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 Peatlands act as carbon sinks while representing major sources of biogenic gases 

such as methane (CH4) and carbon dioxide (CO2), two potent greenhouse gases. Gas 

production and release in these peats soils are also influenced by overall warm 

temperatures and water table fluctuations due to the naturally shallow water table in the 

Florida Everglades. Releases of biogenic gases from Florida Everglades peat soils are not 

well understood and the temporal distribution and dynamics are uncertain. The general 

objective of this work was geared towards a methodological approach which aimed to 

examine the feasibility of capacitance moisture probes to investigate biogenic gas 

dynamics in various Florida Everglades peat soils at high temporal resolution.  This work 

has implications for establishing capacitance moisture probes as a method to monitor gas 

dynamics in peat soils at high temporal resolution and better understanding patterns of 

gas build-up and release from peat soils in the Everglades.
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1 Introduction 

 

 Peatlands cover an estimated 3% of Earth’s surface and are known to be a major 

store of soil carbon, sink for carbon dioxide and source of atmospheric methane [I.P.S., 

2008]. Despite their small global extent, peatlands currently represent 100 million tones 

(Mt) of the world’s current annual carbon storage [I.P.S., 2008]. They are characterized 

by saturated soils and the existence of unique flora and fauna species that have 

evolutionarily adapted to the constant presence of water.  Furthermore, peatlands are 

sources of methane (CH4) and carbon dioxide (CO2), two potent greenhouse gases with 

strong implications for climate change, particularly when considering the 100 year Global 

Warming Potential (GWP), a measure of the ability of different greenhouse gases 

(GHGs)  to trap heat in the atmosphere. [IPCC, 2013]. The Global Warming Potential is 

an index that indicates how effective a gas specie is at warming the atmosphere when 

compared to one molecule of carbon dioxide over a 100 year period [IPCC, 2013].  

While CO2 has an index value of 1, CH4 has a GWP of 32, meaning that on a per 

molecule basis 1 kilogram of methane causes 32 times more warming over a 100 year 

period when compared to 1 kilogram of carbon dioxide [Neubauer and Megonigal, 

2015]. Accumulation and release of these gases is sensitive to climatic factors. For all 

these reasons, a better understanding of the dynamics of CH4 and CO2 accumulation and 

release from peat soils is needed in order to better understand how changes in climate 

may alter overall emissions. 
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 Previous studies have concluded that seasonal patterns of biogenic gas emissions 

in peatlands are strongly influenced by latitude. Boreal peatlands are characterized by a 

temperature-restricted thaw season, which results in pronounced biogenic gas emissions 

during a 3 to 5 month period [Whalen, 2005]. Lower latitude temperate peatlands show 

less variability due to their consistently warmer temperatures throughout the year. As a 

result tropical and subtropical peatlands produce year round  fluxes of biogenic gases 

while boreal peatlands have been reported to decrease gas production in colder, winter 

months [Comas and Wright, 2012; Whalen, 2005].  

The formation of methane is initiated in peat soils with the input of plant detritus 

and root exudates under anoxic conditions, followed by fermentation, methanogenesis, 

and subsequent re-oxidation [Cao et al., 1998].  Methane may then escape from flooded 

peat soils to the atmosphere via three main releasing mechanisms: diffusion, ebullition, 

and by transport through arenchymous vascular plants [Schütz et al., 1989; Whalen, 

2005]. For the purposes of this thesis study I will focus on ebullition or free-phase gas 

releases.  

Ebullition is the release of bubbles (predominately containing CH4, CO2, and N-

related gaseous species) from peat soils to the atmosphere [Green, 2013]. Ebullition 

events can release large volumes of gas in a short period of time (e.g., 35 g CH4/m2 have 

been reported to occur in minutes or hours, [Glaser et al, 2004]). Ebullition events tend to 

give rise to larger volume gas fluxes than those released by diffusion [Strack et al., 2008]. 

This is because ebullition events occur much faster and allow the gas to bypass the 

oxidizing upper layers of peat [Strack et al., 2008]. Diffusion occurs when biogenic gases 

are formed in anaerobic soils and stay trapped in the water submerged soils. Unlike the 
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episodic events that transport bubbles of gas to the atmosphere via ebullition, diffusion 

results in gases becoming dissolved and potentially released into the atmosphere 

especially when the water table is lowered [Neue et al., 1997]. However, this diffusive 

transport of gases into the atmosphere may be limited depending on the solubility of 

gases in water [Neue et al., 1997].Vascular plant and diffusive transport mechanisms 

have been fairly well studied in the past [Kirk and NetLibrary, 2004; Nazaries et al., 

2013] and although research on ebullition transport has increased over the past two 

decades, uncertainties still remain particularly as related to the temporal variability of 

ebullition events [Baird et al., 2004; Comas and Wright, 2012; Glaser et al., 2004; 

Kellner et al., 2006].  

Several methodologies have been used in the past to determine in-situ gas content 

and infer releases in peat soils, however they present several limitations and drawbacks 

such as: (1) the fact that the instrumentation, such as time domain reflectometry (TDR) 

[Kellner et al., 2005], is costly, and (2) measurements can be labor intensive and  difficult 

to setup autonomously, such as those using ground penetrating radar (GPR) [Comas and 

Slater, 2007]. Other measurements to estimate gas fluxes, such as gas chambers and eddy 

covariance towers [Schedlbauer et al., 2010; Tokida et al., 2005], may provide a good 

temporal resolution, however only provide information on gas dynamics once released 

into the atmosphere and therefore in-situ gas content at the matrix scale remains 

uncertain.   

In this thesis I use capacitance moisture probes to investigate gas accumulation 

and release in peat soils at high resolution temporal resolution (i.e. minutes to seconds).  

This is important as previous studies in peat soils of the Everglades (i.e. [Comas and 
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Wright, 2012; 2014]) have shown how differences in temporal scale of measurement may 

result in gas flux estimates differing by several orders of magnitude (Table 1). The major 

advantages of using capacitance moisture probes relative to previous methods used for 

determining gas dynamics in peat soils include: (1) capacitance moisture probes are low 

in cost in comparison with other similar technologies such as time domain reflectometry 

(TDR) [Kellner et al., 2005], (2) autonomous data is collected at high temporal 

resolutions (i.e., minute to sub-minute temporal scales), and (3) in-situ gas dynamics (i.e. 

matrix scale) can be inferred, as opposed to only post-release observations (i.e. as gases 

enter the atmosphere). In this thesis I explore how capacitance moisture probes may help 

better understanding in-situ biogenic gas accumulation and inferred releases from 

different peat soils at the laboratory scale. The effect of changes in certain environmental 

variables, such as water table elevation, is also investigated. 

Table 1: Summary of comparative data sources showing volumetric gas content (VGC) collected in various 
other studies at both field and lab scales utilizing moisture probes and numerous other methodologies (i.e., 

TDR, GPR, Time-lapse Cameras, etc.). 

