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Abstract 
 
Being able to prepare for and predict the amount of UV radiation you are exposed to 

every day is important for protecting yourself from harmful effects, especially in Arizona 

because of the hot climate and large year-round amounts of sun. One common misconception is 

that being exposed to sun is healthy, and many people tan on purpose despite the consequences; 

UV radiation can cause many medical problems, both short term and long term, including but not 

limited to: skin cancer, erythema (sunburn,) photo-aging, eye damage, and photo-

immunosuppression. Many studies have been done on UV radiation in places all around the 

world; however, it is important to have an understanding of the specific patterns of your region 

to minimize skin damage. Skin protection should always be kept in mind when you live 

somewhere that sunburns are very prominent, especially in the summertime when the risk is 

highest. In this study, UV radiation was studied in comparison to temperature, cloud cover, 

ozone level, humidity, and time of day with the intent to understand the relationship between 

climate and UV radiation. UV radiation and was measured in Tucson, Arizona using the UV 

Index at four different times of day along with the current weather conditions. This experiment 

contributed to the understanding of the Tucson climate, which is important because public 

understanding of how UV radiation interacts with the climate and understanding the effects it has 

on our body reduces skin cancer and other health problems that are linked to UV radiation. 
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Research Question 
 

❖ How do weather patterns and time of day effect the amount of UV-A and UV-B 
radiation? 

 
Variables 
 

Independent: 
❖ Time 
❖ Temperature 
❖ Humidity 
❖ Ozone 
❖ Cloud cover 

 
Dependent 
❖ Ultraviolet Index Level 
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Background Research 
 

Exposure to UV radiation can be very harmful if left unchecked. It is important to know 

the amount of exposure you will get depending on the time of day and where you are. Knowing 

the tendency of how much radiation you are exposed to depending on weather patterns and time 

of day for your area would be helpful for your safety. People who are prone to getting sunburnt 

should understand the fluctuation of UV radiation strength during the day; even people who 

aren’t sensitive to sun should also have knowledge about it to prevent excessive skin damage and 

minimize the possibility of skin cancer. 

The UV Index is a global system used to measure the level of UV radiation that is 

coming to the Earth’s surface. The UV Index is on a scale of 1 to 11+, 1 being the least amount 

of radiation and 11+ being the most. The UV Index is important because it is a widely used 

system with the purpose of communicating the level of UV radiation there will be outside that 

day. [1]  

Having knowledge about how your region’s UV patterns work is important so you can 

accordingly change your habits to be safer. If people are aware that there is an alternative to their 

daily routine that results in less skin damage, then they are likely to take it. June K. Robinson et 

al. conducted research about the changes in behavior of young adults when they have a device to 

measure and warn them about UV radiation. They found that when the volunteers received 

warnings, knew the amount of radiation they received and the consequences, they began wearing 

more sun protection and altered their schedules. However, not all people can alter their schedules 

or improve their conditions by much. [2] Mmathapelo Makgabutlane and Caradee Wright et al. 

followed the daily life of an outdoor worker in Pretoria, South Africa and in their research found 

that he was exposed to a large amount of UV rays. This proved that his working conditions were 

in the long run unsafe, however he couldn’t do anything about it because it was his job, and most 

methods of sun protection were impractical. [3] 

 UV radiation inflicts both short- and long-term damage, with the severity depending on 

the amount. Sunburns can be painful; however, skin cancer is a much bigger concern. The 

accumulation of damage from direct or indirect sun can cause skin cancer. Zenith sunlight 

(Sunlight from when the sun is at a very direct angle) causes damage, but non-zenith sunlight 

also does, and should not be ignored. Claire Marionnet et al. researched the effects of indirect 

sunlight on human skin through examining people with a history of sun damage and exposing a 

model of human skin to UV rays and watching the effects. They found that non-direct sunlight 

causes long-term damage which is important because it proves that we should be protected from 

the sun through sunscreen or clothes even if we don’t think it’s going to be very damaging. [4] 

The current weather conditions effect the amount of UV rays that reach the surface. 

