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ABSTRACT
The Forest Service re-initiated a pilot project in 2009 to indirectly participate in the
voluntary carbon market the Chicago Climate Exchange. The project was seen as a
viable endeavor since the ongoing prairie restoration effort at Midewin National
Tallgrass Prairie mitigates climate change by sequestering carbon dioxide.
A research study at Midewin concluded that prairie restoration led to increased carbon
stocks in degraded soils. At Midewin, new restorations contained about 1.5x more
carbon than no-till row crops and remnant prairie soils contained about 3 to 4x the
carbon stocks than no-till row crops. To supplement the research a literature review
was conducted and based on 29 studies, perennial grasslands sequestered on
averaged 1.7 metric tons of CO2 per acre per year. Carbon sequestration rates can
fluctuate as they are influenced by different environmental factors and management
practices such as prairie age, soil type, biodiversity and grazing.
Besides sequestering carbon, prairies also provide other “co-benefits” such as: air
quality, climate regulation, annual carbon uptake, freshwater regulations, waste
assimilation, biological control, aesthetic and recreation, soil formation, soil retention
and pollination. Employing the benefit transfer method, the estimated value of these
services is $688.99 per acre. Midewin land has 18,735 acres of prairie-type
ecosystems; for a total of $13,976,497.35 per year. The Defenders of Wildlife Benefit
Transfer database was used to account for: wildlife-viewing opportunities, habitat for
multiple species and open public space. The total economic value of these other
ecosystem services from terrestrial habitats is $316,818.38 per acre per year. In
comparison, industrial park land near Midewin had an average asking price per acre of
$215,717. The total potential annual value for 19,165 acres is $6,071,820,036.79.
Despite potential shortcomings, this research provides useful marketing information on
prairie carbon sequestration and ecosystem services for the Forest Service. However,
the unstable political climate regarding climate change and the economic recession led
to the demise of the Chicago Climate Exchange. Once enthused partners found it
uneconomical to continue with the project; and the project ceased in fall of 2010.
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1. Introduction
Climate change is seen as the ―hot‖ controversial environmental issue of the moment.
Many solutions have been proposed to mitigate its effects, but few are as established or
marketable as emissions trading of greenhouse gases. Emissions trading are market-based
approaches for minimizing the cost of reducing greenhouse gas emissions, with carbon
being the most tradable greenhouse gas.

Carbon markets are seen as valuable and controversial solutions to climate change.
Carbon markets focus on reducing or sequestering greenhouse gas emissions through
technological advancement or compensation for improved agricultural practices,
restoration or avoidance of deforestation. They are formulated to assist entities, be it
countries, industries, etc. in reaching their reduced emissions targets at an economical
price, by trading or offsetting with other entities. This is to be a win-win scenario;
polluter pays for the carbon credits, reducer gets paid, while fewer emissions are emitted
into the atmosphere.

The global carbon market reached a value of $144 billion dollars in 2009, a 6% increase
from 2008 levels of $135 billion (State & Trends, 2010). Even with the global economic
recession the carbon market is expected to continue growing as new participants, projects
and transaction types enter the market. One potential new participant is the Forest Service
(FS), under the United States Department of Agriculture.

In 2006, the Forest Service set forth to participate in the largest voluntary carbon market
of the United States, the Chicago Climate Exchange (CCX). Unfortunately, because the
Forest Service is a federal agency it was neither able to participate or directly sell carbon
credits on the CCX. This setback, among others, did not deter the Forest Service. In
2009, the ambitious project commenced again through a collaborative effort with the
National Forest Foundation and the Delta Institute.

The National Forest Foundation is the official non-profit partner of the Forest Service and
would represent the carbon credits generated on Forest Service land on the CCX. The
1

Delta Institute would manage the sale of carbon credits through the CCX and its retail
store.

Through this collaboration, the Forest Service planned for the Midewin National Tallgrass
Prairie (Midewin) to become the first Forest Service unit to participate in the CCX.
Midewin became the pilot project because of its uniqueness, its utilization of practices that
enhance soil carbon sequestration such as grassland restoration and no-till agriculture and
its proximity (45 miles away) to the Delta Institute and the CCX.

The aim of this thesis is to answer the question: Is it possible for the Forest Service to
benefit from the Chicago Climate Exchange? It is the author’s opinion that selling carbon
credits on the CCX would generate funds for restoring prairies and other native
ecosystems at Midewin National Tallgrass Prairie.

This would steer much needed

monetary resources for restoration projects and additional research on carbon
sequestration of these terrestrial ecosystems.

Grassland restoration and no-till agricultural practices enhance carbon sequestration, yet
the CCX is the only voluntary carbon market that recognizes these projects. This is not
unusual, as terrestrial ecosystems other than forests and agriculture fields are often
overlooked, although these ecosystems can play an important role in regulating
greenhouse gases in the atmosphere.
Grasslands and other terrestrial ecosystems are often overlooked because the carbon
sequestration science is young and carbon sequestration rates are hard to quantify due to
the complexity and variation within ecosystems.

This thesis study also intends to answer the following sub-questions:


What is the carbon sequestration potential of prairie ecosystems?



What is the estimated value of the ―co-benefits‖ from prairie restorations at Midewin
National Tallgrass Prairie, utilizing the benefit transfer method?

Co-benefits are the positive externalities from carbon sequestration projects. Terrestrial
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ecosystems not only sequester carbon, but also provide other co-benefits such as clean
water, wildlife habitat and recreational and cultural opportunities.

An assessment will be done on existing research and data sources to attain an estimated
carbon sequestration and co-benefit value. These estimated values will be used as a point
of reference for future studies done at Midewin concerning carbon sequestration and cobenefits.

Also, the data gathered could be used as marketing tool for Midewin to

differentiate itself from other carbon offset sellers.

This thesis is divided into nine chapters; the first chapter includes the introduction and
methods followed by the literature review. Concepts and issues that are relevant to the
present study are introduced in the literature review. Chapter’s three to six further explain
the CCX/Forest Service participation process and the current status of the project. The
carbon sequestration potential of tallgrass prairie ecosystems is discussed in chapter
seven, followed by the valuation of co-benefits of tallgrass prairies. The last chapter
presents the overall conclusion and recommendations for future steps.

1.2 Methods
This thesis is the result of a pilot and research project undertaken at the United States
Forest Service at the Midewin National Tallgrass Prairie unit in the state of Illinois. This
thesis answers three questions:
1.

Is it possible for the Forest Service to benefit from the Chicago Climate Exchange?

2.

What is the carbon sequestration potential of prairie ecosystems?

3.

Utilizing the benefit transfer method, what is the estimated value of the ―co-benefits‖ from
prairie restorations at Midewin National Tallgrass Prairie?

While the questions are essentially different from one another, they are all related to the
issue of carbon.

The first question asks about the outcome of the pilot project between the Forest Service,
the CCX and external partners the Delta Institute and the National Forest Foundation.
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The pilot project first began in 2006 and was discontinued until the summer of 2009. The
goal of the pilot project was for the Forest Service to indirectly participate in the CCX via
the Delta Institute and the National Forest Foundation. To reach that goal, meetings and
discussions were conducted within the Forest Service and with various participants
within the project or associated with the carbon market. The meetings and discussions
took place between summer of 2009 to fall 2010. This thesis documents the steps the
Forest Service undertook to make the pilot project a reality. This thesis also provides
background information’s and acts as a descriptive guide to familiarize the reader, or
other interested Forest Service units, about the pilot project. Background research was
done on the Forest Service, carbon markets, the CCX, and national legislation. Chapters 2
and 6 ascertain the risk factors and opportunities associated with participating in the
CCX.
Chapter seven is dedicated to answering the question ―what is the carbon sequestration
potential of prairie ecosystems?‖ A literature review was conducted on the subject of
carbon sequestration in prairies to supplement a previous carbon sequestration research
project conducted at Midewin. The supplementation was to provide baseline knowledge
on what research was available since research on the subject is young and limited. The
literature review revealed, while many environmental factors affect carbon sequestration
the most readily available literature focused on: disturbances such as fire and grazing, C3
vs. C4 plantings, biodiversity, soil types and nitrogen.

Chapters 4 and 7 provide

information about the various prairie ecosystems found or are being restored at Midewin
and basic prairie ecology. Forest Service Horticulturist Eric Ulaszek gave feedback and
assistance for chapter 7.
The last question ―utilizing the benefit transfer method, what is the estimated value of the
―co-benefits‖ from prairie restorations at Midewin National Tallgrass Prairie?‖ is
answered in chapter 8. An assessment was done on existing research and data sources to
attain an estimated co-benefit values for the following categories: Air Quality, Climate
Regulation, Annual Carbon Uptake, Freshwater Regulations, Waste Assimilation,
Biological Control, Aesthetic and Recreation, Soil Formation, Soil Retention and
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Pollination.

Dataset sources included Ken Bagstad 2005, Valuing the Ecosystem

Services of the Chicago Region; David Batker and Maya Kocian 2010 for Earth
Economics, Valuing the Puget Sound Basin; and Sara Wilson, wrote the Ontario’s
Wealth, Canada’s Future.

These dataset sources attained much of their data from

Costanza et al., 2006. The Defenders of Wildlife Benefit Transfer dataset was employed
to attain economic values for the categories of open space, wildlife habitat and wildlife
viewing.

At the time of this thesis writing and research, the author had worked for over a year
seasonally

on

the

public

services

team

at

Midwin.
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2. Literature Review
This chapter provides an overview of the literature relating to mitigating carbon and the
carbon market. In the first section the importance of carbon and biological sequestration
is explained.

In the second section economic concerns are addressed in relation to

biological sequestration. Co-benefits are introduced in the third section with a brief
explanation of the benefit-transfer method that will be utilized for valuing co-benefits at
Midewin.

2.1 Greenhouse Gases
An overabundance of greenhouse gases (GHG) has a warming effect on the planet and has
led to the earth warming at an unnatural rate. The overabundance of greenhouse gases in
the atmosphere comes from human activities, including the burning of fossil fuels and
accelerated clearing of land.

The main GHG are carbon dioxide (CO2), methane (CH4), ozone, nitrous oxide (N2O),
and fluorinated gases. Although, CO2, CH4 and N2O occur naturally, their concentrations
have increased by 36, 148 and 18 percent respectively since the pre-industrial era (1750)
(IPCC, 2007). The largest contribution to GHG, especially CO2, is the burning of fossil
fuels. Domestic livestock, landfill waste and natural gas systems also increase methane
levels (Environmental Protection Agency, 2010). The major sources of N2O emissions
derive from agricultural soil management and mobile source fuel combustion
(Environmental Protection Agency, 2010).

Within the U.S. fossil fuel combustion accounted for 94.1% of the 2008 increase in CO2
emissions (Environmental Protection Agency, 2010), which contributed to 19% of global
emissions (EIA, 2009). This documents the U.S. as one of the leading emitters of CO2.
The overabundance of these gases has contributed to anthropogenic climate change.
While there is no silver bullet for solving climate change, many solutions have been
proposed to mitigate its effects.
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2.1.2 Market Based Solutions
Market based solutions for resolving environmental problems has existed for almost a
century. Pioneering British economist A.C. Pigou developed a system of taxes and
subsidies to correct the market failures of externalities, specifically for industrial
pollution, in his book The Economics of Welfare (1920). Later Coase (1960) proposed an
alternative market-based approach centered on property rights. The Coase theorem holds
that markets can—in the absence of transaction costs and wealth effects—efficiently
mitigates pollution externalities through bargaining alone, regardless of the initial
allocation of property rights. The Coase theorem assumes the market is perfect and
everyone has equal bargaining rights.

A multitude of markets focused on mitigating pollution externalities by trading and
selling pollution credits have emerged, with the latest being called cap & trade. The first
cap & trade program was established in 1990 when the Environmental Protection Agency
(EPA) modified the 1970 Clean Air Act to impose an aggressive cap of 50% below 1980
levels on SO2 emissions in 1995. That same year SO2 emissions decreased by three
million tons and the cost to utility companies was $3 billion annually instead of the
speculated $25 billion, according to a study in the Journal of Environmental Management
(as cited in Conniff, 2009). Also, the reduction in SO2 generated an additional $122
billion a year in co-benefits (as cited in Conniff, 2009)

The global economic recession has cynics arguing that a cap on CO2 emissions would put
additional stress on an already depressed economy (this same argument was used to also
try to prevent the cap on SO2 emissions). Other obstacles exist, for instance the lack of
transparency, additionality and inaccurate accounting methods has driven many to oppose
the voluntary carbon market, as demonstrated by a protest that occurred at the CCX in the
fall of 2009 (Protest at CCX, 2009).

This has impeded the U.S. from adopting a

mandatory, economy-wide carbon emissions trading market. Yet the U.S. has the second
largest carbon markets with the voluntary market, the CCX and the regional cap & trade
market, the northeastern Regional Greenhouse Gas Initiative (RGGI).
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2.1.2 Trading allowances & offsets
Once a cap is implemented, allowances or offsets can be employed so regulated entities
can meet compliance. An allowance is a permit that allows the holder to release a certain
amount of GHG emissions (World Resources Institute, 2008). Allowances can be traded
amongst regulated entities; if an entity under-emits it can trade its excess allowances to
another entity that fails to meet the cap (Olander, Cooley, & Galik, 2010).

The

distribution of allowances and revenues depend on the cap and trade policy where it is
applied (World Resources Institute, 2008).

An offset is an additional ton of CO2 sequestered or avoided through a designated project
(Olander et al., 2010). A carbon offset is a reduction in emissions of CO2 made in order to
counteract for an emission made elsewhere. Carbon offsets are sold under compliance
and voluntary carbon markets (Hamilton, Peters-Stanley, & Marcello, 2010).

Compliance markets are created and regulated by mandatory regional, national, or
international carbon reduction regimes. The Kyoto Protocol is an example of an
international reduction regime. Voluntary markets function outside of the compliance
markets and enable companies and individuals to purchase offsets on a voluntary basis to
reduce overall GHG impacts (Kollmus et al., 2008). The CCX is an example of a
voluntary carbon market.

The global carbon market reached a value of $144 billion dollars in 2009, a 6% increase
from 2008 levels of $135 billion (State & Trends, 2010). The European Union Emissions
Trading Scheme (EU ETS) represents the largest portion of the carbon market, with a
total of U.S. $119 billion (€89 billion) worth of allowances and derivatives exchanging
hands (State & Trends 2010). A derivative is an agreement between two parties on a
financial instrument whose value is based on future price. More information about
carbon offsets and markets will be provided in chapter 5.

Carbon sequestration is accomplished by removing or absorbing carbon from the
atmosphere by biological or technological mechanisms. Biological sequestration refers to
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the utilization of land, oceans and other natural processes to enhance the natural uptake of
atmospheric carbon (Congress of the U.S., 2007). It is typically split into three main
processes: terrestrial, geological and oceanic. Technological sequestration refers to
utilizing technology to capture and store emissions and utilizing renewable energy to
reduce emissions (Congress of the U.S., 2007).

