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LATERAL FREE WATER FLOW AND SNOWMELT LYSIMETERS 
 

Randall Osterhuber1 

 
ABSTRACT 

 
Five winters of snowpack free water outflow data from two 18 m2 snowmelt lysimeters at the UC Berkeley 

Central Sierra Snow Laboratory are analyzed against coincident measurements of precipitation, snow water 
equivalent accumulation and ablation, and snow depth.  Challenges in using outflow data as a water balance tool are 
revealed by the sometime greatly differing amounts of outflow recorded by the side-by-side lysimeters, and the ratio 
of outflow to precipitation.  The data here give insight to subsurface lateral free water flow.  Also described is an 
attempt to inhibit lateral flow beyond the lysimeter’s borders by cutting the full profile of the melting spring 
snowpack.  (KEYWORDS: lysimeter, lateral flow, free water, snowmelt) 

 
INTRODUCTION 

 
Snowmelt lysimeters—sometimes referred to as melt pans—are uncommon instruments at snow-zone 

recording weather stations.  By definition, they require plumbing and recording infrastructure sub-grade, which 
limits the locations at which they can be sited.  For part of the snow season they may also require a line-power heat 
source, another restrictive factor. 

 
Two 18 m2 snowmelt lysimeters, placed side-by-side, are maintained at the Central Sierra Snow 

Laboratory’s (39.33° N, 120.37° W) main study site.  They have been used in a variety of snow hydrology research 
projects including rain-on-snow response and the monitoring of tracers applied to the snowpack.  The lysimeters are 
immediately adjacent to a suite of weather and snowpack monitoring instrumentation including five precipitation 
gauges, three snow depth sensors, a snow pillow, and areas reserved for hand-measured values of snow depth (HS), 
snow water equivalent (SWE), storm snow depth, etc. 

 
The two lysimeters (north and south), each 3 by 6 meters, share a common center divider and comprise an 

array of 36 m2.  They are framed with dimensional lumber (2 x 12s) and covered with a 2 mm thick reinforced vinyl 
membrane.  Figure 1 shows two different views of the melt pans.  Both pans are graded slightly downslope to the 
SE where drains route the free water into large-capacity (5 liters/tip) tipping buckets.  The tipping buckets are 
calibrated to tip once for every .02 cm of water depth across each pan’s area, and are housed in a sub-grade 
enclosure warmed by heat lamps.  Electrical heat tape runs up each pan’s drain line and is turned on for one hour 
per day (0600-0700) until the drains become naturally insulated by the season’s overlaying snow cover.  

  

 
Figure 1.  A LiDAR image of the melt pans under the snow surface, and after Winter 2013’s first 30 cm snowfall 
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OUTFLOW DATA 

 
The data presented here are from the last five winters, 2009 – 2013.  Winters 2009 and 2010 were both near average 
precipitation years (1551 mm and 1548 mm, respectively); Winter 2011 well above average (2147 mm); and 
Winters 2012 and 2013 both below average (1141 mm and 967 mm).  There were no data losses due to mechanical 
(plumbing, tipping buckets) or electrical (data loggers) problems during any day of these five winters. 

 
 The north and south pans seldom outflow the same amount of water (Figure 2).  Their combined outflow 
average and the precipitation during the outflow period of record are displayed in Figure 3.  

 
Figures 2 and 3.  The ratio of north pan outflow to south pan outflow, and the data of record for the five winters. 

 
Lysimeter data reveal both the amount of outflow 

from the basal snowpack (due to melt and/or percolating 
free water) and its timing.  This is especially revealing 
data during the melt season and mid-winter rain storms, 
but can also be vexing.  Using outflow data for a simple 
water balance during many seasons can be problematic. 

 
Figure 4 shows that with modest snow depths 

(early season 2013) the pans are an effective precipitation 
gauge, where: 

  
Precipitation = outflow + SWE. 

  
It is assumed the 3 percent deficit is due to 

sublimation and evaporation. 
  
Outflow exceeded precipitation during Winters 2009, 2010, and 2012.  Outflow exceeding precipitation is 

a physical impossibility and can be reckoned only by considering other forms of deposition. 
 
Deposition through condensation is considered a negligible amount, and believed to be beyond the 

measuring resolution of the melt pans.  Wind deposition and redeposition, significant contributors to high variability 
of HS across alpine terrain, is not a factor on the Snow Lab’s study site due to its below tree line protection from 
scouring winds.  While some wind pressing does occur on the Snow Lab’s study site, it is the author’s opinion that 
this is minor.  Wind drifts are never observed.  The most probable cause of deposition is the movement of free water 
onto the pan through subsurface lateral flow. 

