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How does sunlight affect electrical 
conductors in conduits exposed to 
direct sunlight?
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When electrical conductors operate in high 
ambient temperature environments…



NEC Covers Ambient Temperature Correction

NEC 310.10 
Temperature Limitation of Conductors. No conductor 
shall be used in such a manner that its operating 
temperature exceeds that designated for the type of 
insulated conductor involved.
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NEC
Table 310.16
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Temperature correction is required,
but usually ignored

Data did not exist to allow:

 Engineers and contractors to choose an 
appropriate temperature for correction. 

 Inspectors to effectively enforce NEC 
(310.10) 
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Effect of Rooftop Exposure  On 
Conduit Ambient Temperatures

Ambient Temperature Correction
CDA Research Program
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In 2002, CDA Launched:

Experiments to determine the extent of 
heating in copper wires in areas 
exposed to solar radiation…

Elevated
Ambient
Temperature
Study
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Copper Development Association’s
Ambient Temperature Research Program



Residential and Commercial Buildings
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Rooftops and exterior walls
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May 20, 2003
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Temperatures of 12 AWG Wires in EMT
Compared to Outdoor Temperature
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Outdoor Temp.

Rooftop temps considerably higher than outdoor temps…
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Temperature Comparisons
12 AWG in EMT on Roof vs. South and North Walls 

May 20, 2003

…and rooftop temps considerably higher than outdoor wall temps
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Why Las Vegas?

 LV summer temps match summer temps in 
Southwestern   U.S. state  (incl. CA, AZ, NM, 
TX, NV)

Moderate temps in Las Vegas in spring and fall  
replicate summer temperatures in remainder of 
country

Outdoor Temperatures
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SUNDAY JULY 16, 2006
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(deg F) Average Daily Maximum Temperatures
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

PHOENIX             65.8 70.7 75.6 84.6 93.6 103.5 106.0 103.6 98.2 88.2 74.8 66.2 85.8
HONOLULU          80.1 80.4 81.7 82.8 84.7 86.5 87.4 88.7 88.5 86.9 84.0 81.1 84.4
MIAMI                 75.2 76.5 79.2 82.4 85.3 87.6 89.1 89.1 87.8 84.6 80.4 76.6 82.8
TUCSON              63.9 67.8 72.9 81.1 90.0 99.7 99.3 96.8 93.4 84.4 72.7 64.2 82.2
TAMPA                69.8 71.4 76.6 81.7 87.3 89.4 90.1 90.1 89.1 84.4 77.7 72.1 81.7
LAS VEGAS        57.4 63.3 68.7 77.5 87.8 100.2 106.0 103.3 94.6 82.0 67.5 57.6 80.4
JACKSONVILLE   64.2 66.9 73.0 79.2 84.7 89.2 91.4 90.7 87.3 80.2 73.6 66.7 79.0
HOUSTON           61.0 65.3 71.1 78.4 84.6 90.1 92.7 92.5 88.3 81.7 72.3 64.8 78.6
PORT ARTHUR    60.3 64.2 71.4 78.3 84.0 89.4 91.9 91.8 87.3 80.2 71.2 64.2 77.9
BAKERSFIELD     56.8 63.9 68.9 75.9 84.6 92.5 98.4 96.6 90.1 80.8 66.7 56.5 77.7
NEW ORLEANS   60.8 64.0 71.6 78.4 84.4 89.2 90.7 90.1 86.5 79.3 71.1 64.2 77.5
SAVANNAH         59.7 62.4 70.2 77.5 84.0 88.9 91.0 89.8 85.3 77.5 70.0 62.2 76.5
FORT WORTH      54.1 58.8 67.8 76.3 82.9 91.9 96.4 96.3 87.8 78.4 66.7 57.6 76.3
CHARLESTON     57.7 61.0 68.5 75.7 82.8 87.6 90.1 89.1 84.9 77.2 69.4 61.5 75.6
SACRAMENTO    52.7 60.1 64.0 71.1 80.2 87.8 93.2 92.1 87.3 77.9 63.1 52.7 73.6
BIRMINGHAM      51.6 56.8 66.0 74.7 81.0 87.4 90.0 89.1 83.8 74.7 64.6 55.8 73.0
LITTLE ROCK       48.9 54.0 64.0 73.4 81.3 89.2 92.5 91.4 84.6 75.0 62.8 52.5 72.5
ATLANTA             50.4 55.0 64.2 72.7 79.5 85.8 88.0 87.1 81.9 72.7 63.3 54.0 71.2
Tulsa 45.3 51.1 62.1 73.0 79.7 87.6 93.7 92.5 83.7 73.8 60.3 48.7 71.1
SAN DIEGO         65.8 66.6 66.4 68.4 69.1 71.6 76.3 77.7 77.2 74.7 70.0 66.0 70.9
LOS ANGELES    65.7 65.8 65.5 67.5 69.1 72.0 75.4 76.6 76.6 74.5 70.3 65.8 70.3
ALBUQUERQUE  46.8 53.4 61.3 70.9 79.7 90.0 92.5 89.1 81.9 71.1 57.4 47.5 70.2
RALEIGH             48.9 52.5 62.1 71.8 78.6 84.9 88.0 86.7 81.1 71.6 62.6 52.7 70.2
NASHVILLE         45.9 50.7 61.2 70.9 78.8 86.5 89.4 88.3 82.6 72.5 60.4 50.2 69.8
RICHMOND          45.7 49.3 59.5 70.0 77.7 85.1 88.3 87.1 81.0 70.7 61.3 50.2 68.7
NORFOLK            47.3 49.6 57.9 66.9 75.4 82.9 86.4 85.1 79.5 69.4 61.2 52.2 67.8
RENO                  45.1 51.6 56.3 63.7 72.9 83.1 91.9 89.6 79.5 68.5 53.8 45.5 66.7
ST. LOUIS            37.8 42.6 54.7 66.9 76.1 85.3 89.2 87.3 79.9 68.5 54.7 41.7 65.5
SAN FRANCISCO 55.6 59.4 60.8 63.9 66.6 70.3 71.6 72.3 73.6 70.2 62.4 56.1 65.1