Technological sequestration projects have had the highest earning potential, especially
with renewable energy projects. Average prices of renewable energy activities in 2009
were: solar ($33.8/tCO2e), biomass ($12.3/tCO2e), methane – other ($9.6/tCO2e), energy
efficiency ($9.2/tCO2e) and wind ($8.7/tCO2e) (Hamilton et al. 2010).
Terrestrial carbon sequestration is the net and permanent removal of CO2 from the
atmosphere by plants and microorganisms in the soil (DOE, 2010). Carbon stored in the
soil is either organic or inorganic. During photosynthesis, plants and trees convert CO2
into organic carbon, which then is deposited in the soil through their roots and as plant
residue. Inorganic soil carbon comprises carbonates that form through non-biological
interactions (DOE, 2010).
atmospheric carbon is soil.

One of the largest mitigating potentials for sequestering
Another advantage is that soil sequestration can be

implemented immediately without having to wait for technological advancement (de Silva
2005).
2.2 Quality Assurance of Biological Sequestration
While there is little doubt that biological sequestration activities help mitigate climate
change, concerns remain regarding the creditability of biological offsets. The Economist
Van Kooeten argues that biological offsets should not be included in formal carbon
trading schemes because it is difficult to compare biological offsets with one another and
they are not permanent in nature (Van Kooeten, 2008). He argues that separate caps
should be set for emissions reduction stemming from technological sequestration and
sink-related activities from biological sequestration (Van Kooeten, 2008).

There is also the issue of the lack of consistent market standards from carbon offset
vendors, this forces consumers to face a fragmented market that offers limited quality
9

assurance (GAO, 2008) about the offsets they purchase. Consumers may be unaware of
where their purchased offsets come from, for instance from public lands or tropical
rainforests. The possibility of selling biological offsets from public lands caused some
environmental groups to write letters to Secretaries Tom Vilsack of the Department of
Agriculture and Ken Salazar of the Department of the Interior protesting against the
participation of public lands in future regulated carbon markets (Wilderness Society,
2010).

This section addresses some of the economic concerns regarding biological sequestration
activities such as uncertainty and additionality. It is important to note that some of these
issues can also be applied to technological sequestration and some are not required in
certain carbon markets, i.e. CCX does not have additionality requirements.

2.2.1 Uncertainty
Uncertainty exists since biological sequestration activities are variable from ecosystem to
ecosystem, requiring constant monitoring and verification of sequestration rates and
storage (Olander et al., 2010). The mitigation potential varies greatly by land cover type
and regional climate and biophysical conditions, such as soil type (Olander et al., 2010).

2.2.2 Real
Since carbon offsets are not tangible products that can easily be held or seen, some
question are carbon offsets real? Is carbon sequestration actually occurring from the
ecosystem? From tree plantings?

To demonstrate that carbon offsets are real, the

quantified carbon reductions must represent actual emission reductions, utilizing accurate
quantification methodologies and conservative assumptions (Three Regions Offsets
Working Group, 2010). Carbon reductions not only must be measured but they must be
independently verified by a third-party (Galatowitsch, 2009).

2.2.3 Avoided Emissions
A reduction in emissions via technological (engineered) sequestration is equated to an
avoided ton of carbon that does not enter the atmosphere (Herzog, Caldeira, and Reilly,
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2003). Less uncertainty exists in engineered sequestration (Herzog et al., 2003) because a
ton of carbon avoided by using renewable energy is the same worldwide. However,
because that ton of carbon still exists, it could still be utilized at a later date.

2.2.4 Additionality
The additionality requirement entails that mitigation activities would not have occurred
without the additional financing from carbon markets. If the management activity and
resultant mitigation would have occurred anyway or does not go above business as usual
scenarios, it is not considered additional (Olander et al., 2010). If mitigation activities are
implemented due to regulations, law, or federal legislation, than it is the project’s goal to
fulfill such obligation and the project is considered a regulatory additionality (Three
Regions Offsets Working Group, 2010). Such projects are seen as undermining emissions
trading, because the entity is obligated to mitigate (Three Regions Offsets Working
Group, 2010).

However, the existence of a regulation does not signify that the regulated entity has the
financial means to fulfill its obligation. For instance, the Forest Service is mandated
under the Illinois Land Conservation Act, to restore over 19,000 acres to pre-settlement
conditions at Midewin. The Forest Service receives funding from U.S. federal taxes,
however it is not enough to cover the costs of restoration. External partnerships are
responsible for 80% of the restoration effort at Midewin (B. Glass, pers. comm., 2010).
Without these partnerships much of the restoration (currently ~ 2,500 acres) at Midewin
would not have occurred.

2.2.5 Permeance
Permeance refers to how long carbon is prevented from entering the atmosphere,
according to IPCC standards it is 100 years or perpetual. Mitigation actions can be
reversed due to events such as forest fires, droughts, pest infestation or harvest (Olander et
al., 2010). Mitigation accounting must be modified to account for natural processes and
disturbances (Galatowitsch, 2009).
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The overabundance of carbon stems from combustion of fossil fuels and land conversion,
not from natural processes. If an ecosystem needs fire to regenerate itself, eliminating fire
would increase permeance in the short run but it could also reduce an ecosystem’s ability
to absorb carbon or ultimately destroy it.

2.2.6 Leakage
Leakage is the accidental seepage of a gas or liquid. It is the unanticipated loss of carbon
reductions outside the project boundary (Kollmus et al., 2008). Leakage also refers to
impacting and causing land management practices to change in another area (Olander et
al., 2010), i.e. reforestation projects could drive local farmers to clear other forested areas
(Kollmus et al., 2008).

Leakage is also used to justify a lower price for biological sequestration; if 50% seeps out,
than the price of a carbon ton sequestered should be 50% lower than the price of an
avoided ton (Herzog et al., 2003).

2.2.7 Ownership and Double-Counting
There is much disagreement of who owns the carbon offsets: the landowner? The land
manager that implements the sequestration activity? Or the carbon offset seller? Also,
how do consumers know if a carbon offset has been retired from the market to prevent
double counting?

A high-profile double-counting transaction occurred on March 11, 2010, when the
Hungarian government sold 1.74 million certified emissions reductions (CERs) that had
been surrendered for compliance to a Hungarian firm (as cited in Kossey & Ambrosi,
2010). Consumers unaware that these recycled offsets (purchased from Bluenext, an
environmental trading exchange), could not be used for European compliance and this
subsequently led to a price collapse of certified emissions reductions in Europe (Kossey &
Ambrosi, 2010). This is another reason why establishing ownership of carbon offsets is
necessary to prevent double counting of credits (Kollmus et al., 2008).
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2.3 Co-Benefits
Some carbon markets like the Clean Development Mechanism (CDM), endorse the
inclusion of accounting for co-benefits to counteract the economic uncertainties
mentioned before.

Co-benefits are the positive (or negative) externalities from

sequestration projects and can range from providing local employment, recreation
opportunities or wildlife habitat. Many of the co-benefits are services derived from nature
and are more widely called ecosystem services.

Valuating co-benefits for natural communities such as forests could improve the costeffectiveness ratio of forest carbon investments (Patterson et al. 2008; Galatowitsch 2009).
Others argue such valuation will undermine the goal of the carbon market to offset GHG
emissions. The additional cost of standardizing and calculating the numerous co-benefits
from GHG mitigation activities does not justify altering the carbon market to include them
(Elbakidze & McCarl, 2007). On the other hand, excluding co-benefits could also have
catastrophic results, as tree plantations with higher carbon sequestration rates could be
favored over native forests.

Marketing co-benefits could also attract costumers that want offsets that are socially and
environmentally responsible. Ducks Unlimited for example, advertises the co-benefits of
carbon offset projects and successfully attracts many buyers.

The valuation of the co-benefits of Midewin land not only is good marketing, it also links
the restoration efforts at Midewin with the positive socioeconomic opportunities that are
created. Often the societal benefits of restoration efforts go un-communicated to policy
makers and society (Aronson, et al., 2010).

The following section provides a brief

introduction to co-benefits or ecosystem services and the economic valuation methods that
are utilized to measure them.

2.3.2 The Importance of Co-benefits or Ecosystems Services
Human welfare and development largely depends on natural capital that provides
ecosystem services. Ecosystem services widely range from pollination of flowers and
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food crops, nutrient cycling of soil, regulation of weather, biodiversity, and all other
aspects necessary for life on the planet to flourish. Many of these services are considered
common goods, and are given a face value of zero. This value of zero suggests that these
services do not add to human welfare or utility, but this could not be further from the
truth. It is difficult to determine a monetary value for these services since ecosystems
services are interrelated, complex and unique.
In 1997, a study was undertaken to value the world’s ecosystem services for economic
models that do not take into account these contributions. The study concluded that the
worth of the world’s ecosystem services was $33 trillion annually USD (1997$) (Costanza
et al., 1997). The aim of this study was not to put a monetary value on nature itself, but
on the flow of goods and services provided by nature.

The investigators reiterated that

values for individual ecosystem functions should be based on sustainable use levels, but
they are generally are based on the overuse value at existing prices (Costanza et al., 1997).
For instance, what individuals pay for timber, the price paid, does not represent the true
worth of the tree that was felled to make the timber or the cost to replace those ecosystem
services provided by the tree.
In 2001, a comprehensive assessment of the health of the world’s ecosystems and their
ability to provide humans with the services required to survive, was initiated by then
United Nations Secretary-General Kofi Annan. The request to compile the Millennium
Ecosystem Assessment (MEA) came from four international conventions: the Convention
on Biological Diversity (CBD); the United Nations Convention to Combat Desertification;
the Ramsar Convention on Wetlands; and the Convention on Migratory Species. Four
years later, the Millennium Ecosystem Assessment: Ecosystems and Human Well-Being
report was completed with the assistance of more than 1,360 natural and social scientists,
and other experts from around the world.

The Millennium Ecosystem Assessment identified four main categories of ecosystem
services: provisioning services; regulating services; cultural services; and supporting
services. Examples are given for each of these services in Table 1.
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Table 1 Categories of ecosystem service and examples of related services, based
on Table 2.2 (p.33) in the Millennium Ecosystem Assessment 2005.
Type of Service
Service
Provisioning Services
Food
Fiber
Genetic Resources
Bio-chemicals, natural medicines, etc.
Ornamental resources
Fresh water
Regulating Services
Air quality regulation
Climate regulation
Water regulation
Erosion regulation
Disease regulation
Pest regulation
Pollination
Cultural services
Cultural diversity
Recreation and ecotourism
Aesthetic values
Knowledge systems
Spiritual and religious values
Educational values
Supporting services
Soil Formation
Photosynthesis
Primary production
Nutrient cycling
Water cycling

The study concluded that of the 24 ecosystem services evaluated, 60% were degraded in
their ability to provide humans with the needed services (MEA, 2005). Only four of the
24 services had increased within the past 50 years, three were related to food production:
crops, livestock, and aquaculture. The fourth was global climate regulation (MEA, 2005).
Provisioning services related to food production increased by 160% during 1961-2003,
while water use doubled and timber harvest tripled (MEA, 2005).

The human race is consuming and living far beyond the means of the planet to regenerate
its’ self. The world average consumption rate is 21.9 hectares per person while the
Earth’s biological capacity is about 15.7 hectares per person, (MEA, 2005). With an
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ever-increasing population, the demand for resources will continue to rise and ecosystem
services will continue to degrade if not properly managed.

2.3.3 Economic Valuation of Ecosystem Services
Economic valuation of ecosystem services are influenced by economic models and
methods used to estimate value, and scientific understanding of environmental and human
relationships. Also, how humans’ benefit and influence ecosystem services. A lack of
scientific, social or economic knowledge can lead to faulty assignment of values to natural
resources.

Table 2 showcases how different economic valuations methods are utilized to value
ecosystem services. For instance, the replacement cost method is often used to compare
how much it would cost to replace the ecosystem services with a man-made system, as in
the case of the Catskills watershed.

The city of New York compared the cost of

saving/restoring the watershed to building a water filtration plant.

Restoring the

watershed saved the city billions of dollars and provided over ecosystem services besides
water filtration.
Table 2 Examples of economic valuation methods, based on Costanza et al., 2006.
Services allow society to avoid costs that would have been incurred in
Avoided Cost
the absence of those services; e.g. storm protection provided by
(AC)
barrier islands avoids property damages along the coast.
Services can be replaced with man-made systems; e.g. nutrient
Replacement
cycling waste treatment provided by wetlands can be replaced with
Cost (RC)
costly treatment systems.
Services provide for the enhancement of incomes; e.g. water quality
Factor Income
improvements increase commercial fisheries catch and the incomes
(FI)
of fishing communities.
Service demand may require travel whose costs can reflect the
implied value of the service; e.g. recreation areas attract distant
Travel Cost
visitors whose value placed on that area must be at least what they
(TC)
were willing to pay to travel to it, including the inputted value of their
time.
Service demand may be reflected in the prices people will pay for
Hedonic Pricing
associated goods; e.g. housing prices along the coastline tend to
(HP)
exceed the prices of inland homes.
Marginal
Service demand is generated in a dynamic modeling environment
Product
using a production function (Cobb-Douglas) to estimate the change in
Estimation (MP) the value of outputs in response to a change in material inputs.
Contingent
Service demand may be elicited by posing hypothetical scenarios that
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Valuation (CV)

involve some valuation of alternatives; e.g. people generally state that
they are willing to pay for increased preservation of beaches and
shoreline.
This approach is based on principles of deliberative democracy and
Group Valuation the assumption that public decision making should result, not from the
(GV)
aggregation of separately measured individual preferences, but from
open public debate.

Another method not mentioned in the table is the benefit transfer method. The benefit
transfer method is defined ―as the adaptation of value estimates generated at a previously
studied site to a policy site for which such estimates are desired but for which
implementation of an original valuation study is infeasible‖ (Rosenberger & Loomis,
2001).

The value estimates transferred are based on value or function transfers. A value transfer
is the utilization of a single-point or average-value estimate from study site to the policy
site (Kroeger, Loomis, & Casey, 2008). While a function transfer is based on willingness
to pay (demand) or a meta-analysis on the site (Kroeger et al., 2008). Meta-analysis is
defined as a regression analysis of the results of several primary empirical studies that
systematically explores study variables as possible explanations for the variation of results
(Brouwer, 2000; U.S. Environmental Protection Agency, 2000). Function transfers are
more accurate as the values of key variables from the policy case are inserted into the
benefit function to generate policy- and/or site-specific value estimates.

This economic valuation tool is the least time-intensive and data-intensive method for
estimating economic values (Champ et al., 2003) for new sites.

