
Figure 26. Plots of elevation (top), SOC storage (middle), and soil thickness (bottom) 
versus distance from hillslope crest showing the effect of linearly increasing the diffusion 
coefficient with distance on SOC storages over 100 ka. D was increased from 0.01 to 
0.03 over the distance 0-100 m then held constant at 0.03 over the distance 100-200 m. 
SOC storage increases 1 kg C m-2 between locations of soil thinning and soil thickening 
(Parameters: D = 0.01-0.03; p0 = 50 m Ma-1; α = 0.5; β = 0.25).
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not a significant increase in soil organic carbon storage on the terrace surface after 10 ka.

The downslope migration of the location of soil thickening means that the soil organic

carbon storage increases more over time on what was the terrace surface than in the

location of soil thickening that propagates upslope, as seen in Figure 22 and Figure 23. 

Incision

Soil organic carbon storage decreases with distance from the hillslope crest and

with increasing time when a hillslope is responding to active incision (Figure 27). As a

flat surface was incised at a rate of 30 m Ma , soil thickness and soil organic carbon-1

storage immediately decreased at the site of incision. The conversion of bedrock to soil

resulted in soil lofting and thickening where the land surface remained flat. Soil organic

carbon storage increased in thickening soils until soil transport propagated to the hillslope

crest and the entire hillslope began lowering between 100 and 500 ka Soil organic carbon

storage for the entire hillslope decreased once the hillslope crest began lowering. After 1

Ma, soil organic carbon storage over the entire hillslope is approximately constant at

~3.75 kg C m . It should be noted that although soil thickness does not increase, there is-2

a slight increase in soil organic carbon storage in the last 10 m of the hillslope adjacent to

the stream. This is likely caused by increased slope and soil transport adjacent to the

stream.

Comparison of Modeled and Measured Soil Organic Carbon Storage  

Modeled soil organic carbon storage is 5-30% greater in locations of soil

thickening than soil organic carbon storage where thinning occurs. After the perturbations
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in initial land surface roughness dissipate, soil organic carbon storage remains smooth in

model simulations. In a natural setting, surface roughness and the associated organic

carbon perturbations would be expected to show up continually through time across the

entire hillslope. The large amount of variability seen in calculated soil organic carbon

storage for the study area (Figure 18) is likely a result of local surface roughness. In the

same way that bulk density measurements represent a ‘snapshot’ of soil lofting and

settling processes, calculated SOC storage values represent a ‘snapshot’ of the response

of organic carbon storage to surface roughening processes, e.g. tree throw, and soil

smoothing processes, e.g. soil transport.

Calculated soil organic carbon storage values show an overall increasing trend

with distance from the hillslope crest and curvature, similar to model results (Figures 18

and 28). A linear regression of all soil pits suggests an increase in organic carbon storage

on the order of 10% (Figure 18), within the range of model predictions. Measured organic

carbon storage agrees with model results, than locations of soil thickening have greater

potential to sequester organic carbon that thinning environments.

In all model simulations, organic carbon storage reaches a maximum value for the

concave portions of the slope all the way to the end of the terrace surface. This suggests

that the control of physical transport on storing organic carbon in soil over geomorphic

timescales is not so much in the transport of carbon-rich soil, but rather in the creation of

thicker soils capable of accommodating more organic carbon. Furthermore, despite

continued thickening, organic carbon storage remains constant once a maximum value is

reached. This is consistent with the idea that organic carbon respiration occurs at a

significantly shorter timescale than soil transport. 
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Figure 27. Plots of elevation (top), SOC storage (middle), and soil thickness (bottom) 
versus distance from hillslope crest showing the effect of incision on SOC storages over 
1 Ma. (Parameters: D = 0.01-0.03; p0 = 50 m Ma-1; α = 0.5; β = 0.25; Incision (I) = 30 m 
Ma-1). 
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Figure 28. Plot of curvature versus SOC Storage for model simulations presented in 
Figure 22 (closed circle) and Figure 26 (open circle) after 100 ka. Recall that both 
simulations have an initial soil production of 50 m Ma-1 and experienced locations of 
thinning and thickening soils. The dashed line represents the increase in SOC storage 
after a thinned soil on the convex portion of the hillslope is converted to a location of 
soil thickening at the concave toe and on the terrace surface.    
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The Role of Physical Processes on Soil Carbon Cycling

Although most of the physical processes responsible for soil mixing and transport

are biomechanical, these processes appear to exert a stronger control on the amount of

organic carbon stored in soils than the biological production and decomposition

processes. The balance between e-folding depths of carbon production and respiration

determines the amount of carbon a soil can potentially store. In turn, the e-folding depth

can be viewed as being controlled by soil mixing processes and physical soil properties.

