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Abstract: Reflective roof membranes have been shown to lower air conditioning costs by reducing
the influx of thermal energy through a roof assembly and into the building. However, there have been
studies suggesting that reflective roofs in cold climates give rise to increased winter heating costs,
due to the lack of absorption of solar thermal energy. Such studies could be used to justify continued
use of dark, absorptive roof membranes even in areas that are striving to reduce urban heat island
effects and/or lower contributions to global warming. In a prior modeling study, by this author and
others, based on gas heat, it was found that reflective roofing provides net annual energy savings
so long as air conditioning was used. Studies by others have suggested that when electric heat is
used, the winter heating cost savings associated with non-reflective roofing outweigh summer air
conditioning cost savings with reflective roofing. However, these studies did not take into account
electric demand charges. Therefore, this present study modeled the energy efficiency of commercial
buildings in order to compare the effect of gas versus electric heat with varying levels of demand
charge included, on the net energy efficiency. Four different levels of demand charges were compared,
along with three levels of solar reflectance for thirteen cities located throughout the US. In every
studied case, when gas heat was assumed, net annual energy savings were predicted for reflective
membranes. For electric heat, net energy savings were achieved in most cases even when demand
charges were zero. In three northernmost cities, this was the case provided that demand charges
exceeded a relatively small minimum. This finding suggests that reflective roofing provides for net
energy efficiency improvements in most US cities and all cities when demand charges exceed USD
6.25 Therefore, efforts by cities to encourage reflective roofing as part of urban heat island effect
mitigation programs should not be reduced.

Keywords: reflective roofing: energy efficiency; demand charges; commercial buildings

1. Introduction

The use of reflective roofing has been recognized as an adaptive response to global warming [1].
Reflective roof membranes, otherwise known as cool roofs [2], account for greater than 50% of
roof surfaces installed onto industrial and low-slope commercial buildings in the US each year [3].
While cool roofs can raise the surface albedo of urban areas and have therefore been encouraged
by states and cities as part of urban heat island mitigation and global warming reduction efforts
(see, for example, Gaffin et al. [4]), they have also been shown to lower air conditioning loads on
buildings, thereby saving energy in both North American [5,6] and European studies [7].

While cool-roofs might be accepted as a logical means of lowering energy costs in warm and sunny
climates for those buildings with air conditioning, studies have examined the implications for cooler
areas. For example, Hosseini and Akbari modeled the behavior of buildings in four cold-climate cities
in North America: Anchorage, AK, Milwaukee, WI, Montreal, QC, and Toronto, ON [8]. They predicted
net annual energy cost savings for cool roof use for these four northern cities.
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However, studies by Ibrahim suggested that dark roofs have the potential to lower heating costs in
the winter [9,10]. Thus, there is a question as to whether a reduction of summer air conditioning costs
through the reflection of energy exceeds the reduction of winter heating costs through the absorption
of solar heat. This has been referred to as the winter heating penalty effect [11]. Fenner et al. described
the experience of a major US national retailer after instituting cool roof use [12]. Energy cost savings
associated with cool roofs were experienced across the entire national store portfolio. It was noted
that even in northern climates, overall cooling costs exceeded heating costs in all of their retail outlets.
In the few instances of dark roofs within the portfolio in northern areas, no reduction in required
heating energy was noted when compared to similar buildings with cool roofs.

While the work of Ibrahim [9,10] and also Matter [13] showed reflective roofing to raise overall
energy costs, those studies assumed heating energy was supplied by electricity. According to the
US Department of Energy (DOE), electricity is used to supply less than 20% of space heating energy
demand for commercial buildings [14]. Also, Ibrahim and Matter did not take into account electric
demand charges which are an important part of the US electric tariff system [15]. Taylor and Hartwig,
using CoolCalc and CoolCalcPeak published by Oak Ridge National Laboratory (ORNL) (part of the
US DOE), showed that net energy costs would be reduced throughout the US by using cool roofing [3].
They assumed air conditioning (electric) and gas heat. Demand charges had the effect of increasing air
conditioning costs, thereby making a stronger case for cool roofs.

