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Driving Question 

What is climate and how does it relate to 
weather? 
 

Overview  

Through a hands-on activity and by analyzing 
graphs, students will gain an understanding 
that climate is the long-term behavior of 
temperature and precipitation in a region 
whereas weather involves short term 
fluctuations that are essentially random. 

NGSS Standards 

ESS2.D: Weather and Climate. 
https://www.nap.edu/read/13165/chapter/11#1
86  
 

Objectives 

Students will be able to describe the 
difference between climate and weather.  
 
Students will be able to graph data. 
 
Students will be able to average out 
daily/annual fluctuations (at least 
conceptually, the lesson does not require the 
students to have proficiency with 
spreadsheets). 

Newscast and/or Illustration 

The newscast highlights changes in 
temperature. 

Previous Lessons 

This is the first lesson in the climate change 
submodule so we will assume the students 
have no background. If the students already 
have a strong background in random 
processes and graphing and analyzing data 
then this lesson may go very quickly. 

Misconceptions 

Students may believe that because weather is 
random so is climate (e.g. “If we cannot 
accurately predict what tomorrow’s weather is 
going to be how could we possibly predict 
what climate in 100 years will be?”). 
Conversely, students may overestimate how 
good our weather predictions are. Modern 

Future Lessons 

Understanding the difference between weather 
and climate will help students interpret long-term 
data sets in subsequent lessons. 
 
The skills students gain with making and 
interpreting graphs will also be helpful in 
subsequent lessons. 

https://www.nap.edu/read/13165/chapter/11#186
https://www.nap.edu/read/13165/chapter/11#186


 
 
Materials  

Buckets/hats/some containers for each town with temperatures written on pieces of paper.  
Large graph paper for each group. 
Quickwrite questions. 
Excel for climate change doc 
Example graphs 
Climate vocabulary 
 
Preparation 

Temperatures for each city need to be generated, printed out, cut up, and placed in buckets. 
Worksheets need to be printed. 
 

 

Lesson 

 
Play Newscast #2: https://vimeo.com/393490956 
The climate is changing. Could this be affecting the prevalence of Lyme Disease? 
 
Quickwrite Warmup:  

weather predictions are actually pretty good 
for the next couple days so if students aren’t 
used to comparing the 10 day forecast with 
reality they may not appreciate the random 
nature. Also if students have been exposed to 
graphs and averages they may have 
misconceptions about those. 
 
There may be a couple of misconceptions 
related to randomness. For example, just 
because a system is random does not mean 
anything can happen. A card drawn from a 
well-shuffled standard 52 card deck is random 
but we can confidently predict that it will not 
be a 17 of hearts. Similarly, just because 
something is random does not mean it cannot 
be autocorrelated or have a long-term trend. 

Quick Write Pre-Lesson Questions 

What is the difference between weather and 
climate?  (This can also be done as a warmup in 
the lesson, see below.) 

Quick Write Post-Lesson Questions 

What is the difference between weather and 
climate? 

https://vimeo.com/393490956


5-10 minute quickwrite on “What is the difference between weather and climate?” 
 
Formative Assessment 1: Students’ writing should demonstrate that they are aware of the terms 
“weather” and “climate”. 
 
Introduction: 

Ask students some variation on: 
“Raise your hand if you think that Monday [or insert day of week] two weeks from now 

is going to be warmer than today, you have to decide warmer or colder, it won’t be exactly the 
same.” 

Hopefully about half of students raise their hands. Pick one of the students who didn’t 
raise their hand and ask why they think it is going to be colder. Next, pick a student who did 
raise their hand and ask why they think warmer. The point here is that it is fairly uncertain. At a 
two week lag weather predictions are quite bad so their answers ought to be similarly vague. The 
one exception to this is mean reversion. If today happens to be much hotter or much colder than 
the previous days, then predicting temperatures will revert to mean (get warmer if it’s very cold, 
get colder if it’s very warm) is an excellent prediction. That student gets a gold star. If you want 
to avoid this possibility you can ask warmer or colder than “normal”. If it’s the spring (where the 
seasonal change is stronger) you may need to make the prediction time one week. Highlight to 
the students that they are uncertain about the weather and that that’s reasonable—weather is 
random! 

Now ask, if they think it will be warmer next week in Washington DC (this lesson was 
originally designed for classrooms in the Northeast US, pick an appropriate city for your region) 
than it will be here next week. Hopefully most hands go up. Pick a student to ask why they think 
that. Point out to them that the weather is just as random in DC as it is here. Their answer may 
include the idea that DC is typically warmer (possibly because of latitude). Explain that this 
“typical” behavior is climate and it is not random.  1

 
Bonus question, ask students if they think it will be warmer in VT 10 years from now? 

Don’t discuss but their answers may be helpful for planning climate change lessons. 
 

Formative Assessment 2: Students should recognize that although they cannot predict the 
weather perfectly (due to randomness), they can make accurate, broad statements about climate 
based on factors like latitude (DC is typically warmer than VT). 
 
Activity: 
NOTE: the “data” used for this activity is generated statistically in the spreadsheet that goes with 
this lesson. You can either use the example data and graphs provided in this lesson plan or 
generate your own to fit the abilities of your students. The spreadsheet is customizable so you 
can change the mean temperatures, standard deviations, annual temperature cycle amplitudes, 
interannual means and variabilities. For example, I chose to make Smithville and Demoton have 

1 Note: Depending on how comfortable the students are with the notion of randomness it may be 
easier to perform the bucket activity before introducing the concept of randomness. Also, please 
see the appendix for some additional background on random and chaotic processes. 



the same mean temperature for the first week (Part I) but different annual cycles (Part II). I also 
chose that Entodelphia and Appleville would have the same average temperature for the first 
year (Part II) but their long term averages would differ (Part III). Changing the values in the top 
of the spreadsheet will enable you to make different choices. 
 
Part I, Temperatures out of a bucket:  

Divide students up into 5 groups. Each group gets a bucket of temperatures for one city, a 
marker and large graph paper. Tell students that each group is going to simulate one week of 
daily temperatures for a different city and record it on a graph. Go over how to set up graph 
paper, make sure each group uses the same y axis limits since we will be comparing across 
graphs. Now go day-by-day, have students draw temperatures out of a bucket and plot them in 
their notebooks. Finally, explain what an average is and have students draw a horizontal line 
corresponding to their estimate of an average on their graphs. Bring class back together and have 
students go up to the board and draw their data on one big graph. Have students comment on the 
similarities and differences between cities. Ask students to hypothesize which cities have the 
same climate? Ask them if we have enough data to say. 
 
Formative Assessment 3: Students should recognize that daily temperatures are random but 
some cities are similar and others are different.  
Formative Assessment 4: Students should graph data. 
Formative Assessment 5: Students should be able to define an average and estimate one  
visually (via the horizontal line on their graph). 
 
Example of Graph (see attached excel): 

 
Example temperatures in bucket for each city: 



 
Template of graph student might draw in their notebook: 

 
 
Part II, Annual temperature cycle:  

Appleville Bigburgh Smithville Demoton Entodelphia 
23 23 41 38 19 
17 21 32 42 19 
15 16 40 43 20 
20 19 40 36 23 
22 24 38 42 20 
17 21 39 41 21 
19 20 37 40 21 
24 24 38 41 21 
22 24 47 43 22 
22 15 37 40 19 
18 24 41 37 20 
22 24 43 45 19 
18 23 34 40 19 
16 17 38 39 20 
19 22 42 39 20 
23 24 39 37 20 
16 25 39 38 20 
21 19 46 41 19 
19 21 36 39 19 
20 15 39 39 21 



Now show students graphs containing a year of daily temperatures for each city they just 
graphed a week for (see example below). Ask students to hypothesize which cities have the same 
climate. Ask do we have enough data? Note, some of the hypotheses they made in the prior 
section may appear incorrect! Explain that in science incorrect hypotheses are not failures, rather 
proving hypotheses either correct or incorrect is how science succeeds! Have students estimate 
the average annual temperature for each city (if appropriate note that averaging periodic data is 
only appropriate if the window we’re averaging is either a multiple of the periodicity or much 
larger than the periodicity).  
 
Formative Assessment 6: Students should evaluate the hypotheses they made in part I. 
Formative Assessment 7: Students should recognize that a single week of temperature data is 
not enough to determine whether two places have the same climate. 
Formative Assessment 8: Students should estimate an average visually on a graph (reinforce 
Formative Assessment 5). 
 
Example of Graph: 

 
Part III, Decades of temperatures: 
Show students a graph of 20 years of annual average temperatures for each city (example below). 
Ask students which cities have the same climate? Note incorrect hypotheses from the previous 
two rounds. Ask them if we have enough data? Ask them how we know if we have enough data? 
Note that in general the only way to know that we have enough data is to collect more (although 
we can look at whether our results are converging). This may be too subtle of a point. Show 80 



years of data, which will support the same conclusions, to demonstrate that in this case we do 
have enough data. Explain to students that for climate we usually average over at least 10 years. 
Formative Assessment 9: Students should evaluate the hypotheses they made in parts I and II. 
Formative Assessment 10: Students should recognize that in order to characterize climate we 
need the long-term average behavior. 
 
 
Examples of Graphs: 

 

 
  
Sources: All data (simulated cities, temperatures…) were randomly generated.  
 



 

 

 

Assessment 

Students should be able to describe the difference between weather and climate using examples 
from the lesson and elsewhere. This assessment can be done orally in groups at the end of the 
activity above or submitted as a written report or otherwise depending on teacher preference. 
 
Formative assessments throughout the lesson are bold. If desired by the teacher, students can 
write out their responses to these assessments and submit at the end of the lesson. 
 
