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WINDBREAKS MAY INCREASE WATER 
YIELD FROM THE GRASSLAND ISLANDS 

IN ARIZONA'S M-IXED CONIFER FORESTS 

by 

J. R. Thompson, 0. D. Knipe, and Phil M. Johnson 

The general hydrologic characteristics, selected climatic factors, and soil properties of the high
elevation grasslands are compared to the surrounding forest. Evidence shows that water yield could be 
increased by 1-1/2 to 2 inches if snow could be held where it falls. It may be possible to establish 
tree windbreaks in the grassland by altering the microclimate during establishment, and introducing 
mycorrhiza with the planted seedlings. This conclusion is supported by good survival in a 2-year 
planting trial. 

INTRODUCTION 

The high elevations (9,000 feet and above) of eastern Arizona include about 80,000 acres of grassland 
in large continuous blocks, surrounded by, or interspersed with, mixed conifer vegetation. We estimate, 
using Schmidt's (1972) transport model, that snow particles completely sublimate during 1,800 feet of air 
travel under average snow-season climatic conditions at Seven Springs, a representative grassland 
watershed. By accumulating this blowing snow behind shelterbelts, it would be possible to increase water 
yield from the grasslands by approximately 10,000 acre-feet. 

STUDY AREA 

The East and West Forks of the Seven Springs watershed are located about 7 air-miles north of Big 
Lake and ll miles south of Springerville, Arizona (figure 1). Elevations range from about 9,200 to 
9,765 feet. East Fork has an area of 748 acres, and West Fork 482 acres. Plant cover is typical 
of the grasslands, dominantly Arizona fescue (Festuca ar>isonica). Associated species include mountain 
muhly (MuhZenbePgia montana), pine dropseed (BZephaPoneuron tPichoZepis), and longtongue mutton 
bluegrass (Poa ZongiZiguZa). 

These paired watersheds are being calibrated to allow a "treatment" on one, with the other 
serving as control. The objective of a treatment will be to test vegetation windbreaks as a 
means of controlling snowdrifting. Data reported here are from these watersheds and from the 

,gaged mixed conifer watershed at Burro Mountain, which was instrumented in 1960 as an administrative 
' inventory-study site. 
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Figure 1.--The high-elevation grasslands in Arizona. Solid 
circles locate gaged watersheds; open triangles indicate 
surrounding high points. 

Thompson an~ Knipe are Principal _Meteorologist and Range Ecologist, respectively, United states Depart
ment of Agr1cu~ture, Forest ~erv1~e, Rocky Mountain Fo~est and Range Experiment Station, Forest Hydrology 
Laboratory, Ar1zona State Un1vers1ty, Tempe. Johnson 1s a graduate student at Arizona State University 
Tempe. ' 
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SOILS 

The grasslands and associated forests are underlain by 4,000 to 8,000 feet of Tertiary basalt 
{Wilson 1962). Volcanic cinders cover much of the area, and cinder cones are a prominent feature 
in the landscape. 

Grassland soils are classified into three series: Bandera, Cinder, and Big Lake. Sponseller'soils 
are the major timber-producing soils adjacent to the grasslands. Sponseller soils in the mixed conifer 
range in depth from 12 to 48 inches, while the grassland soils vary from 12 to 32 inches. 

The chemical and physical properties of the grassland soils and adjacent forest soils were 
analyzed to determine if differences were sufficient to retard or prevent the encroachment of trees 
into grassland areas. Although differences between the soils of the two vegetation types were 
statistically significant, it is doubtful that they are sufficient to affect the growth of vegetation. 
The concentrations of the major nutrient-elements were within the range normally expected for soils of 
subhumid to humid regions. The absence of mycorrhizal fungi in grassland soils was confirmed by soil 
cultures and ocular examination. Thus the differences in the chemical and physical properties of 
these soils are probably due to landform and vegetation, rather than to variation in the chemical 
content of the basaltic parent material. 

