. 

10 en 
o 
Z 

~ 
6 

2 

15 



National Weather Digest 

110 I 

EAC 

---
--' 

10 15 20 2:1 30 35 

NAC 

--- ------

!5 /0 1:1 20 ~ 30 35 
WINO SPEED OR CYCLOGENESIS 

EAC 

g. 
I-

~ ~o ... 

iO ,. ZO .. 30 ,. 

NAC 

o 0 10 15 20 2D 30 30 
WIN) SPEED OR CYCLOGEN£SJS 

16 

Figure 6. Sectors 
dional profiles of 
netic activity. 

'0 
NAR 

ZO'±O- '''--'I''"O -,,.=-7.Z0=-Z"'.--=,""0--:',. 
WIt«) SPEED OR CYCLOGENESIS 

a 

00 

" , , NAR 

\ 
'. 

, 
/ , , , -, , 

'0 
( 

ZOo • I. ,. Z. .. , . ,. 
WINO SPUD DR CYCLOGENESIS 

c 

used 
wind 

to construct meri
speed and cycloge-

10 15 20 25 30 35 

NAC 

1015202.53035 
W1Ml SPEED OA CYCLOGENEsrs 

EAC 

10 15 20 25 30 35 

zo+-~-~~~_~...,...-~ 
o 5 10 15 20 25 30 35 

WIfe) SPEED OR CYQ..OGENESIS 

Figure 7. Meridiona l profiles of cyclo
genesis (normal ized for 30-day months; 
sol id) and 500 mb geostrophic wind speed 
(m s -1; dashed) for: East Asian coast 
(EAC), North American Rockies (NAR) and 
North American east coast (NAC) . Data 
averaged for each 5° lati tude belt. a) 
J anuary ,· b) April, c) July, and d) October . 

NAR 

2°0 :I 0 15 20 25 30 35 
WINO SPEED OR evo..OCiaEsrs 

b 

NAR 

510~202530:SS 
WINO SPEED OR CYCLOG£NESIS 

d 



FOOTNOTES AND REFERENCES 

1. Jerry G. Olson received his Bachelor of Science 
degree at Oregon State University and his Master of 
Science degree at the University of Wisconsin. He 
is a Research Assistant with Applied Research 
Corp., Landover, MD and currently working with the 
Upper Atmosphere Research Group at NASA/Goddard 
Space Flight Center. 

2. Linda M. Whittaker is a Physical Science Re
search Specialist at the University of Wisconsin. 
Her research involves cyclone climatology and at
mospheric energetics. 

3. Lyle H. Horn is a P!ofessor of Meteorology at 
the University of Wisconsin. His major research 
areas are atmospheric energetics, particularly at 
the cyclone scale, and the application of satellite 
derived vertical temperature profiles to various 
meteorological problems. 

4. Petterssen, S., 1956: Weather Analysis and 
Forecasting, Vol. 1, 2nd ed., New York, McGraw
Hill, pp. 266-276. 

5. Klein, W.H., 1957: Principle tracks and mean 
frequencies of cyclones and anticyclones in the 
Northern Hemisphere. Res. Pap. No. 40, U.S. Weath
er Bureau, U.S. Government Printing Office, Wash
ington, D.C., 60 pp. 

6. Reitan, C.H., 1974: Frequencies of cyclones 
and cyclogenesis for North America, 1951-1970. 
Mon. Wea. Rev., 102, 861-868. 

7. Zishka, K.M. and P.J. Smith, 1980: The clima
tology of cyclones and anticyclones over North 
America and surrounding ocean environs for January 
and July, 1950-1977. Mon. Wea. Rev., 108, 387-401. 

8. Whittaker, L.M. and L.H. Horn, 1981: Geograph
ical and seasonal distribution of North American 
cyclogenesis, 1958-1977. Mon. Wea. Rev., 109, 
2312-2322. 

9. Hayden, B.P., 1981: Secular variation in At
lantic coast extratropical cyclones. Mon. Wea. 
Rev., 109, 159-167. 

10. Chung, Y.-S., D.A. Hage, and E.R. Reinelt, 
1976: On lee cyclogenesis and air flow in the Ca-

Volume 8 Number 4 

nadian Rocky Mountains and the East Asian Moun
tains. Mon. Wea. Rev., 104, 879-891. 

11. Colucci, S.J., 1976: winter cyclone frequen
cies over the eastern United States and adjacent 
western Atlantic. Bull. Amer. Meteor. Soc., 57, 

' 548-553. 

"'-12. Whittaker, L.M. and L.H. Horn, 1982: Atlas 
of Northern Hemisphere Extratropical Cyclone Acti
vity, 1958-1977. Dept. of Meteorology, Univ. of 
Wisconsin-Madison, 70 pp. 

13. Whittaker, L.M. and L.H. Horn, 1983: North
erI;! Hemisphere extra tropical cyclone activity for 
four mid-season months. J. of Climatology. In 
Press. 

14. Reitan, C.H., 1979: Trends in the frequen
cies of cyclone activity over North America. Mon. 
Wea. Rev., 107, 1684-1688. 

15. Basic data sources used in the cyclone census 
were Climatological Data-National Summary (16); 
Mariners Weather Log (17); Daily Series-Synoptic 
Weather Maps-Northern Hemisphere Sea-Level and 500 
mb Charts (18); and microfilm of Northern Hemis
phere Surface Charts. 

16. Climatological Data-National Summary, 1958-
1977: NOAA/EDIS, U.S. Dept. of Commerce. 

17. Mariners Weather Log, 1958-1977: NOAA/EDIS, 
U.S. Dept. of Commerce. 

18. Daily Series, 
Charts, 1958-1977: 
merce. 

Northern Hemisphere .Sea-Level 
NOAA/EDIS, U.S. Dept .. of Com-

19. Guetter, P., 1982: Personal communication. 
Univ. of Wisconsin-Madison. 

20. Hovanec, R.D. and L.H. Horn, 1975: Static 
stability and the 300 mb isotach field in the Col
orado cyclogenetic area. Mon. Wea. Rev., 103, 628-
638. 

21. Uccellini, L. W. and D.R. Johnson, 1979: The 
coupling of upper and lower tropospheric jet 
streaks and implications for the development of 
severe convenctive storms. Mon. Wea. Rev., 107, 
682-703. 

Listed below are our Charter Corporate Members 

ACCU-WEATHER, INC. 
AUDICHRON 
INTERCON WEATHER CONSULTANTS, INC. 
KAVOURAS, INC. 
MOUNTAIN STATES WEATHER SERVICE 

TEXAS A&M UNIVERSITY 
THE WEATHER CHANNEL 
WEATHER CENTRAL, INC. 
WEATHER CORPORATION OF AMERICA 
WSI CORPORATION 
ZEPHYR WEATHERTRANS, INC. 

17 


