
Geo 873 – 001: Seminar in Human-Environment Geography
12:40 am – 3:30 pm; Geo 120

Mar 22-29, 2023
GEO873-001, MSU

Global [Climate] Change: Carbon and ESMs

Reading Materials
1) AR6 report video, IPCC, 3/20/2023 (https://www.youtube.com/watch?v=5vJJTE9V7EA)
2) 10 Big Findings from the 2023 IPCC Report on Climate Change (https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-

change-findings)
3) IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. Contribution of Working 

Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. 
Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. 
Lonnoy, J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou (eds.)]. Cambridge University 
Press. In Press. (as a reference, not required to read this 3949-page document)

4) Rubino, M., Etheridge, D. M., Trudinger, C. M., Allison, C. E., Rayner, P. J., Enting, I., ... & Smith, A. M. (2016). Low 
atmospheric CO2 levels during the Little Ice Age due to cooling-induced terrestrial uptake. Nature Geoscience, 9(9), 
691-694. (reference)

Homework 3 is due at 5:00 pm, 4/3/2023

https://www.youtube.com/watch?v=5vJJTE9V7EA
https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-change-findings


Carbon Stories & Climate Change

Monthly Average Mauna Loa CO2



Artist Impression of the Human Perturbation of the Carbon Cycle



Carbon Stories & Climate Change: a few basics
(data from Dr. Dave M. Etheridge, 9/27/2022)
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Carbon Stories & Climate Change: a few basics
(data from Dr. Dave M. Etheridge, 9/27/2022)



Carbon Stories & Climate Change: a few basics
Robino et al. 2016, nature Geoscience 



A thirsty globe!

• Evapotranspiration (ET): amount of water evaporated from land surface to the atmosphere
• The total precipitation (P) across the globe remains the same over time
• Change in ET will determines the amount of water  for soils, rivers and ground water 

ET P



A thirsty globe!

• Evapotranspiration (ET) has been 
increasing with warming climate until 
~1998, but decreased since then;

• We may have more freshwater;

Jung et al. 2010. Recent decline in the global land  evapotranspiration trend due to 
limited moisture supply. Nature 467.7318: 951-954.

This change was driven primarily by moisture limitation in the Southern 
Hemisphere, particularly Africa and Australia. In these regions, soil moisture 
decreased from 1998 to 2008. Hence, increasing soil-moisture limitations on 
ET largely explain the recent decline of the global ET.

Unfortunately



• Hundreds lakes across the globes disappear each year, 
especially in dryland regions.

• Over the last 60 years, the lake’s size has decreased by 90% 
as a result of over use of the water, extended drought and 
the impacts of climate change. 

• The surface area of the lake has plummeted from 26,000 
km2 in 1963 to <1,500 km2 today (2018)  -- shrank by 20 
times.

Lake Disappearance!
Lake Chad, once one of the African 
continent's largest bodies of fresh water, has 
dramatically decreased in size due to climate 
change and human demand for water.

https://earthobservatory.nasa.gov/images/1240/africas-disappearing-lake-chad

https://earthobservatory.nasa.gov/images/1240/africas-disappearing-lake-chad


Once the fourth largest lake in the world
About Aral Sea



About the Aral Sea

1963
2019

https://youtu.be/UZwLTJroLpE


What had happened?

• Virgin Lands Campaign in mid-
1950s for Central Asia during the 
Soviet time

• Here, most of regional renewable 
water resources are generated in 
the mountains where the largest 
regional rivers originate

• Large-scale irrigation systems have 
been built to increase the soil 
fertility to support the agriculture 
for the Aral Sea

• Reduced inflow and elevated 
evapotranspiration (ET) caused 
monumental shrinking of Aral Sea

https://youtu.be/UZwLTJroLpE

• High ET loss
• Less inflows 

from rivers
• More water 

withdraw 

https://youtu.be/UZwLTJroLpE


Global Connections: Dairy production in Kazakhstan

• A sectorial program for the development 
of livestock farming is being implemented 
in the framework of the State Agro-
Industrial Complex Development Program 
for 2017-2021.

• Kazakhstan is planning to increase the 
volumes of its meat exports by 2.5 times.

• The main importers of the meat products 
are Russia, Azerbaijan and Iran.

• Residents of Turkey, the United Arab 
Emirates, China, Russia and Iran are 
interested in the meat products from Aral 
Sea.



Dynamics of net primary ecosystem production (NPP) 
in Kazakhstan from 2000 through 2014

Do we have enough grasses to support this large livestock?

Aral Sea



Field Trip to Kostanay – a boarding region with Russian Russia

Kazakhstan

Modern 
facility and 
equipment 
from Italy, 
Germany, 

Japan, others



1) So the reason for more 
crop/livestock is to satisfy 
Russians’ food table

In 2014, Russia 
interfered 
Ukraine – from 
becoming a 
NATO member

The Tale: Russian Food Table

5) USA & NATO Countries 
imposed sanctions on Russia

3) Russia needs import 
diary products regardless 
of its large lands

2) Italy, Japan, China 
and others all helped

4) Economic depression 
in Russia

Are USA & NATO 
countries 

responsible for the 
shrinking pace of 
Aral Sea, at least 

partially?

