
Part 1: Air Temperature

Scientists from the Goddard Institute for Space Studies, NASA, compiled temperature datasets
from weather stations all over the world to create the dataset you are going to be working with
today to answer the question: Is earth “warming”? The data you will use are from years
1880-2021.

1. Before you conduct your analysis, you should first make your predictions. What slope
would indicate a warming Earth? What slope would indicate Earth’s average global
temperature was not changing? What slope would indicate a cooling Earth? Sketch or
describe lines in the axes below to show what the expected slopes would be in these
different scenarios.

2. Open up the dataset of air temperature over time and make your own copy of the
spreadsheet. These values are from NASA’s Goddard Institute for Space Studies and
Berkeley Earth, a nonprofit focused on temperature data analysis.

3. Highlight the column of years and either of the temperature columns (your choice of
Celsius or Fahrenheit). Record which temperature you choose here. Click Insert ->
Chart. Google Sheets will probably default to a line chart. In Setup, under Chart Type,
scroll down and choose Scatter.

4. Now click Customize, and choose Vertical Axis. Set an appropriate minimum value so
that you can see the data better. (This is something around 13 degrees for Celsius and
55 degrees for Fahrenheit.)

5. Describe the pattern of the scatterplot. How linear is it? How strong is the relationship
between time and temperature? Is the relationship positive or negative? You can also
make a rough sketch of the plot here.

https://docs.google.com/spreadsheets/d/1RCnwUFPoGB39mxZA4dPLq4eYLhXK__O6gr97MkJnOH0/edit?usp=sharing


6. What is the explanatory variable? What is the response variable?

7. Under Customize, now choose Series. Scroll down and check the box for Trendline.
Change Label to Use Equation. The top of the plot will now have an equation for the
relationship between year and predicted temperature:
ŷ = _______________ x + ____________

8. Which of these are the units of your slope, and why?

a. Degrees Fahrenheit per year
b. Degrees Celsius per year
c. Years

d. Degrees Fahrenheit
e. Degrees Celsius

9. Which of these is closest to what the slope represents, and why?
a. How much the temperature actually increased each year from 1880 to 2021
b. The average rate of temperature increase from 1880 to 2021
c. The temperature in 1880
d. The temperature in year 0

10. Now click the checkbox to Show R2. Here, this really is the square of the correlation
coefficient. Take the square root to find the value of R. Does this value agree with your
assessment in Question 5 about how strong and linear the relationship was?

11. Based on what you know about R, decide whether each of the following statements
about R2 are true or false. Explain your reasoning, and correct the statement if it is false.

a. R2 is never negative.
b. When two variables are strongly correlated, R2 is near 0.
c. R2 describes how well we can predict the response variable using the

explanatory variable.

12. Many scientists claim that drastic changes in global temperature began in the
mid-1900s. Test this hypothesis by adjusting your trendline so that it only looks at the
most recent decades, after cars became common. Choose a year in the mid-1900s, and
select the year and temperature data from that year to the present. Make a scatterplot
like you did before, and find the equation of the trendline and the R value.



13. How does the strength and linearity of the relationship between year and temperature
here compare to your previous scatterplot?

14. Compare the slopes in your original scatterplot and your new one. Which is larger? Does
that agree with the scientists’ claim that the rate of global average temperature increase
has been greater since the mid-1900s?

Part 2: Carbon Dioxide
In 1958, Dr. Charles David Keeling (1928-2005), who was a scientist at Scripps Institute of
Oceanography, began collecting data on atmospheric carbon dioxide, CO2, concentration at the
Mauna Loa Observatory located in Hawaii. This dataset is what allowed us to understand the
degree to which burning of fossil fuels was releasing CO2 into the atmosphere.

1. Go to the second sheet of the spreadsheet using the tabs at the bottom of the page.
Make a scatterplot of atmospheric carbon dioxide over time using the Year and CO2

columns. The unit for CO2 is parts per million, or ppm, a measure of how many CO2

particles there are in one million particles of air. (This is kind of like a percent. A percent
is parts per hundred.)

2. Describe the pattern of the scatterplot. What is its general shape? How strong is the
relationship between time and carbon dioxide? Is the relationship positive or negative?

3. Like before, add in a trendline with the equation and R2 value, and find the value of R.
ŷ = _______________ x + ____________

R =

Part 3: Putting them Together
1. Based on the shapes of the scatterplots you made of temperature over time (especially

since the mid-1900s) and carbon dioxide over time, how related do you think
temperature and carbon dioxide in the atmosphere are? Do you think the relationship is
positive or negative?



2. Make a scatterplot with temperature as the response variable and carbon dioxide as the
explanatory variable. How linear is this plot? How strong is the relationship? Is it positive
or negative?

3. As before, add in a trendline with the equation and R2 value, and find the value of R.
ŷ = _______________ x + ____________

R =

4. Compare your predictions in Question 4 to what you found in Questions 5 and 6.

5. What do you predict the global average temperature will be if or when carbon dioxide
reaches 450 ppm?

6. We can’t make any claims about causation based on this analysis. However, we can
determine whether there is enough of a relationship that one variable could cause
another. Based on what you’ve found, could carbon dioxide increase explain the
increase in global average temperature?

7. What kinds of evidence would be needed to show a causal relationship in this case? (It’s
okay to speculate or draw knowledge from outside of this course, but some ideas from
the course will help, too!)


