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Key Points 
 
 This report discusses a 3-year study of a 
purpose-built research roof on Walmart 
store #5402 in Chicago, IL. 

 
 The roof is 133,000 sf, just over half 
green (vegetated), just under half white 
(PVC cool roof). 

 
 The study focused on stormwater and 
energy performance. 

 
 This report includes financial analysis of 
green vs. white roofs at Walmart based on 
research results as well as policy analysis 
for 9 locations. 



Introduction 
Introduction 
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The primary Walmart goals for this study were: 
• To understand the costs and benefits provided 

by the Chicago store green roof investment in 
comparison with a standard white roof 

• To learn lessons about whether and when 
green roofs might be a good choice for 
voluntary application on future stores. 

• To document any key lessons learned that 
might contribute to success on future projects 

 
The study team included: 
• Don Moseley, P.E., Walmart  (project leadership 

and management) 
• Charlie Miller, P.E., Roofscapes (design 

assistance, installation, maintenance, policy 
analysis) 

• Charles Bell, AIA, NCARB, LEED AP, The 
Green Team, Inc. (design assistance, 
monitoring, reporting and evaluations) 

• Kirstin Weeks, LEED AP, GRP, Arup (study 
coordination, energy and financial analysis) 

• Dr. Brad Bass, Environment Canada, University 
of Toronto (energy analysis) 

• Dr. Robert Berghage, Penn State University 
(stormwater analysis) 

 

Walmart Store #5402 roof aerial view (credit: Google maps) 

This report summarizes the findings of the Walmart 
green roof performance evaluation project.  This work 
centered on a purpose-built research roof  that was 
constructed in 2006 at Walmart store #5402 at 4650 
West North Avenue in Chicago, IL. The 133,000sf roof is 
just over half green (vegetated) and just under half white, 
“cool” roof.  When constructed, this roof was the largest, 
most intensively monitored green roof in the world.  

The initial three-year monitoring program, completed in 
fall, 2009, compares performance variables for the white 
and green halves.  Each side was instrumented with 
equipment to measure the following variables: 

• General weather variables, such as air temperature, 
solar radiation, and wind speed/direction.   

• Temperature and heat flux through the roof assembly 

• Stormwater runoff quantity  

• Basic air quality parameters (mold, pollen) 

• In addition, grab samples were regularly sent for 
water quality analysis throughout the monitoring 
period 

 

 



Introduction 
Design Intent 
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Design objectives included: 

• Provide high level of protection for underlying 
waterproofing 

• Achieve compatibility with electric leak 
detection methods 

• Establish uniform moisture conditions over 
large area 

• Maximize stormwater management benefits 

• Minimize potential for clogging at the drains 

• Stabilize against wind and water erosion 

• Maximize financially viable energy efficiency 
opportunities 

 

The design parameters for the green roof at 
Walmart Store #5402 included:  

• Low cost 

• Lightweight (20 lbs/sf) 

• Rapidly installed 

• Un-irrigated, very drought tolerant 

• Low-maintenance after first 24 months 

• Conducive to research 

• Potentially valuable in salvage 



Introduction 
Design 

The 75,000sf green roof included: 

• Standard 80-mil reinforced membrane designed 
specifically for burial (serves both as 
waterproofing and root barrier) 

• A low-transmissivity uniaxial drainage mat 
augmented with perforated  rectangular conduit. 
The 1-inch (25mm) thick mat was composed of 
flakes of post-industrial closed-cell polyethylene 
(recycled sneaker material).  The mat had a low 
water-holding capacity, but was intended to 
offer a deeper root zone for the plants.  

• 3 inches (7.6cm) of lightweight media (soil). The 
media properties were consistent with 
recommendations for multi-layer extensive 
media based on the well-established “Guideline 
for the Planning, Execution and Upkeep of 
Green-Roof Sites,” published by the German 
Landscape Research, Development and 
Construction Society (FLL). 

• Plants, including varieties of Sedum established 
from cuttings, and Dianthus and Petrorhagia, 
grown from seed.  Hydromulch was applied 
after distributing cuttings and seed in order to 
stabilize the seed bed against wind and improve 
moisture conditons for plant germination.  The 
green roof was watered using a temporary 
spray irrigation system during the first growing 
season.   

The 58,000sf white roof included: 

• Standard white 60-mil reinforced PVC 
membrane 
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Components of the Walmart Store #5402 green roof assembly 
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Introduction 
Design 

Installation of growing medium following base layers (waterproofing, drainage and 
filter fabric) 

Plant cuttings ready for installation 

Installation of plant cuttings Hydromulching over cuttings and seed 

Curbs and Pavers 
 
Curbs for skylights and mechanical equipment and walls 
were protected with an extra layer of membrane. 
 
Service walkways were installed using concrete unit 
pavers placed over a double-layer of drainage 
mat.  Rubber pavers were not selected due to concerns 
that they might cup or dish, and would not present a 
permanent stable working surface sufficient for moving 
heavy equipment, etc.  Concrete pavers were found to be 
less expensive and have a weight similar to the 3-inch 
thick green roof they replace where they are located.   
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Introduction 
Monitoring System and Drainage Design 

Monitoring stations  installed on roof.   

Weather station installed on the roof         Roof layout 1 

Stormwater conduit  layout 

Rectangular conduit layout 

Rectangular conduit installed 

Why drainage conduit?   
 
Walmart Store #5402 uses a low-transmissivity drainage 
mat to slow the velocity of water moving toward the drains 
and improve the uptake of water by soil and plants.   It is 
important when using this type of drainage layer to create 
an alternate drainage strategy for heavy rains.  
Otherwise, there is a risk of media saturation, resulting in 
flowing water on the surface.  One solution is to install 
many area drains located uniformly across the roof, 
maintaining uniform moisture conditions.   This 
configuration is not conducive to stormwater monitoring 
(many flowmeters would be needed), nor to minimization 
of downspouts.   
 
The solution at Walmart Store #5402 is to colocate the 
drains at either end of the building, and punctuate the 
drainage mat with perforated conduit.  The conduit 
effectively divides the roof into many smaller drainage 
areas using a dendritic pattern. This is a common 
approach used in Germany, but is rare in the United 
States.  Most American green roofs have high-efficient 
drainage layers, or are trays with very efficient basal 
drainage.  These systems do not require conduit, but miss 
out on the benefits of lengthened times of concentration 
and longer hydraulic retention times that the Walmart 
design achieves.. 
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Introduction 
Monitoring System Details 

 
 Energy Stormwater 

 
The roof drainage system was designed to allow 
separation and measurement of runoff from each half of 
the roof (green and non-green) independently. To achieve 
this, the ridgeline between the roofing systems was the 
dividing line between the roof areas, a peak away from 
which each side sloped.   Roof drains from the vegetated 
section collected and were directed to an access point at 
the front of the store.  The non-green roof section drains 
collected in a single isolated manhole at the front of the 
store. A Teledyne ISCO 2100 flow meter (Teledyne Isco, 
Inc, Lincoln, NE) was installed in each manhole to monitor 
flow rates.  During 2007 and 2008 the flow meter was 
programmed to collect and record daily total flows and 
flow rates. In May 2009 the systems were reprogrammed 
to collect and record data with a 15 minute time step. 
Internal conduit was used to convey percolated water on 
the green side toward drains. The maximum drainage 
path to conduit is 21 feet (low transmissivity mat).  During 
monitoring, overflow scupper bases on the white side 
were raised in order to avoid escape of an unmeasured 
quantity of runoff.   

Weather and Soil Moisture 
 
A Campbell Scientific (Campbell Scientific, Logan Ut) 
weather station and CR23x data logger were installed on 
the roof. Temperature, light, humidity, rain, wind speed, 
and wind direction, and a CS 616 soil moisture probe was 
installed in the green roof media. Weather and soil 
moisture data were recorded with a 15 minute time step 
from September, 2006 to November, 2009. Data system 
management and data collection were done by the Green 
Team, Inc. (Tulsa, OK). Data were processed and 
summary statistics, regression analysis and trend line 
analysis were done using Excel (version 11.5.9 and 
version 12.2.5, Microsoft Inc).  

Temperatures were monitored with thermistors linked to 
the Campbell datalogger at the roof surface, in the soil 
profile,  and under the membrane, which required 
installation prior to waterproofing.  Heat flux was 
monitored directly on both sides of the roof as well. For a 
year, Walmart also installed air temperature sensors on 
two rooftop air handling units (AHUs) and three rooftop 
units (RTUs) spread out over the white and green sides of 
the roof.  Data was collected from these sensors through 
the building management system (BMS).   
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Research Findings 
Stormwater 
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Key Points 
 
 Over 100 precipitation events were studied (3 
yrs). 

 
 The green roof retained 80-90% of small (<1”) 
summer storms. 

 
 The green roof retained 60% (3.49”) of the 
largest storm (5.81”).  A 3.5” storage capacity is 
higher than previously recorded for an extensive 
green roof.  Most municipalities assume 1”. 

 
 Exceptional storage capacity per square foot is 
likely due in part to large roof size and water 
retention layer design. 

 
 Data fit the SCS runoff function with a curve 
number of 80 (initial abstraction 0.2s) 

 
 The lag time to peak green roof runoff ranged 
from 3.25 hours to 1.25 hours (longer than the 
white roof at <15 minutes and even longer than 
the site’s lag time prior to construction, which 
was estimated at 55 minutes).  

 
 Peak runoff rate from the green roof was 50% 
to 85% lower than the precipitation peak rate. The 
average runoff peak from the green roof was 35% 
of the rainfall peak. 
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Stormwater runoff from the green and white roof areas 
was monitored from August 4, 2007 to July 30, 2009.  To 
keep measurement functioning properly, equipment 
maintenance and some interventions were needed, such 
as temporary blockage of overflow from scuppers.  There 
were 106 precipitation events during this period where 
runoff data collection systems on the green roof were 
functioning  (Table 1).  Events excluded from this analysis 
included winter events where flow data was not measured 
reliably, perhaps due to freezing, and several periods 
where flow sensors were removed for recalibration or 
repair.  In total  there were 40 days in 2007 with 
precipitation where green roof flow was recorded between 
August and November, 52 events in 2008 recorded 
between May and October, and 14 events in 2009 
recorded between May and July.  
 
