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Driving Question 

How has climate changed over time? 
 
 

Overview  

Students will be able to describe the difference 
between weather and climate by observing and 
analyzing weather and climate changes over time 
in two cities, Hanover, NH and Phoenix, AZ.  

NGSS Standards 

MS-ESS3: Earth and Human Activity 

MS-ESS3-5: Ask questions to clarify evidence of 
the factors that have caused the rise in global 
temperatures over the past century. 
 
MS-LS2: Ecosystems: Interactions, Energy, and 
Dynamics 
MS-LS2-4: Construct an argument supported by 
empirical evidence that changes to physical or 
biological components of an ecosystem affect 
populations. 

Objectives 

Articulate the difference between weather and 
climate (should be well established from Lesson 
1). 
 
Acknowledge that the average temperature is 
increasing within the context of climate warming 
in both the Phoenix and Hanover regions by 
looking at data. 
 
Observe and reflect on the past and future trends 
of climate change. 
 
Identify climate anomalies and events due to 
climate change. 

Newscast and/or Illustration 

This lesson illustrates the point that the climate 
has been changing over the last few decades and is 
projected to worsen. This is causing changes to 
the weather as well as causing more weather 
anomalies. The days below freezing could also 
begin to change allowing for more tick questing 
and greater tick populations. 

Previous Lessons 

Lessons 1, 2, and 3 all build up the students’ 
knowledge on weather and the climate. They also 
demonstrate the effect of greenhouse gases on the 
climate. This lesson serves to summarize how 
those greenhouse gases are affecting the climate 
and causing it to change over time. 

Misconceptions 

There may be students that disagree that the 
climate is changing due to comments or 
perceptions they hear from adults or other 
students.  

Future Lessons 

Following lessons focus on how climate change 
has allowed ticks to quest more frequently. 

Quick Write Pre-Lesson Questions 

What do I know about how climate and weather 
are changing? 

Quick Write Post-Lesson Questions 

What did I learn about how climate and weather 
are changing? 

https://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
https://www.nextgenscience.org/dci-arrangement/ms-ls2-ecosystems-interactions-energy-and-dynamics
https://www.nextgenscience.org/dci-arrangement/ms-ls2-ecosystems-interactions-energy-and-dynamics


 
 
 
 
Materials  

Map of the US with color coded regions and legend with average temperatures 
Graphs of temperatures from 1970-2019 of Hanover 
Graphs of temperatures from 1970-2019 of Phoenix 
Averages of temperatures from 1970-2019 from both cities 
Provide the students with the maximum temperature average of 1970-2019 for each city as well as the 
average maximum temperature of 2018 for each city. These temperatures are also on the graphs as well as 
listed below. 

Hanover maximum temperature average 1970-2019 - 57⁰F 
Hanover maximum temperature average 2018 - 57.8⁰F 
Phoenix maximum temperature average 1970-2019 - 86.9⁰F 
Phoenix maximum temperature average 2018 - 88.2⁰F 

Infographic of observed and projected temperature changes in NH. 
Infographic of Climate Anomalies from (a) chosen month(s). 

 
Preparation 

Prepare printouts or PowerPoint presentation with the following information: 
● Map of the US with color coded regions (Average Annual High Temperature- Phoenix & 

Hanover) 
● Delivery of the graphs either in excel (if the students use the raw data) or printed out (Historical 

Weather Data Hanover and Phoenix). Examples of the graph are shown included below. 
● Infographic of observed and projected temperature changes in NH (NH Temperature Projections) 
● Infographic of Climate Anomalies (Monthly Events November 2019) 

 
Background 

Because students will be looking at data graphs and temperatures, it is imperative that they have enough 
information about weather. Prior to the lesson, students should know that different regions, for example, 
within the U.S. experience different weather patterns. They should also know that the weather is different 
at different times of the year within a given region (which is why we see oscillations when we look at data 
from multiple years). The students should be able to recall that weather varies day to day, in a city like 
Hanover or Phoenix but within a range (lesson 1). Students should be able to read temperature graphs 
(i.e., what the axes mean) from lessons 2 and 3 and understand the averages of temperature data. 
 
