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Snow Amount 
in Relation to Streamflow and Herbage Production 
in Western Colorado 

ERNEST C. FRANK 

Highlight: A IO% increase in peak snowpack, due to cloud seeding or natural events, 
is partly returned as runoff but has little, if any, immediate effect on the productivity 
and use of mountain grasslands. 

Public concern over the consequences 
of augmenting the mountain snowpack 
by cloud seeding has set researchers to 
reworking data in an effort to determine 
the influence of modest increases of snow 
on the environment. One such set of 
precipitation, runoff, and vegetative pro- 
duction data from the Black Mesa Experi- 
mental Range has been analyzed statisti- 
cally to quantitatively define relation- 
ships of peak snowpack to hydrologic 
characteristics and herbage production. 

The experimental area is located west 
of Gunnison, Colo., on National Forest 
land at an elevation of 9,800 ft. The 
vegetative cover is broadly classified as 
aspen, spruce-fir, and herbaceous. The 
last, commonly referred to as Thurber 
fescue grassland, comprises approxi- 
mately 50% of the area. A mixed grass- 
weed complex occupies the largest area 
within the herbaceous type. Needlegrasses 
(Stipa lettermanii Vasey and S. colum- 
biana Macoun) and Idaho fescue (Festuca 
idahoensis Elmer) are frequently found 
components. Hummocky areas, termed 
mima mounds, support a variety of cover 
types. On some, Thurber fescue (Festuca 
thurberi Vasey) predominates; on others, 
hairy goldaster (Chrysopsis villosa [Pursh] 
Nutt. ex DC) is the major species. These 
small parks are grazed extensively by 
cattle in summer. 

The author is associate hydrologist at the 
Rocky Mountain Forest and Range Experiment 
Station, Forest Service, U. S. Department of 
Agriculture. Central headauarters of the Station 
is-maintained at Fort Collins, Cola. in coopera- 
tion with Colorado State University. Research 
reported here was conducted and partly fi- 
nanced in cooperation with the Office of 
Atmospheric Water Resources, Bureau of Re- 
clamation, U. S. Department of the Interior. 

Manuscript received May 9, 1972. 

Methods 

Records for this paper were obtained 
from long-term grazing and watershed 
studies on Black Mesa. The studies have 
been generally described in a progress 
report (U. S. Forest Service, 1959), and 
certain preliminary findings were re- 
ported by Paulsen (1969). Additional 
records are on file at the Rocky Mountain 
Station. 

Since 1954, two fenced pastures have 
been sampled each year to estimate total 
production of grasses, forbs, and shrubs. 
Thirty transects were established per pas- 
ture in the herbaceous type. Three 2.5 ft2 
plots per SO-ft transect were used to 
estimate production by the weight esti- 
mate method (Pechanec and Pickford, 
1937), usually late in July. 

Five snow courses were established on 
three experimental watersheds at Black 
Mesa in 1956. One or more of these were 
sampled two or more times in the spring 
each year, usually near April 1 and May 
1. Peak snowpack data are based on the 
average of the five snow courses. There is 
some chance peak snowpack was missed 
because of the infrequent sample, but the 
five-course-average peak and the one- 
course peak agree as to date in all but one 
year. 

Runoff data, including total and peak 
flow, were measured by a 90° V-notch 
weir on watershed 6. The snow courses 
cover an area greater than this watershed 
and are only an index of the precipitation 
received; even so, they are highly corre- 
lated with water yield, 

Herbage production data are from two 
moderately grazed pastures, 1 and 6 (Fig. 
1). Watershed 6 makes up 69% of the area 
and contains 22 of the 30 transects 
making up pasture 6. Pasture 1 is approxi- 
mately 2 miles from the precipitation- 
measuring area. 

Results 

Several linear regression equations 
were computed from the basic data 
(Table l), and the correlation coefficients 
were tested for significance. As is com- 
monly found, runoff parameters corre- 
lated well with the precipitation variable. 
The correlation coefficient “I” is 0.94 for 
the peak snowpack-water yield relation- 
ship. For the sample size of 13 years, “r” 
is significant at the 1% level. 

The steep slope of the peak snowpack- 
water yield regression indicates a sub- 
stantial return in snowmelt runoff for any 
additions to peak snowpack. 

The regression equation, Y = 0.73X - 
6.4 (Y is water yield in inches and X peak 
snowpack water equivalent in inches), 
was used to predict the increase in water 
yield expected from a 10% increase in 
peak snowpack by substituting X and X t 
0.10X in the equation. Subtracting the 
first yield from the second gives the 
expected increase. At the mean annual 
peak snowpack a 10% addition (1.8 
inches water equivalent) results in a 
1.4-inch increase in water yield; however, 
due to the large standard error of 
estimates (1.4 inches), the confidence 
interval at the mean is *0.9 inch of runoff 
for an average year. 

Similarly the increase in runoff for a 
10% increase in peak snowpacks ranging 
from 10 to 30 inches was computed (Fig. 
2). For this range of data, the confidence 
interval is _+ 1.5 and k2.3 inches at the 
minimum and maximum annual peak 
snowpack. 

