ABSTRACT]

AO0T is Blowing ‘With The Wind

A study conducted using GLOBE protocols to analyze wind speed, air temperature, AOT &
sunlight of the atmosphere during the morning, mid-day, and afternoon.

Bayleigh Jetton - 5th grade
Rhonnie Jetton - 6th grade

Alpena Elementary/Middle School
Alpena, AR

What is the relationship between temperature and wind speed and the relationship between Aerosol
Optical Thickness “AOT” of the atmosphere, during the day at morning, mid-day, and afternoon? It
was predicted that the temperature would rise during the day, causing the winds to become stronger.
It was also predicted that aerosols in the atmosphere would increase during the day, resulting in a
thicker aerosol optical thickness (AOT) measurement letting less sunlight reach the Earth's surface.

Following the GLOBE protocols, the researchers collected and recorded the temperature and wind
speed for 15 days using a digital anemometer and thermometer for 15 days and they also used a
digital sun photometer to measure the AOT on 10 days when clouds were not blocking the sun.
Approximate data collection times: 9:30am, 12:00 noon, & 2:30pm. The researchers followed the
GLOBE protocols for weather data collection. Once the data was collected, the information was
uploaded into the GLOBE atmospheric data base.

Morning averages: wind speed 3.46Km/H, temperature 13.78°C, AOT reading 0.667, 62.66% of
sunlight. Mid-Day averages: wind speed 4.49Km/H, temperature 15.01°C, AOT reading 0.923,
50.86% of sunlight. Afternoon averages: wind speed 3.64Km/H, temperature 15.17°C, AOT reading
0.586, and 63.97% of sunlight.

The hypothesis for wind speed and temperature was partially supported by the data. As the
day went on, the temperature and wind increased over the morning, however the afternoon winds
averaged 0.85Km/H less than the Mid-Day average. The hypothesis for AOT readings was also
only partially supported by the data.
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RESARCH QUESTIONS AND HYPOTHESIS:

INTRODUCTION

Have you ever watched a brilliant orange sunrise or sunset? Have you ever noticed that as
you look across the landscape, hills far away may appear hazy one day but clear on another
day? Small solid and liquid particles suspended in the air, called aerosols are most likely the
cause. When some people think of aerosols, they think about smoke and dust stirred up from
people going about their day. Chemicals given off from the burning of fossil fuels in
automobiles are another significant contributor of aerosols into the atmosphere. The study of
aerosols in the atmosphere has become an area of interest by the GLOBE program. The
international network called GLOBE "Global Learning and Observations to Benefit the
Environment" is a science and education program that is made up of scientist, teachers, and
students from more than 110 countries. The GLOBE program offers participants the
opportunity to collect data that can be used by scientist to study and better understand the
interactions between earth's systems. According to information retrieved from the GLOBE
website, "Aerosols influence our weather and climate because they affect the amount of
sunlight reaching Earth’s surface. Aerosol concentrations vary significantly with location and
time. Aerosol optical thickness (AOT, also called aerosol optical depth) is a measure of the
extent to which aerosols affect the passage of sunlight through the atmosphere. The larger
the optical thickness at a particular wavelength, the less light of that wavelength reaches
Earth’s surface. This information is needed for climate studies, for comparison with satellite

data and to understand the global distribution and variability of aerosols".

RESEARCH QUESTIONS

There are two research questions being addressed for this project: What is the relationship
between temperature and wind speed during the day from morning, mid-day, and afternoon?
What is the relationship between the Aerosol Optical Thickness “AOT” of the atmosphere,

during the day from morning, mid-day, and afternoon?

HYPOTHESES

It was predicted that the temperature would rise during the day as the Earth heated up,
causing the winds to become stronger. It was also predicted that aerosols in the atmosphere
would increase during the day, resulting in a thicker aerosol optical thickness (AOT)

measurement letting less sunlight reach the Earth's surface.



METHODS & MATERIALS:

PROCEDURES

In order to prepare for this project, the researchers talked with their science teacher to learn
about the GLOBE program and collecting weather data. Using the GLOBE weather station at
the Alpena School campus, the science teacher instructed the researchers in the proper
procedures for setting up and collecting data from a GLOBE weather station using a digital
anemometer and thermometer. The researchers were also instructed in the use of collecting
data on Aerosol Optical Thickness of the atmosphere using a digital sun photometer. Then,
the researchers collected and record the temperature and wind speed during the morning,
mid-day, and afternoon for 15 days. (Approximate weather data collection times were at
9:30, 12:00, & 2:30). The AOT data could only be collected on days when the sun was not
blocked by cloud cover. The researchers collected AOT data for 10 days during the morning,
mid-day, and afternoon. The researchers followed the GLOBE protocols for weather data
collection. Once the data was collected, the information was uploaded into the GLOBE
atmospheric weather data base.

Risk and Safety Concerns to be addressed: The only risk involved were looking directly at
the sun while collecting the AOT data with a sun photometer. The researchers wore eye
protection while collecting the AOT data and also did not look directly at the sun, as directed
in the GLOBE protocols for AOT data collection.

