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Abstract. A technique was developed in which anomalies from precipitation-elevation relation-
ships were used in preparing isohyetal maps of Utah. October-April and May-September precipi-
tation mormals (averages for the 1921 to 1950 period) were computed for all available Utah
precipitation records. The double-mass analysis technique was used in the derivation of the
October-April normals, and for this purpose the state was separated into eight climatic divisions.
ips batween precipitation and r valent cover ab a netwark of 20
stations were used in estimabting normal October-April precipitation for suow courses located
above 8000 feet. The May-September precipitation values for short-term stations were adjusted
to the 1921-1050 period by the ratio method. The state was divided into 20 geographic zones,
and for these zones it was found that good correlations existed between precipitation and station
elevation for both the October-April and May-September pericds. The precipitation-elevation
relationships showed marked differences for some adjncent areas separated by high mountain
ranges. From combined data for several zores, general precipitation-elevetion curves for larger
areas were obtained and departures of individual station normals from these curves were plotted
on a contour base map. Analysis of these ancmalies showed that the departures were related
to physiographic features. Normal May-September and October-April values were determinerd
for a grid of points over the state by using the anomaly pattern and general precipitation-elevation
relationships. These values, together with the observed and adjusted normals, were used to locate
the October-April and May-September isohyetals. The large variations in normal precipitation
due to topogzraphy were taken into aceount, yet the general precipitation-el wvabion relationshi
for small zones were retai

Relation

ed. The accuracy of the lsohyetal maps is considered comparalile
that obtained by presently known methods, and the technique is less time consuming.

cedures in correlating precipitation averages
with physiographic features, and the same

[xTRODUCTION
TIsohyetal maps of good quality are not avail-

able for most of the intermountain area of
western United States, and the lack of such
maps is one of the problems confronting those
who are interested in mountain hydrometeor-
ology. The purpose of this paper is to show how
precipitation-elevation relationships and precipi-
tation anomalies may be used in the development
of isohyetal maps of Utah. This technique is
especially useful in mountainous areas where
precipitation is related to physiographic features.
Since the isohvetal maps discussed in this paper
were prepared, some of the concepts used have
been described in a brief paper by Dawdy and
Langbein [1960].

In the preparation of isohyetal maps for
western  Colorado, Russler and Spreen [1947]
demonstrated the use of coaxial-graphical pro-

general technique was used by Hiatt [1953] in
the development of similar maps for northern
Arizona. These maps are considered to be quite
accurate, but they cover only a small portion of
the mountainous western United States.

The coaxial-graphical procedures which are
frequently used in preparation of isochyetal maps
require considerable time and experience for best
results. Often used as a parameter in these
studies are ‘zones of environment’ such as major
river basins. Use of such large areas may cause
difficulty in estimating precipitation along the
borders of adjacent zones because of the abrupt
change in relationship from one zone to another.

Previous investigators found that considera-
tion should be given to seasonal precipitation
patterns. In Utah, as in western Colorado,
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October through Apridl is geverally the suow-
accumulation Denod and the season when the
rereent of sto incipally from the wesk
t [Russler and Spreen, 1 )“,' le g
the late spring, summer, and early foll (May
through September), Utah receives most of its
moisture from the south or the southwest.
During the October-April period, at the same
elevation, precipitation is greater on the western
slopes of the Wasatch Mountains than on the
castern slopes. In the May-September period,
the distribution of precipitation is more uniform.
Isohyetal maps were prepared for each seasonal
period, October-April and May-September, and
were combined to produce an annual map.

beats

Source or Darta

Precipitation records from approximately 300
stations, published primarily by the U. 8.
Weather Bureau, were used in this study.
Included were records from a large number of
precipitation staticns at high elevations which
have been eatablished in Utah since 1952 by the
Soil Conservation Service and the Weather
Bureau. The snow surveys made by the Soil
Conservation Service are another source of data.
Collectively, these records provide what is con-
sidered one of the best networks of basic precipi-

tation data for any nountainous area in the
western United States.