CLIMATE 

Mean daily temperatures averaged by month are very similar in the open grassland and adjacent 
mixed conifer forest {figure 2). The 730-acre Burro Mountain watershed is slightly cooler in the 
summer but very similar to the grassland during the winter snow season. These are shelter temperatures 
and do not take wind into consideration. The 10-year average wind velocity at Seven Springs for the 
winter period is 10 miles per hour {mph). Peak gusts of 50 to 65 mph are common. With an average 
minimum temperature of 11° to 15° F from December to March, these grasslands have a harsh climate 
compared to the forested areas. 
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Figure 2.--Mean monthly tempera
tures {°F) at Burro Mountain 
{1963-1974l and Seven Springs 
{1965-1974 . 

The cinder cones within and along the grassland's leeward edge support forests on the north-facing 
slopes, but only the more gently sloped, low cones have trees on the south-facing slopes {figure 3). 

Wind direction is predominantly from the SW quadrant tfigure 4). For the 10 years of wind records, 
65 percent of the time the wind is from the S, SW, or W. The strongest winds are from the S and SW 
{figure 5). 
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Figure 3.--Cinder cones found within the 
grasslands are timbered on the protected 
sides (upper left}, where blowing snow 
accumulates (upper right). Some of the 
smaller, gently sloping cones are forested 
on all sides (lower left). 

Figure 4.--Wind direction at Seven Springs 
in percent of occurrences, Dec.-Apr.-
1965-75. 
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figure 5.--Dlstribution of 4-hour average 
windspeeds and direction during the win
ter (Dec.-Apr.} at Seven Springs, 1965-75. 

Annual precipitation at Seven Springs (9,200 ft elevation} averages 22.3 ~nches, while the adjacent 
mixed conifer areas range from 28 inches at Thomas Creek (8,350 ft} to 31.7 inches at Burro Mountain 
(9,350 ft}. Precipitation is split almost equally between summer and winter. Seven Springs receives 
56 percent of the annual precipitation during the June-October period, while Burro Mountain receives 
52 percent. 

The precipitation gages in the surrounding forests clearly show a positive relationship between 
elevation and mean annual precipitation. Seven Springs does not follow that pattern, however (figure 6}. 
Past studies have shown that the amount of precipitation caught in a gage decreases with increasing 
wind velocity. We suspect the grassland gage is about 30 percent low in total catch because the site 
is exposed to almost continual wind • 
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Figure 6.--The relationship of mean annual 
precipitation and elevation is evident 
where the gages are in the forests of 
the White Mountains (circles). The 
grassland gage (triange) falls outside 
the relationship. 

Burro Mountain yields 17 percent of its recorded precipitation as streamflow. Seven Springs yields 
14 percent. These figures are misleading, however. If the grasslands actually receive approximately 
the same precipitation as the surrounding forests, their yield efficiency is much lower--in the neighbor
hood of 10 percent. This is only a part of the picture. Streamflow occurs predominantly as a result 
of snowmelt; 96 percent at Seven Springs and 80 percent at Burro Mountain. The patterns--as indicated 
in figures 7 and 8--are similar for both areas, but the quantities are quite different. 
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Figure B.--Average monthly precipi
tation and streamflow, Btlrro 
Mountain, 1960-1974. 



Snow does not remain in place on the grasslands except in natural topographic catchments (figure 9) . 
Snow survey data indicate that the grassland snowpack is about one-half to two-thirds of the mixed 
conifer pack at the time of peak accumulation. The water yield from the grassland snowpack is three
fourths of the amount yielded from the forest, although summer flows are negligible at Seven Springs. 
The disproportionately higher snowmelt yield can be explained by the presence of frozen soil in the 
grassland (Mace 1968). Because of this concrete-type frost, infiltration is restricted and surface 
runoff generates streamflow. 

Managing these grasslands for improved water yield requires that the snow be held in place. Trees 
planted to develop into windbreaks along the upwind edge of natural depressions may be an acceptable 
means of achieving this goal . Standard snow fences would probably be esthetically unpleasing in 
this highly visible recreation travel zone. 

