
Assessing Urban vs. Rural Historical Temperature Trends
Research Question

How has population growth impacted temperatures across the continental 

United States during the last half-century (ca. 1970 to 2020)?

1) Is there a direct correlation between population change and 

temperature change? 

2) Are there changes in the variance of daily temperatures on a 

decade by decade basis? 

Results and Data Analysis

Methods 
● The use of the software MATLAB was

 relied on heavily through this project.

● We gathered population statistics with 
the United States Census Data.

● Minimum and Maximum daily
 temperatures were gathered from the NOAA 
 

Conclusions 
Question 1:
● Average Minimum Temperature had stronger correlation.
● There is a high correlation in the spring and summer months for the 

min temperature.
● Low correlation in June, August, and December for the max 

temperature. 
Question 2:
● Min and max daily temperatures are becoming more variable in the 

winter and spring months.
● The summer min temperature becoming less variable, and fall within 

a smaller range. 

Season Min Temp Max Temp

DJF 0.17 -0.08

MAM 0.4 -0.08

JJA 0.38 -0.04

SON 0.23 -0.21

ANN 0.32 -0.12

Correlation (R value) for the Mean 
Temperature Change and Population 

Growth

Season Min Temp Max Temp

DJF 0.4 0.46

MAM 0.29 0.46

JJA 0.07 0.19

SON -0.02 0.1

ANN 0.39 0.29

Correlation (R value)for the Variance 
Temperature Change in Relation to 

Population Growth



Introduction

- Urban Heat Islands (UHI) are directly correlated with global warming. 
- Hypothesis: The predicted outcome of this study is that areas that have had a 

significant increase in population since 1970, will have a more drastic increase 
in average temperature due to the UHI effect.



We will frame our statistical analyses around the following two questions:

2). Are there changes in the variance of 

daily temperatures on a decade by decade 

basis for urban versus rural locations? 

1). Are the rates of temperature change 

different when comparing urban and rural 

locations? 



∆Temperature: Mean vs. Variance 
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Change in mean, no change in variance



∆Temperature: Mean vs. Variance 
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Change in variance, no change in mean



Methods: Data Collection 

● Weather data gathered from airport weather stations run by NOAA 
● Population data gathered from Bureau of the Census 
● Uploaded data into MATLAB to process 
● Gathered data from hundreds of sites for thousands of days, that we then processed 

through learning how to write and create a code (code cannot be shared). 

Used code to:
- Extract population data from 

1970-2020 for over 300 sites across 
the continental US.

- Eliminate cities with population 
decay.

- Find the average and variance for 
each site for every year. 



Data Analysis: Population 

Step 1: Eliminate cities with population decay.

Step 2: Take the logarithm of population data to make 
the population distributed more symmetrically. 



Data Analysis: Population 

Step 3: Remove common warming in US to get

 distribution from 0; will make correlation

 of temperatures more accurate.

Step 4: Find R values between log(Δ)population 
and average temperatures per year to get a regular 
regression.



Data Analysis: Population

Step 5: Perform weighted regression to put 
more weight on sites with airport closer to 
city center. 

● For question 1, we primarily 
used weighted regression data 
since it is more accurate for 
our research question. 

The heavy weight has more of an impact.



Plotting the Variance on a Graph for Question 2

Steps:
● Convert distribution PDF to one 

number. 
● Plot on a graph x axis is the change in 

people, y is the variance calculation. 
● Average squared deviation from the 

mean 



Results: Average annual temperature and population increase correlations with weighted regression



Results: Maximum annual temperature and population increase correlations with weighted regression



Results: Minimum annual temperature and population increase correlations with weighted regression



Results: Variance 

● Minimum and maximum daily temperatures are 

becoming more variable in the winter and spring 

months with an increase in population. 

● The summer minimum temperature variance is 

decreasing with an increase in population, meaning that 

the temperatures are becoming less variable, and fall 

within a smaller range. 



Discussion: Weighted Regression For Question 1

● Average minimum temperature has same correlation as regular regression 
○ Temperatures during the day are higher than expected.
○ Middle of the night has a stronger correlation with the trend line.

● Low correlation of minimum temperature and population in June, August, and 
December

○ Temperatures may be warmer at night than expected with increasing population. 

● High fall maximum temperature correlation
○ Temperatures are following the trend line with increasing population. 

■ For the normal regression, this correlation was close to 0; this means that sites farther from 
city centers could have been outliers and when we performed the weighted regression they 
did not have as much impact. 



Discussion: Variance
● Because the relationship between weighted 

regression and regular regression was consistent 

within question 1, we decided to just analyze the 

weighted regression for question 2.

●  The table shows how the variance became larger 

in the winter and spring months compared to the 

summer and fall season. 

DJF 0.4 0.46

MAM 0.29 0.46

JJA 0.07 0.19

SON -0.02 0.1

Temperature Variance Vs Population Growth 
(R Values)

Month 
Min

Temperature 
Max 

Temperature

More Variable

Less Variable 



Discussion: Limitations And Further Research  

● Altitude 
● Ecosystems
● Airport data and locations
● Weather trends and typical conditions 

Further Research

● Regional Changes and Trends
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