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Carbon and nitrogen (and other nutrients) since
LGM (Gt)

Northern
Hemisphere

# Without this added N
ey (and other nutrients),

atmospheric CO,
would be ~ 600 ppm
higher than present




Global hotspots of gaseous N losses in the
terrestrial biosphere — missing N sink?
e C,N, P modeling and natural isotopic constraints

N input via rock weathering — missing N source?
e (Cases study in natural forests and global
calculations

Patterns of new production: N, P and satellites
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Denitrification gas loss fractions
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Denitrification fluxes

ian

N gas flux (gNm2yrt)
P 6.45

o
HN human-managed areas

N deposition (Lelieveld and Dentener, JGR, 2000)
N fixation (Houlton et al., Nature, 2008)

Bai, Houlton and Wang, Biogeosciences, 2012




No,
11-20Tz 8

g Nim2/yr

*(cut in half with canopy) o 00

Nz
g N/m2/yr
546

-0
mm Human-managed areas

Bai, Houlton and Wang, Biogeosciences, 2012




Example: isotopic modeling and satellites

January
Modeled soil NO emissions (g N/m2/month)
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Global hotspots of gaseous N losses in the
terrestrial biosphere — missing N sink?
e C,N, P modeling and natural isotopic constraints

N input via rock weathering — missing N source?
e (Cases study in natural forests and global
calculations

Patterns of new production: N, P and satellites




Global distribution of “fixed” N
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Origin and Genesis of Geologic N

Low-grade
N fixation in the past —_— Diagenesis —_— metamorphism
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Organic N in Fixed NH,* in

shale and silicate rocks
mudstones
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Have we been working with

the right N cycle?




Study Sites

N-rich rock N-poor rock
Mica Schist Diorite
Elevation: 1750 m 1500 m
N deposit: <1kgha! <1kgha?
Aspect: NE & N \
Precip: 1520 mm 1400 mm
Temp: 9°c 10.5° c
Rock: 682 ppm 55 ppm

Species sampled:

Abies concolor (White Fir)

Pinus lambertiana (Sugar Pine)

Pinus ponderosa (Ponderosa Pine)
Calocedrus decurrens (Incense Cedar)




Total N in Plant Foliage

Bl N-rich rock
B N-poor rock
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White Fir Sugar Pine Ponderosa Pine
*pP<0.05 **p<0.01 ***p<0.001
Morford, Houlton, and Dahlgren, Nature, 2011




61°N of Plant — Soil — Rock System
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Estimated N Inputs

Fraction 1.22 0.30 0.47

of total

N inputs
via rock
weathering

3 to 10 Kg N/ha/yr, or ~
doubling of N inputs

Morford, Houlton, and Dahlgren, Nature, 2011




Global implications

Additional 'New N' inputs from Rock
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~ 24 Tg N at the global Scale, cf. ~¥120 for natural N fixation, 5 for lightening




Global hotspots of gaseous N losses in the
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e C,N, P modeling and natural isotopic constraints

N input via rock weathering — missing N source?
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Particulate organic matter flux and planktonic
new production in the deep ocean

Richard W. Eppley

Institute of Marine Resources, A-018, Scripps Institution of Oceanography, University of California, San Diego, La Jolla, California 92093

Bruce J. Peterson

Ecosystems Center, Marine Biological Laboratory, Woods Hole, Massachusetts 02543
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Defining new vs. recycled production
for the terrestrial biosphere

NPRotal (N, P) = NPRew (N, P) + NPPrecycIe(N’ P)

NPPB,ew (N, P)

fnew(N ’ P) —
|\”:)Ptotal
NPPrec cle(N,P)
1:recycle(N ,P) = NPyP |
tota

NPPnew(N, P) — NPRotaI(N, P)X fnew(N’ P)



New production vs. recycled
production

Total plant N demand = N Resorption + Net N Mineralization +
N Fixation (f plant) + N Deposition (f plant)

Total plant P demand = P Resorption + Net P Mineralization + P
Dust (f plant) + P Weathering (f plant)

New N Production = N Fixation (f plant) + N Deposition (f plant)
N Resorption + Net N Mineralization

New P Production = P Dust (f plant) + P Weathering (f plant)
P Resorption + Net P Mineralization
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Global Implications of terrestrial f

e Terrestrial new production is 16% for nitrogen;
<2 % for phosphorus

 Natural nitrogen fixation accounts for more
10% of new nitrogen production; nitrogen
deposition makes minor contribution (<1%)

* Tropical systems — particularly tropical forests
— display highest capacity for new nitrogen
production, perhaps C uptake in general
(~18% vs. ~3% for extra-tropical systems)




Closing thoughts

We have much to learn about global nutrient
balances...with significant implications
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2100-1900: 0.54°C (C*MIP); 0.69 to 1.19°C (N limiting)
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