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Background 

Land use changes in urban environments are contributing to the alteration of local and regional 

carbon cycling. As cities expand, soil is disturbed by anthropogenic activities leading to erosion, 

topsoil removal, and oxidation (Pouyat et al. 2010), factors known to impact carbon storage. 

Carbon sequestration decreases in forests located in urban areas. This is important since 

globally most (over 50%) people live in urban areas (United Nations, 2009). Carbon (C) released 

from terrestrial sources is about 50 to 70 Pg C per year, significantly more than the amount 

released from fossil fuels (Ma et al., 2005). Terrestrial sinks would need to store about 1.4 Pg C 

per year to negate annual increase emissions. Land alterations have instead caused an increase 

in CO2 from soil, with 1.7 Pg C per year emitted (Laurila, 2002).  

Proper land management practices can help to repair the impacts on carbon in soils. The 

Baltimore Ecosystem Study (BES) (www.beslter.org) found that retired agricultural lands have 

been able to improve carbon storage over time. As part of the mitigation plan to reduce green 

house gas emissions, the Kyoto Protocol suggests finding terrestrial sources that could store or 

uptake carbon to help reduce emissions into the atmosphere (UNFCCC, 1997), such as the type 

of vegetation cover and planting trees (Pickett et al., 2008).  Urban soils vary drastically in 

composition and cover. More knowledge is needed about carbon flux and land covers to 

discover the best practices for carbon mitigation.  

Carbon Flux 

Soil efflux is the quantity of carbon dioxide released from the soil surface due to complex 

interactions of physical, chemical and biological processes. Sources of carbon flux include 

microbial activity, chemicals released from roots and mineral oxidation (Uusimaa, 2003). 

Factors affecting soil respiration include moisture and temperature, both of which are 

influenced by seasonality. With decrease moisture content, microbial activity slows down 

reducing CO2 flux. With increase in temperature, the rate of carbon emitted from the soil 

http://www.beslter.org/
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increases as well. These relationships do not hold at extreme temperature and moisture 

conditions. 

Research Proposal  

I propose to study over the course of the semester carbon flux from soils with different land 

covers. The amount of carbon dioxide released into the atmosphere from soils is important for 

potential land management planning to help mitigate global warming and general soil integrity. 

Determination of differences in carbon emissions from urban land cover is important for 

identifying potential sinks and sources of increased emissions. This is consistent with the 

objectives of the Ecological Management concentration I have chosen in the Environmental 

Science and Policy program. This research will be conducted under the direction of Johns 

Hopkins University Professor, Dr. Katalin Szlavecz with collaboration from the USDA Forest 

Service, specifically Dr. John Hom. The results of this study hopefully will be used to aid 

experimental design for analog studies at Cub Hill by the Forest Service and future land 

management practices.  

Research Questions  

I will investigate the following questions in this project:  

1. Is there a difference in CO2 emissions between land covers? Land management practices 

influence carbon storage and flux. The type of cover hints at possible anthropogenic influences 

that may have disturbed the soil. For example, intermediate land cover between property lines 

may contain mulch, English ivy, and leaf litter. This suggests the land has been modified more 

so than the forest located at the same site.  We would expect that soil with the most 

modification would contain less carbon and therefore would have lower carbon flux than other, 

less disturbed soils.   

2. How do physical factors (moisture and temperature) affect carbon flux? It is known that both 

moisture and temperature influence carbon flux from soils (Groffman, et al., 2006). Microbial 

activity influences carbon flux, which is influenced by temperature and moisture (Ashman, 

2002). Since this study occurs in colder months, microbial activity will be a large contributor to 

carbon dioxide release from the soil. We expect to find the soil temperature higher in 

grasslands than forests (Savva, et al., 2009). This leads to an expectation that forests will have 

increased carbon flux do to microbial activity.  
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 Methods 

The Cub Hill site is located 14 km from the 

center of Baltimore City, MD.  The site has 

several ongoing studies related to the 

Baltimore Ecosystem Study including the first 

permanent carbon flux tower in an 

urban/suburban environment.  The site was 

selected because of the juxtaposition of an 

available tower to forest and residential areas 

(Figure 9).  To the North and West of the tower 

location is a poplar-oak-hickory stand with a 

canopy height of 20-26 meters.  To the south is 

a mix of medium density residential areas made 

up of several subdivisions built in the 1970’s and 80’s.  Measurements on the tower include net 

CO2 exchange, input and partitioning of radiation (net, solar, PAR, IR, and UV), 3-D wind speed 

and direction, precipitation, relative humidity, and air temperature. Other projects in the area 

include soil mapping, stream monitoring and social surveys.  

The tower continuously monitors carbon flux in the surrounding atmosphere. The sources of 

the carbon dioxide emissions are not determined by the tower, just the total amount. This 

study will quantify the amount of carbon dioxide released from the soil near the tower. 

Since 2008 a wireless sensor network system consisting of 53 units has been monitoring soil 

temperature and moisture at different land use types 

(http://www.lifeunderyourfeet.org/en/deployment/default.asp#cubhill). For this study, six 

plots were selected at random, nearby the pre-existing sensors. At each of these six plots, two 

sub-plots were chosen within 2 m apart. There will be 2 readings at each plot (see Table 1).  

There are 4 plots at each of the following land covers: forest, grass, and mixed (see Figure 1). 