Additionally, the flux of organic carbon across the soil surface interface is a purely

mechanical processes independent of carbon production, assuming there is litter on the

soil surface.

It is important to consider the fluvial relationship with hillslopes when

considering organic carbon storage on a hillslope through time. Not only does the fluvial

environment posses the potential to accommodate soil organic carbon storage with the

creation of terrace and flood plain surfaces but it also can contribute to releasing stored

organic carbon when the stream migrates into terraces and hillslope toes. The periodic

removal of thickened soil and organic carbon from the depositional hollows of Yoo et al.

(2005, 2005) occurs on the order of every 10 ka. While landsliding is absent at LBL, the

cross-valley migration of the stream results in the periodic removal of thickened soil at

the study area. While time constraints on fluvial migration of Panther Creek are absent, it

is important to note that even if periodic removal occurred on the order of 10 ka,

modeling shows that the organic carbon storage of the hillslope toe is usually close to a

maximum within that time frame. Furthermore, the oversteepening of hillslopes by active

stream undercutting would result in accelerated soil transport during the early stages of
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hillslope relaxation onto the terrace surface. If this accelerated soil transport results in soil

thickening on a timescale shorter than that of organic carbon cycling, the first few

thousand years of hillslope evolution after terrace formation may involve significant

organic carbon sequestration. More work is needed on the complex fluvial environment

of LBL to understand the details of this relationship.
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CHAPTER V

CONCLUSIONS

The primary objective of this study was to derive a mass-balance model

describing the downslope transport of soil organic carbon coupled with biogenic carbon

production and respiration. The elements of this mass-balance model include the transport

of organic carbon in or out of a control volume, the flux of organic carbon across the soil

surface, production of organic carbon within the soil, and respiration of organic carbon

within the soil. Numerical model simulations illustrate these elements involved in organic

carbon conservation collectively influence the cycling of carbon in hillslope soils.

Comparisons of field data to model results suggest that locations of soil

thickening store more organic carbon than locations of soil thinning. It is in the

conversion of thinned soils to sites of soil thickening where the potential is created to

significantly increase soil organic carbon storage through time. This occurred in most

model simulations by the upslope propogation of the location of soil thickening, which is

strongly controlled by soil transport. The variability in measured soil organic carbon

storage represents a ‘snapshot’ of processes creating local soil carbon variability and

processes that smooth this variability. Modeling shows that variability in soil organic

carbon storage arises in less than 100 years, a result of soil transport responding to initial

land surface roughness created by soil mixing processes, e.g. tree throw and burrowing.

As this initial land surface roughness is smoothed through time by soil transport in model

simulations, so is the variability in soil organic carbon storage.
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Figure B1-1. Topographic map showin how to get to the hillslopes sampled in this study. This map is the 
northwest corner of the Standing Rock (TN) USGS topographic map quadrangle.

The field area is located on the north side of US-79 west of Dover, TN. A locked service road operated 
by Land Between the Lakes National Recreation Area is a suitable place to pull off of US-79 and enter 
the park on foot. This pullout is located 11.7 km west of the intersection of US-79 and TN-49 (Spring 
Street) in downtown Dover, TN (6.8 km west of where The Trace/TN-49 heads north to the LBL visitor 
center) or 8.1 km east from the end of the US-79 bridge crossing Kentucky Lake/Tennessee River. The 
service road is situated between two intersections of US-79 with Old State Route 76.

GPS Locations in coordinate system WGS 1984 UTM Zone 16N:

Middle Hillslope
Northing   4038168
Easting       413327
Bearing of Transect: 058o

Lower Hillslope
Northing   4038338
Easting       413251
Bearing of Transect: 040o

Upper Hillslope
Northing   4037616
Easting         41337
Bearing of Transect: 335o

APPENDIX B

FIELD SITE LOCATIONS
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