Average April and October Temperatures in Las Vegas.…
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Effect of Rooftop Exposure  On 
Conduit Ambient Temperatures

Ambient Temperature Correction
CDA Research Program

Solar Radiation
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Why Las Vegas?

 In Summer, Las Vegas has similar solar 
radiation to other Southwestern and Western 
states.

 In Spring and Fall, Las Vegas solar radiation 
matches Summer solar intensities in most of the 
U.S.

 Las Vegas has high number of ‘clear days’ to 
conduct research

Solar Radiation
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Temperature Rise From Solar Effect

Comparison of Wire Temperature on Roof vs.
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Outdoor ambient 
temperature

THHN #10 in conduit 
1/2" above roof 

THHN #10 in conduit 

1/2" above roof 

Unloaded

2002
(9-Conduits)
Phase I
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Phase II Solar Gain Research
(30-Conduits)

2003
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2005 NEC

 Added a FPN suggesting adding 17 C (30 F) to 
ambient temperature

 Panel wanted more data
 Heights above roof
 Color of roofs
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Effect of Rooftop Exposure  On 
Conduit Ambient Temperatures

 Expanded research
 3 roof colors
 Varied heights
 EMT, RNC, MC
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 Types of 
Conduit/Cable 

EMT, RNC, MC 

Distance above roof 
On roof
5/8 inch
1-1/2 inch
3.5 inch
6 inch
12 inch
36 inch

Roof Colors
 Black mineral rolled 

roof surface
 White mineral rolled 

roof surface
 White elastomeric 

paint roof surface

Unloaded
Range of:

 Outdoor temperatures
 Solar radiation 

intensities

Solar Experiment Research Parameters
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Black mineral rolled 
roof surface

White  mineral rolled 
roof surface

White  elastomeric 
paint roof surface

2004
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White  mineral 
rolled roof 
surface

White  
elastomeric paint 
roof surface
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On Roof

Strut (5/8”)

3.5 inch12-inch 1.5 inch6-inch36-inch

2004

(85 Conduits/Cables)© 2011 CDA



RNC

MC Cable

EMT
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Ambient temperature measurements 
are made on insulation of conductor 
inside conduit
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Effect of Rooftop Exposure  On 
Conduit Ambient Temperatures

 Ambient Temperature Correction
 CDA Research Program
 Solar Radiation
 Expanded research
 Research Findings
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Roof Temperatures vs. Outside Ambient Temperature

