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Abstract
This paper d€scribes time and space variability of precipitatiofl in the semiarid climate of the
Columbia Basitr in Washington State. Annual variation, as indicated by the coefficient of variatiotr,
avera.ges 24.47 lrrcent {or the 19 stations used in the anal}sis. Variation is greater during spring
and summel months than during fall and winter- Average annual Pre€ipitatiotr incre"ses about
2.47 cm iot each 100 m iocrease in elevation. Simple cotrelation of annua.l or seasonal precipitation
decreases rapidly as disrance bemeen starions increases.

lntloduction

Climate of the Columbia Basin in ITashington State is classifie<l as semiarid because
potential evaporation duriog each year exceeds anoual precipitation amounts (Trewartha,

1943). Precipitation usually occurs in the form o{ general cyclonic storms during the

winter motnhs and thu[der$orms duriog the warm months. Because chunderstorm
cells usually cover a limited la-od surface are4 variation in amounts of rainfall betweeo
measuring sites is usually very large. In fact, extreme variabiliry of precipitation from
year to yea! aod from po,int to point within a given year is one characteristic of semi-

arid zones (Trewartha, 1943)- T'he objective of this research was to use hisrorical
precipitation records to describe the variation in aonual precipitation amounts from year

to year at individual sites, and from site to site withio individual years.

Sludy Area
The C-olumba Basio is located in t}re east-central part of lVashington State. Plevailing

rvinds are from west to east; thus, a major rain shadow is created by the Cascade Range,

which is qriented north-south, roughly parallel to the Parific Ocean and located just

vrest of the Columbia Basin. Figure 1 shows the location of the study area aod the

preciftation stations which were used in this aoalysis The stations vary in elevation

from 169 m ar Trinidad to 798 m at Waterville. C-onclusions drawn here are directly

applicabie ooly to the area represented by the statioos identified io Figure 1. However,

comparison of these results vrith results ftom other semiarid areas may indicate more

geoeral application-
Precipitation records in he Columbia Basin began in the latter part of the nineteenth

century. Io 1900, there were 27 reporting stations in eastern Nrashington. During this
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Figure 1- Relative location of the climatic station used in the analysis.

century, several flew $ations were started, oprated a few yearg and then discominued.
Also, sorne original stations were clo,sed when voluoteer operators moved away. Even
today, the rain gauge deosiry is exuemely q>arse with ao average of only ooe gauge
per 971 sq km, or an average distaoce of 30.4 km between gauges. In sorne areas, raio
gauges are more thao 50 km apart.

Previous Work
The magnitude of the correlatio,n of precipitation or rcmperature measured at two
statioos depends on the distance between the stations. As distance between the statioos
increaseq corelarioos usually decrease. Godshall (1p7l) computed rhe cotrelatioo
of air temprarure between stations as much as 1610 km apart. His highest corelation
was about 0.8 beffieen stations which were no more than 80 km a1mrt. As disrance
increased between the reference and test statiotrs, correlations deceased lo,garithmically;
at 1280 km, the values had declined to about 0.2. The same general relatioruhips were
presented by Lrllngley (I97 4) for precipitation data in the prairie provinces of Canada.
Longley was able to plot general storm tracks during rhe summer months bas€d on
his correlation analysis.

Melhods
Data published by the U.S. Ifeather Bureau were used to determine precipirarioo
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variability. The data are summarized by searcn (August-February and tr{arch-July)
and water year (August-July). The water yeal is stated on 1 August because August
usually is the driest mo,mh of the year. Also, it represents the approximate date when
the native vegetatioo, big sagebrush (Artemitia tridentata Nun.), stops growing

Analyses of each season were made in which the correlations of annual precioitation
between a selected base station and each of the other statioos listed in Fisure 1 were
computed. Next, the distance betvreen the base sration and each of the other statio,qs
was measured on a map. A graph was ploned in which the comelation coefficient be-
tween statio{rs was the dependent variable and distance berweeo rhe same sacions was
the indelxndent variable.

Results and Discussion
Tables 1, 2, a.nd 3 contain statistics on aonual, spring-summer, and fall-winter precrpita-
tion, respectively ( includiog averageg standard deviations, coefficients od variation,
as well as the record length and elevation of each station used in this study). periods
of reotd vary frcn' 27 o 45 years, and, annual averages vary frorn 19.3 cm at the
Ephrata Airpon to 36.7 cm ar Iflinthrop. Although rhe elevatioo range is limited, there
is a slight iocrea-se io average annual precipitarion with elwation (Fig 2).

The regression of average annual precipitation on elevarion vras determined as
follows:

Ptecipitation (cm) :13.25 f 0.247 ( elevatioo. m)
This function, which has a coefficient of determination (f) of O.47, iodicates rhat
average aonual precipitation ir.cteasrls 2.47 cm for each 100 m increase in elevatioo.
The regressio,n is significant (P<0.01).

Plottings were made of correlation coefficient (r) and distance between xrairs of
climatic stations. In general the relatiooship pleseffd in Figure 3, in vrhich \Teoatchee

TABLE 1. Averase mual Drecipitation (1 Ausust-31 July) and iis v:Ldaiion beiweer vears.

