
CHAPTER 2 

Mesoscale Classifications: 
Their History and Their 
Application to Forecasting 

T. T. Fujita 

2.1. The Synoptic Scale 

So-called synoptic meteorology is the study of meteorological data col
lected and transmitted by a network of weather stations. The Glossary of 
Meteorology (Huschke, 1959) defines "synoptic" as referring to "meteoro
logical data obtained simultaneously over a wide area for the purpose of 
presenting a comprehensive and nearly instantaneous picture of the state of 
the atmosphere." Thus, to be synoptic, weather observations must be made 
simultaneously; the areal extent or horizontal scale of the station network is 
not specified. 

Because of difficulties in collecting simultaneous data from extremely 
large areas, the coverage of early synoptic charts was limited to the practi
cable area of data collection, such as Europe, the United States, and Japan. 
The scale of the disturbances depicted on synoptic charts of such areas was 
identified as "synoptic-scale," implying that the term synoptic denotes a spe
cific scale. Thus, the use of synoptic to indicate scale is now also in common 
practice. (See a related discussion in Ch. 1.) Disturbances that are too small 
to be depicted on synoptic charts are called subsynoptic disturbances. 

An early weather chart (Fig. 2.1) includes a synoptic-scale cyclone over 
England, analyzed with vector winds, isobars, and isotherms. Analysts and 
forecasters followed the movement and the development of cyclonic swirls as 
seen in an early cyclone model (Fig. 2.2) by Fitz-Roy (1863). His model 
showed the existence of cold-air currents from the north, which are counter
acted by warm-air currents from the south. 

During the 191Os, the concept of warm and cold air masses was widely 
used by forecasters. The continuity of air mass boundaries was analyzed 
with dashed, dotted, and chained lines (Fig. 2.3). Modern air mass analyses 
originated with the Norwegian school in the 1920s. 
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0800 LST 2 NOV 1863 .,. 
" 

Figure 2.1. Meteorological chart of Europe at 0800 LST, 2 November 1863. (From Journal 
0/ the Scottish Meteorological Society, October 1868.) Isobars in inches and air temperature 
in degrees Celsius are drawn with solid and dashed lines, respectively. Symbols of station 
weather are C, cloudy; B, blue sky and few clouds; R, rain; r, rain during the past 24 hours. 

The well-known model of extratropical cyclones by Bjerknes and Solberg 
was established in 1922. Since then, operational synoptic charts in Europe 
have been characterized by key features: warm and cold fronts, and precipi
tation areas closely related to these fronts (Fig. 2.4). Frontal analysis in the 
United States began in the 1930s, leading to the discovery of the prefrontal 
squall lines that often induce severe local storms. Recently, Kochin (1983) re-

Figure 2.2. Fitz-Roy model of extra
tropical cyclones introduced by Pet
terssen (1956). Streamlines of polar 
air from the north are drawn with full 
lines, and those of tropical air from the 
south with dashed lines. 
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Figure 2.3. A synoptic map of Europe on 2 February 1913, before the advent of the cyclone 
model with warm and cold fronts. Airmass boundaries are shown, and precipitation areas 
are shaded. (From Chromow, 1942.) 

analyzed a sequence of synoptic charts of the Blizzard of 1888, demonstrating 
the effectiveness of the frontal analysis in depicting the record-breaking New 
England snowstorm. 

2.2. The Mesoscale 

Isolated strange values of pressure, winds, etc., are often found on plotted 
synoptic charts, and are suspected to be errors. Some data are obviously in 
error; other data may represent true signatures of subsynoptic disturbances 

Figure 2.4. A wave cyclone analyzed by 
Van Mieghem, introduced by Chromow 
(1942); warm and cold fronts are shown. 
Isobars are in millibars; plotted tempera
tures are in degrees Celsius. 
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Figure 2.5. Detailed analysis of a squall line situation in Europe at 2100 LST, 27 August 
1890 by Durand-Greville (1892). 

having spatial and temporal scales too small to be analyzed on synoptic 
charts. 

