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VARIABILITY OF HIGH PLAINS PRECIPITATION

C. D. Whiteman

Precipitation statistics are presented for the High 
Plains area of the United States. These include measures 
of the variability of annual, monthly, cold season, and crop­
growing season precipitation. Maps show the spatial distri­
bution of coefficients of variation. The natural variability 
of High Plains precipitation is compared with that of other 
parts of the country having similar annual amounts of pre- 
cipitation.

1. INTRODUCTION

The High Plains area is the western, higher elevation portion of 

the Great Plains of the United States. It extends eastward from the foot­

hills of the Rocky Mountains for approximately 800 km. The elevation 
varies between 3000 and 150 m above mean sea level (MSL).

The High Plains states, as delineated in figure 1, cover 2,890,000 

sq km and contain 23,019,000 people, of which 28 percent live in rural 

areas. Because agriculture is a substanital part of the economy, the 

region is dependent on the climate, especially the annual precipitation.

The climate of the High Plains varies from semi-arid over the 

Western Plains in the "rain shadow" of the Rocky Mountains to sub-humid 

grassland climate farther east. The precipitation regime is character­

ized by relatively small mean annual precipitation with large year-to- 

year variability. Need for additional precipitation exists through most 

of the area but the degree varies with location and time of year.



A major national precipitation enhancement experiment may soon 

begin at a site in the High Plains. Many factors must be considered in 

selecting a site for the proposed program. A precipitation climatology 

is one that should have an important bearing on the final selection of 

the site, as well as aid in the design of the statistical and physical 

experiments.

The ultimate verification of the success of a seeding experiment 

is determined by a statistical analysis of the amount of precipitation 

that reaches the ground. To find statistically significant increases 

or decreases in precipitation at the ground, precipitation during the

seeding experiment must be shown to iffer significantly from that in 

an adjacent unseeded area, or, 

from precipitation expected on 

the basis of historical records. 

Alternatively, the seeded days 

in the target area must be shown 

to differ from the unseeded days 
in the same target. Several fac­

tors are important in choosing 

the location of a seeding experi­
ment. The need for additional 

precipitation may be a strong 
factor for locating an experiment 
in a dry area. Experimental con­

cerns, especially the ease of 

verifying the seeding effect, may 

be a strong factor for locating 

the experiment in a different area 

that has more favorable natural 

precipitation character!'stics.

In general, the most favorable 

area for statistically verifying 

the effects of seeding are those
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Figure 1. High plains topography 
and regions.
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having low variabilities in the distribution of natural precipitation in 

space and time.
This paper presents statistics that define the spatial and tem­

poral distributions of High Plains precipitation. This information should 

be useful in the location and design of future precipitation modification 

experiments in the High Plains.

• GTF
MSO •
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CAO* OKC TUL

ROS*

• HOU

HIGH PLAINS 
CLIMATOLOGICAL 
DATA STATIONS

Figure 2. Locations of High Plains 
climatological data stations. The 
names of the National Weather Ser­
vice offices correspond to the 
standard three-letter identifiers 
listed in table 1.

2. ANALYSIS OF DATA

Annual and monthly precip­

itation data were taken from the 

Local Climatological Data Sum­

maries published by the Environ­
mental Data Service (1971). All 

60 stations in the High Plains 

were included. Figure 2 locates 

them and shows their standard 

three-letter identifiers.