However, certain

conditions must be met to ensure the validity of the transfer estimates. According to the
Defenders of Wildlife Benefit transfer tool-kit (Rosenberger & Loomis, 2001) these
conditions include:
1. A precisely defined policy context, including type and magnitude of the expected
policy impacts and populations affected. How the category of value was measured
through direct, indirect or non-use values.
2. Sufficient quality of the data such as sample size, validated economic method and
empirical technique, sufficient number of study sites to allow credible statistical
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inferences and degree of certainty.
3. Similar characteristics between policy and study sites, i.e. cannot use values from a
tropical site to a desert site. The sites should have similar resources, demographic
characteristics, recreation activities and similar ecosystem services (Rosenberger &
Loomis, 2001; Brouwer, 2000).

The benefit transfer method will be used to quantify the potential of co-benefits generated
from restored land at Midewin, since it is inexpensive and less time consuming. Another
reason for choosing the benefit transfer method is, much of Midewin is currently unrestored and therefore it is unknown what ecosystem services will be provided and to what
extent in the future. The focus will be to attain an initial valuation for ecosystem services
or co-benefits from restored prairie land cover.
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3. Background Information
The Forest Service is an agency under the U.S. Department of Agriculture and is federally
funded from taxpayers and is part of a network of public lands. Most public lands in the
U.S. service a multitude of stakeholders from grazing permittees, timber and mineral
companies, recreationists, researchers, wildlife, and other special uses.

Public lands

encompass 37.4% of the U.S. territory (Galik, 2010). As public lands face shrinking
budgets and shifting demands from legislation, their ability to service stakeholders
dwindles. Some public lands are being mandated to contribute to carbon sequestration,
biomass production and emission avoidance, yet their budgets decrease or remain the
same. Some federal lands like the Forest Service unit at Midewin are mandated to restore
ecosystems, and therefore they may be excluded from attaining additional funding from
carbon markets due to questions about additionality amongst other concerns (see section
2.2).
3.1 Forest Service
The Forest Service was created in 1905 and supports the health, diversity and productivity
of forests and grasslands, offering technical and financial assistance to States, Tribes, and
owners of private forests (Forest Service, 2010). The fundamental mission of the FS is
―sustaining the health, diversity, and productivity of the Nation’s forests and grasslands to
meet the needs of current and future generations‖ (www.fs.fed.us). The Forest Service
manages 155 forests, 20 grasslands and one tallgrass prairie (Forest Service, 2010).
Public lands are lands that are owned by the government and are classified by the level of
government ownership (e.g. county, state, and federal) (Galik, 2010). Within the U.S.
more than 850 million acres are classified as public lands, and most (649 million acres)
are managed by five federal agencies: Bureau of Land Management (BLM), the Forest
Service, Fish and Wildlife Service’s National Wildlife Refuges (FWS-NWR), National
Park Service (NPS) and the Department of Defense (DOD) (Galik, 2010). The BLM,
FWS-NWR and NPS, are under the Department of Interior (DOI).
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The Bureau of Land Management is the largest federal public lands agency with 253
million acres or 13% of the U.S. territory (BLM, 2010). The second largest public land
manager is the Forest Service with 193 million acres, or 8.5% of the U.S. territory,
equivalent in size to the state of Texas (USDA FS, 2010).
3.2 Site Information
The only designated tallgrass prairie within the Forest Service was established on
February 10, 1996 under the Illinois Land Conservation Act (Public Law 104-106). The
law required the transfer of 19,165 acres of land from the U.S. Army to the Forest
Service, the first land transfer occurred on March 10, 1997 (Forest Service, 2002). The
law established Midewin National Tallgrass Prairie and also created an adjoining national
veterans cemetery, two industrial parks, and a county landfill, all from the former U.S.
Joliet Army Ammunition Plant (Forest Service, 2002).

Figure 1 Map overview of Midewin and surrounding neighbors. Source:
www.fs.fed.us.mntp
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Midewin is located in northeastern Illinois, about 45 miles southwest of Chicago. It lies
15 miles south of the town of Joliet and 3 miles north of the town of Wilmington along
Route 53 (Forest Service, 2002). It is the largest continuous open space of public lands
within Northeast Illinois.
The Illinois Land Conservation Act requires that the Forest Service meet four objectives:
1. To manage the land and water resources in a manner that will conserve and enhance
native populations and habitats of fish, wildlife and plants.
2. Provide opportunities for scientific, environmental, and land use education and
research.
3. Allow the continuation of current agricultural practices or other compatible uses for
the next 20 years, and
4. Provide a variety of recreational opportunities that are not inconsistent with the
purposes described above (Public Law 104-106).
In FY 2009, over 6,700 individuals visited Midewin and participated in recreation or
interpretation activities (M&E Report, 2009). Currently, about 9,100 acres are open to the
public with over 28 miles of trails available for hikers; out of those 28 miles 21 miles are
also available for use by cyclists and equestrians (Trail map, 2009). The rest of Midewin
(10,065 acres) is currently closed to the public while the Army continues to cleans-up
contaminants and the Forest Service removes unsafe structures.
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4. Restoration of Midewin Land
The Forest Service is restoring over 19,000 acres to pre-settlement vegetation and is
required to have a prairie plan. The purpose of the Prairie Plan is to provide multiple use
and sustained yield of goods and services from land in the National Forest System (NFS)
(Forest Service, 2002). Each national forest unit is required to have a management plan
for land and natural resources as directed by the implementing rules of the Forest and
Rangeland Renewable Resources Planning Act of 1975 (RPA) as amended by the
National Law Management Forest 1976 (NFMA). This section is about the restoration
goals for Midewin land.

4.1 Before Midewin
The tallgrass prairie was once the native, dominant ecosystem of central North America,
covering over 160 million acres (see Figure 2) (Jones & Cushman, 2004). Today, 50% of
the mixed and short grass prairie remain, while only 4-5% of remnant tallgrass prairie still
exists (Jones & Cushman, 2004). The tallgrass prairie once covered 35 million acres in
the state of Illinois, but now only 1/100 of 1% remains (Forest Service, 2002). The
tallgrass prairie is considered one of the rarest ecosystems in North America.

Figure 2: Map showing extent of prairie prior to European settlement from:
www.gnpc.org/prairiemap

According to data from ground surveys, Midewin land formerly was: 86% prairie
(including wet meadows and marshes), 14% forest, and less than 1% wetland (Forest
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Service, 2002). Before the creation of Midewin, the Army utilized the lands for TNT and
ammunition production for World War II and other subsequent wars. The Army built a
huge industrial complex and modified 45% of the land. They built: 1462 buildings, 200
miles of roads, 166 miles of railways, and 392 bunkers that were used to store
ammunitions and explosives (Forest Service, 2002). Land was also leased for agricultural
purposes: 10,700 acres of row crops and 6,000 acres of pasture (Forest Service, 2002). .

The Army transferred many of the old buildings, infrastructure and bunkers to the Forest
Service. The Forest Service has demolished about 30 bunkers at a cost of approximately
$35,000 each (M. Witt, pers. comm., 2009). About 350+ bunkers remain and not all will
be demolished because of the high capital investment to remove them.
4.2 Restoration Efforts
Only 3% of the land transferred to the Forest Service was native remnant prairie (Forest
Service, 2002). If the Forest Service does not restore Midewin land, it would turn into
fields dominated by non-native aggressive grasses, shrubs and weeds.

Midewin land is

divided by highway Route 53 into an ―east side‖ and a ―west side‖. The west side is onethird the size of Midewin and is characterized by an outwash plain with shallower soils.
The east side is characterized by a rolling ground moraine and has deeper soils (Forest
Service, 2002).
The Forest Service will not only restore tallgrass prairie but a mosaic of ecosystems such
as dolomite prairie, wetlands and tallgrass prairie. As intended by the Prairie Plan,
Midewin will provide habitat for 350 different plant species and restore:


1,380 acres of dolomite prairie



4,020 acres of upland typic prairie



4,640 acres of wet prairie/sedge meadow



490 acres of oak savannahs



430 acres of forest/woodland



6,690 acres of tallgrass prairie/grassland in large unfragmented tracts
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Restoration efforts from 1997-2009 have improved over 13,844 acres (M&E Report,
2009) in the areas of:


3,860 acres removed from crop production to Grassland



3,056 cool season grass and hay field conversion



628 acres of prairie and wetland conversion



6,300 acres receiving restoration treatment

Restoration practices include prescribed burning, the application of herbicides and
pesticides when needed, invasive species removal and interim cattle grazing.
4.3 Seedbeds
The restoration of grassland fields requires prairie replanting with large quantities of seeds
and plants. The Forest Service cultivates most of their own seeds utilizing 210 acres of
seedbeds that grow about 350 varieties of plants. The River Road Seedbeds produce the
majority of native seeds utilized at Midewin. Harvested seeds are either sown in
restorations or grown in Midewin’s greenhouses and planted when larger.

The materials used to establish seedbeds come from several different sources, including
the Illinois Department of Natural Resources’ Mason State Nursery, commercial sources
located in northern Illinois and southern Wisconsin and local seed collected by volunteers
(Midewin Natural, 2010). While, it is more economical for the Forest Service to grow
their own seeds, there are currently no commercial sources that can produce the amount of
plant material they require to carry out restoration on this large of a scale.

4.4 Wildlife
Midewin provides important habitat for wildlife in northeastern Illinois. Over 100-bird
species breed at Midewin and another 68 species utilize the area during migration or as
winter range (Forest Service, 2002). Midewin is a refuge for grassland birds such as the
upland sandpiper (Bartramia longicauda), loggerhead shrike (Lanius ludovicianus) and
the Bobolink (Dolichonyx oryzivorus). These are regionally sensitive species, whose
numbers are declining in the Midwest and elsewhere due to habitat loss caused by
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industrial development, housing, agricultural fields, etc. (Forest Service, 2002). Many
grassland birds like the upland sandpiper require short grass for nesting; cows are used to
fill the grazing niche of bison.

Midewin contains over 600 plant species, including invasive and exotic plants. The
dolomite prairie contains a population of leafy prairie clover (Dalea foliosa), a federally
endangered plant (Forest Service, 2002). Natural communities such as the wet-mesic and
mesic dolomite prairie plant communities are ranked as globally endangered (Forest
Service, 2002).

Midewin is also home to eight amphibian species, 15 reptile species, 27 mammal species
and 53 fish species (Forest Service, 2002). Native species not found at Midewin, although
they are part of the Illinois prairie ecosystem are: prairie chicken, bison, elk, black bear
and wolves. Once the majority of the prairie is restored, there may be a possibility to
reintroduce some of these species like the prairie chicken or bison. Wolves or the black
bear will not be reintroduced due to negative public perception and inadequate habitat
size.
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5. The Chicago Climate Exchange (CCX)
This section supplements the information that was presented on carbon markets in
chapter 2.

Background information about the CCX, how it came to be and the

advantages of participating in it are explored. Other emerging carbon markets in the U.S.
are also described. Currently, the CCX is the only voluntary carbon market in the U.S.
that recognizes various practices that enhance soil carbon sequestration through grassland
restoration (see Appendix 1).

While many feared that imposing a cap would hurt the U.S. economy, Richard Sandor
saw it as an entrepreneurial opportunity. In 2000, Sandor and a group of researchers at
Northwestern University executed a feasibility study on the viability of a cap and trade
market to reduce emissions of greenhouse gases in the U.S. (Chicago Climate Exchange,
2010). In 2003, 13 members voluntarily entered into legally binding agreements to
reduce the six most common greenhouse gases and the CCX was born.
The CCX became the ―the world’s first and North America’s only voluntary, legally
binding, rules based greenhouse gas emission reduction and trading system‖ (Chicago
Climate Exchange, 2010).
Members participate on a volunteer basis and enter into legally binding agreements to
comply with emission reduction objectives.

CCX has 450 members which include

companies like Ford, DuPont, and Motorola, states and municipalities such as Oakland,
California; and Chicago, Illinois; educational institutions like the University of
Minnesota, and Michigan State University, and organizations such as the National Union
of Farmers and the Iowa Farm Bureau.
From 2003-2006, the first phase of the scheme was implemented and members agreed to
cut their emissions by 1% each year below their annual average emissions for the period
1998 to 2001, thereby by achieving a reduction of 4% by the end of the fourth year
(Chicago Climate Exchange, 2010). In the second phase (2007-2010) members must
further cut their annual emissions to achieve the reduction target of 6% by the conclusion
of 2010 (Chicago Climate Exchange, 2010). Members who did not participate in the first
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phase must also achieve the same target by 2010 by at least reducing their emissions by
1.5% annually (Chicago Climate Exchange, 2010). Members can reach compliance by
purchasing offset credits no more than 50% of the reduction target, so half from the
company reducing their own emissions and half can be purchased.
If members aren’t able to reach their targets by reducing emissions, they can purchase
emission allowances called carbon financial instruments (CFI) from other members
through CCX’s electronic trading platform. The carbon financial instrument is the unit of
trade consumed on the CCX and represents 100 tons of CO2 equivalents (tCO2e). It
represents the service provided by the project that either sequesters carbon or destroys
GHG emissions. Carbon financial instruments may be either allowance-based credits or
offset credits. Allowance-based credits are issued to emitting members in accordance
with their emissions baselines and the exchange’s reduction goals; offset credits are
generated from qualifying emissions-reduction projects (Chicago Climate Exchange,
2010).

The carbon financial instruments are sold by "vintage year"; indicating that the carbon
sequestered in 2008 can be used to offset emissions created in 2008 (Chicago Climate
Exchange, 2010). Vendors can claim retroactive credits with sufficient documentation
and evidence of restoration or improvements made to the land up to the year 2003. For
example, if the Forest Service joins the CCX in 2010, and had initiated restoration since
2003, it can claim seven years worth of retroactive credits for that restoration project.
For no-till agriculture practices retroactive credits no longer apply, as no-till is now only
recognized for the year it is practiced.
Co-benefits are not valuated for credits to qualify; however the project must comply with
local and environmental laws and if required by law an Environmental Impact
Assessment (EIA) must be done. Project proposals with independent verification reports
confirming emissions reductions are submitted for approval by the CCX Committee on
Offsets (Chicago Climate Exchange, 2010). Third-party auditors are approved by CCX
for each project type. The CCX currently accepts proposals from 12 different offset
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projects (see Table 3) and in 2009 the most popular project types were agricultural soil
carbon and renewable energy projects. The registered offset projects within the 12
project types had offsetted about 82,000,000 metric tons from 2004-2009.
Table 3. CCX Offset Registration, project type and Mt CO2e from CCX offset report
2009
Total 2004-

Project Type

2009

Agricultural Methane

483,800

1,435,800

Agricultural Soil Carbon

10,857,400

26,696,400

25,700

25,700

Coal Mine Methane

1,159,300

17,849,300

Energy Efficiency

1,413,400

3,387,700

Forestry

6,022,000

13,986,300

Fuel Switching

904,200

2,356,100

Landfill Methane

1,840,700

6,289,800

175,300

787,300

Renewable Energy

3,127,000

8,113,300

HFC Destruction

0

983,500

44,300

44,300

26,308,800

81,955,500

Avoided Emissions from
Organic Waste Disposal

Ozone-Depleted
Substances

Wastewater Treatment
Methane Recovery
Total

2009

Projects are approved based on eligibility and a variety of other factors. A project has
better approval rating if it has the following criteria:


Rare (e.g. best-in-class actions)



Voluntary (e.g. not legally required)



Recent



Verifiable



Properly addresses permanence
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Avoids the creation of perverse incentives that would result in increases in GHG
emissions on or off the project site



Conservative estimates

5.1 Over-the-Counter Market
About half of the market share for the global voluntary carbon market is composed of the
CCX and the other half is grouped into Over-the-Counter (OTC) markets. The CCX also
participates in over-the-counter transactions.