Project 

In this lesson students will learn that the climate is indeed changing and that over time, average 
temperatures of different climate regions have increased. This increase in average temperatures has 
caused an impact on and an increasing number of climate anomalies which do affect us personally. This 
lesson will lead the way to understanding why there has been an increase in Lyme disease prevalence and 
that this is another way that climate change can impact us, specifically in this region of the country. 
Students will be able to describe the difference between weather and climate by: 

● Observing and analyzing weather data from Hanover and Phoenix, which are two different 
climate regions within the US, between 1970 and 2019.  

● Recalling Lesson 1 and being able to describe the differences between weather and climate. 

What do I want to know about how climate and 
weather are changing? 



● Using an infographic to understand that while the average change has been small the last 100 
years, it is expected to increase quite a lot more. 

● Analyzing informative graphics from NOAA “U.S. Selected Significant Climate Anomalies and 
Events” (e.g. November and Autumn 2019 or others). 

● Interviewing adults in their community about past climate anomalies in the Upper Valley. 
 

Lesson 

The students will summarize what they learned 
in lesson 1: That weather varies day to day but 
fits within a range. This will be accomplished 
by looking at two different cities that have 
different weather. The students will observe a 
map of the US with color coded regions. 
Phoenix, Arizona and Hanover, NH (shown 
below) are singled out in the graph with black 
dots. The students can discuss the map to better 
understand how the climate varies in the US. 
What is the difference between the average 
temperatures and ranges? 
 
The graph of the maximum temperatures of Hanover in 2018 can be shown, seen below. Students will 
explain what they see, i.e., the max temperatures are low in January (beginning of the graph), get warmer 
from May to September (middle of the graph), and then get cold again by December. Give the students 
the graphs without an average line and have them draw their best approximation. Have the 
students identify and determine the difference between the maximum (~95F) and the minimum 
(~1F) of the daily maximum temperatures. How does the average max line from this data compare 
to the infographic? 

 



 
They will then be shown the maximum temperatures of Phoenix, Arizona for the year 2018, shown below. 
Their observations should compare the maximum temperatures of Phoenix to Hanover. Give the students 
the graphs without an average line and have them draw their best approximation. Have the 
students identify and determine the difference between the maximum (~116F) and the minimum 
(~52F) of the daily maximum temperatures. How does the average max line from this data compare 
to the infographic? How does the change in temperature from the maximum to the minimum of the 
daily maximum temperature compare between Hanover and Phoenix? 

 



 
Students can then observe the two cities compared to each other on the same graph and make additional 
observations about climate. They should discuss what these averages mean. They should compare the 
averages of these two cities to the maps that they had in the first part of the lesson. Both clearly follow 
seasonal trends but the climate of Phoenix is hotter than that of Hanover. It also experiences far less 
change from the maximum to the minimum daily maximum temperatures. 

 
The graph of maximum temperatures for Hanover and for Phoenix from 1970 to 2019 will be shown to 
them. They can make observations based on this graph.  

 



 
The averages of both datasets will be given to them. They will discuss whether those climate regions on 
the map match up to the numbers that were gathered from the data from 1970-2019. The students will 
compare the average 2018 max temperature to the 1970-2019 averages. Have the maximums and the 
minimums of the daily maximum temperatures changed from 1970 to 2019? While it may not be 
clear visually that temperatures are increasing, there is a difference in the average of the maximums from 
1970 to 2019 compared with 2018. The yearly maximum averages can be shown to them for 1970 to 2019 
instead of the daily temperatures, see below. 

 
Do the temperatures appear to be increasing with time now? This may still not be as clear as the 
values are still close to the average. This is expected though as the average includes all of the years shown 
which means that warmer years will move the average up. This is a good discussion point for students to 
understand. To better understand how the 2000s compare to other years, the infographic below can be 
given to the students. 
 
This infographic shows the temperature in NH and Arizona compared to a 1901-1960 average. This 
shows that the temperature has increased over the past 100 years and that this trend is projected to 
accelerate. The students can determine if the change that they saw (0.8⁰F for Hanover and 1.3F for 
Phoenix) agrees with the trends seen in the infographic. This is a great tie-in to the work that was 
previously done in lesson 3 as it brings back emissions into the conversation and shows a projected path if 



carbon emissions can be lowered. This also shows that while 0.8⁰F seems small, it can have large impacts 
on the future and is higher than 1900.  

