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Science Questions
1. Are forested wetlands carbon sinks and methane sources ?

2. Is the carbon-cycle building topography ?

3. How do topography changes compare with sea-level rise ?





EDDY-COVARIANCE SENSORS

Sonic anemometer

Gas analyzer

CH4 analyzer



Dwarf Cypress (55’ tower)

• Measures ET, NEE, CH4
• Net radiation
• PAR
• Wind speed and direction
• SW/GW stage
• GW temperature
• SW temperature
• Air temperature
• Relative humidity
• Barometric pressure
• ORP



Cypress Swamp (120’)

• Measures ET, H, NEE
• Net radiation
• PAR
• Wind speed and direction
• Surface/groundwater stage
• Ground-water temperature
• Surface-water temperature
• Air temperature
• Relative humidity
• Soil temperature
• Soil heat flux
• Soil moisture



Pine upland (120’ tower)

• Measures ET, NEE
• Net radiation
• SW/GW stage
• GW temperature
• SW temperature
• Air temperature
• Relative humidity
• Soil moisture
• Soil temperature
• Soil heat flux



Carbon Cycling Conceptual Model

Methane production (CH4)

-NEE, during day
Photosynthesis, GEE (productivity)

+NEE, at night
Respiration, Re (soil respiration)

NEE is net ecosystem C exchange, measured with gas analyzer

http://www.biogeosciences-discuss.net/11/15753/2014/bgd-11-15753-2014.html

http://www.biogeosciences-discuss.net/11/15753/2014/bgd-11-15753-2014.html


Missing NEE gap-filled with Artificial Neural Networks (ANN)

ANNs are non-linear regression models based on season, time of day, net radiation, water 
temperature, air temperature, and vapor pressure deficit.

Missing weather data supplemented from nearby weather stations  (Oasis Visitor Center, others).

Model 
2 

Model 
1 

Model 
3 

Model 
4 

Do j=1,10 (Initialize starting values for ANN weights)

End Do (Initialize starting values for ANN weights)

Complex models with an NEE 
accuracy gain less than 5% are 

removed. 

Do i=1,20 (Repeat 20 times with different sets of weather data 

End Do (Repeat 20 times with different sets of weather data 

Complexity increased

Missing NEE replaced with 
a median value from the 20 

resultant predictions.

Avoids local minima

For more information, contact:
Frank Anderson (fanders@usgs.gov)



Neural Network gap-filling



Dwarf Cypress
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Dwarf Cypress  - Methane (CH4)



Cypress Swamp
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Pine Upland
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Loop Road – Pilot Study

∆C 

Is the carbon cycle 
accumulating soil ? 

How do soil accumulation 
rates compare with 
sea-level rise ?



∆C / soil bulk density = topographic gain or loss



Slide and analysis provided by Matt Sirianni (FAU)

Soil bulk density 



g/cm3 %
Count Sample Porosity Bulk Density Organic matter

1 DC_1A 0.84 0.199 25
2 DC_2A 0.82 0.233 21
3 DC_3A 0.69 0.401 14
4 DC_1P 0.68 0.45
5 DC_2P 0.70 0.38
6 DC_1D 0.77 0.3
7 DC_2D 0.72 0.36
8 CS_1A 0.93 0.092 74
9 CS_2A 0.81 0.24 41

10 CS_3A 0.81 0.243 37
11 CS_1MF 0.83 0.21
12 CS_2MF 0.81 0.24
13 CS_1D 0.79 0.27
14 CS_2D 0.87 0.16

Soil bulk density 

Slide and analysis provided by Matt Sirianni (FAU)

60% 40% Weighted average bulk density = 0.28 g/cm3

0.33

0.21

Calcitic soils due 
to periphyton
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Key Findings
1. Cypress and pine forested wetlands are carbon (C) sinks and methane (CH4) sources.

- Cypress Swamp  = -260 g C m-2 year-1

- Dwarf Cypress = -120 g C m-2 year-1; +12 g CH4 m-2 year-1

- Pine Upland  = -390 g C m-2 year-1

2. Seasonality in C uptake is primarily driven by photosynthesis and respiration.

- Flooding reduces respiration (soil oxidation) but increases CH4 emission.

- Hansen fire suppressed peak photosynthesis at Pine Upland in 2015

3. Carbon uptake (NEE) rates are equivalent to ~1 mm per year of topography 
gains in forested wetlands. 

- Accumulation rate is very sensitive to peat bulk-density.

- Accumulation rate < sea level rise 

Conclusions are provisional and subject to change during peer review



Pyranometer

Net Radiometers

Air Temperature
Relative Humidity 

Probe

THANKS !
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