Eleva,iion
staiion (n)

coeificienl
slandard oi
dev'aiion variadon years oi

(cm) (percent) record

Ellensburs
Ephrallr
Ephrata Airyori

Hariline
Lind
Ma.nslield

Moxee Ciiy

Riizvilie
Trinialad

?50
4 6 3
3 3 C
3 8 4
5 1 8
5 8 2
497
6 9 0
3 6 8
472
4 6 9
? 6 3
3 8 8
5 5 E
1 6 9
? 9 9
1 9 3
3 8 9

40.9
2 2 . 8
2 0 . 3
1 9 . 3
2 6 . 6
27.0

26.9
1 9 . 5
1 9 . 8
2 6 . 0
20.2
20.5
28.4
21.A
2 8 . 9
2 2 . 4
22.4
36.?

8. ti
5 . 6
5 . '
4 . 7
6 . 6
6.5
4.9
5.0
4.tt
5 . 8
'7.0

6 . 1
5 . 5
5 . 9

6.8
5.5
4.9
E , 4

22

2 7
2 4

2 t
21,
2 3
2 !
2 7
3 0
2 a
20
2 7

2 4
22
2 3

43

4 3
2 7
41.
27
2 8
2 7
2 7
2 8
4 5
2 7
2 7
2 7
2 9

2 8
4 4
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'I'ART,E 2. Averase precil]italion beiween 1 Aususi anat 1 March mal ils vadaiion betv/een vears'

EDhrala

Lind
\'Ians iieltl

Riizville
Trinid.rd

26.6
15.5
\ 2 . 7
1 3 . 1
1 6 . 4
1 ? .  E

1?.9
12.S
12.6
1 6 . 5
13_ 6
1 3 . 4
1 9 . 1
1 3 . 4
19.1
16_0
1 4 . 9
? 6 . 5

6.1
4.0
3 . 6
3.r i
+ . 2
5.1
4 . 5
4 . 9
3 . 4

5 . ;

5 , 2
3 . 8
5 . ?

4 , 0
7 . 8

23
2 $
2 E
2 9
2 6
29
2 9
2 E
2 7
3 2
2t;

ll0
2 7
2 9
; 0
2 8
2'l
2 8

TABI-M. Averase precipilation between I l{arch ard 1Augusi dd its variation beiween vears'

Ellenstrurs

Lind

Moxee Cit!

Riizvillc

t 4 _ 3
? . 3
6 . 6
7.2

1 0 . 2
9 . 2
7.8

$.'7
' t .2

9 . 5
6 . 6
1 . 1
u, : i
7 . 6
9.ll
6 . 8
7 . 5

1 0 .  ?

5 . 9
t _ E
3 . 1
3 . 7
5 . 7
3 . 6
2.Q
3.',|
2.7
3 . 5
5 . 0
2.'.i
3 . 5
3 _ 0
4 . , t

5 . i
1.?,
3 . 0
1.'l

5 2
4 8
5 1
5 0
4 0
2 6
4l
3 1
48
5 2
41
49
z 2
5 9
5 4

4 0
4 6

and lphrata are used in ruro as the base stacions, is typical. Although the graPh indicates

the expected inverse relationship between correlation and distance, the loga'rithmic re-

lationship preserued by Inngley (1974) is not evident One reason for this lack may

be the limited dis ance between stalions io the C-olumbia Basin Longley's maximum

distance between statio,ns was 1200 km, compared to the ma-<imum of only 200 km in

this srudy.
Aoother wav to Dlesent correlation data is to s€lect a base statiotr neal the cefltef
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Figure 2. Relationship between elevation ar,d average atnual precipitation.
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Figure I. Relationship between correlation of annual precipitation ( August-July ) and distance
between stations. \fenatchee and Ephrata are used in turn as the base srarions.

of the srudy area and draw lines of approximately equal correladon based on data
from surrounding stations. Figure 4 uses Ephrata as the base station. This figure illus-
rrates rhe reliability of estimating annual precipitatioo ar an ungauged site from records
collected some distance away. Corelation at 12 km is about 0.7; at 64 km it drops to
about 0.6. Figure 4 clearly illustrates the uncertainty in using records from an estab-
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Figure 4. lines of approximate equal correlation between amual precipitation measured at Ephrata
and the mher climatic stations in the Columbir Basio.
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5. Relationship between average annual radial growth of sagebrush growing at Stea.rnboat
Rcrcks aod measured annual Drecioitation at Mansfield.
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lished climatic statioo to estimate ar,Dual precipitatioa at uagauged sites mote than
a few kilometers away.

Sfe (Fowler arrd Helvey, 1974) rca*ned that native pla,nts growiog ar remore
sites vrould prwide an alteroative way to estimate annual plecipitation at those sites
d uing past years. Although our preliminary results (Fig. 5) are encouraging, more
tesing is needed before a nodel can be dweloped to predict ra.infall a.tnounts {rorn
annual radial increments of sagebrush growth. Variables needed to be evaluated, in
addition to precipitation, include the following: elevatioq soil fertiliry, and land use
history (i.e., fte, gazing and so forth). Until srch modeis are dwelo,ped, o,r the raio-
gauge nerworks e,rpanded, estimates of annuzl or searcnal precipitation at poinrs
several kilqreters away ftom established gauges will not be llrecise.
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