Over-the-counter markets represent all

transactions related to offset projects that have been negotiated bilaterally; for instance
outside of any exchange (Hamilton et al., 2010). The advantages of participating in overthe-counter markets are that buyers can buy specific offsets from specific projects; sellers
can also attain higher prices for the offsets then the stipulated market price (B.
McLaughlin, pers. comm., Nov. 15, 2010). A buyer may want to purchase specific
offsets as part of their public relations marketing, if they wanted to show the public they
support renewable energy, they would buy offsets from renewable energy projects.
5.2 Emergence of U.S. Regulated Markets
Until last year the CCX was the only voluntary cap and trade emissions trading market in
the U.S.. Now, the newest and (currently) most successful cap and trade market is the
Northeastern Regional Greenhouse Gas Initiative (RGGI).

It is the only regional

mandatory cap and trade program for CO2 in the US, and involves 10 northeastern and
mid-Atlantic states: Connecticut, Delaware, Maine, Maryland, Massachusetts, New
Hampshire, New Jersey, New York, Rhode Island and Vermont (World Resources
Institute, 2009).
The Regional Greenhouse Gas Initiative regulates CO2 emissions from large fossil-fuelfired electric generating units, with the goal of stabilizing emissions from 2009 to 2014
(World Resources Institute, 2009). The cap imposes a 2.5% reduction per year over the
next four years; reaching a 10% reduction of emissions by 2018 (World Resources
Institute, 2009). In 2009 auctions of pollution permits to power plants generated $582
million for renewable energy and efficiency programs (State and Trends 2010).
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Other complementary regional markets are also in the works. The Midwestern Regional
Greenhouse Gas Reduction Accord (MRGGRA) is still in its infancy and covers six U.S.
states: Illinois, Iowa, Kansas, Michigan, Minnesota and Wisconsin and one Canadian
Province.

Current recommendations call for an economy-wide program that would

reduce emissions 20% below 2005 levels by 2020, and 80% below 2005 levels by 2050,
though the 2020 target may decrease to 18% if allowances prove to costly (World
Resources Institute, 2009).
The Western Climate Initiative (WCI) covers seven U.S. states: Arizona, California,
Montana, New Mexico, Oregon, Utah and Washington) and four Canadian provinces. It
is expected to cover 90% of the region’s GHG emissions and therefore reduce emissions
by 15% below 2005 levels by 2020 (World Resources Institute, 2009).
The Midwestern Greenhouse Gas Reduction Accord and the Western Climate Initiative
are both expected to launch in January 2012. Table 4 compares the three regional
markets. While regional markets fall short of a nation wide cap and trade policy, state
action is still very important. For instance, the state of California represents the world’s
eighth largest economy and their emissions exceed those of Brazil (Peace & Juliani,
2009).
Table 4: Comparison of regional markets in the U.S. © World Resources Institute
2009
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6. Midewin’s Carbon
The Forest Service is attempting to make Midewin the first Forest Service unit to
indirectly participate in the CCX. This chapter answers the thesis question: What if the
CCX became a funding mechanism to restore natural communities at Midewin?
An update of the status of the project will be given at the end of the chapter.
In 2006, Logan Lee, former prairie supervisor of Midewin, attended a presentation by the
Delta Institute and learned that the Forest Service could earn revenue on the CCX from
the grassland restoration and no-till agriculture practices it was implementing on federal
land at Midewin.
The Delta Institute creates, funds and implements programs that promote a healthy
environment, a strong economy and thriving, vibrant communities (http://www.deltainstitute.org/). It works with individuals, communities and the state of Illinois through
the Illinois Conservation and Climate Initiative (ICCI). This program allows farmers and
landowners to earn carbon offset credits when they utilize methods such as conservation
tillage, planting grasses or trees or capturing methane with manure digesters, etc.
The Forest Service needed the assistance of the Delta Institute, since the CCX requires
that a third-party verifier/aggregator be involved for projects that generate less than
10,000 metric tons of CO2 equivalents. Delta Institute charges an 8% aggregator fee and
can sell credits on the CCX or in the over-the-counter market.
In 2007, the Forest Service proposed to register 1,943 acres of improved grassland and
3,946 acres of no-till crop production for a grand total of 5,889 acres at $3.50 per ton of
CO2 sequestered (Midewin National Tallgrass Prairie, 2007).

In the preliminary

calculations it was estimated that Midewin could potentially generate over $55,000 its
first year participating in the CCX (see Appendix 2).
Unfortunately, the Forest Service was unable to proceed with the solicitation since it
manages public land and cannot directly earn revenue from private markets. The Forest
Service thought Midewin was excluded from this constraint because it was created under
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the Illinois Land Conservation Act. The Act encouraged the agency to ―cooperate with
appropriate Federal, State, and local government agencies, private organizations, and
corporations.‖

The objects of that cooperation ―may include…land and restoration

protection, and cooperative management…which furthers the purposes for which
Midewin…is established‖ (CCX Proposal, 2007).
However, Forest Service officials at the Washington Office determined that the agency
does not have the authority to become an offset provider on the CCX (Forest Service,
2008). They stated, ―neither Midewin’s authorizing legislation, nor any other existing
authorities, explicitly allow the Forest Service to sell ecosystem services through the
market or any other financial venue‖ (Forest Service, 2008). This halted the solicitation
process of participating in the CCX in 2008, but not the enthusiasm.
6.1 Qualification under CCX
To participate under the category of agricultural soil sequestration at CCX, land
managers must make an improvement or implement a conservation technique to the land
after January 1, 1999. When the Forest Service began to acquire the land beginning in
1996 from the U.S. Army, only 3% of the total area was native prairie. Since 1997, the
Forest Service has made many improvements to the land and also requires agricultural
special use permittees (renters) to utilize no-till agriculture practices.
Land managed at Midewin would qualify under the category of soil sequestration in two
subcategories:
1. Conservation agriculture, such as zero tillage; CCX value is 0.6 credits for each ton of
CO2 per acre per year.
2. Restoration of grasslands; CCX value is 1.0 credit per ton of CO2 per acre per year.
6.2 Advantages of the Chicago Climate Exchange
Another Forest Service unit, the Shawnee National Forest in Marion, Illinois, wanted to
obtain carbon credits on the CCX for restoration of bottomland hardwood ecosystems.
Both Forest Service units requested authority to sell ecosystem services generated

32

through focused ecosystem restoration activities (Forest Service, 2008), suggesting that
interest in the CCX could be widespread, if allowed.
Benefits of such inclusion included (Forest Service, 2008):


Accelerated restoration of critical habitats and hydrologic function



Adding to the science that informs the market production values for ecosystem
services



Validating the functionality of a market-based system for local landowners



Improving the quality of life



Providing employment opportunities

Advantages to the CCX (not included in the proposal) compared to other carbon markets
include:


Offset projects on public lands are not excluded



The offset project manager takes no deed or ownership of the land, allowing the Forest
Service to issue a special use permit



Five years is the standard contract



Forest Service management practices do not change as natural processes are taken into
account; 20% of the credits enrolled from land is retained by CCX as liability
insurance



Proximity to Delta Institute and the CCX (45 miles from Midewin, ~300 miles from
Marion)



The CCX is the only carbon market that recognizes grassland restoration and eligible
projects are constantly expanding

6.3 Renewed Motivation
Federal authorities later informed Forest Service personnel at Midewin that they could
proceed with the project to participate in the CCX with the National Forest Foundation
(NFF) managing the carbon offsets.

The National Forest Foundation is a

congressionally-chartered non-profit partner of the Forest Service and serves to link
Forest Service conservation programs with partners in corporate sectors. These corporate
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partners may work with the National Forest Foundation to augment their corporate social
responsibility by supporting national forest and grassland conservation work.
Corporations and other organizations have the option to offset their carbon by purchasing
reforestation offsets through the foundation’s carbon retail market the Carbon Capital
Fund (http://www.fs.fed.us/ecosystemservices/Carbon_Capital_Fund/index.shtml). The
Carbon Capital Fund provides financial support for carbon sequestration projects on
national forest lands such as on the Plumas National Forest and San Bernardino National
Forest in the state of California.
At this time, the National Forest Foundation is unable to formulate carbon offsets for
Midewin, since their Carbon Capital Fund currently focuses on tree plantings. For the
NFF to undertake such a project there needs to be a scientific consensus on the rates of
carbon sequestration from prairies (to be discussed later in Chapter 7) (M. Mitsos, pers.
comm., Nov. 15, 2010).
6.4 Participation Process
The Forest Service met with the Delta Institute in August of 2009 to discuss and clarify
CCX regulations and benefits to Midewin. It was speculated that about 10,000 of the
~19,000 acres the Forest Service currently manages could qualify based on CCX
regulations and a map was created using geographic information systems.
The next step was to test the online registration application Climate Suite, created by the
Delta Institute, which enables potential offset managers to register their carbon credits
easily and effectively. The Forest Service gathered the necessary information to test
Climate Suite and made some mock registrations.
Another meeting with the leadership team at Midewin finalized and confirmed the
qualifying acreage. Out of the potential 10,000 acres, 7,400 acres (see map Appendix 3)
were proposed to enter CCX in 2010; the rest were excluded because further demolition
of old army infrastructure was planned (i.e., removal of a bunker) which would have
impacted the soil and carbon sequestration capability for that year.

Some areas
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containing wet prairies were also excluded because of potential future inclusion in
wetland banking. Since it is easier to add acreage than to remove it from the carbon
market, it is best to enter the market with conservative acreage.
The 7,400 acres included: 4,100 acres of agriculture under the category of no-till with a
credit of 0.6 per ton and 3,300 acres under the category of grassland restoration with a
credit of 1.0. As stipulated by CCX carbon insurance regulations, 20% of the credits
from 7,400 acres would not be sold in case there is a natural disaster or other damage to
the area that prevents carbon sequestration from occurring. Therefore, 3,280 acres of
agricultural land and 2,700 acres of grassland were eligible as carbon offsets.
In January 2010, the Delta Institute, the National Forest Foundation, CCX and Forest
Service officials from Midewin and the Regional Office met to explore the possibility of
Midewin banking carbon credits on the CCX. Ideas were also briefly discussed on how
Midewin could differentiate itself from other offsets sellers, such as hosting a cocktail
carbon party, bundling co-benefits or selling credits under Midewin’s initials, MNTP, etc.
The involved parties thought that this endeavor would not only generate funds for
Midewin but also bring some much-needed publicity for the largest restoration project of
tallgrass prairie east of the Mississippi River.
By the end of the meeting everyone was in favor of the Forest Service participating in
CCX and that it was very plausible to start selling carbon offsets in early spring 2010.
Afterwards, the Forest Service prepared a draft operating agreement and draft special use
permit for the National Forest Foundation.
The draft operating agreement stated that the purpose of the National Forest Foundation
and the Delta Institute is to assist in the Forest Service’s endeavor to participate in the
CCX and provide much-needed recognition to the productivity of grasslands, specifically
tallgrass prairies (Draft Operating Agreement, 2009). They would organize the marketing
of carbon credits for a variety of ecosystems that are currently not recognized by the
market, thereby promoting the development of scientific investigation regarding
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sequestration of carbon by grasslands, tallgrass prairie and bottomland hardwood
ecosystems (Draft Operating Agreement, 2009).
The research funded would be used to improve the production and carbon sequestration
values used by the CCX (Draft Operating Agreement, 2009).

Under a special use

authorization, the Delta Institute would serve as the aggregator for carbon sequestered on
Midewin; the National Forest Foundation would serve as the fiscal agent for any revenue
generated (Draft Operating Agreement, 2009). The revenue generated would be used for:
1. Restoration of tallgrass prairie and other native ecosystems
2. Research to promote carbon sequestration data of tallgrass prairies
Once the authorizing agreement and special use permit agreement were signed, the
partners would be able to proceed and submit a project proposal to CCX. The proposal
would be reviewed by the CCX Committee on Offsets, which provides preliminary
approval for the aggregator to obtain independent verification by a CCX-approved
verifier. The verification reports would then be presented to CCX staff and FINRA, CCX
provider of regulatory services. Upon approval the aggregator would enlist the project on
the CCX trading platform.
6.4.2 “What if” scenarios
This section answers the question: What if the CCX became a funding mechanism for the
Forest Service to restore Midewin?
Answering the above question also sets the stage to answer these additional questions. If
the Forest Service were able to sell carbon offsets indirectly on the CCX, how much
revenue would be generated? How different would it be from business as usual? What
impact would it have on restoration efforts? This scenario assumes all credits are sold
through the trading platform of the CCX at a set price, although the price of carbon
fluctuates daily.
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Appendix 2 highlights how much acreage and revenue would have been generated when
the Forest Service first attempted to participate in CCX in 2007. At the time when the
proposal was written in 2007, the price per ton of sequestered carbon was $3.50. The
generated funds in 2007 would have been $55,979, assuming the 1,953 acres of grassland
and the 3,946 acres of no-till crop production were sold along with retroactive credits. It
is important to note that in 2007, the CCX recognized retroactive credits for no-till
agriculture one year prior to registration.
According to the CCX, rates for carbon sequestration are 1.0 metric ton for grassland
restoration and 0.6 metric ton for no-till agriculture. Potentially, each year, 8,138 metric
tons of CO2 are sequestered from grasslands and 4,735 metric tons of CO2 are
sequestered from no-till, for a grand total of 12,873.2 metric tons sequestered annually.
In 2010, at the current low price of $.08, the revenue generated from carbon credit sales
would be an estimated total of $2,095.68. The total opportunity cost loss is about
$86,000. The potential revenue does not include the credits that could have been sold in
2010, as it was assumed the Forest Service would join in early 2010.
The best-case scenario for revenue generated does not include any offsets sold through
the retail store of the Delta Institute, as the price ranged from $8-$13 in 2008 and
currently the best price is $.10-$2, if any are actually sold. Exchange fees, marketing
expenses, certificate management, administration, provider’s profit, value-added tax, etc.,
or offsets sold at the resale prices were not deducted from the total potential revenue.
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Table 5: Total revenue generated using best-case scenario, if all carbon credits for
current year and retroactive credits were sold in 2008 and 2009.
Year
Restored

Acreage

Years

Credit

Price

Total

2003

2015.5

7

1

0.08

$1,128.66

2004

760.7

6

1

0.08

$365.12

2005

243.7

5

1

0.08

$97.46

2007

61.0

4

1

0.08

$19.52

2008

47.1

3

1

0.08

$11.31

Total 2009

$1,622.08

2009 Registered Acreage
Grassland

2640.0

0

1

0.08

$211.20

No-Till

3280.0

0

0.6

0.08

$262.40

Total

$473.60

Grand Total 2010

$2,095.68

6.5 Status of Project
At this time, the Forest Service is again prevented from participating in the CCX. In late
summer 2010, the Delta Institute suspended most of their carbon trading activity. The
National Forest Foundation did not revise or sign the operating agreement or the special
use permit.