Sept. 28th WWRD BERD WMRD
Roof itself Roof itself Roof

Avg. WHITE BLACK White
Ambient West East Middle
Outdoor Roof Differential* Roof Differential* Roof Differential*
Temp In Shingle WWRD In shingle BERD In shingle WMRD

11:00 88.0 120.2 32.2 161.9 73.9 112.3 24.3
11:15 88.1 119.5 31.4 161.9 73.8 112.9 24.8
11:30 87.5 118.8 31.3 159.0 71.5 113.9 26.4
11:45 88.5 118.4 29.9 153.2 64.7 112.2 23.7
12:00 87.9 118.1 30.2 154.2 66.3 112.6 24.7
12:15 88.2 116.5 28.3 148.3 60.1 110.0 21.8
12:30 89.5 121.6 32.1 159.2 69.7 116.0 26.5
12:45 89.1 121.7 32.6 159.1 70.0 116.5 27.4
13:00 91.0 123.5 32.5 159.7 68.7 116.9 25.9
13:15 92.0 125.7 33.7 160.5 68.5 119.3 27.3
13:30 91.8 123.8 32.0 155.4 63.6 116.3 24.5
13:45 91.8 122.5 30.7 150.7 58.9 114.4 22.6
14:00 92.5 125.9 33.4 157.5 65.0 118.0 25.5
14:15 92.3 125.0 32.7 156.4 64.1 117.1 24.8
14:30 92.2 123.3 31.1 153.2 61.0 116.1 23.9
14:45 91.9 120.5 28.6 149.0 57.1 114.3 22.4
15:00 92.1 119.5 27.4 146.8 54.7 112.3 20.2
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119.3 F

160.5 F

125.7 F

Roof Temperature 9/28/04    13:15

Outdoor Temp = 92 F© 2011 CDA



Temperature Differential vs. Outside Ambient (92F)

9/28/04   13:15

Black rolled 
mineral

White rolled 
mineral

White 
painted 

elastomeric
Roof temp. 68.5 33.7 27.3

On Deck

3.5”  above

6” above

36” above

Temps inside EMT Conduit - measured on wire insulation
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Temperature Differential vs. Outside Ambient (92F)

On Deck
+38 F

3.5” above
+19.4 F

6” above
+16.6 F

36” above
+12.7 F

Roof  temp
+68 F
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Temperature Differential vs. Outside Ambient (92F)

9/28/04   13:15
Black rolled 

mineral
White rolled 

mineral
White painted 
elastomeric

Roof temp. 68.5 33.7 27.3

On Deck 38

3.5”  above 19.4

6” above 16.6

36” above 12.7

Temps inside EMT Conduit - measured on wire insulation.
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Temperature Differential vs. Outside Ambient (92F)

9/28/04   13:15
Black rolled 

mineral
White rolled 

mineral
White painted 
elastomeric

Roof temp. 68.5 33.7 27.3

On Deck 38 34.2

3.5”  above 19.4 23.1

6” above 16.6 21.9

36” above 12.7 15.6

Temps inside EMT Conduit - measured on wire insulation.
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Temperature Differential vs. Outside Ambient (92F)

9/28/04   13:15
Black rolled 

mineral
White rolled 

mineral
White painted 
elastomeric

Roof temp. 68.5 33.7 27.3

On Deck 38 34.2

3.5”  above 19.4 23 34.1

6” above 16.6 21.9

36” above 12.7 15.6

Temps inside EMT Conduit - measured on wire insulation.
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Example:  1 2 3 4 5 6 7 8 9 10

Outdoor Temp: 57o F 60o F 68o F 72o F 75o F 86o F 97o F 101o F
109o

F
116o

F

Day of reading:
31-
Jan

31-
Mar

22-
Jan

14-
Apr

15-
Apr

12-
Jun

21-
May

22-
May

16-
Jul

17-
Jul

Time of reading: 11:30 12:00 12:15 1:00 1:00 12:00 12:30 2:00 12:45 2:15

Temperature Differentials*

ON roof surface 57o F 65o F 53o F 70o F 63o F 65o F 70o F 65o F 65o F 64o F

5/8" above roof 42o F 47o F 37o F 51o F 43o F 45o F 48o F 46o F 46o F 43o F

1.5" above roof 34o F 37o F 27o F 41o F 32o F 36o F 38o F 33o F 38o F 36o F

3.5" above roof 32o F 35o F 25o F 38o F 31o F 35o F 37o F 33o F 36o F 32o F

6" above roof 30o F 33o F 23o F 34o F 28o F 31o F 33o F 29o F 31o F 26o F

12" above roof 28o F 30o F 20o F 31o F 26o F 29o F 30o F 27o F 29o F 24o F

36" above roof 24o F 26o F 18o F 27o F 23o F 25o F 26o F 24o F 26o F 22o F

Temperature rise from solar radiation above black roof

Temperature rise of conductors is consistent 
over wide range of outdoor temperatures!
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AVERAGE MID-DAY TEMPERATURE (Average of All Readings)  UNLOADED