Although the first analysis of the subsynoptic disturbance has not been 
identified, Durand-Greville (1892) made a detailed analysis of the pressure 
field of a squall line in Europe extending from near Hamburg, Germany, 
to near Lyons, France (Fig. 2.5). He drew isobars for every millimeter of 
mercury, making use of 84 pressure values. The precise steps taken in the 
analysis are not clear. It is likely that the isochrones of the pressure surges 
were analyzed first, followed by the reconstruction of the pressure field that 
would result in the abrupt increases in pressure at successive stations. 
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Table 2.1. Early subsynoptic networks for 
studying thunderstorm circulation 

Years Location Country 
No. of 

Spacing 
stations 

1939-41 Lindenberg Germany 19 3-20 km 
1940 Maebashi Japan 20 8-13 km 
1946 Florida United States 50 2km 
1947 Ohio United States 58 3km 

Suckstorff (1938) described the feature of thunderstorm-induced highs 
by converting the station data (time section) into horizontal data (space 
section) in the direction of the system movement. After that, the analysis 
of subsynoptic disturbances was identified as a "micro-scale" study. A sur
face "micro-study" of a squall line (Williams, 1948), and "microanalytical" 
studies of a thunder nose (Fujita, 1950) and a cold front (Fujita, 1951) are 
examples. 

As air traffic increased in the 1930s, thunderstorm and squall-line-related 
accidents and difficulties occurred in various parts of the world, necessitating 
operation of subsynoptic networks for a better understanding of severe local 
storms that escape detection by the synoptic network. Examples of these 
early subsynoptic networks are given in Table 2.1. Analytical results of the 
data from these networks were reported by Koschmieder (1955), Fujiwara 
(1943), and Byers and Braham (1949). Figure 2.6 presents examples of 
thunderstorm outflows depicted by these networks. 

Weather radar was used extensively by the Thunderstorm Project (Byers 
and Braham, 1949) for identifying and mapping precipitation areas. For the 
first time in history, surface data were analyzed in relation to PPI echoes 
(nearly horizontal cross sections) and RHI echoes (nearly vertical cross sec
tions) obtained simultaneously. The most important accomplishments by 
the Thunderstorm Project were to identify or confirm these characteristics 
of storms: 
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Figure 2.6. Thunderstorm outflows depicted by thunderstorm-related projects in (left) Ger
many, (center) Japan, and (right) the United States. For network details, see Table 2.1. 
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• The spatial scale of individual thunderstorm cells is 10 to 30 km. 
• The life of an individual cell through three stages (cumulus, mature, 

dissipating) is approximately 30 min. 
• Storms contain a strong downdraft in post-mature stages. 
• Strong divergence in the surface wind is as high as 0.08 s-1. 

These characteristics, with dimensions of 10 to 100 km, cannot be depicted 
on an ordinary synoptic chart; they would merely appear as "noise." 

On the basis of his research on radar storm echoes collected at the Mas
sachusetts Institute of Technology (MIT) Weather Radar Research Project, 
Ligda (19S1, p. 1281) made the foresighted statement, 

It is anticipated t.hat radar will provide useful information concerning the 
structure and behavior of that portion of the atmosphere which is not cov
ered by either micro- or synoptic-meteorological studies. We have already 
observed with radar that precipitation formulations which are undoubtedly 
of significance occur on a scale too gross to be observed from a single sta
tion, yet too small to appear even on sectional synoptic charts. Phenomena 
of this size might well be designated as mesometeorological. 

The U.S. Signal Corps at Fort Monmouth, N.J., which was sponsoring 
the MIT project, recognized the importance of the mesometeorological scale 
for the operation of the U.S. Army. Two years later, Swingle and Rosenberg 
(19S3) of the Signal Corps performed a mesometeorological analysis of a cold 
front. 

An apparent increase in tornado frequencies in the 19S0s was attributed 
to the U.S. Weather Bureau's effort to improve the tornado reporting sys
tem, public awareness, etc. In an attempt to provide better forecasting of 
tornadoes, Tepper related the pressure-jump mechanism (Tepper, 19S0a) to 
the origin of tornadoes (Tepper, 19S0b). He hypothesized that a tornado is 
likely to form at the intersection of two pressure-jump lines and travel with 
the intersection. 

