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Outline:

o What is climate change?

o Carbon budget and the global carbon cycle
o Soil carbon

o Feedback loops

o Carbon storage in soils

o Atmospheric carbon

o How soil carbon can impact 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:

Minute Earth — Climate Change

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

e an 0@ .
= B Youlehe ) ' = 0 @

Welzorme To Mrutelah

‘9309;{

320008089

Videos P Py

50

i ey ;T-’ﬂ R i THE! ” B asa o .
% "Walhvnol “a A e BT


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

TI_E global Carbon cycle Friedlingstein et al., 2020

Atmospheric CO,
+5.1

860 GtC
2.5
®
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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.
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Carbon Budget — Conceptual Diagram
WHERE DOES CARBON G0?

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.
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“Native”Prairie
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Soil organic matter is typically 1 — 5% of the total
soil volume and varies depending on
environmental conditions and land use.

Woater
20-30%

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

Soil Alive?

Density =
1.0-1.3gcm3

Air
20-30%

Mineral
45%

SOIL
SOLIDS

Organic Matter
1-5%
cCauley et al., 2005



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

‘Native” iPrairie
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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

POSITIVE

Change in A causes a
change in B, which in turn
causes a change in A, in
the SAME direction as the
initial change.

NEGATIVE

Change in A causes a change
in B, which in turn causes a
change in A, in the
OPPOSITE direction as the
initial change.

( SAME (+) 1

Infected

people
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r OPPOSITE (-) 1

L
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Number of infected people

Number of wolves

Time

Time

Releasing more CO, 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.

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



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.

2.

10.

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

Write the word on the front page

Pass the paper to the person on your right

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

Pass the drawing to the person on your right

Look at the drawing only, flip the page and write the word you think the drawing represents
Pass the word to the person on your right

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

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

Find your original word and review all pages: are your pages an example of a positive or
negative feedback loop?



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.
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Déjtota,,w A dUll R : Garbon stored in permafrost, or permanently frozen

“bottom 5‘% , ‘ground, is protected from decomposition as long as

the'ground stays frozen. Note the datk color
indicating organic matter and the thickness of
permafrost inthis example:



https://feedbackloopsclimate.com/permafrost/
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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)/1(

Rates of soil mixing and associated carbon fluxes in a forest versus
tilled agricultural field: Implications for modeling the soil
carbon cycle

Kyungsoo Yoo, Junling Ji,;* Anthony Aufdenkampe,” and Jonatsn Klaminder®

Recetved 22 Jamuary 2010; revised 15 October 2010; accepted 3 November 201(; published 10 Fehmary 2011

[1] Innatural ecosystems, bioturbation 1§ an essential component of soil formation,
whereas tillage dnves soil mixing in agricultural soils. Yet soil mixing is commonly
neglected in modeling soil organic cathbon (SOC) as it responds to land use changes.
Here, in onder to determine mixing-driven carbon fluxes, we combine a mass balunce
model with measurements of *'“Pb activities and SOC contents. Soil mixing rates by