Black Roof (East) White Roof (West)
Conduit/ Conduit/ Conduit/ Conduit/
Cable Cable On Cable Cable On

Bottom Top Insulation Bottom Top Insulation
EMT On Deck 45.9 43.9 49.7 EMT On Deck 42.5 42.9 42.4
EMT 5/8" above 33.4 33.1 34.4 EMT 5/8" above 33.9 33.9 33.7
EMT 1.5" above 26.2 25.2 25.6 EMT 1.5" above 30.9 32.5 32.5
EMT 3.5" above 24.5 24.4 24.8 EMT 3.5" above 28.8 29.1 28.0
EMT 6" above 22.7 22.6 21.6 EMT 6" above 27.4 27.8 27.0
EMT 12" above 19.8 20.3 20.2 EMT 12" above 24.1 24.6 23.7
EMT 36" above 17.4 18.1 17.3 EMT 36" above 20.5 21.2 19.9

RNC On Deck 44.7 45.9 50.1 RNC On Deck 42.6 52.7 49.0
RNC 5/8" above 39.0 36.3 39.8 RNC 5/8" above 35.2 48.3 42.0
RNC 1.5" above 28.7 38.0 30.1 RNC 1.5" above 33.5 36.7 39.3
RNC 3.5" above 28.8 36.0 33.0 RNC 3.5" above 32.3 41.5 36.5
RNC 6" above 28.2 33.1 28.5 RNC 6" above 30.8 39.6 34.0
RNC 12" above 25.1 32.1 27.0 RNC 12" above 28.3 30.4 31.0
RNC 36" above 19.5 22.7 21.3 RNC 36" above 21.6 31.3 25.7

MC On Deck 53.1 49.5 59.8 MC On Deck 51.1 48.5 51.5
MC 5/8" above 39.1 44.6 40.7 MC 5/8" above 36.5 39.4 39.5
MC 1.5" above 32.2 38.0 34.4 MC 1.5" above 35.2 39.1 35.7
MC 3.5" above 31.2 35.5 30.7 MC 3.5" above 28.8 38.4 31.7
MC 6" above 31.9 32.9 31.3 MC 6" above 29.6 36.5 30.6
MC 12" above 23.3 30.0 27.1 MC 12" above 26.7 28.8 28.0
MC 36" above 17.2 26.0 21.9 MC 36" above 26.1 21.0 22.0

Closer Conduit is to Roof Deck, the Higher the Differential
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0 1.5 3.5 6 12 36
Conduit Distance From Roof (Inches)
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Height Above Roof vs. Temperature Differential
Dark Roof vs. Light  Roof

Temperature Rise From Solar Effect

 Temperatures measured on wire in conduit
Readings taken Mid-Day (11 AM - 3 PM), April-October 2005

Wire in 
Conduit Over 

Dark Roof Wire in 
Conduit Over 

Light Roof

Off Roof Deck, Differential is Greater Over Lighter Color Roof!
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AVERAGE MID-DAY TEMPERATURE (Average of All Readings)  UNLOADED

Black Roof (East) White Roof (West)
Conduit/ Conduit/ Conduit/ Conduit/
Cable Cable On Cable Cable On

Bottom Top Insulation Bottom Top Insulation
EMT On Deck 45.9 43.9 49.7 EMT On Deck 42.5 42.9 42.4
EMT 5/8" above 33.4 33.1 34.4 EMT 5/8" above 33.9 33.9 33.7
EMT 1.5" above 26.2 25.2 25.6 EMT 1.5" above 30.9 32.5 32.5
EMT 3.5" above 24.5 24.4 24.8 EMT 3.5" above 28.8 29.1 28.0
EMT 6" above 22.7 22.6 21.6 EMT 6" above 27.4 27.8 27.0
EMT 12" above 19.8 20.3 20.2 EMT 12" above 24.1 24.6 23.7
EMT 36" above 17.4 18.1 17.3 EMT 36" above 20.5 21.2 19.9

