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Large year-to-year changes in 
herbage yields on semiarid 
rangelands make it difficult to 
estimate grazing potential. Such 
estimates are useful in ranch 
planning and in making yearly 
adjustments in stocking rates. 
Although there is no perfect so- 
lution to these problems, a num- 
ber of studies have shown a close 
correlation between the amount 
of precipitation and range herb- 
age yields. 

High and signif icant correla- 
tion coefficients between precip- 
itation and subsequent herbage 
yields were presented by Crad- 
dock and Forsling (1938) r = 0.944, 
Hutchings and Stewart (1953) 
r=0.944, and Blaisdell (1958) 
r=0.945. Their results estab- 
lished that precipitation varia- 
tion was the dominant factor 
causing herbage yield flucttia- 
tions on semiarid ranges in the 
Intermountain Region. Precipi- 
tation during the winter-spring 
period was most closely corre- 
lated with subsequent herbage 
yields. These papers support the 
findings reported by workers 
elsewhere in the west (Army et 
al., 1959; Bennett et al., 1954; 
Burnett and Moldenhauer, 1957; 
Harper, 1957; Johnson, 1959; 
Keating an d Mathews, 1957; 
Moldenhauer and Keating, 1958; 
Patton, 1927; Pingrey and 
Dortignac, 1959; Reynolds and 
Springfield, 1953; Rogler and 

1 Contribution from Squaw Butte 
Experiment Station, Burns, Oregon. 
This station is jointly operated and 
financed by Crops Research Divi- 
sion, Agricultural Research Service, 
U. S. Department of Agriculture 
and Oregon Agricultural Experi- 
ment Station, CorvaZZis, Oregon. 
Technical Paper No. 1473, Oregon 
Agricultural Experiment Station. 

Haas, 1947; Sarvis, 1941; Smoliak, 
1956; Stitt, 1958; Thomas and 
Osenburg, 1959; Thomas an d 
Young, 1954). 

Correlation coefficients and 
regression equations define the 
herbage yield dependence upon 
precipitation, but do not provide 
a suitable technique for applica- 
tion to other areas. A given soil 
may produce as little as 10 
pounds of herbage per inch of 
precipitation whereas another 
may produce 100 pounds. Conse- 
quently, regression equations de: 
veloped from measurements of 
yield and precipitation on one 
experimental area are not di- 
rectly applicable to other areas. 
However, if the actual yields and 
precipitation amounts were ex- 
pressed in proportion to long- 
time expectations, an herbage- 
response line representative of 
many different areas could be 
computed. 

This paper presents precipita- 
tion and herbage-yield records 
and derives a single herbage-re- 
sponse line that may be useful 
for estimating long-time yield 
averages and annual herbage 
yields on sagebrush-bunchgrass 
ranges in the intermountain 
states. 

Pattern For Solutioti 
The expression of actual yields 

and precipitation amounts from 
various experimental areas in 
proportion to long-time expecta- 
tions requires the following: (1) 
The median amount of precipi- 
tation for each area, (2) an esti- 
mate of the median herbage 
yield for each, and (3) actual pre- 
cipitation and yield amounts, re- 
spectively, expressed in percent 
of the median precipitation and 
median yield. 
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Median Crop-Year Precipifafion 

Precipitation frequency distri- 
butions of semiarid and arid re- 
gions generally show a typical 
skewness to the right. The med- 
ian precipitation amount, which 
is the midpoint of arrayed pre- 
cipitation data, therefore esti- 
mates the long-time expectation 
more reliably than does the 
mean. Furthermore, as pointed 
out by Daubenmire (1956) the 
median is less influenced by a 
single extreme than is the mean. 

In a single growing season 
herbage growth depends largely 
on the amount of precipitation 
received immediately before and 
during the growing season. 
Therefore, the crop-year precipi- 
tation amounts are not the same 
as’ calendar year amounts. The 
crop-year must begin at the close 
of a previous growing season and 
terminate at the close of a cur- 
rent growing season. In the In- 
termountain Region the crop- 
year may begin on July 1 and 
terminate June 30 of the follow- 
ing year. However, precipitation 
in July and August is generally 
very low and seldom effective in 
promoting plant growth. The au- 
thors choose to tabulate precipi- 
tation from September 1 to June 
30 and identify the crop-year pe- 
riod by the calendar year in 
which it terminates. 

The median crop-year precipi- 
tation amount for any weather- 
recording station may be deter- 
mined from the complete precip- 
itation record published by the 
U. S. Weather Bureau. Actual 
precipitation amounts are used 
because widely applicable tech- 
niques for reliably estimating ef- 
fective precipitation are not 
available. Precipitation e f f e c- 
tiveness might be estimated for 
local areas by techniques de- 
scribed by Daubenmire (1957), 
Thomas and Osenbrug (1959), 
and Thornthwaite and Mather 
(1957). 

