Congressional Request

for

Research on the Ecology and Economics of Nutrient Management

Request

Nitrogen and phosphorous pollute our nation’s waters (inland as well as coastal), and carbon contaminates our air.  A promising control technology, one that requires minimal fossil fuel and is readily sustainable, is ready for full-scale testing.  Wetland restoration is the technology. A large-scale pilot project (3,000 to 4,000 thousand acres) is needed to test design and operating conditions, control efficiencies, economic viability, and market-based financing.   A pilot project (Goose Pond) has been organized in a highly disturbed, backwater lake and wetland complex adjoining the Illinois River near Hennepin, Illinois.  The total cost of the project is $23,100,000.  Land costs are estimated to be $2,000,000.  Construction, restoration, and operation and maintenance are estimated to cost $13,200,000.  Research will cost $6,400,000 and design and administration will cost $1,500,000.  The organizers
 have secured the land, through cooperative agreements with the landowners, and the financial resources for the construction of the necessary research facilities, restoration, operation and maintenance, and administration of the pilot project.  A federal contribution of $6,400,000 is respectively requested.  This contribution would cover the cost of research and be administered by the Environmental Protection Agency.  The federal share would represent only 24 percent of the total cost.  The remaining funds would come from local governments, industry and private contributors.   


Background
In 2001, the U.S. Environmental Protection Agency (USEPA) determined that the nation needs to reduce excess nutrients, such as nitrogen, in receiving water bodies. The USEPA’s concern over increasing nutrient concentrations relates primarily to the ecological health of the nation’s waters. Nutrient over enrichment, or eutrophication, is responsible for the overabundance of macrophytes, fish kills, increased sedimentation rates, low dissolved oxygen concentrations, and a depletion of desirable flora and fauna, in the nation’s inland and coastal waters.

Currently, state regulatory agencies are mandated by the USEPA to write and enact water quality standards for total nitrogen and total phosphorus or to adapt the proposed federal criteria. In response to future mandates, Illinois Publicly Owned Treatment Works (POTWs) predict it will cost their ratepayers more than $5 billion to install the best technology available and $500 million annually to operate these facilities.
  However, this investment may neither produce effluent water that meets the proposed criteria nor will it address regional watershed needs for flood control, suspended sediment reduction, open space, and wildlife habitat.

Carbon concentrations, especially carbon dioxide, in the atmosphere have been increasing since the industrial revolution.  The increase is attributed to human activities: combustion of fossil fuels and draining of wetlands.  It is unlikely that atmospheric carbon concentrations will be stabilized or reduced in the near future as the global population increases and more nations become industrialized.  On the other hand, restored wetlands can remove carbon dioxide from the air and safely store it as peat. The restored wetlands will provide other important environmental benefits as well such as floodwater storage and wildlife habitat.  These benefits cannot be provided by traditional treatment technologies.

Wetland restoration can be financed by the purchase of nutrient removal credits-either through an open market or through long-term contracts. This strategy is referred to as "nutrient farming." The potential market for nitrogen credits is huge. For example, if row crop farmers in the United States were required to buy credits to offset the 4 million tons of nitrogen fertilizer estimated to run off their fields, $2.4 billion per year could be generated. Another, more immediate market would be industrial and municipal dischargers. Annual operating and maintenance costs at upgraded treatment plants are estimated to be $4.8 billion nationwide (extrapolated from Illinois per capita costs). This money would be better invested in the restoration of wetlands.

Nutrient farming could be conducted throughout the Mississippi River Basin and other watersheds across the United States where high nutrient concentrations are of concern. Both the USEPA and Illinois EPA have endorsed nutrient farming as a means to reach clean water goals. 