Reference 
Type of 
Study 

Method 
Location/ Sample 

Location 
VGC 

% 

Total Gas 
Flux (mg CH4 

m-2 d-1) 
[Baird et al., 

2004] 
Lab 

Based 
TDR Longbridgemuir, Scotland 5-15 21.2 - 83.1 

[Baird et al., 
2004] 

Lab 
Based 

TDR Cors Fochno, Wales 2-15 2.2 – 32.9 

[Kellner et al., 
2005] 

Field 
Based 

TDR Southern Quebec, Canada 1.5-14 
ND 

 
[Kellner et al., 

2006] 
Lab 

Based 
TDR Quebec City, Canada 

>0.9-
18 

ND 

[Tokida et al., 
2005] 

Field 
Based 

Capacitance Hokkaido, Japan 0-19 ND 

[Comas and 
Wright, 2014] 

Field 
Based 

GPR 
Water Conservation Area 
3A, Everglades, Florida 

2.1-
16.9 

170-665.3 

[Comas and 
Wright, 2014] 

Field 
Based 

Time-lapse 
Cameras/ Gas 

traps 

Water Conservation Area 
3A, Everglades, Florida 

ND 71.6-718.8 

[Comas and 
Wright, 2014] 

Field 
Based 

GPR LILA, Everglades, Florida 
1.9-
13.5 

33.8-132.3 

[Comas and 
Wright, 2014] 

Field 
Based 

Time-lapse 
Camera/ Gas 

LILA, Everglades, Florida ND 36.6-44.8 
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Traps 

[Parsekian et 
al., 2011] 

Field 
Based 

GPR 
Sturgeon River Bog, 

Minnesota 
0-25 ND 

  

2 Hypotheses and Objectives 

In this thesis I propose to test the following specific hypotheses: 

1. Capacitance moisture probes can be used to estimate biogenic gas contents in peat 

soils at high temporal resolution (i.e. sub-hourly).  

2. Moisture probe datasets can be used to infer production, build-up, and migration of 

biogenic gases in peat soils. 

3. Moisture probes are sensitive to changes in volumetric gas content in relation to 

changes in water table elevation in peat soils. 

In order to examine the above hypotheses, this study has three main objectives: 

1. To test the use of capacitance moisture probes at the laboratory scale in peat 

monoliths fitted with gas traps and time-lapse cameras to monitor variations in gas 

content at high temporal resolution (i.e. 5-15 minutes).  

2.  To measure gas content variability at different positions within the peat columns (i.e. 

surface [0-15 cm] vs. shallow [15-30 cm] peat) and estimate how biogenic gas 

production, build-up, and migration change with depth and sampling location. 

3. To test how differences in water table elevation may result in compression and 

dilation of the peat matrix, thus altering gas dynamics. 

3  Sampling Locations 

The Florida Everglades is a large sub-tropical peatland covering 4,300 square 

miles of South Florida that is mainly composed of two different types of peat soils: the 
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Everglades peat and the Loxahatchee peat [Craft and Richardson, 2008; Gleason and 

Stone, 1994]. Everglade's peat and Loxahatchee peat encompass over 2,703 square miles 

of South Florida. Everglades peat is mostly formed from partially decomposed sawgrass 

(Cladium jamaicense), while Loxahatchee peat forms from vegetation of sloughs, namely 

water lily (Nymphaea odorata). Loxahatchee peat is high in organic content (~ 92% 

organics), N, and acidity and underlies northeast areas of WCA-2A (Figure 1) [Craft and 

Richardson, 2008]. Everglades peat consists of a lower organic content (85-92% 

organics), is less decomposed and underlies much of the central and southern Everglades 

[Craft and Richardson, 2008]. Sample locations for this project correspond to sites where 

research on peat soil gas dynamics is currently ongoing and are intended to target 

different peat types based on matrix structure and vegetation communities. Site 1 (Figure 

1) is located in Water Conservation Area 1 (WCA-1) and in the Loxahatchee 

Impoundment Landscape Assessment (LILA). While the site is mainly characterized by 

surficial Loxahatchee peat, it is also an anthropogenically constructed large scale physical 

model that replicates the Everglades.   Site 2 is located in Water Conservation Area 2 

(WCA-2) and corresponds to a location mainly characterized by surficial Everglade’s 

peat as characterized by Gleason and Stone [Gleason and Stone, 1994]. Site 3 is located 

in the Big Cypress National Preserve, and the nature of this peat (as characterized by 

Gleason and Stone, 1994) is unknown.  
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Figure 1: Sampling locations for this study are represented with blue dots and include: LILA, WCA-2, and 
Big Cypress National Preserve. Coverage areas of the two main types of soil (Loxahatchee and Everglade’s 

peat) are also shown. Modified from Comas and Wright [2014] after Gleason and Stone [1994]. 

4  Methodology 

 In order to test the feasibility of capacitance moisture probes being used to better 

understand the dynamics of biogenic gases in peat soils from the Everglades a set of both 

indirect and direct methods for monitoring gas production and release were used in this 

study. These methods included: (a) capacitance moisture probes that provide indirect 

measurements of in-situ changes in gas content within the peat matrix (i.e. increases or 

gas production and decreases or gas releases); (b) gas traps and time-lapse cameras that 

provide direct evidence of biogenic gas releases; and (c) surface deformation probes that 

provide direct evidence of peat surface deformation associated with changes in gas 

volume within the peat matrix. The actual gas volumes taken by syringe from the gas 
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traps coupled with time-lapse camera data and changes in surface deformation as detected 

by elevation rod sensors are direct measurements of gas fluxes and were used to constrain 

the indirect capacitance probe measurements. Each method implied a different time 

interval (i.e., weekly syringe volumes, time-lapse photos every half hour, capacitance 

probe measurements every 15 minutes), which were considered in the interpretation of 

results.  Furthermore the physical properties of each peat sample, including porosity, 

degree of humification, and other distinguishing features, such a presences of plant 

material, were examined and noted. The degree of humification was determined using the 

von Post scale. The von Post scale ranges from 1 to 10, the higher the number the higher 

the degree of humification.  

4.1 Moisture Probes 

Capacitance moisture probes were used to monitor changes in moisture content 

associated with gas accumulation and release within the peat soil matrix. The 5TE model 

from Decagon© was used in this study and was able to concurrently monitor volumetric 

water content (VWC), temperature (T) and electrical conductivity (EC).  The probes are 

10 cm x 3.2 cm x 0.7 cm (Figure 2) and encompassed a sampling volume, as determined 

in the factory, of 0.2 dm3. The 5TE probes were connected to an Em50 data logger and 

set to collect measurements every fifteen minutes, therefore allowing for semi-

continuous, autonomous, data collection and storage. 

4.1.1 Theoretical Background for capacitance probes 

The 5TE capacitance probes measure volumetric water content (VWC) of the soils as 

inferred from measurements of the relative dielectric constant (or permittivity) (ɛr). The 

dielectric constant describes how well a material can hold an electric charge. Water has a 
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dielectric constant of 80 (at room temperature [~22 ͦ C])  which is much higher than the 

dielectric constants of the solid phase in soils which range from 3 to 7 [Seyfried and 

Murdock, 2004]. Considering that water content directly influences the dielectric constant 

of the peat soils, 5TE probe measurements were used to estimate changes in water 

content [Decagon Devices, 2009b]. Since measurements were performed on fully 

saturated soils samples, any changes in moisture content were associated with changes in 

gas contet. For example, when the amount of water changed in the soil due to the 

displacement of either water of gas within the pore spaces, the probe measured a change 

in capacitance (from the change in dielectric permittivity) that could be directly 

correlated with a change in water content (and thus gas content). The dielectric 

permittivity of the bulk soil was determined by measuring the charge time of the 

capacitor, which used soil as the dielectric. The relationship between the time, t, it takes 

to charge a capacitor from a starting voltage (Vi) to a voltage (V) with an applied voltage 

(Vf) is defined as follows: 

                                                                                                    
1 

 

where R is the series resistance and C is the capacitance. When the resistance and voltage 

ratio are fixed, then the charge time of the capacitor (t) can be related to the capacitance 

as in Equation (2): 

Since the capacitance is a function of the dielectric permittivity of the soil between the 

5TE capacitor plates it can thus be calculated as: 
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where A is the area of the capacitor plates and S is the separation between the plates. 

