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Abstract
Surface temperature is a critical factor that influences local and regional heating because the troposphere we live in warms from the bottom up.  Scientists closely monitor the surface temperature in their efforts to document and explain our rising worldwide temperatures.  This year’s polar vortex in January was a recent weather phenomenon.  With our research, we sought to determine if there is a correlation between the air temperatures and surface temperatures during this frosty period and if the polar vortex had an effect on the data we collected at all.  For the majority of this school year, we have been collecting surface and air temperature data as well as cloud types and other select atmospheric parameters. We found that wind chill was consistently lower than air and surface temperature and the surface temperature was lower than air temperature on all but 2 days.  It was also observed that the cloud cover doesn’t correlate with the surface temperature during this period but further research has to be done. When comparing our temperatures with the average Detroit Metropolitan area it was noted that the average of Detroit was consistently higher due to recordings taken at higher altitudes. 

Research Questions
Is there a time delay between the change in near-surface temperature and actual surface temperature?  Does the percent cloud cover correlate with surface temperature?  Does Crestwood High School’s air temperature and surface temperature correlate with the average air temperature of the Detroit Metropolitan area?




Null Hypotheses 
Null Hypothesis 1: There is no correlation between air temperature and surface Temperature.  Null Hypotheses 2: There is no direct correlation between cloud cover and Surface Temperatures. Null Hypotheses 3: There is no correlation between wind chill and surface temperature.  Null Hypotheses 4: There is no correlation between the CHS air and surface temperature correlate with the temperature of the Detroit Metropolitan area.

Introduction and review of Literature
In January 2019, the Midwestern region of North America experienced unforgettable weather conditions. Residents endured constant sub-zero temperatures dipping all the way down to -40 degrees Fahrenheit wind chill on multiple days.  Although this resulted in 7 days of school closings and harsh road conditions, we saw this as an opportunity to continue the daily collection of data and focus our research on this frosty period. Our interests in performing research involving this paramount weather phenomenon was further deepened after witnessing the record-breaking temperatures. Scientists currently use surface temperature data from satellites to monitor weather and climate change around the world.  Satellite temperatures of Earth’s surface are very accurate but typically give averaged readings over the large areas they are sampled from.  Some climate skeptics currently question if NASA surface temperature data is accurate or not.  Because our school is collecting surface temperature measurements at the same place over a period of many years, our data will allow scientists to verify that what data they sense from up on high, is comparable to what we see on Earth’s surface. To better understand the role that surface temperatures play in localized areas, it is important to get data from smaller parcels of land to see specifically how that particular surface responds to incoming solar insolation.  Many small-scale and localized factors still need considerable research before a complete understanding of the role surface temperature plays in microclimate settings and at the community level (soil moisture levels, frozen ground, frost levels, etc.).  This research found that very few schools consistently collect surface temperature data during the coldest months of the year.  Our research found that accurate measurements can be taken throughout the most intensely cold portions of the year if students are properly protected from the elements and the instruments properly acclimated.  To identify winter (December-February) heat island effects, it is suggested that GLOBE schools partner together and make a commitment to collect data not just during field campaigns but throughout the coldest months of winter.  Only by combining a multitude of data from a whole host of local sites and over a long period of time will we be able to make any true contribution to a deep understanding of how localized surface temperature changes are being affected by climate change. Localized surface temperature data also allows scientists to accurately assess Climate change is currently linked to greater changes in temperatures than seen. By keeping track of the temperature and its increase, we can determine how much time we have left to find a solution to this critical issue. Due to the greenhouse gases released from the burning of fossil fuels the global average surface temperature rose from 1.1 to 1.6 degrees Fahrenheit between the years 1906 and 2005. This, alongside the fact that the rate of temperature increase has doubled in the last fifty years and will continue to rise, demonstrates the importance of recording and analyzing surface temperature data to ensure a healthier and safer future for this planet.
                                                                                                                                                




Research Methods
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Figure 1-2: Figure 1 and 2 show the areas where measurements were taken (Crestwood High School, Dearborn Heights, MI 48127) The exact location: 42.320672 N, -83.293938 W. 
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Figure 3-4: Figure 3 and 4 show the student researchers following the protocols in order to take the surface temperature.
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Figure 5-7: Figure 5, 6, and 7 are the materials we used to collect surface temperature daily.
We used the GLOBE Cloud Chart to identify the type of cloud we were observing. We used the two infrared thermometers to obtain Surface Temperature data. We also used the Pasco to record data on multiple weather factors.