RNC On Deck 44.7 45.9 50.1 RNC On Deck 42.6 52.7 49.0
RNC 5/8" above 39.0 36.3 39.8 RNC 5/8" above 35.2 48.3 42.0
RNC 1.5" above 28.7 38.0 30.1 RNC 1.5" above 33.5 36.7 39.3
RNC 3.5" above 28.8 36.0 33.0 RNC 3.5" above 32.3 41.5 36.5
RNC 6" above 28.2 33.1 28.5 RNC 6" above 30.8 39.6 34.0
RNC 12" above 25.1 32.1 27.0 RNC 12" above 28.3 30.4 31.0
RNC 36" above 19.5 22.7 21.3 RNC 36" above 21.6 31.3 25.7

MC On Deck 53.1 49.5 59.8 MC On Deck 51.1 48.5 51.5
MC 5/8" above 39.1 44.6 40.7 MC 5/8" above 36.5 39.4 39.5
MC 1.5" above 32.2 38.0 34.4 MC 1.5" above 35.2 39.1 35.7
MC 3.5" above 31.2 35.5 30.7 MC 3.5" above 28.8 38.4 31.7
MC 6" above 31.9 32.9 31.3 MC 6" above 29.6 36.5 30.6
MC 12" above 23.3 30.0 27.1 MC 12" above 26.7 28.8 28.0
MC 36" above 17.2 26.0 21.9 MC 36" above 26.1 21.0 22.0

Off Roof Deck, Differential is Greater Over Lighter Color Roof!
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Findings were certified and 
peer reviewed by IEEE
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Effect of Rooftop Exposure  On 
Conduit Ambient Temperatures

 Ambient Temperature Correction
 CDA Research Program
 Solar Radiation
 Expanded research
 Research Findings
 Conclusions
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…e.g.  Recommend using 2% ASHRAE design 
temperature criterion… 

Based on conservative readings…

Recommended Ambient 
Temperature Adjustments
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2% Design 1% Design Max

City Temp. o C Temp. o C Temp. o C *
Phoenix, AZ 43 44 49
Las Vegas, NV 44 43 48
Wichita, KS 38 39 45
Houston, TX 36 36 42
Atlanta, GA 34 35 41
New Orleans, LA 34 35 39
Denver, CO 34 35 41
Miami, FL 33 33 38
New York, NY 33 34 40
Chicago, IL 33 34 40
Minneapolis/St. Paul, MN 32 33 41
Boston, MA 32 33 40
Pittsburgh, PA 31 32 39
Los Angeles, CA 26 27 42
San Francisco, CA 25 28 40
Fairbanks, AK 24 28 36
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Percentile**
On 

Roof
½ in

above
1 ½ 
above

3 ½ 
above

6 in
above

12 in
above

36in 
above

0% (max.) 40 27 26 24 23 21 17
1% 39 27 25 23 22 20 16
2% 38 26 25 23 22 20 16
5% 37 26 25 22 21 19 15
10% 37 26 24 22 20 18 15
50% (median) 34 24 22 20 18 16 14
* Average values for light and dark roofs..

** Measured from top.

Temperature Rises Inside EMT Conduits in Full Sunlight at 
Various Heights Above Roof,  Based on Percentile of Reading

Temperature Rise Above Outdoor Temperature, oC*

…and using 10% ambient temperature adjustments 
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Distance Above Roof
ºC ºF

On roof, up to and including ½ in. above roof 33 60
Above ½ inch, up to and including 3 ½ in. above roof 22 40
Above 3-½ inches, up to and including 12 in. above roof 17 30

Above 12 inches, up to and including 36 in. above roof 14 25

Temperature 

Table 6. Recommended Adjustments (Additions) to Outdoor Temperatures 
to Determine Ambient Temperatures Inside Conduits

Table 310.15(B)(2)(c)

Mandatory in 2008 & 2011 NEC
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Conversions



Web site with temperature data:
http://www.copper.org/buildingwire
Or call: 888-480-WIRE

Free Tools to Perform Adjustment
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Travis Lindsey    traviscl@msn.com

or

David Brender    dbrender@cda.copper.org