Capacitance is finally converted into a proportional millivolt output, which is the raw 

probe output. 

   

Figure 2: Decagon devices 5TE VWC + Temp + EC capacitance moisture probes. 

4.1.2 Moisture Probe Calibrations 

 Capacitance probes are factory calibrated for an average soil with predetermined 

physical properties. In order to account for the unique physical properties of peat soils 

and the potential variability for different types of peat soils, probes were calibrated in the 

laboratory following the approach by Cobos and Chambers [2010] and ASTM [2010]. 

Briefly, peat samples were divided and packed into five separate soil calibration 

containers for each peat type. Increasing water volumes of 0, 3, 6, 9, and 12 mL were 

used to generate changes in water content of 0, 2, 4, 6 and 8%. A single sensor (mV 
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output) reading was taken with the capacitance probe for each specific change in water 

content. Each sample was then weighed, oven dried at 65 ͦ C for 48 hours and weighed 

again.  

 Using the saturated weight and oven dried weight which was found during the 

calibration procedure I was able to calculate porosity and VWC (assuming fully saturated 

conditions). Porosity is the fraction of the volume of voids in a porous material over the 

total volume. More specifically porosity can be defined by Equation 4: 

                                                   

where Vv is the volume of voids within the sample and VT is the total volume of the bulk 

soil sample (cm3). The volume of voids within the sample is estimated by using the 

weight of a sample fully water-saturated, Ws, and the weight of the same sample after 

being oven dried, Wd. 

 Volumetric water content (θ) can be defined as the volume of water per volume of 

bulk soil:  

where θ is expressed incm3/cm3, and Vw is the volume of water (cm3). The value for Vw 

can be determined by calculating the volume of water\lost from the peat sample during 

oven drying. Once Vw was found a calibration function was established by plotting the 

raw millivolt sensor output from the probe versus the calculated θ. The relationship was 

then best fit with a quadratic equation [Campbell et al., 2009; Cobos and Chambers, 

2010]. Once the calibration function was constructed it was applied to the raw data in 

order to convert raw millivolt readings into true θ. According to Cobos and Chambers 

11 



 

[2010] applying a custom calibration increases θ accuracy by ± 1 to 2% [Cobos and 

Chambers, 2010]. 

4.1.3 Capacitance Moisture Probes vs. Time Domain Reflectometry  

 Due to the limited amount of literature available using capacitance moisture 

probes to monitor biogenic gases, analogous studies utilizing TDR were used as a 

comparative source. For example, Kellner et al. [2005] determined volumetric gas 

content in peat soils by continuously monitoring the change in volumetric water content 

over time using time domain reflectometry (TDR). The use of TDR is similar to the use 

of capacitance moisture probes in the sense that they both measure the dielectric 

permittivity of bulk soil and use that measurement to infer the volumetric water content 

[Campbell et al., 2009], however their principle of operation is slightly different. As 

mentioned earlier, capacitance probes determine the dielectric permittivity of soil by 

measuring the charge time of the capacitor, which uses soil as the dielectric [Campbell et 

al., 2009].  While on the other hand TDR, unlike capacitance, determines the dielectric 

permittivity of a soil by measuring the time it takes for an electromagnetic wave to 

propagate along a transmission line of fixed length in the soil [Campbell et al., 2009; 

Decagon Devices, 2009a; Hanumantha Rao and Singh, 2011]. The transit time, t, for an 

electromagnetic pulse to travel the length of a transmission line and return is related to 

the dielectric permittivity of the medium, ɛ, as follows:  

2 
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where c is the speed of light (3 x 108 m/s in a vacuum) and L is the length of the 

transmission line. Dielectric permittivity can then be calculated as follows: 

Both TDR and capacitance have gained widespread acceptance. Yet, as noted in Equation 

6, the propagation time of the electromagnetic wave along the TDR probe is only a 

function of the square of the transit time and a fixed value (c/2L). Considering the speed 

of light and the length of the transmission line are a constant and a fixed length, 

respectively, TDR measurements are theoretically less susceptible to soil and 

environmental conditions compared to capacitance moisture probes [Decagon Devices, 

2009a]. However, both TDR and capacitance techniques can provide reasonable 

measurements of volumetric water content and measurement errors are often due to poor 

installation methods rather than limitations in the techniques themselves [Decagon 

Devices, 2009a; Hanumantha Rao and Singh, 2011]. 

Figure 3: Image of gas traps and time-lapse 
camera deployed in laboratory experimental 

setup. 

4.2 Time-Lapse Cameras and Gas Traps: 

 The experimental setup also included 

the use of gas traps and time-lapse cameras to 

better constrain gas releasing events estimated 

from the probes with direct methods (Figure 3). 

Gas traps were utilized to collect gas released 

from each peat monolith while time-lapse 

cameras captured images of how gas built up in 

the traps every thirty minutes. The gas traps 
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were constructed by fitting the tops of the sample holder with capped clear plastic piping, 

with approximate volume dimensions of 0.10 m x 0.10 m x 0.12 m (~ 0.94 dm3), which 

contained a port to which transparent silicone tubing was connected and fitted with a 

shut-off valve (Figure 3). The gas traps were submerged in the water column above the 

peat surface avoiding direct contact with the surface of the peat sample in order to 

prevent disturbance of the gas regime (following the approach used by Comas and 

Wright [2012, 2016]). Gas traps were emptied and total volumes were collected using a 

syringe connected to the shutoff valve. Gas composition (i.e. CH4 and CO2 percent) was 

then measured using a Shimadzu GC-8 gas chromatograph.  Each gas trap was fit with a 

time-lapse camera set to capture images of outgassing events every thirty minutes which 

enhanced the frequency of data acquisition (Figure 3 & 4). The use of gas traps and time-

lapse cameras has already been proven as an effective measurement of biogenic gas 

dynamics in Everglades’ peat soils at both the field and laboratory scales [Comas and 

Wright, 2012; 2014] .  The use of gas traps and time-lapse cameras in these studies 

exemplified the heterogeneous nature of biogenic gas ebullition in subtropical peat soils 

and allowed for noninvasive, autonomous imaging of gas releases at high temporal 

resolution (i.e., seconds to minutes) [Comas and Wright, 2012; 2014]. 

 Figure 4: Images of biogenic gas traps collected with time-lapse cameras in the laboratory
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4.3 Elevation Sensors: 

 Peat surface deformation was monitored throughout the experiment using 

elevation rods fixed to the lid of each sample holder (following the approach used by 

Comas and Slater [2007]) (Figure 5). Changes in rod length relative to a fixed datum 

established by the lid of each sample holder were recorded for a total of 30 elevation rods 

spaced across the surface of the peat. It was expected that the elevation rods would move 

upwards with expansion of the peat matrix and downward with contraction.  

Figure 5: Elevation rods fixed to the lid of sample holders used to monitor peat surface deformation 
throughout the experiment. 

 

 Previous studies have used elevation sensor rods to monitor biogenic gas 

dynamics in boreal Peatlands [Comas and Slater, 2007; Price, 2003]. Price [2003] found 

that changes in peat thickness measured by elevation sensor rods at two boreal peatlands 

were closely related to fluctuations in water table, rising and falling in unison. This was 

not the case for a third boreal peatland examined by Price [2003] where irregular 

behavior (swelling) of the peat was seen as the water table was falling. While, no direct 
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measurement of biogenic gases was conducted by Price [2003] this irregular behavior 

can potentially be related to the presence of such gases. Comas and Slater [2007] utilized 

elevation sensor rods in laboratory samples from a northern peatland to monitor biogenic 

gas dynamics and produced surface deformation data that showed periods of relative 

increase and decrease in surface deformation coinciding with periods of increased and 

decreased gas content as estimated with GPR.  

