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LYSIMETER SNOWMELT IN ARIZONA PONDEROSA PINE FORESTS 

by 

Mikeal E. Jones, Peter F. Ffolliott, and David B. Thorud 

INTRODUCTION 

The opportunity to increase water yield fran snowpacks is partly dependent on snowmelt from sites 
of varying hydrologic characteristics. Such an objective may be realized by increasing snowpack 
accumulation on sites favorable to accelerated snowmelt water yield. To help determine the effect of 
varying amounts of snowpack accumulation on water yield in Arizona ponderosa pine forests, snowmelt 
outflow was measured from the base of snowpacks by employing a simple volumetric lysimeter. 

The snowmelt lysimeter, which was a modification of the instrument developed by Haupt (1969a), 
makes possible continuous collections of melt water, as contrasted with point-in-time estimates of 
snowpack water equivalent (WE) often used to quantify snowmelt. The Haupt lysimeter has been used to 
quantify total outflow from relatively deep snowpacks with single accumulation-melt cycles in Idaho 
(Haupt, 1969b; Haupt, 1972), New Hampshire (Martin and Hornbeck, 1972), and Colorado (Schulz, 1973}. 
These investigations, however, were carried out in colder climates characterized by more continuous 
and deeper snowpacks than those which normally occur in Arizona, Therefore, a study was initiated 
to: (l) evaluate a modification of the Haupt lysimeter for use in intermittent and shallow snowpacks 
common to Arizona; and (2) characterize snowmelt outflow on sites representing forested and open areas. 

LYSIMETER DESIGN 

The snowmelt lysimeter used in this study consisted of a 17-by-23-inch sheet metal trough, 6 
inches deep, which collected melt water percolating down from the vertical snow column above it 
(Figure 1), The snow column, which had the same cross-sectional dimensions as the trough, was 
defined by a vertical frame attached at the four corners and braced 30 inches above the ground surface. 

PROTECTIVE 
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Fig. 1. Schematic of snow lysimeter installation. (Arrow 
indicates level of maximum snowmelt storage). 

::-_·: 

Haupt (1969a) and Schulz (1973) employed a polyethylene barrier stretched between the corner 
supports to isolate the snow column from inflow of melt water outside the column. This barrier, which 
is pulled up during snowpack accumulation and cut away as the snow column disappears, could not 
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be used in Arizona, where several snowpack accumulation and disappearance cycles occur each winter. 
However, as ice lenses are often fonued due to large diurnal temperature differences, a barrier 
could not be neglected. Consequently, a piece of 1/4-inch thick beaverboard was used to cut around 
the snow column, using the frame as a guide. At each measurement interval, the snowpack was cut, 
leaving a vertical air space along which extraneous melt water could drop outside the collection 
trough. 

Melt water from the snow colum percolated out of the snowpack base through 4 inches of litter, 
humus, and mineral soil placed in the trough to simulate the surface structure ordinarily present. 
The top trough edges extended 1/2-inch above the uppermost forest floor layer to prevent inflow of 
extraneous melt water. A 2-inch layer of pea gravel and a fine-mesh screen separated the soil from, 
and prevented clogging of, a drain located at the trough's lowest point. 

To facilitate manual readings of weekly accumulated snowmelt and reduce maintenance costs, it 
was necessary to modify the storage facility employed by Haupt (1969a) and others. Melt was stored 
downhill from the lysimeters in a standard 8-inch precipitation storage gage. A dip stick indicated 
melt increments in tenths of an inch. The entire storage facility was protected by a covered con
tainer, and an oil film in the storage gage prevented evaporation losses. 

While these modifications facilitated manual observations of snowmelt increments, melt storage 
was limited to between 2 and 3 inches. However, as long as a weekly measurement regime was followed, 
the storage gage could be emptied or re-zeroed by dipping to prevent melt water from backing up into 
a lysimeter. 

EVALUATION TEST 

The site selected for lysimeter installation and evaluation was the Campbell Blue study area, a 
large water yield source area 7 miles south of Alpine in east-central Arizona. Vegetation is cutover 
ponderosa pine; topography is flat; and soils are of volcanic origin. Elevations average 8,010 feet. 

Four lysimeter locations in close proximity were selected: two under forest canopies and two 
in adjacent openings. Two lysimeters were installed at each location. Change in snowpack WE and 
snowmelt outflow were assessed over two evaluation periods, November 1972 through April 1973 and 
November 1973 through March 1974. 