Early in the 19S0s, a multiple-state network of microbarograph stations 
was established in the Midwest. Barograph traces from the network were 
collected and analyzed by the Severe Storms Project of the U.S. Weather 
Bureau. By 19S4, however, it became evident that the correlation between 
tornadoes and pressure-jump lines was not as high as originally expected. As 
a result, the main emphasis of the project was shifted into the study of me
someteorological (i.e., mesoscale) systems, leading to a mesoscale analytical 
study of squall lines by Fujita (19SS). 

In order to describe mesoscale disturbances related to severe-storm ac
tivities for analysts and forecasters, Fujita et al. (19S6) published a dis
cussion of mesoanalysis in color. Their primary purpose was to use color, 
as it was used by the Norwegian School in the 1920s, to describe the rather 
complicated structure of mesoscale systems (mesosystems). At that time, the 
mesoscale was either being overlooked or intentionally ignored and smoothed 
in much of analysis, because mesoscale atmospheric motions are, in effect, 
"noise" superimposed upon synoptic-scale disturbances. 



24 FUJITA 

Table 2.2. High-pressure, low-pressure, and frontal systems 
on or near the ground in synoptic scale, mesoscale, and submesoscale 

System Synoptic scale Mesoscale Submesoscale 

High-pressure Anticyclone Mesohigh Pressure nose 
system (accompanied by (accompanied by (accompa.nied by 

fine weather) bad weather) high winds) 

Low-pressure Subtropical cyclone Mesocyclone Tornado vortex signature 
system Tropical cyclone Tornado cyclone Tornado 

Hurricane Mesolow Suction vortex 
Typhoon Midget typhoon Dust devil 

Frontal Warm front Pressure-jump line Downburst front 
system Cold front Gust front Precipitation roll 

Stationary front Ra.dar thin line Microburst ring vortex 
Occluded front Arc-cloud line 
Dry front Sea-breeze front 

2.3. Characteristics of Convective Mesoscale and Submesoscale 
Phenomena 

Mesoscale disturbances induced by convective activities (convective 
mesoscale systems) are roughly divided into high-pressure (mesohigh), low
pressure (mesolow), and frontal (mesofront) systems. These disturbances 
have been known for a long time, probably since Durand-Greville's analysis 
of the 27 August 1890 squall line. His chart (Fig. 2.5) indicates a low
pressure system to the south of Hamburg, Germany, a high-pressure system 
over Switzerland, and another over southern France. A summary of high
pressure, low-pressure, and frontal systems with their dimensions of synoptic 
scale, mesoscale, and submesoscale is shown in Table 2.2. 

A synoptic-scale high-pressure system is an anticyclone in which air sub
sides slowly, resulting in mostly fair weather. By contrast, most mesohighs 
are characterized by rain and bad weather, because they are caused by the 
rain-cooled air that descends to the ground, forming a dome of high pressure. 
Mesoscale high-pressure systems were studied by Suckstorff (1938) who used 
time variations of meteorological parameters measured during thunderstorms 
in Germany. In the United States, Brunk (1949) analyzed the pressure pul
sation of 11 April 1944, pointing out that it was characterized by a sudden 
pressure increase followed by a rapid and significant pressure drop. Williams 
(1953) called the high-pressure region the elevation-type wave, and the low
pressure region, the depression-type wave. Isochrone charts that he analyzed 
revealed that the latter followed the former rather regularly. 

Identifying the high-pressure dome accompanied by thunderstorms as a 
mesohigh, Fujita (1955; 1959) and Fujita et al. (1956) studied the formation 
of the depression that forms in the wake of a mesohigh. These studies led to 
the conclusion by Fujita (1963) that an initial high-pressure dome induces a 
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Figure 2.7. Five stages of a mesohigh that turns into a mesolow called a wake depression. 
The total lifetime is 6-12 h, so that a mesohigh formed during the night could remain as a 
mesolow the following morning. (From Fujita, 1963.) 

mesolow within 1-2 h. Through the five stages shown in Fig. 2.7, what is 
initially a mesohigh turns into a mesolow. 

