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PURPOSE

Urban-rural variations of daily incoming solar radiation were studied for a group of 
measurement stations located within and in the vicinity of the Phoenix urban 
complex in central Arizona.

DATA

Solar radiation data for weather stations from the Arizona Meteorological Network 
(AZMET) were used in this study (see Figure 1 for station locations).  Two studies 
were performed:  one for ten stations for calendar year 2007; and a second study for 
five stations for the 11-year period 1998-2008.  Table 1 summarizes the stations used 
for each study including the general land use description (i.e. urban/rural category).

FIGURE 1: AZMET solar radiation study sites 

RESULTS FOR 10-STATION 2007 STUDY

For “all days” during 2007, solar radiation receipt for non-urban core sites was 
compared to that received at the urban core site of Phoenix Encanto by calculating 
ratios of mean daily incoming solar radiation for each of the nine non-core sites to 
that for the urban core site (see Table 2).  The rural sites of Coolidge and Maricopa 
received significantly more solar radiation (2-6%) compared to the urban core site.  
The rural site of Paloma barley received more solar radiation but this site is located in 
disturbed ranch-farm land where agricultural dust may have an impact. The urban 
site of Phoenix Greenway had similar solar radiation receipt to that for the urban 
core while Mesa (somewhat more suburban) received slightly more.  The four urban 
fringe sites received 1-2% more solar radiation than the urban core.

In order to assess whether meso-scale cloud cover differences may have an impact 
on the solar radiation variations in the study area, the study was repeated for 54 
“clear days” (clear days were identified using cloud cover data obtained from the 
Phoenix International Airport weather station).  Results were similar to that for “all 
days”; however, the rural sites of Coolidge and Maricopa exhibited even more 
profound higher solar radiation receipt compared to the urban core (4-7%).

RESULTS FOR 5-STATION 1998-2008 11-YEAR STUDY

All-Days Analysis:
For all days during the 1998-2008 period, solar radiation receipt was compared to 

that received at the urban core site of Phoenix Encanto by calculating ratios of mean 
daily incoming solar radiation for each of the four non-core sites to that received at 
the urban core site (see Figure 2).  Annual results indicate that all four non-core sites 
received slightly more solar radiation than the urban core site:  approximately 1% 
more for the Phoenix Greenway urban site, almost 3% more for the Waddell urban 
fringe site, and almost 4% more for the Coolidge and Maricopa rural sites.

Seasonal variations were assessed for the 11-year period for winter (January-
March), spring (April-June), summer (July-September) and fall (October-December).  
Results presented in Figure 2 indicate more profound urban-rural differences during 
the low-sun 3-month seasons (winter and fall) with the rural sites receiving an 
average of about 6% more solar radiation during these seasons versus less than 3% in 
spring.  During summer (July-September), urban-rural solar radiation differences are 
negligible (i.e. plus or minus 1% difference from the urban core site).

FIGURE 2: Ratios of mean daily solar radiation for non-urban core sites to 
Phoenix Encanto (urban core site) for all days during 1998-2008

Clear-Days Analysis:
As was the case for the 2007 study, the study was repeated for clear days only.  

Using cloud cover data from the Phoenix International Airport weather station, a 
total of 1013 clear days were identified for the 11-year period (representing 25.2% of 
all days), including 238 clear days during winters, 246 clear days during springs, 210 
clear days during summers and 319 clear days during falls.  

Ratios of solar radiation for non-core sites versus the urban core site were 
recalculated (see Figure 3).  Annual results were similar to that presented in Figure 2 
for the “all days” study.  For the seasonal assessment, the rural sites still had solar 
radiation receipt 5-6% higher than the urban core during winter and fall, and 3% 
higher during spring.  However, during summer, the urban fringe and rural sites 
received somewhat more (1-2%) solar radiation than the urban core, but still 
noticeably less than during the other seasons.

FIGURE 3: Ratios of mean daily solar radiation for non-urban core sites to 
Phoenix Encanto (urban core site) for clear days during 1998-2008

SEASONAL ROLE OF AIR POLLUTION: PRELIMINARY THOUGHTS

The variation of light extinguishing aerosols (sulfates, carbon, and crustal material) 
is pronounced on a seasonal basis in central Arizona as indicated in the last decade’s 
research by EPA’s IMPROVE visibility program (Figure 4).  This is partly due to stability 
characteristics of the atmosphere (Figure 5).  The urban region of Phoenix has higher 
extinction values than nearby sites to the east of the city (Figure 6) reflecting the 
impact of emissions from the urban region and activation of dust entrainment year 
round.  The strong seasonal and urban change is confirmed by our findings on the 
climatology of solar receipt.  

FIGURE 4: Fine aerosol species concentration for Phoenix 
(based on W. Malm et al, 2004)

FIGURE 5: Light extinction from EPA IMPROVE Project 
(Tonto uplands to east of Phoenix)

[see:  http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm]

FIGURE 6: Seasonal stability at Phoenix, AZ (after Catalano et al, 1982)
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Clear Days Total Solar Receipt: Site/Urban Core Site
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All Days Total Solar Receipt: Site/Urban Core Site
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Table 1:  
Urban/rural category for sites

Solar Radiation Site Urban/rural

*Phoenix Encanto           Urban Core
*Phoenix Greenway        Urban
Mesa                                Urban
Buckeye                           Fringe
Desert Ridge                   Fringe
Queen Creek                   Fringe

*Waddell                           Fringe
*Coolidge                          Rural
*Maricopa                         Rural
Paloma                             Rural

* used for both the 2007 
and 1998-2008 studies

http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm

