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STUDENT ACTIVITY 

 
How do we reconstruct global average temperatures? 

 
 
 
 

Learning Objective: This activity explores how we calculate modern global temperature, 
as well as how we reconstruct global temperatures before the instrumental record.  We 
first look at how global temperatures are calculated, recent trends in global temperature, 
and then use raw data from the Marcott et al. proxy stack to reconstruct figures in the 
paper and compare the stack to individual proxy records. 
 
 
 
 
General Instructions: You will need to download two Excel documents (.xls file) for this 
activity from the Science in the Classroom website.  
 
The first, “SITC Activity HADCRUT exercise,” contains a gridded dataset of global 
temperatures and temperature anomalies based on the instrumental record. This first 
activity is completely based on modern instrumental temperature records, and is separate 
from but sets the stage for the second activity.  
 
The second activity explores the Marcott et al. data, and investigates what goes into 
building the stack proxy record presented in that study. The Excel file associated with the 
second activity is “SITC Activity Marcott et al. proxy stack data.”  
 
Be sure to save your work often to prevent losing your work, and be sure to save with your 
name in the file. (note: Excel specific instructions refer to the Mac 2011 version of office. 
Instructions for your software may differ.) 
 
 
 
 
PART I. What is “global temperature?” 
 
The words “global temperature” frequently appear in the public media, with usually less 
information about what this term means or how it is calculated.  
 
A widely used instrumental temperature record comes from a joint project between the 
Hadley Centre and the Climate Research Unit (often abbreviated as CRUTEM or HadCRUT). 
 



Let’s look at the data: 
 
1. First, let’s visit the HadCRU web page to see what goes into the dataset: 

http://www.cru.uea.ac.uk/cru/data/temperature/ 
 
Scroll through the different datasets and note similarities and differences between 
them, and read the frequently asked questions about the methods used. What sources 
of data are used to generate these datasets? Observations are averaged into grid “cells” 
in order to make a dataset with global coverage – what is the size of the grid cells in 
these datasets (in degrees)? 

 
 
2. Open the “SITC Activity HADCRUT exercise” Excel spreadsheet.  This sheet contains 

1961-1990 average annual temperatures (°C) for each grid cell of the HadCRUT4 
dataset. Let’s calculate the global average temperature from this dataset. 

 
a. Each of these grid cells represents a certain area on Earth’s surface, and each 

grid cell covers the same number of latitude and longitude degrees.  
 

Do all of the grid cells represent the same area? Why or why not? 
 
 

b. If you’re stuck on the above question – consider the area of a “ring” of 
latitude at the equator versus a ring of latitude at 45°N, each 100 km wide.  

 
Estimate these areas by calculating the circumference of the Earth at that 
latitude, and then multiplying this value by the thickness of the band, 100 
km.  

 
The radius of the circle to calculate the circumference changes with latitude 
and is the distance to the surface from the axis of rotation, and is the cosine 
of the latitude. 

 
i. For simplicity, let’s assume that the Earth is a perfect sphere (it’s 

close, but not quite, a perfect sphere).   
 

The distance from the center of the Earth to any point on the surface 
is Re = 6371 km.  

 
However, the distance from the axis of rotation varies as a function of 
latitude. This distance from the axis of rotation is the radius needed to 
calculate the circumference of a circle at any latitude.  

 
Prove that the distance from the axis of rotation (i.e., the radius) is 
Re*cos(latitude) – a drawing would probably help! 

 

http://www.cru.uea.ac.uk/cru/data/temperature/


ii. Calculate the area of each of these latitude circles by multiplying the 
circumference in km by the height of the bands, 100 km. Which 
latitude is the area larger (equator or 45°N)? 

 
 

c. While each latitude “band” on a standard lat-lon grid has a different area, 
each longitude within each latitude band contributes an equal area.  
 
Therefore, let’s simplify our grid by first taking a separate average for each 
longitude.  
 
To do this, type the formula “=average(B2:BS2)” (without the quotes) into 
cell B41.  
 
This provides the zonal average temperature for the latitude band at 87.5°N.  
 
A zonal average is the average in the east-west direction.  
 
To fill in the value for the rest of the latitudes, click on cell B41, grab the 
small block in the bottom right corner and drag it down to B76.  
 
We now have an array of zonal average temperatures at all latitudes. 

 
 

d. One more step before we can calculate the global average – we need to 
calculate the area weight of each latitude band.  
 
In cell D41, type the formula “=cos(B41*(pi()/180)). The pi()/180 term 
converts from degrees to radians, since the cos function in Excel expects a 
value in radians.  
Like in (c), drag from D41-D76. 

 
 

e. Finally, to calculate the global average temperature, type the following 
formula into cell K40: “=sumproduct(B41:B76,D41:D76)/sum(D41:D76)”. 
This calculates the weighted average global temperature.  
 
What value do you get?  

 
 
 
 
 
 
 



PART II. Building a proxy record  
 
1. Download the “Marcott et al. proxy data.xls” spreadsheet and open it in Excel.  

 
The data for each of the proxy records, as well as the stack derived by Marcott et al. 
appear as separate worksheets.  

 
 
 
2. Navigate to the worksheet labeled “TEMPERATURE STACKS.” Select cells C7 to D571, 

and insert a smooth lined scatter plot.  
 
How does this plot compare to Fig. 1b of the paper?  
 
What is the significance of this plot?  
 
Why are the magnitudes of the values on the y-axis so small?  
 
Refer to the paper if you’re stuck! 

 
 
 
3. We’ll make a chart of regional responses during the past 11,300 years as well.  

 
Make a new smooth lined scatter plot, right click on the chart, and click on “Select Data.”  
 
For the first data series, select the data in column U (years BP) for the x-axis and the 
data in column V (temperature anomaly for 90-30°N) for the y-axis.  
 
Add two more data series for the 30°N-30°S and 30-90°S data columns (X and Z 
respectively) – for both, the x-axis data remains the data in column E.  

 
 

Compare your plot to Figures 2I, 2J and 2K, as well as to the figure made in step 2.  
 
How do regional patterns of temperature change vary with respect to the global 
average?  
 
What do the authors suggest as potential reasons for these regional differences? 

 
 
4. Select any two proxy records in larger dataset. Information about each data source is 

provided in the “METADATA” tab. 
 

a. What are the locations where your two proxies were recovered? 



b. What is the proxy material used? Examples include alkenone organic 
molecules and Mg/Ca element ratios from ocean foraminifera, isotopes of 
oxygen and hydrogen in ice cores, or pollen. 
 

c. How do these proxies record temperature? You will need to do some 
research for this – if available, start with the references provided in the 
“Reference” column. 
 

d. Plot the temperature (y-axis) versus Marine09 age (x-axis) for your two 
proxies, again as smooth lined scatter plots.  
 
Compare these plots against your plots of the global and regional 
temperature anomalies from steps 2 and 3.  
 
Why are the temperature magnitudes so different? Do the trends observed 
match the global trends? (Note: the time ranges likely vary between the two 
charts! Be sure you’re comparing the same time periods.)  
 
Likewise, compare the trends to the appropriate regional trend (i.e., if your 
proxy is from 50°N, compare it to the 30-90°N curve).  
 
How well do they compare? 
 

e. What inferences from these comparisons can you draw? What advantages 
and challenges arise from compiling individual proxy temperature records 
into a complete dataset? How do the authors build confidence in their 
reconstructions through different analysis techniques? 

 


