
The Effects of Climate and Solar Elevation Angle on Intensity of 
Ultraviolet Radiation

It was observed that time of day had the most direct affect on 
UV radiation. UV radiation rose in the morning, hit a peak at 
2pm, and declined. This happened because of the change of 
solar elevation angle. Ozone and UV radiation had a direct 
relationship with a positive slope. These results occurred 

because as the day goes on, more ozone is released by the city. 
UV radiation vs. humidity and temperature increased, hit a 
peak, and decreased. In general, (with one outlier) as cloud 

cover increased, level of UV radiation decreased. This is 
because clouds reflect and absorb UV rays.

Research Question Results: Which Variable was Best at Predicting 
UVI Measurement?

Methodology Conclusions

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

❖ UVI was measured with an UVI meter and 
climate data was taken from the internet 
and recorded.

❖ Data was taken over the course of multiple 
days at 10:00, 12:00, 14:00, and 16:00 
military time.

❖ The data was analyzed.

Question

Variables

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

Dependent
❖ Ultraviolet Index 
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❖ The Global Solar UV Index shows the level of 
solar radiation that is reaching the Earth’s 
surface. The higher on the Index, the higher 
amount of radiation there is. [1]

About UV Radiation and the Global Solar UV Index (UVI)

What is the Global Solar UV Index?

UV rays are radiation that is emitted by the sun. 
Education about the affects of UV radiation is important 
because society downplays the danger of exposure. 
Being tan is desirable and being exposed to sun can 
seem healthy, but there are many health problems that 
exposure over time causes. [1]

What are UV Rays?

There are three bands of Solar Radiation: UVA, UVB, 
and UVC. Each type interacts with the atmosphere 
differently because of their different frequency.

❖ UVA: 315-400 nm
❖ UVB: 280-315 nm
❖ UVC: 100-280 nm

nm = wavelength in nanometers

All UVC radiation and 90% of UVB radiation are absorbed 
by the atmosphere’s ozone layer, water vapor, oxygen, 
and carbon dioxide while UVA isn’t as affected by these 
elements. [1]

Bands of UV Radiation

Graphics taken from the World Health Association’s “GLOBAL SOLAR UV 
INDEX-A Practical Guide”  [1]



Health Affects of UV Radiation

Negative UV Radiation 
Effects:
❖Skin Cancer
❖Photo-aging
❖Erythema (sunburn 

reaction)
❖Photo-

immunosuppression
o Damaging of immune 

system by UV 
radiation

Negative Affects [4] UV Radiation and Skin Type [1]

A common misconception is that 
UV rays do not harm people 
with dark skin. UV rays can harm 
your immune system and eyes, 
even with darker skin. While 
people with darker skin get 
burned less easily and get skin 
cancer at a lower rate, damage 
still accumulates overtime and 
cause skin cancer and other 
health problems.



The solar elevation level changes depending 
on the time of day. Solar elevation angle is 

the angle between the horizon and the sun. 
The solar elevation angle is 90° at solar noon, 

which is also when the UV radiation will be 
highest. [1]

Factors That Affect UVI Level

Sun Angle and Time of Day

Clouds and ozone absorb UV rays coming 
into the atmosphere and both vary over the 
course of a day. Clouds also scatter UV rays 

as rays reflect off them. [1], [6]

Cloud Cover and Ozone

❖ The higher altitude you are, the 
thinner the atmosphere is. 

Therefore, there is less 
atmosphere between you and 
the sun, so the UV radiation 

level is higher. [1]

❖ Regions with a lower latitude 
have a more direct angle with 

the sun because they are closer 
to the equator. Therefore, they 
have higher UV radiation levels. 

[1]

Altitude and Latitude



How does Climate Affect UV Radiation?

❖ This project seeks to find the 
relationships between climate and 
UV Radiation using the Ultraviolet 
Index (UVI) scale; Specifically, in 

Tucson, Arizona.

❖ The targeted climate conditions in 
this experiment, are temperature 
(°F), relative humidity (%), cloud 

cover, and ozone level (ppb.) 
Additionally, the time of day was 
recorded to find the relationships 

between UVI level and Solar 
Elevation Level.



Methodology

Data collection Method Preparation
❖UVI Meter was bought online
❖Websites were found to collect weather 

data
o NOAA.gov – relative humidity
o Weather.com – temperature
o AZDEQ.gov – ozone level 

Data collection 
Data was collected every two hours, starting at 
10:00 and ending at 16:00. Data was collected for 7 
days over the course of January 2022.
Collection times:
❖10:00
❖12:00
❖14:00
❖16:00

Data was 
recorded in a 
data table in a 
notebook.