The total time of the excess-deficit pressure cycle is 6-12 h, long enough 
for use of the cycle in a short-range forecast. The excess-deficit pressure 
(Fig. 2.7) is highly dependent upon the traveling speeds of mesohighs. If the 
mesohighs are stationary, practically no wake depression forms. However, a 
fast-moving mesohigh is characterized by a significant high- and low-pressure 
couplet. A model of mesohighs in relation to the position of a synoptic front 
is presented in Fig. 2.8. 

The 'submesoscale high, called the pressure nose by Byers and Braham 
(1949) is very small and short-lived. Adjacent meso-gamma stations of the 
Thunderstorm Project rarely depicted the same pressure nose simultaneously. 
Recently, Fujita and Caracena (1977) hypothesized that the pressure nose is 
responsible for inducing down burst winds that endanger aircraft operations 
at low altitudes. 

From time to time, tornadoes form inside mesolows. Brooks (1949) called 
the mesolow with a tornado in it the "tornado cyclone." During the 1950s, 
weather radar provided an effective means of detecting and displaying a 
rotation in a cloud, which appears as a hook echo. Radar displays of the 
hook echo were first photographed by Stout and Huff (1953). Since then 
hooks have been used in nowcasting and warning for tornadoes, sometimes 
even before a tornado forms. As reported by Garrett and Rockney (1962), 
the area represented by the hook is 2-5 km across, several times larger than 
the damage width of the tornado located inside the hook. Not all hook echo 
areas produce tornadoes, however. Schaefer (1960) and others reported no 
sign of a tornado inside some hook echoes. Nonetheless, the hook echo is an 
important predictor of tornadoes. 

Use of Doppler radar in meteorological observations was first reported 
by Smith and Holmes (1961). Brown et al. (1971) observed with Doppler 
radar a submesoscale tight vortex inside a developing hook echo. When dual-
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Figure 2.8. Model of a squall-line mesosystem: (upper) in the cold sector, (middle) on the 
front, and (lower) in the warm sector. Because the air temperature inside the pressure dome 
is colder than that behind the cold front, a synoptic-scale front does not intrude into the 
region of the mesoscale disturbance. (From Fujita, 1963.) 

Doppler measurement became available for velocity computations, the three
dimensional structure of mesocyclones became evident. Ray et al. (1975) 
observed submesocyclone circulations, 3-5 km in diameter, embedded inside 
the parent mesocyclone. Brandes (1978) pointed out that a tight circulation, 
2-4 km in diameter, existed at low levels, above a tornado on the ground. 
Burgess et al. (1976) developed the multimoment Doppler display for identi
fying the TVS (Tornado Vortex Signature) defined by Burgess et al. (1975). 
The TVS is 1 order of magnitude smaller than the overall dimension of the 
parent mesocyclone, 10-100 km in diameter. 

The subtornado-scale vortex was called a suction spot by Fujita (1970), 
and revised to suction vortex in 1971. . Single and multiple suction vortices 
were documented frequently during the 1970s. The diameter of suction vor-• tices is 5-10 m. A large tornado CQuid induce one to several suction vortices 
simultaneously. For case studies, see Fujita (1974; 1976; 1981) and Agee et 
al. (1977); for numerical simulation, see Rotunno (1981). 

Mesoscale frontal (mesofront) systems have long been observed as dra
matic events of pressure, temperature, and wind changes. Depending upon 
the emphasis, they are called pressure-jump lines, gust fronts, radar thin 
lines, arc-cloud lines, etc. Nevertheless, these terms all refer to the same 
aspect of the front of a thunderstorm outflow (Fig. 2.9). 

The pressure-jump line is located along the leading edge of an advancing 
mesohigh. Tepper (1950a) attempted to explain the dramatic jump in pres
sure as a "hydraulic" jump. Later, Tepper (1955) theorized the impulsive 
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Figure 2.9. A vertical cross section and a plan view of a mesofront system (squall line). 
Arrows indicate the airflow relative to the ground. (From Fujita, 1955.) 

addition of momentum as an indicator of pressure-jump lines that extend 
10-300 km. 