oF DETERMINING NORMALS

LoD

Base pertod.  In developing an isohvetal map
it is necessary to reduce, or adjust, all precipi-
tation data to a common period. The World
\Ietef)rologlca,l Organization has defined normals
as ‘period averages computed for a uniform and
relutively long period comprising at least three
consecutive ten-year periods. In this study all
data were reduced, or adjusted, to the 30-year
period 1921-1950. This corresponds t m the 1921~
1950 normal period used by the U. 8. Weather
Bureau from 1951 through 19580,

Precipitation normals. The double-mass anal-
ysis procedure as deseribed hy Linsley, Kohler,
and Paulhus [1949] was employved in deriving
October—April normals for precipitation stations.
The state was separated into eight climatic
divisions for determining the precipitation buses
for the double-mass analyses. Oectober-April
normals were determined for stations havinr
records for less than 30 years {usually 5 years
or more of consistent data) by double-mass slope
ratios. In a few cases, normals were derived for
stations having records for less than 5 years in
areas of sparse data.

)
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Fig. 1. Graph for use in estimating normal October-April precipitation for Utah snow survey
stations above SUN0 fent.
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TABLE L

ot Tobeonti
Parnard Cresk
Ben Lomond Peak M
Blaek Iork H2(
Blacksmith Fork E
Brown Duck Lake 10300

Chalk Creek #1 9100
Clear Creek Ridge #1 9200
Coop Tlat 9500
Dills Camp 9200
Donkey Reservoir 9500
Duck Creek RS 8560
Ed Ward Flat 8300
Farmington Canyon (Upper) 8000
Fish Lake 8700
GBRC Meadows 9860
Hayden Fork 9300
Huntington Horseshoe 4800
Indian Canyon 9100
Juekson Park 11300
Johnson Valley 8850
Kimberly Mine (Lower) 8300
Kings Cabin (Lower) 800
TLakefork Mountain #2 S900
Lakefork Mountain #3 81060
La Sal Mountain 8800
Merchants Valley 8200
Midway Valley 9700
Monte Cristo GS 8960
Mosby Mountain (Lower) 9500
Mount Baldy 0500
Mount Logan 06
Mount Ogden 8600
Otter Lake 9300
Parrish Creek 8000
Redden Mine (Upper) 9000
Redden Mine (Lower) 8300
tocky Basin Settlement Canyon 8900
Seeley RS #2 10000
Spring Hollow (Upper) 8000
Squaw Springs 9300
Strawberry Divide 8000
Switehback 8600
Tony Grove Luke 8200
Wrigley Creek H000
Yankee Reservoir 8700

i
I

Precipitation Normals in Utw

5

STOUNTAINOUS AREAR (90
i, Based on April 1 Snow Survey Data
October-April

setited Vs, of Tecard
40 57 111 30 314 24
4122 1t 56 41.3 4
30 02 111 28 18.3 13
41 36 111 28 15.3 8
40 36 110 32 22.5 14
40 52 111 03 27.6 5
39 51 111 17 20.6 5
37 35 113 01 25.1 19
30 03 111 28 17.0 11
38 13 111 29 10.1 6
37 31 112 42 21.3 25
7 46 112 47 14.2 16
40 58 111 48 3+.2 9
38 30 111 46 12.3 29
39 18 111 27 28.6 30
40 46 110 52 19.6 8
39 387 111 19 24.3 30
39 54 110 45 13.4 30
40 38 110 19 18.6 5
38 37 111 39 9.7 5
38 29 112 24 20.5 23
40 43 109 32 13.1 3
40 34 110 22 11.4 7
40 33 110 22 9.0 7
38 20 109 17 14.6 29
38 19 112 26 17.9 29
37 33 112 51 317 6
41 28 111 30 30.6 27
40 36 109 54 14.2 29
39 08 111 31 28.0 9
41 44 111 43 36.0 35
41 12 111 583 30.2 12
38 19 112 22 21.7 24
40 57 111 49 30.9 7
40 41 111 13 23.3 26
40 41 111 13 23.1 30
40 27 112 13 29 .4 6
39 19 111 26 19.4 29
41 44 111 41 29.8 35
38 30 112 00 12.5 5
40 10 111 14 27 .4 26
39 36 111 14 23.2 5
41 5t 111 39 4+4.2 32
39 08 111 21 14.6 5
37 45 112 47 13.9 16