Clouds and dust can absorb or reflect UV rays. Uwe Feister et al. researched how cloud cover 

affected solar radiation in the Andes Mountains. They found that clouds scatter UV rays and 

developed a formula to calculate the amount they get scattered depending on the cloud cover. [5] 

In other climates, dust can affect UV rays, especially in arid regions. Dillan Raymond Roshan et 

al. found that dust above the Arabian Peninsula absorbs UV rays and that satellites cannot always 
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account for the dust and that taking measurements from the ground is necessary. They had 

stations on the ground in multiple places in Qatar to see the UV radiance they got on the ground. 

Without the measurements taken from the ground, they wouldn’t know the exact amount in 

Qatar because the satellites weren’t exact. [6] 

 Awareness of the danger of UV rays and knowing the best way to avoid damage is 

important for human health. Education on this subject would make skin cancer rates go down 

because people would be more able to protect themselves. Depending on different latitudes and 

climates, every place has different weather patterns and different measurements on the UV Index 

meter. Being in a desert, Tucson has a fairly high risk of skin damage due to UV rays, so 

knowing the best times of day and how the weather affects UV rays here would overall improve 

Tucson’s and similar climate’s health.  
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Materials 

❖ Notebook 

o Used to put data into a table  

❖ UVI meter 

o Used to measure the Ultra Violet Index measurement  

❖ Computer or cellphone (access to internet)  

o Used to find temperature, cloud cover, humidity, and ozone data  

 

Procedure 

 

A UVI meter was ordered on amazon.com. The UVI measurement was taken with the 

UVI meter in an open space in Tucson, Arizona at the beginning of every 2 hours from 10:00 to 

16:00. The measurements were taken at 10:00, 12:00, 14:00, and 16:00. Additionally, the 

temperature for each UVI measurement was taken from weather.com. The data was recorded on 

a table in a notebook. NOAA.gov was used to find the cloud cover and humidity in 

Tucson. Hourly ozone data was collected from the Arizona Department of Environmental 

Quality. This process was recorded in a table and multiple days in the month of January in 2022. 

The data was recorded on a table inside of the notebook. Every column was given a 

different variable and every row had a different week and time. The table was filled out as the 

data was collected.   

For the cloud cover column, NOAA data and abbreviations were used. CLR means no 

clouds below 12,000 feet, FEW means 1/8 to 2/8 cloud coverage, SCT means scattered (3/8 

to 4/8,) BKN means broken (5/8 to 7/8,) and OVC means overcast (8/8.) The three numbers after 

the abbreviation indicate the cloud level in hundreds of feet above ground level.  

The data was put into graphs with the UVI measurement on the y axis and different 

independent variables on the x axis. The different variables that were put on the x axis were 

date, cloud cover, humidity, and ozone level. A bar graph was made to show the average UVI 

measurement of each cloud type.  

Precautions were taken to ensure that exposure to outside weather conditions did not 

harm the researcher. The person recording data did not stay outside long enough to receive large 

amounts of sun exposure. Breaks were taken by the researcher in between looking at data and 

researching on their computer, so their eyesight was not damaged.  
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Data Table 

Day 
UVI 

Measurement 
Military Time Clouds 

Relative 
Humidity (%) 

Ozone level 
(ppb) 

Temp 
(F°) 

1 7.5 10 CLR 42 34 52 

1 8.0 12 CLR 30 38 64 

1 9.0 14 CLR 25 42 71 

1 4.5 16 CLR 20 41 74 

2 4.5 10 CLR 18 35 53 

2 5.5 12 FEW200 18 41 68 

2 8.5 14 CLR 17 41 69 

2 0.0 16 CLR 18 40 64 

3  - 10 CLR 15 36 58 

3  - 12 CLR 10 40 68 

3 8.5 14 CLR 10 42 73 

3 4.5 15 CLR 9 41 76 

4 2.5 10 OVC150 30 36 52 

4 9.0 12 BKN130/150 25 41 64 

4 8.5 14 CLR 24 44 70 

4 5.5 16 CLR 24 42 70 

5 4.0 10 BKN075 41 36 55 

5 7.0 12 CLR 35 38 58 

5 9.0 14 CLR 31 39 62 

5 5.0 16 CLR 32 36 63 

6 8.0 10 CLR 30 43 47 

6 9.0 12 CLR 25 46 58 

6 9.5 14 CLR 19 49 63 

6 6.0 16 CLR 17 45 66 

7 8.0 10 CLR 21 41 59 

7 8.5 12 CLR 19 48 67 

7 8.0 14 CLR 16 49 71 

7 4.0 16 CLR 14 44 73 

 

There are two parts to the cloud cover abbreviation, the cloud coverage and the cloud level in 

hundreds of feet. For example, FEW200 means “few” cloud coverage at 20,000 feet. 