In this study, the use of gas and electric heat are compared in order to determine if electric heat
favors the use of non-reflective roofs. Different levels of electric demand charges were used in order to
determine if the electric tariff structure could provide a basis for making roof membrane reflectivity
decisions. Cities across the US were selected to compare the effects of a wide range of heating degree
days (HDD) and cooling degree days (CDD). Also, three levels of roof reflectivity, representing white,
tan, and gray roof membranes, were used in order to determine if an intermediary level of heat
absorption offers an advantage depending on climate. It is assumed that no changes to building heating
and cooling set points would be made, and that therefore there would be no changes to occupants’
comfort levels.

This study follows the methodology used in the previous work by Taylor and Hartwig [3].
In the following sections, the modeling method is explained together with the energy cost and other
assumptions. The results are analyzed for thirteen cities and overall net energy costs/savings shown
for different levels of demand charge and roof membrane reflectivity. The conclusions point to the
implications for roofing decisions in northern areas of the US. Also, recommendations for possible
future studies are made.

2. Methods/Analysis Inputs

2.1. Locations

Thirteen US cities were selected as listed in Appendix A. The general locations are indicated in
Figure 1. The cities were selected to be able to compare the results to the previous study [3] and to
allow for a range of north to south climate data in populous regions of the country.
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Figure 1. Map of the US showing the general locations of the thirteen cities studied.

2.2. Energy Cost Modeling

Energy costs were modeled for the thirteen US cities using the CoolCalcPeak calculator, published
by DOE/ORNL [16]. The tool was developed to provide estimated energy cost differences associated
with a proposed membrane that has certain reflectivity and emissivity properties versus a highly
absorptive membrane. The calculator incorporates climate data for 263 US cities and also allows for the
evaluation of different insulation values. The background and development of the tool together with
validation studies has been described elsewhere [3].

The HDD and CDD used by CoolCalcPeak for the thirteen cities are shown in Table A1. Also shown
are the HDD and CDD values for 2017, obtained from an online weather database [17]. Energy cost
savings or increases obtained from CoolCalcPeak were scaled by the ratio between the HDD and CDD
historical values used in the calculator and the 2017 values.

CoolCalcPeak makes no assumption as to building geometry. It only calculates energy loads
on a building due to reflectance, emissivity, and insulation values, as well as local climate factors.
Those energy loads might be a large percentage of the total for a wide, low building, or a small
percentage for a tall, narrow building. The calculator is estimating energy loads due to the roof alone.
Also, it assumes that the roof areas are unshaded, which potentially makes it less suitable for use
when modeling building energy use for urban areas with tall buildings and high densities of land use.
Therefore, for the results of this study will be more applicable to suburban areas or to those urban
buildings that are not shaded.

2.3. Utility Costs

Yearly average electric costs were obtained from an online database for the latest year such data
was available, 2017 [18]. The values were those for commercial customers and were for each individual
state thus capturing regional cost variations. Natural gas annual average costs were obtained by
state, based on the annual average for commercial customers using 2017 US Energy Information
Administration (EIA) data [19]. All energy costs are shown in Table A1.

Demand charges base a portion of a commercial customer’s electricity bill on their peak level of
demand. They are typically based on the highest average electricity usage occurring within a defined
time interval (usually 15 minutes) during a billing period. Unlike electricity consumption charges,
which account for the volume (kilowatt hours, kWh) of electricity consumed throughout a billing period,
demand charges track the highest rate (kilowatt, kW) of electricity consumption during the billing
period. As shown in a survey of utilities carried out by the National Renewable Energy Laboratory
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(NREL), demand charge rates vary considerably across utilities, locations, building sizes, and building
types [20]. Demand charges often represent from 30%–70% of a commercial electric bill because of air
conditioning use. Due to their variation, energy costs were analyzed for demand charges of USD 0,
USD 5, USD 15, and USD 25 per kW. These were assumed to apply year round.