* Adjusted to 30-year period (1921-1950).

AMay-September normals for stations having
complete records from 1921-1950 were obtained
by averaging the precipitation for that period,
if the record was believed to be consistent. For
stations that did not have a complete record, the
normals were computed by the ‘ratio method’;
ie., a matio fuctor for each incomplete station

reeord was determined by comparison with a
nearby station for which May-September nor-
mals were available. This factor, when mul-
tiplied by the May-September normal for the
nearby station, gives a normal value for the
station with the incomplete record. It is known
that precipitation ratios between high- and low-
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Fig. 2. Precipitation zones of Utah.

elevation stations may not be the same for
different periods. For this reason, the Muy~
September normals were derived from records
of stations at comparable elzvations and similar
exposures whenever possible. Stations having at
least 10 years’ May-September data provided
fairly consistent values; those having less than
10 years’ data appearsd to be less reliable. The
October-April and May-September adjusted
normals for all precipitaticn stations have heen
tabulated.!

Snow-survey station normals. Records from
29 stations measuring both winter precipitation
and water equivalent of the snow on the ground
as of April 1 were used to develop a procedure
for estimating October-April normals for snow-
survey stations above 8000 feet. The 8000-foot
elevation was selected to avoid the high winter
melting that occurs below this level. The April L

1 This table has been deposited as Document
6953 with the ADI Auxiliary Publications Project,
Photoduplication Service, Library of Congress,
Washington 25, D. C. A copy may be secured by
citing the document rnumber and by remitting
$1.25 for photoprints, or $1.25 for 35-mm micro-
film. Advance payment is required. Make checks
or money orders payable to: Chief, Photoduplication
Service, Library of Congress.

water equivalent values 1t the snow courses were
accumulated and plotted against the precipita-
tion bases used in the double-mass analysiz for
precipitation records. The ratios of the double-

’ ST N b opyer g
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to those for the snow-survey dats, as measured
at the same location, were related to latitude
and elevation (Fig. 1). The orientation or
direction of slope of the snow course is also
significant 1n determining the ratios between
precipitation catch and water equivalent of the
snow course. The relationship was improved
when courses having a southerly slope were
assigned a posttive correction of 0.12 to the
computed ratio. On the other hand, courses
having north and northwest exposures required
a negative correction of approximately 0.12,
liited by the condition that the corrected ratio
would not be Jess than the ratio at 10,500 feet
for the same latitude. The average error for the
procedure was less than 10 per cent of the average
October—April precipitation. This method was
used to determine October—-April normals for
the remaining snow-survey stations above S000
feet when a consistent slope was indicated on
the double-mass curves (Table 1).

Base Mar

For water resources and other hydrologic
studies, isohyetal maps fitted to a large-scale
contour map are desirable. Sectional aeronautical
charts, as published by the Coast and Geodetic
Survey, were used as a base map in this study.
These charts have a scale 1 : 500,000, which is
the same as the latest U. 8. Geological Survey
map for Utah.

Copies of the full-scale isohyetal maps are
available, and the Utah Water and Power Board
is planning to have the isohyetal maps printed
as overlays on the U. S. Geological Survey base
map for Utah. For maximum accuracy and most
efficient utilization, isohyetal maps should be
used in conjunction with the base map used in
the development procedure.