5 Experimental Setup 

  All peat soils in these experiments were completely water saturated and 

therefore any changes in volumetric moisture content, inferred by the capacitance 

moisture probes, were related to the replacement of water with gas in the pore space.  As 

gas builds up within the peat soil matrix it will replace water in some pore spaces and 

therefore volumetric water content will decrease. At the same time, as gas is released into 

the atmosphere or moves along the peat column, the pore space is replaced with water 

and water content thus increases. The resulting gas content and flux data was compared 

with previous studies which have utilized moisture probes to infer gas dynamics (i.e. data 

as in Table 1).  

In order to examine hypotheses 1 through 3, three peat monoliths (one per study 

site) were extracted from the field by cutting and pulling back the surrounding peat and 

base of the block (following the approach in Comas and Wright [2012]). Samples were 

then taken to the laboratory and were cut in half horizontally in order to examine the 

variability of peat properties and their effect on gas dynamics with depth (i.e. changes in 

the peat matrix with depth) and to fit each monolith into the sample holders with the 

moisture probes. Then the surficial and shallow portions of the original monoliths 
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became independent samples making for a total of 6 sample, 3 surficial and 3 lower from 

the 3 sampling sites (Figure 6). Although cutting samples in half may result in disruption 

of natural conditions within the peat matrix it was a necessary step in order to properly 

monitor gas releasing events for that particular portion of the peat column.  Each 

capacitance probe was installed by first cutting two small pilot holes into opposing sides 

of each monolith where the probes were inserted. Probes were positioned on opposing 

sides within each peat monolith in order to record possible spatial variability in biogenic 

gas dynamics within the monolith. Furthermore, one probe was positioned vertically 

while the other was positioned horizontally in order to test how probe placement within 

the soil matrix may interfere with migration of gas upwards. The monoliths were further 

trimmed to fit into a clear 13.2 dm3 quart plastic sample holders. After being placed in 

sample holders each sample was then filled with water collected from the sample site to 

fully saturate the samples and ensure that the water table was above each peat column 

(Figure 6) to follow the saturated field conditions at the moment of sample extraction. 

The capacitance moisture probes were then connected to data loggers to allow for high 

temporal resolution measurements (i.e. measurements were recorded every 15 minutes) 

and the monoliths were stored in a temperature controlled environmental chamber (at 

standard room temperature 22 ͦ  C).   
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Figure 6: Experimental Setup in Environmental Chamber. Gas volumes from outgassing events are 
captured by gas traps and recorded by a time-lapse camera. Each sample is equipped with two 

capacitance moisture probes connected to a data logger to examine biogenic gas dynamics at a matrix 
scale. The surficial sample and shallow sample from WCA-2 are fitted with Elevation sensor rods to 

monitor surface deformation in response to change in water table elevation. 

With the aim of examining hypothesis one, each sample was equipped with two 

capacitance probes, a gas trap and a time-lapse camera to monitor changes in gas content 

and gas releases at each sample. The use of gas traps with time-lapse cameras allowed for 

direct, noninvasive, capturing of dynamics of gas released at high temporal resolutions 

(i.e. images were collected every 15 minutes). Capacitance probes, on the other hand, 

provided indirect information on in-situ gas dynamics (i.e. accumulation and decrease in 

gas content within the peat's matrix). While increases in gas content were related to gas 

production, decreases in gas content were linked to gas fluxes and directly compared to 

the data acquired from the gas traps/time-lapse cameras. 

In order to address hypothesis two, each of the three samples extracted from the 

three field site were cut in half horizontally before being fitted to moisture probes and 

trimmed to fit into plastic sample holders. The samples were cut in half horizontally to 

separate each monolith into one surficial (0-15 cm in depth) and one shallow (15- 30 cm 

in depth) peat sample. As mentioned earlier, the reason for doing this was to examine 
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variations in production, build-up and migration along each portion of the peat column. 

Cutting the column in two allowed for direct measurements of gas releases by using gas 

traps with each surficial (0-15 cm) and shallow (15-30 cm) peat sample. As a result, of 

the six samples set up in the laboratory, each sampling site had two samples: one labeled 

as surficial (0 – 15 cm) and the other labeled shallow sample (15 – 30 cm) (Figure 6). 

Since the weight on top of a peat column changes as the water table elevation 

changes, it seems reasonable to expect that gas generation and release would vary as the 

water table varies.  To address hypothesis three, I monitored the water table elevation 

throughout the experiment in order to begin to explore the relationships between water 

table elevation and gas dynamics. To do so the two WCA-2 samples were fitted with a 

water table datum on each sample holder in order to monitor changes in water table 

elevation over time. The two WCA-2 samples were also fitted with a fixed elevation rod 

datum, identified as the lid of the sample holder, to monitor peat surface deformation 

using an array of elevation rods (Figure 5 and 6).  The resulting changes in peat surface 

deformation were able to be associated with overall changes in the water table elevation 

since, 

                                                                                                 
3 

where Z is the water table elevation, Vg is the volume of gas (i.e. CH4 and CO2), VW is 

the volume of water, Vs is the volume of solids (i.e. the peat soil), and A is the surface 

area of the sample. Considering the volume of solids and the surface area of the samples 

are constants in this experimental setup (as explained in Figure 7 below) and do not 
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change. Thus, making water table elevation (Z) a function of both Vg and Vw (as seen in 

Equation 9), 

                                                                                                                                             4   

 Both the water table elevation 

and surface deformation data is 

presented in this study, however it 

should be noted that the significance of 

those results was limited due to the fact 

that the water table elevation is itself 

dependent on gas production as shown 

in figure 7 and equations 8 and 9. In order 

to more fully understand how gas 

dynamics respond to changes in water 

table elevation, additional experimentation is needed.  

Figure 7: Depiction how water table elevation (Z) is a 
function of the total volume of each sample. Where 

volume total (VT) includes the volume of solids (VS) 
(i.e. the peat itself), the volume of gases (VG), the 
volume of water (VW), and the surface area of the 

sample (A). 

6 Data Analysis 

In order to estimate volumetric gas content (VGC), measurements of volumetric 

water content, taken in each sample using the 5TE capacitance moisture probes, were 

subtracted from the porosity of the peat type at hand, which was determined during soil 

specific calibrations. This VGC is defined as the volume of gas per unit volume of peat 

[Baird et al., 2004] as shown in the following equation: 
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Since, 

 

where θG is VGC, and, as mentioned previously, Vg is the volume of gas, Vt is the total 

volume (including liquids, solids, and gases), Ws is the saturated weight of the soil, and 

Wd is the dried weight of the peat soil.  

In order to estimate methane fluxes, expressed in mg CH4/m2/day, a volume of 

methane gas at the time of each event needs to be determined. Equation 13 describes this 

approach: 

 

where volume of gas at time n (Vg (n)) was calculated in mL using the known sampling 

volume of the probe (Vprobe) (as factory calibrated and with a value of 0.71dm3), the total 

percent gas estimated from the probe at time n (θg (n)), and the fraction of methane in the 

gas bubble as estimated from the gas chromatograph (XCH4 (n)).  

The ideal gas law is then applied to the value Vg (n) to obtain mass of CH4 gas 

contents in milligrams: 

 

which solves for m, 
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where P is pressure in atm, T is temperature in Kelvin, and R is the universal gas constant 

0.0821 atmLK-1 mol-1, m is mass in grams, M is molecular mass in grams/mol of CH4 

(16 g/mol).  