Data Analysis: Once the data was collected it was analyzed by creating charts and graphs in
order to identify patterns that might exist associated with wind speed, temperature, AOT, and
the percent of sunlight reaching the earth's surface, all associated with the time of day for
which the data was collected. A statistics t-Test was conducted comparing the data from

different times of day to analyze the significance of difference.

MATERIALS

Digital Anemometer

Digital Thermometer

Calitoo Digital Sun Photometer
GLOBE Weather Station

Sun Glasses







DATA SUMMARY

Wind & Temperature Test Results

Wind Speed (Km/H) Temperature °C
Date 9:30am 12:00pm 2:30pm 9:30am 12:00pm 2:30pm
12-11-2018 4.6 9.7 8.6 18.8 18.8 20.4
12-12-2018 8.2 6.8 8.2 18.9 19.7 19.3
12-13-2018 21 2.6 3.2 16.7 17.5 18.3
12-14-2018 7.9 6.8 5.0 16.5 16.4 14.1
12-17-2018 0.7 5.0 3.6 14.5 17.4 18.1
12-18-2018 1.0 4.6 2.5 17.1 18.9 18.7
12-19-2018 1.0 5.7 4.6 8.2 13.1 14.1
12-20-2018 7.2 5.8 5.0 14.2 17.4 18.4
12-22-2018 2.1 3.9 1.4 194 16.5 17.6
12-29-2018 3.2 1.4 1.8 20.2 19.0 19.5
12-30-2018 24 1.8 1.9 9.4 11.2 11.4
12-31-2018 54 2.8 1.8 10.2 111 12.1
01-01-2019 0.7 1.0 2.1 9.7 9.8 9.7
01-02-2019 0.0 0.3 2.1 6.4 9.5 9.1
01-03-2019 5.4 6.4 2.8 6.5 8.8 6.8
Total 51.9 67.3 54.6 206.7 225.1 227.6
Mean 3.46Km/H 4.49Km/H 3.64Km/H 13.78°C 15.01°C 15.17°C
Average Aerosol Optical Thickness (AOT)
(Percent % of light transmitted was calculated using GLOBE Aerosols Table AT-AE-1)
Morning Mid-Day Afternoon
Test # AoT Ligﬁ:?:agri:i::ed AOT Lig?l":?raag:s::i:tfed AOT Ligi‘;e'lrra::s::i‘t)tfed
(12-11-18) 1.036 39.62 1.248 34.28 1.225 34.99
(12-12-18) 0.073 90.50 0.116 90.50 0.179 87.63
(12-17-18) 0.753 50.41 1.571 25.58 0.663 52.55
(12-22-18) 0.033 90.50 0.433 67.76 0.493 63.87
(1-5-19) 1.006 40.52 0.936 34.10 0.920 43.08
(1-9-19) 0.036 90.50 0.036 90.50 0.025 90.50
(1-15-19) 1.837 21.32 1.988 17.41 1.739 22.30
(1-18-19) 0.086 90.50 0.942 37.43 0.505 63.80
(1-20-19) 0.134 90.50 0.061 90.50 0.027 90.50
(1-21-19) 1.676 22.30 1.902 20.56 0.086 90.50
Total 6.670 626.67 9.233 508.62 5.862 639.72
Mean 0.667 62.66% 0.923 50.86% 0.586 63.97%




RESULTS

RESULTS

Morning Data Collection: Average wind speed was 3.46Km/H. The average temperature

was 13.78°C. The average AOT reading was 0.667. The average percentage of sunlight that

came through the atmosphere reaching the surface of the earth was 62.66%.

Mid-Day Data Collections: Average wind speed was 4.49Km/H. The average temperature

was 15.01°C. The average AOT reading was 0.923. The average percentage of sunlight that

came through the atmosphere reaching the surface of the earth was 50.86%.

Afternoon Data Collection: Average wind speed was 3.64Km/H. The average temperature

was 15.17°C. The average AOT reading was 0.586. The average percentage of sunlight that

came through the atmosphere reaching the surface of the earth was 63.97%.
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Data Analysis for Wind Speed

t-Test: Paired Two Sample for Means

wind speed Km/h 9:30am 12:00pm
Mean 3.46 4.306666667
Variance 7.799714286 6.979238095
Observations 15 15
Pearson Correlation 0.570938324
Hypothesized Mean Difference 0
df 14
t Stat -1.300862012
P(T<=t) one-tail 0.107155171
t Critical one-tail 1.761310136
P(T<=t) two-tail 0.214310343
t Critical two-tail 2.144786688
t-Test: Paired Two Sample for Means
wind speed Km/h 9:30am 2:30pm
Mean 3.46 3.64
Variance 7.799714286 5.126857143
Observations 15 15
Pearson Correlation 0.556802363
Hypothesized Mean Difference 0
df 14
t Stat -0.287382763
P(T<=t) one-tail 0.38901459
t Critical one-tail 1.761310136
P(T<=t) two-tail 0.77802918
t Critical two-tail 2.144786688
t-Test: Paired Two Sample for Means
wind speed Km/h 12:00pm 2:30pm
Mean 4.306666667 3.64
Variance 6.979238095 5.126857143
Observations 15 15
Pearson Correlation 0.8139733
Hypothesized Mean Difference 0
df 14
t Stat 1.677856398
P(T<=t) one-tail 0.057774547

t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1.761310136
0.115549094
2.144786688
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Data Analysis for Temperature
t-Test: Paired Two Sample for Means