❖ CLR- Clear (no clouds below 12,000 feet) 

❖ FEW- Few, 1/8 to 2/8 cloud coverage 

❖ SCT- Scattered, 3/8 to 4/8 cloud coverage 

❖ BKN- Broken, 5/8 to 7/8 cloud coverage 

❖ OVC- Overcast, 8/8 cloud coverage 

(Scattered was not represented in the data set) 
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Graphs and Results 

 

The red points and line represent the average UVI Measurement while the pink points represent 

data points. As time passed, UVI measurement increased until the peak at 14:00, where it then 

decreased as time passed 

 

As the ozone level (ppb) increased, the UVI Measurement increased. 
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As relative humidity (%) increased, the UVI measurement increased until it peaked at 7.0 on the 

UVI, then as relative humidity increased, UVI measurement decreased. 

 

As temperature (°F) increased, the UVI measurement increased, hit a peak at 7.0 on the UV 

Index, and then decreased.  

y = -0.0055x2 + 0.2961x + 3.0787
R² = 0.041
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❖ The R value represents the strength and direction of a linear relationship between 

variables on a scatterplot. Since Time has the highest R value, it was the most 

consistent. 

❖ Overall, time of day was the most consistent data and was proven the best way to tell 

the patterns of level of UV rays. While there was a correlation between the other 

weather patterns and UV radiation, time of day had the most recognizable rise and fall 

on the graph. 

 

On average, clear skies had the highest amount of UV radiation while overcast had the least.  
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Discussion – Why did these results occur?  

Some data on certain variables supported the hypothesizes while others did not. Results 

for time of day and cloud cover were expected while results for ozone, temperature, and 

humidity were not. 

The reason that time of day increased, hit a peak, and then decreased is because of the 

change in solar elevation angle throughout the day. The closer the solar elevation angle is to 90°, 

the higher the UV radiation level will be because the sun is coming to that location more directly. 

14:00 had the highest amount of radiation because that time is closest to Tucson’s solar noon in 

the month of January. 

The ozone results were a surprise because ozone depletion is directly correlated with 

sunlight. A higher amount of ozone in the upper atmosphere absorbs more sunlight. The reason 

that this relationship wasn’t shown in this experiment is because instead of measuring ozone in 

the upper atmosphere, ozone in the lower atmosphere was measured. Because of this, it showed a 

direct relationship between ozone and UV radiation. 

Temperature and Humidity both rose, hit a peak, and fell. The maximum relative 

humidity to have increasing UV radiation was 27% while the maximum temperature to have 

increasing UV radiation was 63°F. After these maximums, the UV radiation decreased. 

In general, as the cloud cover was a higher fraction of the sky, there was less UV 

radiation. Other than the outlier of broken clouds, as the portion of the sky covered increased, the 

average UVI measurement decreased. The broken cloud data may be an outlier because when the 

data was taken the sun was in a portion of the sky where there weren’t clouds. If the data set had 

been bigger, this outlier may have stood out less. 
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Conclusions 

showing solar noon was 14:00. The average UV radiation level for 14:00 was 8.7 on the 

UV Index, higher than 12:00 which was at 7.8. 10:00’s average was 5.8 and 16:00’s was 4.2. 

This data shows a rise, peak, and a fall, illustrating how UV radiation is highest when the sun is 

at its peak. Second, as ozone level increased, UV radiation level increased. This is shown clearly 

in the trendline on the graph, with the beginning being around 5.1 while the end is around 8.8, 

increasing about 3.7 on the UV Index. This trendline illustrates a direct relationship between 

ozone and UV radiation. 

Both temperature and humidity had a rise, peak, and decline. This illustrates that both had 

a maximum value before the UV radiation level began to decline. The peak on the trendline of 

the relative humidity graph reaches 7.0 on the Index at about 27% relative humidity. On the 

temperature graph, the trendline reaches a maximum of 7.0 at about 63°F, and then declines. 

These trendlines illustrate the maximum before the decline in UV radiation. 