Although they were eager to collaborate on this project, the current

extremely low price of carbon at $.08 a ton of CO2 has made it uneconomical to proceed
and participate.
The price of carbon began to decrease (averaging a $1 per ton of CO2) in August of 2009
(Chicago Climate Exchange, 2010). The partners were optimistic that the price would
recover or that through the over-the-counter market, Delta Institute could sell offsets for
as much as $8-$13 per ton of CO2 with the right buyer.
Unfortunately, the price of CO2 continued to decline and the National Forest Foundation
and the Delta Institute withdrew interest in the project. If the Delta Institute continued to
invest their time and if they only charged their 8% aggregator fee from $2,095.68, they
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could have received $167.65 in retribution in 2010 as opposed to $7,046.73 in 2008.
(Note: it is unknown what the fee from NFF would have been.)
6.6 Carbon Market goes boom?
Intercontinental Exchange Inc. (ICE), a futures and derivatives platform based in Atlanta
and London, purchased the CCX in April 2010 for $622 million (Szabo, 2010).
In July 2010, the company laid off half of the CCX staff, due to a lack of U.S. action on
passing climate change legislation (Szabo, 2010).

Lacking legislation to drive the

demand to purchase offsets, the CCX price for biological offsets plummeted to $.08, from
a high of $4.80 per tCO2e in 2008 (State and Trends, 2010).
It appeared as though Climate Change legislation in the U.S. would finally pass by the
end of the year.

Legislative proposals for reducing GHG emissions included the

American Power Act (APA) and the American Clean Energy Security Act (ACESA).

The American Clean Energy Security Act bill (proposed by Congressmen Henry
Waxman and Ed Markey) proposed a mandatory economy-wide cap and trade scheme
with the goal of reducing U.S. emissions by 17% below 2005 levels by 2020 (Kossey &
Ambrosi, 2010). The bill raised interest in domestic offsets in June 2009, but that
enthusiasm decreased by the end of the year. The American Power Act (proposed by
Senators John Kerry and Joseph Lieberman) had the same goal as the ACESA bill of
reducing emissions by 17% below 2005, and would create a cap and trade scheme that
involved utilities in 2013 and manufacturing by 2016. To date none of the proposals
have passed. Currently, only the ACESA bill is being considered in congress and has two
months to pass, before it too, becomes obsolete.
In late October 2010, the CCX announced it would stop carbon trading (RIP: Carbon
Trading, 2010).

Days after making the announcement, media headlines read ―RIP:

Chicago Climate Exchange;‖ however, a spokesperson for CCX said, ―Don’t believe
everything you read in the media.‖ As scheduled, the CCX Phase II contract will end in
late December 2010 and the CCX will proceed to implement Phase III starting in 2011
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(B. McLaughlin, pers. coom., Nov. 15, 2010). Currently, 95% of the trading on CCX
has been on over-the-counter markets and not through the trading platform, where the
base price has fallen even further to just $.05 in November (B. McLaughlin, pers. coom.,
Nov. 15, 2010).
The CCX is not the only carbon market to be negatively impacted by the lack of U.S.
legislation; the Midwestern Greenhouse Gas Reduction Accord and the Western Climate
Initiative were both expected to launch in January 2012 and that date has been postponed
indefinitely (Daniel, 2010).
Regardless of the number and variety of market participants, voluntary or regulatory, it is
the emissions cap that will ultimately be the most important price driver (Peace & Juliani,
2009). The market is created because the cap produces scarcity in the right to emit GHG.
The resulting price signal is critical to induce technological innovation and changes in
consumer and corporate behavior necessary to reduce emissions. A more stringent cap
will lead to higher allowance prices and a higher market value, which increases the costs
of the program but also creates the necessary incentive for innovation.
There are other reasons as to why Congress has failed to pass climate change legislation.
The global economic recession has politicians and the public claiming that a cap would
depress the economy even further. However, a modeling analysis done by the Energy
Information Administration (EIA) on the Lieberman-Warner bill also known as the
America's Climate Security Act of 2007, found that economic growth with a GHG
emissions cap would be only about two months behind business-as-usual scenarios.
Instead of 184%, it would grow at 183% from 2005-2030 (Peace & Juliani 2009).
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Table 6 Summary of key economic modeling results. Adapted from Peace &
Juliani 2009

In 2011, CCX expects to recuperate and succeed in implementing Phase III. Whether or
not Phase III is successful, the future of carbon trading in the U.S. depends on the
political and market forces.
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7. Carbon Sequestration Research
The CCX standard rates for grassland carbon sequestration are 1.0 tCO2e per acre per year for
areas in yellow (which cover Illinois), and 0.4 tCO2 per acre per year for areas in blue (see Figure
3). The CCX soil carbon technical advisory committee made up by soil scientists, professors, and
government employees, establish the carbon sequestration rates (Chicago Climate Exchange,
2009).

Figure 3 CCX Grassland carbon sequestration rates for the U.S. from www.ccx.com

If an offset project can demonstrate that its project sequesters more carbon than the standard rate,
it can submit a proposal to the CCX soil carbon technical advisory committee. Upon approval, the
higher sequestration rate could be applied and generate more revenue for the offset project. It
would be a benefit to the Forest Service to investigate if a higher sequestration rate could be
applied for the prairie carbon sequestration occurring on Midewin Land. Thus, a literature review
was done to answer the second question: What is the carbon sequestration potential of prairie
ecosystems?
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The first section of this chapter further complements Chapter 4 (Midewin prairie restoration) and
provides an overview of prairie ecology with a brief description of the different prairie ecosystems
found on Midewin land. The second section focuses on carbon sequestration research conducted
on grasslands, followed by how different management and environmental factors affect carbon
sequestration rates. The research portion of this chapter includes an investigation done at Midewin
by research teams from the Illinois Natural History Survey and the University of Illinois.
7.1 Prairies
Prairies are a predominately treeless ecosystem with extensive areas of grasses on flat or rolling
hills. They are generally characterized by grass height as tallgrass, mixed grass or shortgrass
(Figure 2, Chapter 2). Prairies were shaped by different environmental elements such as climate,
soil type, topography, geology, glacial history, and disturbances such as grazing and fire (Forest
Service, 2002).

These factors created an array of prairies: mesic, black soil, sand, wet and

dolomite.

Prairies are biologically diverse and support a diverse array of native plants such as grasses,
sedges, forbs, and shrubs. The average number of vascular plants for Illinois prairies is about 90130 species per acre (E. Ulaszek, pers. comm. February 2011). Many individuals may not notice
the rich prairie biological diversity and equate prairies as fields of weeds. It also does not help
that several prairie plant names end in ―weed‖ such as purple milkweed (Asclepias purpurascens),
and common ironweed (Vernonia fasciculate).

7.1.2 C4 vs. C3 plants
Plants sequester CO2 through either a C3 or C4 carbon fixation pathway and in some
environmental conditions C4 plants sequester more carbon than C3 plants. C4 grasses/plants
initially fix CO2 into a 4-carbon compound rather than a three-carbon compound as in C3 plants
(Helzer, 2010). The vast majority of photosynthetic plants use the C3 pathway, which has lower
carbon sequestration capabilities under high temperatures and light intensity and require more
water than C4 plants (E. Ulaszek, pers. comm. February 2011). This is because the enzymes for
capturing CO2 malfunction, and they instead capture O2 and water is lost (E. Ulaszek, pers. comm.
February 2011). C4 plants are pre-adapted to succeed in grassland climates, especially tropical
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climates, the hot humid Illinois summers could explain why C4 grasses dominate in tallgrass
prairie vegetation in Illinois (E. Ulaszek, pers. comm. February 2011), such as big bluestem
(Andropogon gerardii), switch grass (Panicum virgatum), and indian grass (Sorhgastrum nutans).

7.1.3 Disturbance
Prairies are disturbance-prone ecosystems that have evolved with fire, humans, grazers, and other
natural processes. These disturbances play a critical role in maintaining the fauna and flora
communities of the prairie.

Prairies adapted to fires largely ignited by lightening and developed deep root systems. Fires
inhibit woody plants and prevent nonnative plants from displacing the prairie ecosystem. Native
Americans also set prairies on fire to capture big game and in times of warfare. With the arrival of
the European settlers, the prairie landscape became fragmented with agricultural fields,
homesteads and roads. Fire was often seen as a threat and extensive prairie fires disappeared from
the prairie landscape, although fire was occasionally used to clear areas (E. Ulaszek, pers. comm.
February 2011).

Prescribed burning is now used as a prairie management practice.

Frequent spring burning

increases the dominance of C4 grasses and reduces the abundance of cool-season species (Hulbert
1988). As opposed to summer fires, which reduce the abundance of C4 grasses and increase the
abundance of cool-season species (Biodini, Steuter, & Grygiel, 1989).

Prairies evolved with bison, elk, and deer and these large herbivores altered plant species
abundance patterns by selectively removing preferred forage species. Grazing decreases the
populations of big bluestem and other dominate C4 grasses, but increases many of the shortstatured grasses such as sideoats grama (Anderson, Smith, & Owensby, 1970). It has also been
shown that grazing could enhance biodiversity where grasslands are stressed (National Science
Foundation, 1998).

Grazing reduces litter accumulation and stimulates vegetation growth.

However, heavy grazing and wallowing can negatively impact the landscape.

Mowing can act as a disturbance substitute where grazing or fire is not permitted. Mowing can

44

prevent woody plant encroachment and haying removes vegetation and litter.
7.1.4 Prairie Ecosystems
Some of the native ecosystems that are found or will be restored on Midewin land are explained
below.

Many prairies are characterized as working landscapes such as pasture and rangelands.

Working landscapes are managed primarily for the production of livestock and only secondarily
for native biological diversity. While the main grassland ecological function may have been
preserved, overgrazing and the introduction of nonnative plant species may disrupt the overall
ecological integrity of the grassland. Pasture is an area covered with grass or other plants suitable
for grazing of livestock (Forest Service, 2002). Pasture contains short- to medium-stature grasses
and can be found on a wide array of soils. Pasture is found at Midewin. Rangeland may consist
of native or foreign grasses, forbs, and shrubs that are suitable for grazing and browsing (Follett &
Reed, 2010). The main differences between rangeland and pasture are that pasture tends to be
enclosed within fences and managed more intensely, while rangeland is open country and may
contain higher biodiversity.

Dolomite prairie is an extremely rare prairie type that develops on shallow soils (<50 cm to
bedrock) over dolomite bedrock.

Dolomite is calcareous, sedimentary bedrock similar to

limestone, except most of the calcium carbonate is replaced by magnesium carbonate. The soil
moisture levels can fluctuate between wet and dry throughout the growing season, but mostly dry
since the shallow soil holds little water and the dolomite bedrock impedes drainage (Forest
Service, 2002). The endangered leafy prairie clover inhabits this ecosystem while deep-rooted
prairie plants like the compass plant are mostly absent.
Upland typic prairie occurs on relatively deep (>50 cm to bedrock) and well-drained soils. This
habitat has a diverse mixture of grasses and forbs. Flowering grasses rarely grow over one meter
height, except during wetter-than-average years. If the soil contains high sand or gravel content,
this habitat may support vegetation similar to that found on sand prairies. Mesic prairie is a
subclass of typic prairie and contains the highest plant species diversity and retains sufficient soil
moisture throughout the year (Forest Service, 2002).
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Wet typic prairie also occurs on relatively deep soils (>50 cm to bedrock). Soils consists of silt
and clay loam with high organic matter and nutrients. Soils are also poorly drained and often
become saturated or even flooded, depending on precipitation, throughout the spring and summer.
Wet typic prairies are often classified as wetlands due to the water saturation (Forest Service,
2002). Wet typic prairies are typically dominated by grasses and sedges and may exhibit similar
vegetation to that found on dolomite prairies (Forest Service, 2002).
Sedge meadow is a wetland dominated by often large, perennial and hummock-forming, grasslike plants called sedges.

Sedges often have triangular cross-section stems and stay greener

longer compared to other prairie plants. Forbs species diversity is often less than wet typic prairie.
Soils are relatively deep (>50 cm to bedrock), and are saturated within 6 inches of the surface
throughout the growing season and can be inundated during the spring (Forest Service, 2002).
Savannas are grasslands with scattered trees and are considered a transitional type (ecotone)
between true grassland and forest. Savannas occur on relatively deep soils (>50 cm to bedrock)
and on somewhat poorly drained to excessively well-drained soils. Wetter soils or sites may
occasionally support floodplain forest communities. Understory shrubs are scattered or absent in
savannas. Bur oak is the most prevalent tree species at Midewin (Forest Service, 2002).
7.1.5 Soil characteristics
Soil type greatly influences carbon sequestration uptake and prairie vegetation. According to
Jastrow (1996), carbon sequestration uptake could be higher in nutrient-rich soils such as finetextured soils (i.e., with greater clay and/or silt), compared to low-nutrient and coarse-textured
soils. Over 600 soils have been classified in Illinois (McClain, 1997). Most of the soil types
developed from windblown silt or loess that were deposited during periods of glacial retreat.

Mollisols are the dominant soil order found in Illinois and at Midewin (see Appendix 4).
Mollisols have a dark surface layer of at least 10 inches thick and an organic content greater than
1% (McClain, 1997). These nutrient rich, dark-colored soils developed under prairie grasses and
vegetation.

The second most common soil order in Illinois and at Midewin (Appendix 4) are alfisols. Alfisols
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are light-colored soils that developed under forest vegetation (McClain, 1997). These soils are
less fertile than mollisols.