2.4. Roof System

The CoolCalcPeak calculator compares energy costs relative to a nominally non-reflective,
absorptive roof membrane, comparable to a single ply cured ethylene propylene diene monomer,
EPDM, membrane. The Cool Roof Rating Council reports independently tested unaged and three
year exposed solar reflectance and emissivity values for commercially available roof membranes and
coatings [21]. The three year data represents typical long term roof performance and was used here.
Three generic thermoplastic polyolefin, TPO, membranes, were evaluated with the solar reflectance
and emissivity values shown in Table 1.

Table 1. Typical three year solar reflectance and emissivity values for the TPO membranes evaluated.

Color Solar Reflectance Emissivity Designation

White 0.68 0.83 High Reflectance
Tan 0.59 0.84 Mid Reflectance

Gray 0.42 0.86 Lower Reflectance

An insulation thermal resistance of R-30 (RSI 5.283) was used because this value is representative
for most US locations per the 2015 International Energy Conservation Code [22]. Therefore, results and
conclusions of this study would be applicable to new construction and reroofing of existing buildings.

Buildings can vary greatly in terms of height, area, and geometry (width versus depth). So called
“big box” retail construction in the US is single story in nature and covers a range of floor areas.
For example, Walmart stores range between 30,000 and 219,000 square feet and Costco stores between
73,000 and 205,000 square feet [23]. This study used an average big box roof area of 125,000 ft2

(11,613 m2) [24], which is consistent with the previous work [3]. An example of a big box retail store,
with a reflective roofing membrane, is shown in Figure 2.
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2.5. Heating and Cooling System Efficiencies

CoolCalcPeak asks the user to select between low, medium, and high efficiency settings for the
heating, ventilation, and air conditioning equipment (HVAC), these being described in [25]. Building
air conditioning efficiency is defined by a coefficient of performance (COP) which is the ratio of the
amount of cooling provided by a cooling unit to the energy consumed by the system. The COP was set
at 2.5, i.e., high efficiency, for all cases modeled here. Heating efficiency is defined as the ratio of the
energy released into the building compared to the energy available in the fuel and ranges between
0, i.e., no heat is released, to 1.0 meaning that all of the fuel’s energy is released into the building.
The natural gas heating efficiency was set at 0.8 (i.e., at high efficiency). These high efficiency values
are representative of newer equipment and would make any projected energy savings conservative
when considering older buildings with less insulation and less efficient HVAC equipment.

3. Results

Changes in a roof’s energy efficiency were calculated in USD for the annual net energy cost.
Tables A2–A4 show the annual savings when converting from an absorptive roof membrane to a high,
mid, or lower reflectance roof membrane, respectively. The savings are shown for USD 0, USD 5,
USD 15, and USD 25 demand charges.

3.1. Gas Heat

As has been found in the author’s previous study of 18 US cities [3], the use of a high reflectance
membrane resulted in net energy savings for all locations studied when gas heat was used during
winter months. This is shown in Figure 3, for each of the four demand charges evaluated.
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Examination of Figure 3 suggests that northern cities that require highly reflective roof membranes
as part of urban heat island reduction and global warming mitigation initiatives are not penalizing
building owners who use gas heat with higher net energy costs. This is in agreement with this author’s
prior study [3]. The mid and lower reflectance membranes resulted in lower savings but in no case was
a cost penalty incurred. This is logical, given that the comparison is to an absorptive membrane such
as EPDM.
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3.2. Electric Heat with High Reflectance Membrane

In the case of electric heat with the high reflectance membrane, savings were lower than when
using gas heat for the locations studied with higher heating requirements (i.e., significant HDD).
This confirms that there is a winter heating penalty. Nevertheless, all but three of the cities studied had
net energy savings when no demand charges were applied. This is shown graphically in Figure 4.
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The other three cities only had savings when demand charges were present. Two of those cities,
Albany, NY and Chicago, IL, had the highest HDD of 7083 and 6449.5, respectively. The third city,
Portland, OR, had 4461 HDD but only 278.5 CDD, meaning that heating costs dominated.

3.3. Electric Heat with Mid and Lower Reflectance Membranes

For the case of electric heat with mid and lower reflectance membranes, the net energy savings
are shown in Figures 5 and 6 respectively.
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Figure 6. Annual net energy cost savings for each location using a lower reflectance membrane,
assuming electric heat. For each city data for four demand charges are shown, 0 USD, 5 USD, 15 USD,
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The results for the mid and lower reflectance membranes show reduced energy efficiency savings
for all cities, but have not changed the overall outcome, i.e., that savings do occur. The results again
show that the three cities, Albany, NY, Chicago, IL, and Portland OR, only have savings when demand
charges are present.