In many cases, winds behind the front of a mesohigh are strong and 
gusty. The term gust front signifies the band of gusty winds following the 
passage of a pressure-jump or pressure-surge line. Byers and Braham (1949) 
defined and analyzed the first-gust lines. By using tower data, Goff (1976) ob
tained vertical cross sections of gust fronts in Oklahoma. Using the NIMROD 
(Northern Illinois Meteorological Research On Downbursts) data, Wakimoto 
(1982) produced Doppler cross sections of gust fronts. These studies indi
cated the horizontal length of gust fronts to be 10-300 km, and the life of 
high winds 1-6 h. 

Boundaries of thunderstorm outflow have been observed on radar PPI 
scopes as thin lines of echo moving out of thunderstorm areas. Ligda and 
Bigler (1958) called the thin line a cloudless c~ld fr~nt, and Harper (1960) 
called it a thin line of angel echo. No mat~er what the line may be called, it 
represents the leading edge of a mesoscale outflow, alopg which the detectable 
backscattering is caused by the strong gradient of'refractive index. The 
horizontal extent of a thin line is 10-100 km, depending upon the size of the 
mesohigh and the radar coverage at low altitude. 

Arc-cloud lines form frequently along the leading edge of an expanding 
mesohigh. Purdom (1973) found an excellent correspondence between meso
high boundaries and arc-cloud lines. Making use of GOES (Geostationary 
Operational Environmental Satellite) imagery, Purdom (1976) emphasized 
the arc-cloud line as an effective forecasting tool. He noted specifically that 
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Figure 2.10. Two pictures (5 s apart) showing the curling motion of the dust cloud behind 
the front of a microburst outflow. (From Fujita, 1984; photos by Brian Waranauskas near 
Denver, Colo., on 15 July 1982. 

new convection often begins at the intersections of two arc-cloud lines 10-500 
km long. 

Submesoscale fronts, which are much shorter than mesofronts both in 
lifetime and characteristic length, are not well known to forecasters because 
they are seldom reported. After the wind-shear study by Fujita and Caracena 
(1977), Caracena hypothesized that the submesoscale front is characterized 
by a vortex ring similar to that created by a cigarette smoker. This is 
illustrated in Fig. 2.10. 

On the basis of this hypothesis and a sequence of photographs of an 
earlier microburst in Colorado, Fujita (1984) produced a graphic model of 
the Andrews Air Force Base microburst on 1 August 1983, which had induced 
a 67 m s-1 (130 kt) peak wind (Fig. 2.11). 

2.4. Classifications of Meteorological Scales 

Synoptic meteorology, including the study of cyclones and anticyclones, 
dominated the field of analytical meteorology from the 19th century to the 
1930s. From the 1940s through the 1960s, the subsynoptic scale, regarded as 
the noise of the synoptic scale, nearly embraced the mesoscale. Since then, 
significant progress in mesometeoreology has been achieved by the use of 
geostationary satellite, Doppler radar, instrumented-aircraft, and advanced
mesonet data along with increased mathematical modeling capabilities. 
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Figure 2.11. Stages of the Andrews Air Force Base microburst on 1 August 1983. An 
anemometer on the base recorded a scaled-off 130 kt peak wind. So far, it is the strongest 
microburst wind ever recorded. (From Fujita, 1984.) 

In spite of the dramatic advancement of the field, the various definitions 
of the mesoscale have been rather arbitrary (Fig. 2.12). This growing re
search field has been apt to expand the scale limits on both sides of the 
original dimensions of 10-100 miles (16-160 km), depending on the scope 
and purpose of individual research projects. 

Ligda's (1951) classification emphasized the importance of the mesoscale 
when weather radars began depicting subsynoptic features that could not 
possibly be analyzed on synoptic charts. Ligda also recognized the exis
tence of microscale disturbances that are noises of mesoscale disturbances 
(Fig. 2.12). 

