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Abstract

The 2009 roof replacement project at the Onondaga County Correctional Facility in 
Jamesville, NY, provided a unique opportunity to evaluate the relative performance of roofing 
systems with different energy efficiency strategies. Because the project included roofs on four 
identical buildings on the same site, the setup allowed comparison of insulation R-value and 
roof reflectance values, as well as the thermal performance of vegetative roofing systems in 
northern climate zones. By reviewing thermal transmittance data and correlating the results 
with local weather conditions, this paper provides insight into various roofing design options 
to maximize building energy efficiency and overall roofing performance.
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Energy efficiency requirements for roof-
ing assemblies in model codes include con-
sideration of thermal resistance, air leakage, 
and roofing reflectance. The introduction of 
cool roofing via reflectance requirements in 
the International Energy Conservation Code 
(IECC) prescriptive path for commercial 
buildings in southern climate zones was an 
important step forward to advance energy 
efficiency. The potential energy use benefits 
of cool roof strategies for commercial build-
ings in northern climate zones have been 
studied (Hosseini, Akbari 2015). The use of 
vegetative roof assemblies to manage storm-
water runoff, as well as other environmen-
tal and sustainability benefits, represents 
another roofing design parameter. 

EXECUTIVE SUMMARY
In 2009, Onondaga County sought to 

evaluate and compare the energy perfor-
mance of green or vegetative roofing sys-
tems relative to other roofing options. A 
major roof replacement project on a multiple 
building site at the Jamesville Correctional 
Facility near Syracuse, NY, offered the 
opportunity for a side-by-side test to evalu-
ate different roofing systems. This evalua-
tion was initiated to provide guidance for 
future roofing renovations on other county-
owned buildings. A final report was com-
pleted (CDH Energy 2011) comparing four 
different roofing assemblies:

1.	 A conventional absorptive roof with 
4 inches of polyisocyanurate insu-
lation (R-value of 22, or R-22) with 
a black ethylene propylene diene 
monomer (EPDM) single-ply rubber 
roof membrane

2.	 A reflective or “cool roof” with R-22 
polyisocyanurate insulation and a 
thermoplastic polyolefin (TPO) sin-
gle-ply membrane

3.	 A vegetative roof with R-22 insula-
tion

4.	 A highly insulated cool roof (R-45) 
with a TPO single-ply membrane

 
A coalition of roofing industry asso-

ciations, including the Asphalt Roofing 
Manufacturers Association (ARMA), the 

EPDM Roofing Association (ERA), and the 
Polyisocyanurate Insulation Manufacturers 
Association (PIMA) provided funding to 
continue the field testing in order to assess 
the long-term performance of the different 
roofing membranes. This side-by-side test 
arrangement—with different roof assem-
blies installed at the same location on 
very similar buildings—offered a unique 
opportunity to compare the long-term per-
formance of various roof types. One of 
the issues with post-occupancy analysis of 
buildings is the variability of internal loads 
and other temperature impacts resulting 
from building use. The Jamesville facil-
ity buildings are located on the same site, 
have almost identical operating hours and 
occupancy conditions, and are served by 
the same heating plant, thus providing an 
excellent basis for building performance 
comparison. This report summarizes the 
measurements and observations based on 
6½ years of data, collected from November 
2009 through May 2016.

The objective of the extended testing 
effort was to compare the thermal perfor-
mance of conventional (EPDM) and cool 
(TPO) roof assemblies. Cool or reflective 
roofs, such as TPO, lower summertime 
heat gains and, therefore, reduce cooling 
loads. However, the lower roof temperatures 
may increase heating loads in the heating 
season. Therefore, it is unclear if cool roofs 
provide net annual benefits in heating-
dominated climates such as Syracuse, NY. 
It is also possible that over the long term, 
the benefits of a cool roof diminish as the 
membrane properties change with time as 
surfaces become soiled or degrade. While 
the buildings are not air-conditioned, heat-
flux measurements can provide a basis 
for comparing the relative thermal perfor-
mance of the various roof assemblies.

Note that comparisons of various roof-
covering types are made only on the basis of 
their reflective and thermal properties. No 
conclusions regarding other features and 
benefits for TPO, EPDM, or vegetative roof 
coverings should be drawn from this paper. 

The specific goals of this follow-up study 
were to: 

•	 Track and evaluate any long-term 
changes in heat flux or surface tem-
perature that might occur due to 
aging or soiling of the EPDM or TPO 
membranes.

•	 Compare the long-term thermal per-
formance between roof assemblies.