 After obtaining mass in grams of methane at each event at time n ( g ( )), mass 

can be divided by the sampling area of the probe in m2 (A) (as determined in the factory) 

and change in time in days (  ( ) −  ( −1)) to yield a value of gas flux in mg CH4/m2/day: 

 

  

 Data was analyzed with statistical significance tests to support (and possibly 

refute) hypotheses one through three. To validate the use of capacitance moisture probes 

for estimating gas fluxes the relationship between flux measurements estimated with the 

capacitance probes and actual flux measurements, determined via ebullition events into 

the gas traps, was determined with regression analysis. Regression analysis showed the 
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strength of the relationship between estimated and measured gas fluxes by determing a R2 

value. The R2 value is a measure of goodness of fit of a linear regression. Futhermore, for 

the sake of determining variations in biogenic gas dynamics with depth along the peat 

column a t test was done to compare volumetric gas content between the surficial and 

shallow samples. Lastly, correlation and regression analysis was used to analyze the 

relationship between water table, VGC, and surface deformation.  

7 Results 

 The results presented in this thesis consisted of three main components 1) 

determination of the physical properties (i.e. porosity, humification, etc.) for each peat 

sample, 2) high temporal resolution measurements of the volumetric gas content within 

peat soils; and 3) measurements of changes in volumetric gas content coupled with 

changes in water table elevation resulting in compression and dilation of the peat matrix. 

7.1 Physical peat properties 

 The physical properties of each of the six peat samples are summarized in Table 2 

below.  Both of the WCA-2 samples had an average porosity of 94% with a von Post 

classification of H3 as the samples were slightly decomposed peat which, when squeezed, 

released muddy brown water, but from which no peat passed between the fingers. Plant 

remains, such as small roots, were identifiable and no amorphous material was present. 

The surficial sample contained a few small plant roots, <1 cm thick, and some woody 

material was present within the sample. The shallow WCA-2 sample contained no woody 

material and had a lesser abundance of small roots than the surficial sample. 

 The surficial LILA sample had an average porosity of 94.5%. The sample ranked 

between an H1 and a H2 on the von Post scale of humification as it was nearly 
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undecomposed peat which when squeezed released clear or yellowish water. Plant 

remains, such as leaves and numerous small plant roots (<1 cm thick), and woody 

material was identifiable and no amorphous material was present. The shallow LILA 

sample ranked as a H2 on the von Post scale of humification, contained some woody 

material and no plant roots. Of the 6 samples the shallow LILA sample had the highest 

average porosity of 96.0%. 

 According to the von Post scale the Cypress Swamp samples were the most 

decomposed and least porous samples in this study. Both the surficial and shallow 

samples had an average porosity between 79.6% and 82.2% and were classified as an H5 

on the von Post scale as they were moderately to slightly decomposed and released a 

small amount of peat between the fingers when squeezed. Both samples were gritty to 

touch (like sandpaper and probably indicative of the presence of inorganic sandy 

materials) and contained a significantly large amount of thick roots when compared with 

the LILA and WCA-2 samples. 

Table 2: Summary of Physical Properties of Peat Soils Measured from each of the 6 Samples. 

Sample 

Location 

Depth, cm (Surficial vs. 

Shallow) 
Porosity (%) 

von Post 

Humification 

Distinguishing features 

0‐13.2  94.0  H3 
Few small roots (<1 cm thick) and some woody 

material present 
WCA‐2 

13.2‐30  93.8  H3  Very few small roots present (<1 cm thick) 

0‐15  94.5  H1 ‐ H2 
Plant roots present in abundance (< 1 cm thick) 

and some woody material 
LILA 

15‐30  96.0  H2 
Clear presence of leaves and some woody 

material 

0‐15  82.2  H5 
Plant roots present in abundance (1.5 ‐2 cm 

thick).  Sand found within sample. Cypress 

Swamp 
15‐30  79.6  H5 

Plant roots present in abundance (1.5 ‐2 cm 

thick). Sand found within sample. 
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7.2  Spatial and temporal changes in VGC and gas releases 

 The capacitance probes took readings of VGC every fifteen minutes, 24 hours a 

day. For the two WCA-2 samples VGC data was collected in the laboratory for an eight 

month period while the LILA and Cypress Swamp (CS) samples only collected VGC 

data for a 3 month span. In conjunction to VGC data collection, time-lapse cameras 

captured images every 30 minutes throughout the experiment, to capture gas releasing 

events caught within the gas traps, while manual syringe volumes were taken each week 

as needed.  A summary of the findings is given in Tables 3 and 4 below. 

Table 3: Summary of volumetric gas contents collected indirectly from each sample using the capacitance 
moisture probes. *The Cypress Swamp LV probe stopped recording data shortly after the experiment 

began. 

Sample Location  Depth, cm (Surficial vs. Shallow)  Probe Position  Range of VGC (%)  Average VGC (%) 

Right Horizontal  3.27‐28.18  22.71 
0‐13.2 

Left Vertical  21.18‐29.54  25.48 

Left Vertical  8.11‐17.51  10.48 
WCA‐2 

13.2‐30 
Right Horizontal  7.9‐18.44  9.34 

Left Vertical  7.49‐18.68  16.76 
0‐15 

Right Horizontal  0.51‐13.93  10.88 

Left Horizontal  8.64‐22.59  15.88 
LILA 

15‐30 
Right Vertical  2.86‐10.67  6.61 

Left Vertical*  1.92‐26.17*  22.58* 
0‐15 

Right Horizontal  9.40‐12.98  11.84 

Left Vertical  1.27‐7.42  5.60 
Cypress Swamp 

15‐30 
Right Horizontal  0.59‐3.69  2.81 
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Table 4: Summary of ebullition data as inferred by the gas traps and time-lapse cameras as well as flux 
rates determined by the capacitance moisture probes. * The Cypress Swamp LV probe stopped recording 

data shortly after the experiment began. 

Sample 
Location 

Depth, 
cm 

(Surficial 
vs. 

Shallow) 

Probe 
Position 

Ebullition 
Start Day 

Ebullition 
Total 
(cm

3
) 

Ebullition Flux 
Range (mg 
CH4/m

2
/day) 

Average 
Ebullition Flux 

(mg 
CH4/m

2
/day) 

Probe Hourly 
Flux Range 

(mg 
CH4/m

2
/day) 

Probe Average 
Hourly Flux 

(mg 
CH4/m2/day) 

RH  128‐2,462  958 
0‐13.2 

LV 
24  123.5  164.9‐4,290  782 

280‐3,359  1,419 

LV  68‐596  348 
WCA‐2 

13.2‐30 
RH 

None  None  None  None 
43‐257  99 

LV  28‐448  161 
0‐15 

RH 
31  16  165‐1,980  464 

146‐1,166  483 

LH  65‐484  258 
LILA 

15‐30 
RV 

76  17.16 
12,210‐
16,830 

14,520 
75‐274  157 

LV*  ND*  ND* 
0‐15 

RH 
27  13  660‐2,310  1,442 

135‐395  265 

LV  35‐3,221  702 

Cypress 
Swamp 

15‐30 
RH 

23  30.3  165‐6,930  610 
21‐1,684  280 

 

7.2.1  VGC estimated from capacitance probes 

Volumetric gas content, as estimated by the capacitance probes, varied spatially 

for all samples following a consistent pattern characterized by: a) progressive increases in 

volumetric gas content followed by b) sudden decreases in gas content. This pattern is 

well exemplified in Figure 8 for the surficial sample from WCA-2. In that sample, the left 

vertical (LV) probe estimated VGC’s ranging from 21.18 to 29.54%, whereas, the 

horizontal right (HR) probe estimated VGC’s between 3.27 and 28.18% (Figure 8).   