ENVIRONMENT- VEGETATION RELATIONS 

Figure 9.--Wahl Knoll is at the northern edge of 
the high elevation grasslands. Snow on the 
windward s 1 opes is swept into the 1 ee forest 
and topographic depressions. The upper left 
photo was taken at the peak of snow accumula
tion. Upper right and lower left photos were 
taken one week apart during snowmelt in the 
spring. 

WINDBREAK TEST 

The slow rate of spread of trees into the grasslands appears to be due to site soil-moisture 
relations. In the grasslands, p1·ecipitation is probably less effective because of (1) relatively 
high evaporation in the summer, (2) sublimation losses in winter, and (3) in the absence of barriers, 
a large part of the snow blows across the grasslands. 

There are three environment-vegetation relations in the grasslands: (1) Along the windward 
border of the grasslands and on the lee side of hills that rise sharply within the grasslands, the 
environment-vegetation relations conform to the community type hypothesis; that is, the grassland
forest interface is sharply defined. (2) Along the lee border, the environment-vegetation relations 
are such that the grassland-forest interface tends toward a continuum; that is, tile interface is 
not clearly defined. (3) Within the grass~ands there are several low hills that support timber; 
the grassland-forest interface in these situations also tends toward a continuum. 
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In the latter two situations, occasional trees and considerable numbers of seedlings are found 
well out from the timbered stands; indications are that the absence of trees is due primarily to 
tovographic influences on wind patterns and the resultant modification of micro-climate. 

Trees moving into the grassland modify the micro-environment in their vicinity and create a 
situation suitable for further advance. This self-perpetuating situation may eventually lead to 
forest in the present grasslands. 

TREES PLANTED 

Containerized seedlings of Engelmann and blue spruce (Picea engeZmannii and P. pungensJ and 
Scotch, Austri'an, and limber pine (Pinus syZvestzoi.s, P. nig:Pa, and P. fie:dUsJ were planted in the 
Seven Springs area in early July 1974. The spruce and a variety of limber pine are native to the 
adjoining forests. The Austrian and Scotch pine were selected because their climate and site 
requirements are similar to those of the site. All species selected have growth characteristics 
desirable for windbreaks. 

The study design was a randomized complete block with three replications, with three subplots 
(rows) containing three transplants of each species in each row. Distance between rows and seedlings 
within rows was 6 feet. The rows were parallel to and 30 feet on the lee side of 4-foot-high snow · 
fences established to protect the seedlings from wind damage. 

RESULTS 

An overall average of 76 percent of the seedlings (ranging from 48 percent in Engelmann spruce 
to 93 percent in limber pine) survived the first growing season; the 60 percent survival after two 
growing seasons is still considered adequate. 

Although survival has been satisfactory, the seedlings had not increased in size by the close 
of the second growing season following planting. The lack of growth appeared to be due to (1) many 
dead buds at the start of the second growing season, and (2) low vigor during most of both growing 
seasons. The bud loss appeared to be due to either cold damage or drought (from· the time of snowmelt 
in 1975 until the start of the rains in July). 

~ We anticipate that 2 or 3 years are needed for the seedlings to become established (root development 
and acclimatization), and thereafter growth will accelerate. Hopefully, future losses will be limited 
to gopher activity, which is more easily controlled than climatic factors. Gopher damage accounted for 
19 percent of the seedling mortality from the time of planting (July 1974) to the end of the second 
growing season (September 1975). 

CONCLUSIONS 

Water yield could be increased significantly by holding snow in place on high-elevation grasslands. 
Judging from the amount of precipitation measured in gages at various elevations within surrounding 
mixed conifer forests, actual precipitation on these windswept grasslands is probably 6 to 8 inches 
higher than exposed gages indicate. Much of this difference is due to sublimation of windblown snow. 

Tree windbreaks could easily trap enough of this blowing snow in drifts to increase spring runoff 
by 1-1/2 to 2 inches--to approximately the same level as from the adjacent forests. This increase, 
over 80,000 acres of grassland, could mean an additional 10,000 acre-feet of streamflow annually. 
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