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•Peat accretion ~5 cm yr in emergent marsh (Miller et al. 2008) 

•Peat growth yields on average 1 kg C m-2 yr-1(Miller and Fujii 2009) 

•Average net carbon offset = -25 MT CO2 acre yr-1 (Miller 2011) 

*with methane, estimated net carbon offset = -12 MT CO2eq acre yr-1 

 
Freshwater marsh restoration on subsided Delta islands 

(Peat fills the consistent 25-55cm accomodation space) 
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“Carbon Farm” 
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Estimates of NEE fluxes in San Francisco Bay-Delta lands 

 

Pasture      Corn   Peatland        Rice    Tidal Marsh     Forest  

PEATLAND RESTORATION 
• Good for net C budget (from source to sink) 
• Reduces hydrostatic levee pressure  
• Multiple wetland habitat benefits 

  Image by Maggi Kelly, UCBerkeley  Image by Noah Knowles, USGS 



West Wetland (25 cm depth) had best coverage 

Algae 

SAV  

Cattail 
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Vegetation in 25 cm deep wetland over time
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Vegetation cover in 55 cm deep wetland
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Three Methods (August 29-Sept 2, 2011) 
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PHOTOSYNTHESIS 

      LiCor XT6400 (light and CO2 control) 

      A:I and A:Ci Curves (link to annual PAR) 

      Field Validation (May-September) 

      3 stations (A, B, and C) 

      3 species (Tule, Cattails (TYAN,TYLA)) 

RESPIRATION  

      Root Fermentation (Ethanol) 

      Porewater acetate (and other Volatile Fatty Acids) 

Standing Biomass (NPP) and LAI 

      Allometric f(density, height, diameter) 

Leaf Photosynthesis 

GPP = 1-5% solar energy 

NPP = ~50% of GPP (40-85%, Lambers et al. 1998) 

  NPP/GPP = Carbon Use Efficiency 

Rplant = Rplant growth + Rmaintenance 

Photosynthesis 

CO2 

Organic acids 
(fermentation) 



PAR strongly controlled leaf photosynthesis 
 
 

y = 0.52 x 0.46 
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CO2 Assimilation vs. PPFD (A:I)  
Field Validation - 8/19/2011 

Tule Cattail

Rd = -3.2 ± (0.4 SE) 



Response to elevated CO2 : evidence for use of recycled CO2 
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Carbon Use Efficiency: Annual GPP/NPP at Plot Scale (kg) 
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Par Up Photosynthesis

AGPP = Annual gross photosynthesis 

         = (Photosynthesis x Curve-fit LAI) 

  = 0.5231 (PAR)0.46  x LAI  

ANPP = Annual net biomass production 

         = allometric biomass (Miller and Fujii 2009) 

  = biomass x turnover rate 

J       F       M        A       J        J       A      S      O  

Station Peak LAI ANPP GPP CUE 

A 6 7 9.9 0.70 

B 2.4 4.4 6.8 0.63 

C 2.2 3.2 4.9 0.68 

Kristin Byrd in Tule Thatch 



     EC Flux  (Tower) 



Static Chamber NEE 



Static Chamber NEE Calculations Classic (8 median points) 
Classic (all points) 
Internal (handselected) 
Internal (median slope) 
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y = 0.64x + 0.5 
R² = 0.93 

y = 0.69x + 0.2 
R² = 0.90 

y = 0.59x + 0.1 
R² = 0.72 

y = 0.49x + 0.4 
R² = 0.51 

y = 0.65x + 0.7 
R² = 0.90 

y = 0.60x + 0.5 
R² = 0.81 

y = x 
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Initial CO2 Flux (First Minute) 

Chamber Effect  
(first minute is 1.5-2x greater than average) 
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Static Chamber CH4 Ebullition 
Classic (8 points) 
Classic (all points) 
Internal (handselected) 
Internal (median slope) 
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In addition to diffusive flux: 
A – 7% 
B – 21% 
C – 34% 



Spatial Differences (August 2011) 
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Spp/Stem Density 
 

Abvgr. Biomass (kg) 
 

Water Depth (cm) 
 

Water Temp (Hi/Lo) 
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NPP vs CH4 
Whiting and Chanton 1993 



METHOD COMPARISON (August 2011) 
mg CO2 m-2 d-1 
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Why does the Carbon Farm sequester more carbon 
than other restored wetlands? 

 

 

 

 

 

 

 

 

50 mm 

Leaf structure Stomate size and density 

Typha latifolia Typha latifolila 

Schoenoplectus acutus Schoenoplectus acutus 

Oxidized rhizosphere       

1) THE PLANTS 

a) Moderate GPP w/high vertical LAI and low respiration 

b) Tule: Lignified, aerenchymous, high stomatal density 



2) Delta Breeze – Limit to nighttime respiration? 

Warm days  (>30ºC) 

Cool nights  (<15ºC) 



3) Constant, large accomodation space 
“not your normal freshwater tidal wetland” 

Freshwater tidal wetlands 
accrete peat at average rates of 
only ~1.5 mm yr-1 (RSLR) 

Drexler et al. (2009) Wetlands 



Method Pro’s and Con’s 
EC Flux -     
  Large footprint 
  Annual flux 
  Cannot separate CO2-flux processes 
  Cannot separate CH4-flux processes 
Chamber- 
  Good spatial variability 
  CH4-flux separated into diffusion or ebullition 
  Annual flux must be modeled 
 
Leaf Photosynthesis - 
  Direct calculation of GPP and stress response 
  Process-based separation of CO2-flux 
  Annual flux requires modeling w/ PAR and LAI 
   
 
 
 



Thank you. 
 

lwindham@usgs.gov 

AGU – December 2012: Special Session on Peatland Accretion Processes (Drexler, Harden, Windham-Myers) 