 
 

Research Findings and Discussion 
Stormwater Performance 

Number 
of 
events 

Precipitation
: inches 
(cm) 

Runoff from the 
Green Roof: 
inches (cm) 

Retention 

Sum of measured 
events 

106 45.58 
(123.4) 

11.71 
(29.7) 

74% 

Average of all 
measured events 

106 0.43 
(1.09) 

0.11 
(0.28) 

74% 

Average of Events  
of 0-1” (0-2.54cm) 

95 0.25 
(0.63) 

0.03 
(0.08) 

87% 

Average of Events 
of 1-2” 
(2.54-5.08cm) 

6 1.26 
(3.2) 

0.53 
(1.35) 

58% 

Average of Events 
>2” (>5.08cm) 

5 2.80 
(7.11) 

1.08 
(2.74) 

61% 

Maximum single 
day  

3.63 
(9.22) 

1.52 
(3.86) 

58% 

 
Roof media water storage 
+ Drainage layer storage   

+ Plant storage  
+ Evapotranspiration 

____________________________ 
 

Green roof runoff volume reduction 
 

Summary statistics for precipitation events where green roof runoff data were 
collected and analyzed. 

Runoff volume reductions and media rainfall storage 
 
The average precipitation in these 106 events was 0.43” 
(1.09cm) with 0.11” (0.28cm) of average runoff measured 
from the green roof. The average retention for the roof in 
these 106 precipitation events was thus 74%. Of the 
recorded events, 90%  were less than 1 inch (2.54cm) 
with an average of 0.25” (0.63cm) of measured 
precipitation and 87% retention by the  green roof. A total 
of 11 events exceeded 1” (2.54cm)  and 5 events 
exceeded 2” (5.08cm). The average retention for these 
larger storms was about 60% . The largest daily total 
recorded was 3.63” (9.22cm) of rain on 13 Sept, 2008 
where the green roof retained 58% of the precipitation. 
This rain was a part of a multiday storm with a 3 day 
precipitation total of 5.81” (14.8cm). The three day total 
retention on the green roof was 3.49” (8.86cm).   
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Rainfall and runoff (daily totals) from the green roof for 106 precipitation events measured 
between 2007 and 2009. CN (Curve Number) relationshps were generated using the standard 
SCS (Soil Conservation Service) equation with an initial abstraction of 0.2s.  

 

 

 

 

 

 

 

 

 

 

Rainfall and green roof runoff from 4 monitored green roof installations: Walmart Chicago 
(75,000 sf), the Gratz Building (2,250 sf) in New York, New York., the Penn State Center for 
Green Roof Research in central PA (6’ by 8’ garden shed test roofs ) and the Bronx Courthouse 
(small test beds similar to Penn State’s).  Curve number (CN) curves were generated using the 
standard SCS equation with an initial abstraction of 0.2s. 

 

The relationship between rainfall and runoff is sometimes 
analyzed by plotting the total rainfall against the runoff from 
a measured area. The SCS (Soil Conservation Service - 
now called the NRCS Natural Resources Conservation 
Service) curve numbers describe these typical responses. 
In general, lower curve numbers correspond to lower runoff 
for a storm of a given size.  As shown, the curve number 
for the Walmart study roof appears to fall between 70 and 
90 with a best fit of about 80 for an initial abstraction of 
0.2s.  Data for events between 1 (2.54cm) and 2” (5.08cm) 
suggest a higher curve number (closer to 90) than data 
from events in excess of 2” (5.08cm). This may be due to 
patterns of roof wetness/dryness before storms, plant 
interception and activity and ongoing evapotranspiration 
(ET) during longer rain events. This may also reflect some 
runoff escaping through the building scuppers and not 
captured by the measurement system as was observed in 
early data from the non-green side of the roof (weirs were 
later temporarily installed to prevent this source of error in 
the data).  
 
Comparisons of the rainfall and runoff from this large 
Walmart roof with data from smaller roofs suggest that 
there may be performance gains with larger roof expanses. 
As illustrated at bottom right, data from a selection of 
smaller roofs show more runoff per inch of rainfall in larger 
rain events than on the Walmart roof.  For storms >1” 
(>2.54cm), the small roof curve number appears to be 
closer to 90 compared with 80 for the larger roofs. The 
Walmart roof had only 3 inches (7.6 cm) of media 
compared to 4” (10.2 cm) for the other roofs included in this 
comparison, suggesting the Walmart roof was that much 
more effective. The drainage and water retention design in 
the Walmart roof may also be responsible for above 
average performance in large storm events. 
 
 

Research Findings and Discussion 
Stormwater Performance 
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The observed maximum water holding capacity of the 
green roof media was much lower during the first year 
than once the plants had grown in fully.* This shows that 
plants and other life in the growing media play a key role 
in water retention, and the green roof is more than just an 
aggregate-filled reservoir on the roof.  Although the ASTM 
media test predicted a growing medium water storage 
capacity of 1.5” (3.8cm), the maximum capacity during the 
first year was only 0.87” (2.2cm), or 29% by volume.  After 
establishment, the water storage capacity rose to at least 
1.5” (3.8cm).  Lower initial water holding capacity is likely 
the result of a variety of factors including the likelihood 
that the media was less compacted initially resulting in 
larger and more macropores in the system. The 
development and growth of plant roots is also likely to 
affect the longer term water holding capacity of the 
system. Although the data from the summer of 2007 
through the summer of 2009 suggest that the system 
becomes stable relatively quickly, longer term studies are 
needed to confirm this observation. The maximum water 
holding capacity of the roof media varied seasonally 
increasing in the winter and decreasing through the spring 
summer and fall.  In the winter the observed maximum 
water holding capacity of the medium approached 60% by 
volume then decreased steadily until late fall where 
maximum water content sometimes dipped  below 40%. 
The ability of a soil to retain water can vary greatly with 
the prior moisture content of the soil and the nature of the 
wetting and drying cycles (hysteresis).  

These results have some interesting implications for 
green roofs. The observed retention of additional rain on 
a roof already wet from an earlier event suggests that 
moist roofs retain more water than dry roofs. This result 
may seem counterintuitive, but might make sense when 
comparing green roof media to a sponge.  Water simply 
runs off of a bone-dry sponge, but is readily absorbed into 
a damp one. The data also suggests that in the summer 
the roof, even though it has higher evapotranspiration, 
may be able to store less total water than in the winter or 
spring. The increase in maximum water retention 
observed on this roof in the winter means that the roof will 
be heavier in the winter at maximum field capacity than in 
the summer. For this roof the added water weight would 
be about 234,161 pounds (106,213kg) or about 3 pounds 
per square foot (14.6kg/m2.  
 
The very high volumetric water content (VWC) observed 
in the winter suggests that the medium may be saturated 
or very near saturation at times. The loss of air filled 
porosity associated with winter saturation may have 
implications for survival of some plant species. The total 
observed storm water retention greatly exceeded the 
media storage capacity for some of the larger and longer 
duration recorded rain events. Some of this retention 
beyond the media storage capacity was likely a function 
of interception by the plants, water storage in plant 
tissues, storage in the drainage mat and ongoing 
evaporation and transpiration during the rain event.  

________________________________________________________________________________________________________________________________________ 
* To accurately measure soil moisture and water holding capacity of the green roof media, data from traditional soil moisture meters had to be adjusted.   

Research Findings and Discussion 
Stormwater Performance 



1/31/2013 Green Roofs at Walmart  |  Lessons from Chicago Store #5402 17 

Cumulative precipitation and cumulative runoff from the green roof for a series of  
rains in June 2009. 

Rainfall and greenroof runoff hydrograph for a series of rains in June 2009. 

 

Peak flow rates (15 minute time step) measured for green roof runoff and  
precipitation for 9 rains between May and June 2009. June 16 and June 19 events 
involved multiple peaks that were separated by dry periods. 

Volumetric Water Content (VWC%) of the  green roof media measured  
with a Campbell Scientific CS 616 probe compared with precipitation on 19 June 2009. 

Relationship between water retained on the green roof and the change in measured  
VWC. Regression line equation : 
(Gallons retained = 3,910+Change in VWC%*3716 R2=0.67 

Maximum VWC% following precipitation events that saturated the  
green roof.  Nearly all events fell within 10% of this line. 

Research Findings and Discussion 
Stormwater Performance 
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Storm Flow Dynamics 
 
In many locations, when runoff occurs, and the rate at 
which it occurs, are as important as how much runoff 
occurs.  Urban storm sewers are most full immediately 
after a storm peak, so if a feature like a green roof can 
delay a site’s peak runoff beyond the average, it may 
render that site’s impact on combined sewer overflows 
and stream erosion minimal.   
 
Flow Rate  
 
Flow rate data recorded every 15 minutes in 2009 show 
consistent delays in peak runoff from the roof and peak 
flow rate reductions for the Walmart Chicago green roof.  
A typical hydrograph of rainfall vs runoff for the green roof 
is shown on the preceding page. A total of 9 rain events 
between May and July, 2009, resulted in measurable 
runoff from the green roof. Peak runoff was on average 
35% of the peak rainfall rate (also illustrated on the 
preceding page). As with other green roof studies, peak 
flow attenuation varied with rain event.  However, peak 
reductions in this study were both more consistent and 
larger than those reported in studies of smaller roofs.  
Peak attenuation was negatively related to storm duration 
(R2 =.58), meaning the longer the storm, the less the 
green roof reduced peak runoff rate. This result has also 
been reported in previous studies of smaller roofs.  
Although this study includes a relatively small number of 
samples, it is encouraging that peak flow attenuation, not 
just volume reduction,  also appears to improve with size 
in green roofs.  
  
