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Abstract 

This article is about a few of my experiences while teaching climate science to a group of undergraduate students, from both 

science and non-science backgrounds. I will elaborate on some of the pedagogical tools, experiments and activities that helped 

make the course accessible and engaging for all the students. 

 

 

Introduction  

I teach in a university where a considerable portion of the 

undergraduate curriculum is interdisciplinary and socially 

oriented. Students of all sorts mingle, learn from each other 

and discuss things as part of both the culture and the 

curriculum. Climate is one of the hot topics of discussion, 

where reactions from students range from angry (one student 

said they were “frustrated by the inaction of the older 

generations”) to apathetical (“anyway we are all going to 

die”). Many students are drawn towards technological 

solutions as extreme as colonising earth-like planets. A year 

ago, we started a minor in climate studies (a set of four 

courses) as our curricular response to this burning issue. We 

needed a curriculum that would respond to misinformation, 

sensitise students and empower them with an understanding of 

the science.  

Our intention was to give students a firm foundation in the 

science of climate change, highlight the social and ecological 

consequences, and help students understand the sociopolitical 

complexities. We wanted students to be able to respond to the 

climate problem by joining advocacy groups, or through 

education and outreach, or even by continuing their higher 

education in this field. We also wanted the courses to be 

accessible to students of humanities, sciences and the social 

sciences. We came up with a curriculum that consists of four 

courses on the following themes- (1) Climate science, (2) 

Climate adaptation and mitigation strategies, (3) Ecological 

consequences and (4) Political economy of climate change. 

This article will be about the first of these courses. 

The first course addresses the question – “what is climate 

change”? A student taking this course would need to develop 

their imagination of physical processes and also get into the 

practice of doing simple estimations. They would need to 

accelerate this process while also digesting a lot of new 

information. The topics in this course include– blackbody 

radiation, greenhouse effect, atmospheric and ocean 

circulations, the carbon cycle and evidences of climate 

change. 

I wanted to make sure that the course did not get too 

descriptive, where I passed on information, students accepted 

it, mugged it up, and learned how to do a few sums to pass the 

course. For this, I included a lot hands-on activities, either 

with experiments and measurements or with data. These 

activities give students the feeling of having discovered or 

experienced something, and so make the concepts more likely 

to stay with them. 

Online Tools 

PhET interactive simulations have become a go-to tool for 

physics teachers at the school and undergraduate level. I used 

these powerful visualisation tools to help students imagine 

what an electromagnetic wave is, and how they interact with 

matter. In one such tool [1], the user is asked to click on an 

electron to move it inside a radio wave transmitter. This 

generates an EM wave which goes on to drive a current in an 

antenna. In another tool [2], you can choose different 

wavelengths of light and different kinds of molecules, and 

their interaction is animated. In the absence of real lab 

experiments, these tools help to build a student’s imagination. 

After playing around with the simulations, it became easy to 

understand how EM waves transfer energy, how they interact 

with molecules, what makes a gas a greenhouse gas, and how 

absorbed radiation increases the temperature. 
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There is a wealth of open access online tools made specifically 

for climate science. Many such tools feature in David Archer's 

very popular coursera course on climate change [3], and I used 

them liberally in my teaching. One such tool is the 

MODTRAN simulation [4], where the user can choose 

concentrations of different atmospheric gases, latitude, and 

type of cloud cover, and the tool generates the resulting 

emission spectrum of the earth. One simple activity that 

students did was to plot the upward IR heat flux as a function 

of greenhouse gas concentration and verify that there was a 

logarithmic dependence. Using this tool, it was even possible 

to learn how to read spectra. One instance was when some 

students noticed a window of wavelengths to which the 

atmosphere is transparent. As a physics teacher used to 

incremental learning through infinitesimal additions, I was 

surprised by the rapid progress students made by using these 

tools. 

Experiments and Observations 

Experiments play a powerful role in convincing students that 

something really is true. We did experiments in class 

whenever possible. Again, many freely available smartphone 

apps were used. Some examples are: using a lightmeter app to 

verify the inverse square law for light, using a photographers’ 

gray card (an 18 % reflectance card) and a smartphone app to 

measure albedo. We were lucky to have access to an IR 

thermometer and a heat-sensing camera for students to 

experiment with.  

My colleague, Dr. OVSN Murthy, had done an interesting 

exercise with his students while teaching modern physics, and 

I did it with two physics students taking the climate course.  

The experiment was to turn on the AC in a car till it cooled, 

orient the windshield towards the sun’s rays (choosing the 

right time, so the rays fall directly on the windshield), turn off 

the AC, and track the temperature as it went up. Using the data, 

we estimated the solar constant and the temperature of the sun. 