•	 Evaluate the energy use and cost 
differences between the roofs for the 
heating and cooling seasons.

•	 Evaluate the impact that snow cover 
has on roof heat loss, and compare 
ground snow cover to the inferred 
snow cover on each roof assembly. 

The extended field-testing of the differ-
ent roof systems tracked the thermal perfor-
mance over the 6½-year monitoring period. 
Data were collected at 15-minute intervals. 
Some of the initial findings (CDH Energy 
2011) continued over the long term:

•	 The EPDM membrane had roof tem-
peratures that were as much as 
60°F higher than the TPO surfaces, 
and had higher heat gains in the 
summer and more modest heat loss-
es in the winter. 

•	 The TPO membrane significantly 
reduced the surface temperatures 
in the summer but also resulted in 
greater heat losses in the heating 
season (since beneficial solar gains 
are reduced).

•	 The vegetative roof adds thermal 
mass to the roof assembly that 
dampens temperature swings. 
Evaporation at the surface also pro-
vides cooling in the summer and 
swing seasons. The vegetative roof 
also retained more snow cover more 
often and had lower heat losses in 
the winter.

MONITORING APPROACH
CDH initially considered sever-

al approaches to quantifying the energy 
impact of the different roof systems, includ-
ing measuring the heating energy use of 
the HVAC system before and after retrofit. 
Ultimately, we determined that measuring 
the temperature differences within the roof 
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assembly was the most compatible with the 
project schedule, building configuration, 
and limited access in the facility. A mix 
of hardwired and wireless networking was 
used to connect the loggers. Transmission 
of the data back to CDH was achieved via 
a modem link. 

Each monitoring station was based 
around a Campbell Scientific CR800 or 
CR1000 datalogger (Station 2A uses a 
CR1000 to accommodate extra data points). 
Communication between the loggers was 
provided by wired serial communications 
(RS-485) or wireless connections (915 MHz 
spread spectrum radio). The dataloggers 
were programmed to sample all sensors 
once per second. Calculated averages and 
totals were recorded for each 15-minute 
interval. After all records were created at 
each station, the datalogger located at 3A 
collected each record from all the other 
dataloggers. That master datalogger was 
called, and data was downloaded each night 
by phone modem. The data was loaded into 
a database at CDH Energy for automatic 
verification and analysis.

INSTRUMENTATION
A monitoring system 

was installed to mea-
sure the performance 
of each roofing system. 
The overall experimental 
approach was to measure 
and compare the tem-
peratures in the differ-
ent roofing systems in a 
side-by-side test in both 
seasonal and annual 
comparisons. The heat 
transfer through the roof 
surface is proportional 
to the temperature dif-
ference through each 
layer. Since all of the roof 
systems are exposed to 
the same ambient condi-
tions, as well as similar 

indoor temperatures, the performance of 
the different systems can be directly com-
pared at each time step. The measurements 
listed in Table 1 were taken at two separate 
locations (A and B) on each building (Units 
1, 2, 3, and 4), resulting in a total of eight 
monitoring locations.

DESCRIPTION OF ROOF 
ASSEMBLIES

The four buildings included in this test 
program are shown in Figure 1. Each unit 
had a different roofing system installed, as 

described in Table 2. The TPO membrane 
is rated by the Cool Roofing Rating Council 
(CRRC) to ASTM D1519 with an initial 
reflectance of 0.79 and three-year reflec-
tance of 0.70, per Carlisle TPO-2007-18 
(July 2007) and Carlisle Spec Sheet from 
December 2015.

 
DATA ANALYSIS AND RESULTS 

The data collection system at the site 
was fully commissioned starting on October 
22, 2009. This section analyzes the data 
collected from November 1, 2009, through 
May 31, 2016.

ROOF THERMAL ANALYSIS
Our experimental analysis of heat trans-

fer through the Jamesville, NY, roof assem-
bly in the original report (October 2011) 
made several key assumptions. The analysis 
in the original report ignored heat storage in 
the concrete layer and assumed the insula-
tion layer had insignificant thermal mass. 
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	 Point	 Description	 Instrument	 Units

	 TRO	 Roof temperature	 Type-T	 ºF
		  (on top of insulation, under roof board)	 Thermocouple

	 TRI	 Roof temperature	 Type-T	 ºF
		  (under roof insulation, above deck)	 Thermocouple

	 TAI	 Indoor temperature	 Type-T	 ºF
		  (just below the ceiling) Thermocouple

Table 1 – Instrumentation for each measurement location or station.

Table 2 –  Construction details for the roofs on each unit.