 
 

Rainfall and green roof runoff hydrograph of a series of short peaks  recorded 19 June 2009 during the first part of that storm  

Research Findings and Discussion 
Stormwater Performance 
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Conclusions 
  
The Walmart green roof met or exceeded the research team’s 
stormwater performance expectations based on previous 
research and industry standard calculations.  This was true for 
runoff volume reductions and for runoff peak delay and rate 
reduction (attenuation). For growing season rain events less 
than one inch (90% of the rain events recorded) the roof 
retained an average of 87% of the precipitation. For larger 
events (up to a daily maximum of 3.63”) the roof typically 
retained 58-61% of the precipitation.  Measured growing 
media moisture storage capacity was similar to pre-
construction estimates based on standard media tests. 
Measured total media storage capacity of this 3” (7.6cm) 
media depth roof was about 1.5” (3.8cm, 50% by volume) or 
about 9375ft3 (265m3, 70,129 gal, 265,470L) for the full 
75,000sf roof. Moisture storage capacity of the roof was 
greatest in the winter and decreased throughout the growing 
season. Total measured daily rain retention greatly exceeded 
the media storage capacity in some of the larger and longer 
measured rain events, suggesting that other moisture storage 
components like plant interception and tissue storage, 
evaporation during the rain event and transient storage in the 
drainage layer may play an important role in green roof 
stormwater retention. Peak flows were reduced to an average 
of 35% of the precipitation peak and peak runoff delay was a 
minimum of 1 hour and 15 minutes, comparing favorably to the 
pre-construction estimate of 55 minutes.  These results are 
particularly important because peak delays on large roofs are 
one of the least studied and most significant opportunities for 
green roofs to improve the hydrologic response of urban 
watersheds.   
 
 

Peak Flow Delay 
 
The time of peak runoff from the green roof was also 
delayed. The design estimate for time to concentration 
(time between storm peak and peak runoff) for this roof 
was 55 minutes. The observed peak delay for the 9 
events with runoff averaged much longer, at 1 hour and 
53 minutes, with a minimum of 1 hour and 15 minutes and 
a maximum of 3 hours and 15 minutes. For example, in 
the rain recorded in the morning on June 19, 2009, there 
were 3 sequential precipitation peaks at 10am, 11am and 
11:45am. Three corresponding peaks in measured runoff 
occurred at 11:30am, 12:15pm, and 1pm. In contrast, time 
to peak runoff from the non-green section of the roof was 
delayed by 15 minutes or less. Time to peak was 
significantly affected by the storm intensity with longer 
delays in some of the less intense storms observed. 

Relationship between peak flow rate and peak precipitation. Average peak 
attenuation was 65% (rational coeficient = 0.35) 

Peak runoff delay as function of storm intensity (cubic feet per second cfs) for a 
75,000 ft2 (0.697ha) roof in Chicago. Calculated time to concentration was 55 
minutes. 

Research Findings and Discussion 
Stormwater Performance 
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Energy 
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Key Points 
 
 For full green roof, 2.2% energy 

savings estimated in Chicago (1 – 6% 
expected in a range of climates) 
 

 Savings from green roof (compared to 
white roof) are greater in cold weather 
than in warm weather. 

 
 The green roof reduces peak heat load 

compared to the white roof, but the 
green roof’s overall impact on summer 
heat flux is similar to that of the white 
roof.  
 

 Membrane temperatures are 
substantially tempered by the green 
roof – up to 40 degrees cooler during 
hot weather. 
 

 Summer data show significantly cooler 
microclimate (air at RTUs) on green 
roof side, which translates to energy 
savings in heat rejection and cooling.  
 

 Winter data show slightly warmer air at 
RTUs on green roof side, which 
translates to energy savings in heating 
 

 
 

 



1/31/2013 Green Roofs at Walmart  |  Lessons from Chicago Store #5402 21 

Research Findings and Discussion 
Energy Performance 

Introduction and Methods 
  
The energy impact of the green roof compared with the white 
roof was analyzed based on monitoring from 2006 – 2009 of 
the following parameters at points distributed throughout the 
two sides of the roof as shown at right: 
 
• Surface temperature 
• Temperature in the soil profile  
• Temperature under the roof membrane 
• Temperature below the roof deck 
• Heat flux (Q, in watts per square meter or w/m2), which is a 
measure of energy flowing in or out of the store through the 
roof. 
•Air temperature at the point of air intake on rooftop 
heating/cooling units (RTUs) and air handling units (AHUs) – 
measured for one year, July, 2009 – July, 2010. 

To analyze energy impact of the green roof, the heat flux data 
collected from the roof was integrated into a simplified building 
model  (using ESP-r) and later into the full store energy model 
(using IES Virtual Environment).  The need for modeling to 
interpret field data arises largely from the need to know 
whether the building was heating or cooling, in order to allot 
heat flux differences properly.  For example, if the inward heat 
flux is reduced on the green roof, this equates to a savings if 
the building is in cooling mode but a penalty if the building is in 
heating mode.  Once air temperature data had been added, 
the model was also needed to translate the temperature 
difference into energy use difference by the RTUs and AHUs.  
This was done by modeling air temperature difference on the 
green side as precooling or preheating at the RTU//AHU.  
Models were run for the Chicago store, and then data were 
extrapolated to a model in Houston, TX, to gauge likely green 
roof energy impacts there. 
 
Average annual conditions were studied as well as peak 
heating and cooling periods to determine the green roof’s 
effect on store energy use. 
 

Thermal monitoring equipment locations shown in the roof profile (top) 
and on the roof plan (bottom). 
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Results – Surface and Under-Membrane Temperatures 
  
The results show that the green roof surface was warmer 
during winter, but also slightly warmer during summer peaks 
than the white roof surface.  However, data from sensors at 
the roof membrane show that the green roof was more 
successful under all conditions, including summer peaks, in 
buffering the indoor environment from outdoor conditions.  
This finding suggests that the thermal mass and insulative 
properties of a roof are more important than surface condition 
in impact on indoor temperature at the ceiling.  The lower 
surface temperature at summer peaks of the white roof is 
indicative of its ability, with very high albedo, to reflect the 
majority of solar radiation, a property that contributes to direct 
global cooling.  It also suggests that white roofs could be 
better for heat island reduction, though air temperature 
readings are a better indicator for this, and favor the green 
roof significantly, as discussed later in this section. 
 Modeled indoor ceiling surface temperature for Chicago based on field results.  

This moderates operative temperature, meaning air temperature can be slightly 
less tightly controlled, savings heating and cooling energy. 

Research Findings and Discussion 
Energy Performance 
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Left: temperatures on the surface, in the growing medium (soil) and under the membrane for both roofs; top right: average temperature April to June under the membrane for both roofs; bottom right: 
temperature under membrane over the course of a week for both roofs 
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Results – Heat Flux 
  
Heat flux was measured directly on both sides of the roof at 
Store #5402.  The graph at top right shows 14 months of heat 
flux data (watts per square meter, or w/m2).  A positive w/m2 
means heat was escaping from the roof, and a negative w/m2 
means heat was entering the roof.  It is clear from the graph 
that most of the year, the store is losing heat to the outdoors 
through the roof.  During fall, winter and spring, the standard  
(white) roof loses more heat than the green roof the majority of 
the time.  The green roof also has a more stable overall heat 
flux profile, not showing the spikes that the standard roof 
shows. In summer, the two roofs have much more similar total 
heat fluxes. Some anomalies were observed from the heat flux 
sensors that slightly favored white roof performance, however 
they were not sufficiently significant to skew results notably.  
 
The time of heat gain can be as important as the amount of 
heat gain, and is quite different between the two roofs.  As 
shown on the zoomed-in graph at bottom right on the 
preceding page, the peak heat gain by the green roof is 
delayed compared to the white roof, by 8 hours or more.  This 
means that if the hottest time of day and peak heat gain for the 
white side is around 1pm, the green roof will not release that 
heat into the interior until 9pm.  During all but the hottest 
season, that heat may be desirable by evening.  The graph at 
bottom right confirms that the green roof actually gains slightly 
more heat in summer total than the white roof.  This is likely 
due to the thermal mass and insulation effects, which do not 
allow the green roof to shed heat as effectively at night as the 
white roof does.  However, the majority of the year, the green 
roof performs better  in terms of heat gain, as discussed in the 
energy modeling section. 
 

Fall/winter heat flux through roof 

Heat Flux Impact of Green Roof, Chicago
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Results – Air Temperatures 
 
Green roof heat flux and surface temperature have been 
monitored in many studies.  However, green roofs also impact  
rooftop microclimate through tempering the air directly above 
the roof. If this effect reaches air entering rooftop HVAC units, 
they will not have to work as hard to heat and cool store air, 
and significant energy savings might result.   Very little field 
data on this topic exist.  To study the impact of the green roof 
on air temperature at HVAC unit intakes at store #5402, 
Walmart installed temperature sensors on two AHUs and three 
RTUs spread out over the white and green sides of the roof.  
Data was collected through the building’s BMS for a full year. 
 
Summer data showed significantly cooler air at RTUs on the 
green roof side (blue line at top right).  The same effect was 
observed for AHUs but was less pronounced (red line at top 
right).  This translates to energy savings in heat rejection and 
cooling.  Winter data showed mostly warmer air at RTUs on 
the green roof side, also with the same, but less pronounced, 
effect for AHUs. This translates to energy savings in heating, 
but not as much as cooling.  The difference in effect for AHU 
and RTU intakes cannot be easily explained.  It may have 
something to do with intake height, angle or air velocity, and 
needs further investigation.   
 