Or Shall we 
blame 

Russians – an 
easy target



Arctic Cities Crumble as Climate 
Change Thaws Permafrost

https://www.wired.com/2016/10/thawing-permafrost-destroying-arctic-cities/

“Cracking and collapsing 
structures are a growing 
problem in cities like 
Norilsk—a nickel-producing 
centre of 177,000 people 
located 180 miles above the 
Arctic Circle—as climate 
change thaws the 
perennially frozen soil and 
increases precipitation.”

Putin was never a fully-fledged climate change denier. Rather, he once didn’t take it seriously enough. 
Addressing a climate conference in 2003, Putin started by joking that Russia could perhaps use slightly 
warmer weather so people spend less on fur coats and grain harvests would increase.

https://www.bloomberg.com/opinion/articles/2019-09-24/putin-is-finally-worried-about-climate-change

https://www.wired.com/2016/10/thawing-permafrost-destroying-arctic-cities/
http://kremlin.ru/events/president/transcripts/22132
https://www.bloomberg.com/opinion/articles/2019-09-24/putin-is-finally-worried-about-climate-change


Complex Interconnections: Global Population and growth

https://ourworldindata.org/world-population-growth

https://ourworldindata.org/world-population-growth


https://ourworldindata.org/world-population-growth

Complex Interconnections: Global Population – uneven distribution

People in developing countries wants the same living standards of Americans!

https://ourworldindata.org/world-population-growth


• Nearly 40% of total U.S. energy consumption in 2012 was for residential and commercial 
buildings; 

• Energy consumption has grown exponentially in developing economies (e.g. China, India);
• Governments have pushed a shift from fossil fuels to renewable energy sources, such as 

solar energy, wind power and biofuels;
• Oil and gas still remain the major primary energy sources to power the world’s industries.

The world's energy demand is rising!



Human Nature: More & better foods; 
bigger houses, 

fancier cars, and 
many more!

Higher 
Consumption 

of Energy

More release 
of greenhouse 

gases

Faster 
warming

?

• A positive feedback
• System collapses, eventually



Human Nature

Me •“me”, “us” first!

Local •Local benefits

Global • Consequences

feedback



In sum, 

1. Globalization is an unavoidable process for now and for the 
future

2. The changes, including climate, will have consequences
(mostly negative so far) on ecosystems, societies, and people

3. Both the causes and consequences are complex and can be 
remotely connected

4. Solutions are more than just adaptation and mitigation, with 
education and awareness as the foundational needs for now!



Keeping Carbon in Terrestrial Ecosystems to Battle 
Global Warming

CO2
Photosynthesis Respiration



Carbon Stories & Climate Change: a few basics

• Molecular Weight: 12.011 g/mol

• Stable Isotopic C: 13C and 14C

• Molecular Weight of CO2: 44.01 g/mol

• Carbon Density of biomass: 0.44 – 0.55

• Gasoline is about 87% carbon and 13% hydrogen by 
weight. So the carbon in a gallon of gasoline (weighing 6.3 
pounds) weighs 5.5 pounds (0. 87 x 6.3 pounds = 5.5 
pounds).

(a) Aboveground biomass (AGB) &

(b) (b) belowground biomass (BGB)

Spawn, S. A., Sullivan, C. C., Lark, T. J., & Gibbs, H. K. (2020). Harmonized global maps of above and 
belowground biomass carbon density in the year 2010. Scientific Data, 7(1), 112.



Carbon Stories & Climate Change: a few basics

https://archive.ipcc.ch/ipccreports/sres/land_use/index.php?idp=24

https://archive.ipcc.ch/ipccreports/sres/land_use/index.php?idp=24


Carbon Stories & Climate Change: a few basics



Carbon Stories & Climate Change: a few basics



Research Questions (current)

2. How does this vary by crop (annual corn vs. perennials switchgrass or restored 

prairie)?

1. How does land use conversion to bioenergy crops influence ecosystem C fluxes? 

3. How long does it take for such bioenergy crops to realize ecosystem C benefits?



2.93

2.36

2.51

-0.09

1.45

1.11

2.61

Net Ecosystem Production (NEP; 2009–2021)

AGR = 2.60 CRP = 1.72> 0.88 
(51%)



Carbon Sinks and Sources (Pg C yr-1) in the World’s Forests

Pan et al. (2011) Science



Zhao & Running (2010). Science

Global Perspective

Global NPP decreased from 2000 to 2009, with NPP over North Hemisphere continued 
increasing  (winner) and over South Hemisphere decreased; Recent drying trend caused 

the reduction in NPP in SH. 



Ecosystem NPP, Ra & Rh respiration, and NEP in response directly to global warming in (a) 
spring, (b) summer, (c) autumn, and (d) winter. 

Xia et al. (Nature-Geoscience), 2014