Data Analysis
❖The Data was graphed onto excel and put 

into 5 graphs.
Graphs
❖UVI Measurement vs. Military Time
❖UVI Measurement vs. Ozone Level (ppb)
❖UVI Measurement vs. Relative Humidity
❖UVI Measurement vs. Temperature
❖Average UVI Measurement vs. Cloud Cover

Safety Precautions

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.

1
2

3

Meter used to 
collect UVI level 
data
This UVI meter 
measures UV-A 
and UV-B rays.



UVI Level vs. Time of Day

❖If the time is closer to 12pm, then the UVI level will be higher.

UVI Level vs. Temperature

❖If the temperature is higher, then the UVI level will be higher. 

UVI Level vs. Cloud Cover

❖If there are less clouds, then the UVI level will be higher.

UVI Level vs. Humidity

❖ If it is more humid, then the UVI level will be lower. 

UVI Level vs. Ozone Level

❖If the level of ozone level is higher, then the UV level will be lower.

Predictions
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UVI Measurement vs. Military Time

As time passed the UVI measurement increased until 14:00 clock 
military time at a peak of 9.0, then as time passed the UVI 

measurement decreased. 

Results and Data (First Day)

As the ozone level (ppb) increased, the UVI Measurement increased 
until 8.0 on the UVI, and then dipped to 4.5. Then, as ozone level 

increased, UVI measurement spiked at 9.0.

As the relative humidity (%) increased, the UVI Measurement increased 
until the peak of 9.0 and 25%, then as relative humidity (%) increased 

UVI measurement gradually decreased.

As temperature (°F) increased, the UVI measurement increased until a 
peak of 9.0 at 71°F, then as temperature (°F) increased UVI 

measurement decreased.
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Cloud Cover Data

There are two parts to the 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)

What Do the Abbreviations Mean?

Data Analysis
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Average UVI Measurement vs. Cloud Type 

0/8 of sky covered

1/8-2/8 of sky covered

6/8-7/8 of sky covered

8/8 of sky covered
On average, clear skies had the highest amount of 
UV radiation while overcast had the least. 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 at the moment I took 
the data the sun was in a portion of the sky where 
there weren’t clouds.



As time passed, UVI measurement 
increased until the peak at 14:00, where 

it then decreased as time passed.

Final Results and Data

As the ozone level (ppb) increased, the UVI Measurement increased.

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. 

The red points and line 
represent the average UVI 

Measurement while the pink 
points represent data points.
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y = 0.0066x2 - 0.301x + 7.7051
R² = 0.1804
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y = -0.0055x2 + 0.2961x + 3.0787
R² = 0.0410.0
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y = -0.0067x2 + 0.8496x - 19.839
R² = 0.03090.0
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Results

Time of Day – Best Predicter of UV Radiation 
Level
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❖ 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.

❖ 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.

❖ As the ozone level (ppb) increased, the UVI 
Measurement increased.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This relationship was unique, because it was the 
only one out of the four variables graphed this way 
that increased without a peak.

UVI Level and Ozone

❖ As temperature and humidity increased, the UVI 
measurement increased, hit a peak, and then 
decreased. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
These two variables both hit a maximum, and then 
the UV radiation level decreased.

UVI Level vs. Humidity and Temperature



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. [1] 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.

Reasons behind results

Ozone

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. [1] 

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.

Time of Day

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.

Temperature and Humidity



Errors

❖Size of Dataset
-The data set had a total of seven days with data taken. It would have been ideal for more 
days to be measured so the data was consistent, and outliers had less of an effect on the 
data consistency.

❖Span of Time
-Data was taken exclusively in the month of January, which isn’t ideal because of the time of 
year and because the data doesn’t show the whole picture because it only represents one 
season. January is the opposite time of year when Tucson has the most sun, the data would 
have been more relevant if it had been taken in the summer or over the span of multiple 
months.

❖Frequency of Measurements
-Data was measured once every two hours, starting at 10:00 and ending at 14:00. The data 
would have shown more detailed and accurate patterns if the data was taken every hour.



Real World Applications and Future Questions

Public Education

❖Skin cancer can be easily avoided, yet it kills 
many people. If people were more aware of 
the dangers of UV radiation, they would be 
more likely to protect themselves from it. 

Putting on some sunscreen or wearing 
protective clothing before you go out is 
worth not getting cancer in the future.

❖Public understanding of when UV radiation is 
at the highest level is important. If everyone 
knew that the peak of UV radiation in Tucson 

was at 2pm, they would be more likely to 
protect themselves around that time.

❖ Why did relative humidity 
and temperature’s 

relationship with UV 
radiation occur?

❖ Is the relationship between 
these variables more 

complicated than a rise, 

peak, and fall?

Future Question:
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NOAA and ADEQ databases provided data used in this experiment.