PRELIMINARY INVESTIGATIONS

Previous work (unpublished) on the develop-
ment of an isohyetal map for the Wasatch Front
area near Salt Lake City, Utah, completed by
the Water Supply Forecast Unit of the Weather
Bureau showed that, for Iimited geographic
areas, elevation accounted for a major portion
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of the variation in normal October-April precipi-
tation values. A similar study was made of

lon relatl i
accomplished

elevation-;
Utah. This we
stafe indo tweniy s, oo L
precipitation-elevation relationstive for the indi-
vidual zones. The division into zones wos pri-
marily based on the October-April precipitation-
elevation relationships, but the same divisions
were later found to be applicable to the May-
September period. Brief deseriptions of each
zone, including a discussion of the physiographie
features that might account for the differences
in the precipitation-elevation relationships, are
listed below. A map of the zones is shown in
Figure 2.

DESCRIPTION OF PRECIPITATION ZONES

Zone A, A generslly flat area in which theve ure
several small north-south mountain
ranges. Bordered on the northwest by
the Raft River Mountains and on the
east by the relatively low mnorthern
section of the Wasatch Front.

Cache Valley area of northern Utah.
Low mountain range on the western
side with & major range running north-
south to the east.

Zone C. Fastern slopes of the main Wasatch

Zone B.

SUUAINOUS AREAS G35
Range. To the leeward of the Wasatch
Range during the winter period.

1. The high valleys to the e
Wasateh

of the

Range and the upper drain-
il - - i .

river basins.
Zore It The Great Salt Desert area (including
southern portion of Great Salt Lake).
Area lies west of the high Wasatch
Front between Salt Lake City and
Ogden and includes the area west of
the north-south ranges southwest of
Salt Lake City.
Zone F. Western slopes of sharp face of the
Wasatch Range from Salt Lake City
to north of Ogden, Utah.
Utah Lake and other smaller valleys.
Sheltered from the west by north-south
ranges of 11,000-foot peaks and bor-
dered on the east by the Wasatch Range
near Provo, Utah.
Western slopes of the Wasatch Front
to the east of Utah valley. Sheltered
from the west by the Oquirrh mountain
Area includes the western slopes of the
San Pitch and Pavant ranges and
includes the western desert area.
Interior valley of San Pitch River, in-

Zone G.

Zone H,

Zone J.

Zone K.

30 p——

25 pee

20

NORMAL OCTOBER-APRIL PRECIPITATION , INCHES

L

N I N B

2,000 3,000 4,000 5,000

6,000

7,000 8,000 9,000 10,000 11,000

ELEVATION

Fig. 3. October-April precipitation-elevation relationships, zones C, X, T, and U.
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TABLI 2. Siaustical Data for Precipitation Relationships for Twently Zones in Utah
October-April May-September
No. JOCTS . st
of Avg. o Std. “o ~ of Avg. o Std. Ceo B

Zone Cuses Error Avg. Error Avg. R* Cases Error Avg. Error Avg. R?
A 10 1.2 §.7 1.4 161 0.51% 9

B 14 1.5 7.8 3.5 181 0.88 8

C 12 1.4 7.0 1.6 S.0  0.92 9

D 29 2.2 133 2.8 169 0.79 13 0.9 4.5 1.0 16.1 0.38
E 39 1.1 114 1.4 1t6 0.88F 31 0.5 1.1 0.6 133 0.77
F 28 2.9 11.9 3.5 1t.4 0.85 17 0.5 7.0 0.6 8.4  0.83
G 21 0.8 9.3 0.9 105 0.85 17 0.3 6.5 0.4 S.7  0.63
H 10 0.7 4.4 0.8 5.1 0.98 9

J 22 1.6 14.9 20 187 0.89 18 0.6 13.3 08 17.8 0.79
K 19 0.8 4.4 1.4 7.7 0.96 12 0.6 9.4 0.9 141 0.8
L 20 1.1 1533 1.3 181 0.91 3 0.7 150 0.9 19.1 057
M 11 1.1 6.2 1.4 7.9 0.73 3