The finding that air temperature at intakes is, in fact, tempered 
by the green roof is important beyond this study.  In particular, 
it has implications for energy savings in multistory buildings.  
Heat flux reductions through the roof do not have much impact 
on building energy use in tall buildings.  However, these 
buildings often have rooftop HVAC equipment.  Tempered air 
demonstrates a means by which green roofs can save much 
more energy than previously thought on tall buildings. 
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Results – Modeling and Analysis 
  
To determine the energy impact of the monitored data on the 
building, it was integrated into a full energy model of the 
Walmart store.  The model was first run to account only for 
heat flux through the roof.  Then air temperature data was 
added as a precooling/preheating value of 2 degrees F, which 
is about right for heating and quite conservative for cooling 
according to the field data. Tempering of ceiling temperature 
was also assumed, and the resulting improved operative 
temperature permitted slight reductions in air conditioning 
energy consumption.  
 
The heat flux energy impacts were as expected based on the 
field data.  Heating mode savings were greater than cooling 
mode savings, and the green roof saved a modest amount of 
energy annually compared to the white roof (roughly 1.6% in 
Chicago for direct heat flux impacts only).  When the air 
precool/preheat effect was  added, the resulting energy 
savings increased to 5.3% in Chicago  for the whole building, 
which resulted from a 15% cooling reduction and an 11% 
heating reduction. The same model was run for Houston, TX, 
to estimate results in a different climate.  The result was a 
lower 3.1% energy savings, primarily due to Houston’s higher 
cooling and lower heating load. 
 
The IES model for Chicago was then rerun replacing the 
weather file with the rooftop air temperature data for the green 
and white sides, measured at the AHUs and RTUs.  The result 
was a 2.2% whole building energy savings (5.7% heating, 
7.3% cooling, 0% for lighting, refrigeration, etc.).  Differences 
between a model run with weather normals and one run with 
actual weather data for a given year are expected, so these 
results do not invalidate the above estimates.  The 
conservative 2.2% savings number was used in the cost-
benefit analysis. 

CHICAGO RESULTS 

END USE 
% ENERGY 

REDUCTION 

COOLING 7-15% 

HEATING  6-11% 
TOTAL 
REDUCTION 2-6% 

    Output from IESVE Energy Models based on Field Roof Data       Range of modeled energy savings  

Units CZ-005 CZ-005
Chicago, IL Chicago, IL

kWh / kW White Roof Green Roof
Energy Use (kWh) 1,429,683 1,429,683 0.0%
Peak Demand (kW) 231.4 231.4 0.0%

Energy Use (kWh) 557,488 557,488 0.0%
Peak Demand (kW) 112.2 112.2 0.0%

Energy Use (kWh) 95,121 89,923 5.5%
Peak Demand (kW) 75.6 74.7 1.2%
Energy Use (kWh) 14,993 14,373 4.1%
Peak Demand (kW) 8.8 8.8 0.0%
Energy Use (kWh) 80,128 75,550 5.7%
Peak Demand (kW) 66.8 66.2 0.8%
Energy Use (kWh) 0 0 100.0%
Peak Demand (kW) 0.1 0.0 100.0%

Energy Use (kWh) 2,408,275 2,271,005 5.7%
Peak Demand (kW) 1,798.8 1,578.7 12.2%
Energy Use (kWh) 827,602 774,740 6.4%
Peak Demand (kW) 483.3 463.1 4.2%
Energy Use (kWh) 735,615 689,480 6.3%
Peak Demand (kW) 845.4 625.9 26.0%
Energy Use (kWh) 624,391 601,841 3.6%
Peak Demand (kW) 428.7 413.0 3.7%
Energy Use (kWh) 220,667 204,944 7.1%
Peak Demand (kW) 202.6 200.6 1.0%

Energy Use (kWh) 270,848 250,978 7.3%
Peak Demand (kW) 188.4 183.2 2.7%
Energy Use (kWh) 92,048 87,875 4.5%
Peak Demand (kW) 78.0 77.4 0.7%
Energy Use (kWh) 176,550 160,874 8.9%
Peak Demand (kW) 133.4 126.7 5.0%
Energy Use (kWh) 2,250 2,229 0.9%
Peak Demand (kW) 0.8 0.8 -2.8%

Energy Use (kWh) 355,595 342,206 3.8%
Peak Demand (kW) 157.4 156.8 0.4%

Energy Use (kWh) 143,190 143,190 0.0%
Peak Demand (kW) 33.9 33.9 0.0%

Energy Use (kWh) 1,146,796 1,146,796 0.0%
Peak Demand (kW) 166.5 166.5 0.0%

Energy Use (kWh) 1,689,935 1,689,935 0.0%
Peak Demand (kW) 192.9 192.9 0.0%

Energy Use (kWh) 5,545,467 5,507,009 0.7%
Peak Demand (kW) 967.0 943.2 2.5%

Energy Use (kWh) 2,551,465 2,414,196 5.4%
Peak Demand (kW) 1,826.6 1,602.7 12.3%

Energy Use (kWh) 8,096,932 7,921,204 2.2%
Peak Demand (kW) 2,460.3 2,352.7 4.4%

% Savings 
(Green Roof)

WAL-MART STORES 195 SUPERCENTER BASELINE 2005

End Use Fuel Type

Interior Lighting Electricity

Exterior Lighting Electricity

Space Heating Electricity

Unit Heaters Electricity

Air Curtains Electricity

PCUs Electricity

Space Heating Gas

AHUs Gas

RTUs Gas

Unit Heaters Gas

Radiant Heaters Gas

Space Cooling Electricity

AHUs Electricity

RTUs Electricity

PCUs Electricity

Fans Electricity

Service Water Heating Gas

Equipment Electricity

Refrigeration Electricity

Total Electricity Electricity

Total Gas Gas

TOTAL ENERGY E + G

Research Findings and Discussion 
Energy Performance 



1/31/2013 Green Roofs at Walmart  |  Lessons from Chicago Store #5402 27 

Conclusions 
 
This study found that the Walmart green roof would save 2-6% of total store 
energy if applied to the full roof in Chicago (heat flux dynamics make it 
difficult to estimate exactly how much energy is saved by the half green roof 
that was installed).  Unlike studies comparing green roofs to black roofs, this 
study showed the green roof’s impact on total summer heat flux to be 
similar to that of the white roof.  The green roof side showed a lower peak 
heat gain than the white roof, but it seems that  the white roof performed 
better at releasing heat.  We hypothesize that thermal lag caused the green 
roof to retain heat at night, inhibiting the store’s ability to release heat and 
cool-down at night.  However, the green roof more than made up for this in 
its better heat flux performance during the rest of the year.  Further, the 
green roof’s ability to temper air temperature at rooftop unit intakes proved 
a significant influence on building energy use.  This effect was more 
pronounced in summer than winter.  The total estimated impact of the green 
roof vs. the white was a 6-11% reduction in heating energy and a 7-15% 
reduction in cooling energy, which results in 2-6% savings in total modeled 
store energy use (kWh) or about 6-10% energy cost savings plus 2.5% 
peak demand reduction in Chicago.  This translates to about $6,000 - 
$18,000 savings annually for a full green roof.  These numbers are 
conservative given that the full effects of evapotranspiration on the green 
roof cannot be modeled using the IES software (or any other standard 
building energy modeling software). 
 
The green roof performance is likely to increase relative to the white roof 
over time due to plant cover increase and weathering and dirt lowering 
white roof albedo in absence of a power washing program (power washing 
was determined not to be cost-effective). 
 
Options to further improve summer energy performance in stores with green 
roofs might include night flushing (operation of air handlers and/or operable 
windows/skylights at night to aid heat rejection that is impeded by green 
roof insulation/thermal mass), irrigation to increase evapotranspiration 
(though this would mean added cost and water use, which are not 
desirable), and installation of AHUs/RTUs with lower air intakes (precooling 
falls off at about 3’ above the green roof). 

 
Insulation  

+ Evapotranspiration 
+ Reduced air temperature at air intakes 

– Lower albedo 
+/- Thermal lag 

______________________ 
 

Green roof cooling savings 
 

 
Insulation 

- Evapotranspiration  
+ Increased air temperature at air 

intakes 
+ Lower albedo 
+ Thermal lag 

______________________ 
 

Green roof heating savings 
 

Equations showing factors contributing to green roof cooling and heating 
savings show factors that warm the building in red and factors that cool the 
building in green. 
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Financial Analysis 
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Key Points 
 
 Financial analysis was done for 9 locations 

 
 Green roofs have a less than 20 year payback for 
all locations studied. One third of the total show a 0-3 
year payback. 

 
 Green roofs cost about $11.50/sf more than white 
roofs installed.  They can offer first cost savings in 
the form of reduced need for landscape/underground 
stormwater infrastructure, rebates, tax and 
permitting incentives.  They offer ongoing savings 
via reduced maintenance (fewer roof repairs), energy 
savings and roof membrane longevity. 

 
 Green roofs had a 40 year net present value (NPV) 
of $1.8M to -$0.6M, and an internal rate of return (IRR) 
of 4 - 36%, depending on location.  Of the 9 locations 
studied, Portland Oregon had the highest green roof 
NPV for variables considered, followed by 
Philadephia, PA (separate sewer district) with the 
second most favorable. 
 
 Green roofs have significant community benefits 
that don’t factor into the owner’s cost-benefit 
equation (heat island reduction, biodiversity/ habitat, 
aesthetics, CSO reduction, etc).  Locations that give 
a fraction of these benefits back to owners as 
incentives tend to offer the best return on green roof 
investment for Walmart. 
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Financial Analysis 
Introduction 

The team performed a financial analysis to quantify and compare 
costs and benefits of green roofs with those of the Walmart 
standard white cool roofs (PVC or TPO).  Although green roofs 
provide a number of benefits that accrue to the community in 
general (heat island mitigation, habitat creation, etc.), the analysis 
was limited to costs and benefits that accrue directly to the 
building owner/operator, such as maintenance and energy costs.   
 