Many students recreated atmospheric and oceanic convection 

patterns at the lab scale. They used a home-built setup 

consisting of a stepper motor that drove the rotation of a 

turntable.  A cylindrical container of water was placed on the 

turntable so that their centres aligned. The motor was 

controlled using an Arduino board, and made to rotate at small 

angular speeds of 1–5 rpm (See Figure 1). The idea for the 

setup and the experiments came from MIT’s weather in a tank 

project [5].  

Within a few rotations, the water in the container was seen to 

rotate like a solid body, that is, all points moved with the same 

angular velocity. If we look at the earth from above one of the 

poles, we would be able to see one entire hemisphere. The 

turntable, when viewed from a point above the centre, is 

somewhat similar. The centre is a pole, and the edges represent 

the equator. The water in the container plays the role of the 

atmosphere.  

Some students created a thermal gradient from the centre of 

the turntable radially outwards, by placing a container of ice 

at the centre. Keeping the turntable stationary, they dropped a 

potassium permanganate crystal close to the center, which 

slowly dissolved and traced the convection pattern of the 

water in the container. They saw that the water sinks at the 

centre, moves outwards, and rises to the surface close to the 

edges. These convection patterns are similar in structure to 

Hadley cells. They then made the turntable rotate, which 

resulted in an additional Coriolis force. The net effect was a 

convection pattern similar to ocean gyres (Figure 1(a)).  

 

Figure 1: (a) Formation of ocean gyres: A container of ice is 

placed at the centre of the turntable. The black arrow shows 

the direction of rotation. The blue arrows show the direction 

of flow of water at the bottom of the tank and the red arrows 

show the direction of flow of water at the surface. (b) A 

“cyclone” created using a trough with a hole in the centre 

placed on a slowly rotating turntable. 

Even without the turntable setup, it was relatively easy to 

demonstrate many convection patterns using water, salt and 

some dyes. We blew air over a saucer of water containing 

permanganate crystals, and could see the water upwelling. We 

also used a fish tank with a partition, some salty water and 

some fresh water, to see thermohaline currents.  

There were two guest lecturers for this course- one was       

Prof. Shankar (the editor of this issue, and another fantastic 

resource), and the other was the post-monsoon Bangalore 

weather. Some mornings were foggy, and as the day 

progressed, magnificent cumulus clouds appeared. Every day, 

there was some fresh drama taking place in the sky. Students 

did not fail to notice this, and they started making 

observations. They were able to theorize that a temperature 

inversion, where the temperature is lower closer to the ground, 
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may support a lingering fog. Many students found it surprising 

that more clouds appeared as the day warmed up. Many were 

inspired enough to do their end semester projects on clouds. 

Some students took time lapse videos and some catalogued the 

different kinds of clouds they saw. Some recreated clouds in a 

bell jar using warm water and an aerosol spray. 

Open datasets 

We used several open datasets in the classroom. A simple 

exercise we did was to just download and plot data from the 

Keeling curve and from ice core records of paleo climate 

(from Ref. [6]).  

While learning about ocean currents, one of the “Aha!” 

moments experienced by many students was when they looked 

at a satellite map of ocean phytoplankton (from NASA’s earth 

observatory [7]). We had just discussed in class that upwelling 

and thermohaline currents were crucial for marine life. We 

then looked at the Chlorophyl map, where it was obvious that 

more phytoplankton grew at the equator and close to the poles, 

where upwelling and circumpolar currents helped in making 

nutrients available for phytoplankton.  

Another instance was while looking at the net radiation maps. 

Students noticed how the Greenland and Antarctic landmasses 

had low net incoming radiation, because of high reflectance 

from the snow. They also noticed the net radiation falling on 

the Sahara Desert was quite low, also because of the high 

reflectance. This was obvious in retrospect, but something 

nobody expected to see.  

These maps even made it possible for students to do some 

investigation of their own. Some students looked at cloud 

maps over cities to confirm the so called “urban heat island” 

effect, where cities are seen to have more cloud cover than 

their surroundings. Some students looked at maps of fires in 

the neighbourhood of Delhi, and more recent ones in 

California and Australia, and related it to the change in aerosol 

concentration. 

My learnings 

I am a newbie in this field, and many things I had to teach were 

things I had heard for the first time. To digest and understand

the whole picture, and then to teach it, was quite a challenge. 

But thanks to the amazing resources put together by teachers, 

educators and scientists in this field, it was actually 

conceivable to teach climate science to a group of interested 

undergraduates. 

Climate science probably occupies more social media space 

than any other science, and blogs like phys.org report on 

climate quite regularly. Several students started following 

such blogs and brought interesting stories to the classroom. 

Every other course I had taught till then had been about work 

that was at least 100 years old, so it was exciting to bring 

current work into the classroom. 

Physics curricula are probably more conservative than others 

and students at the undergraduate level tend to be uneasy with 

the incompleteness. But it is time to introduce such courses in 

a standard undergraduate curriculum while staying true to the 

interdisciplinary and current nature of climate science. 
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