N 13 0.8 1.8 1.0 13.5 0.8 il 0.4 849 0.5 11.1 0.83
P 18 1.1 13.8 1.8 225 0.87 15 0.4 845 0.6 12.8 092
Q 9 T

R 14 0.9 100 1.1 122 0.03 10 0.5 9.8 0.7 3.7 018
S 3 2

T 21 1.4 105 2.0 5.0 0.93 I8 0.5 9.6 0.7 135 0.93
U 32 0.7 8.3 0.4 10,7 (.05 20 0.6 9.1 0.7 0.6 0.95
A% b 4

* Not precipitation-elevation relationship.

Zone L.

Zone M.

Zone N.

Zone P.

Zone Q.

Zone R.

cluding the western slopes of the high
Wasateh plateau. Sheltered from the
northwest by the San Pitelr Moun-
tains.

Higher eastern slopes of the Wasatch
plateau. On the leeward side during the
general winter storms and parallel to
the summer storm paths,

Lower valleys on western drainage of
the Green River. To the east of the high
Wasatch plateau of central Utah.

Area east of Colorado River, north of
the San Juan River, and south of the
Roan plateau. Dominated by two large
nountain arcas—the LaSal and Abajo
mountains.

Escalante valley of southeastern Utah,
including the western slopes of the
Markagunt plateau and the western
slopes east of Beaver, Utah.

Interior valley of the central Sevier
basin with major north-south mountain
ranges to both the ecast and west.
Valleys of the upper Sevier River basin.
[ast-northeast of the Cedar Dreaks

Zone 3,

Zone T,

Zone U.

Zone N

area and north of Bryce Canvon
National Park,

Upper valley of the Fremont River,
including the Fish Lake valley. Area
sheltered by at least 9000-foot mountain
ranges in all directions.

Virgin River busin of Utah. Crest of
west-east mountains through Cedar
Breaks National Monument forms the
northern boundary of the area.

Ulnta basin of eastern Utah, but not
including  higher western  drainages.
Bounded on the south by the com-
paratively low Roan plateau and on the
north by the massive east-west oriented
Uinta Mountains.

Small area including most of Salt Take
County. During the winter, storms
which move into the arca from the west
to northwest are apparently not affected
by the blocking of the Oquirrh Moun-
tains, and the October-April normals
fit the relation for zone F. During the
May=September period it appears that
zone X is under the same general
topographic influences as zone (.
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the north-
wesh area of *Le s‘r 1t9 (zones A, I, 1 Gy and N).
These plottings show that elevation accounts for

most of the variation in normal precipitation.
The average error and estimated standard error
with percentage of average precipitation for cach
of the relationships are shown in Table 2. The
estimated coefficient of correlation B for each
relationship was computed. In these computa-
tions lost degrees of freedom were assumed to be
2 for linear relationships and 3 for curvilinear.
The coefficients of determination R? are listed in
Table 2, indicating the proportion of the variance
in precipitation accounted for by elevation. For
the relationships of precipitation against eleva-
tion the proportions vary from 0.73 to 0.9,
averaging 0.89 for the October--April period.
Wilson [1954] showed that measurements of
precipitation in the form of snow are deficient
when the gage is subject to streng wind action.
A few precipitation records from stations at
snow-survey sites had average October-April
totals of less than the average April 1 water
equivalent of the snow on the ground. In these
cases the snow-survey data were used for com-
puting the average October—April value for the

AREAS 687

it broarse known that the gage site was ox-
ceptinnaliy windy.

Previous investigators, especially those work-
ing with precipitation-elevation relationships
along the western coast of the United States,
have shown that the rate of change of annual
precipitation with elevation may deercuase with
coutinued increase in elevation. At higher eleva-
tions the actual amount of precipitation some-
times decreased with height. A review of the
precipitation records indicates that this might
have been partially the result of using data from
gages subject to reduction in eatch hy strong
wind action. In this study no evidence was
found of a decrease in the winter precipitation
(October-April) rate of change with height.