	 Location	 Insulation	 Surface

	 Unit 1	 4 inches Polyiso1  (R-22)	 EPDM rubber2

	 Unit 2	 4 inches Polyiso1  (R-22)	 TPO white3

	 Unit 3	 4 inches Polyiso1  (R-22 + vegetative laver)	 EPDM w/ vegetative
			   assembly on top

	 Unit 4	 8 inches Polyiso1 (R-45)	 TPO white3

1- Polyisocyanurate foam board applied in 2-in. layers
2- Black EPDM single-ply rubber roof membrane
3- White TPO roof membrane

Figure 1 – Aerial view of the four units at the Jamesville facility.



A simplified one-dimensional, steady-state 
heat flux through the insulation layer was 
assumed to represent the heat flux through 
the entire roof assembly. 

An EnergyPlus model was developed and 
compared to the simple model (Equation 1) 
to test the validity of this assumption. The 
EnergyPlus analysis, using the finite dif-
ference method, showed that the simple 
model (Equation 1) accurately represented 
the heat flux at the top of the roof assem-
bly (i.e., into the top of the concrete layer). 
However, the heat flux into the space (i.e., 
from the bottom of the concrete layer) was 
much different. We found that the heat flux 
into the space predicted by EnergyPlus 
was reasonably represented by applying 
Equation 2 to the 15-minute interval data 
from EnergyPlus. Therefore, this equation 
provides an approximate correction for the 
field test data for the thermal mass (assum-
ing the concrete layer is highly conductive 
relative to the insulation layer and is essen-
tially at a uniform temperature represented 
by TRI). 

The variable q is defined as positive 
heat loss from the space through the roof to 
ambient. On each roof, a different amount 
of insulation board (with an R-value of 
5.7 ft2-h-°F/Btu per inch) was installed on 

each unit (see Table 2). The variable m is 
defined as the mass per area at 46.6 lb/ft2. 
The variable cp represents specific heat at 
0.1996 Btu/lb-°F. In these tables, the over-
all, long-term heat transfer is calculated 
using both methods (Equations 1 and 2), 

which are shown to yield similar results.
Figures 2 and 3 show the temperatures 

for the four different roofs during a fall day 
in 2009 and 2015. The top of the insulation 
beneath the EPDM membrane on Unit 1 is 
at a warmer temperature during the day 
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Equation 1

Equation 2

Figure 2 – Daily temperature profiles for each roof type (November 2, 2009).

Figure 3 – Daily temperature profiles for each roof type (November 2, 2015).



since more heat is absorbed from the sun. 
The TPO roofing surface on Unit 2 is sig-
nificantly cooler since its higher reflectivity 
reduces solar gains. The vegetative roof pro-
vides additional thermal mass that smooths 
out the fluctuations across the daily cycle.

The difference in peak temperatures 
between the EPDM and TPO roofs in 
November 2009 (six months after installa-
tion) was 37°F. For the similar November 
day in 2015, the temperature difference had 

dropped to 23°F.
Figure 4 and Figure 5 show the heat 

transfer performance at the roof surface 
(using Equation 1) for each roof type. A 
positive number represents net heat loss 
through the roof. The assemblies all experi-
ence heat loss in the early morning hours. 
The heat flow reverses direction for the 
EPDM roof as the roof surface heats up and 
drives heat into the roof assembly.

COMPARISON OF DAILY, 
SEASONAL, AND ANNUAL 
PERFORMANCE
Daily Trend With Outdoor Temperature

Figure 6 plots the heat loss (at the roof 
surface, Equation 1) for each day versus 
the daily ambient temperature. Each data 
point plotted corresponds to one day in the 
6½-year period; the roof system on each 
unit is shown as a different color. Each 
daily value is the average of the A and B 
locations on each roof. All the roof systems 
show the general trend of more heat loss 
at lower outdoor temperatures, though the 
trend is not perfectly linear. 

The EPDM roof (black) shows the stron-
gest linear trend, while the vegetative roof 
(green) shows an especially nonlinear trend, 
with a “knee” corresponding to the freezing 
point (32°F). The knee for the vegetative roof 
occurs because the formation of ice in the 
vegetative layer keeps the roof surface tem-
perature (TRO) near freezing and flattens 
the trend of heat transfer with lower outdoor 
temperatures. In contrast, the EPDM roof 
is less affected by formation of melting ice 
and snow at the roof surface since the black 
EPDM material heats up and causes more 
melting (so that less snow can accumu-
late on the roof). The two TPO roofs fall in 
between these two extremes. The TPO roof 
with 4 inches of insulation (red) has a slight 
knee in the trend since more snow can build 
up on the roof and create a freezing liquid-
solid layer at the roof surface. The TPO roof 
with 8 inches of insulation (blue) has less 
of a knee in the trend, mainly because the 
lower rate of heat transfer means that the 
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Figure 4 – Heat transfer rates for each unit on November 2, 
2009.