Transitional soils are the third most common soil type at Midewin (Appendix 4). Transitional
soils exhibit properties intermediate between those of two different soils. Midewin’s transitional
soils are intermediate between mollisols and alfisols and probably developed in places where the
forest-prairie ecotone was dynamic (E. Ulaszek, pers. comm. February 2011).
7.2 Carbon Sequestration Research at Midewin
A recent carbon sequestration investigation (Whelan, et al., 2008) conducted at Midewin evaluated
soils from six land uses present at Midewin: row-crop (no-till agriculture), newly planted
(grassland), new restoration (prairie), pasture, old field (pasture without grazers), and remnant
(prairie). At each land use tract, five soil core samples at a depth of 20 cm were taken.
The study concluded that prairie restoration led to increased carbon stocks in degraded soils.
Remnant prairie soils contained the largest carbon stock out of all land uses and had about three to
four times more carbon than row crops (Figure 4, pg. 46). There was little difference between the
carbon stocks of newly planted, new restorations and pasture and these stocks contained about
1.5x more carbon than no-till row crops. Old field soils contained larger carbon stocks than row
crops, newly planted, new restorations and pastures but less than remnant prairie. Nitrogen stocks
in the soil also increased as row crops were converted to prairie.

Figure 4 displays a wide range of carbon stocks for each land use. Remnant prairie carbon stocks
ranged from 32-82 kg C m2 and the higher quality remnant prairie with increased biodiversity had
the highest carbon stock value. The remnant prairies with the lowest carbon stocks were more
degraded, had less biodiversity and a higher sand content in the soil. The fluctuation between
carbon stocks in the remnant prairie soils was influenced by soil type, soil moisture and plant
community composition.
If 1,000 hectares of row crop agriculture land were to be converted to prairie, potentially
107,000,000 kg C per hectare could be restored as carbon stock (Whelan, et al., 2008). Further
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information about annual carbon sequestration rates is not provided by this study. To gather
further and other information we look to other studies.

Figure 4 Box plots showing range of variation in carbon stocks according to land-use
history from Whelan et al., 2008.

7.2.2 Prairie Remnant compared to Agriculture Carbon Stocks
As stated before, the conversion of prairies to cropland has resulted in the degradation of soil
organic carbon on average by 50% (see Table 7 pg. 51) (DeLuca & Zabinski, 2010). When
prairies are plowed and converted to agricultural fields, their extensive root systems are broken
and decompose. Carbon is then released into the atmosphere.

Prairie root proliferation plays a prominent role in carbon cycling and soil organic carbon
stabilization (Matamala et al. 2003). Tallgrass prairie root biomass can range from 7 to 20 Mg per
hectare (Seastedt and Ramundo, 1990). This allocation of below-ground carbon is greater than
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corn, soybean and temperate forests (Guzman & Al-Kaisi, 2010). Native prairie plants also have
deeper root systems than non-native (see Figure 5) plants or grasses. Prairie plants are perennials
that go dormant in the late autumn and winter months and rejuvenate in the spring.

Figure 5 Comparison between non-native and native root systems, from
www.marc.org/environment/Water/know_your_roots.htm

It has been estimated that land conversions from tall, mixed and short grass prairies likely released
nearly 5 Pg of carbon (Pg = 1015g), a magnitude roughly similar to the carbon losses associated
with deforestation of the Brazilian Amazon Rainforest (Houghton, et al., 2000).
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However, the recovery process can be slow; some studies indicate it can take at least 50-75 years
to reach the SOC levels found in remnant prairies (Baer et al., 2002 and McLauchlan et al., 2006).
While others indicate that only 50% or 3.5 kg C/m2 of steady state SOC stocks can be replenished
in the first 100 years from prairie restorations (Matamala et al., 2008).

Still, restoration of converted lands and degraded soils presents an opportunity to recover soil
organic carbon stocks.

If the native ecosystem and its characteristic soil properties are

reestablished, part of the lost soil organic carbon can be recovered (Baer et al., 2002; McLauchlan
et al., 2006; Kucharik et al., 2007; Matamala et al., 2008). Recovery process time can vary from
site to site due to environmental factors and management practices. Restored perennial grasslands
in regions with greater precipitation have greater carbon sequestration rates than those in drier
regions because of higher plant biomass production and deeper rooting depth in wetter climates
(Conant & Paustian, 2001).
Table 7 Comparison of remnant & agricultural carbon stocks, from DeLuca & Zabinski 2010.

50

7.2.3 Empirical studies on Grasslands
Anderson (et al., 2008) and Fissore (et al., 2009) estimated carbon sequestration rates for different
land conversions in the Upper Midwest (Figure 6). The states considered were: Michigan, Iowa,
Wisconsin, Kansas, Nebraska, North Dakota, Ohio and one study from Illinois. These states
represent the region that was once tallgrass or mixed-grass prairie, and are relatively comparable
in terms of climatic conditions and land use history.

Figure 6 displays the annual carbon sequestration rate for various land use or land cover change.
The conversion of annual row crops to short-rotation woody crops had the highest potential of
sequestering CO2 at 7 metric tons CO2 acre per year and the lowest potential was from
conventional row crops converted to conservation tillage. The restoration of prairie potholes
sequestered 4.5 metric tons CO2 acre per year.

Converting annual row crops to perennial

grasslands averaged 1.6 metric tons CO2 acre per year and species-rich grasslands were estimated
to sequester an additional 0.02 metric tons acre per year than grassland monocultures at similar
locations (Anderson, et al., 2008).

Figure 6 Estimated C sequestration rates from land use or land cover changes. Bar show
90% confidence level (CI) unless there was only a single study (n=1). C losses during
harvest and rate of harvested actual rate will depend on rotation length. From Anderson et
al., 2008.
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7.2.3.2 Prairie Pothole Restoration
As shown in Figure 6, prairie pothole restoration presents an opportunity to sequester large
amounts of carbon; on average, these prairie wetlands sequester 4.5 metric tons CO2 acre per year.
This supports Conant & Paustian (2001) findings that perennial grasslands in wetter areas have
greater carbon sequestration rates than those in drier areas. Prairie potholes are shallow, wet
depressions with prairie vegetation and tend to have sandier soils. The research sites were located
in the prairie pothole region, although Illinois is not located in this region, prairie potholes were
and are still found in Illinois.

It is unknown if prairie potholes existed on Midewin land, but it

could be possible. It will not become known until after the drainage tiles are removed and the
natural hydrology restored (E. Ulaszek, pers. comm. June 2011). Tallgrass prairie also grows
within the prairie pothole region.

For these reasons and since there is almost nonexistent research on wet prairies in Illinois, the
values of carbon sequestration from the prairie pothole region will be applied as a maximum value
for wet prairies of Illinois. It will be used as a maximum value and not an average value because
the level of certainty is low and research is limited in the region as well. Other factors such as age
of restoration can also affect the carbon sequestration rate. Euliss (et al. 2006) estimated that
within the first five years, the soil carbon content in the top 15 cm increases 4.94 metric tons CO2
per acre, as the land is converted from dryland to wetland levels (see Appendix 5). After 10 years,
Gleason (et al., 2008) estimates that 2.02 metric tons CO2 per acre are sequestered, which is about
0.84 metric tons less than reported by Euliss (et al., 2006).

7.2.3.3 Perennial Grasslands
Similar to the prairie pothole studies, the level of certainty is also low for the carbon sequestration
rates for conversion from agricultural row crops to perennial grasslands, although based on the
analysis of 24 studies (see Appendix 5). The greatest C content in these studies occurred in the top
10 cm of soil while C content was nearly undetectable at a depth of 100 cm or greater during the
time frame of these studies. Contrary to the prairie pothole studies, soil carbon sequestration was
not detected until after 5 years of conversion (Anderson et al., 2008; Fissore et al., 2009).
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Active research revealed four more recent studies that addressed the conversion of annual row
crops to perennial grasslands. Only two additional studies were found for the state of Illinois:
O’Brien (et al., 2010) (two values were used from this study) and Matamala 2008. One study
from Iowa (Guzman & Al-Kaisi 2010) and one from Wisconsin (Brye 2002) were added.
Converting annual row crops to perennial grasslands averaged 1.6 metric tons CO2 per acre per
year (Figure 6). Even with these added studies the sequestration rate only increased slightly from
.43 (.4) to .47 (.5) metric tons of C or from 1.58 (1.6) to 1.72 (1.7) metric tons of CO2 per acre per
year. The 90% confidence level also did not differ much and increased from 0.4± to 0.55±.
The studies from O’Brien (et al., 2010), Jastrow (1987), and Matamala (et al., 2008) were
conducted at Fermilab located in Batavia, Illinois, about 50 miles away from Midewin. Because
of its location, soils, and climate the Fermilab site is the most ecologically comparable site to
Midewin. Nearly 80% of the site’s landscape was prairie before settlement and land use prior to
ecological restoration was for the production of grain and dairy.

Topography is similar to

Midewin with moraine surfaces with relatively gentle slopes and low relief and most of the soils
consist of mollisols and alfisols. Restoration has been an on-going project for over 30 years.

Then again, a few differences exist between the sites, Fermilab has bison while Midewin has
cattle, but in neither location do they graze the restored prairie. At Fermilab drainage tiles were
installed in the early 1900’s and many were not removed prior to prairie restoration, as opposed to
Midewin, which aims to remove most drainage tiles.

Some areas have comparable species

diversity to Midewin areas such as South Patrol Road, while other areas contain low diversity (E.
Ulaszek, pers. comm. February 2011).
Researchers at Fermilab, although from an insufficient number of studies from O’Brien (et al.,
2010), Jastrow (1987), and Matamala (et al., 2008), are suggestive that sequestration rates could
be lower than 1 metric ton of CO2 per acre per year for prairie restoration in Illinois. The average
annual rate among the three studies is 0.69 tCO2e per acre per year. The standard deviation would
be 0.24, with a 90% confidence interval range of 0.49 to 0.89 tCO2e per acre per year. However,
the lack of research makes this an inconclusive statement. Applying only the sequestration values
from Fermilab to Midewin, also discounts the environmental similarities between the states of
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Iowa, Nebraska and Illinois. Lowland prairies like those found in Nebraska and Iowa have
comparable soil moisture to Illinois upland prairie sites (E. Ulaszek, pers. comm. February 2011).

7.2.3.4 Low Diversity to High Diversity Grasslands
Based on the original four studies, it was estimated that grasslands with higher diversity
sequestered on average an additional 0.02 metric ton C per acre per year more than grassland
monocultures at similar locations (Anderson, et al., 2008). Two of the studies compared C
sequestration rates in monocultures of a single grass species with rates in diverse prairies. The
other two studies compared rates in species-rich mixtures with rates in monocultures of both
grasses and forbs.

A fifth study was added, by Fornara and Tilman (2008), which compared C3 grasses to highdiversity prairie. With the Fornara and Tilman study, the average metric ton C per acre per year
increased from .02 to .07 metric tons of C acre per year or from .08 to 0.27 metric tons of CO2 per
acre per year.

This difference may be attributed that C3 grasses sequester less carbon, as

mentioned in section 7.1.2. Fornara and Tilman acknowledged that carbon sequestration may be
enhanced under native C4 grass species relative to C3 grasses and this effect may be greater when
C4 grasses are used in combination with legumes (Fornara & Tilman, 2008). However, the lack of
evidence makes this an inconclusive statement.

7.2.4 Working Landscapes
Many of the studies used by Anderson (et al., 2008) and Fissore (et al., 2009), omitted
management practices and therefore conclusive statements could not be made of how management
practices affect carbon sequestration rates. Follett and Reed (2010) compiled a table on how
different management practices affected rangeland carbon sequestration rates for the U.S. and
abroad (see Appendix 6). Five management practices were compared: grazing, nitrogen inputs,
fire, restoration of degraded soils and woody plant encroachment. Sequestration rates varied from
no change in C to 1.1 metric tons per acre (Appendix 6).

Conant et al. (2001) also reviewed 115 published studies on the impacts of management practices
on soil carbon sequestration in rangelands. Analysis showed that climatic variables, native

54

vegetation, depth, time and original soil C all affect rates of soil C change but, on average,
management improvements and conversion into pasture lead to increased soil C content and to net
soil C storage.

Grazing improved carbon sequestration on northern mixed-grass prairie by 0.3 metric tons per
hectare and had no effect on southern mixed-grass prairie. Proper grazing management has been
estimated to increase soil C storage on U.S. rangelands from 0.1 to 0.3 Mg C ha per year and new
grasslands have been shown to sequester as much as 0.6 Mg C per ha per year (Schuman, et al.,
2002).

Since cattle are filling the ecological niche of the bison, methane emissions from cattle

were not considered. Someday in the future Midewin may reintroduce bison.

Nitrogen is an essential plant nutrient and most rangelands are N deficient and can respond to
moderate N additions (Appendix 6).

The addition of N had a positive effect on carbon

sequestration from 0.13 to 0.6 metric tons per acre. Increasing soil organic carbon sequestration
on rangelands generally requires improved grazing management, introduction of legumes, and/or
control of undesirable species.

The diversity of and productivity of tallgrass prairies are

influenced by nitrogen availability.

Nitrogen availability is driven by interactions between

frequency of fires and grazing by large herbivores (National Science Foundation, 1998).

Fires also had a positive effect based on the study by Rice (National Science Foundation Press,
1998); fire increased carbon sequestration by .08 metric tons per acre per year.

Fire burns

vegetation and converts it to carbon that is released into the atmosphere. Even under a frequent
fire regime, grasslands store more carbon than they release (National Science Foundation Press,
1998).

7.3 Relevance to the Carbon Market
The CCX map (Figure 3) displaying the United States is divided into 2 sections regarding carbon
sequestration rates. This is partly due to the general lack of studies establishing region- or
ecosystem-specific C sequestration rates is largely due to the great cost and time involved in
monitoring soil C (Anderson, et al., 2008). It could be for these reasons the map is divided into
only 2 sections, but offset providers have the option to submit a proposal to obtain a higher
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sequestration rate. Yet such endeavors can be costly for small offset provides, and therefore there
is a great need for accurate yet cost-effective measurement, monitoring and verification systems
(Conant et al., 2009). Since the Midewin pilot project ceased, a proposal was never submitted to
the CCX and therefore it is unknown if a higher sequestration rate could have been applied based
on some of the information from this chapter.

There is a general consensus that more research is needed in these areas and some of the research
gaps identified are: whole plant, whole soil profile; research at specific prairie ecosystems such as
wet prairies, sedge meadows and oak savannas; and grassland restoration in Illinois and other
states.

There is also a need to create a standardize research checklist or standard indices. Research
checklists like those used in the economic valuation methods, would make it easier for scientists
or offset providers to compare carbon sequestration research from site to site. This could also
assist in formulating how different factors affect carbon sequestration. The checklist could include
information on species diversity, grazing, precipitation, what type of prairie it is, rather it is mesic
or wet prairie and include other environmental factors.