Volumetric gas contents in the shallow WCA-2 (13.2- 30 cm) sample were lower than the 

surficial sample, with estimated VGC’s from 8.11 to 17.51 percent for the LV probe, and 

7.49 to 18.68% for the HR probe Figure 9 depicts both the spatial changes in VGC within 

the individual monolith’s but also along the peat column as it shows changes in VGC 

from both the shallow (0- 13.2 cm) and surficial (13.2 – 30 cm) for WCA-2 samples.  
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Figure 8: Both (A) and (B) show Gas Entrapped in mL as captured by the gas trap and time-lapse imagery 
over time; (A) shows VGC as estimated by the vertical left capacitance probe in the WCA-2 surficial (0-

13.2 cm) sample; and (B) show VGC as estimated by the horizontal right capacitance probe. 

 

27 



 

Figure 9: Spatial variation in volumetric gas content along the WCA-2 peat column 
(i.e. surficial vs. shallow) as determined by the capacitance moisture probes. 

The two LILA peat samples also showed similar volumetric gas content patterns 

when compared to WCA-2. Within the surficial sample the LV capacitance probe 

measured VGC’s ranging from 7.49 to 18.44 percent (Figure 10A). Whereas, the RH 

probe inferred a lower range of VGC’s ranging from 0.51 to 13.93 percent (Figure 10B). 

In the shallow LILA sample volumetric gas content varied from 8.64 to 22.59 percent, as 

determined by the left horizontal (LH) probe, and from 2.86 to 10.67 percent, as 

determined by the right vertical (RV) probe (Figure 11).  
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Figure 10: Both (A) and (B) show Gas Entrapped in mL captured by the gas trap and time-lapse imagery; 
(A) VGC as estimated by the vertical left capacitance probe in the LILA surficial (0-15 cm) sample; and 

(B) VGC as estimated by the horizontal right capacitance probe. 
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Figure 11: Both (A) and (B) show Gas Entrapped in mL captured by the gas trap and time-lapse imagery; 
(A) VGC as estimated by the vertical left capacitance probe in the LILA shallow (15 – 30 cm) sample; and 
(B) VGC as estimated by the horizontal right capacitance probe in the LILA shallow (15 – 30 cm) sample. 
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Within the surficial cypress swamp sample (0 – 15 cm) the LV capacitance probe 

stopped recording data after only two weeks of initiating the experiment. Yet, the RH 

probe successfully recorded data throughout the experiment and estimated VGC’s from 

9.40 to 12.98% (Figure 12). The capacitance probes within the shallower Cypress Swamp 

sample (15 -30 cm) estimated VGC’s from 1.27 to 7.42 percent with the LV probe and 

from 0.59 to 3.69 percent using the RH probe (Figure 13).  
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Figure 12: Both (A) and (B) show Gas Entrapped in mL captured by the gas trap and time-lapse imagery; 
(A) VGC as estimated by the vertical left capacitance probe in the surficial Cypress Swamp sample; and 
(B) VGC as estimated by the horizontal right capacitance probe in the surficial Cypress Swamp Sample. 
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Figure 13: Both (A) and (B) show Gas Entrapped in mL captured by the gas trap and time-lapse imagery; 
(A) VGC as estimated by the vertical left capacitance probe in the shallow Cypress Swamp sample; and (B) 

VGC as estimated by the horizontal right capacitance probe in the shallow Cypress Swamp Sample. 

 

7.2.2 Gas releases inferred from moisture probes, gas traps and time-lapse 

cameras.  

From the VGCs, estimated by the capacitance moisture probes, indirect flux 

measurements were able to be determined and compared with direct flux measurements, 

determined by time-lapse imagery and gas traps. In all samples, except the shallow 
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WCA-2 sample, ebullition events were recorded. The surficial (0-13 cm) WCA-2 sample 

released anywhere from 0.025 to 2.6 mL of gas during a single ebullition event released 

into the gas trap, as captured by time-lapse imagery (Figure 8A and B) (Table 4). These 

releases represented fluxes ranging from 164.9 to 4,289.95 mg CH4/m2/day. Indirect 

hourly flux rates, as estimated by the capacitance moisture probe measurements, from the 

surficial sample ranged from 165-20,954 mg CH4/m3/day (Table 5).  In order to further 

determine the correlation between the two measurements, a regression analysis was 

applied for the relationship between the indirect hourly flux rates and direct hourly flux 

measurements. For both the vertical and horizontal probes in the WCA-2 surficial sample 

(0-13.2 cm), a positive statistically significant correlation between the indirect and direct 

flux was found, with an R value of 0.91 for the HR probe and 0.90 for the VL probe. 

Furthermore, it is important to note the proximity to the unity of both slopes (Figure 14A 

and B). Daily to sub-weekly indirect flux rates, as estimated by the capacitance moisture 

probe measurements were smaller and ranged from 33.9 to 149.0 mg CH4/m2/day. 
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Figure 14: Direct Flux measurements (as determined by time-lapse imagery and couple with the gas traps) 
vs. indirect flux measurements as determined by the capacitance moisture probes in the WCA-2 Surficial 

Sample. The blue line represents the line in which the trend is following while the red line represents a 1:1 
relationship. 

 

Indirect hourly flux rates from the shallow (13.2 – 30 cm) WCA-2 sample ranged 

from 477 to 6622 mg CH4/m3/day. Direct flux rates were not able to be determined 

because no ebullition events were recorded in the WCA-2 shallow sample. Due to the 

lack of ebullition events no direct and indirect flux relationship could be determined. 
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The surficial (0-15 cm) LILA sample released anywhere from 0.1 – 1 mL of gas 

(Figure 10A & B) via ebullition resulting in direct flux rates ranging from 165 to 1,980 

mg CH4/m2/day. Indirect hourly flux rates, as determined by the capacitance moisture 

probes, ranged from 505 to 18,573 mg CH4/m3/day. A significant positive correlation 

between the direct flux measurements and the indirect flux measurements, determined by 

the LV probe (Figure 15A), was found where R equaled 0.95. The indirect flux 

measurements made by the RH probe also produced a significant positive correlation 

between the direct flux measurements, where R equaled 0.92 (Figure 15B). Daily to sub 

weekly flux rates only ranged from 11 to 129 mg CH4/m2/day. 

Figure 15: Direct Flux measurements (as determined by time-lapse imagery and couple with the gas 
traps) vs. indirect flux measurements as determined by the capacitance moisture probes in the LILA 
Surficial Sample. . The blue line represents the line in which the trend is following while the red line 

represents a 1:1 relationship. 

 

The shallow (15-30 cm) LILA sample only released gas twice into the gas trap and 

both events were directly after water had been added to the sample to manually increase 

the water table. The first outgassing event released 10.2 mL of gas into the gas trap and 

the second released 7.4 mL of gas (Figure 11). As a result, direct ebullition flux rates for 

the shallow LILA sample were abnormally high and ranged (when expressed in flux 
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units) from 12,210 to 16,830 mg CH4/m2/day. While indirect hourly flux rates, as 

determined by the capacitance moisture probes, ranged from 722 to 5,377 mg 

CH4/m3/day. The large direct flux measurements were not comparable to the indirect flux 

measurements made by the capacitance probes. 