The approach to this financial analysis differed from a typical one, 
in that it compared not just the two roofing systems in isolation, 
but a development package that includes a green roof with one 
that uses more conventional means to comply with relevant 
regulations.  We compared the first cost to build a store compliant 
with development permit requirements (particularly stormwater 
management regulations) with a green roof to the cost of building 
a compliant store without a green roof.   Installed first cost  
(materials and labor) and maintenance costs were assumed 
constant between the cities. This approach provided a comparison 
between realistic alternative options available to Walmart, and 
also highlighted the influence of local policy on the cost-
effectiveness of installing a green roof.  Starting with the green 
roof and non-green roof  (white roof + minimum-cost alternative 
stormwater BMPs) compliance cases in a range of selected 
municipalities, operational savings were then applied to calculate 
a simple payback, a 40-year net present value (NPV) and an 
internal rate of return (IRR) for the green roof.   
 
Cost-benefit analyses were conducted for a hypothetical new 
store in nine areas, selected for their variety in policy and climate: 
Portland, OR (combined and separate sewer areas), Austin, TX, 
Minneapolis, MN, Chicago, IL (combined and separate sewer 
areas), Philadelphia, PA (combined and separate sewer areas) 
and the District of Columbia. 
 
 
 

Locations where a cost-benefit analysis was run 
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Financial Analysis 
Costs and Savings 

 
 
 

      

     
  

Aspects Influencing First Cost include: 
– Green Roof Structural & Material Costs  
– White roof material costs and the costs of 

alternative stormwater BMPs 
– Stormwater performance and  how it is viewed 

by local policies and regulations regarding 
development 

– Local incentives 
 

Aspects Influencing Operational Sustainability and 
Operating Cost include: 

– Energy performance 
– Maintenance costs 
– Stormwater performance and how it is viewed 

by local policies when calculating ongoing 
stormwater discharge fees (found to be equal 
between the green and white roof cases 
because we added equally compliant 
stormwater BMPs to the white case) 

 
The table catalogues the costs and savings attributed to 
each of the variables in the financial analysis. 
 

Green Roof White Roof Difference (White – 
Green) 

Notes 

Waterproof 
Membrane and 
Associated 
Components 

$5.55/sf $2.55/sf - $3/sf One time - green roof cost includes thicker 
membrane ($0.80/sf), recovery board 
($2.20/sf)  and more intensive Quality 
Control and Assurance, including leak 
tests 

Green Roof (plants, 
growing medium, 
drainage and water 
retention layers) 

$6.60/sf - -$6.60/sf one time – includes all green roof 
components above membrane and 2 
years of establishment maintenance 

Structural 
Reinforcement (above 
prototype) 

$1.89/sf - -$1.89/sf one time - heavier joists and joist girders 
and reinforcement to account for paver 
and green roof weight 

Total Roof Cost $14.04/sf $2.55/sf -$11.49/sf 

Additional Stormwater 
Infrastructure Cost 

$3.64 - $28.28/sf $11.62 - $42.77/sf $2.48 – $14.50/sf One time - cost to meet local requirements 
– depends on local policy and precipitation 

Energy Cost $2.24 - $4.05/sf $2.27 - $3.96/sf $0.03 - $0.07/sf/yr annual – includes heat flux and air 
temperature (rooftop microclimate) 
impacts, depends on local climate and 
energy costs 

Maintenance Cost 
Roof  

Ground-level BMPs  
 
 

 
$0.04/sf/year  
$0.009/sf/year 

 
$0.09/sf/year 
$0 - $0.009/sf/year 

$0.041 - $0.05/sf/yr annual, assumes no power washing for 
white roof, no irrigation for green roof, 
ground-level BMP cost is per sf of roof, not 
per sf of BMP. 

Financial Parameters Applied 

Discount rate 11% 

Time horizon for NPV calc 40 years 

Energy escalation rate 1% Summary of analysis inputs, including first cost and annual operating costs.  Data source: Walmart and 
Roofmeadow.  All costs include contractor markup, but not additional general contractor markup.   
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Financial Analysis 
Parameter Details 

First Cost – Materials and Structure 
 
Green roof cost includes improved membrane and all 
overburden (drainage and water retention mat, 3” growing 
medium and plants – details can be found in the 
introduction section of this report).  It also includes 
structural upgrades from the prototypical Walmart roof.  
Structural upgrades at the Chicago store included heavier 
joists and joist girders.  
 
No credit was taken in this analysis for reduced first cost due to 
potential to downsize HVAC equipment due to slightly lower 
loads from green roof.   Although a peak demand reduction of 
2-3% is expected, this is not sufficient to drop down to the next 
smallest rooftop unit (RTU) size in Walmart’s standard  set of 
equipment. 
 
Roof Life 
 
Green roofs can extend the life of a waterproof 
membrane.  The green roof layers protect the membrane 
from harsh thermal expansion cycles that cause wear and 
tear on typical roofs, and they also prevent the minor 
abrasions caused by foot traffic, tools dropped 
accidentally, etc.  Our analysis assumes green roofs 
roughly double roof membrane life. 
 
 

Energy 
 
Energy savings from the Chicago store were modeled at 
$0.05/sf/yr for the year in which air temperature data were 
collected.  This was the low end of the range expected 
based on typical weather data, $0.05 - $0.15/sf/yr. 
 
These energy estimates were based on the monitoring 
and modeling described in the energy section of this 
report, and included both direct heat flux and air 
temperature impacts at HVAC air intakes. 
 
The Chicago savings were extrapolated to produce 
estimates for the other cities analyzed, based on  the 
climate and energy prices of each location.  The resulting 
range of expected energy savings was $0.03 - 
$0.07/sf/year for the green roof.   
 

Maintenance 
 
The green roof was estimated to have a maintenance 
savings of $0.05/sf/year compared to the white roof.  This 
is due primarily to the protection the green roof affords the 
membrane and drains, preventing damage and clogging. 
Minimal selective weeding and avoidance of irrigation 
keeps green roof maintenance costs low.  In the majority 
of cases, Walmart does not power wash white roofs to 
maintain their cool roof properties, due to high expense 
and long payback.  White roof power washing would 
significantly increase the white roof costs, increasing 
green roof maintenance savings.  The table on the 
following page details assumptions for maintenance 
costs. 
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Financial Analysis 
Maintenance 

Anticipated maintenance for an 
average store 

Standard White (Cool) Walmart Roof Green (Vegetated) Walmart Roof 

Lifespan of roof (time between 
reroofings) 

17 years (15 typical, up to 25 possible 
for PVC, Walmart has also experienced 
membrane failures at less than 10 
years) 

30-40 years (40 quoted in most 
papers, some last longer, many US 
installations have not yet reached 
replacement age) 

Membrane repairs Occasional punctures, leaks, etc. from 
typical rooftop foot traffic 
 

None typically because membrane is 
covered by green roof layers 

Washing to maintain white, high 
albedo surface 

$28,000-32,000 (not done often at 
Walmart – roughly 1% of stores/year) 

n/a 

Irrigation n/a $0 after establishment watering is 
complete (establishment watering 
included in first cost).  Requires 
climate/roof-adapted plants. 

Standard maintenance Two visits for gutter & downspout 
cleanout, occasional snow removal, etc 

Reduced drain cleanout but added 
plant-related maintenance (weeding, 
plant replacement, troubleshooting) 

Total annual maintenance cost 
assumed 

Avg $0.09/sf/year (does not include 
power washing) 

Avg $0.04/sf/year 

Drain clogging and membrane darkening 
on white roof side, Chicago Store 5402 

Protected, clean drains on green side, 
Chicago Store 5402 

Summary of maintenance requirements for green and white Walmart roofs (source: Walmart and Roofmeadow, except as noted) 
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Financial Analysis 
Impact of Local Policies 

Policy Introduction 
  
Stormwater management regulations and green roof 
policies for various metropolitan areas were surveyed and 
summarized with the objective of determining how these 
regulations influence development costs.  In particular, 
the goal was to identify localities where regulations might 
create financial incentives for voluntarily incorporating 
green roofs at Walmart stores.   
  
The structure of stormwater regulations differs widely 
among states and municipalities.  Furthermore, 
ordinances in metropolitan areas often are unrelated to 
regulations that may apply in neighboring suburban 
areas.   Typically, stormwater management regulations in 
urban areas are more favorable toward green roofs and 
other best management practices (BMPs) than their rural 
counterparts. Green roofs are permissable in most North 
American cities, and regulations requiring them are in 
place in Chicago and Toronto (and under consideration in 
several other cities).  In most locations, green roofs may 
be used as an alternative method for complying with 
stormwater requirements.  Some cities, notably 
Philadelphia, District of Columbia, New York City, and 
Portland offer financial incentives (e.g, tax credits or 
subsidies) for green roofs.  It should be noted that these 
incentives sometimes carry associated restrictions or 
requirements that might cause them to be declined, some 
of which are discussed later in this paper. 
 
In many localities, stormwater regulations include 
provisions to treat runoff and reduce both total volume 
and peak discharge rates to storm sewers.  We have 
selected nine municipal regulations in six different cities 
as paradigms that can be used to gauge the impact of 
approaches to local stormwater management on the net 
cost of a green roof. 