Results
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Figure 1.  Temperature versus windchill.  This graph compares surface temperature, air temperature, and windchill during the 2019 Polar Vortex.  The correlation between surface temperature and air temperature is fairly proportional with the surface temperature consistently colder than the air temperature.  Air temperature and wind chill have a direct relationship with each other except where missing windchill data (due to our automated weather station malfunction in the extreme cold weather) makes it difficult to analyze the entire period. 
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Figure 2. Surface Temperatures versus Cloud Cover. This graph compares surface temperature with cloud cover. There is no correlation between the two because the cloud cover stayed relatively the same while the temperature varied. If data was collected over a longer time period.
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Figure 3. CHS Air and Surface Temperature versus Air Temperature of Detroit Metropolitan area. This graph compares the air and surface temperature of Crestwood High School and the air temperature of the Detroit Metropolitan area. There is a clear correlation between the two with the CHS temperatures being consistently lower because the recordings were taken much closer to the surface.
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Table 1. Table 1 show Surface Temperature data we submitted in GLOBE during the Polar Vortex from January 20 through the 29th.



Discussion 
Following the completion of their research on the effects of select weather factors on surface temperature, we were able to reject three of their four null hypotheses. It was found that There indeed was no correlation found between cloud cover and surface temperature. However, Null Hypothesis 1 was rejected because direct surface temperature and near surface temperature were observed to be proportional. Additionally, Null Hypothesis 3 was rejected owing to the findings that wind chill is directly proportional to surface temperature. The final Null Hypothesis, 4, was also proven false because the average air temperature of the Detroit Metropolitan area appeared consistently higher than Crestwood’s on the account that the recordings were taken at a higher elevation. Upon collecting the data, certain limitations arose leading to minor possible sources of error within the investigation. As a result of the measurements being collected during class, we were unable to head to the site and record data on certain days due to tests/quizzes, harsh weather, and important lectures. Malfunctions in the school’s WeatherBug station in the midst of extreme temperatures also led to incomplete data on particular occasions, as well faulty data collected by some students that could not be included. 

Conclusion
Following the completion of our research, we have concluded that there appears to be a one-day time delay between the change in near-surface temperature and direct surface temperature.  However, this is only true for when temperatures are increasing the first few days, as soon as temperatures began to fall and later stabilize the relative lag between the data is no longer present.  Differences in results are caused by the approximate 10-meter height difference between the ground surface and our school’s WeatherBug weather station sensors positioned on above the school roof.  Windchill directly correlated with both temperatures that were given. However, cloud cover did not appear to correlate with the surface temperatures, although more data may have been needed to confirm this due to consistent overcast conditions. A polar vortex is a low-pressure area—a wide expanse of swirling cold air—that is parked in polar regions. Global warming resulting in increased snowfall and frigid temperatures may sound paradoxical, however, there is evidence to back it. For example, warmer temperatures in the winter of 2006 caused Lake Erie to not freeze for the first time in its history. This actually led to increased snowfalls because more evaporating water from the lake was available for precipitation. In the past 5 years, Michigan has been plagued with a polar vortex every year in the past 5 years, 2019 being the worst of all. The collection of the daily measurements could have been more accurate by leaving the handheld infrared thermometers outside for its full suggested 60 minutes which we were unable to do as a result of tests, assignments, or lessons. Our research can be expanded on in a number of ways. One possibility that we had attempted to pursue was to compare our surface temperature data with other schools from select regions, however, we were unable to because we could not find a school that had input consistent data. Another prospect for research is to collect the same data in the summer to see if the same correlations exist in warmer temperatures. In addition, a comparison could be made between our surface temperature data and air temperature at different altitudes along with the recordings from our WeatherBug station positioned 10 meters above the surface.
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Cirrocumulus: high clouds with puffy,
patchy appearance, with small spaces
between clouds. Often form wave-like
patterns.

