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ABSTRACT

An attempt is made to develop an objective method of forecasting winter-time stratus at
Kansas City, Mo., using the theory that air of higher moisture content advancing upon Kansas
City will cause stratus to form. The gradient of moisture in the air is indicated by the relationship between temperature at the station and dew point upstream from the station. Using four
variables, temperature, geostrophic wind direction and geostrophic wind velocity at Kansas City,
and dew point upstream from Kansas City, a set of three charts is constructed, using graphical
correlation methods. The final chart gives a probability of the occurrence or non-occurrence of
stratus. Test data show an accuracy of 78.4%, and a skill score of 35.0% over chance.
INTRODUCTION

A N S A S CITY is well known as the
"Cross-Roads of the Nation." Since five
major airlines now operate through the
city, with several unscheduled lines and many local
and itinerant flyers, the occurrence and forecasting
of stratus becomes an important problem. Interest was kindled in the problem by the old forecast
rule which states, in part: "Advection fog may be
expected to give 'closed' conditions at a station if
the dew point of the advancing air is higher than
the current station temperature . . . " [1]. It
seemed reasonable to assume that this rule should
have a more general application to the formation
of stratus, as well as advection fog. Rampey
[2], in his paper "Forecasting the Height of Low
Clouds or Dense Fog with Up-Slope Winds at
Wichita, Kansas," uses the temperature-dew point
spread of the advancing air in attempting to determine the condensation level due to lifting. A
survey of other literature on stratus [3, 4, 5],
however, failed to show any use of dew points in
the manner contemplated here. It is therefore
believed that this study is original in its field.
Objective.—The objective of this study is to
test and incorporate into a tool for forecasting
stratus the rule relating to the dew point of the
advancing air, and some other ideas based on wind
speed and direction. The problem is confined to
the development of a tool for forecasting the occurrence or non-occurrence of winter-time stratus
at Kansas City, Mo., for the period 0430-1230C,
using the 0030C surface chart as the only forecasting aid. Graphical correlation methods are
employed, using four parameters, namely: temperature at Kansas City, dew point eight hours
upstream from Kansas City, geostrophic wind di-
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rection and geostrophic wind velocity at Kansas
City.
If the dew point of air approaching a station is
higher than the temperature at that station, it
indicates the existence of a moisture gradient increasing in the direction of the incoming air, hence
an inflow of increasingly moist air over the place
in question. If this process continues, it may
eventually result in saturation of the air at the
station. Moreover, since the incoming air under
this condition will be higher in temperature than
that at the station, the temperature at the station
will undergo a slow rise. Inversions in temperature, either at the surface or aloft, are very common at night, especially with clear skies. A slow
increase in surface temperature, then, would be
very favorable for the formation of an inversion
just above the earth's surface. If, then, the layer
of air below the inversion becomes saturated,
clouds should form at or below the base of the
inversion.
However, if dew points upstream are lower than
the temperature at the station, indicating little
change in moisture content, or possibly even the
inflow of drier air, saturation will not be reached
and clouds would not be expected to form, other
factors remaining unchanged.
The effect of wind direction and speed will enter
into this relationship. The effect of wind velocity
on stratus clouds is, in general, well known. The
stronger the wind, the higher will be the cloud
bases. A strong wind will cause a thicker layer
of turbulently mixed surface air than will a light
wind. With strong winds, then, the base of the
inversion aloft will be higher, the condensation
level of air beneath the inversion will be higher,
and hence cloud tops and bases will be higher.
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Wind direction is very important in the formation of stratus at many stations, due to orographic
effects. If air flowing up-slope is lifted enough,
its condensation level will be reached, and clouds
will form. This is the basis for Rampey's study
[2],
However, orographic effects, though of
course present, are not marked at Kansas City.
There is a gradual down-slope toward Kansas
City from the north, west and south, while toward
the east the ground slopes away very gradually,
the elevation of Kansas City being 744 feet, and
that of St. Louis 552 feet. Of more importance
at Kansas City is the fact that wind direction
indicates the source of the incoming air, that from
the south through northeast being moist, and from
the north through southwest being dry. Many
storms passing to the south of Kansas City will
even bring moist air from the Gulf of Mexico
around the eastern periphery of the disturbance
and onto the station from the northeast or north.
It is felt, then, that the relation of station temperature to upstream dew point is a much better
indication of the upstream moisture content at
Kansas City than would be the upstream temperature—dew-point relationship as applied by Rampey for Wichita.
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Definitions.—For the purpose of this study
"stratus" is defined as any cloud ceiling 1500 ft
or less, including zero ceiling in fog at Kansas
City. "Temperature" is the temperature at Kansas City at 0030C. "Dew point" is the temperature of the dew point eight hours upstream from
Kansas City at 0030C. Eight hours is used because it represents the mid-point of the period
0430-1230C, measured from 0030C. Theoretically, then, the particle of air eight hours upstream from Kansas City at 0030C should arrive
at Kansas City at 0830C, the mid-point of the
forecast period. The upstream point was determined by multiplying the 0030C Kansas City geostrophic wind velocity by eight hours, and going
that distance upstream along the isobar through
Kansas City. At that point the dew point was
determined by interpolation from surrounding stations. Geostrophic wind direction was taken as
the same as the isobar through Kansas City at
0030C. Geostrophic wind velocity was determined
by using the geostrophic wind scale on Kansas
City at 0030C. It is realized that this method
does not completely specify the direction of the
region which is eight hours upstream, but its use
was adopted for reasons of simplicity.

