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Ice dams are a common roof performance problem in buildings that experience snowfall and
at least a month of below freezing temperatures. The combination of suﬃcient roof pitch,
adequate insulation just above the exterior wall, and air sealing at the wall-roof assemblies
transition are all essential to prevent ice dams. But ice dams can occur even in properly
detailed roof assemblies from diﬀerential solar snow melt. This digest outlines both the
causes and solutions to ice dam problems.

The Problem
The more snowfall, the more likely the problem. If the climate is very cold, there are less likely
to be problems. Hence, ski resorts tend to be perfect areas for ice dams.
Simply put, ice damns are ridges of ice and icicles caused by meltwater from further up the
roof re-freezing lower on the roof. The “dam” created by the ridge of ice along the eaves can
trap further meltwater and result in significant leakage under and through the roofing,
especially shingles and metal roofing. This leakage can cause damage to the sheathing, the
roof structure, or the ceiling and walls below. Large icicles along the eaves can become a
danger to people below if they fall.

Figure 1: Ice dam at a typical roof.

The Causes
The fundamental causes of ice dams are well understood. If part of a roof becomes warm

enough to melt snow that is lying on the roof, the snow will melt, and water will run down a
sloped roof. If the water subsequently encounters a cold surface, the water will revert to ice.
Therefore it can be said that the cause of ice dams is a diﬀerence in temperature on the roof
surface where the upper part of the roof is warmer than the lower.

Photograph 1: An ice dam; note the snow melting on the slope above the ice dam.

Photograph 2: Not just a problem for sloped roofs.

Most explanations of why ice dams form are actually explanations of why the roof becomes
warmer in one spot than another spot lower down. There are several reasons, and most can
be a particular cause in a particular case. Often a combination of mechanisms causes the
diﬀerential temperature.
The most common causes, in no particular order, are:
insuﬃcient insulation or thermal bridging;
air leaking into the space below the roof membrane;
a source of heat in roof such as a poorly insulated duct, hot-water piping, etc.;
a diﬀerence in snow thickness, especially when combined with solar radiation.

The cause and some solutions to each will be examined below.

Cause: Insuﬃcient Insulation
If there is insuﬃcient insulation between heated space and the roof sheathing, significant
amounts of heat can flow to the underside of the sheathing. Snow also insulates the roof
membrane, increasing its temperature. This scenario will raise the temperature of the roofsnow interface above the melting point even at cold outdoor temperatures. The result is
many hours of snow melting with suﬃciently low temperatures to ensure rapid freezing
(Figure 2).

Figure 2: The process of ice dam formation caused by poor insulation.

The greater the snow depth on a roof (which is a function of the snowfall, the slope and
friction of the roof, and the weather elements that encourage evaporation), the more its
insulating eﬀect on the roof membrane. For the same amount of insulation on the inside, an
increase in snow depth will increase the temperature at the interface between the snow and
the roof. Once enough snow has been accumulated, melting will begin. Once the meltwater
reaches the eaves, the heat loss from the underside of the eaves and the fascia ensures that
the water refreezes. Even when enough insulation is specified, problems arise where heat
flow through large framing members and compressed insulation at truss heels results in lower
installed R-values.

Solution: Better Insulation / Ventilation
The more insulation provided on the interior the more unlikely it is that enough snow will
collect to cause melting. How much insulation is enough? The amount depends on the
snowfall and the climate of course, but it is recommended that a minimum of R-30 should be
provided below ventilated attic roof membranes, R-35 below ventilated cathedral ceilings,
and R-40 below unventilated cathedral ceilings. These insulation levels should be increased
for very cold climates (DOE Zone 6 or higher).

Another way to keep the sheathing cold is to ventilate with outdoor air (Figure 3). Although
ventilation will remove some of the heat that passes through the ceiling, very low levels of
insulation and thermal bridging cannot practically be oﬀset by ventilation. Ventilation is best
used as a supplement to good insulation as ventilation can be used to remove the little heat
that flows through a well insulated roof.

Figure 3: Solutions to poor insulation.
Better framing practises and high-heel trusses can be used to reduce the likelihood of local
areas of poor thermal performance. Alternatively, in cathedral ceilings for example, adding
exterior rigid insulation to the framing members (but below any ventilation) can be used to
blunt thermal bridges and increase the total thermal insulation level. For example, 2x8 rafters
filled with cellulose insulation (>R-30) plus 50 mm (2”) of extruded polystyrene insulation in an
unvented cathedral ceiling will meet the R-40 minimum recommendation and avoid thermal
bridges at the rafters.

Cause: Air Leakage
Warm air leaking through the ceiling plane or air from pressurised space-conditioning ducts
bypasses the thermal insulation installed and will directly increase the temperature of an attic
space or the underside of the membrane.
Not only does air leakage into the roof cause warming and melting of snow, in colder weather
it often causes condensation on the underside of the roof sheathing. The two processes
combined can cause serious wetting and decay of the sheathing and roof structure as well as
leakage into the space below (Figure 4).
Plumbing stacks, recessed lights, chimneys, electrical service penetrations in partition walls,
and attic hatches all can on their own, or in combination, allow suﬃcient air leakage into the
ceiling space (cathedral or attic) to cause serious condensation and ice damming problems
(Photograph 3).