There are various environmental and management factors that affect carbon sequestration uptake
and more research is needed to find how these factors affect one another. Until there is more
research and standard research indices applied to carbon sequestration potential of grasslands,
grasslands will continue to be omitted from the carbon market (except from CCX) or grouped into
agricultural practices. This could create the same obstacles forestry offsets face, such as tree
plantations are classified the same as forests although they are inherently different.
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8. Co-Benefits (Ecosystem Services) of Grasslands
Environmental co-benefits are derived from ecosystem functions and processes.
Quantifying present and future co-benefits from prairie restoration is a difficult and
uncertain endeavor. When ecosystem functions are destroyed there is a loss of numerous
life sustaining ecosystem services (Natural Resources Conservation Science, 2009).

Prairie restoration does not equate to all ecosystem functions being restored or
recognized, as key species may be missing from the prairie landscape. For instance,
wolves, bears, prairie chickens, elk and bison were once found throughout Illinois.
Wolves and bears might never be reintroduced as their habitat needs exceed the space
available at Midewin. Bison and prairie chickens may one day be reintroduced. The
ecosystem services provided by these missing species cannot be replaced (Richardson &
Loomis, 2009).

Quantifying ecosystem services is also difficult since much of the prairie restoration has
yet to happen and it could take 20, 30, 40 or more years before Midewin land is fully
restored (contingent on funding, demolition of army property, etc.).

Regardless of

whether these co-benefits can be adequately quantified, it is better to have an estimated
value than no value at all. While it is true that nature has an intrinsic value and therefore
priceless. History has shown that intrinsic value is not enough, for the intrinsic beauty of
the tallgrass prairie would have been enough to save at least a bigger portion than 1% of
its former range.

Putting a monetary price on the co-benefits adds value and worth and does not decrease
nature’s intrinsic value. A monetary price is used because individuals understand money.
Money has the capability of changing people’s values and stirring up emotions like
happiness, passion, depression, sense of power and status (Buchanan, 2009).
Subconsciously, money can alter a person’s personality or emotions; just handling money
can improve a person’s confidence (Buchanan, 2009).

It may also increase their

appreciation for restoring a vanishing landscape, as many may not appreciate or
understand the importance of restoring prairies or co-benefits.
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The first section of this chapter explains why other economic valuation methods were not
considered, followed by a comparison of different benefit-transfer studies. The final
section attempts to fill in some of the research gaps by employing the benefit transfer
database from Defenders of Wildlife.

The monetary values presented in this chapter have been converted to 2010 estimated
U.S. dollars from the Conversion Price Index issued by the U.S. Office of Management
of Budget and the Congressional Budget Office; unless otherwise noted.

8.1 Assumptions and History
The underlying requirement of using the benefit transfer method is that the study site
used is comparable to the policy site. Due to the limited economic data available on
prairie ecosystems types only a few study sites had comparable ecological land cover
types to Midewin. Since Midewin land is undergoing restoration, its value may be
different than a value for a site that has existed for many years. It was assumed that the
study sites were native grasslands and in stable conditions.

Another requirement is that socioeconomic surroundings must be comparable; this is
quite difficult as Midewin is surrounded by many different infrastructures and
fragmented by State Route 53. The southeast side is bordered by an industrial park and a
landfill. Another industrial park, a national cemetery and the Joliet Army Training Area
border Midewin on the northwest side. The Des Plains State Park, a natural area used
mainly for recreation; borders Midewin on the southwest side. An ExxonMobil oil
refinery is located few miles north. Midewin is located near several different towns,
homes, and agricultural fields in Will County and is 45 miles away from the large
metropolitan city of Chicago.

Due to these circumstances, the author recognizes that there is a large and unknown
margin of error. While other economic methods exist that could have provided different
values for the co-benefits such as contingent valuation, it was not considered as it has
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been employed in the past.

Klenosky, Vogt, and Andereck used the contingent valuation method in a market
valuation study for Midewin in 2002. The object of the study was to analyze the market
potential of Midewin land as a recreation resource and tourist attraction near a major
metropolitan area. The study quantified how many visitors would visit Midewin and what
recreation activities were desired, among other variables. The economists of the survey
estimated that potentially 1.5 million visitors would visit Midewin on an annual basis;
currently visitation numbers are nowhere near this. Less than 10,000 people visit the
visitor center, volunteer or participate in interpretive activities. It is estimated that at
most Midewin receives 30,000 visitors per year.

The survey also stipulated that visitors were willing to pay $5 (2002$) for a daily pass or
$20 (2002$) for an annual pass. The Forest Service did at one point charge a $3 fee for
interpretative programs and for hunting privileges; once this fee was annulled, program
participation increased by almost half (A. Hedden, pers. comm., 2010).

Currently

Midewin is free to visit and there are no program fees.

In addition, surveyors were asked what ecosystem type would be preferred for future land
acquisitions and 89% stated that forests were most desirable, followed by (75%) wildlife
habitat areas, wetlands, streams, lakes, historic places and then prairies (Klenosky, Vogt,
& Andereck, 2002). Interacting with visitors, this statistic is not surprising and confirms
that people may not understand what prairies are or the benefits derived from them. It
would be difficult to ask what is their willingness to pay to restore the prairie if they do
not know what a prairie is. However, the survey showed that people were interested in
learning about prairies and prairie gardening.

The travel cost method was not utilized because the survey also stipulated that the
majority of the visitors would come from surrounding areas mostly in Will County.
From informal talks with visitors, Midewin is seen as a side trip destination but not the
destination in itself.
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This could be because Midewin is a very young site (established in 1996) and the public
struggles with understanding the identity of the Forest Service and prairie restoration.
Some of the reasons for the lack of public understanding are:


Many associate it with the former Joliet Arsenal and/or would like to see the army
infrastructure preserved.



Hunters also lament the good old Arsenal days when they were able to hunt most of
the property and were the only ones allowed out on the field.



Many are unaware that the Army no longer manages the land and that it is open 365
days for recreational use. The fence surrounding Midewin makes it appear closed
and unwelcoming.



Many believe Midewin is managed by Desplains State Park and not the Forest
Service



Visitors to Midewin often ask: what’s a tallgrass prairie? Who is the Forest
Service? Why is it taking so long to restore the prairie? Why are areas closed off?
Why are trees being cut down? What can we do here?

For these reasons and others not mentioned, it is the author’s opinion that conducting a
contingent valuation or utilizing another economic method is not feasible at this time. In
order to conduct an appropriate economic analysis, the public would need to be informed
and educated about Midewin, recreation opportunities and prairie ecosystems.

This

would become an expensive and time-consuming endeavor that is beyond the scope of
this thesis.

Also, the economic recession may make survey participants weary of

answering questions of willingness to pay when Midewin is currently free.

8.2 Benefit-Transfer Method
The value of the world’s ecosystem services has been conservatively estimated at $33
trillion (1994$) annually (Costanza et al., 1997).

Due to data gaps, the authors

acknowledged that $33 trillion (1994$) was most likely an underestimation, because no
values were available for ecosystem services such as habitat and cultural values. More
information was also available for certain types of ecosystems then for others. For
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instance grasslands and rangeland were appraised at only $138.13 per acre per year.

In 2006 Costanza led another team of researchers to conduct the most comprehensive
U.S. benefit value transfer study. It was a two-year study of the economic value of New
Jersey’s natural capital undertaken by the Gund Institute for Ecological Economics in
partnership with the New Jersey Department of Environmental Protection. The study
evaluated the state’s ecosystem services based on average values from similar studies
covering the types of ecosystems present in New Jersey. The research team screened
more than 300 studies and selected 100 of them covering the types of ecosystems present
in New Jersey (Costanza et al., 2006).

These two investigations would become the basis for other studies utilizing the benefit
transfer method in the U.S. and for the three studies used for comparison in this thesis.
For this thesis numerous benefit transfer studies were reviewed; however only three
benefit studies were used for comparison.

The comparative studies (Table 8, pg. 63) are from Ken Bagstad 2005, Valuing the
Ecosystem Services of the Chicago Region; David Batker and Maya Kocian 2010 for
Earth Economics, Valuing the Puget Sound Basin; and Sara Wilson, The Ontario’s
Wealth Canada’s Future. All three of these studies utilized the New Jersey dataset and
the values obtained for the Chicago region originated entirely from the New Jersey
dataset.

Table 8 illustrates the annual ecosystem service value per acre by land cover.

The

Chicago Region study valued grasslands and shrubland at $61 per acre (Bagstad, 2006).
This study was a first attempt at valuating the ecosystem services in the Chicago land
region as a whole. This value was comparable to another study investigating the
ecosystem services provided by the U.S. National Wildlife Refuge System, which valued
grasslands at $59.28 per acre (Ingraham & Foster, 2008). The study by Ingraham and
Foster also utilized the New Jersey study, in conjunction with the dataset from the
Environmental Valuation Reference Inventory (EVRI).
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Although the study in the Puget Sound is located in a different geographic region (Pacific
Northwest vs. the Midwest), their grassland category included native mound prairies,
which contain shorter prairie vegetation, compared to the tallgrass prairie mounds found
in Illinois. The prairies of the Puget Sound were also once abundant in that area. This
study produced two values; a low value of $90.83 per acre and a high value of $122.72
per acre; only the high value is shown in Table 8. The values originated from the New
Jersey study, and from studies specific to ecosystems of the Pacific Northwest Puget
Sound area.

The ecological land cover for grasslands in the Ontario, Canada study consisted of
tallgrass prairie, tallgrass woodland and tallgrass savannah. These ecosystems are similar
or are found at Midewin.

In Ontario, Canada, prairies are rare and ecologically

significant. The ecosystem services provided from grasslands were valued at $688.99 per
acre, a much higher value than the other two studies.

This higher value could be

explained that this study categorized grassland by ecosystem type and not as generalized
grassland and it also recognized more ecological functions than the other two studies.
The values of this study will be used to quantify the co-benefits derived from prairie-type
ecosystems from Midewin land.

For this economic valuation wet prairies were classified as prairies, although they may
provide many of the same ecosystem services as wetlands. There is a large amount of
ecosystem valuations done on wetlands, but there is a lack of valuation data on wet
prairies. Studies on wetlands were not included because of the great disparity between
values and the lack of research of wetlands in Illinois. To give the reader an idea of how
wetland values can vary greatly, wetland values from the cases studies were included in
table 8. Values ranged from about $6,000 to $10,000 to $77,000 per acre, because there
are numerous types of wetlands, with some providing more services than others. The
Ontario study was the only study in table 8 to divide their wetlands into different
categories: open water, bog, marsh, swaps and fen wetlands. From these categories the
fen wetland might be the most ecologically similar to wet prairies and the value of fen
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wetlands per acre per year is $6,065.64.

Further research is needed before wetland

values can be applied to wet prairies.

All three of the studies lack some values because the relevant literature does not exist.
The total values presented are considered an undervaluation as there are values missing
from the dataset. Midewin provides tremendous recreation value, habitat for wildlife and
genetic resources, as many of the seeds are exchanged with other restoration projects,
universities or research institutions. Yet, the values for habitat refugium, cultural and
spiritual values, recreation and aesthetic are worth 0-.03 cents per acre based on the
datasets from table 8.
8.1.2 Conservation Reserve Program (CRP)
To compare recreational values to another study, the Conservation Reserve Program
values were used. The Conservation Reserve Program pays farmers to retire cropland
and convert these fields into grasslands. In 1992, U.S. regions were evaluated on the
consumer surplus attributable to the CRP on a per-acre basis. Values obtained per acre
for the Eastern region were: pheasant hunting at $8.06, wildlife viewing at $45.79 and
freshwater recreation at $3.17 (Feather, Daniel, and Hansen, 1998). Pheasant hunting is
currently not allowed at Midewin but deer and turkey hunting is available. There is also
no fishing but freshwater recreation could encompass a number of activities. These
recreation activities may or may not be available at Midewin in the future.

If these recreational values were added to the datasets in Table 8, the new totals would be
$118.02 per acre for the Chicago study, $170.53 for Puget Sound and $746.01 for the
Ontario study. Even with the added recreational values, it could still be considered an
under valuation as it does not represent the current or future recreation activities available
at Midewin.
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Table 8 Annual ecosystem service values per acre by land cover type, Chicago
region from Bagstad 2005, Puget Sound from Batker and Kocian 2010, and
Ontario’s Wealth from Wilson 2008

8.3 Defenders of Wildlife Database
The organization Defenders of Wildlife created the benefit transfer and visitor use
estimating models for wildlife recreation, species and habitats. The wildlife habitat
benefits estimation toolkit provides:
1. Syntheses of the literature findings in the form of statistical models and average-value
tables that allow users to draw upon the wealth of available data and apply it to a
particular site, and
2. Databases that list the available studies, their findings, study characteristics and
contexts.
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Active research did not reveal any studies at this time that captured the value for
providing much-needed open space and habitat for wildlife in Illinois. Only one study
had valued open space in the Chicago region. In 1998, Richard Kosobud reviewed
benefit and cost studies of urban sprawl and agricultural practices to see if natural areas
had been properly accounted for in the Chicago region. The data was insufficient but
there was a clear indication that the value of open space was not accounted for. He then
conducted a small sample survey of the public’s willingness to pay for the recovery or
improvement of natural areas. The results reveal that households on the average were
willing to pay about $27 per year in increased taxes for expansion of natural areas. The
funding from increased taxes amounted to an estimated $50 million per year for the
region to acquire, save or improve natural areas. The study revealed there is a desire for
open space in the Chicago region and that the public subsidizes private land without
knowing it, because of the loss of open space.

Calculating wildlife habitat is extremely important since the main objective of the Forest
Service at Midewin is ―to manage the land and water resources in a manner that will
conserve and enhance native populations and habitats of fish, wildlife and plants‖ (Prairie
Plan, 2002).

8.2.1 Open Space and Wildlife Habitat
The Defenders of Wildlife database will be used to calculate the total economic value of
terrestrial habitat including: recreational wildlife viewing, open space and passive use
(existence) value. Midewin provides wildlife-viewing opportunities, habitat for multiple
species and open public space. Data input required household earnings; for Illinois
median household earnings were $53,974 for 2009 (Economic Research Service USDA,
2010). The 2000 census stipulated that there were 167,542 households in Will County.

The total economic value of terrestrial habitat per acre is $316,818.38 annually. For each
year an acre is not restored or opened to the public at Midewin, society loses out on over
$300,000 worth of benefits per acre. For example, in 2010, 10,065 acres are closed to the
public for a total loss of $3,188,773,170 each year. There are also areas that are open to
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the public but have yet to be restored.

Once all of Midewin (19,165 acres) is restored it could provide $6,071,820,036.79 worth
of open space and wildlife benefits. Valuing over $6 billion dollars for ~19,000 acres
may appear as an overestimation.

Yet, considering the lack of open space and

unfragmented wildlife habitat in northern Illinois, this value may capture the potential
worth of open space and wildlife benefits provided by Midewin land. This amount also
represents the multitude of wildlife species that inhabit Midewin.

The large dollar amount also supports the notion that improving the environment near
heavily populated areas results in more recreational benefits than the same change in a
sparsely populated area (Feather, Daniel, & Hansen, 1998).