Policy paradigms for stormwater and green roofs studied 

The Paradigms 
 
Chicago Paradigm: The regulation mandates Rate and Volume Reduction.  Rate Reduction requirements assign a fixed discharge rate based on the size of 
the site.  The reference rainfall event is the 100-year, 24-hour storm. Volume Reduction requirements specify a volume of water to be retained based on 
impervious area.  Green roofs are an acceptable BMP for volume reduction and can contribute toward compliance with Rate Reduction requirements, insofar as 
they decrease the runoff coefficient for the site. Projects located in combined sewer districts of Chicago will be exempt from water quality requirements if they 
reduce directly connected impervious area by 15% from pre-development conditions. A green roof contributes toward this impervious area reduction. 
Philadelphia Paradigm: The regulation mandates Rate Reduction, and Water Quality improvement in the form of infiltration or treatment.  Strategic use 
of green roofs will exempt projects from rate reduction requirements.  The Rate Reduction requirements limit runoff rates to those of the pre-development 
condition.  Water quality requirements are based on a fixed rainfall event over the impervious area of the site.  Green roofs are recognized as pervious space, 
thus eliminating the Water Quality treatment requirement for the roof area. Projects will be exempt from rate reduction requirements if they reduce directly 
connected impervious area by 20% from pre-development conditions, and a green roof contributes toward this impervious area reduction.  The green roof is 
permitted to accept and treat runoff from roofs that are tributary to the green roof. Green roof financial incentives are offered in the form of tax deductions.  
Austin Paradigm: The regulation mandates Rate Reduction, and Water Quality treatment.  The Rate reduction requirements limit runoff rates to those of 
the pre-development condition for rainfall events up to the 100-year, 24-hour storm.  Water quality requirements involve the treatment of a volume of runoff that is 
determined by the amount of impervious area on the site.  Green roofs are not recognized as an acceptable BMP for water quality treatment, but can contribute 
to toward compliance with Rate Reduction requirements, insofar as they decrease the runoff coefficient for the site. 
Minneapolis Paradigm: The regulation mandates Rate Reduction and Water Quality treatment.  The Rate Reduction requirements limit runoff rates to 
those of the pre-development condition for rainfall events up to the 100-year, 24-hour storm.  Water Quality requirements are designed to treat a specified rainfall 
(this is commonly with respect to the impervious area of the site).  Green roofs are an acceptable BMP for Water Quality volume reduction and can contribute 
toward compliance with Rate Reduction requirements, insofar as they decrease the runoff coefficient for the site. Green roof financial incentives are offered in the 
form of tax deductions. 
Portland Paradigm: The regulation mandates Rate Reduction, Water Quality treatment, and Infiltration.  The Rate Reduction requirements limit runoff 
rates to those of the pre-development condition for storms up to the 25-year frequency event.   Water Quality requirements are designed to treat runoff from a 
specified rainfall event.    Infiltration requirements aim to restore natural ground water recharge characteristics, and calculate the required infiltration volume 
based on the impervious area.  Green roofs are recognized as pervious space and thus are not counted in the water quality and infiltration volumes.  Green roofs 
contribute toward compliance with rate reduction requirements, insofar as they result in lower runoff coefficients for the site.  Green roof financial incentives are 
offered in the form of direct cash subsidies. 
District of Columbia Paradigm: The regulation mandates Rate Reduction, and Volume Reduction.  To satisfy the rate reduction requirement, post-
development peak flow rates for the 2- year 24-hour storm events must be less than, or equal to, the peak associated with the undeveloped (i.e. meadow) condition.  
Additionally, post-development peak flow rates for the 15- year 24-hour storm events must be less than, or equal to, the peak associated with the pre project 
condition.  The Stormwater Retention Volume (SWRv) is associated with the 90th percentile event (1.2 inches) for construction projects with land disturbance of 
5,000 sf or greater.  For major substantial renovation projects, compliance will be based on the 80th percentile event (0.8 inches) and peak flow obligations are 
waived.  Green roofs are identified as a BMP that can be used to meet both volume retention and rate reduction obligations.  Up to 50% of the SWRv 
requirement can be met offsite through a Stormwater Retention Credit trading program or an in lieu fee payment.  Stormwater retention provided onsite that 
exceeds the SWRv requirement can be certified to sell as stormwater retention credits (SRCs).  One SRC equals one gallon of stormwater retention for one year.  
SRCs will be traded on a private Stormwater Retention Credit Market.  SRCs can be used by any construction project in the District of Columbia that does not 
meet their full regulatory retention obligation (SWRv) on site. Green roof financial incentives are offered for any green roof area that is not used to satify 
stormwater management requirements. 
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As an example, the result of our runoff rate compliance 
analysis for Austin is provided in the figures at right. Note 
the difference in the lag time to peak from the parking 
area and the green roof in the top hydrograph. In Austin, a 
green roof that will have a combination of effective curve 
number and peak lag time that plots on the left side of the 
curve in the lower figure will satisfy the stormwater 
management requirement. Using similar assumptions 
about site conditions we found that green roofs can be 
effective for rate reduction in all the localities we 
investigated.   This result does not mean that green roofs 
offered the most cost-effective approach in all locations.  
In fact, where no financial incentives were offered, it was 
generally less expensive to install below grade detention 
and rain gardens than to install a green roof.  In the green 
roof case, however, the savings from avoided detention 
tanks and rain gardens brought the first cost into a range 
where it could be paid back by energy and maintenance 
savings within a reasonable amount of time. 
 
Predictions of runoff conditions were evaluated using local 
climatic data. Simplified techniques were used to estimate 
runoff volumes, detention requirements, etc.  Refined 
estimates for green roof performance are not likely to 
produce significant changes in the overall cost 
assessments, though changes in parameters like discount 
rate may.  
 
 
 
  

As a general observation, the large surface areas 
associated with parking at Walmart stores dilute the 
potential benefit associated with green roofs.  In many 
municipalities, positive return on investment (ROI) would 
be associated with projects that incorporate covered or 
underground parking in conjunction with a green roof.   In 
the case of Walmart stores, however, with their large site 
area to roof ratios, only large tax-based financial 
incentives or direct subsidies tend to cause the ROI for 
green roofs to reach parity with alternative BMPs.  As 
mentioned, though, even in cities without subsidies, green 
roofs allow for reduction in ground-based BMPs, 
effectively reducing green roof first cost.  
 
We have determined that even when regulations do not 
specifically recognize green roofs as BMPs, green roofs 
can still sometimes be used effectively at Walmart stores 
to comply with runoff peak rate requirements.   
Specifically, we investigated ordinances where the 
requirement for rate control is to maintain the ‘post-
development’ peak runoff rates at or below ‘pre-
development’ rates.  The so-called ‘pre-development’ 
condition was assumed to be a previously developed site 
with an existing average site runoff curve number of 84.   
Compliance with the regulation can be achieved with a 
green roof even if the parking area is drained directly to 
the storm sewer.   
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Assumptions 
  
In order to allow valid comparisons to be made among 
various local regulation environments, we have posited a 
‘standard’ Walmart store with the following attributes: 
•Total project area will be 450,000 sf 
•1/3 of total project area will be associated with the 
building (150,000 sf), with the balance as surfaced 
parking area.   
•The project will be developed on soils conforming to the 
NRCS Type B classification for infiltration and 
permeability 
•The project will be located in an urban area where pre-
development conditions are 80% impervious.  These will 
be previously developed locations and ‘brownfield’ sites.  
Average site curve number for the developed condition is 
84. 
•Life expectancy of the building is 40 years (for purposes 
of estimating NPV) 
•If at-grade water quality BMPs are needed, they are 
assumed to be located in vegetated medians in the 
parking area. 
•The green roof will have an NRCS curve number of 80 
with an associated time of concentration (TOC) of 1 hour.  
This is the minimum TOC observed in the Chicago store 
monitoring, and thus provides a conservative indication of 
performance.  
• Costs (material and labor) for green roofs, white roofs, 
and alternative BMPs, as well as ongoing savings related 
to maintenance are held constant amongst the cities.  
Energy savings are adapted based on climate. 
  
  

  
 
Where at-grade water quality BMPs are mandated, the 
BMP of choice was rain gardens.  Permeable pavement 
might have been cheaper, but Walmart has not approved 
this BMP for use due to insufficient success with pilot 
installations. 
 
Unit costs were developed for implementing various 
BMPs (e.g., rain gardens, below-grade detention).  These 
unit costs are reported in the table at right.  The unit cost 
for providing a green roof as a BMP was $9.60/sf.  This 
includes $6.60/sf for the green roof itself and $3/sf 
premium for providing a thick, premium quality roof 
membrane.  The cost of potential structural upgrades to 
the roof was determined to be $1.90/sf.  The unit cost for 
providing a subsurface detention basin is $18.50/cubic 
foot (cf) of water storage capacity.  The unit cost for 
providing a rain garden for water quality treatment is 
$36.00/ cf of water treated.  The unit cost for providing a 
rain garden to provide infiltration and water quality 
treatment is $46.00/cf of water treated and infiltrated. 
   
The results of the team’s analysis of the 3 year runoff 
monitoring program implemented at Walmart store #5402 
indicate a NRCS runoff curve number (CN) of 80 and a 
time of concentration of 1 hour 15 minutes minimum.  
These factors have been included in the analysis.   
 

Policy Results 
  
Local stormwater regulations were found to be the most 
significant factor influencing green roof cost-effectiveness 
in most cities.   
 
The cities studied whose policies seem most favorable to 
green roofs have the following in common:  
• direct green roof incentives without an area cap or 

other financially significant restrictions 
• higher-frequency events as design storms (e.g. the 25 

year rather than the 100 year storm) 
• count green roofs as pervious area 
• have water quality requirements in addition to rate 

reduction requirements 
 
Green roofs tend to make the least significant contribution 
to compliance with stormwater regulations in 
municipalities that follow the Chicago model of assigning 
release rates that are less than the ‘pre-development’ 
runoff rate.  
 