 Throughout the experiment the surficial cypress swamp sample (0-15 cm) 

released anywhere from 0.5 to 1.4 mL of gas into the gas trap via ebullition events 

(Figure 12). These events produced flux rates ranging from 660 to 2,310 mg CH4/m2/day. 

The sample showed negligible indirect hourly and daily flux rates throughout the 

experiment. As a result, no significant relationship could be determined between indirect 

and direct flux measurements. 

 The shallow cypress swamp sample produced ebullition events ranging from 0.1 

to 0.6 mL of gas released (Figure 13) resulting in direct flux rates from 165 to 6,930 mg 

CH4/m2/day. While, indirect hourly flux rates ranged from 394 to 21,551 mg 

CH4/m3/day. A significant relationship between the direct flux measurements and the 

indirect flux measurements was found (Figure 16). The LV probe showed a correlative 

relationship where R equaled 0.90. While the RH probe also showed a significant positive 

correlation where R equaled 0.92. 
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Figure 16: Direct Flux measurements (as determined by time-lapse imagery and couple with the gas traps) 
vs. indirect flux measurements as determined by the capacitance moisture probes in the Shallow Cypress 

Swamp Samples. . The blue line represents the line in which the trend is following while the red line 
represents a 1:1 relationship. 

 

7.3 Estimates of changes in VGC associated with changes in water table elevation:  

As previously explained gas dynamics in one set of samples (WCA-2) were 

examined as changes in water table elevation were induced. Water table elevation was 

measured directly via time-lapse imagery while VGC was measured indirectly via 

capacitance probes.  Water table elevation was measured both manually (i.e.  Weekly) 

and every 30 minutes through the use of times-lapse imagery. Deformation data was only 

collected for the WCA-2 samples as collection was very time consuming. The 

deformation data was collected continuously throughout the experiment via time-lapse 

imagery as well as manually each week. This data has been compared with VGC’s, as 

inferred by the moisture probes, over time. At the start of the experiment the water table 

elevation decreased due to evaporation over a three month period (from October to the 

end of December) in the surficial and shallow WCA-2 samples. Water was only added to 

the two samples once during this time to ensure that the peat surface remained below the 

water table and was not exposed to oxidizing conditions. As the water table elevation 

decreased in both samples a correspondence with an overall increase in VGC’s, as 
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determined by the capacitance probes, and decreases in surface elevation, as determined 

by the deformation rods, was seen (Figure 17-20. The decrease in surface elevation as 

determined by the deformation rods was more apparent in the surficial sample than in the 

shallow sample. During this time the surficial sample produced large, reoccurring, direct 

flux events with values up to 4,290 mg CH4/m2/day. 
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Figure 17: Changes in VGC within the surficial WCA-2 sample as determined by the LV 
capacitance probe vs. surface deformation, changes in water table elevation and gas 

entrapped over time. 
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Figure 18: Changes in VGC within the surficial WCA-2 sample as determined by the RH 
capacitance probe vs. surface deformation, changes in water table elevation and gas 

entrapped over time. 
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Figure 19: Changes in VGC within the shallow WCA-2 sample as determined by the RH 
capacitance probe vs. surface deformation, changes in water table elevation and gas 

entrapped over time. 
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Figure 20: Changes in VGC within the shallow WCA-2 sample as determined by the LV capacitance probe 
vs. surface deformation, changes in water table elevation and gas entrapped over time. 
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 Following the 3 months of natural evaporation water table was then manually 

increased by adding small increments of water each week over a one and a half month 

period (beginning in early January until mid-February). During this period no significant 

change in VGC was seen as water table elevation was increased (Figure 21). Yet, surface 

deformation in both the surficial and shallow samples continued to decrease while the 

occurrence and magnitude of flux events also decreased with flux rates reaching up to 

1980 mg CH4/m2/day.  

 In the final month and half of the experiment (from mid-February till mid-March) 

water was siphoned from each of the WCA-2 samples weekly to decrease water table 

elevation. During this time the shallow sample showed little to no change in VGC as 

water table elevation decreased. Whereas the surficial sample began to show changes in 

VGC as water table decreased. Yet, no significant correlation was able to be made 

between these sudden manual increases and decreases in water table elevation. Surface 

elevation continued to decrease, as determined by the deformation rods, and flux values, 

estimated from the surficial sample, became much less frequent with direct flux rates 

reaching up to 1,237 mg CH4/m2/day. 

8 Discussion 

 

8.1 Patterns of temporal variability in biogenic gas content estimated from the 

moisture probes 

8.1.1 The unique 'saw tooth' or 'zigzag' pattern  

 Some of the most striking results from this study is the consistency in the overall 

patterns of gas content increase and decrease recorded by the moisture probes in all 
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samples. These patterns are characterized by steady periods of gas content increase (with 

reliable rates as reflected by the consistency in the slopes) associated with biogenic gas 

production within the peat matrix, followed by sudden decreases in gas content 

associated with ebullition events (Figure 8, 9, 10, 11, & 12). The moisture probes within 

the surficial WCA-2 (Figure 9), LILA (Figure 10), and shallow Cypress Swamp (Figure 

13) samples clearly display steep upward slopes showing a build in VGC followed by 

sudden drops, producing a unique ‘saw tooth’ or ‘zig-zag’ like pattern.  These results 

indicate the unique ability of the capacitance moisture probes to estimate periods of gas 

build-up and release at high temporal resolution. Furthermore, the differences in slope 

provide unique information about biogenic gas production rates for each particular peat 

soil. 

  The steady upward slope seen in the ‘saw tooth’ or ‘zig-zag’ like pattern 

produced from the capacitance moisture probes resulted in production rates, ranging from 

0.01 to 0.45 g CH4/m2/day (= 6.05-449 mg CH4/m2/day), which well within previously 

reported ranges of production of 0 to 0.85 g CH4/m2/day for subtropical peat soils 

[Bachoon and Jones, 1992]. A recent study from Wright and Comas [2016] found 

production rates from Everglade’s peat soils ranging between 0.02 and 0.47 g 

CH4/m2/day while utilizing the GPR method. These values compared well with the 

production rates found utilizing capacitance moisture probes in this study. This 

exemplifies not only the ability of capacitance moisture probes to reasonably estimate 

methane production rates within peat soils but also justifies the upward slopes of 

production produced by ‘saw tooth’ or ‘zig-zag’ pattern seen in the capacitance moisture 

probe datasets. 
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.  

 It is important to note that the sudden drops in VGC, shown by the ‘saw tooth’ or 

‘zig-zag’ like pattern produced by the capacitance moisture probes, were accompanied by 

ebullition events captured within the gas traps thus further validating the accuracy of the 

capacitance moisture probes to monitor patterns of gas content increases and decreases. 

These patterns showed significant positive correlations between direct hourly flux rates 

and indirect hourly flux measurements. It is also important to note that some sample 

samples did not produce a significant correlation between direct and indirect flux values. 

Interestingly enough these samples produced a less prominent ‘zig zag’ pattern of gas 

production and release, produced by the capacitance moisture probes, and produced 

shallower slopes of production and less frequent drops in VGC.  These observations may 

suggest that the ebullition flux to the atmosphere is highly variable within peat soils. This 

may be related to: 1) total thickness of the peat column (i.e. the Cypress sample 

represents the shallowest peat column as reflected by the higher content in inorganic 

material and lower overall porosity), and/or 2) variability in areas of enhanced organic 

matter decomposition that were not captured by the von Post measurements.    