  
LATERAL WATER FLOW 

 
The timing, position, and amount of lateral free water flow is a process that is difficult—if not 
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impossible—to predict.  This is the overlaying 
problem with using outflow data from snowmelt 
lysimeters for calculating a water balance. 

 
Figure 5 shows lateral free water movement 

demonstrated by a simple dye application to the snow 
surface.  Vertical and horizontal flow rates vary 
widely, and free water can commonly be observed 
progressing upslope. 

 
With assumed equal melt-driving energy 

inputs, the ratios depicted in Figure 2 may be directly 
proportional to pan-preferential lateral flow, most well 
described by the ratio of precipitation to outflow 
(Figure 6).  Since it is not practical to match the height 
of a lysimeter’s edge border with HS throughout the 
snow season, border height will be significantly less 
than HS for most days of the year.  Occlusive snow 

layers and (water flow preferential) conductive snow layers forming within the pack provide pathways for water to 
flow to and from the snow volume sitting above the pans.  Removing water from above a pan results in precipitation 
values exceeding outflow; moving water onto the pan results in outflow exceeding precipitation.  This “edge effect” 
is assumed to be more pronounced the smaller the area of the pan and/or the greater the ratio of HS to pan border 
height. 

 
During Winters 2009, 2010, and 2012, outflow 

exceeded precipitation (water flowed onto the pans) by 4, 
3, and 4 percent, respectively, with maximum HS of 313, 
289, and 232cm.  During Winter 2013, outflow differed 
from precipitation by less than 1 percent; maximum HS 
was 204 cm.  During Winter 2011, the melt pan did not 
outflow more than 40 cm of water that fell onto the pan 

(either as snow or rain).  This accounts for 23 percent of 
the total.  This water is assumed to have flowed off  the 
pans.  Certainly one of the most telling differences 
between 2011 and the other four years was a 
significantly deeper snowpack (maximum HS = 565 cm). 

 
Figure 7 correlates outflow amount with maximum HS while considering the direction (onto or off of the 

pan) of lateral water flow.  For the melt pan array at the Snow Lab, there may exist a threshold HS after which the 
likelihood of water flowing away from the pans is higher.  

  
CUT WIRES 

 
During autumn 2009, five 15-meter-long by 1/8 inch diameter braided wires were positioned along the top 

of each of the five borders of the melt pans.  Once spring melt ensued, the cut wires were drawn upward through the 

Figure 5.  Result of dye application to the snow 
surface. 
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snowpack cutting a kerf above and along the borders of the melt pans.  This was a bid to arrest any lateral free water 
flow thereby isolating the snow volumes directly above the pans.  This attempt was marginally successful.  At first 
try, on May 17, 2010 (HS = 125 cm), the first of the five wires could barely be budged, even after a noteworthy 
struggle.  A second go on May 20 (HS = 117 cm) achieved drawing upward all five cut wires.  Though successful, 
this effort too was met with considerable resistance.  Up to May 20, outflow from the pans was 103 percent of the 
[precipitation + SWE]. 

 
No apparent change in slope of the outflow was detected from the record after the cuts with the wires.  In 

the next weeks after the cuts, outflow from the melt pans was again 103 percent of the [precipitation + SWE].   
  

CONCLUSIONS 
 
As a free water response tool, snowmelt lysimeters give a unique look at snowmelt and water percolation 

processes.  The presence of water leaving the basal snowpack represents, at the very least, its ability to do so.  Part 
of the snowpack must be at its water holding capacity and/or have established flow channels.  The timing between 
induced melt (or the commencing of rain-on-snow) and subsequent outflow, represents, at least, the maximum time 
lapse for the occurrence.  These are both important when considering stream flow response to snowpack outflow. 

 
As a water-in water-out mass balance tool, melt pans are vulnerable to lateral free water flow, which, 

depending on flow direction, can add or subtract mass to/from the overlaying snow volume.  This makes snowmelt 
lysimeters a challenging tool with which to measure the more subtle processes of evaporation and sublimation.  As 
HS increases, so too does the distance free water must flow in order to exit basal or near-basal layers.  The odds of 
this exit landing within the pan’s boundary decrease both with increasing HS and decreasing pan size. 

 
Theoretically, cutting the snow profile above the pan’s edges should alleviate lateral flow, but the kerf 

needs to be wide enough to isolate the snow volume while not exposing vertical walls to different melt energy 
inputs.  This would result in accelerated melt phases. 

 
Multiple pans side-by-side with independent outflow measuring instruments may offer clues to lateral flow 

as their outflow ratios diverge from one.  An ideal melt pan array may be that of many conjoined cells, covering as 
large an area as possible. 

 
More data are needed to further refine the curves of Figures 6 and 7 and to further elucidate causes of the 

relative outflow for the two pans and the effect of snow depth on outflow amount relative to precipitation. 
  
 


