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Millennium Ecosystem Assessment

Wetlands provide many ecosystem goods and services



Total global emissions

Total global emissions: 40.8 ± 2.7 GtCO2 in 2016, 52% over 1990
Percentage land-use change: 42% in 1960, 12% averaged 2007-2016

Land-use change estimates from two bookkeeping models, using fire-based variability from 1997
Source: CDIAC; Houghton and Nassikas 2017; Hansis et al 2015; van der Werf et al. 2017; 

Le Quéré et al 2017; Global Carbon Budget 2017



Mauna Loa Carbon Dioxide RecordAtmospheric CO2 records

Trend expected 
from fossil-fuel 
burning

R. Keeling



Anthropogenic perturbation of the global carbon cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2007–2016 (GtCO2/yr)

The budget imbalance is the difference between the estimated emissions and sinks. 
Source: CDIAC; NOAA-ESRL; Le Quéré et al 2017; Global Carbon Budget 2017



Global carbon budget: sources vs sinks

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks reflects the gap in our understanding 

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Joos et al 2013;
Khatiwala et al. 2013; DeVries 2014; Le Quéré et al 2017; Global Carbon Budget 2017



Wetlands are important part of 
Wisconsin’s carbon cycle

Buffam et al, 2010



What drives this carbon uptake?

Sulman	et	al.	(submitted)
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Sulman et al., Biogeosciences, 2009
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What drives water table position?

Sulman	et	al.	(2009)

Sulman et al., Biogeosciences, 2009







Is this water table (non)effect common?

Sulman	et	al.	(2009;	in	prep)Sulman et	al.,	Geophys.	Res.	Lett,	2010



What’s Driving This?

Sulman et	al.,	Geophys.	Res.	Lett,	2010



J. Geophys Res-G, 2012



2015, PNAS



Net carbon effect of wetland drainage depends 
on location, type of conversion, and timescale

Petrescu et al, PNAS, 2015



It also depends on the landscape setting



Sulman et al., Ecosystems, 2013



Sulman et al., Ecosystems, 2013
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Parting thoughts
• Wetlands in Wisconsin store and exchange large 

quantities of carbon
• Net carbon exchange is more of a function of 

temperature than water table position
• Continuous methane exchange has a different 

atmospheric lifetime than either fossil fuel methane 
pulse emissions or wetland carbon dioxide exchange

• Estimating ecosystem service of carbon uptake 
requires considering type of potential land use 
change, timescale, & landscape setting
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