Weekly change in snowpack WE was estimated for the snow column indirectly, since destructive 
sampling of the snowpack above the lysimeter trough might have influenced the amount of melt water 
derived from it. Depth measurements taken at the corners of the vertical support frame gave an 
average value which, when multiplied by average snowpack density (obtained with a snow tube and 
scale at a point within 3 feet of the center of the lysimeter), provided an estimate of average 
snowpack WE. New snow was distinguished from a previously measured snowpack by its lesser density 
and separated from the snowpack indexed by the previous measurement. Net snowpack change was the 
difference in snowpack WE from one measurement to the next, discounting interim snowfalls. 

Snowmelt outflow was measured by the lysimeters at weekly intervals following the general 
procedures outlined above. 

Simple water balances, consisting of estimates of change in snowpack WE compared to the derived 
snowmelt outflow, were synthesized to determine the rationality of the outflow values obtained by 
the lysimeter. However, errors of unknown magnitude may be attributed to failure to detect all 
interim snowfall events. Lysimeter instrument error was+ 0.05 inches. Only extraneous inflow or 
leaks in the trough system could have caused inaccurate estimates of snowmelt outflow. Observations 
of the lysimeters in operation did not indicate flow or melt across the air space barrier. Neither 
tests nor operation of the lysimeters revealed any leaks in the trough or hose fittings, although a 
kinked delivery tube required that snowmelt data from one lysimeter be excluded from subsequent 
analysis. 

Use of the modified Haupt lysimeter pt·esented some minor problems with intermittent snowpacks. 
Snowmelt was initially required to satisfy moisture requirements in the 4 inches of litter, humus, 
and mineral soil within a lysimeter before melt water reached the storage facility. If a lysimeter 
site became bare of snow, evaporation from these forest floor layers had to be replaced by additional 
water. On shallow snowpacks, repeated occurrences of this type may cause soil evaporation to be a 
significant proportion of total snowmelt. 

Maximum weekly snowmelt outflow values on the lysimeters ranged from 1.4 to 4.2 inches for the 
two evaluation periods, with a 2.8-inch average. These values occurred in different weekly 
measurement periods during the two snowmelt seasons. Differences in maximum weekly snowmelt rates 
among the four lysimeter sites were not significant. 

Average daily snowmelt rates extrapolated from weekly measurements were lower than those pre
viously reported (Haupt, 1972; Martin and Hornbeck, 1972; Schulz, 1973). However, these values were 
statistically correlated with indices of energy input to the snowpack. All lysimeter plots were 
pooled when snowpack WE was not limiting in the following regression: 
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Y = 0.014(X
1

) + 0.00021 (X
2

) - 0.10 

where Y = average daily snowmelt outflow, in inches 

average daily degree days 

average daily shortwave radiation received on an open horizontal 
surface, in langleys 

r2 
= 0.69 

Timing of snowmelt outflow, expressed as an accumulated percent of the snowmelt outflow for all 
lysimeters at different time periods, was compared to the percent of total snowmelt runoff from the 
nearby Castle Creek Experimental Watershed, which is similar in vegetation and physiography to 
Campbell Blue. To illustrate this comparison, the last date of lysimeter snowmelt outflow in 1972-73 
(April 28), was arbitrarily chosen as the end of streamflow from snowmelt on Castle Creek. No 
significant difference was detected among the accumulated percent of total snowmelt outflow on the 
four lysimeter locations at Campbell Blue for any of five selected dates throughout the winter. 
However, this expression of snowmelt outflow timing significantly preceded streamflow on Castle Creek 
for the period of analysis. 

CONCLUSIONS 

The Haupt snowmelt lysimeter with modifications performed well in Arizona. Use of an air space 
barrier to isolate the lysimeter snow column was necessary with fluctuating snow depths, and a 
manual-reading melt storage facility helped reduce maintenance costs. 

No differences in snowmelt outflow were found among two forested and two open locations. Maximum 
weekly outflow values ranged from 1.4 to 4.2 inches, which occurred in different measurement periods 
during the two snowmelt seasons. Empirical correlation of average daily snowmelt rates with indices 
of energy inputs suggests a basis for comparison of intensive source data with more extensive snow 
survey information. Finally, timing of snowmelt outflow on the four lysimeter locations significantly 
preceded streamflow from a nearby watershed. 
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