Figure 5 – Heat transfer rates for each unit on November 2, 
2015.

Figure 6 – Daily heat loss vs. outside temperature (November 2009 through May 
2016).



melting/freezing does not occur at roof sur-
face. Therefore, there is no change of phase 
to create the nonlinear trend. 

Figures 7 through 10 show the heat loss 
versus outdoor temperature separately for 
each roof type. Different symbols and colors 
are used on each plot for the different years 
over the 6½-year period. 

The dotted line represents the difference 
between heat loss (above the line) and heat 
gain (below the line). The linear and non-
linear trends described above for each roof 
assembly are more obvious in these plots. 
While outdoor temperatures and the impact 
of snow might change from year to year, 
there is little to no discernable change in 
the trends from year to year. 

The EPDM roof with 4 inches of insu-

lation has the most heat gain during the 
summer and the lowest amount of heat loss 
in the winter (as also shown by Table 3). 
Figure 7 indicates for the EPDM roof that 
heat gain begins to occur at an ambient 
temperature around 50°F to 60°F (10 to 
15.5°C). The TPO roofs with 4 and 8 inches 
of insulation (Figure 8 and Figure 10) do 
not experience heat gain until ambient tem-
peratures reach 70°F to 80°F (21 to 27°C). It 
is not until temperatures reach above 80°F 
that the vegetative roof (Figure 9) may have 
some heat gain.

The ability of the TPO and vegetative 
roofs to reduce solar gains becomes a dis-
advantage in the winter. The figures show 
a heat loss of 35 to 40 Btu/ft2-day at 30°F 
(-1°C) for the TPO roof with 4 inches of insu-

lation and the vegetative roof, respectively. 
The EPDM roof has a slightly lower heat 
loss of 30 Btu/ft2-day at the same ambient 
temperature. Higher heat loss in the winter 
is observed at all temperatures for the 4-in. 
TPO roof, especially when the roof is clear of 
snow (i.e., days at the top of the trend). The 
TPO roof with 8 inches of insulation shows 
a commensurate reduction in heat transfer.

Table 3 shows the seasonal heat loss 
(and heat gain) for each roof type calculated 
two different ways:

•	 Without the thermal mass correc-
tion (Equation 1) to calculate heat 
flux at the top of the roof

•	 With the thermal mass correction 
applied (Equation 2) to calculate 
heat flux into the space
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Figure 7 – Daily heat loss vs. outdoor temperature, EPDM 
roof.

Figure 9 – Daily heat loss vs. outdoor temperature, vegetative 
roof.

Figure 8 – Daily heat loss vs. outdoor temperature, TPO roof 
(4 in.).

Figure 10 – Daily heat loss vs. outdoor temperature, TPO roof 
(8 in.).



The heating season includes January 
through April, and then October through 
December in each calendar year. The cool-
ing season extends from May through 
September. The overall seasonal heat loss 
(and gain) calculated by the two methods 
are very similar when integrated over the 
long term (more than a few days). 

The seasonal winter heat losses and 
summer heat gains are shown for several 
different years in Table 3. The heat loss in 
the winter for the TPO roof was 30-45% 

greater than the EPDM roof, depending on 
the year. The heat loss from the vegetative 
roof was 10-33% greater than the EPDM 
roof for different years. The heat loss for the 
better-insulated TPO roof was 7-14% lower 
than the baseline EPDM roof.

For the heating season, the roof with 
the EPDM membrane has lower overall heat 
loss in the winter (October to April) because 
the solar gain reduces the heating load. In 
the summer, the TPO and vegetative roofs 
reduce the heat gain from the roof since the 

surface absorbs less solar energy 
and is cooler. 

In the summer, the TPO and 
vegetative roofs had significantly 
lower heat gains than the EPDM 
roof. 

Annual Energy and Operating 
Cost Differences for Each 
Roof Type

Table 4 compares the overall 
heating and cooling loads, energy 
use, and costs for the different 
roofs. The EPDM roof is used as 
the reference or baseline; fuel 
use and cost savings are com-
pared relative to that roof sys-
tem, assuming an 80% efficient 
heating system and a gas cost of 
$1.00 per therm. The boxes on 
the left side of the table show the 
results without thermal correc-
tion (same method as in original 
report), while the right side of the 
table shows results with the ther-
mal correction. The results are 
similar regardless of whether the 
thermal correction was applied. 