Most of the stations used 

in this analysis had a 40 year 
(1932 and 1971) period of record; 

a few stations had less, the 

shortest being 32 years at Casper, 

Wyoming. Data were punched on 

cards and a computer program cal­

culated average monthly and annual 

precipitation as well as standard 

deviations and coefficients of 

variation. The seasonal and annu­

al amounts and variations of pre­

cipitation were also calculated.
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3. RESULTS

3.1 Annual Precipitation

Figure 3 shows distribution of mean annual precipitation,1 which 

varies from about 23 inches in the western plains to about 56 inches in 

Oklahoma. Isohyets run north and south roughly paralleling the topography 

of the region; the highest annual precipitation is in the southeastern 

plains near the Gulf of Mexico. Relatively large amounts of annual pre­

cipitation are found in the Rocky Mountains just west of the High Plains 

and in the Black Hills of South Dakota, where orographic precipitation 

processes occur. The variation of mean annual precipitation can be shown 

in several ways. Table 1 shows the mean annual precipitation for the 60 

High Plains stations as well as three measures of its annual variability. 

The first measure is the range of precipitation. The standard deviation 

of annual precipitation is also listed, as well as the coefficient of 

variation. The coefficient of variation is defined as the ratio of the 
standard deviation of the precipitation (s) to the mean precipitation (x) 

of the period of record,
r = coefficient of variation = s/x .

A station having no variation in precipitation from year to year 

would have a coefficient of 0. A region having a low coefficient would 

potentially be a good location for a seeding experiment, since the natural 

variability of precipitation would be low and the effects of the seeding 

would be easily detected.
Table 2 shows similar statistics for the "crop-growing season," 

April through September, during which 70 to 75 percent of the High Plains 

precipitation falls. Convective cloud systems are most frequent in the 

High Plains during this period.
Table 3 shows the same information for the "cold season," September 

through April, when shallow orographic cloud systems have their highest 
frequency of occurrence in the High Plains (Whiteman, 1973).

1 Taken from the Climatic Atlas of the United States (1968).
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Figure 3. Distribution of normal annual precipitation amounts (inches)
across the High Plains.
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Figures 4 through 6 show the spatial distribution of the coeffi­

cients of variation across the High Plains for annual, crop-growing sea­

son, and cold season, respectively.
The annual coefficient of variation is lowest in the northern half 

of the High Plains and along the eastern edge of the region. High coef­

ficients are in western Texas and New Mexico.
The coefficients of variation for the crop-growing season follow 

the same patterns as those for annual coefficients, although crop-growing 

season coefficients average 0.055 higher than the corresponding annual 

coefficients. High Plains areas with large differences between annual

COEFFICIENTS OF VARIATION 
ANNUAL

Figure 4. Distribution of coef­
ficients of variation for annual 
precipitation amounts in the 
High Plains.

COEFFICIENTS OF VARIATION 
CROP GROWING SEASON

Figure 5. Distribution of coef­
ficients of variation for crop 
growing season (April through 
September) precipitation amounts.
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and crop-growing season coefficients include central and southern Texas, 

southern New Mexico, Montana, Wyoming, and North Dakota.

The cold season coefficients also follow the same pattern as the 

annual coefficients, although they average 0.074 higher than correspond­

ing annual coefficients. A 10 percent increase in annual precipitation 

would thus be easier to detect statistically than a 10 percent increase 

during the cold season.

High Plains areas with large differences between annual and cold

season coefficients coincide with those areas having the highest values 

of cold season coefficients; e.g., Mexico, west Texas, southeastern 

Colorado, and east Montana. An­

other measure of the variability 

of precipitation is the ratio of 

the extreme maximum to the ex­

treme minimum for the entire pe­
riod of record (table 1).

The average value of this 

ratio for annual precipitation 

at all 60 High Plains stations 

is 3.48. Thus, the annual pre­

cipitation in the High Plains 

varied by a factor of approxi­

mately 3.5 during these years.

The highest value, 7.98, of this 

ratio was at Del Rio, Texas. In 

general, the highest values are 

in the Southwestern Plains and 

in the same locations where the 

coefficients of variations are 

also highest. Similar statistics 

are computed for seasonal precipi­

tation in tables 2 and 3.