In general, as more of the sky was covered with clouds, UV radiation level decreased. 

Clear skies had the highest average UVI measurement, hitting 6.9 on the index while overcast’s 

average is 2.5 on the index. In the cloud cover dataset, the broken cloud datapoint is an outlier. 

Broken clouds means that 6/8-7/8 of the sky was covered with clouds. The researcher noticed 

that during the data collection of the broken clouds datapoint, the sun happened to not be behind 

one of the clouds. Since there was only one broken cloud datapoint, it skewed the data and made 

this trend not perfect. This trend shows that clouds block UV radiation and that more clouds 

mean less UV radiation. 

UV radiation level rises and falls with the rise and fall of the sun throughout the day. Ozone in 

the lower atmosphere and UV radiation have a direct relationship, meaning as UV radiation level 

increases, ozone level increases. Temperature and humidity both have a maximum value before 

UV radiation decreases. Clouds block UV radiation, so as cloud cover increases, UV radiation 

decreases. 
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Future Research 

In the future, the reason behind the results for humidity and temperature’s relationship with UV 

radiation could be pursued. The relationship between these variables was unclear in the data set. 

It appeared that there was a maximum humidity and temperature before the UV radiation 

decreased. If there was more data, it would be easier to see a more complicated or detailed visual 

of the relationship. 
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Research Plan 

Introduction/rationale 

Exposure to UV radiation can be very harmful if left unchecked. It is important to know the 

amount of exposure you will get depending on the time of day and where you are. Knowing the tendency 

of how much radiation you are exposed to depending on weather patterns and time of day for your area 

would be helpful for your safety. People who are prone to getting sunburnt should understand the 

fluctuation of UV radiation strength during the day; even people who aren’t sensitive to sun should also 

have knowledge about it to prevent excessive skin damage and minimize the possibility of skin cancer. 

The UV Index is a global system used to measure the level of UV radiation that is coming to the 

Earth’s surface. The UV Index is on a scale of 1 to 11+, 1 being the least amount of radiation and 11+ 

being the most. The UV Index is important because it is a widely used system with the purpose of 

communicating the level of UV radiation there will be outside that day. [1]  

Having knowledge about how your region’s UV patterns work is important so you can accordingly 

change your habits to be safer. If people are aware that there is an alternative to their daily routine that 

results in less skin damage, then they are likely to take it. June K. Robinson et al. conducted research 

about the changes in behavior of young adults when they have a device to measure and warn them about 

UV radiation. They found that when the volunteers received warnings, knew the amount of radiation they 

received and the consequences, they began wearing more sun protection and altered their schedules. 

However, not all people can alter their schedules or improve their conditions by much. [2] Mmathapelo 

Makgabutlane and Caradee Wright et al. followed the daily life of an outdoor worker in Pretoria, South 

Africa and in their research found that he was exposed to a large amount of UV rays. This proved that his 

working conditions were in the long run unsafe, however he couldn’t do anything about it because it was 

his job, and most methods of sun protection were impractical. [3] 

 UV radiation inflicts both short- and long-term damage, with the severity depending on the 

amount. Sunburns can be painful; however, skin cancer is a much bigger concern. The accumulation of 

damage from direct or indirect sun can cause skin cancer. Zenith sunlight (Sunlight from when the sun is 

at a very direct angle) causes damage, but non-zenith sunlight also does, and should not be ignored. 

Claire Marionnet et al. researched the effects of indirect sunlight on human skin through examining 

people with a history of sun damage and exposing a model of human skin to UV rays and watching the 

effects. They found that non-direct sunlight causes long-term damage which is important because it 

proves that we should be protected from the sun through sunscreen or clothes even if we don’t think it’s 

going to be very damaging. [4] 

The current weather conditions effect the amount of UV rays that reach the surface. Clouds and 

dust can absorb or reflect UV rays. Uwe Feister et al. researched how cloud cover affected solar radiation 

in the Andes Mountains. They found that clouds scatter UV rays and developed a formula to calculate the 

amount they get scattered depending on the cloud cover. [5] In other climates, dust can affect UV rays, 

especially in arid regions. Dillan Raymond Roshan et al. found that dust above the Arabian Peninsula 

absorbs UV rays and that satellites cannot always account for the dust and that taking measurements 
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from the ground is necessary. They had stations on the ground in multiple places in Qatar to see the UV 

radiance they got on the ground. Without the measurements taken from the ground, they wouldn’t know 

the exact amount in Qatar because the satellites weren’t exact. [6] 