3.4. Effect of Demand Charges

As indicated in the prior sections, all but three cities had net energy savings for all three reflectivity
membranes and for all levels of demand charge. Savings for the three cities that showed energy
efficiency reductions as a function of demand charges, for the high reflectance membrane, is shown
graphically in Figure 7.
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Figure 7. Annual energy savings when using a high reflectance roof, USD, versus demand charges,
USD/kW, for the three cities showing increased cost at zero to low demand charge.

For the case of Albany, NY, net savings were projected to occur when demand charges exceeded
USD 6.28. While modeling for each specific location and electric tariff structure is necessary, the work
here suggests that there is some minimum demand charge above which savings will always be achieved
when electric heat is being used.
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For various reasons, including aesthetics or the school of thought that darker roofs encourage
winter snow melt (Building designers in northern areas of the US often state that darker roofs assist
with snow melt, although no published studies are available to support this hypothesis.), mid to low
reflectance membranes might be considered. For Albany, NY, Portland, OR, and Chicago, IL, the annual
savings achieved when using a gray membrane (i.e., low solar reflectance) versus a dark, absorptive
roof as a function of demand charges is shown in Figure 8.
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A comparison of Figures 7 and 8 shows that while energy savings may be reduced by use of less
reflective membranes, they are not eliminated. Net savings are achieved for demand charges above
a minimum, which is approximately USD 6.25 for the cities studied here. Figure 9 shows the savings
that can be achieved by substituting low, mid, and high reflectance membranes in place of a dark
absorptive roof, for Chicago, IL, as an example.
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At lower solar reflectance, savings are reduced but gain in significance at higher demand charges.
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4. Discussion

The results for the studied locations, suggest that energy savings after converting from
an absorptive roof to a more reflective membrane can be achieved when using gas heat. This was the
case even when demand charges were USD 0 and for all three levels of reflectivity.

For electric heat, savings are lower compared to the cases with gas heat but are still projected to
occur so long as demand charges are above a minimum. Building designers would need to verify
the breakeven point for specific projects, but this work suggests that the demand charge above
which savings occur is relatively low, at around USD 6.25 or below, depending on the exact situation.
This suggests that, while there is a so-called winter heating penalty, over a year there are always
net savings so long as demand charges are present as part of the electric tariff. Therefore, cites that
encourage the use of reflective roof membranes for the purposes of lowering overall energy use
(i.e., as part of global warming initiatives) are not penalizing building owners with added costs.
A decision to use an absorptive roof membrane (i.e., essentially non-reflective), would only make sense
for buildings with electric heat and not gas heat, that were located in northern cities such as Albany,
NY, Chicago, IL, or Portland, OR, and when demand charges were below USD 6.25.

Other work, notably that of Ibrahim [9] and Mellott et al. [26], has suggested that HDD be used
to decide whether or not to install a highly reflective membrane versus an absorptive membrane.
Figure 10 shows the modeled energy savings as a function of HDD, for all locations and each demand
charge, assuming electric heat.
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An examination of Figure 10 shows that HDD is a poor indicator of achievable energy savings.
At each demand charge, there is significant scatter from the linear best fit. This is because of the variation
in CDD, shown in Table A1, and therefore variation in air conditioning costs. However, in every case
for demand charges greater than USD 5.00, savings are projected to occur. Below a demand charge of
USD 5.00, savings were not achieved for Albany, NY, Portland, OR, and Chicago, IL, as already noted
in earlier discussion. But, for those cities, the use of gas heat is always projected to result in savings for
a conversion from an absorptive roof membrane to one that was reflective.