Median Herbage Yield 

The herbage produced on an 
area with a median amount of 





90 

Series 2: Agropyron desertorum 
(Mandan 571) . See series 1. 

Series 3: Agropyron desertorum 
(Nebraska 10). See series 1. 

Series 5: Agropyron cristatum 

Series 4: Agropyron cristatum 

(A-1770) . See series 1. 

(L.) Gaertn. (Fairway crested 
wheatgrass). See series 1. 

Series 6: Agropyron sibiricum 
(Willd.) Beauv. (P-27). See 
series 1. 

Series 7: Pea ampla Merr . 
(Sherman big bluegrass). See 
series 1. 

Series 8: Agropyron desertorum 
(standard). This series was an 
old stand of crested wheat- 
grass seeded at Squaw Butte 
Range about 1940. Yield data 
in 1952-1956 were obtained in a 
study of response to N ferti- 
lization (Sneva et al., 1958). 
Yields in 1957-1960 were ob- 
tained from new plots es- 
tablished n e a r the fertility 
plots for continuing the yield 
series. Yields of mature her- 
bage from 5 replications were 
clipped by hand, oven-dried, 
averaged, and expressed in 
lb/A at 10 percent moisture. 
Series 8 includes only the 
yields from unfertilized plots. 

Series 9: Agropyron desertorum 
(standard). T h i s series in- 
cludes yields from plots ferti- 
lized with 30 lb/N/A. The 
stand is described in series 8. 
Nitrogen was applied by sur- 
face broadcast of ammonium 
nitrate in the fall each year. 

Series 10: N a t i v e sagebrush- 
bunchgrass range at Squaw 
Butte. The primary forage 
species were Agropyron spicu- 
turn (Pursch) Scribn., Koeleriu 
cristutu (L) Pers., Situnion hy- 
strix (Nutt.) J. G. Smith, Fes- 
tutu iduhoensis Elmer, Stipu 
thurberiunu Piper, Pou secun- 
da Presl., and small amounts 
of other grasses and forbs. The 
area includes 40 acres of good- 
condition sagebrush-bunch- 
grass range that was sprayed 
with 2,4-D (2,4_dichlorophen- 
oxy acetic acid) for big sage- 
brush control in 1952. Mean 
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yields of mature herbage at 10 
percent moisture w e r e ob- 
tained in 1954-1960 by hand 
clipping 60 randomly located 

Series 11: Native range, s a 1 t- 

samples each 48 square feet. 

desert shrub formation, Desert 
Experimental Range near Mil- 
ford, Utah. Yields are ex- 

The area was grazed in late 

pressed in lb/A air dry, and 
were published by Hutchings 

summer each year. 

and Stewart (1953). 
Series 12: Native range, sage- 

brush-bunchgrass formation, 
U. S. Sheep Experiment Sta- 
tion near Dubois, Idaho. The 
combined yields of grasses and 
forbs are expressed in lb/A air 
dry as published by Blaisdell 
(1958). 

Series 13: Native range, sage- 
brush formation, U. S. Sheep 
Experiment Station near Du- 
bois, Idaho. Forage yields are 
expressed in sheep-days of 
grazing per 40-acre pasture as 
published by Craddock and 
Forsling (1938). 
Precipitation records for the 

Idaho location were obtained 
from “Climatological Data for 
Idaho” as published by the U. S. 
Weather Bureau, and records for 

the Utah location were obtained 
from S. Hutchings by personal 
communication. 

Precipitation r e c o r d s f o r 
Squaw Butte Experiment Sta- 
tion were obtained at the experi- 
mental range. Squaw Butte yield 
data were obtained from areas 
within a half-mile of the weather 
recording instruments. 

Results 
Median Precipifafion Amounts 
Median precipitation amounts 

obtained from long-time records 
were as follows: 
Squaw Butte Range, 

Oregon .___......._._......__ll.3 inches 
Desert Experimental Range, 

Utah __________________________ 4.1 inches 
U. S. Sheep Experimental 

Station, Idaho ________ 9.3 inches 
Estimating Median Herbage Yield 

Actual herbage yields and pre- 
cipitation amounts for each 
series were subjected to least 
squares analysis. Correlation co- 
efficients, regression equations, 
and estimated median yields are 
given by series (Table 2). Each 
median herbage yield was es- 
timated from regression by sub- 
stituting the appropriate median 
precipitation amount for X in 
the equation and solving for Y. 

Table 2. Correlation coefficients, regression equaiions, and estimated me- 
dian herbage yield for each of the 13 series. 