Photograph 3: Ceiling penetrations in a cathedral ceiling.

Air leakage from ducts placed in the attic (a bad idea for many reasons) can also acts as a
significant heat and moisture source and cause both condensation and snow melting.

Figure 4: Ice dam formation process caused by air leakage.

Solution: Air Sealing
Although the solution is rather simple to state, it is quite diﬃcult to achieve in practice. Great
care must be taken to seal the ceiling air barrier (often the polyethylene vapor barrier is used
as an air barrier or the drywall; see Photograph 4). Table 1 provides a list of air leakage
locations and means to ensure they are sealed.
Caulking can be used around small openings and gaps, but expanding polyurethane or
acrylic foam should be used around openings more than about 1” (see Photograph 5). For
large openings, drywall can be used as the air barrier with taped or caulked joints used to
complete the seal. Great care and attention to detail is essentially the only solution to air
leakage, although expensive answers such as spraying the entire ceiling with expanding foam
(NOT dense-pack cellulose, or blown in batts) can provide the required airtightness quite

easily.

Photograph 4: Polyethylene sheet sealed as air barrier around bathroom fan housing.

Photograph 5: Air-sealing with expanding polyurethane foam – much easier to do before the
interior finishes are installed.

Adding ventilation openings is likely to increase the problem by allowing the leaking air more
easy access to the outdoors. In some cases, adding a very large amount of ventilation can
help by diluting the moisture content of the leaking air and reducing its temperature.
However, it is very diﬃcult and bad practise to ventilate away gross air leakage. Once the
majority of the air leaks have been sealed, ventilation may be beneficial.
Table 1. Locations of Attic Air Leaks and Sealing Methods

Problem: Heat Sources in Roof Space
If ductwork, hot-water piping, or any other source of heat is located above the majority of the
ceiling insulation, it can act as a heat source.

Solution: Insulate and Remove
Locating heat sources above the insulation is bad practise, since it causes increased heat
loss and energy consumption. If the sources are already there, adding a significant amount of
insulation and an airtight blanket around them will reduce the source of heat dramatically.
(Note: the addition of foil-faced R-6 insulation is NOT suﬃcient ductwork insulation in cold
climates). As always, ventilation can be used to remove any small amount of residual heat
that is not blocked by the insulation.

Cause: Snow Thickness Variation
Wind speeds are often higher near ridge lines and scour snow from the roof. Snow catchers
at the base of metal roofs hold back sliding snow near the eaves. Exposed shingles or metal
can easily be heated to 70 F (40 C) above ambient air temperature and cause melting of the
snow immediately next to the exposed roofing. Water will run down the roof and can freeze
at the eave, which is cooled from the underside (Figure 5). If the temperature is cold enough
and the snowcover thin enough the meltwater may form a relatively harmless thin sheet of ice
below the snow. In other situations, large ice dams and icicles can form.

Figure 5: Ice dam formation process due to uneven snow thickness.

Solution: Ventilation, Insulation, and Waterproofing
Keeping the underside of the roof sheathing close to the exterior temperature is the best
solution. This can be achieved with good ventilation and good insulation acting in concert.
Even if all good design practises are followed this process can still occur. For this reason it is
recommended that a waterproof membrane (preferably self-sealing to accommodate roofing
nails) be provided. This membrane should come up the roof high enough to resist a 6 to 8”
height of water above the edge of the wall insulation below (Figure 6). Hence, steep pitched
roofs will require narrower strips of this membrane than shallow roofs.

Conclusions
Diﬀerential temperatures below the roofing membrane cause ice dams. There are several
causes of this temperature diﬀerence – poor insulation levels, air leakage into the roof, heat
sources in the attic, and solar heating of bare roofing. There are primarily two problems
caused by ice dams – water leakage and dangerous ice conditions. Some solutions solve one
of these problems and some solve both.
There are three broad strategies that can be used:
1. Stop excessive heat from flowing to the underside of roof.
2. Remove the excessive heat by ventilation.
3. Provide a waterproof roof membrane that will not leak under standing water and protect
pedestrians from falling ice.
In many cases a combination of strategies is used.

Figure 6: Waterproof “eaves-starter” or “peel and stick.”

Photograph 6: Self-adhering membrane over the entire roof surface – an appropriate solution
in some climates.

Blunting thermal bridges by providing full depth insulation and exterior insulation over the
framing is the solution to poor insulation levels. The most common, most damaging, and
often the most obvious problem to solve is excessive air leakage. Air sealing requires care
and attention to detail during design and construction. Removing ducts and pipes from the
attic or at least insulating them well can control this source of accidental heat.
Ventilation removes heat from under the roof membrane. Since ventilation cannot remove a
lot of heat, it can usually only be used once the sources of heat have been removed or
reduced drastically. If one can be sure of removing air leaks and thermal bridges, ventilation
may be unnecessary.
Finally, since the sun can cause some melting on exposed upper portions of a roof, one
typically needs to provide a layer of self-sealing waterproofing at the eaves of all sloped
roofs. This provides some back-up protection in the event that other strategies are not
perfectly implemented.
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