For zone F, ‘cffective’ elevation rather than
actual elevation of St&thll:: was used in the
relationshin, s unpublished study on
the Wasatch Front showed that average precipi-
tation was better correlated with ‘effective
elevation’ than with station elevation. Because
the major Wasatch Mountains lie on a line
perpendicular to the normal storm tracks, the
actual lifting effects on the air mass above a
station in zone F may be related to the sur-

i

NORMAL OCTOBER - APRIL PRECIPITATION, INCHES
o

RECORDS FROM STATIONS 5000 FT. OR LOWER ELEVATION
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" DISTANGE (MILES) WEST OF © SMOOTHES 6000 FT. CONTOUR
Iig. 4. TRelationship of October-April precipitation and distance west from smoothed 6000-foot

contour of Wasatch Frout, zones A and L.
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Fig. 5

Analysis of anoraalies from mean October-April precipitation-elevation
Front area of Utah.

curve, Wasatch
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Fig. 6. Analysis of anomalies from mean October-April preecipitation-elevation curve, centrul
area of Utah.
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ounding terrain. ‘Fifective’ elevation was deter-
.umf»d by averaging the elevations of 8 points of
the Compdss at a distance of 1.5 miles from the

ation. The irapre otive’
elev;mun in zone I was small for the average
error, but it reduced the standurd error by 25
per cent. Nowhere else in the area has ‘cffective’
elevation been found to be so important.

Because of the generally fat terrain in the
Great Salt Lake basin of northwest U tah,
precipitation normals were not ploited against
elevation for zones &, E, G, and X. Figure 4
shows the October~April precipitation plotted
versus the distance west of the smoothed 600G0-
foot contour along the western base of the
Wasatch Front for zones A and E. October-April
precipitation for zone IX has an average value of
approximately 16 inches at the 6000-foot contour
along the Wasateh I'ront; for zones A and G it
is somewhat less. The higher values for zone I
apparently are due to the large mountain range
to the east in the area from Salt Lake Citv to
Ogden. There is a possibility that a small part of
the total precipitation is due to the location of
the Great Salt Lake. The Oquirrh and Stansbury
mountains to the west of zone G act as an
effective block, thereby reducing precipitation
in this zone. The general curve for zones A and
¥ was drawn to fit data from stations apparently
not affected by smaller mountain ranges. Several
values for stations about 20 to 20 miles west of
the Wasateh Front are located above the curve
and are for locations near small ranges, In general,
the effects of the Wasatch Mountains on in-
creasing precipitation are ohserved for about 40
miles westward for zones A and E and only 20
miles for zone G. Detailed investigations of these
relationships might provide some information
for model studies of the effects of mountains on
precipitation.

nent o the use Uj

ANoMALIES

The precipitation-elevation and other relation-
ships discussed above could be wused for esti-
mating precipitation within the various zones,
but discontinuities would exist along the borders
of the zones. Investigation of the precipitation-
elevation curves showed that many of them had
similar characteristics; that is, they ere ap-
proximately parallel. It was possible to combine
data for several zones into one relationship for
a larger seetion of the state. Four of these large

area relationships were vsed—Wasateh Front,
Uinta, southwest Utah, and sonthesst Utah,
Mean ecurves for these -“mYmie‘eE Y

> crawn, and anc inches ) f
Curves were compuml ach static
hed to be exercised in the consrrw;tmn of mean
curves to insure that they were representative of
the general slope of the curves of the individual
zones, If the mean curve was not approximately
proportional or parallel to each of the zone
curves, incousistencies in the anomaly puttern
might result. After the relationships for the four
large areas were determined, the original zones
had no real function in this procedure. However,
it is believed that they should hLave value as
climatic indicators.