The least expensive path to regulation satisfaction was 
assumed for this analysis, so incentives were assumed 
accepted everywhere except in District of Columbia, 
though reasons may exist to decline them in other cities 
as well.  In the District of Columbia, the green roof 
incentive cannot be claimed for any roof area that is used 
to satisfy stormwater requirements.  Our analysis showed 
that the green roof saved more money in avoided 
infrastructure costs when used for compliance than the 
incentive offered, so the incentive was not factored into 
this analysis.  
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City 

Rate Reduction 

Requirement Cost of Underground 
Detention Basin to 

Satisfy Requirement 
(Without Green Roof) 

Cost of Underground 
Detention Basin to 

Satisfy Requirement  
(With Green Roof) 

Maintain  
Pre-Development Runoff 

Rates  

Governing 
Design Storm 

Chicago 100 Year $2,405,241  $1,662,188  

Philadelphia  1 year $982,776 Exempt1 

Austin 100 Year $901,209 $0 

Portland 10 Year $1,384,448 $1,012,616 

Portland 
Combined Sewer 

Area  
25 Year $1,499,814 $1,146,353 

Minneapolis 100 Year $585,303 $0 

District of 
Columbia 15 Year $817,515 $0 

Rate Reduction Compliance Costs 

City 

Water Quality Treatment / Volume Reduction / Infiltration 

Requirement 
Cost of a Rain Garden to 

Satisfy Requirement 
(Without Green Roof) 

Cost of a Rain Garden to 
Satisfy Requirement  
(With Green Roof) 

Chicago 

Treat / Infiltrate the 
Water Quality Volume 

$607,500 $382,500 

Chicago Combined 
Sewer Area $607,500 Exempt 

Philadelphia  $1,552,500 $977,500 

Philadelphia 
Combined Sewer 

Area 
$867,375 $546,125 

Austin $1,458,000 $1,458,000 

Portland $4,916,434 $3,095,524 

Minneapolis $1,156,968 $778,968 

District of 
Columbia $1,478,348 $808,404 

Water Quality/Volume Reduction Compliance Costs 

 

City 

Incentive 

One Time 
Tax Abatement 

One Time Direct 
Subsidy/ Grant 

Program 

Chicago $0 $0 

Philadelphia  $100,000 $0 

Austin $0 $0 

Portland $0 $750,000 

Minneapolis $0 $0 

District of 
Columbia $0 $25,000 

Green Roof Incentive Summary 

City 
Yearly Stormwater Utility Fee 

Without Green Roof With Green Roof 

Chicago $0 $0 

Philadelphia $5,713 $5,713 

Austin $0 $0 

Portland $31,495 $31,495 

Minneapolis $18,138 $18,138 

District of Columbia $21,121 $21,121 

  

Typical Annual Maintenance  Costs 

Underground  
Detention Basin Rain Garden Green Roof White Roof 

Without Green 
Roof $280 $1,120 0 $13,000 

With Green Roof $280 $1,120 $6,000 0 

Green Roof and BMP Maintenance Costs 

Cost of 3" Thick Green Roof $9.60/sf 

Cost of Typical Structural Upgrade for 
Green Roof $1.90/sf 

Cost of Underground Detention Basin $18.50 / cf water 

Cost of Treatment Rain Garden $36.00 / cf water 

Cost of Infiltration Rain Garden $46.00 / cf water 

Unit costs assumed for implementing various BMPs  

Stirmwater Utility Fees 
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Summary of cost-benefit analysis on a per square foot basis (except as noted) 

This table compares the green roof to the white in each 
location, and for each variable.  Energy savings based on the 
models completed in this study were adjusted based on local 
climate for each city.  Maintenance savings were assumed 
equal in all locations.  

Simple 
Payback 
(years)

IRR

40 yr 
Discounted 

NPV 
(150,000sf)

Chicago* 17 9.30% (94,835)$      
Chicago  
Combined 
Sewer Area*

17 14% 106,130$     

Philadelphia 3 36.40% 225,695$     
Philadelphia 
Combined 
Sewer Area

14 10.20% (28,472)$      

Austin 18 3.90% (527,903)$   

Portland immediate n/a 1,529,029$ 

Portland 
Combined 
Sewer Area 

immediate n/a 703,966$     

Minneapolis 18 4.00% (486,290)$   
District of 
Columbia 10 13.40% 64,301$       

*Chicago white roof case is required by policy to have half 
green roof, so results shown take this into account.  
Comparing all-white to all green in Chicago/Chicago Combined 
Sewer Area yields payback 18/17 years, IRR 3.9%/8.7% and 
40yr NPV -$583,220/($111,662).

First Costs ($/sf) Green Roof Annual Savings ($/sf/year)
White roof 
first cost

Green Roof 
First Cost 
(includes 
structural 
upgrade)

Green Roof: 
Avoided Cost 
of other 
Stormwater 
Systems 

 Green Roof: 
One-time 
rebates 
received 
upfront 

Green 
Roof: 
Tax 
credits

Net 
Green 
Roof 
Premium

Annual 
Electricity 
Savings 
Estimate 

Annual 
Peak 
Demand 
Reduction 
Estimate 

Annual 
Gas 
Savings 
Estimate 

Annual 
Total 
Energy 
Savings 
(Use and 
Demand)

Annual 
Maintenance 
Savings 
Estimate 

Total 
Annual 
Savings 
Estimate 

Chicago* 8.30$         14.04$       $3.23 -$             -$     2.52$     0.02$       0.01$         0.01$      0.05$        0.05$            0.10$       
Chicago  Combined 
Sewer Area*

8.30$         14.04$       $4.50 -$             -$     1.25$     0.02$       0.01$         0.01$      0.05$        $0.06 0.10$       
Philadelphia 2.55$         14.04$       $10.39 -$             0.67$   0.44$     0.03$       0.01$         0.03$      0.07$        $0.05 0.12$       

Philadelphia 
Combined Sewer 
Area 2.55$         14.04$       $8.69 -$             0.67$   2.13$     0.03$       0.01$         0.03$      0.07$        $0.05 0.12$       
Austin 2.55$         14.04$       $6.01 -$             -$     5.48$     0.03$       0.02$         0.01$      0.07$        $0.05 0.12$       

Portland
2.55$         14.04$       $14.62 5.00$           -$     (8.13)$    0.02$       0.01$         0.00$      0.03$        $0.05 0.08$       

Portland Combined 
Sewer Area

2.55$         14.04$       $14.50 5.00$           -$     (8.01)$    0.02$       0.01$         0.00$      0.03$        $0.05 0.08$       
Minneapolis 2.55$         14.04$       $6.42 -$             -$     5.07$     0.02$       0.01$         0.02$      0.05$        $0.05 0.11$       
District of 
Columbia**

2.55$         14.04$       $9.92
 $5.00 

available** -$     1.57$     0.04$       0.01$         0.02$      0.06$        $0.05 0.12$       
*Chicago policy is to require minimum half green roof on any large retail store, therefore the white roof cost shown for Chicago is actually a half white half green roof cost.
**Incentive is available but not counted.  Incentive cannot be applied if green roof is counted to satisfy stormwater requirements, and financial outcome is better if green roof is 
used to satisfy stormwater requirements and no incentive is taken.
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All cities studied showed a green roof simple payback 
under 20 years when stormwater equipment savings were 
considered. Of the paradigms studied, Portland offers the 
most favorable regulatory environment for the 
implementation of green roofs, and is the only city studied 
where a green roof provides a first cost savings over a 
white roof with conventional stormwater BMPs, even 
without the incentive (separate sewer area).  Portland is 
closely followed by Philadelphia’s separate sewer district, 
where the green roof achieves a 3-year payback and the 
highest internal rate of return, 36%.  Portland’s combined 
sewer area achieves a similar payback if the incentive is 
not claimed there (or has a first cost savings if the 
incentive is accepted).  These cities accept a green roof 
to satisfy stormwater rate and/or quality management 
requirements, and also offer incentives that still apply if 
the green roof is used to satisfy regulations. The District 
of Columbia shows a 10-year payback for the green roof, 
even declining the green roof incentive, but would  offer a 
first cost savings if the incentive could be claimed on top 
of regulatory compliance benefits.   
 
Note that green roofs will tend to cost less and pay back 
more quickly in all of these cities than in cities lacking 
stormwater regulations or related incentives.   
  
  

This analysis makes it quite clear that there are locations 
in which a green roof represents a sound investment for 
Walmart in comparison with a white roof.  Likewise, there 
are locations and scenarios in which a green roof might 
be difficult to justify based on financial factors alone.  
Because only a few cities have been analyzed here and 
each city’s policies tend to be unique, these results 
suggest that it would be worth a brief analysis for any city 
in which a new Walmart store is to be built to determine 
whether a favorable return on green roof investment could 
be realized.  Likewise, policymakers with an interest in 
creating a favorable environment for voluntary green roof 
installation may want to analyze their own policy 
paradigms in the context of  more and less favorable 
markets discussed here. 
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Key Points 
 

 
 Stormwater retention is higher than expected, and 
supports the policies of cities that give credit under 
the stormwater codes. 

 
 Large green roof appears to perform better than 
small ones on a per square foot basis. 

 
 Year-round energy benefits exist, but will not 
provide short-term ROI sufficient to cover first cost.  
When maintenance benefits and savings on 
conventional stormwater BMPs are added to energy 
savings, ROI potential is good. 

 
 Green roofs have  a less than 20 year payback for 
all locations studied.  One third of the total show a 0-
3 year payback. 

 
 The study cities whose policies are most favorable 
to green roofs have the following in common:  
• direct green roof incentives without an area cap 

that can be claimed even if green roof is used to 
satisfy stormwater regulations 

• higher-frequency events as design storms (e.g. 25 
year rather than 100 year) 

• count green roofs as pervious area 
• have water quality requirements in addition to rate 

reduction requirements 
• do not require volume reductions significantly 

lower than pre-development 
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Key Study Results  

Policy and Cost Benefit Analysis 
 
This analysis makes it clear that there are locations in which a 
green roof represents a sound investment for Walmart in 
comparison with a white roof.  Likewise, there are locations 
and scenarios in which a green roof could not be justified 
based on financial factors alone. Green roof return on 
investment is highly sensitive to store location, primarily due 
to local policy impacts. This finding suggests a need for a 
brief analysis for any new city in which a Walmart store is to 
be built to determine whether a favorable return on green roof 
investment could be realized.  Likewise, policymakers with an 
interest in creating a favorable environment for voluntary 
green roof installation have an opportunity to configure their 
stormwater policies to create an incentive without investing in 
a rebate (though rebates still tend to provide the best 
paybacks for green roofs). 
 