It should be noted that, if global warming continues to progress, HDD and CDD will be harder
to forecast. However, in general it could be expected that CDD would increase compared to HDD,
and that therefore air conditioning use would increase as compared to heating. That would increase
the net savings modeled in this study and make a conversion to reflective roofing more compelling.
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5. Conclusions

The modeling study, done using 2017 energy costs, has confirmed previous work showing that
energy savings are projected to occur for all US cities included in this study, so long as gas heat is used,
after conversion to reflective roofing membranes. Increased levels of reflectivity, from lower, to mid,
and to high reflectance increases the amount of annual savings. Thus, for buildings with gas heat and
air conditioning net annual savings are predicted for all locations studied after conversion to increased
reflectance membranes.

This study has also shown that in those situations where electric heat is used, savings would be
achieved in every case studied except for the three northern cities in the study. For those three cities,
as long as demand charges exceed approximately USD 6.25 savings are also projected to occur. Again,
higher levels of reflectance increase the net savings.

Roofing life cycles are normally measured in terms of decades and therefore the long-term
reliability of this study could be questioned. However, so long as the relationship between gas and
electric costs remains similar, the main conclusions of this study would hold. Solar panel installations
on roofs could potentially reduce electric costs, but the roof membrane would be shaded and therefore
solar reflectance assumptions would change markedly.

The use of heating degree days as an indicator for whether to install a reflective roof appears to be
inappropriate. The relationship between HDD and savings appears to be confounded by other factors.
Again, this study shows that when demand charges exceed USD 6.25, then savings are projected to
occur in every case.

For those situations where highly reflective roof membranes are not desired, for example due
to aesthetics or a desire to improve snow melt during winter months, then mid to low reflectance
membranes still provide some measure of energy cost savings.

6. Recommendations for Future Studies

1. This study utilized the ORNL CoolCalcPeak tool for energy modeling. This tool only examines
the impact of heat flux through the roofing assembly. The work could be extended by using
modeling tools that would enable a whole building to be examined. Thus the effects of, for
example, insulated ceilings, building use, and occupancy could be evaluated.

2. As solar panel installations on roofs become more common, they affect the heat flux through
the roofing assembly. Such panels shade the roof and can be expected to reduce the impact of
membrane reflectivity. It would be of value to evaluate the effect of their shading on building
energy costs.

3. While this study evaluated energy efficiency changes based on one year’s energy costs and effects,
it would be worthwhile doing an entire life cycle analysis. This could take into account projections
of future energy costs including the effects of renewable energy sources.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Table A1. Climate and energy cost data used for the annual savings modeling.

City, State ASHRAE
Climate Zone

CoolCalcPeak
HDD

CoolCalcPeak
CDD

HDD 2017 CCD 2017
Electric Cost 2017

USD/kWh
Gas Cost 2017

USD/1000 cu.ft. USD/Therm USD/100 cu.meter

Miami, FL 1A 141 4126.5 45 5287 0.1202 10.97 1.097 38.740

Jacksonville, FL 2A 1436.5 2657 818 3065 0.1202 10.97 1.097 38.740

Charlotte, NC 3A 3415.5 1513 2487 1905 0.1107 8.92 0.892 31.501

Fort Worth, TX 3A 2304 2414.5 1427 3206 0.1115 7.71 0.771 27.228

Fresno, CA 3B 2601.5 1883.5 1926 2489 0.1939 8.76 0.876 30.936

Atlanta, GA 3A 3089.5 1611 1930 2163 0.1253 8.78 0.878 31.006

Baltimore, MD 4A 4911.5 1133 3327 1885 0.1442 10.27 1.027 36.268

Nashville, TN 4A 4031.5 1672 2745 1925 0.1093 8.74 0.874 30.865

Newark, NJ 4A 5122.5 1061.5 4330 1316 0.1596 9.14 0.914 32.278

Albany, NY 5A 7083 542.5 5983 714 0.1876 6.87 0.687 24.261

Sacramento, CA 3B 2793.5 1144 2314 1546 0.1939 8.76 0.876 30.936

Portland, OR 4C 4461 278.5 4559 700 0.1097 8.74 0.874 30.865

Chicago, IL 5A 6449.5 748.5 5631 799 0.1295 7.78 0.778 27.475
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Table A2. Annual savings as a function of demand charges for gas versus electric heat, when using a white reflective roof membrane.