The anomalies from the mean curves were
plotted on a base map. The values were found to
be related to the general physiographic features,
and a smooth pattern of isolines could be con-
strocted as shown for the Wasateh Front area
in Figure 5. A study of this map shows that the
departure lines are generally parallel to the
Wasatch Front. The isolines are more closely
packed to the cast of the summit of the Wasatch
Range southeast of Salt Lake City, and have
wider spacing behind the lower mountains south
of Logan. The general decreass from =42 inches

—6 inches from the Wasateh Tront to the
western edge of the map reflects the woneral
relationship shown for zones A and I3 in Figure 4.
The effects of the Oquirrh Mountain Ranue
(west-southwest of Salt Lake City) on previpi-
tation is well demonstrated by the 5-inch decrease
from west to east,.

Another ¢xample of the October-A A\pril anomaly
patterns is shown in Figure 6. This chact is for
the central area of Utah, which is traversed by
two generally large mountain rauges oriented
NNE-S3W, with o west-east range alongz the
southwest border. The anomaly lines are gener-
ally parallel to the mountain ranges and show
the large effeet of the mountains. The — f-inch
anomaly line near Loa shows the cfect of the
almost complete encirclement of that area by
high mountain ridges. The general pattern of
tight spacing to the east of large wwuntain
nasses and wider spacing to the cast of smaller
mountain ranges is again observed. The large
rate of change of the anomalies in the (.
Breaks avea in the southwest corner of the ap
is an indieation of the higher precipitation witl
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Fig. 7. Muy-September precipitation-elevation relationships, zones C, K, T, and U.

respect to elevation for the areas with southern
exposure in the extreme southwest Utah. The
higher precipitation te the south of Cedar
Breaks National Monument is derived from
storms, centered principally over Arizouna, which
do not extend north of the major mountain
range. From the spacing of the anomaly lines, a
1000-foot rise to the south apparently changes
the precipitation relationship substantially with
respect to elevation. The map for central Utal
covers several precipitation zounes which can be
detected Ly a study of the anomaly lines. Tt is
evident that there are transition areas which
would be difficult to define by precipitation
zones alone. The analysis of the anomalies pro-
vides a means of estimating precipitation in
both the well-defined zones and the transitional
areas.

The prineipal reason for separating the state
into the four large arcas was that the precipita-
tion-elevation curves for individual years tended
to be grouped into four different aveal patterns.
To provide consistency in the analysis when
changing from area to area, additional preeipi-
tation-elevation relationships were developed
from data along the borders of adjacent areas.
In the procedure outlined above large variation
in normal precipitation values due to topography
are allowed for, yet the general elevation-

precipitation relationships found for the precipi-
tation zones are retained, provided that eave i
used to insure that the mean curves are approxi-
mately proportional or parallel to the individual
curves.

PrepararioN or Maps

Al computed October-April normals were
plotted on a base map, The anomalies of the
large and overlapping areas were used with the
mean curves to compute values for a grid of
points on the base map. The analysis of the
isohyetal lines was based on these data and on
the use of the precipitation-elevation relation-
ships. Because of the large variation in precipi-
tation in the mountainous areas, a variable
isohyetal spacing was selected.

The May-September precipitation-elevation
relationships were developed for the same zones
as in the October-April period. In general the
relationships, samples of which are shown in
Figure 7, were found to be nearly as good as
those for October—April. Statistical computa-
tions for the May-September relationships are
also given in Table 2.

The coeflicients of determination for the May-
September relationships of precipitation against
elevation vary from a low of 0.18 for zone R to
0.95 for zone U. The average was 0.72. It is
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evident that the relationships are not as good
as those found for the October~April period, but
they indicate that a high amount of the variation
in the May-September precipitation is accounted
for by elevation.