Of the cities studied, Portland is the most favorable for 
voluntary green roof installation based on financial analysis, 
with a first cost savings possible in both the combined and 
separate sewer areas (separate sewer area offers first cost 
payback even without acceptance of the City incentive).  
Philadelphia (separate sewer area) follows with a 3-year 
payback expected, and the District of Columbia is third-best 
with a 10-year payback (without the incentive as discussed in 
the financial analysis section).  All cities showed under a 20-
year payback.   
 
The cities studied whose policies are most favorable to green 
roofs have in common direct green roof incentives without 
significant restrictions and higher-frequency events as design 
storms (e.g. 25 year rather than 100 year).  They have water 
quality requirements in addition to rate reduction 
requirements and count green roofs as pervious area.  They 
also do not tend to require volume reductions significantly 
lower than pre-development conditions. 

Energy 
 
Unlike studies comparing green roofs to black roofs, this 
study showed the green roof’s impact on total summer 
heat flux to be similar to that of the white roof.  However, 
the green roof more than made up for this in its better 
heat flux performance during the rest of the year, and its 
ability to reduce peak demand.  Further, the green roof’s 
ability to moderate air temperature at rooftop unit intakes 
proved a significant influence on building energy use.  
This effect was more pronounced in summer than winter.   
 
The total estimated impact of the green roof vs. the white 
was a 6-11% reduction in heating energy and a 7-15% 
reduction in cooling energy, which results in 2-6% savings 
in total modeled store energy use (kWh). .  This translates 
to about $6,000 - $18,000 savings annually for a full 
green roof.  The modeled performance based on a 
specific year’s data showed a 2.2% overall energy 
savings  plus 2.5% peak demand reduction in Chicago.  
These numbers are conservative given that the full effects 
of evapotranspiration on the green roof cannot be 
modeled using the IES software (or any other standard 
building energy modeling software).   
 
Options to further improve summer energy performance 
in stores with green roofs might include night flushing 
(operation of air handlers and/or operable 
windows/skylights at night to aid heat rejection that is 
impeded by green roof insulation/thermal mass), irrigation 
to increase evapotranspiration (though this would mean 
added cost and water use, which are not desirable), and 
installation of AHUs/RTUs with air intakes belpw 3’ above 
the green roof to better take advantage of  free pre-
heating/pre-cooling. 

Stormwater 
  
The Walmart green roof met or exceeded stormwater 
performance expectations based on previous research 
and industry standard calculations.  This was true for 
runoff volume reductions and for runoff peak delay and 
rate reduction (attenuation). For growing season rain 
events less than one inch (90% of the rain events 
recorded) the roof retained an average of 87% of the 
precipitation. For larger events, the roof retained an 
average of 60% of the precipitation.  
 
Prior to construction, measured total media storage 
capacity of this 3” (7.6cm) media depth roof was about 
1.5” (3.8cm, 50% by volume) or about 9375ft3 (265m3, 
70,129 gal, 265,470L) for the full 75,000sf roof. Total 
measured daily rain retention greatly exceeded the media 
storage capacity in some of the larger and longer 
measured rain events, up to 3.5”, suggesting that other 
moisture storage components like plant interception and 
tissue storage, evaporation during the rain event and 
transient storage in the drainage layer may play an 
important role in roof stormwater retention. Moisture 
storage capacity of the roof was greatest in the winter and 
decreased throughout the growing season.  
 
Peak flows were reduced to an average of 35% of the 
precipitation peak and peak runoff delay was between 
1.25 hours and 3.25 hours, comparing favorably to the 
pre-construction estimate of 55 minutes.  These results 
are particularly important because peak delays on large 
roofs are one of the least studied and most significant 
opportunities for green roofs to improve the hydrologic 
response of urban watersheds.  It appears that very large 
green roofs such as Walmart’s perform better on a per 
square foot basis than smaller roofs. 
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Implications for Design 

Several findings have implications for green roof design to 
maximize performance.  These include: 
 
Water retention by design 
 
Although past studies have confirmed that stormwater 
retention increases with depth of media (engineered soil), 
the Walmart roof retained more water than expected with 
a minimal media depth of 3”.  The team believes this to be 
due to a combination of large roof size and the type of  
low-transmissivity water retention mat that was used.  
This suggests that maximizing green roof area  is 
beneficial if possible, and water retention features other 
than the soil itself should be considered.  Green roof 
function also depends on building design beyond the 
green roof area.  Scuppers (albeit on the white side of the 
roof) had to be raised to avoid unmeasured water loss 
during heavy rain events.  Placement of scuppers at a 
height above the top of the growing medium is 
recommended to prevent unintended runoff, following a 
structural analysis to confirm the saturated green roof 
weight can be supported. 
 

Energy savings by design 
 
Energy savings on green roofed stores can be maximized 
using measures such as these: 
- Locate rooftop HVAC units on green roof areas, central or 
at downwind end 
- Locate air intakes on rooftop HVAC units as close as 
possible to the roof surface, and preferably no higher then 
3’.  The closer to the roof surface, the more the air 
temperature is influenced by the green roof, and evidence 
from this and other studies suggests that influence falls off 
quickly around 3’ above the surface. 
- Consider summer night ventilation for stores with green 
roofs to aid cool down 
- Consider deepened media, leafy plants with a canopy and  
light-colored media in hot climates and possibly irrigation 
(see below). 

 

Promoting habitat value 
 
The Walmart roof became habitat for a diverse array of 
avian and insect life, even though habitat value was not 
one of the key design criteria. One concern that emerged 
was that baby birds born on the roof may not have the 
resources needed to survive until they can fly from the 
roof. On an unirrigated roof, maintaining a small water 
supply somewhere on the roof could help ensure that 
birds hatching there can survive until they are able to fly.  
Care should be taken to avoid stagnation or excessive 
point loading from water.  Locations for shade and shelter, 
such as small pieces of driftwood and bee boxes, have 
also been shown in other studies to offer great benefit 
without significant aesthetic impact or cost.  Other studies 
have also suggested light-colored media and use of some 
plants with a leafy canopy (rather than only groundcovers) 
may also help protect soil communities that serve as the 
basis of habitat from overheating. It is worth noting that no 
problems with or damages from pests were noted in 
conjunction with the green roof in Chicago. 
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Implications for Policy 

Other studies have confirmed that green roofs offer 
significant benefits to the community at large.  This study 
provides several implications for policymakers interested 
in accommodating or promoting green roofs. 
 
Stormwater requirements can act as incentives. 
 
A permitting requirement that can be partially or fully 
satisfied by a green roof functions as a financial incentive 
for an owner to install a green roof.  In this study, most 
regulations were stormwater-related.  Other policies, such 
as open space requirements, can also act as green roof 
incentives.  In most cases, however, a direct financial 
incentive is also needed to make a green roof  financially 
preferable to a white one.  This may not be the case once 
the industry has matured and economies of scale are 
achieved.  For example, typical first costs in Europe, 
which has an older and larger green roof industry, are 
much lower than those found in the US. 
 
The cities whose policies are most favorable to green 
roofs seem to have in common higher-frequency events 
as design storms (e.g. 25 year rather than 100 year), and 
water quality requirements in addition to rate reduction 
requirements.  They count green roofs as pervious area, 
and do not tend to require volume reductions significantly 
lower than pre-development conditions. 

Incentive structure makes a difference. 
 
Some incentives did not achieve their full goal of 
promoting green roofs at Walmart due to their structure.  
Incentive value will be maximized for a large retail 
developer if it is not capped at a given amount for a single 
owner, and if the developer can receive the incentive 
even if the green roof is used to satisfy local regulations 
(if the city budget  allows for this, of course).   
For example, in  the District of Columbia, allowing 
incentivized green roofs to also satisfy stormwater 
requirements would mean a first cost savings for a store 
with a green roof, rather than the (still respectable) 10-
year payback currently expected.   
 
Large roofs may perform better. 
 
The stormwater results of this study strongly suggest that 
performance increases exponentially with roof size.  
Other studies echo this result for benefits like habitat 
creation  This implies that very large green roofs offer 
particular value to the public, and to the environment.   
Policymakers can promote the installation of very large 
green roofs by avoiding the capping of green roof 
incentives at a certain number of square feet or a given 
monetary value to a single owner.  Capping encourages 
owners of large buildings to install only partial green 
roofs, and benefit opportunities are then limited. 

It pays to credit green roofs with their full 
performance. 
 
Green roofs have been documented to provide benefits 
for stormwater rate, volume and quality, as well as 
building energy savings and peak surface temperature 
reduction.  However, in some cities, green roofs are not 
included in lists of approved equipment to meet policies 
regulating these parameters.  This exclusion acts as a 
disincentive for green roof installation. 
 
 In some cases, cities need to standardize performance 
assumptions about green roofs to allow developers to 
claim benefits toward compliance.  The Walmart Chicago 
monitoring showed the green roof to exceed common 
performance assumptions for volume reductions and 
peak delay.  For example, the green roof had a 1.25 – 
3.25 hour time of concentration, rather than a common 
assumption of 1 hour, and a maximum absorption of 3.5”, 
rather than a common 1” assumption.   
 
If green roofs cannot claim their full performance benefits 
in satisfying regulations, redundant systems must be 
installed, which wastes infrastructure and makes green 
roofs less cost-effective for developers.  Accordingly, it 
seems advisable that cities adopt a process for 
periodically checking the scientific literature to update 
their green roof performance characterizations. 
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