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Minute Earth – Climate Change

Climate change refers to the long-term shirs in temperature and weather patterns, 
mainly caused by human activities, especially the burning of fossil fuels. (United Nations)

Here is a short video that illustrates what climate change is and how humans are impacting climate:

Additional short videos related to climate change and how the Earth works can be found on 
the YouTube Channel “Minute Earth”

https://www.youtube.com/watch?v=MEX2J_sAdGs


Friedlingstein et al., 2020

Circles indicate where carbon is stored; the larger the circle 
the more carbon is stored. Note that soils and permafrost 
account for the largest terrestrial storage of carbon, much 
larger than vegetation. 

Arrows indicate how carbon is moving between parts of the planet; the larger the 
arrow the more carbon is released or added. Note the very large arrow from the 
burning of fossil fuels. Vegetation (green arrow) and the ocean (teal arrow) absorb a 
large amount of carbon, but this is not enough to offset the large amount emitted by 
coal, oil and gas. 



Vegetation absorbs CO2 from the 
atmosphere during photosynthesis 
and stores the carbon in leaves, 
trunks, branches and roots. 

Some CO2 is released back to the 
atmosphere by soil respiration, or 
the breathing of soil 
microorganisms. 

Almost half of the carbon in a forest 
is stored in the soil. 



“Native” Prairie
McCauley et al., 2005

Density = 
1.0 – 1.3 g cm-3

Pore 
space = 
50%

Soil organic matter is typically 1 – 5% of the total 
soil volume and varies depending on 
environmental conditions and land use. 

Minute Earth – is 
Soil Alive? 

Here is a link to a video 
about life in the soil:

https://www.youtube.com/watch?v=bIISMpJKEAU
https://www.youtube.com/watch?v=bIISMpJKEAU


Agriculture“Native” Prairie



Agriculture Restored Prairie
45 years

“Native” Prairie

Here is an 
example of a 
grassland soil in 
Eastern Iowa 
that has not 
been disturbed 
by humans. 
Note the dark 
color that 
indicates lots of 
organic matter 
accumulation 
after thousands 
of years of 
grasses adding 
carbon to the 
soil. 

Here is an 
example of a 
former 
grassland soil 
in eastern 
Nebraska that 
has been used 
to grow crops 
for the last 150 
years. Note the 
absence of 
dark brown 
color, 
indicating 
minimal 
organic matter 
accumulation.

Here is an 
example of a soil 
in eastern 
Nebraska that 
has been 
changed from 
agriculture back 
to grassland 45 
years ago. Note 
the return of 
dark brown 
color, indicating 
organic matter is 
once again 
accumulating in 
the soil.



Feedback Loops – an important part of climate change
Feedback loops are circuits of change and response to change: 

• positive feedback loops usually amplify the change

• negative feedback loops typically diminish the effects of change 

Diagram by Thomas F. Shipley. serc.carleton.edu

Releasing more CO2 into 
the atmosphere traps 
more heat, which causes 
increasingly warmer 
temperatures. 

An increase in temperature 
can increase the amount of 
cloud cover, which could 
reduce incoming solar 
radiation by reflecting 
radiation back to space, 
limiting warming. 



Feedback Activity: Try this activity with a small group to explore how some disturbances (switching from a 
written word to pictures) result in enhanced change (positive feedback) while other disturbances result in 
minimal change (negative feedback). You will need a small notepad and pencil for each person. 

1. Start by thinking of a word (i.e.: summer, mountain, cake, flower…)

2. Write the word on the front page

3. Pass the paper to the person on your right

4. Look at the word, then flip the top page over and illustrate the word

5. Pass the drawing to the person on your right

6. Look at the drawing only, flip the page and write the word you think the drawing represents

7. Pass the word to the person on your right

8. Look at the word only, flip the page and illustrate the word

9. Repeat until your original paper is returned to you (or at most 10 times if your group is larger)

10. Find your original word and review all pages: are your pages an example of a positive or 

negative feedback loop? 



Permafrost video 

Soil carbon is best stored in wet, cold conditions that limit decomposition by organisms. Depressions and low 
spots in the landscape are also good places to store carbon, as these are places where erosion tends to 
accumulate soil and organic material and trap water. 

Here is an example 
of a wet soil in 
central South 
Dakota, USA at the 
bottom of a 
hillslope. 

National Geographic

Carbon stored in permafrost, or permanently frozen 
ground, is protected from decomposition as long as 
the ground stays frozen. Note the dark color 
indicating organic matter and the thickness of 
permafrost in this example. 

Here is a link to a video about permafrost: 

https://feedbackloopsclimate.com/permafrost/


Carbon and land use change graphing activity: 
Use data below from the paper at right to graph 
soil carbon under forest and agriculture land use 
and discuss how land use could impact carbon 
storage and soil properties. 

Total SOC (kg/m2) =(sum((OC%*BD*dz)/10))

Agriculture Forest

depth (cm) dz (cm)Bulk Density (g/cm3) clay % Organic Carbon (%) SOC (kg/m2) Horizon depth (cm) dz (cm) Bulk Density (g/cm3) clay % Organic Carbon (%) SOC (kg/m2)

5 5 1.63 19 1.1 0.897 A 7 7 1.09 12 3.1 2.365

15 10 1.63 21 0.6 0.978 AB 17 10 1.03 16 1.1 1.082

25 10 1.61 17 0.6 0.966 Bt1 30 13 1.27 22 0.4 0.627

35 10 1.37 23 0.5 0.617 Bt2 46 16 1.3 22 0.3 0.520

45 10 1.7 19 0.1 0.170 Bt3 56 10 1.52 24 0.3 0.380

65 20 1.64 11 0.1 0.164 Bt4 67 11 1.73 24 0.2 0.324

93 28 1.65 7 0.1 0.231 Bt5 83 16 1.73 18 0.2 0.471

125 32 1.58 9 0.1 0.253 BC 97 14 1.6 12 0.1 0.112

147 22 1.66 9 0.0 0.146 C1 123 26 1.73 8 0.1 0.225

175 28 1.74 6 0.0 0.195 C2 150 27 1.52 8 0.1 0.205

180 5 7 0.0 0.000 C3 180 30 1.62 6 0.1 0.243

Total SOC  (kg/m2) 4.62 Total SOC  (kg/m2) 6.55

Total SOC (kg/m2) =(sum((OC%*BD*dz)/10))
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Use data from publications to help students practice data 
visualization and interpretation skills

Carbon and land use change 
graphing activity
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Organic carbon: Note the much higher accumulation of organic carbon in 
surface soils under forest compared to agriculture; at depth the soils 
store similarly low amounts of carbon. 

Bulk density: Forest soil has lower bulk density than agriculture, likely 
due to roots that loosen the soil in the forest and compaction due to 
tillage and tractors used under agricultural land management.

Clay content: In forest soils, clay washes deeper into the soil while under 
agricultural management the upper soil mixes together soil and keeps 
clay near the surface. 
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Atmospheric carbon dioxide varies throughout the year due to seasonal changes in vegetation 
photosynthesis. Watch this NASA visualization to see how atmospheric CO2 varies.



Soils can help minimize the impact of increased atmospheric CO2 by storing carbon in the subsurface, illustrated 
by the video below. 

FAO United Nations

Our Ally Against Climate Change   
FAO United Nations videos
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