The similarly-insulated TPO 
and vegetative roofs result in 
slightly higher annual fuel costs 
in the winter, at $23 per 1000 sq. 
ft. per year and $15 per 1000 sq. 
ft. per year, respectively. When 
comparing the results for the 
TPO roofs on Unit 2 and Unit 4, 
the extra 4 inches of insulation 
saves about $28 per 1000 sq. ft. 
per year.

The reduction in cooling ener-
gy use and costs were determined 
assuming a seasonal average 
cooling efficiency of 0.9 kW per 
ton and an electric cost of $0.12 
per kWh. The TPO roof with R-22 
reduced annual costs by $16 per 

1000 sq. ft. compared to EPDM with R-22. 
The vegetative roof with R-22 reduced cool-
ing costs by $20 per 1000 sq. ft. 

Overall, the cost savings for cooling 
were slightly smaller than the added costs 
for heating with the TPO roof. The net 
annual impact for the TPO roof was to 
increase costs by about $8 per 1000 sq. ft. 

This analysis assumes that the facility 
was in the cooling mode from May through 
September and in the heating mode for 
the rest of the year. This approximately 
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corresponds to a building 
balance point that is around 
the indoor setpoint (around 
65-70°F). In many types of 
buildings, internal gains 
from lighting, plug loads, 
and occupants can reduce 
the balance point so that 
space heating is not required 
in the building until the out-
door temperature drops to 
50-60°F. Correspondingly, 
greater internal gains mean 
that cooling can be required 
at lower ambient tempera-
tures. Buildings with differ-
ing levels of internal gains 
can require more cooling and 
less heating, thus changing 
the impact of the cool roof 
on energy costs. If cooling is 
needed under moderate con-
ditions (around 55 to 65°F), 
this cooling load could be 
satisfied by economizer oper-
ation at little to no energy 
use.

One way to approximate 
the impact of a lower balance 
point combined with econo-
mizer operation is to exclude 
months from the heating and cooling sea-
sons. If we assume the heating season 
now only includes five months (November 
through March) and the cooling season only 
includes three months (June to August), the 
analysis can be repeated as shown in Table 
5. This change reduces the heating penalty 
of the TPO roof with R-22 but also decreases 
the cooling benefit. As a result, the net or 
combined cost impact changes very little 
for this case.

Comparing Energy and Cost Results 
to Other Studies

A series of studies at Concordia 
University (Hosseini and Akbari 2014, 
Hosseini 2014, and Hosseini and Akbari 
2015) used the DOE-2.1E simulation tool to 
evaluate the annual energy and cost perfor-
mance of cool roofs in cold climates. They 
compared the annual energy performance 
of dark and white roofs and also consid-
ered the impact of snow accumulation on 
the thermal performance of the roof. They 
looked at various different building and 
HVAC types with various efficiency levels. 
Generally, they found that snow buildup on 

the roof had only a modest impact on overall 
heating loads and fuel use.

One of the cities they considered was 
Toronto, which has a comparable climate 
to the Jamesville test site. They simulated 
a new small office building that had a new 
building envelope (the roof had an R-value 
of 31.5). The heating and cooling system 
was supplied by a package cooling unit 
with gas furnace section. The HVAC system 
used an economizer to provide free cool-
ing when outdoor temperatures were low 
enough. Several key parameters used in 
the Hosseini study are compared to our 
assumptions in Table 6.

The cool roof savings from Hosseini 
(2014) without snow impacts are compared 
to the savings from this study in Table 
7. The Hosseini results are based on the 

DOE-2.1E fuel and electricity reduction 
differences. Starting with those values, we 
used the efficiencies from Table 6 to infer 
the cooling and heating load impacts. For 
our results, we determined the load impacts 
and calculated the change in fuel and elec-
tricity using the efficiencies from Table 6. 
The results that were directly determined in 
each study are shown as bold and shaded 
in the table.

The results from this study are shown 
for both Case 1 in Table 4 and Case 2 in 
Table 5. The Case 2 results are expected to 
better reflect Hosseini’s results for the office 
building with internal gains and an econo-
mizer. The heating penalty we determined 
is slightly larger than the value Hosseini 
found for Toronto (1.2 compared to 0.7 
MMBtu per 1000 sq. ft.). This could, in part, 
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Table 4

Table 5

		  Hosseini (2014)	 CDH Analysis

	 Roof R-Value (ft2-F-h/Btu)	 31.5	 25

	 Heating Efficiency	 0.8	 0.8

	 Cooling Efficiency (kW/ton)	 1.33 nominal	 0.9 avg.