Series 

Correlation 
coefficient 

(r) 
Regression 
equation* Median herbage yield” 

8 
9 

10 
11 
12 
13 

0.911 Y = -240 + 101X 
0.896 Y= -173 + 98X 
0.894 Y = -134 + 100x 
0.801 Y= -34 + 73x 
0.835 Y = -232 f 92X 
0.642 Y = -232 -!- 127X 
0.896 Y = 10 + 123X 
0.885 Y= 23 $ 82X 
0.935 Y= -62 + 132X 
0.984 Y = -116+ 82X 
0.929 Y = -69 + 52X 
0.605 Y= 104+ 33x 
0.909 Y = 678 +599X 

901 lb/A 
934 lb/A 
996 lb/A 
791 lb/A 
808 lb/A 

1,203 lb/A 
1,400 lb/A 

950 lb/A 
1,430 lb/A 

811 lb/A 
144 lb/A 
411 lb/A 

6,249 sheep- 
days” 

“When: 
Y = Estimated herbage yield in lb/A 
X z Crop-year precipitation inches. 

bEstimated herbage yield when X = median precipitation in inches. 
“Forage yields are expressed in sheep-days of grazing per 40-acre pasture. 
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Table 3. Precipifation and herbage yield indices by series and years. 

Series 1 Series 2 Series 3 Series 4 Series 5 Series 6 Series 7 

Years” Pb YC P Y P Y P Y- P Y P Y P Y 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 

74 45 
52 35 

127 152 
116 107 

54 65 
86 82 

Series 8 

P Y 

101 86 
124 111 

74 75 
52 47 

127 146 
116 126 

54 76 
86 71 

74 43 
52 34 

127 135 
116 125 

54 74 
86 82 

Series 9 

74 45 74 40 
52 34 52 43 

127 130 127 147 
116 124 116 108 
54 75 54 88 
86 89 86 79 

Series 10 Series 11 

P Y- P Y 

74 31 74 68 74 95 
52 33 52 40 52 51 

127 157 127 166 127 141 
116 112 116 93 116 100 

54 79 54 66 54 52 
86 71 86 60 86 71 

Series 12 Series 13 
~ ~- 

P Y P Y 

124 108 
74 71 
52 36 

116 147 
143 136 

54 67 
86 82 

74 66 159 183 
52 35 141 145 

127 126 88 72 
116 114 178 167 
143 152 83 89 
54 54 80 52 
86 96 154 165 

122 188 
234 325 

84 74 
75 92 

113 134 
91 113 

102 109 
152 135 
107 103 
112 79 
108 84 

99 102 
106 129 
96 116 
80 57 

73 81 
137 128 

75 72 
84 89 
75 61 
95 97 
74 83 
95 92 

100 111 

“Years within each series are identified in Table 1. 
bP = Precipitation index. 
‘Y = Herbage yield index. . 

Percentage Transformations 

Precipitation a m o u n t s and 
herbage yields (Table 1) , when 
expressed in percent of respec- 
tive median precipitation 
amounts and median yields, are 
called precipitation indices and 
herbage yield indices, respec- 
tively (Table 3). From them (95 
index pairs) a single regression 
equation may be computed to ob- 
tain a common herbage-response 
line. 

Common Herbage Response Line 

Yield indices w e r e plotted 
over respective precipitation in-’ 
dices and fitted by linear re- 
gression (Figure 1) ; however, 
only 94 of the 95 pairs were used 
in the computations. The very 
high pair of index values in 
series 11, year 1947, which would 
occur very infrequently, were 
omitted to obtain a better fitting 
line through the bulk of data. 
The regression equation (Y = 
1.11x - 10.6), standard error of 
estimate (Sy.x = 18.4%)) and 
correlation coefficient (r = 
0.880) are included in Figure 1. 

Discussion and Conclusions 

Table 2 presents 13 different 
regression equations that illus- 
trate the problem involved in us- 
i n g quantitative precipitation- 
yield relations in range manage- 
ment. Each area has its own 
peculiar quantitative relation de- 
termined by the exact nature of 
the vegetation and its environ- 
ment. Consequently, knowledge 
about the dependence of yield 
precipitation has not been of 
p r a c t i c a 1 value. Individual 
studies on experimental areas 
are limited to a relatively few 
years that may provide weak es- 
timates of average precipitation, 
average yield, and regression. 
Yet the duplication of such 
studies on all range sites would 
be a formidable task. 

This paper evolved from the 
hypothesis that a common yield- 
response line might be computed 
from data expressed in percent- 
age of median yield and precipi- 
tation. The percentage indices 
placed all the data on a compara- 
ble basis and permitted a logical 
pooled analysis of the precipita- 

tion-yield relation in those quali- 
tative terms. Linear regression 
describes adequately the yield 
dependence on precipitation 
within the range of data ex- 
amined. However, one may 
theorize that a complete yield- 
response line would be a sigmoid 
curve and that the line presented 
in Figure 1 estimates the center 
portion thereof. 