The mixed ground cover varies at each plot. It consists of some combination of mulch, English 

Ivy, shrubs and gradient trees (see Figure 2). Another cover may be included in the study 

containing only mulch in residential yards. This will depend on our ability to obtain community 

participation.  

To obtain carbon dioxide emission data at each plot, a standard chamber method will be used 

with Vaisala CARBOCAP carbon dioxide probe GMP343 (see figure 3).  Rings of cut PVC pipe 

(28.7cm in diameter) are placed into the ground at each selected plot. The chamber containing 

the probes fits snuggly on top of the piping. The probes are connected to an Acer netbook 

which records the readings. Data is collected from the carbon dioxide emitted from the soil in 

 

Figure 9. Land use map of Cub Hill (created by R. 

Pouyat and I. Yesilonis and J. Russell-Anelli) 

http://www.lifeunderyourfeet.org/en/deployment/default.asp#cubhill
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units of ppm/s for 8 minutes per plot. Back in the lab, data from the pre-existing sensors can be 

accessed detailing soil temperature and moisture.  

Data will be taken at each plot approximately one day per week to every other week, weather 

permitting, between the hours of 10 am and 2 pm. Due to technological restraints, data 

sampling cannot occur when there is precipitation. After a precipitation event, carbon 

emissions will be higher and plots will be sampled the next day at the usual time. Time is 

important because carbon emissions correlate to temperatures and peak temperatures occur 

between those hours.  

A similar but larger study at Penn State University (Byrne et al., 2008) utilized the same 

chamber method. In that long term study (3 years) land covers were examined, carbon flux and 

temperature were measured on a more microscopic scale than this study being proposed. The 

experimental site in the Byrne study was not in an urban environment to lessen the variability 

in the experiments. As a control, researchers used an unmowed plot. This is a significant 

difference from the study being proposed. The Cub Hill site is urban, with three different land 

covers being monitored. All plots chosen are at the Cub Hill site, within 2.18 acres of land. Soils 

are very heterogeneous, so having the plots near each other will help lessen variability. No 

control sites were chosen as each plot is being monitored and must not be disturbed or altered. 

Data will be reviewed regularly and assessed for any outliers for quality assurance.   

It is important to note that in this study, photosynthesis is assumed to stop when the chamber 

is placed over a plot.  The readings from the CO2 chambers therefore are the net amount of 

carbon emitted from the soil without the influence photosynthesis, which would lower the 

reading. Plants uptake CO2 found in the troposphere during the process of photosynthesis (See 

equation 1) a process that occurs by use of carbon dioxide, sunlight, and ground water  to 

produce oxygen (O2) and sugar molecules (Graham et al., 2006).  

6CO2+ 12H2O+ Sun light C6H1206+6H2O+6O2  

Equation 1. Photosynthesis.  

 

Plot Cover Plot Name 
Forest 444A 

444B 

Forest 99A 

99B 

Forest 34A 

34B 

Forest 441A 

441B 

Table 1. Description of Plots 
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Grass 48A 

48B 

Grass 428A 

428B 

Grass 44A 

44B 

Grass 
 

91A 

91B 

Mixed Litter 207A 

207B 

Mixed Litter 208A 

208B 

Mixed Litter 37A 

37B 

Mixed litter 492A 

492B 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Ariel View of Cub Hill with Plots Depicted by Land Cover 
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Data analysis 

Data will be analyzed using Microsoft Excel and the statistical program, R1. The raw data 

measured by the probes is the quantity in ppm of CO2. The R program plots the raw data to find 

linear regression. This allows us to see any outliers before flux is calculated, done by the 

program “R”. An “.xls” file is created after “R” analyzes the data. This allows for further analysis 

in the excel platform if needed.  

Summary 

This study will help researchers better understand carbon flux on a local scale. Since soil is very 

heterogeneous and influenced by many variables, there is much difficulty extrapolating 

observed carbon flux from a local to a global scale in general. What this study will help 

accomplish is a baseline for the readings observed at the Cub Hill tower and help provide a 

more general understanding on how groundcover influences carbon flux readings. Since Cub 

Hill is extensively studied, this data will contribute to our understanding of carbon flux in soils. 

This study will also be another step to determining better land management practice locally 

such as appropriate land cover for the gradients on property lines or landscaping are some of 

the practices.   

 

Time Line 

                                                           
1
 More information on this software can be found at www.r-project.org/ 

Figure 2. A plot containing mixed cover 

Figure 3. Vaisala CARBOCAP carbon 

dioxide probe setup  
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Month Plan 

October, 2010 Plot selection, initial trial  

November, 2010 Begin weekly data collection (No sampling 
11/27) 

December, 2010 Weekly data collection (No sampling 12/25) 
Learn R software to proficiency 

January, 2011 Biweekly data collection (No sampling 1/1 & 
1/8) 
Data analysis 

February, 2011 Weekly data collection 
Data analysis 

March, 2011 Weekly data collection 
Begin cumulative data analysis  
Begin Final Report 

April, 2011 Draft 1 of Report Due 4/15 for preliminary 
results 
Weekly data collection-Ends 4/23 
Complete cumulative data analysis  
Edits for Final Report 

May, 2011 Complete Edits of Report 
Final version of Report due before 5/7 
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