OBSERVATIONS OF PRECIPITATION VARIABILITY

G. E. STOUT
Illinois State Water Survey, Urbana

INTRODUCTION

Since 1949, the Illinois State
‘Water Survey has been studying the
areal and temporal variability of
precipitation as determined from
four dense networks of rain gages.
Great variability in warm-season

storm-rainfall was readily evident
early in the study. After data for
several years had been compiled,
large differences in monthly and
seasonal amounts between stations
also became apparent. Since 1956,
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Fig. 2—Storm, monthly, and growing-season rainfall patterns during the summer.
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three of the rain-gage networks have
been operated continuously to record
cold-season and annual precipitation
in addition to the warm-season data.
The fourth rain-gage network has
been operated econtinuously since
1949. Analysis of these data has
also revealed considerable areal vari-
ability in cold-season and annual
precipitation,

Three of the networks are located
in central Illinois and the fourth
network is located in southern Illi-
nois (IFig. 1). The Boneyard net-
work in Champaign-Urbana consists
of 10 recording and two non-record-
ing rain gages in an area of about
15 square miles. The East Central
Illinois network, located about 25
miles west of Champaign-Urbana,
includes 50 recording rain gages
arranged in an approximately homo-
geneous pattern over an area of 400
square miles. The Panther Creek
network is located mear El Paso,
Ilinois, about 70 miles northwest
of Champaign-Urbana, and consists
of mine recording rain gages in an
area of 95 square miles on the Pan-
ther Creek watershed. Centered
around West Frankfort, the Little
Egypt network in southern Illinois
consists of 22 recording and 28 non-
recording rain gages spaced over an
area of 540 square miles. All of the
recording rain gages are serviced
weekly by Survey personnel.

STorM, MONTHLY, AND SEASONAL
PrEcIPITATION

The great variability in storm,

monthly, and seasonal precipitation

that ean oceur during the warmer

half of the year on the East Central

Illinois network is shown in Figure
2. On August 3, 1956, rainfall varied
from three inches to zero within a
distance of five miles. The monthly
totals for May and August 1956
indicate a maximum difference of
nearly 600 percent between points
within the network during May and
more than 200 percent in August.
During the 1956 growing season,
May-August, gages near Deland in
the southeast corner of the network
indicated 50 percent more rainfall
than gages near the center of the
network.

Figure 3 illustrates the variability
in precipitation during the cold sea-
son on the East Central Illinois net-
work. These isohyetal maps were
prepared from the records of 25 rain-
fall stations instead of the 50 nor-
mally in operation. Precipitation
during the extremely damaging ice-
storm of January 20-21, 1959, varied
from a low of 0.72 inch to a high of
1.80 inches. The melted-water con-
tent resulting from the heavy, wet
snowfall of March 9-10, 1959, is
shown in the upper right portion of
the figure. The lowest amount was
0.09 inech while the highest amount
was 0.62 inch, and the snowfall
varied from about one ineh to over
six inches. The precipitation pattern
during February 1959 shows a maxi-
mum difference of 1,17 inches in a

distance of eight miles. For the
period November 1958 through
February 1959, seasonal values

varied considerably with distance.
A maximum range from 8.56 to 12.23
inches, or a seasonal difference of
3.67 inches, was recorded in a dis-
tance of nine miles.
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ANNUAL PRECIPITATION

Since 1956, annual operation of
the dense rain-gage networks has
provided data on the variability of
annual preeipitation. Table 1 shows
the mean annual precipitation on
each network, highest and lowest
station amounts, percent of the
mean, difference and distance be-
tween the highest and lowest
amounts, and the maximum point-
to-point difference in inches per
mile. A maximum difference of eight
inches per mile was observed on the
small Boneyard network in 1958,
while the three larger networks had
maximum differences ranging from
two to five inches per mile during
1956-58.

Annual Precipitation Variability

Figure 4 shows the annual pre-
cipitation pattern for eentral Illinois
in 1957, based on data from the
three dense networks and on data
from the 28 U. 5. Weather Bureau
climatological stations. Considerably
ereater detail is evident in the re-
gions of the dense networks. Pre-
cipitation ranged from 43 inches to
35 inches in the Champaign-Urbana
area, and from 46 inches to 34 inches
in the area encompassed by the 50
gages in the East Central Illinois
network located west of Champaign-
Urbana. In the Panther Creek net-
work, values ranged from 43 inches
to 34 inches.




Preeipitation Variability 15

1957 PRECIPITATION AS BASED ON

US WEATHER BUREAU AND ILLINOIS STATE WATER SURVEY DATA

Figure 4.

The precipitation pattern for
1957, based solely on data from the
Weather Bureau climatological sta-
tions, is shown in Figure 5. Steep
gradients of precipitation evident in
Figure 4 are eliminated, although
there is still considerable variability.
Long-term records indicate that the
average annual precipitation in this
region ranges from 34 inches in the
north to 37 inches in the south
(Fig. 6).

The average annual precipitation
pattern in Illinois (Fig. 6) shows
relatively large differences in rain-
fall within distances of 30 miles or
less in many areas of Illinois. Re-
search is currently underway to
determine the causes of these average
differences and the extreme variabil-

ity that oceurs in a single year.
‘When annual precipitation data are
used in hydrologic studies, such as
determining the potential water re-
sources of an area, one must select
data that are representative of the
area being studied.

Annual Small-Scale Variability

Variations within short distances,
as exhibited in the patterns of pre-
cipitation for 1957, might be con-
sidered as having a minor effect on
the average annual precipitation pat-
tern. However, the 10-year average
distribution of precipitation in the
Boneyard network (Fig. 7) indi-
cates otherwise (Changnon, 1959).
Average values vary from 30 to 35
inches within this network of 15
square miles. The heavier precipita-
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1957 PRECIPITATION AS BASED ON US WEATHER BUREAU DATA

Figure 5.

tion in the central part of the Cham-
paign-Urbana area may be due to
urban effects (Landsberg, 1956, pp.
584-603). Although the exact cause
is not known, the greater amount of
precipitation could be attributed to
several factors. Inereased turbulence
from local heating, greater mechan-
ical mixing of the air, and a greater
concentration of condensation nuclei
may be influential in the produetion
of 17% more rainfall over the cen-
tral section of the urban area. It is
also conceivable that a rain gage in
an urban area collects more pre-
cipitation because surrounding build-
ings shield it from the wind and
limit the turbulence.

CoONCLUSIONS

Precipitation data from dense
rain-gage networks have indicated
considerable variability in storm,
monthly, annual, and decade pre-
cipitation within short distances.
Care must be exercised in the selee-
tion of precipitation records that are
representative of the area under in-
vestigation,

The maximum recorded differences
in annual precipitation observed in
the several networks wvaried from
8.5 to 14 inches. The maximum point-
to-point difference in these networks
ranged from 2.25 to 8 inches per
mile.
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Fig. 7—Average annual precipitation for Champaign-Urbana, 1949-1957.

A study of 10 years of precipita-
tion records from gages located
throughout Champaign-Urbana indi-
cates that the average annual pre-
cipitation over the central part of
these cities is five inches greater
than the precipitation recorded on
the western edge of Champaign.
Urban effects on the rainfall process
are considered responsible for part
of this difference.
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