Temperture *C 9:30am 12:00pm
Mean 13.78 15.00666667
Variance 24.22171429 15.62209524
Observations 15 15
Pearson Correlation 0.926043081
Hypothesized Mean Difference 0
df 14
t Stat -2.431903477
P(T<=t) one-tail 0.014518298
t Critical one-tail 1.761310136
P(T<=t) two-tail 0.029036595

t Critical two-tail

2.144786688

t-Test: Paired Two Sample for Means

Temperture *C 9:30am 2:30pm
Mean 13.78 15.17333333
Variance 24.22171429 19.50638095
Observations 15 15
Pearson Correlation 0.893136513
Hypothesized Mean Difference 0
df 14
t Stat -2.437659684
P(T<=t) one-tail 0.014358616
t Critical one-tail 1.761310136
P(T<=t) two-tail 0.028717231
t Critical two-tail 2.144786688
t-Test: Paired Two Sample for Means
Temperature *C 12:00pm 2:30pm

Mean

Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

15.00666667
15.62209524
15
0.970503086
0

14
-0.578453136
0.286073464
1.761310136
0.572146927
2.144786688

15.17333333
19.50638095
15
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Data Analysis for Aerosol Optical Thickness (AOT)

t-Test: Paired Two Sample for Means

morning AOT mid-day AOT

Mean 0.667 0.9233
Variance 0.491118 0.559987344
Observations 10 10
Pearson Correlation 0.892417863
Hypothesized Mean Difference 0
df 9
t Stat -2.389015069
P(T<=t) one-tail 0.020311463
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.040622927
t Critical two-tail 2.262157163
t-Test: Paired Two Sample for Means

morning AOT afternoon AOT
Mean 0.667 0.5862
Variance 0.491118 0.323697289
Observations 10 10
Pearson Correlation 0.613044014
Hypothesized Mean Difference 0
df 9
t Stat 0.447540197
P(T<=t) one-tail 0.332531297
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.665062594
t Critical two-tail 2.262157163
t-Test: Paired Two Sample for Means

mid-day AOT afternoon AOT
Mean 0.9233 0.5862
Variance 0.559987344 0.323697289
Observations 10 10
Pearson Correlation 0.613892044
Hypothesized Mean Difference 0
df 9
t Stat 1.774331522
P(T<=t) one-tail 0.054876962

t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1.833112933
0.109753924
2.262157163
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Data Analysis for % of Sunlight Transmitted

t-Test: Paired Two Sample for Means

Average % of Light Transmitted morning mid-day

Mean 62.667 50.862
Variance 931.5929344 934.6476178
Observations 10 10
Pearson Correlation 0.842552755
Hypothesized Mean Difference 0
df 9
t Stat 2.177775419
P(T<=t) one-tail 0.028691044
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.057382088
t Critical two-tail 2.262157163
t-Test: Paired Two Sample for Means

Average % of Light Transmitted morning afternoon
Mean 62.667 63.972
Variance 931.5929344 646.0438844
Observations 10 10
Pearson Correlation 0.580104632
Hypothesized Mean Difference 0
df 9
t Stat -0.158539396
P(T<=t) one-tail 0.438766091
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.877532183
t Critical two-tail 2.262157163
t-Test: Paired Two Sample for Means

Average % of Light Transmitted mid-day afternoon
Mean 50.862 63.972
Variance 934.6476178 646.0438844
Observations 10 10
Pearson Correlation 0.679351845
Hypothesized Mean Difference 0
df 9
t Stat -1.809530752
P(T<=t) one-tail 0.051906001

t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

1.833112933
0.103812003
2.262157163
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CONCLUSION

The hypothesis for wind speed and temperature was partially supported by the data.
As the day went on, the temperature and wind increased over the morning, however the
afternoon winds averaged 0.85Km/H less than the Mid-Day average. The hypothesis for
AOT readings was also only partially supported by the data. As the day went on, the
AOT readings increased from the morning to the Mid-Day average, but the AOT decreased in
the afternoon, resulting in a higher percentage of sunlight in the afternoon than in either the

morning or mid-day.

DISCUSSION

The researchers learned that there are more factors which affect wind speed and
temperature than just aerosol optical thickness and sunlight. Barometric pressure, the
amount of humidity in the atmosphere, and the temperature of the different layers of the
atmosphere also play a large role in determining what the overall weather is in any given area
at a particular time. In the future, the researchers would like to conduct a more extensive
data collection study using GLOBE protocols over different seasons to gain a better

understanding of the world they live in.
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