0 50 0.40

COEFFICIENTS OF VARIATION 
COLD SEASON

Figure 6. Distribution of coef­
ficients of variation for cold 
season (September through April) 
precipitation amounts.
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3.2 Monthly Precipitation

Figure 7 shows the mean monthly distribution of precipitation for 

the United States. The precipitation regime in the High Plains is char­

acterized by large amounts of late spring and summer precipitation with 

relatively small amounts of natural precipitation during the winter. This 

contrasts directly to the distribution along the west coast and in the 

Northwestern United States where the summer is relatively dry.
Most of the precipitation in the High Plains falls as rain, although, 

as much as 36 inches (91 cm) of snow falls in a average year in much of 

the northern half of the High Plains (see fig. 8). Central Texas receives 
only 2 to 4 inches (5 to 10 cm) of snow in a normal year, while the Rocky 

Mountains and the Black Hills receive up to 170 inches, or 425 cm, more 

than adjoining High Plains areas.
The Northern Plains receive more episodes of measurable precipita­

tion than the Southern Plains (fig. 9). The mean number of days with 0.01 

inches or more of precipitation varies from 60 in the southern part of 
the High Plains to 100 in the north. Once again, the mountains adjoining 

the western plains receive more precipitation episodes than the plains.

Table 4 gives the monthly mean precipitation for 60 stations in 

the High Plains. Also included are the standard deviations of monthly 

precipitation amounts and the corresponding coefficients of variation. 

Figures 10 through 21 show the spatial distribution of these coefficients.

The monthly precipitation can vary considerably from year to year, 

as seen by the standard deviations. In many cases, stations have coef­

ficients of variation close to 1, indicating that the standard deviation 

and the monthly mean precipitation are of the same magnitude. The coef­

ficients of variation for the 60 High Plains stations show that most sta­

tions in the northern High Plains have their highest coefficients in the 

fall and early winter. Stations in the south have high coefficients in 

late fall and early winter and a secondary maximum in July.

Another important aspect of the distribution of monthly precipita­

tion has been investigated by Staver (1972). His investigation ascer­

tained how each month of 30 years precipitation compared with that month's

17
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Williston

-rreat Falls

FargoBismarck
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o •

Huron

100 60
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77f, Denver
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Dodge

a Oklahoma
Amarillo
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Figure 8. Mean annual total snowfall (inches) for the High Plains area
of the United States.
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>oj*ofp$o MEAN NUMBER OF DAYS WITH 0.01 INCH OR MORE OF PRECIPITATION, ANNUAL
—-fi0 90 ,!' >( A'

x / A

Figure 9. Mean number of days per year having 0.01 inches or more of
precipitation.
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JANUARY

Figure 10. Distribution of coef­
ficients of variation for January 
precipitation amounts in the 
High Plains.

FEBRUARY

Figure 11. Distribution of coef­
ficients of variation for February 
precipitation amounts in the 
High Plains.

MARCH

Figure 12. Distribution of coef­
ficients of variation for March 
precipitation amounts in the 
High Plains.

'__ /

APRIL

Figure 13. Distribution of coef­
ficients of variation for April 
precipitation amounts in the 
High Plains.
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Figure 14. Distribution of coef­
ficients of variation for May 
precipitation amounts in the 
High Plains.

Figure 15. Distribution of coef­
ficients of variation for June 
precipitation amounts in the 
High Plains.

Figure 16. Distribution of coef­
ficients of variation for July 
precipitation amounts in the 
High Plains.

AUGUST

Figure 17. Distribution of coef­
ficients of variation for August 
precipitation amounts in the 
High Plains.
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SEPTEMBER

figure 18. Distribution of coef­
ficients of variation for September 
precipitation amounts in the High 

lains.P

OCTOBER

Figure 19. Distribution of coef­
ficients of variation for October 
precipitation amounts in the High 

Plains.