The estimated median yield 
(by definition, t h e sustained- 
herbage-yield capacity) for any 
area may be computed from a 
single yield sample as follows: 
(1) Determine the median crop- 
year precipitation amount from 
t h e c o m p 1 e t e precipitation 
record that is representative of 
the area under consideration, 
(2) compute the precipitation in- 
dex for the year in which her- 
bage yield has been sampled, (3) 
estimate the herbuge yield index 
from Figure 1 or by direct com- 
putation f r o m the regression 
equation, and (4) compute the 
estimated median yield by divid- 
ing the yield index in its decimal 
form into the individual actual 
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FIGURE 1. Herbage-yield response to variation in precipitation. 

yield. For example, if the actual 
yield was 900 lb/A and the yield 
index was 127 percent, then 
900/1,27 estimates the median 
yield at 710 lb/A. 

S i n c e environmental condi- 
tions other than precipitation in- 
fluence yields, the median yield 
may be estimated more accurate- 
ly from 2 or more years of actual 
yields. 

Median yields may be es- 
timated from range surveys to 
improve estimates of grazing 
capacities. The authors previous- 
ly referred to this need as one of 
adjusting range production to a 
median year (Sneva and Hyder, 
1960). Such application should 
not, however, cause the range 
manager to relax in over-con- 
fidence, because proper grazing 
management depends on qualita- 
tive as well as quantitative fac- 
tors (Stoddart, 1960). 

The yield-response line may 
be used to estimate expected 
yields in an individual year on 
an area for which the median 

yield has been estimated previ- 
ously, as follows: (1) Compute 
the prec@itation index for the 
individual year, (2) determine 
the yield index from Figure 1, 
and (3) multiply median yield 
by the yield index in its decimal 
form. For example, if the median 
yield had been previously es- 
timated as 710 lb/A, then in a 
year with a yield index of 127 
percent the actual yield is es- 
timated to be 710 x 1.27 = 900 
lb/A. This procedure may be 
used to forecast the annual her- 
bage crop as early as April 1. In 
that case winter precipitation 
(September l-March 1) is com- 
piled and the median April-May- 
June precipitation amount added 
to obtain an estimate of crop- 
year precipitation. Subsequently, 
the three steps enumerated 
would be followed. The forecast 
could, of course, be revised to 
include actual precipitation pre- 
ceding May 1, June 1, and July 1. 

The yield-response line may be 
applied to animal days of graz- 

- .- 

ing as well as to herbage yields 
although herbage yields and for- 
age yields are not identical. The 
yield-response 1 i n e represents 
total herbage yields. In mixed- 
s p e c i e s vegetation individual 
herbaceous species s h o w dif- 
ferent yield trends among years 
(Blaisdell, 1958) and present a 
problem of fluctuating composi- 
tion as well as total yields. For- 
age-yields and animal-days-of- 
grazing are influenced by species 
composition as well as by her- 
bage yield. Therefore, one would 
expect a larger error of estimate 
when the yield-response line is 
applied to animal days of grazing 
or to estimates of forage yield 
for mixed-species vegetation. 

Summary 
Thirteen precipitation-yield 

series from studies conducted in 
Oregon, Utah, and Idaho were 
pooled for the calculation of a 
common herbage-yield response 
line. For each of the 3 locations 
the median precipitation 
amounts were derived from com- 
plete precipitation records. Me- 
dian herbage yields were calcu- 
lated for each of the 13 precipi- 
tation-yield series directly from 
linear regression equations. Sub- 
sequently, e a c h precipitation- 
yield pair was expressed in per- 
cent of corresponding median 
precipitation and median her- 
bage yield. The p e r c e n t a g e 
values were called precipitation 
indices and yield indices, respec- 
tively. From those indices a 
single regression line was com- 
puted to represent a common 
yield dependence on changes in 
precipitation. T h e regression 
equation was: Y = 1.11X - 10.6, 
where X is the precipitation 
index and Y is the yield index. 
The standard error of estimate 
was 18.4 percent, and the correla- 
tion coefficient with n-2 = 92 
degrees of freedom was 0.880. 

The median herbage yield of 
other semiarid ranges in the In- 
termountain Region may be es- 
timated from a single yield 
sample as follows: (1) Deter- 
mine median crop-year precipi- 
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tation from the complete pre- 
cipitation record, (2) compute 
the precipitation index for the 
year in which herbage yield has 
been sampled, (3) estimate the 
median herbage yield index Y 
by direct computation from the 
regression equation with the pre- 
cipitation index substituted for 
X, and (4) compute the estimate 
of median yield by dividing the 
yield index in its decimal form 
into the individual yield sample. 

The method provides a basis 
for estimating the long-time me- 
dian herbage yield of a range 
from median precipitation or the 
herbage yield in any given year 
f r o m an individual crop-year 
precipitation amount. 
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