Peak discharge and peak snowpack are 
also highly correlated (r = 0.82, signifi- 
cant at 16.1% level). Using the prediction 
equation, Y = 1.11X - 5.0, as outlined 
for water yield a 10% increase in mean 
snow water equivalent yields a predicted 
increase of approximately 2 ft3 /second 
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Black Mesa 
Experimental Area 

Pasture fence x-x-x-x 
Watershed divide - --- 
Stream gage A A 
Snow course 0.0 

Fig. 1. Black Mesa Experimental Area. 

per square mile (csm) in the mean peak 
flow of 15 csm (Fig. 3). The confidence 
interval at maximum peak pack is +-7 csm 
and at minimum ?4 csm. 

The correlation between (1) peak 
snowpack and (2) days from the start of 
runoff until the day of peak discharge is 
not significant until the probability level 
exceeds 50%. Another snow-duration 
analysis produced a significant correlation 
between peak snowpack and days from 
start of runoff until snow disappears from 
the herbacepus and aspen types. Snow 
disappearance was estimated from photo- 
graphs, cessation of flow on watershed 5, 
and the day-to-day observations of the 
range technician working at Black Mesa. 
April 26 was the average start of runoff. 
Snow cover then lasted another 16 to 40 
days. For 6 of the 10 years, snow cover 
lasted within +2 days of the mean dura- 
tion of 26 days. A 10% increase in mean 
pack would increase the duration of snow 
cover 1.5 days. 

Relationships between peak snowpack 
and herbage production do not reach 
significance at the 5% probability level. A 
linear regression fitted to the current 
year’s peak snowpack and that summer’s 
grass production does show a weak nega- 
tive correlation, however. While the corre- 
lation coefficient is significant at the 14% 
level (1 in 7 chance instead of the 
traditional 1 in 20), only 17% of grass 
production variance is attributable to 
peak pack. The regression equation pre- 
dicts a 25 lb./acre decrease in grass 
production for a 10% increase in peak 
snowpack. This is less than the “15% of 
the mean” criterion used to estimate grass 
production, and within the confidence 
interval at mean grass production on the 
regression line. The linear analysis shows 

w 
IO 20 30 

Peak snowpack (inches) 
Fig. 2. Predicted increase in water yield from 

a 10% increase in peak snowpack. 

no determinable effect on grass pro- 
duction and a plot of the variables does 
not indicate a curvilinear fit. Linear 
analysis of forb data was not significant 
at the 5% level. 

When peak snowpack from the pre- 

vious year and the current year’s grass 
production are plotted, they appear to be 
positively correlated, but the relationship 
is not significant. 

Discussion 

On a mountain grassland-timber range 
of the mesa country on the western slope 
of Colorado, peak snowpack correlates 
well with water yield and peak discharge. 
Snow cover lasts almost a month, once 
spring runoff starts late in April. Increas- 
ing the snow precipitation input by 10% 
would lengthen the duration of snow 
cover less than 2 days. 

Relationships of herbage production 
to peak snow water equivalent were not 
significant at the 5% level. Grasses have 
frequently been observed to be greening 
up under the snow cover. According to 
Paulsen (1969) rapid herbage growth 
begins soon after snowmelt, and reaches 
its maximum 6 to 8 weeks later. Heavy 
snow may delay peak production until 
August, but seeds ripen by September 
and the grasses and forbs are capable of 
completing their cycle in all but the most 

I I 1 

IO 20 30 
Peak snowpack (inches) 

Fig. 3. Predicted increase in peak discharge 
from a 10% increase in peak snowpack. 

Table 1. Hydrologic and range production (lb./acre) data. 

Peak snowpack Peak dis- 
water equivalent, Runoff charge Duration of Production’ 

Year (inches) (inches) (c.s.m.) snow (days) Grasses Forbs 

1956 16.1 4.8 12 - 512 527 
1957 28.2 16.2 27 40 529 865 
1958 26.5 13.0 22 25 584 826 
1959 13.3 3.3 10 16 586 701 
1960 17.6 6.2 25 32 484 677 
1961 13.8 3.3 7 22 622 1069 
1962 20.2 7.9 15 27 751 814 
1963 13.9 1.7 5 24 683 683 
1964 17.9 6.2 19 25 510 546 
1965 20.2 8.6 18 26 828 912 
1966 13.8 6.3 14 25 1032 - 
1967 9.7 2.0 4 - 955 - 
1968 22.5 7.9 17 - 563 - 
1969 18.2 - - - 854 - 

‘Paulsen (1969) for 1956-65 data; 1966-69 data on file at Rocky Mountain Forest and 
Range Experiment Station, Project RM-1701. 
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unusual years, where very heavy spring hypothesis. mountain grassland-aspen range in western 
snowpacks are followed by early fall The se observations and analyses Colorado. J. Range Manage. 22: 102-107. 
frost. In spring, the moving of cattle up indicate that a 10% increase in snowpack Pechanec, J. F., and G. D. Pickford. 1937. A 
to their summer range is not restricted by due to cloud seeding would have little, if weight estimate method for the determina- 
snow cover, but by-the growth stage df any, immediate effect on the productivity tion of range or pasture production. J. Am. 
poisonous larkspurs (Delphinium sp.). and use of mountain grasslands. Sot. Agron. 29: 894-904. 