Fujita (1963) subclassified the mesoscale into alpha (a), beta (.8), and 
gamma (I) scales (not shown in Fig. 2.12) on the basis of the average spacing 
of observation stations. Table 2.3 lists the stations of early mesoscale net
works (mesonets) operated before 1962; Fig. 2.13 shows their distribution. 
The Thunderstorm Project network in Florida with 50 stations and 2 km 
separation was the densest of all. At the other extreme, the 210 microbaro
graph stations of the National Severe Storms Project (NSSP) were separated 
by ",60 km. 

During the past 10 years, Doppler radars have been collecting data for 
mapping submesoscale disturbances with features as small as defined by a 
150 m range gate spacing. Multiple Doppler analyses now permit researchers 
to construct "microsynoptic charts" of the airflow around the tornado envi
ronment. 
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Figure 2.12. The horizontal scales of at
mospheric disturbances in relation to the 
scales proposed by Ligda (1951), Orlan
ski (1975), and Fujita (1981). Note that 
a cyclone is the parent storm of a meso
cyclone, which in turn is the parent storm 
of a tornado, an inducer of suction vor
tex. Scales of these parent cyclonic storms 
are separated by approximately 2 orders 
of magnitude. 

Orlanski (1975) classified the mesoscale into Q, (3, and "I scales accord
ing to horizontal dimensions of meteorological systems (Fig. 2.12). These 
scales have been widely adopted, for reference purposes at least. Orlanski's 
mesoscale extends through 3 orders of magnitude, leaving the range of the 
macroscale between 2,000 and 40,000 km (1.3 in log scale). In spite of the 

Table 2.3. Mesonets operated before 1962· 

Classifi- Stations 
Year Name of network cation No. Spacing Objectives 

(km) 

1962 NSSP Alpha 210 60 Squall lines, pressure jumps 
1960 Fort Huachuca Beta 28 20 Operation of the Army 
1961 NSSP Beta 36 20 Structure of severe storms 
1961 Dugway Proving Ground Beta 15 15 Desert area research 
1941 Lindenberger Boennetz Beta 25 15 Squall lines, wind gusts 
1960 New Jersey Beta 23 10 ~esoscale pressure systems 
1941 ~uskingum basin Beta 131 10 Rainfall, runoff 
1940 Japanese thunder-storm Beta 25 9 Structure of thunderstorms 
1961 Flagstaff Beta 43 8 Cumulonimbus convection 
1947 Thunderstorm Proj., Ohio Gamma 58 3 Thunderstorm convection 
1961 Fort Huachuca Gamma 17 3 Influence of orography 
1946 Thunderstorm Proj., Florida Gamma 50 2 Thunderstorm convection 

• After Fujita (1963). 
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Figure 2.13. Alpha, beta, and gamma meso nets operated prior to 1962. Individual networks 
are listed in Table 2.8. (From Fujita, 1963.) 

narrow macroscale range, there is an advantage in extending the mesoscale 
through 3 orders of magnitude. The center-scale grid (,8) can be nested inside 
the coarser (0:) grid, and a denser (I) grid can be nested inside the center
scale grid. On the other hand, the expanded mesoscale classifies synoptic 
cyclones and anticyclones as meso cyclones and mesohighs. This classifica
tion contradicts the original concept of mesoscale disturbances as noises of 
synoptic-scale disturbances. 

A more recent classification of meteorological scales (Fujita, 1981) follows 
two trends: 

• The center of the mesoscale is still between 10 and 100 km. 
• The dimensions of successive subdivisions decrease by a factor of 10, or 

1 order of magnitude. 

2.5. Classification Scales in Forecasting 

Weather forecasters must predict disturbances that occur near the 
ground. In general, the smaller the scale of such disturbances, the shorter 
the duration (Orlanski, 1975). Table 2.4 shows both scale and duration of 
disturbances ranging from extratropical cyclone to dust devil. In Fig. 2.14, 
the values in Table 2.4 are placed within the Fujita scales (Fig. 2.12); each 
disturbance is represented by a rectangle marking the upper and lower limits 
of horizontal scales and durations. 