LM
NOVEMBER

Figure 20. Distribution of coef­
ficients of variation for Novembe
prioipitation amounts in the High 
Plains.

r 

DECEMBER

Figure 2l. Distribution of coef­
ficients of variation for December 
precipitation amounts in the High 

Plains.
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30 year mean. Staver's work was based on that of Brooks and Carruthers 

(1953), in which they stated that rainfall amounts are sometimes posi­

tively skewed. A positive skew in the distribution implies that the 

median value is smaller than the arithmetic mean. Staver found a posi­

tively skewed distribution in the High Plains; this indicates that below- 

normal precipitation is more likely to occur in a given month than above­

normal precipitation.

3.3 High Plains Precipitation Variability Compared 
with That of Other Sections of the USA

The coefficients of variation of High Plains annual precipitation 

vary over a wide range; the lowest is near 0.17 and the highest near 0.43. 

Figure 22 compares coefficients in the High Plains with those in other 

regions of the United States having similar annual amounts of precipita­

tion .

• High Plains Stations 
X Other Stations

z 0.3 -

£ 0.2 -

0.1 -

SACRAMENTO
- •. *

*SAN FRANCISCO

POCATELLO \
BOISE^x • *

X
\

SPOKANE

X FLAGSTAFF 

MEDFORD

SALT LAKE CITY

• * ##* # # x DES MOINES

x ^MILWAUKEE 

m ST CLOUD 
INTERNATIONAL FALLS

10 20 30
Annual Precipitation (inches)

Figure 22. Coefficients of variation of annual precipitation amounts 
plotted against annual precipitation amounts for High Plains stations 
(dots) and for other stations outside the High Plains (X ’s).
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The annual coefficients of variation in the semi-arid regions of 

eastern Washington, eastern Oregon, Idaho, and Utah and generally some­

what lower than in High Plains area having similar amounts of precipita­

tion. The dry regions of California and the Southwest have higher coef­

ficients than those for precipitation regimes in the High Plains.
Milwaukee, Wisconsin; St. Cloud, Minnesota; Des Moines, Iowa; and 

International Falls, Minnesota, have amounts of annual precipitation that 

correspond to lower latitude stations in the High Plains. The variabil­

ity of these amounts is lower at the higher latitude stations, the dif­

ference in the coefficients is roughly 0.05 to 0.08.
Tables 5 through 7 show precipitation statistics for some stations 

outside the High Plains and can be compared with similar statistics in 

tables 1 to 3 for High Plains stations.
Monthly precipitation statistics for selected stations outside 

the High Plains are given in table 7 and can be compared with similar 

statistics in table 8 for High Plains stations.

4. CONCLUSIONS

The natural variability of High Plains annual, seasonal, and 

monthly precipitation is rather large — as one would expect for a temper­

ate continental climate receiving limited amounts of precipitation. The 

variability of High Plains precipitation, shown through standard devia­

tions, ranges, and coefficients of variation, can be compared with that 

of other areas in the United States. This study has shown that precipi­

tation in the High Plains has less natural variability than in the South­

west. High Plains precipitation, however, does vary more than that in 

the semi-arid regions of eastern Washington, eastern Oregon, Idaho, and 

Utah. Annual coefficients of variation in the High Plains range from 

0.17 to 0.43; the lowest are in the northern and eastern High Plains.

Cold season coefficients range from 0.21 to 0.66 and the lowest coeffi­

cients are in the eastern and northwestern plains, the crop-growing sea­

son coefficients range from 0.20 to 0.51 with the lowest coefficients 

occurring in the eastern and northern plains.
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Monthly precipitation may vary considerably from year to year with 

the majority of monthly precipitation amounts usually falling below the 

monthly mean as computed over a period of 30 or 40 years. This indicates 

a positive skew in the distribution of monthly precipitation amounts.
The choice of a site and design for a High Plains weather modifi­

cation experiment should depend not only on the temporal distribution of 

precipitation, as outlined in this report, but also on a more detailed 

study of its spatial distribution. A low spatial variability in precipi­

tation may lead to different physical and statistical experiments than 

one designed solely on the basis of temporal variabilities.
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