Demand Charge, USD
Annual Energy Savings with Gas Heat, USD Annual Energy Savings with Electric Heat, USD

0 5 15 25 0 5 15 25

Miami, FL 8168 10,730 16,015 21,300 8128 10,690 15,975 21,261
Jacksonville, FL 5050 7358 11,972 12,456 4833 7140 11,755 16,225
Charlotte, NC 3703 6221 11,100 8334 3612 6130 11,009 15,888
Fort Worth, TX 5488 8144 13,621 16,931 4404 7060 12,537 18,015

Fresno, CA 9065 11,873 17,490 20,515 8140 10,948 16,564 22,181
Atlanta, GA 5214 7900 13,270 16,454 4668 7353 12,724 18,094

Baltimore, MD 5061 8180 14,419 9990 2775 5894 12,133 18,372
Nashville, TN 3519 5822 10,283 7,595 1987 4290 8751 13,212
Newark, NJ 3649 5973 10,467 3128 162 2487 6981 11,475
Albany, NY 2446 4913 9684 2630 –3045 –577 4194 8,965

Sacramento, CA 6746 9449 15,023 13,350 3847 6550 12,124 17,699
Portland, OR 991 5389 14,187 10,779 –1309 3090 11,887 20,998
Chicago, IL 1529 3530 7400 –820 –1855 147 4017 8020

Table A3. Annual savings as a function of demand charges for gas versus electric heat, when using a tan roof membrane.

Demand Charge, USD
Annual Energy Savings with Gas Heat, USD Annual Energy Savings with Electric Heat, USD

0 5 15 25 0 5 15 25

Miami, FL 6887 9129 13,613 18,097 6847 9089 13,573 18,057
Jacksonville, FL 4401 6419 10,313 14,206 4481 6500 10,393 14,286
Charlotte, NC 3165 5211 9460 13,710 1982 4028 8277 12,526
Fort Worth, TX 4504 7159 11,475 16,122 3729 6385 10,700 15,348

Fresno, CA 7579 10,056 14,847 19,637 6746 9223 14,014 18,804
Atlanta, GA 4375 6725 11,256 15,956 3907 6256 10,788 15,487

Baltimore, MD 4398 7102 12,509 17,708 2451 5155 10,562 15,761
Nashville, TN 3028 4899 8785 12,671 3284 5155 9040 12,926
Newark, NJ 2980 4994 8868 12,743 127 2141 6016 9890
Albany, NY 2163 4302 8415 12,528 –2588 –449 3663 7776

Sacramento, CA 5667 8032 12,762 17,492 3182 5547 10,277 15,007
Portland, OR 804 4575 12,429 19,970 –1112 2658 10,513 18,053
Chicago, IL 1238 2972 6308 9644 –1491 244 3580 6915
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Table A4. Annual savings as a function of demand charges for gas versus electric heat, when using a gray roof membrane.

Demand Charge, USD
Annual Energy Savings with Gas Heat, USD Annual Energy Savings with Electric Heat, USD

0 5 15 25 0 5 15 25

Miami, FL 4805 6406 9449 12,492 4765 6366 9409 12,452
Jacksonville, FL 2886 4183 6923 9519 2459 3756 6496 9092
Charlotte, NC 2245 3662 6495 9485 1426 2842 5675 8666
Fort Worth, TX 3087 4747 7901 11,054 2545 4205 7359 10,512

Fresno, CA 5193 6845 9984 13,287 4638 6290 9428 12,732
Atlanta, GA 3111 4621 7810 10,831 2798 4309 7498 10,519

Baltimore, MD 2904 4776 8311 12,055 1719 3590 7126 10,869
Nashville, TN 1962 3257 5848 8438 1196 2491 5082 7672
Newark, NJ 2212 3607 6241 8876 310 1705 4339 6974
Albany, NY 1387 2868 5665 8462 –1780 –300 2497 5294

Sacramento, CA 3912 5602 8811 12,021 2256 3945 7155 10,364
Portland, OR 432 2945 8286 13,313 –846 1668 7009 12,036
Chicago, IL 898 2099 4367 6635 –958 243 2512 4780
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