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Reservoirs fluxes and
residence times

Reservoirs: pools of carbon that can be uniquely
defined

Fluxes: the rate of movement of carbon form one
reservoir to another

Residence time: the average time that carbon
spends in a given reservoir



Fluxes:        (in billions of metric tons/year)
Land Plants

Photosynthesis 120
Plant respiration 60
Soil respiration 60
Plants to soils 60
Fossil fuel formation 0.0001
Fossil fuel burning 6
Deforestation 2
Ocean
Dissolving from atmosphere 107
Exsolving to atmosphere 105
Carbonate formation 0.3
Weathering 0.6
Volcanoes 0.1



Seasonal cycles vs. annual
changes

The big fluxes are seasonal
•Land: photosynthesis and respiration (120 each
way)
•Ocean: dissolving and exsolving (about 110 each
way)

•These are in balance averaged over one year most
of the time
•Both are slightly out of balance now due to fossil
fuel inputs… more later
•So the big fluxes on a year to year basis are fossil
fuel burning and deforestation



Other notes on fluxes
-- flux of carbon out of fossil fuels is 60,000 times faster than flux
into fossil fuels

-- the ocean exchange works by diffusion...

Flux by diffusion = k (Cair -Cocean)
(C is concentration or amount, k is a constant)

   if (Cair -Cocean) goes up, flux goes up
   if (Cair -Cocean) goes down, flux goes down
   if (Cair -Cocean) reverses, flux reverses



Reservoirs
Reservoirs: billions of metric tons
Atmosphere: 720

Ocean: 39,000

Carbonates: 100,000,000

Fossil fuels: 4,000

Land plants: 560

Soils: 1500



Notes on reservoirs

-- most carbon is in rocks (carbonates and other
sediments)

-- most carbon not in rocks is in the ocean

-- about 3 times more carbon in soils than in land
plants



Residence times
Residence times: (years)
(all relative to sum of out fluxes)

Land plants ~ 5

atmosphere ~ 3

soils ~ 25

Fossil fuels ~ 650

oceans ~ 350

carbonates ~ 150 million



Notes on residence times

-- some in fluxes are not balanced by out fluxes...the atmosphere
and fossil fuels, for example... so RT's are slightly different (and
reservoirs are growing... or shrinking)

-- the RT of carbon in the air is long enough that the air is well
mixed (atmosphere mixes in about 1 year)… China’s CO2 is our
problem and vice versa

-- the RT of fossil fuels reflects all FF's suspected to exist... RT’s
for recoverable supplies are lower



Notes on residence times

-- ocean RT also reflects the average, which combines the surface
water (short RT, few months to years) and deep water (long RT,
200 to 1000 years)... average is weighted towards deep water, as
this is most of the water

-- ocean RT reflects the circulation of the ocean (deep water
formation)



Notes on residence times

Big issue…

Because reservoirs are interconnected, short residence
times are underestimates.

Imagine if we clean up the atmosphere… the reservoirs
with longer residence times, like the ocean, will give
carbon back to the atmosphere.

Thus, the atmospheric residence time is more like 100
years.



Notes on residence times

-- Anthropogenic flux (fossil fuels and deforestation) to
atmosphere ~ 8 bmt/yr, but atmospheric increase is only ~ 4
bmt/yr

Question:
Where does the other 4 bmt/yr go?
Two possibilities:
Land Plant Uptake (Excess Photosynthesis) vs. Ocean uptake

--Important to know which is more important because the
residence times are so different… storage on land is far more
temporary than storage in the deep ocean.



Notes on residence times

Carbon => plants  recycles quickly  (<70 yr) to
atmosphere

Carbon => ocean  recycles slowly  (>300 yr) to
atmosphere

We can separate these by measuring 13CO2 and well as
CO2 in the atmosphere… plants discriminate against
13CO2, the ocean does not.



Reconstructing the Carbon
cycle

•Use a network of CO2 observation sites and
models of atmospheric circulation

•Over time and space we compare how much
is in the atmosphere with what was upstream
and with what was there earlier

•The difference tells us the net flux into or out
of the atmosphere



Measuring sites
NOAA
CMDL
CCGG



Typical observations



Reconstructions of fluxes



CO2 levels
over time

CO2 levels have been
much higher at times in
the past… and climate
was warmer

Royer, GSA Today



CO2 levels
over time

CO2 levels over the
past 80 million
years

Royer 2006



Last 650,000 years: EPICA ice core



 



Last 10,000 years
• Period of stable,

“warm”, climate
• Some increase in last

5,000 years…
• big increase in last 150

years

IPCC SPM 2007



Greenhouse
gas milestones

• Preindustrial
level: 280 ppm

• Full glacial
level: 180 ppm

• Today in
2006… 378
ppm… its
almost party
time!



Lessons

• The carbon cycle distributes carbon
between the land, ocean and
atmosphere

• CO2 levels have been much higher
than today in the far distant past

• CO2 levels are much higher now than
in the last 1,000,000 years