This snowball effect and the harm it is doing to the climate can be seen by increasing the maximum daily 
temperatures from 2018 by 2F. If average temperature increases by 2F, what does that annual 
temperature look like now? It now becomes the same shape, a sinusoid, but 2F higher. How many 
days were below freezing in NH before the 2F increase (37, students can just count the dots)? How 
many are below freezing after (31)? If the daily maximum temperatures increase by 2F every 5 
years, how many years until the maximum of each day does not dip below freezing? The lowest 
temperature is 1F. Therefore, 5years x (32F - 1F)/2F = 77.5years. What would the highest 
maximum daily temperature be at that point? Maximum daily temperature was 95F. 77.5years x 
2F/5years + 95F = 126F or more simply, 95F +31F = 126F.  
 
Is a change of 2F every 5 years realistic? No, it is not if the models shown above are observed. Based 
on the models above, a change of 10F over 100 years is expected if starting at 2000 (with higher 
emissions) which is already ~2F higher than previous decades. This is better approximated by 0.5F 
per 5 years. What are some limitations of this analysis? For example, only one year is being 
observed. The data from 2018 could be anomalous and the coldest day could be much colder than 
other years around it. Additionally, climate change is causing colder extremes of weather as well. So 
the coldest days could actually see a shift downward, although, overall, temperatures are 
increasing. 

 



 
Lastly, the students will receive an infographic which shows various climate anomalies across the United 
States. These are events that may increase as the climate continues to change. The students will then form 
groups. Here, they will come up with questions for talking to elders in their community (e.g. parents, 
neighbors, etc.) and discuss with them if they recall anomalous weather events. 

 

 

Assessment 

The assessment can be two-fold. The first part involves the students brain-storming and writing up 
questions to ask their family members about climate changes in the past. The second can be a short 
write-up or summary of the climate differences and changes between Phoenix and Hanover that would 
shift the previous formative assessments to summative assessments.  



 
Extensions 

1. This lesson could be extended by going deeper into what makes different climate regions in 
different areas of the world. (https://scijinks.gov/climate-zones/) 

2. This lesson could also be extended by asking the students to come up with the average 
temperature of 2018 by themselves if that raw data is provided to them.  

3. The students could ask for the average of other years (e.g. 1958, 1976) and see how it compares 
to the 1970-2019 years. 
 

Glossary of terms 

All Unit 3 terms are defined here. 
 
Appendices 

What Weather Means  
Weather is basically the way the atmosphere is behaving, mainly with respect to its effects upon life and 
human activities. The difference between weather and climate is that weather consists of the short-term 
(minutes to months) changes in the atmosphere. Most people think of weather in terms of temperature, 
humidity, precipitation, cloudiness, brightness, visibility, wind, and atmospheric pressure, as in high and 
low pressure. In most places, weather can change from minute-to-minute, hour-to-hour, day-to-day, and 
season-to-season. Climate, however, is the average of weather over time and space. An easy way to 
remember the difference is that climate is what you expect, like a very hot summer, and weather is what 
you get, like a hot day with pop-up thunderstorms. 
(https://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html) 
 
NOAA: National Oceanic and Atmospheric Administration 

NOAA's Mission: Science, Service and Stewardship 
1. To understand and predict changes in climate, weather, oceans and coasts; 
2. To share that knowledge and information with others; and 
3. To conserve and manage coastal and marine ecosystems and resources. 
(https://www.noaa.gov/our-mission-and-vision) 

 
Average: A calculated "central" value of a set of numbers. 

To calculate it: add up all the numbers, then divide by how many numbers there are. 
(https://www.mathsisfun.com/definitions/average.html) 

 

All weather data was acquired from https://www.ncdc.noaa.gov/cdo-web/datasets 
A step-by-step guide to finding weather data from any city in the U.S. is here: 
https://drive.google.com/file/d/138vCkZeG1GucE8KleEX5T0dFGJ_PQK9H/view?usp=sharing 
 

The modeling data was collected from https://statesummaries.ncics.org/chapter/nh/  

https://scijinks.gov/climate-zones/
https://docs.google.com/document/d/1jFAchr1R2_QaV0zb5-4B_aXgravw_sfOAl1lD3JyU5Q/edit
https://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html
https://www.noaa.gov/our-mission-and-vision
https://www.ncdc.noaa.gov/cdo-web/datasets
https://drive.google.com/file/d/138vCkZeG1GucE8KleEX5T0dFGJ_PQK9H/view?usp=sharing
https://statesummaries.ncics.org/chapter/nh/