FIG. 1. Isopleths represent percentage of occurrence of stratus ceilings, 1500 ft or less,
at Kansas City, Mo., for the period 0430-1230C during Nov., Dec., and Jan. Temperature
and dew point are for 0030C and are obtained as defined in the text. Circles indicate
stratus, and crosses no stratus.
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FIG. 2. Isopleths represent percentage of occurrence of stratus ceilings, 1500 ft or less, at Kansas City, Mo., for
the period 0430-1230C during Nov., Dec., and Jan. Wind direction and velocity are for 0030C and are obtained as
defined in the text. Figures on coordinates represent percentage occurrence at each point. Figures in parentheses indicate the number of observations at each point.

Excluded from this study were cases of front
passages and definite wind shifts during the period
0 0 3 0 - 1 2 3 0 C , because of the difficulty of determining the upstream point on the other side of the
front or wind-shift line. Also excluded were cases
of precipitation ceilings 1500 ft or less, because
of the uncertainty of exact cloud heights.
Method of Investigation.—Three charts are
constructed. C H A R T A shows the probability of
occurrence or non-occurrence of stratus using
temperature and dew point as parameters. C H A R T
B shows the probability of occurrence or nonoccurrence of stratus using wind direction and
geostrophic wind velocity as parameters. C H A R T
A B is a combination of C H A R T A and C H A R T B ,
showing the probability of occurrence or nonoccurrence of stratus using C H A R T S A and B as
parameters,

D E S C R I P T I O N OF P R O B A B I L I T Y

CHARTS

Data used in this study are for the months
November, December, and January of the five
winter seasons 1944-45, 1945-46, 1946-47, 194748, and 1948-49. Of these, the seasons of 194546 and 1948-49 were reserved for testing, so that
there are nine months of working data and six
months of test data.
Temperature, dew point, wind direction and
velocity were tabulated by taking data from the
0030C surface chart, for each date under consideration. Ceiling heights for the period 04301230C were obtained from W. B. Form 1130,
original record of airways observations. If as
little as one observation including specials during
that period showed a ceiling of 1500 1ft or less,
it was counted as an occurrence of stratus. For
each date, then, we have tabulated the 0030C
temperature at Kansas City, the 0030C dew point
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eight hours upstream from Kansas City, the 0030C
geostrophic wind direction at Kansas City, the
0030C geostrophic wind velocity at Kansas City,
and the lowest ceiling height during the following period 0430-1230C.
C H A R T A ( F I G . 1 ) is a graph showing the
probability of occurrence or non-occurrence of
stratus, considering only temperature and dew
point. The occurrence or non-occurrence of stratus was plotted using dew point as abscissa and
temperature as ordinate. For each pair of values
a circle was entered if stratus occurred, and a
cross if it did not occur. After smoothing the
field of data, probability isopleths were drawn.
As was expected by the previously discussed considerations, probability is high when the dew
point is higher than the temperature, and low
when the dew point is much lower than the temperature.
C H A R T B ( F I G . 2 ) is a graph showing the probability of occurrence or non-occurrence of stratus,
considering only geostrophic wind direction and
velocity as herein defined. This graph was constructed by first tabulating the occurrence or nonoccurrence of stratus for each date against wind