Aviation forecasters are required to predict midair disturbances that may 
never descend to the ground. In Fig. 2.15 the scales and durations of middle
and high-level disturbances presented in Table 2.5 are placed within the 
Fujita scales. In accordance with the Glossary of Meteorology (Huschke, 
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Table 2.4. Weather systems on or near the ground 

Disturbance Scale Duration Max. wind 

Extratropical cyclone 500-2000 km 3-15 days 55 m S-1 
Cold front 500-2000 km 3-7 days 25 m S-1 
Anticyclone 500-2000 km 3-15 days 10 m S-1 
Warm front 300-1000 km 1-3 days 15 m S-1 
Hurricane 300-2000 km 1-7 days 90 m S-1 
Tropical cyclone 300-1500 km 3-15 days 33 m S-1 
Tropical depression 300-1000 km 5-10 days 17 m S-1 
Dry front 200-1000 km 1-3 days 20 m s-1 
Midget typhoon 50-300 km 2-5 days 50 m s-1 
Mesohigh 10-500 km 3-12 h 25 m S-1 
Gust front 10-300 km 0.5-6 h 35 m s-1 
Mesocyclone 10-100 km 0.5-6 h 60 m S-1 
Downslope wind 10-100 km 2-12 h 55 m s-1 
Macroburst 4-20 km 10-60 min 40 m S-1 
Microburst 1-4 km 2-15 min 70 m S-1 
Tornado 30-3000 m 0.5-90 min 100 m S-1 
Suction vortex 5-50 m 5-60 s 140 m S-1 
Dust devil 1-100 m 0.2-15 min 40 m s-1 

1959), the angular wavenumber of long waves is taken to be in the range 
1-5, and that of short waves, 5-10. 

Figure 2.16 combines the information in Figs. 2.14 and 2.15. The nonlin
ear regression line shows that the average duration of 4-400 km disturbances 
is between 30 min and 1 day. The duration of 40 m-4 km disturbances is 
only 1-30 min. Disturbances >400 km last 1 day or longer and therefore can 
be depicted and followed on synoptic charts that are analyzed every 3-6 h. 

It has been known also that the horizontal scale of a parent disturbance 
is approximately 2 orders of magnitude larger than that of a disturbance 
spawned by the parent disturbance. For instance, in the sequence extratrop
ical cyclone, hook-echo cyclone, tornado, and suction vortex, each succes
sive phenomenon is nearly 2 orders of magnitude smaller than the one that 

Figure 2.14. Horizontal scale vs. duration 
of near-ground disturbances, classified ac
cording to Fujita {1981}. 
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Figure 2.1S. Horizontal scale vs. du
ration of middle- and high-level distur
bances, classified according to Fujita 
(1981). 

Table 2.5. Scale and duration of middle-
and high-level disturbances 

Disturbance 

Long wave 
Short wave 
Cyclone wave 
Jet stream 
Low-level jet 
Jet streak 
Anvil cluster (MCC) 
Individual anvil 
SuperceU storm 
Cumulonimbus 
Cumulus 
Overshooting dome 
Tornado vortex signature 
Overshooting turret 
Thermal 
In-cloud turbulent eddy 

I 
.Near- ground dIsturbance 
@Mrddle-and h'gh-level dIsturbance o 

, 
• 0 

• /~,.,. 
.~ 

40. 'Om 4000. 

Horizontal scale Duration 

8000-40000 km lS+ days 
3000-8000 km 3-1S days 
1000-3000 km 2-S days 
1000-8000 km S-15 days 
300-1000 km 1-3 days 
200-1000 km 2-S days 
So-lOoo km 3-36 h 
30-200 km l-S h 
20-50 km 2-6 h 
10-30 km 1-3 h 
2-5 km 10-100 min 
2-S km 2-10 min 
1-5 km 20-90 min 

100-500 m 1-3 min 
100-1000 m 5-20 min 
10-100 m Variable 

Figure 2.16. Horizontal scale vs. du
ration of all disturbances shown in 
Figs. 2.14 and 2.1S. Circles represent 
the center points of rectangles in those 
figures. 
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spawned it. However, in classifications that separate scales by 3 orders of 
magnitude, two or more disturbances in a sequence are likely to be included 
in one scale, resulting, for example, in an extratropical cyclone and a meso
cyclone together in one scale, and a tornado and a suction vortex together 
in another scale. 
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