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Significance C4 vs C3 plants:

• Influences land-atmosphere CO2, water, and 
energy exchange

• Critical for interpretation of atmospheric carbon 
isotope composition – differential fractionation

Approach

• C4 photosynthetic performance differs from C3 in 
its relation to temperature and moisture

• C4 conditions defined by ‘crossing over’ points 
(21oC, 25 mm precipitation)

• Also incorporated crop information (FAO) 

Light-limited

Light-saturated
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C
4 fraction of vegetation

C4 C3
Vegetated Land 18% 82%
% crops 16% 84%
GPP 35 Pg 115 Pg

Net carbon sink Land = 2.4 Pg y-1

Net carbon sink Ocean = 1.4 Pg y-1

C3

C4



C4 in the Oceans:
Linking satellite taxonomy to diatom physiology

Adam Adam KustkaKustka, Allen Milligan, Kay , Allen Milligan, Kay BidleBidle, John , John ReinfelderReinfelder
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Summer

Winter

Coscinodiscus granii

Spectral signatures of phytoplankton
assemblages with differing dominant
groups 

Haptophytes

Prochlorococcus

Synechococcus-like

Diatoms
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January – July

Automated image analysis 
and classification
Picoplankton to 
microplankton capabilities
22 taxonomic categories
88% overall accuracy
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Thalassiosira spp.
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Leptocylindrus spp.
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Thalassionema spp.
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Guinardia flaccida
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Guinardia spp.
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Chaetoceros spp.



Chlorophyll
• biomass
• physiology

Phytoplankton
Carbon

• biomass

0 0.5 1.0 1.5 2.0

Growth rate (division d-1)

Boreal Summer

Boreal Winter

Insights from ratio of two 
phytoplankton properties



Step #1
Separate biomass & 
physiology using 
satellite Chl:C data

Step #2
Separating nutrient & 
light effects using MLD 
data and satellite PAR 
& attenuation 
coefficients



Derivation of particle size distribution (PSD) & 
abundance from satellite ocean color 

PSD ecological significance: 
– Size structure of pelagic ecosystems
– Energy transfer across trophic levels
– Sinking rates / burial of organic C
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Tihomir Kostadinov, David Siegel, Stéphane Maritorena, Nathalie Guillocheau

Retrieving the Particle Size Distribution Using Global Retrieving the Particle Size Distribution Using Global 
Ocean Color  Satellite ObservationsOcean Color  Satellite Observations
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Tihomir Kostadinov, David Siegel, Stéphane Maritorena, Nathalie Guillocheau

Retrieving the Particle Size Distribution Using Global Retrieving the Particle Size Distribution Using Global 
Ocean Color  Satellite ObservationsOcean Color  Satellite Observations

Biovolume
Pico’s dominate oligotrophic ocean (>90%)
Nano’s in transition regions (65%)
Micro’s found in upwelling zones & 

high latitudes (<35%)

Number Concentration
Pico’s vary ~100 times
Nano’s vary ~ 10,000 times
Micro’s vary ~ 106 times



Calcification (1) impacts regional & global 
carbon budgets, (2) is impacted by ocean 
acidification, (3) critical to ocean carbon export
MODIS & field data analysis
Satellite estimate of 1.6 Pg y-1 close to 1.1 Pg y-1

estimates from seasonal cycle in alkalinity & 
coupled circulation-ecosystem modeling
New tool for studying temporal changes
S. hemisphere summer calcification summer is 
almost twice that of the N. hemisphere summer

“The Other 
Carbon Fixation”

SST Chl

PIC

Calcification (mg C m-3 d-1)
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Soil nitrogen trace gas emissions

B
io

ch
em

ic
al

Fi
ng

er
pr

in
tin

g
Biogeochemical

Analysis
Leaf nitrogen concentration

Fractional material cover

Canopy water content
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Hawaii Volcanoes National Park mapped using 
NASA Airborne Visible & Infrared Imaging 
Spectrometer (AVIRIS)

Myrica
infestations

Native forest canopy is low water, low N 

Invasive tree canopy is high water, high N 

Invasive understory herb is high water, low N



Invasive tree doubled canopy N and severely altered ecosystem

biogeochemical functioning

• faster leaf turnover and decomposition

• greater N availability and fluxes of N-containing trace gases

• invasion by nutrient-demanding species

Invasive understory herb appears to lower the N content in the

native overstory tree canopy and proliferates to exclude native

plants from the understory

G
B

C
G

B
C



P
re

di
ct

ed
 F

ol
ia

r %
N

AVIRIS: R2 = 0.83

Hyperion: R2 = 0. 79

Field Sites:  

White Mountain National Forest
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Sugar Maple 
Abundance (%)

Bartlett Experimental 
Forest, NH.
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Sugar Maple and Nitrate Production

Application of imaging spectroscopy in northeastern forest

Allows derivation of sugar maple distribution and leaf nitrogen

Nitrate production is a product in these forests of sugar maple 
abundance and soil nitrogen – which is related to leaf nitrogen
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Measure of east-west SST gradient 
across the Indian Ocean and has 
been related to interannual
variability in monsoon strength and 
other aperiodic phenomena such as 
ENSO

Ocean Nitrogen 
Fixation
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A New Perspective on Seasonal Phytoplankton Cycles in the 
Subarctic Atlantic and Pacific

P. Schultz et al. 



Natural Iron Enrichment in the Southern Ocean

Chlorophyll Phytoplankton Carbon Chl:C

Investigating experimental & natural iron enrichment 
responses

P. Schultz, D. Siegel, and colleagues

SERIES Fe enrichment experiment

Chlorophyll Phytoplankton Carbon Chl:C

• Implications for carbon trading?
dust responses?
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Chlorophyll is 
from PSII & PSI

Fluorescence is 
from PSII alone

…and this is 
where the real 
action is!
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