The relationship for the Uinta basin area
(FMig. 7) has two interesting points. The mean
curve for this relationship has been drawn as an
S curve. This is the only relationship which tends
to indicate that the precipitation rate of increase
with height shows a decrease with higher eleva-
tions. The four plotted points for the Hill Creek
area (circled) show a much smaller rate of
increase than for the remainder of the basin,
even though this area tended to fit the general
curve of the October-April relationship. One
explanation would be the location of these sta-
tions on the general north slopes of the Roan
plateau, and therefore they do not receive the
same amount of convective precipitation as those
at similar elevations on the southern slopes of
the Uinta Mountains.

Analyses of May-September anomaly maps
were made for the same areas as in the October—
April period and, in general, these showed as
consistent a pattern as those for the winter
period. The anomaly patterns for both periods
were similar except that the magnitude of changes
was smaller for May-September. This would be

expected, however, because the normals for
May-September for most areas are lesa than
those for October-April. An evample of the
May-September anomaly analysis for the
Wasatch Front area is shown in T igure S,

Figure 9 shows the May-September normals
versus distance west from the Wasatch Tront
6000-foot contour. A comparison of the relation-
ships for areas A and I shows a much flatter
curve for May-September than for October—
April. The May-Septernber normals for stations
up to 40 miles west of the Wasatch Front are
more dependent upon the effects of the moun-
tains to the south than upon the distance west
of the Front. The decrease in May-September
normals for those stations more than 60 miles
west of the Front may reflect the absence of
major mountain ranges to the south.

The map for the May-Septomber period was
prepared in a manner similar to that followed in
preparing the October—-April map. A 2-inch
precipitation interval was used for the isohyetal
lines; however, in areas with less than 4 inches
of precipitation, lines were drawn for cach inch,

The annual map was prepared by graphical
addition of the October-April and May—Septom-
ber maps. As a final check, the isolines of the
annual map were compared with the combined
normals for each station. Isohyetal intervals for
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the annual map are the same as those for the
Qctober-April map.

CONCLUSIONS

The precipitation-slevation velation
the various zones indicate that elevation accounts
fur a large portion of the variation of normal
precipitation if the zones are limited to relatively
small areas having similar physiographic fea-
tures. The use of the anomalies to estimate
precipitation values helps to eliminate abrupt
changes that might result from the use of ‘zones
of environment.” A principal advantage of the
anomaly procedure is the reduced time required
for the preparation of isohyetal maps as com-
pared with the method used by Russler and
Spreen [1947]. When many data are available,
a combination of the techniques of the coaxial-
graphical and anomaly analysis might produce
the best results.

Ixperience in developing the map for Utah
has shown that there is some danger in applying
anomaly analysis without a fairly thorough
knowledge of the precipitation-elevation rela-
tionships in the area being studied.

In analyzing the anomaly maps, areas with

deficient data are readily recognized, and this
knowledge may be used in determining the
locations and spacing of stations for a network
that would provide needed information for the
development of luture isohyeial maps.

RyFERENCES

Dawdy, D. R, and W. B. Langbein, Mapping
mean areal precipitation, Bull. Intern. Assoc.
Sei. Hydrology, no. 19, 16-23, September 1060.

Hiatt, W. K., The analysis of precipitation data,
Chapter 11 in The Physical and FEconomic
Foundation of Natural Resowrces, IV, Subsurface
Facilities of Water Management and Patterns
of Supply—Type Area Studies, Interior and
Insular Affairs Committee, House of Repre-
sentatives, United States Congress, pp. 186-206,
1953.

Linsley, R. K., Jr., M. A. Kohler, and J. L. Paulhus,
Applied Hydrology, McGraw-Hill Book Co,,
New York, pp. 76-77, 1949,

Russler, B. H., and W. C. Spreen, Topographically
adjusted normal isohyetal maps for western
Colorado, Tech. Paper 2. U. S. Weather Bureau,
27 pp., August 1947.

Wilson, W. T., Analysis of winter precipitation in
the cooperative snow investigations, J3{onthly
Weather Rev., 82, pp. 183-199, July 1954.

(Manuseript received November 3, 1961.)