8.1.2 Temporal Variability 

 Previous studies in peat soils of the Everglades (i.e. [Comas and Wright, 2012; 

2014]) have shown how differences in temporal scale of measurement may result in gas 

flux estimates differing by several orders of magnitude (Table 1). The use of capacitance 

moisture probes in this study not only shows the slow build up and sudden release of 

biogenic gas but also further emphasizes how differences in temporal scales of 

measurement may result in gas flux estimates differing up to two orders of magnitude. 
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For example, the probes in the surficial and shallow WCA-2 sample estimated hourly 

indirect flux rates ranging from 43 to 3,359 mg CH4/m2/day while daily to sub weekly 

flux measurements ranged from 23 to 149 mg CH4/m2/day. Similarly to Comas and 

Wright [2012] an average of one order of magnitude in flux variability was detected for 

daily to sub weekly measurements, where hourly fluxes showed variability of up to two 

orders of magnitude. The same trend was seen for the LILA samples where hourly flux 

measurements ranged from 28 to 1,116 mg CH4/m2/day and daily to sub weekly flux 

measurements only ranged from 11 to 213 mg CH4/m2/day. The surficial Cypress Swamp 

sample produced hourly flux rates ranging from 12.9 to 849 mg CH4/m2/day while daily 

to sub weekly flux values were so small they were negligible. The shallow Cypress 

Swamp sample also showed gas flux estimates differing by 1 to 2 order of magnitude 

between hourly and daily to sub weekly measurements with hourly flux measurements 

between 21 and 3,221 mg CH4/m2/day and daily to sub weekly flux values ranged 

between 17.4 and 103 mg CH4/m2/day. This exemplifies the importance of temporal 

scale of measurement and how changes in such scale may dictate flux estimates. In a 

study based on estimates of gas release from peat soils in the Everglades using time-lapse 

cameras Comas and Wright [2012] already described how gas flux estimates may differ 

when considering different time intervals, thus questioning the appropriate scale of 

measurement when defining gas fluxes from peat soils.  

8.2 Patterns of spatial variability in biogenic gas content estimated from the 

moisture probes.  

 

  Strack el al. [2005] suggested that smaller gas volumes typically develop 

in deeper layers of peat soils. In general the shallow samples (15-30 cm) from this study 
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seem to typically develop smaller gas volumes within the peat matrix than the surficial 

samples (0-15 cm) (see Table 2). Average gas contents in this study for the three surficial 

samples (0-15 cm) ranged between 10.9% and 25.5% with average hourly flux rates 

ranging from 161 to 1,419 mg CH4/m2/day. On the other hand shallow samples (15-30 

cm) show average gas contents between 2.81% and 15.9% with average daily flux rates 

ranging from 99 to 703 mg CH4/m2/day. Yet, the horizontally positioned capacitance 

moisture probes within the shallow LILA sample measured VGC’s higher than that of the 

two capacitance moisture probes from the surficial LILA. However, the other vertically 

positioned probe within the shallow LILA sample did not record higher VGC’s than the 

surficial LILA probes, like the shallow horizontally positioned probe had. The high 

VGC’s measured by the shallow horizontal LILA probe, as with any error produced by 

the capacitance moisture probes, could be attributed to a number of things: 1) differences 

in peat properties (i.e., layering, porosity, von Post classification, etc.)); 2) enhanced 

accumulation in certain horizontal layers of the peat and/or horizontal entrapment of gas 

due to probe positioning; and 3) moisture probe calibration issues.  

Production and release rates of methane gas has been reported as highly variable in 

the past due to the influence of a number of environmental factors as well as differences 

in physical peat properties such as peat quality and pore size distribution Baird et al. 

[2004]. The surficial and shallow LILA samples had the highest average porosities of the 

three sampling sites and were almost completely decomposed. The shallow sample 

contained no roots in comparison with the surficial sample, which contained several 

small roots, and had a higher average porosity. Thus, the higher porosity and small 

amount of roots found in the shallow sample could be attributed to the higher VGC’s 
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obtained from the shallow horizontal LILA probe. Areas containing greater amounts of 

roots within the peat monoliths could also potentially affect probe output readings as well 

as decrease the samples porosity and ultimately decrease space for gas to accumulate.  

Probe positioning and the physical layering of the peat samples could have further 

affected VGC measurements made by the capacitance moisture probes. The positioning 

of the shallow horizontal LILA probe could have resulted in a greater potential for 

horizontal entrapment of gas beneath the probe than a vertically positioned probe would 

result in. However, this seems unlikely as on average all of the horizontally positioned 

probes, except for the shallow horizontal LILA probe, produced on average lower 

measurements of VGC when compared with the vertically positioned probes. This then 

gives favor to the idea that horizontal layering of the peat itself could be responsible for 

greater gas accumulation than vertical layering would by producing horizontal gas 

enhanced layers.  

Soil specific calibrations are also critical to consider when estimating VGC values 

with the capacitance moisture probes. As mentioned, due to variations in soil texture and 

salinity the generic mineral calibration for soil moisture probes results in approximately 

+/- 3 to 4% accuracy for most medium to fine textured mineral soils. However, accuracy 

increases to +/- 1to 2% for all soils with a soil specific calibration. If any error was made 

while conducting soil specific calibrations this could potentially result in higher (or 

lower) readings of VGC.   

8.3 The effects of Water table elevation on VGC and Surface Deformation 

 From the results of this study it is clear that there is a relationship between slow 

drops in water table elevation, via evaporation, decreases in surface elevation and 
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increases in average daily VGC as determined by the capacitance moisture probes. Some 

correspondence between the slow decreases in water table coupled with a gradual 

increase in VGC and slow decrease in peat surface elevation was seen. These results 

justified my hypothesis that capacitance moisture probes are sensitive to changes in VGC 

in relation to changes in water table elevation as they should be since the total volume of 

each sample was equally influenced by the volume of liquids and gases present. 

However, the true relationship between these changes was not determined as it was not in 

the scope of this study being that such changes could be influence by a number of things 

(i.e. chemical changes within the peat soils or settling of the peat soil over time) and this 

study simply aimed to probe that the capacitance moisture probes were sensitive to 

changes in VGC in relation to changes in water table elevation. Further investigation of 

the effects of changes in water table elevation, coupled with changes in surface 

deformation and VGC should be done in the future. Yet from this study it is clear that 

capacitance moisture probes are able to detect such changes however they able to fully 

determine the true relationship between changes in VGC, water table elevation, and 

surface deformation.  

9 Conclusion 

 This study shows the potential of capacitance moisture probes as an indirect 

technique to monitor the temporal and spatial patterns of biogenic gases within peat soils 

and emphasized the heterogeneous nature of biogenic gas in peat soils at the laboratory 

scale. Results from the moisture probes give rise to in a unique saw tooth or zig-zag 

pattern that can be used to quickly characterize rates of biogenic gas production and 

release. The use of time lapse cameras and gas traps further constrained results from the 
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capacitance moisture probes. Differences between sample locations (i.e. shallow vs 

surficial peat soil samples) highlight the ability of capacitance moisture probes to show 

the heterogeneous nature in terms of production and release of biogenic gases from peat 

soils. Furthermore, this study underlined the ability of the capacitance moisture probes to 

detect changes in water table elevations coupled with changes in volumetric gas contents 

within peat soils. These findings highlight the ability of low cost capacitance moisture 

probes to estimate biogenic gas contents in peat soils while also having implications for 

monitoring the temporal and spatial behavior of biogenic gases  as well as patterns of gas 

build-up and release from peat soils in the Everglades, Therefore, this study provides 

insight on the use of capacitance moisture probes to monitor biogenic gas dynamics and 

how they could potentially provide information on how climate change may affect gas 

dynamics
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