 Awareness of the danger of UV rays and knowing the best way to avoid damage is important for 

human health. Education on this subject would make skin cancer rates go down because people would be 

more able to protect themselves. Depending on different latitudes and climates, every place has different 

weather patterns and different measurements on the UV Index meter. Being in a desert, Tucson has a 

fairly high risk of skin damage due to UV rays, so knowing the best times of day and how the weather 

affects UV rays here would overall improve Tucson’s and similar climate’s health.  
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Research Question and Hypothesis (b) 

How does the time of day, current weather conditions, and ozone levels affect the UV Index 

measurement? 

Independent variables: Time of day, weather conditions taken from NOAA.org (temperature, cloud 

cover, humidity) and ozone levels taken from the Arizona Department of Environmental Quality 
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Dependent variable: UVI measurement taken with a UV Index meter 

Hypothesis: 

If the time is closer to 12pm, then the UVI meter measurements will be higher. If the 

temperature is higher, then the UVI meter measurements will be higher. If there are less clouds, then 

the UVI meter measurements will be higher. If it is more humid, then the UVI meter measurements will 

be lower. If the level of ozone is higher, then the UVI meter measurements will be lower. 

Procedure/Risk and Safety/Data Analysis (c) 

Materials 

❖ Notebook 
o Used to put data into a table  

❖ UVI meter 
o Used to measure the Ultra Violet Index measurement  

❖ Computer or cellphone (access to internet)  
o Used to find temperature, cloud cover, humidity, and ozone data  

 
Procedure 
 

A UVI meter was ordered on amazon.com. The UVI measurement was taken with the UVI meter 
in an open space in Tucson, Arizona at the beginning of every 2 hours from 10:00 to 16:00. The 
measurements were taken at 10:00, 12:00, 14:00, and 16:00. Additionally, the temperature for each UVI 
measurement was taken from weather.com. The data was recorded on a table in a notebook. NOAA.gov 
was used to find the cloud cover and humidity in Tucson. Hourly ozone data was collected from the 
Arizona Department of Environmental Quality. This process was recorded in a table and multiple days in 
the month of January in 2022. 

The data was recorded on a table inside of the notebook. Every column was given a different 
variable and every row had a different week and time. The table was filled out as the data was 
collected.   

For the cloud cover column, NOAA data and abbreviations were used. CLR means no clouds 
below 12,000 feet, FEW means 1/8 to 2/8 cloud coverage, SCT means scattered (3/8 to 4/8,) BKN means 
broken (5/8 to 7/8,) and OVC means overcast (8/8.) The three numbers after the abbreviation indicate 
the cloud level in hundreds of feet above ground level.  

The data was put into graphs with the UVI measurement on the y axis and different 
independent variables on the x axis. The different variables that were put on the x axis were date, cloud 
cover, humidity, and ozone level. A bar graph was made to show the average UVI measurement of each 
cloud type.  

Precautions were taken to ensure that exposure to outside weather conditions did not harm the 
researcher. The person recording data did not stay outside long enough to receive large amounts of sun 
exposure. Breaks were taken by the researcher in between looking at data and researching 
on their computer, so their eyesight was not damaged.  
Data table that was used:  
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Week  Time  
UVI 

Measurement  
Cloud 
Cover  

Humidity  
Ozone 
level  

Temperature  

1  10am                 

1  12am                 

1  2pm                 

1  4pm                 

2  10am                 

2  12am                 

2  2pm                 

2  4pm                 

3  10am                 

3  12am                 

3  2pm                 

3  4pm                 

4  10am                 

4  12am                 

4  2pm                 

4  4pm                 

5  10am                 

5  12am                 

5  2pm                 

5  4pm                 

6  10am                 

6  12am                 

6  2pm                 

6  4pm                 

7  10am                 

7  12am                 

7  2pm                 

7  4pm                 

  
Precautions were taken to ensure that exposure to outside weather conditions did not harm the 

researcher. The person recording data did not stay outside long enough to receive large amounts of sun 
exposure. Breaks were taken by the researcher in between looking at data and researching 
on their computer, so their eyesight was not damaged.  
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