Table 6 –  Comparing key parameters and assumptions.



be explained by the 20% higher R-value 
used in Hosseini’s simulation model. The 
cooling energy use values are very similar 
between CASE 2 and the Hosseini results 
(75 and 74 kWh per 1000 sq. ft., respec-

tively). Where our study found a slight cost 
penalty for the TPO roof, the Hosseini data 
with cost assumptions are cost-neutral. 
Hosseini (2014) used different utility cost 
assumptions and found slightly larger net 

cost savings (approx-
imately $1 to $2 per 
1000 sq. ft.).

HOW GROUND SNOW 
COVER RELATES TO 
ROOF SNOW COVER 
Obtaining NCDC Ground Snow 
Cover Data for Syracuse

The National Operational 
Hydrologic Remote Sensing 
Center (NOHRSC) in Chan-
hassen, MN, is a division of 
the National Weather Service 
and National Oceanic and 
Atmospheric Association (NOAA) 
(http://www.nohrsc.noaa.gov/). 
NOHRSC has developed tools 
to estimate snow cover at vari-

ous locations throughout the United States. 
Snow cover data are available from sta-
tion NY-OG-20, which is located 1.9 miles 
southeast of Syracuse at an elevation of 
587 ft. This station is about three miles 
from the facility in Jamesville, which is at 
a slightly higher elevation (about 740 ft.). 
The “Modeled Snow Depth” for the NY-OG-
20 station is shown in Figure 11 and Figure 
12 for the seven winter seasons from 2009 
through 2016.
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		                Jamesville Results

	 Hosseini 
	 (2014)	 CASE 1	 CASE 2
	 Toronto	 Table 8 	 Table 9

Annual Heating Load Reduction (MMBtu per 1000 sq. ft.)	 -0.71	 -1.9	 -1.2

Annual Heating Fuel Savings (therms per 1000 sq. ft.)	 -8.8	 -23.2	 -16.1

Annual Cooling Load Reduction (ton-h per 1000 sq. ft.)	 561	 144	 84

Annual Cooling Energy Savings (kWh per 1000 sq. ft.)	 74	 129	 75

Net Cost Savings ($ per 1000 sq. ft.)	 ~0	 --8	 --7

Note:  Cost savings are based on $0.12/kWh and $1.00/therm.

Figure 11 – Snow cover data from NOHRSC showing winters 
from 2009 through 2013.

Figure 12 – Snow cover data from NOHRSC showing winters 
from 2013 through 2016.

Table 7 – Comparing cost savings from this and other studies.
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Comparing Ground Snow Coverage 
From Roof Temperatures

The plots in Figures 13 through 19 com-
pare the ground snow cover data (top graph) 
from NOHRSC to the temperatures mea-
sured at the top of the roof insulation (TRO) 
for the EPDM roof (second, black graph), the 
TPO roof with 4 inches of insulation (green), 
and the TPO roof with 8 inches of insulation 
(blue). Station A on each roof is shown with 
a solid line, while Station B is shown with 
a dotted line. Figure 13 through Figure 19 
compare snow cover and temperature data 
for the first three months of each year from 
2010 through 2016. 

From the graphs, it is apparent that 
the periods with snow cover correspond to 
periods when the roof temperatures do not 
exceed the freezing point. The EPDM roof 
appears to “clear” its snow more quickly 

than the other roof types as indicated by a 
greater number of temperature excursions 
above freezing when there is a small amount 
of snow. For the EPDM roof, temperature 
excursions above freezing start when the 
ground snow level drops to approximately 
5 inches. The TPO roof with 8 inches of 
insulation holds snow longer, and the tem-
perature excursions above freezing more 
closely correspond to the periods with any 
snow cover on the ground. The roof surface 
temperature data generally all imply that 
the snow cover on each roof clears sooner 
than snow cover on the ground. 

If we identify days when the modeled 
snow cover is greater than 1 inch for more 
than 18 hours, we can determine the num-
ber of hours and days per year that there 
was snow cover on the ground. The number 
of snow-covered days for each year is shown 

as the row labeled “Ground” in Table 8. We 
assume that roofs have snow cover on days 
that have ground snow cover and the peak 
daily roof surface temperature is lower than 
35°F. The number of days that meet these 
criteria is shown in the subsequent rows 
in the table. Figure 20 uses this data from 
Table 8 to show the portion of time that 
each roof has snow cover compared to the 
ground snow cover. 