Agriculture tillage decrease from 3.4 4 2.3 cm yr ' at the surface to 0.8 4 0.2 cm yr™ ' at a depth of
i [ i 9 ~20 ¢m, causing the SOC stored in the upper 25 cm of the soil to be physically tumed
| depth (cm) |dZ (cm)bUIk Density (g/cm3j clay % brgamc Carbon (A’)| SOC (kg/m2) | over via mixing annually. In contrast, the bioturbation-driven soil mixing velocity at
5 5 1.63 19 11 0.897 the forest increases from 0.6 + 0.1 em yr ' at the surface 10 2.7 # 0.5 cm vy at a depthof
15 10 1.63 21 0.6 0.978 ~10 ¢m, which results in physically turning over SOC in the A horizon via mixing on
vears to decadal time scales. Therefore, SOC fructions with different susceptibilities to
% 10 161 17 0.6 0.966 decomposition may have significantly different physical trajectories within the soils
35 10 1.37 23 0.5 0.617 over their lifespans, and thus the assumption of C-cycling models that all SOC fractions
45 10 1.7 19 0.1 0.170 experience identical environmental conditions is unlikely to be realistic. Carbon sinks,
excesses of plant cartbon inputs over decomposition catbon losses, are found within the top
65 20 1.64 1 01 0.164 portion of the A horizons, These carbon excesses are trunsferred, via mixing, to the lower
93 28 1.65 7 0.1 0.231 portion of the A horizon, where they are decomposed. By quantifying mixing-derived
SOC fluxes, this study shows a previously unrecognized complexity in understanding
125 32 158 3 0.1 0.253 SOC dynamics associated with land use changes,
147 22 1.66 9 0.0 0.146 Citation: Yoo, K., L.Ji, A. Aufdenkampe, and ). Klsmmder (2011), Rates of soil mixing and assocuted carbon luxes in a forest
175 28 1.74 6 0.0 0.195 versis tlled agn\.u‘l!uml field: Implications for modeling the soil carbon cycle, J. Geophys. Rex., 116, GO1014,
180 5 7 0.0 0.000 dot: 101029201 01G00 1 304.
Total SOC (kg/m2) 4.62
1. Introduction 2001] and mincralogy [c.g., Masiello et al., 2004], Lim-
- 5 % ited knowledge about how mixing processes affect the
m.l:lpc :;’)L:::n:t :nal “mhg::m::ﬂ‘:': :":(];‘(“: t’::;:;:nrgm;: SOC cycle is of concern because mixing is an essential
S § g C S > g 2. 5 e R R > 5 %
Forest places where crosion and leaching losses of organic car- :\hz_::‘:‘:‘:;o{::?g5;12;}';‘:;:::;?:&;;??;&?
. . - ) ~
Horizon |depth (cm)| dz (cm) bulk Density (g/cm3j clay % brganic Carbon (%)l SOC (kg/m2) | bon arc not significant components of carbon fluxcs, soil 1y i intimately mixed with mincral fractions or having
carbon storage is ultimately determined by the balance of e reaudting & it hot dichitiances
A 7 7 1.09 12 31 2.365 plant carbon input and decomposition. In this view of SOC PIDRATTCS Tegu (g Joom CUIVENGD or, Ohor IRUTENNG.
i mixing is | A Jithi i Despite the universal nature of soil mixing and its entical ok
AB 17 10 1.03 16 1.1 1.082 :‘)osiicn ::_:d m:::gm"‘n:nm::ir:amm%}\ gq(v:rlaglcn h:i le in foming A honzons where most SOC smdics focus, the
. AR ) = Sy g S F impacts of soil mixing m ventically radstributing net cco-
Btl 30 13 1.27 22 0.4 0.627 been c:xph_ml') removed from u; rescarch window. So far, system productivity have not been explicitly considered in
Bt2 46 16 13 22 0.3 0.520 most SOC cycling studies have focused on relating bio- asscssing biospherc-atmosphere carbon exchange [Baldoachi,
logical processes to physical and chemical propertics of 2008] and il ch fics 10 understand how
Bt3 56 10 1.52 24 0.3 0.380 soils such as moisture and tempemature [c Amundson, ] ST AOL Mo aRequres ederim ¥ W
adn Bt ; P B 4 % SOC storages respond to land use changes [Amundson, 2001;
Bt4 67 11 1.73 24 0.2 0.324 Schlesinger, 1986).
Bt5 83 16 1.73 18 0.2 0.471 " "Deparement of Soil, Waser, and Climute, University of Mimesata (3] T_h“’ oopmbutuon is to pry open the blzk box b?l
Twin Cities, & Pagl, Mimesota, USA. quantifying (1) the rates where SOC is rediszributed by soil
BC 97 14 1.6 12 0.1 0.112 *Department of Plant and Sail Sciences, University of Delwware, mixing and (2) how the depth-dependent SOC mixing com-
Newask, Delaware, USA \ N v
) Nesvee pares to overall SOC budgets, In addressing these goals, we
C1 123 26 173 8 0.1 0.225 :gemd we;:fkr:'e:rm ;mmﬂ ‘;:';‘:;’:‘l”:-‘_lll_‘r‘:“m focus on two common soil mixing mechanisms, tillage in
Cc2 150 27 1.52 8 0.1 0.205 Umei, _é‘::m - g = 77 cultivared croplands and biomrhation in foress, which place
c3 180 30 1.62 6 0.1 0.243 this study in the context of land use changes and the associ-

Total SOC (kg/m2) 6.55

Copyright 2011 by the American Geophysical Union.
014802271 1/20 100G00 1304

ated changes in SOC storage,
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Rates of soil mixing and associated carbon fluxes in a forest versus
tilled agricultural field: Implications for modeling the soil
carbon cycle

Carbon and land use change
graphing activity

Kyungsoo Yoo, Junling Ji2 Anthony Auﬁ.k:nlv:.'mqk:,3 and Jonatan Klaminder®
Received 22 Jamuary 2010; revised 15 October 210; accepted 3 November 2010; published 10 Fehmary 2011
[1] Innatural ecosystems, bioturbation 1§ an essential component of soil formation,
whereas tillage dnves soil mixing in agricultural soils. Yet soil mixing is commonly
neglected in modeling soil organic cathbon (SOC) as it responds to land use changes.
Here, in onder to detemnine miximg-driven carbon fluxes, we combine a mass balunce
model with measurements of *Pb activities and SOC contents. Soil mixing rates by
tillage decrease from 3.4 + 2.3 cm yr' at the surface t0 0.8 4 0.2 cm yr' at a depth of
~20 ¢m, causing the SOC stored in the upper 25 cm of the soil to be physically tumed
over via mixing annually. In contrast, the bioturbation-driven soil mixing velocity at
the forest increases from 0.6 + 0.1 ¢cm yr ' at the surface 10 2.7 + 0.5 cm yr ' at  depthof
~10 ¢m, which results in physically turning over SOC in the A horizon via mixing on
H [0) ears 10 decadal time scales. Therefore, SOC fractions with different susceptibilities to
O rga nic Ca rbon ( A’) zecumpusiliun may have significantly different physical trajectories wiﬂ:‘ijncpﬂxc soils
0 1 2 3 4 over their lifespans, and thus the assumption of C-cycling models that all SOC fractions
experience identical environmental conditions s unlikely to be realistic. Carbon sinks,
0 excesses of plant cathon inputs over decomposition carbon losses, are found within the top
portion of the A horizons, These carbon excesses are trunsferred, via mixing, to the lower