Cirrocumulus: nuages a haute altitude,
irréguliers, formés de groupes de flocons
blancs séparés, en moutons. Souvent en

forme de vagues.

Cirrocumulos: nubes altas esponjadas
y agrupadas, con pequenos espacios
entre ellas; suelen tener aspecto
ondulante.

Cumulus: low clouds. Clouds appear
puffy, and look like cotton balls,
popcorn, or cauliflower.

Cumulus: nuages bas, en moutons,
ils ressemblent 3 des boules de coton,
au pop-corn ou au choufleur.

Cumulos: nubes bajas esponjadas;
parecen bolas de algodén, palomitas
de maiz o coliflor.

Cirrostratus: high clouds, light gray or
white, often thin with the sun or moon
seen through them. Usually covers
much of the sky.

Cirrostratus: nuages a haute altitude,
gris clair ou blancs, légers, formant
souvent un voile devant le soleil ou la
lune. lls couvrent généralement la plus
grande grande partie du ciel.

Cirroestratos: nubes altas, en forma de
velo blanquecion o gris claro bastante
extenso que deja ver el sol o la luna.

Cirrus: high clouds, thin Wispy and
feathery, composed of ice crystals.

Cirrus: nuages & haute altitude, en
bandes ou filaments isolés, plumeux,
composés de cristaux de glace-

Cirros: nubes altas, de aspecto delicado
y ligero (como plumas), constituidas por
cristales de hielo.

Stratus: low clouds, light or dark gray
and generally uniform in appearance
and cover most of the sky. Fog is a
stratus cloud.

Stratus: nuages bas, gris clair ou sombre,
en couche uniforme, ils couvrent
généralement la plus grande partie du
ciel. Le brouillard est un stratus.

Estratos: nubes bajas, de color gris claro
u obscuro; generalmente son uniformes
y cubren casi todo el cielo. La niebla es
un estrato.

Stratocumulus: low clouds, with
irregular masses of clouds, rolling or
puffy in appearance, sometimes with
space between the clouds.

Strato-cumulus: nuages bas, en
masses irréguliéres, en moutons,
parfiis espacées.

Estratocumulos: capa de nubes bajas
e imegulares, esponjadas u onduladas:
aveces hay espacio entre €llas.

Nubes Medias<>Moyenne Altitude<Middle Altitude

Altocumulus: middle clouds with puffy,
patchy appearance, usually with spaces
between clouds.

Altocumulus: nuages a altitude
moyenne, formés de gros flocons
séparés, (ciel pommelé), généralement
espacés.

Altocumulos: nubes medias
esponjadas y agrupadas; suele haber
espacio entre ellas.

Nimbostratus: low and middle dark
gray clouds with precipitation falling
from them. Bases are diffuse and
difficult to determine because of falling
precipitation.

Nimbostratus: nuages bas et gris
sombre, dont tombent les précipitations.
Leur base est diffuse et difficile a
determiner a cause de la chute de
précipitations.

Nimboestratos: nubes medias y bajas
de color gris oscuro que producen
lluvias. Su base es difusa y dificil de
determinar debido a la precipitacion.

http://www.globe.gov

Altostratus: middle clouds, light gray
and uniform in appearance, generally
covering most of the sky.

Altostratus: nuages a altitude
moyenne, sous forme de voile gris clair,
uniforme; couvrent généralement la
plus grande partie du ciel.

Altoestratos: nubes medias, de color
gris claro y uniformes; suelen cubrir casi
todo el cielo.

Cumulonimbus: large clouds with dark
bases and tall billowing towers. Can
have sharp well'defined edges or anvil
shape at the top. Precipitation can
obscure the base of the clouds. Can be
accompanied by thunder.

Cumulo-nimbus: nuages de grandes
dimensions, a base sombre et en forme
de tours de fumée. Parfois a bords tres
définis ou en forme d’ancre au sommet.
Les précipitations risquent d’obscurcir
leur base et ils peuvent étre accompagnés
de tonnerre.

Cumulonimbos: nubes grandes de
altas crestas y bases oscuras; pueden

tener bordes bien definidos y marcados.

La parte superior puede tener forma de
yunque. La lluvia puede oscurecer |a
base y puede haber truenos.
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