direction and velocity, using 16 points of the compass, and velocity classes 3-7, 8-12, 13-17, etc.
For example, for an east wind and the velocity
range 8-12 mph, there were two cases of stratus,
and three cases of no stratus, or 40% for that
combination of direction and velocity. These percentages for each combination of wind direction
and velocity were then entered on a rectangular
coordinate chart, using wind direction as abscissa,
and wind velocity as ordinate. These percentages
were further smoothed, and a set of probability
isopleths drawn. The graph shows that occurrence of stratus is highest with east to southsoutheast winds and relatively high velocities.
C H A R T A B (FIG. 3) is a joint-probability chart
combining the results of C H A R T S A and B . With
the interpolated probability from C H A R T A as the
abscissa and the interpolated probability from
C H A R T B as the ordinate, the occurrence of stratus
was indicated at the appropriate points, and a final
set of probability isopleths was drawn. To obtain
interpolated probabilities from C H A R T A , enter the
graph for each set of temperature and dew-point
values, and read the probability at each point
according to the isopleths as drawn. Similarly

FIG. 3. Isopleths represent percentage of occurrence of stratus ceilings, 1500 ft or less, at
Kansas City, Mo., for the period 0430-1230C during Nov., Dec., and Jan. Percentages of 40%
and above indicate that stratus should be forecast, and percentages of less than 40% indicate that
stratus should not be forecast. Abscissa and ordinate are percentages as obtained from Charts
A and B, respectively. Circles indicate stratus, and crosses no stratus.
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for C H A R T B , enter the graph for each set of
wind direction and velocity values, and read the
probability at each point according to the isopleths as drawn.

Computation using these figures shows for the
dependent data an accuracy of 85%, and a percentage of skill over chance of 61.6%.

A N A L Y S I S OF R E S U L T S

An analysis of errors shows there were eight
cases above the 60% isopleth when stratus failed
to form, and eight cases below the 20% isopleth
when stratus did form. Each one of these cases
was examined individually, and all within each
group showed a marked similarity. A composite
chart of those cases where stratus formed, even
though the indication was less than 20%, shows
low pressure to the east or northeast of Kansas
City, with advection of cold air definitely shown
at 5000 ft. A composite chart of those cases
where stratus failed to form, even though the
indication was greater than 60%, shows low pressure to the west or southwest of Kansas City,
with definite advection of warm air at 5000 ft.
Advection of warm or cold air is an indication
of a change in the stability of the air, and is a
clue to an additional factor affecting the formation of stratus.
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An analysis of the dependent data ( C H A R T A B )
shows that the probability isopleths represent a
good distribution of the occurrence or non-occurrence of stratus. The following table represents
the distribution:
Probability
isopleths

Occurrences

Non-Occurrences

Total

% Occurrence

99-100%
8 0 - 98
6 0 - 79
4 0 - 59
2 0 - 39
2 - 19
01

10
8
11
15
10
5
0

0
1
6
13
26
105
25

10
9
17
28
36
110
25

100
89
65
54
28
5
0

235

If the 80% probability isopleth is taken as the
dividing line between stratus and no stratus, one
would be correct 193/235 or 82% of the time.
That is, the number of occurrences falling on or
above the 80% probability isopleth plus the number of non-occurrences below the 80% isopleth
divided by the total number of cases equals 82%.
Similarly, if the 60% probability isopleth is taken
as the dividing line between stratus and no stratus,
one would be correct 198/235 or 84% of the time.
If the 40% probability isopleth is taken as the
dividing line between stratus and no stratus, one
would be correct 200/235 or 85% of the time.
If the 20% probability isopleth is taken as the
dividing line between stratus and no stratus, one
would be correct 184/235 or 78% of the time.
Obviously, the 40% probability isopleth gives the
highest percentage of accuracy; hence it was
adopted as the isopleth to use for forecasting
purposes.
A simple contingency table constructed for
C H A R T AB using the 40% probability isopleth
appears as follows:
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ERRORS