Use data from publications to help students practice data
visualization and interpretation skills

portion of the A horizon, where they are decomposed. By quantifying mixing-derived

20 SOC fluxes, this study shows a previously unrecognized complexity in understanding
SOC dynamics associated with land use changes,

40 Citation: Yoo, K. 1.Ji, A, Autdenkampe, and J. Klammder (2011), Rates of woil mixing and associted carbon fluxes in & forest
versis tilled agriculursl field: mplications for modeling the soil cartbon cycle, J. Geophys. Rex., 116, GO1014,
dot: 101029201 01G00 1 304.
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1. Introduction

[z] Soil mixing is a ubiguitous but hidden process from
the perspective of soil organic carbon (SOC) budgeting. In
places where crosion and leaching losses of organic car-
bon arc not significant components of carbon fluxes, soil
carbon storage is ultimately determined by the balance of
plant carbon input and decompasition. In this view of SOC
stomge, soil mixing is an internal process within soil
systems, and therefore its impacts on SOC storage have
been explicitly removed from the rescarch window. So far,
most SOC cycling studies have focused on relating bio-
logical processes to physical and chemical properties of
soils such as moisture and tempemature [c.g., Amundson,

2001] and mincralogy [c.g., Masiello et al., 2004], Lim-
ited knowledge about how mixing processes affect the
SOC cycle is of concern because mixing is an cssential
characteristic of topsoik ennched with organic carhon. An
A horizon i defined as a soil honzon where humified organic
matter is mtimately mixed with mincral fractions or having
propertics resulting from cultivation or other distarbances.
Despite the universal naturc of soil mixing and its cntical ok
in foming A honzons where most SOC stdics focus, the
impacts of soil mixing n vertically redistributing net coo-
system productivity have not been explicitly considered in
asscssing biosphere- atmosphere carbon exchange [Baldo ok,
2008] and in soil chronosequence studics o understand how
SOC storages respond to land use changes [Amundson, 2001;

160 Schlesinger, 1986).

. O £ Soil, Waser, and Cli University of Mi [3] Ths contnbution is to pry open the black box by
Twin Cities, S l:nl, Mim;:;. USA i — nantifying ( rates where SOC is redisgributed by soil
—@— Agriculture 7 e 3 quantifying (1) the rates where SOC is redistibuted by soil
180 : *Department of Plant and Sail Sciences, University of Debwware, mixing and (2) how the depth-dependent SOC mixing com-
—@— Forest Newsik, Delawarg, ISA. parcs to overall SOC budgets, In addressing these goals, we
JStmud Wasr Reveurch Cemer, Avondale, Penasylvania, USA focus on two common soil mixing mechanisms, tillage in

“Deparmment of Fen logy md Favironmental Science, Umed University, . ; '8 L Aage
200 Umel, Sweden, cultivated croplands and biomrbation in forests, which place

Copyright 2011 by the American Geophysical Union.
014802271 1/20 103G00 1304

this study in the context of land use changes and the associ-
ated changes in SOC storage.
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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.

Organic Carbon (%)
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Rates of soil mixing and associated carbon fluxes in a forest versus
tilled agricultural field: Implications for modeling the soil
carbon cycle

Kyungsoo Yoo, Junling Ji,;* Anthony Aufdenkampe,” and Jonatsn Klaminder®
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[1] Innatural ecosystems, bioturbation 1§ an essential component of soil formation,
whereas tillage dnves soil mixing in agricultural soils. Yet soil mixing is commonly
neglected in modeling soil organic cathbon (SOC) as it responds to land use changes.
Here, in onder to determine mixing -driven carbon fluxes, we combine a mass balance
model with measurements of *Pb activities and SOC contents. Soil mixing rates by
tillage decrease from 3.4 + 2.3 cm yr™ at the surface t0 0.8 + 0.2 cm yr™ " at a depth of
~20 ¢m, causing the SOC stored in the upper 25 cm of the soil to be physically tumed
over via mixing annually. In contrast, the bioturbation-driven soil mixing velocity at
the forest increases from 0.6 + 0.1 em yr ' at the surface 10 2.7 # 0.5 cm vy at a depthof
~10 ¢m, which results in physically turning over SOC in the A horizon via mixing on
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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 CO, varies.




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

Our Ally Against Climate Change
FAO United Nations videos
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