It is also important to consider that grasslands will become more valuable, as only a small
percentage of them are actually protected. Development is displacing ranches and open
rangeland throughout the West. Studies predict that 26 million acres of open space will
be converted to residential and commercial development by 2050 at a rate that has been
increasing since the 1940s (Sustainable rangelands ecosystem goods and services, 2008)

On a global scale, of the 13 terrestrial biomes and 810 ecoregions examined by Hoekstra
(et al., 2005), temperate grasslands had the highest Conversion Risk Index at 10.1. The
root cause of concern: only 4.6% of the temperate grasslands biome is protected, and
45.8% has already been destroyed (Figure 8) (Hoekstra et al., 2005).
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protected within a biome, researchers have developed a “Conversion Risk Index” (CRI)
that identifies the biomes at greatest risk (Figure 3). Of the 13 terrestrial biomes and
810 ecoregions examined in the study, temperate grasslands, such as those in the
Project Area, had the highest CRI at 10.1. The root cause of concern: only 4.6% of this
biome has been protected, but 45.8% has already been destroyed (Hoekstra et al.,

Table 9 Habitat conversion and protection in the world's 13 terrestrial biomes.
2005).
Biomes
are ordered by their conversion risk index (CRI), CRI was calculated in the
ratio of percent area converted to percent area protect as an index of relative risk
of biome-wide
biodiversity
Figure 3: Conversion
Riskloss.
Index Adapted from Hoekstra et al., 2005.
Habitat Converted

Habitat Protected

Biome Area (%)
0.0

10.0

20.0

30.0

40.0

Temperate Grasslands, Savannas & Shrublands
Mediterranean Forests, Woodlands & Scrub
Tropical/ Subtropical Dry Broadleaf Forests
Temperate Broadleaf & Mixed Forests
Tropical/ Coniferous Forests
Tropical/ Subtropical Moist Broadleaf Forests
Tropical/ Subtropical Grasslands, Savannas & Shrublands
Flooded Grasslands and Savannas
Deserts & Xonic Shrublands
Montane Grasslands & Shrublands
Temperate Conif er Forests
Boreal Forests/ Taiga
Tundra

50.0

CRI
10.1
8.2
6.4
4.7
4.1
2.0
2.0
1.5
0.7
0.5
0.5
0.3
0.0

Habitat conversion and protection in the world's 13 terrestrial biomes. Biomes are ordered by their Conversion Risk Index
(CRI).
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toJ.M.,
value
wildlife
or habitat
improvements
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of

Wildlife datasets for valuing wildlife species (specifically marine and avian) or
improvements to aquatic habitats on a per annual household basis.

There could be a large margin of error as well, since none of the fauna species at
Midewin are federally endangered and most economic species valuations have focused

Ducks Unlimited Avoided Grassland Conversion Project
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on waterfowl or federally endangered species. As of now, only 4 grassland birds are
considered federally endangered, even though populations of grassland birds are
declining faster than any other guild of North American bird species, with some species
populations declining 38-77% (http://www.stateofthebirds.org/2009/habitats/grasslands).
In most cases, fragmentation and loss of grasslands creates unsuitable habitat or causes
nesting success and nestling survival to decline below the level needed for population
maintenance (Johnson et al., 1998).
The results for Table 9 were obtained from the ―willingness to pay‖ datasets for a
particular species. It is a function of the percentage change in the species population
proposed in the survey and payment frequency per year per household.
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Based on the 2004 Grassland Bird Blitz surveys, 14 upland sandpipers were found at
Midewin and only 7 were found elsewhere (The Chicago Wilderness consortium, 2006).
The Chicago Wilderness consortium in the Biodiversity Plan anticipates that by 2025
there should be at least 50 breeding pairs of upland sandpiper at Midewin and at least one
breeding population elsewhere. This represents a 700% increase in population and would
be worth $196.97 per household (Table 9). With 167,542 households in Will County, the
total value is over $33 million (2010$). Households from the Chicago region were
excluded, although they were located within 300 miles of Midewin. According to the
Defenders of Wildlife guidelines, areas within 300 miles of a site receive the benefits.

Table 10 Total Economic value of threatened and endangered avian species

Total Economic Value of Threatened and Endangered Species
Percent

Annual

Households

Value per

Will County 2000

Household

167,542 Census

(2010$)

Value (2010$)

700

$196.97

$33,001,620.23

10

$519.38

$87,017,523.28

25

$522.51

$87,541,884.46

50

$527.72

$88,415,819.75

75

$532.94

$89,289,755.05

change in
Bird Species

the size of
the species
population

Upland
Sandpiper
13 species

Households may be willing to pay $196.97 for increasing the upland piper bird
population but they may not be willing to pay the same amount for each additional bird.
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The value actually decreases with each additional species or each additional percentage
change. To demonstrate this, the upland sandpiper is grouped with 13 other species. In
this scenario the population will increase by 10%, 25%, 50% and 75%. Values for
household ranged from $519.38 for a 10% change compared to $532.94 for a 75%
change. A value difference of about $12 while the positive population increase is 65%.
For all households in Will County the total values range from $87,017,523.28 for an
improvement of 10%, to $89,289,755.05 for an improvement of 75% in population
(Table 10).

The species included along with the upland sandpiper are either threatened or endangered
in the state of Illinois.

Species that do not currently inhabit but could be reintroduced to

the area, e.g., the greater prairie chicken, were not considered.



Pied billed grebe

Podilymbus podiceps



American bittern

Botaurus lentiginosus



Black-crowned night-heron

Nycticorax nycticorax



Northern harrier

Circus cyaneus



Cooper's hawk

Accipiter cooperii



Swainson's hawk

Buteo swainsoni



King rail

Rallus elegans



Common moorhen

Gallinula chloropus



Sandhill crane

Grus canadensis



Long-eared owl

Asio otus



Short-eared owl

Asio flammeus



Loggerhead shrike

Lanius ludovicianus



Henslow's sparrow

Ammodramus henslowii

8.2.3 Aquatic Habitat Improvements
Now, let’s look at the nonuse (passive use) for improvement of aquatic habitat for fish
and other species. The value per household of improving the water quality from 3, the
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current minimum level of national water quality, to 5, a level where the waters are
considered fishable. To increase the water quality from a 3 to 5, the value per household
is $327. Multiplied by all the households in Will County: 167,542*327= $54,756,484.53.
This value represents nonuse (passive use) while providing habitat for fish and other
species.

Add this value of $54,756,484.53 for habitat for fish and other species to $89,289,755.05
for bird population 75% improvement and habitat, equals $137,349,507.96 in annual
worth for all the households in Will County. Comparing $137 million for improving the
populations of 14-bird species and aquatic habitat supports that $6 billion for providing
open space and wildlife habitat and viewing opportunities seems reasonable.

8.2.4 Improving Jobs Analysis for Restoration
This thesis does not valuate any non-environmental co-benefits like job creation.
However, it is worth mentioning that increased funding from the carbon or other
ecosystem service based markets could also generate additional jobs. Staffing is needed
to restore and monitor Midewin land. Through the funding from the American Recovery
and Reinvestment Act, several temporary jobs were created at Midewin through awarded
contracts and Forest Service work crews.

One report compared overall spending in the economy, on a per dollar basis, spending on
environmental protection and clean up employs twice as many workers as in construction
(11% versus 4%) and 25% more than manufacturing (20% versus 16%) (Pollin et al.
2009).

It is important to note that the majority of jobs created would be temporary, but this could
provide a boast to the economy or give individuals who are on unemployment time to
look for other employment or learn new job skills.

8.3 Co-Benefit Conclusions
Employing the benefit transfer method, the estimated value of the co-benefits of
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grassland ecosystems — tallgrass prairie, tallgrass woodland and tallgrass savannah — is
$688.99 per acre.

This is more than double compared to the average annual value of

harvested crops at $312.18 per acre per year in 2009 for Will County (City-Data, 2010).
With 18,735 acres of prairie-type ecosystems, the value of the six ecosystem services is
$12,908,227.65. The co-benefit values were derived for Air Quality, Climate Regulation,
Annual Carbon Uptake, Freshwater Regulations, Waste Assimilation, Biological Control,
Aesthetic and Recreation, Soil Formation, Soil Retention and Pollination.

To compensate for data gaps in the datasets the Defenders of Wildlife benefit transfer
database was utilized.

Midewin provides wildlife-viewing opportunities, habitat for

multiple species and access to open space. Total economic value of Midewin terrestrial
habitat per acre is $316,818.38 per year.

In comparison, industrial park land near Midewin had an average asking price per acre of
$215,717, ranging from the most expensive at $437,545 and the least at $17,375
(Wilmington Land for Sale 7 properties, 2010).

Land for agricultural uses around

neighboring towns (Elwood, Manhattan, Wilmington) had an average asking price per
acre of $34,000, the highest being $87,120 and the lowest $10,000 (Will County Farms
for Sale, 2010).

The estimated value of the co-benefits of grassland ecosystems at Midewin is most likely
an underestimation since many of the values were based on an ecologically and
geographically different study. Also, there are many ecosystem services that have not
been adequately quantified or identified such as the ecosystem services provided by soil
microorganisms.

71

9. Overall Conclusion
2011 is upon us and the CCX has confirmed it is not implementing Phase III of its cap
and trade program (Gronewold, 2011). However, CCX will continue trading in the overthe-counter market and registering projects in its offset registry. Once enthused partners,
of the Forest Service, the Delta Institute and the National Forest Foundation, found it
uneconomical to continue with the project. As of January 2011, the price continues to
stand at $.05 a metric ton of CO2e with buyers few and far in-between. The pilot project
ceased in fall of 2010, but the National Forest Foundation is continuing to work with
Midewin staff to pursue other endeavors.

The demise of the only voluntary cap and trade scheme in the United States is due to the
lack of a mandatory nationwide cap and trade system and the ongoing economic
recession. The economic recession has lessened the demand for carbon offsets, as CCX
members were able to meet their emission reduction goals without the need to purchase
allowances or offsets.

Another attributing factor was that the CCX trading unit the Carbon Financial
Instruments (CFI) were both sold as allowances and offsets credits. Offset project
developers could generate Carbon Financial Instruments in the system and had no
obligation to purchase allowances to meet reduction commitments. This created an
endless supply of offsets with limited demand.

The Regional Greenhouse Gas Initiative (RGGI) mandatory carbon market has also
suffered. Only 57% of the carbon allowances offered for sale during RGGI's auction on
December 1, 2010 were sold for the minimum reserve price of $1.86 (Jones Day, 2011).
The previous auction in September 2010 sold only 75% of available allowances (Jones
Day, 2011). Decreasing allowance prices over the past several RGGI auctions have been
attributed to decreased electricity demand and utilities' increased use of alternative fuels
and technologies (Jones Day, 2011).

Markets naturally go up and down and as one market closes there is an opportunity for
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another to open. The state of California has recently passed its own cap and trade market
and many anticipate that this will boost the demand for carbon offsets. Only time will
tell if the carbon market recovers in the future.

Meanwhile, restoring prairies and degraded soils continue to present an opportunity to
sequester carbon. A recent carbon sequestration investigation (Whelan, et al., 2008)
evaluated soils from six land uses present on Midewin land, the study concluded that
prairie restoration led to increased carbon stocks in degraded soils. New restorations
contained about 1.5x more carbon than no-till row crops. Carbon sequestration rates can
fluctuate with different environmental factors and management practices such as prairie
age, soil type, climate and grazing. Under the CCX, the carbon sequestration rate for
grasslands is 1 metric ton of CO2 per acre per year. Other investigations have indicated
that the sequestration rate could be greater, and based on 29 studies prairies sequestered
1.72 metric tons of CO2 per acre per year or 0.47 metric tons of carbon per acre per year.
The sequestration rate is even greater for prairie areas with wetter conditions.

Although it is very unlikely the Forest Service will be able to participate in the over-thecounter market of the CCX, if one day it is able to participate, its best strategy is to have
potential buyers commit to purchasing the offsets at a set price. This will create interest
from partners and buyers, if there is no buyer then the product will not sell. For instance
the Belwin Conservancy in Minnesota was unsuccessful in selling their prairie restoration
offsets (T. Kelly, pers. comm. Dec. 2010). As opposed to Ducks Unlimited, which had
established partnerships with potential buyers, sold most of its prairie restoration offsets
in 2010. Ducks Unlimited also bundled its carbon offsets with co-benefits and this added
benefit made it more attractive to buyers.

If and when the opportunity arises for the Forest Service to sell offsets, it could bundle
its’ offsets with co-benefits.

The potential total value of co-benefits from restored

Midewin land is $317,507.37 per acre per year employing the benefit transfer method.
The co-benefits were derived for air quality, climate regulation, annual carbon uptake,
freshwater regulations, waste assimilation, biological control, aesthetic and recreation,
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soil formation, soil retention, pollination for prairie type ecosystems and wildlife-viewing
opportunities, open space and habitat for multiple species for all terrestrial habitat. This
When Midewin (19,165 acres) is restored it could potentially provide $6,084,728,264.44
worth of co-benefits per year. The benefits from restoring Midewin greatly outweigh the
costs of restoration. The average cost of prairie restoration at Midewin can range from
$2,500 to $6,000 per acre with maintenance and monitoring costs of $400 (FS, 2010).

Despite potential shortcomings, this research provides useful scientific and economic
information on the Chicago Climate Exchange, carbon offsets, prairie carbon
sequestration and co-benefits (ecosystem services) for the Forest Service.
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Appendix 1 Overview of various Carbon Markets, Information and adapted from World
Bank, Bloomberg and from New Energy Finance and Ecosystem Marketplace.
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Appendix 2 Original proposal and calculations from the Forest Service 2007

Carbon dioxide offset accumulation for lands converted from Standard Crop Production in 1999 or later, in metric tons per acre per year
Conversion Type

Offset issuance rate

First year of crediting

Conservation Tillage

0.6

2006*

Grassland

1

2003

*Retroactive crediting for conservation tillage extends one year prior to registration
** This figure represents the total amount of carbon accumulated from the planting year through 2007.
*** This figure represents the total amount of carbon accumulated from the planting year (starting in 2003) through 2017.
+ Carbon accumulation rates drawn from CCX website. Conservation tillage rates vary by region
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Appendix 3 Map of proposed areas to enter the CCX 2010, created by GIS specialists Mary Honer and Delane Strohmeyer
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Appendix 4 Map of Midewin Soils 2010. Created by Delane M. Strohmeyer Vegetation Management Specialist
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Appendix 5 Summary of empirical data from available literature used to obtain values for
C sequestration rates in plant biomass and soil for alternative land-use/land-cover
changes. Adapted from Fissore, 2009.
* Denotes studies added by the author and additional conversion from C to CO2
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Appendix 6 Adopted from Follett 2010; data from Reed Schuman and Derner 2004; Follett and Schuman 2005.

87