TESTING

This method was put to an extensive test by
using six months of test data, Nov., Dec., Jan.,
1945-46 and 1948-49. Specifically, to make a
forecast by this method, we: (1) determine on
the 0030C surface chart the temperature, dew
point, wind direction and wind velocity for Kansas City as herein defined and described; (2)
determine a probability from C H A R T A using temperature and dew point; ( 5 ) determine a probability ifrom C H A R T B using wind direction and
velocity; (4) finally, determine a final probability
from C H A R T AB, using the probabilities just determined from C H A R T S A and B. Probabilities
40% and above indicate that stratus should be
forecast. Probabilities below 40% indicate that
stratus should not be forecast. On this basis, the
contingency table for the test data is as follows:
FORECAST
stratus

no stratus

total

FORECAST
stratus

n o stratus

total

stratus

44

15

59

no stratus

20

156

176

total

64

171

235

stratus

14

26

40

n o stratus

6

102

108

20

128

148

total

Results show an accuracy of 116/148 or
78.4%, and a skill score over chance of 35.0%.
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It should be pointed out here that using the
40% isopleth as a dividing line between forecasting stratus and no stratus means that stratus
should tend to be forecast more often than it
occurs. This shows up in the table of dependent
data. However, some peculiarity of the test data
resulted in there being twice as many observed as
forecast cases of stratus. The reason for this bias
is not readily apparent. However, a breakdown
of the test cases by percentage classifications shows
a good distribution, as follows:
Probability
isopleths

Occurrences

Non-Occurrences

Total

% Occurrence

99-100%
80- 98
60-79
4 0 - 59
20- 39
2 - 19
0- 1

4
2
4
4
11
13
2

1
0
2
3
14
68
20

5
2
6
7
25
81
22

80
100
67
57
44
16
9

Official forecasts for the winter of 1945-46
were not available, but a check on Weather Bureau forecasts for Nov., Dec., and Jan. of 194S-49
shows the following:
FORECAST
stratus

no stratus

total

stratus

18

2

20

no stratus

2

53

55

total

20

55 .

75

Computation shows an accuracy of 94.6%, and
a skill score over chance of 86.4%. The objective
method for the same period gives an accuracy of
76.0%, and a skill score over chance of 32.3%.
INTERPRETATION

OF

RESULTS

The high record on official forecasts was made
by a team of forecasters each of whom had had
several years experience in the Kansas City district. There is little hope of bettering such a high
score with any objective method, but the study
verifies quantitatively what has been used qualitatively by experienced forecasters. The method,
and others similar to it, can be used most advantageously by new or inexperienced forecasters.
They will find it of great aid, not only in the
actual making of forecasts, but in helping to gain
experience more rapidly through the use of a rule
already well established by quantitative verification.

This procedure provides a simple method of
forecasting stratus as defined at Kansas City.
The whole process requires only a few minutes,
and answers the need for a simple and easily usable
tool for forecasting. The method shows only
whether or not stratus will form in the period
0430-1230C, and does not indicate the exact
height below 1500 ft, the time of formation or
length of duration. It should not be used for
other times of the day, as a different set of charts
would be required for those times.
Results of both the dependent and test data
show that by using the 40% probability isopleth
on C H A R T AB as the dividing line between stratus
and no stratus, a good percentage of accuracy is
obtained. The greater the probability over 40%,
the more likely it is that stratus will form, and the
less the probability below 40%, the more likely it
is that stratus will not form. Cases falling in the
probability range 20-60% will be the critical
ones. It is felt that the exact probability as determined by the objective method in these critical
cases will be of much benefit in determining which
way to "swing" the forecast, even for experienced
forecasters.
Results seem to indicate that the method is
more valuable for indicating when not to forecast
stratus. This is possibly due to the preponderance
of no stratus cases. It is wise always to remember
that for each forecast there are only two possibilities, either stratus or no stratus. For this
reason the probability as obtained from C H A R T
AB is a valuable aid in determining the forecast.
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