&ration of snow cover cbuld influence 
” 

U. S. Forest Service. 1959. Research on Black 

the phenology of larkspurs, but data are Literature Cited Mesa--a progress report. U. S. Dep. Agr., 

not available from Black Mesa to test this 
Forest Serv., Rocky Mt. Forest and Range 

Paulsen, Harold A., Jr. 1969. Forage values on a Exp. Sta. Sta. Pap. 41. 18 p. 

Distribution of Galleta Roots and Rhizomes 
at Two Utah Sites 
RUSSELL T. MOORE AND NEIL E. WEST 

Highlight: Vertical and horizontal distributions of roots and rhizomes were is a sandy loam phase of the Mesa series 
examined in five clones of galleta bisected near Cisco and Cedar City, Utah. Quantity (fine loamy mixed family of typic 
of roots and rhizomes did not differ significantly between the two sites. Although haplargids). West and Ibrahim (1968) 
high variability existed among clones at each site, both the root and rhizome systems 
at Cisco tended to be shallower than at Cedar City. This difference in distribution 

gave detailed soil data for similar sites, 
Widely scattered shadscale (A triplex 

may result from soil and climatic differences at the two sites. confertifolia (Torr.) Benth.) shrubs occur 
at this site (A. confertifolia-H. jamesii 
habitat type). A 1 t h o ugh galle ta (Hilaria jamesii 

(Torr.) Benth.) is an important range 
grass of the arid southwestern U.S., com- 
paratively little is known about the 
ecology of this species. Western Regional 
Research Project W-90 (Ecological Life 
Histories of Selected Western Range 
Plants) was initiated in 1966 to help fill 
this void. Part of our contribution to this 
project was the examination of rooting 
and rhizome patterns at two sites in Utah. 

searchers. The slow decomposition of 
roots in arid climates confounds the 
problems of describing the below-ground 
shytomass. We hope to contribute a bit 
of quantification for these needs. 

Sheep grazing constitutes the major 

During the first two years of the W-90 
project, little success was achieved in 
transplanting galleta propagules. We felt 
that this transplanting difficulty, at least 
from the two Utah sites, was probably 
aggravated by a failure to transplant 
sufficient root mass along the rhizomatic 
propagule. Thus, we encountered a need 
for information on rooting and rhizome 
patterns and their relation to environmen- 
tal factors and visible plant 
characteristics. 

A comparative scarcity of data on root 
biomass in the desert grasslands had been 
noted by IBP Grassland Biome re- 

The senior author was NDEA graduate 
fellow, Range Science Department, Utah State 
University, Logan. He is presently research 
associate, Department of Biology, San Diego 
State College, San Diego, California. Neil West 
is associate professor, Range Science Depart- 
ment, Utah State Univ. 

Our Great Basin site was located 8 km 
(5 miles) west of Cedar City, Utah, on a 
Bureau of Land Management section 
managed by the Utah Agricultural Experi- 
ment Station in cooperation with South- 
ern Utah State College. Relevant climatic 
data for the Cedar City airport at about 8 
km (5 miles) north at an elevation of 
1730 m (5700 ft) are included in Fig. l- 
a climatic diagram (Walter, 1963). The 
soil is classified as a Dixie very fine sandy 
loam (fine loamy mixed family of xerollic 
haplargids) on a gently sloping alluvial fan 
(Soil Conservation Service, Cedar City, 
personal communication). An approxi- 
mate 5 % cover of big sagebrush 
(Artemisia tridentata Nutt.) makes up the 
shrub component of the plant com- 
munity on this site. 

Fig. 1. Climatic diagrams for Cedar City and 
Cisco, Utah. Explanation of diagrams (after 
Walter, 1963): a) station, b) altitude, c) num- 
ber of years of observation, d) mean annual 
temperature in OC, e) mean annual precipita- 
tion in mm, fl mean daily minimum of the 
coldest month, g) absolute minimum, h) mean 
daily maximum of the hottest month, i) ab- 

. 

This contribution of Western Regional Re- 
search Project W-90 is listed as Utah Agricul- 
tural Experiment Station Technical Paper No. 
1193. 

Manuscript received October 26, 1971. 

The Colorado Plateau study site is 
approximately 11 km (7 miles) northwest 
of Cisco, Utah, on Windy Mesa at about 
1410 m (4600 ft) elevation. A climatic 
diagram for Cisco, 85 meters lower in 
elevation, is also given in Fig. 1. The soil 

solute maximum, j) mean daily temperature 
range, k) monthly means of temperature in 
OC, 1) monthly means of precipitation in mm, 
m) arid period (dotted), n) humid period 
(horizontal hatched), o) additional precipita- 
tion curve (IOOC = 30mm), showing the less 
extreme dry period, p) months with an absol- 
ute minimum below O°C. 
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Study Areas and Methods 

Galleta in Utah occurs in both the 
southern Great Basin and Colorado Pla- 
teau physiographic provinces. We chose 
one study site in each province where the 
species dominated the grass stratum of 
the plant community. 