Generally, the time with snow accu-
mulation on each roof is about 60-80% 
of the time that snow is on ground. That 
percentage is lowest for the EPDM roof and 
is highest for the TPO roof with 8 inches of 
insulation.

Heat Loss on Snow-Free Days
The daily heat transfer plot in Figure 

6 includes all days—both with and with-

Figure 13 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2010.

Figure 14 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2011.



out snow cover. If days with ground snow cover are 
excluded, then the trends become much more linear, 
as shown by Figure 21. The knee in the trends at the 
freezing point is eliminated for all the roofing assem-
blies, except for the vegetative roof, which still appears 
to retain moisture after the snow cover is gone. 

Table 9 summarizes the regression statistics for the 
best fit lines shown on the plot. The EPDM roof shows 
the highest degree of scatter, since variations in the 
daily solar flux have a larger impact on the heat loss 
for this roof. The TPO roofs absorb much less solar 
energy, so the degree of scatter is significantly lower 
than for the EPDM roof. The greater insulation level 
further reduces the scatter (or reduces the impact of 
solar gains).

CONCLUSIONS
Extended field testing of the four different roof sys-

tems tracked the thermal performance over 6½ years, 
from November 2009 through May 2016. Some of the 
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Figure 15 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2012.

Figure 16 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2013.

Table 8



initial findings (summarized in the October 
2011 report) continued over the long term:

•	 The EPDM surface did result in roof 
temperatures that were as much as 
60°F higher than the other surfaces. 
This surface had higher tempera-
tures in the summer, as well as in 
the winter. 

•	 The TPO membrane significantly 
reduced the surface temperatures in 
the summer, but also resulted in a 
greater heating penalty in the heat-
ing season (since beneficial solar 
gains are reduced).

•	 The vegetative roof adds thermal 
mass to the roof assembly that 
dampens the temperature swings. 
Evaporation at the surface also pro-
vides cooling in the summer and 
swing seasons. The vegetative roof 

also retained more snow cover more 
often and had lower heat losses in 
the winter.

Over the long term, the TPO membrane 
with 4 inches of insulation had 30% to 45% 
higher thermal losses over the heating sea-
son, as measured at the roof surface.1 This 
higher heat loss increases heating costs by 
$23 per year per each 1000 sq. ft. of roof 
area. However, the reduced summertime 

heat gains equate to about $16 per year 
per 1000 sq. ft. in cooling energy savings. 
Overall, heating losses and cooling savings 
resulted in a net annual cost penalty of $8 
per 1000 sq. ft. for the 4-inch TPO roof.

Using different assumptions for internal 
gains and cooling system arrangement (cor-
responding to a small office with a pack-
aged cooling system that uses economizer 
cooling in the swing season) changes the 
resulting impact on heating and cooling 
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Table 9 –  Linear regression statistics for different roof assemblies (in Figure 21).

	 Roof Assembly	 R-squared	 Coefficient of Variation (CV)

	 EPDM	 0.885	 1.09

	 TPO with 4 inches	 0.960	 0.18

	 TPO with 8 inches	 0.964	 0.14

Note: CV indicates the average variation of the data from the linear model.

Figure 17 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2014.

Figure 18 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2015.



loads and energy use. The heating penalty 
of the 4-inch TPO over a shorter heating 
season (caused by internal gains) drops to 
$16 per 1000 sq. ft., and the cooling benefit 
becomes $9 per 1000 sq. ft. The net annual 
cost penalty of the 4-inch TPO roof com-
pared to the EPDM roof is still around $7 
per 1000 sq. ft.

The results from Hossieni (2014) and 
Hosseini and Akbari (2015) showed similar 
trends of heating penalties from reflective 
roofs and summertime savings, with a 
slightly smaller net annual penalty of $1 
to $2 per 1000 sq. ft. for nearby Toronto 
(using our assumptions). Details of building 
application (office, retail, institutional, etc.) 
and HVAC arrangement (economizer, cool-
ing efficiency), as well as utility costs have 
a significant impact on whether cooling 
roofs provide net cost increases or savings 
in each climate. 

Hosseini and Akbari (2015) included 
roof snow in the analysis whenever ground 

snow was pres-
ent; however, this 
assumption does not 
reflect known snow-
fall behavior. The 
cited analysis thus 
overestimates the 
effect of roof snow 
cover in reducing 
heat gain of highly 
absorptive roof cov-
erings during winter 
months. Live-load 
calculations for roof 
snow loads include 
reductions for slid-
ing snow; other vari-
ables permit adjust-
ments to the struc-
tural requirements 

in the model codes. In this research project, 
we sought to determine the relationship 
between ground snow cover and the pres-
ence of snow on the 
roof. 

To predict hourly 
ground snow cover for 
the Jamesville, NY, 
site over the monitor-
ing period, we used 
snow cover data from 
a monitoring station 
three miles from the 
Jamesville facility pro-
vided by the NOHRSC 
in Chanhassen, MN. 
We found that peri-
ods with ground snow 
cover generally have 
roof surface tempera-
tures that remain 
very close to freezing, 
regardless of outdoor 

temperatures. By combining the snow cover 
and roof temperature data, we were able to 
show that the roofs are generally covered 
with snow less often than snow is on the 
ground; the ratio of roof-to-ground snow 
cover ranged between 60 and 80%. The 
EPDM roof clears snow faster than the other 
roof types (as evidenced by temperature 
excursions above freezing). The TPO roof 
with extra insulation retained snow longer, 
since the lower heat loss results in less 
melting at the roof surface.

When we look at the days that are snow-
free, the trend of heat loss with ambient 
temperature becomes highly linear for the 
EPDM and TPO roofs. The highly-insulated 
TPO roof has the lowest degree of scatter 
from the linear trend, since the impact of 
solar gains is minimal in this case. The veg-
etative roof shows a nonlinear trend, even 
with snowy days excluded, since it retains 
water and ice even if there is no snow on 
the ground.
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Figure 19 – Comparing snow cover and roof temperatures 
(TRO) for three roof types, winter 2016.

Figure 20 – Percentage of days with snow cover on each 
rooftop relative to ground cover.

Figure 21 – Daily heat loss vs. outdoor temperature on 
snow-free days.



We found that the temperature differ-
ence between the similarly-insulated EPDM 
and TPO roofs was as high as 60°F on 
summer days when the roofs were first 
installed. Over the first two or three years, 
the temperature difference dropped by 10°F 
to 15°F. Generally, the peak temperature 
of the EPDM roof stayed about the same 
over the long term, while the peak surface 
temperature of the TPO roof increased by 
10°F to 15°F—perhaps due to soiling or 
aging. This long-term temperature increase 
of the white reflective roof is less than what 
was observed in earlier studies using the 
first cool roof membrane products (Miller et 
al. 2004), but seems to be consistent with 
the published rating numbers for this TPO 
membrane (initial and three-year reflec-
tance ratings per Energy Star CRRC are 
0.79 and 0.70, respectively).

These findings support a whole-build-
ing approach to roof system selection and 
design, with appropriate consideration 
given to occupancy, internal loads, site, and 
orientation. Design for insulation levels and 
roofing reflectance and absorptance values 
should be optimized on a project-specif-
ic basis using energy modeling. Future 
research might look at refining the assump-
tions and variables in energy modeling for 
roof snow cover. Note that there were no 
measurements of relative humidity or mois-
ture content within the roof assemblies; 
additional consideration for condensation 
management of the various roof assemblies 
is another possible research topic.

FOOTNOTE
1.	 We applied a correction for thermal 

mass of the roof deck, developed from 
an analysis using EnergyPlus that 
resulted in a similar heat loss rate at 
the ceiling over the long term. 
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GLOSSARY OF TERMS

ARMA	 Asphalt Roofing Manufacturers Association

CRRC	 Cool Roof Rating Council. Part of Energy Star cool roofs program.

Economizer	 An optional HVAC arrangement where outdoor air is used to 
	 provide “free cooling” when outdoor conditions are favorable.

EnergyPlus	 A building simulation software tool from the U.S. Department of 
	 Energy. Used to determine theoretical heat transfer through the 
	 roof assembly to verify calculations in this study. 

EPDM	 Ethylene propylene diene monomer single-ply rubber roof 
	 membrane. Also a conventional or dark roof membrane.

ERA	 EPDM Roofing Association

HVAC	 Heating ventilation and air conditioning. System that provides 
	 heating and cooling for a building.

PIMA	 Polyisocyanurate Insulation Manufacturers Association

TPO	 Thermoplastic polyolefin roof membrane. Also a white, reflective, 
	 or cool roofing membrane.

TRI	 Temperature roof inside. Temperature under the insulation layer.

TRO	 Temperature roof outside. Temperature at the roof surface (but 
	 under the deck board).