Extensions 

Extensions are possible both in terms of asking why various regions have the climate and 
weather that they do (e.g. Hadley cells, large bodies of water, orographic effects). Students could 
also do a more detailed investigation of random, deterministic and chaotic processes (see 
appendices) 
 

Glossary of terms (all Unit 3 terms defined here) 
atmosphere: The envelope of gases surrounding Earth or another planet. 
 
average: (in science) A term for the arithmetic mean, which is the sum of a group of numbers 
that is then divided by the size of the group. 
 
climate: Long term, typical values of atmospheric (e.g. air temperature, rainfall, cloudiness) and 
hydrological conditions for a given region and time of year that change on timescales from 
decades to millennia. If you are asking “do I need to own a snow shovel?” you are asking a 
question about the climate where you live. 
 
weather: Short term atmospheric conditions (e.g. air temperature, rainfall, cloudiness) that 
change on timescales from minutes to weeks. If you are asking “will I need to shovel the snow 
off my walkway tomorrow?” you are asking a question about weather. 
 
 
Appendices 

Some commentary on random and chaotic processes: 
 
There are many subtle points concerning the nature of randomness that are likely beyond the 
scope of this lesson but may be good starting points for motivated students to conduct their own 
investigations. The common usage of randomness is the opposite of predictability. If something 
is more difficult to predict we think of it as more random. This suggests two sources of 
randomness in physical systems. The first concerns systems that are fundamentally 
unpredictable. A classic example of this is the decay of radioactive nuclides (e.g Uranium-235). 
Although we can calculate a decay rate for a large sample of radioactive nuclides, the time when 
an individual nuclide decays is fundamentally unknowable until it happens. Studying the nuclide 

https://docs.google.com/document/d/1jFAchr1R2_QaV0zb5-4B_aXgravw_sfOAl1lD3JyU5Q/edit


in detail, examining other nuclides in its neighborhood, or any other type of investigation will 
not enhance our ability to predict when a particular nuclide will decay. Contrast this with a 
system whose lack of predictability arises from our ignorance. For example, say we knew the 
sequence of cards in a standard deck of playing cards before the dealer shuffled and then were 
able to very accurately observe the motion of all cards during shuffling. Then, in principle, we 
would know where every card sat in the shuffled deck and there would be no randomness in the 
system. In practice, we typically do not know the initial sequence of cards nor can we observe 
the shuffling exactly so from our perspective the resulting sequence of cards is unpredictable. 
We might model the cards as a random system even though as we have seen, it is possible to 
know their identities exactly. Clearly in this case, unlike the radioactive decay, studying the 
system more intensively (doing a better job of following cards as they move) enhances our 
ability to predict the system. As we shall see, weather is closer to the latter type of system than 
the former—this is good news, by studying the weather we can increase our ability to predict it! 
 
Before we talk about weather as a random process we should first consider simpler physical 
systems. Physical systems are governed by a set of rules (the laws of physics) that specify how 
the system will evolve from its current state into a future state. Consider a simple pendulum 
(let’s neglect friction and assume it’s just a ball connected to a massless rod for simplicity). If we 
know the ball’s exact position and momentum, and we know exactly what the force of gravity in 
this area is then we can precisely predict the ball’s location and momentum at any future point in 
time (possibly subject to constraints such as when the ball hits the ground). In this case the 
relevant law of physics is Force = Mass x Acceleration (F=ma). The state of the system is ball’s 
position and momentum. Systems such as this, where the future state can be calculated exactly 
given exact knowledge of the current state are not random, they are deterministic. However, the 
definition of deterministic includes a very important caveat: exact knowledge of the current 
state. In practice, it is impossible to have exact knowledge of the current state of a system, there 
is always some error in our knowledge. In the case of a simple pendulum this error is typically 
nonconsequential. If we are off in our position of the ball by a small amount then our future 
positions will also be off by a small amount. 
 
What happens if we add a second pendulum connected to the end of our simple pendulum (a 
double pendulum)? Well the laws of physics are exactly the same. However, now a small error in 
our initial position will lead to very different future outcomes (see this video for example). If 
students are interested these are fairly simple to build or program simulations. A system such as 
this, in which small change in the initial conditions leads to a large change in the future state is 
called chaotic. Chaotic systems are not random, they evolve deterministically according to laws 
of physics. However, because we cannot exactly know the initial conditions we may choose to 
model chaotic systems as random ones (much as we modeled the deck of cards as random due to 
our ignorance). Finally, in very large systems we may lack the computing power to precisely 
simulate all dynamics (e.g. simulating the behavior of every atom in a cloud is impossible on 
modern computers) even if they are all known. In these cases we may also decide to model the 
system as random. Weather is both a chaotic system (this is the famed “Butterfly Effect”) and it 
is too large of a system for us to simulate completely. Hence, although the physics governing 
weather are deterministic, we must simulate it as a random system in weather predictions. 

https://www.youtube.com/watch?v=pEjZd-AvPco
https://en.wikipedia.org/wiki/Butterfly_effect


 


