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Understanding and Prediction:

Modeling the Earth System

This is the first in a series of four webinars in which we will use very
simple models to explore the way the Earth’s climate works and how it’s
changing.

< The Breathing of the Earth: Carbon cycling among the land, ocean, and
atmosphere

< Heating and Warming: The sensitivity of the Earth’s climate to
atmospheric CO2

< Challenges for Our Children: Projections of the future of Earth’s
climate and carbon cycle

< Opportunities for Abundance: Solving the problems of energy, carbon,
and climate




What is a Model?
Why use Models?

< Models are idealized or
simplified representations

< Models help us to explain
the essential aspects of
things or processes in the
real world

< We can experiment with
models to learn how things
work

< Models can (sometimes)
help us predict the future!
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z2(:) = 0.
do i=1,ndim
do j=1,ndim
z2(i) = z2(i) + v_1d(i,j)*xgj(j)/sqrt(r_1d(j))
enddo
enddo

xnorm(niter)=0.
do i=1,ndim
xnorm(niter) = xnorm(niter) + z2(i)*z2(1i)
enddo
xnorm(niter) = sqrt(xnorm(niter))

deallocate (zvar_obs)
deallocate (zvar_obs_ad)
deallocate (xjo_obs)
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Carbon, Life, and Energy

PHOTOSYTHENSIS

WA TER « LIGHT = CHEMICAL ENEROY,

......

< Photosynthesis uses energy from the Sun to
convert inorganic air (CO,) to living biomass!

< Individual carbon atoms are “strung together” like
beads on a string to form longer chain organic
molecules

< Energy from the Sun is stored in the chemical bonds
between carbon atoms in each organic molecule

< Most of this energy is released through respiration
(back to CO,) when plants are eaten by animals,
bacteria, people




Fossil Fuels

Some of the stored
solar energy in
biomass can be
preserved in fossilized
remains
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Hydrocarbons, Energy, and CO,,

We dig this stuff up and burn it, harvesting the stored energy to power civilization
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Decomposition Photosynthesis Decomposition
Soil carbon

Ocean sediment carbon

Credit: Office of Biological and Environmental Research
of the U.S. Department of Energy Office of Science




Stocks & Flows Models
(e.g. STELLA)
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Bathtub Model

< “Bathtub Dynamics: Initial Results of a Systems
Thinking Inventory” (2000) L. Booth Sweeney & John
D. Sterman

< “Understanding Public Complacency About Climate
Change: Adults' mental models of climate change
violate conservation of matter” (2007) John D. Sterman

& L. Booth Sweeney 1




Using Models in Education

“Essentially, all models are wrong,
but some models are useful.”

- George E. P. Box (1951)




Natural Equilibrium (pre-industrial) @
Average flow in = Average flow out -
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Fossil Fuel CO, Emissions
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Which version of model is better
for your students?




Carbon In
the Oceans




Layers of Water in the Oceans m

sfc South  60° 30° Equator 30° 60°  North

. Surface Water — —*=

Intermediate Water

4 km

[ Increased nutrients & dissolved CO,
B Warm, low nutrients, & oxygenated

< Warm (buoyant) water floats on top of cold water
< Very cold water in polar winter sinks to the bottom
< Takes about 1000 years to circulate!
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CO2 Dissolves in Seawater a3

% Dissolves into cold

- Much more polar water and
soluble in cold sinks

< Travels along
surfaces of constant
0 5 10 15 20 25 30 tempe ratu re

< Upwelling and

h m warming in tropical
= — e waters releases CO2

| to the air
: < Winds complete
' the loop
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Metabolism of Living Ecosystems

Net Ecosystem
Carbon Exchange

Gross Photosynthesis

j Dark and

Photo Respiration g8

.

CO2 Storage

bole respiration

Toot respiration respiration respiration










Sampling Carbon in the Deep Oceans |

40°E 120°E 160°W 80°W S5

40°E 120°E 160°W 80°W 0°

each dot is a profile to the bottom!



10000
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1000 .
;;‘ R ——— * Nearly all the fossil CO,
. . o oo Isconfined near the
- (umol’kg) sy rfaC e
"“’; e % Some fossil carbon has
- | | sunk to the bottom near
200 the poles
. < Most of the oceans
- “don’t know we’re here
- GFS S0P 4rF 3¢ 2r 1P 0 1P 2P X° 40° SOPN yEt”
Latitude
B B e e i e s (Feeley et al, 2001)

study), and the Allantic Ocean data are from Gruber (1938),



Forest Disturbance and Succession
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Forest Disturbance and Succession
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CO2 Fertilization Enhances Growth
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Oceans and Plants Absorb
Some of the Human Emissions
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Where Has All the Carbon Gone?

" El Nilo years

Fossil fuel emissions

Accumulation rate in

occans and on I.:-Ili'ld | y Half the C02
_ - ;goes away| 7

s £ 2t 2,7, 1

1970 1980 1990 2000
YEAR

Some years almost all the fossil carbon goes into the
atmosphere, some years almost none

Year-to-year variability in sink activity is much greater than
in fossil fuel emissions
WEB

Sink strength is related to El Nifio. Why? How? SEMINARSg
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»Into the oceans
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Where Has All the Carbon Gone?

»Into the oceans

< Solubility pump (CO2 very soluble in cold water, but
rates are limited by slow physical mixing)

< Biological pump (slow “rain” of organic debris)
< Into the land

+CO2 Fertilization
(plants eat COZ2 ... is more better?)

<Nutrient fertilization
(N-deposition and fertilizers)

< Land-use change
(forest regrowth, fire suppression, woody encroachment
... but what about Wal-Marts?)

<+ Response to changing climate

(e.g., Boreal warming) WEB
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Where does inflow come from?
Where does outflow go to? -
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Animations online at:

spark.ucar.edu/workshops







Thank you to the sponsor of tonight's
Web Seminar:

UCAR science education

This web seminar contains information about programs, products, and services

offered by third parties, as well as links to third-party websites. The presence of

a listing or such information does not constitute an endorsement by NSTA of a
particular company or organization, or its programs, products, or services.
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