Problem

The regions with the highest losses of pre-settlement wetlands are also the areas with highest fertilizer usage and nitrogen yields to surface waters.  In the past 200 years, for example, three Midwestern states (Iowa, Missouri, and Illinois) in the Upper Mississippi River Basin drained 85 to 90 percent of their wetlands. More than 4 million acres of wetlands were destroyed in the Illinois River watershed alone. Not surprisingly, these areas also have the highest nitrogen concentrations in their rivers. Another side effect of the conversion of wetlands to farmland is the exposure of the carbon rich soils to the atmosphere.  This exposure has led to the oxidation and release of carbon dioxide and methane and the leaching of carbon from the soils. 

The modern, highly modified aquatic ecosystems of the upper Midwest can no longer purge themselves of excess nitrogen and phosphorus. By dredging, canalizing and leveeing rivers from their backwater lakes and floodplain wetlands, we have crippled the river's natural ability to denitrify its waters. These excessive nutrient loads, conveyed by streams and rivers, are thought to cause hypoxia, or oxygen depletion, in the coastal ecosystems. In the Gulf of Mexico, the uncharacteristically low dissolved oxygen level forces more mobile organisms (i.e., fish) to flee while less mobile organisms (i.e., shrimp, crabs, and zooplankton) are killed. Commercial fisheries are affected as well as the biodiversity and ecological health of the gulf.  Furthermore, scientists have linked excess nitrate-nitrogen to bladder cancer and blue-baby syndrome in humans. 

The altered river systems of today result in billions of dollars in flood damage. According to the U.S. Weather Bureau, national flood damages now average $3.5 billion; earlier in the century (1903-1933), damages averaged $1.4 billion (both sums are adjusted for inflation). This increase is in spite of, or due to, increasing federal expenditures on levees and other control structures. 

Solution

Nutrient farming is a control strategy that seeks to optimize the natural chemical and biological processes that occur in wetlands to remove nitrogen, phosphorus, and carbon from surface waters.  Landowners then sell nutrient reduction credits to other farmers, municipalities, or industries that release excess nutrients to surface waters and cannot cost-effectively remove these nutrients themselves. 

The land requirements for this management technology are enormous but the land is available.  The ideal landscape position of a nutrient farm is on bottom land, flood prone areas.  A recent study, in five states of the Upper Mississippi River Basin, showed that close to eight million acres
 of flood prone land could be easily converted to wetlands, with a net positive economic benefit.  To treat all of the point source nitrogen emissions to the Upper Mississippi River only 520,000 acres would be required, approximately 6.5 percent of the easily converted flood prone land.

Although previous research has established that wetlands reduce nutrients in surface waters under certain conditions and for certain time periods, scientists do not fully understand the complex interactions that produce these reductions or how to manage these processes. This research program will create a body of knowledge useful for predicting wetland reactions and outcomes for the wide range of conditions typically found in the Upper Mississippi River Basin. With this more complete scientific understanding of wetland functions, the economic feasibility of nutrient farming can be evaluated over the full range of need. 

Research Program
The organizers are developing a pilot project to test and demonstrate the economic efficiency and environmental benefits of nutrient farming. This new way of managing the quality of our nation's waters will be less costly than conventional treatment methods, reduce demand on energy resources, and provide additional environmental benefits. 

The specific objectives of the research program at Goose Pond are to: 

· Quantify the storage capacity of wetlands for nutrient storage and removal. Our specific goals are to identify natural limiting factors to nutrient removal, such as seasonality and nutrient removal efficiency, with respect to the nutrient concentrations in incoming waters. 

· Analyze the impact of nutrient farming on greenhouse emissions. We will specifically investigate strategies by which emission of by-product greenhouse gases can be offset or exceeded by carbon dioxide uptake from the restored vegetation. It is likely nutrient farming will act as a net sink of greenhouse gases out of the atmosphere, producing another marketable commodity.   

· Explore the most economical way to distribute wetlands throughout a watershed to achieve maximum environmental benefit. 

· Offer management protocols on the operation of nutrient farms (wetlands) so that landowners can strategize nutrient removal, ecological diversity and recreational use. Can other wetland values, such as biodiversity, be maintained if nutrient removal is optimized?

· Obtain monitoring protocols for the evaluation of credit production. We envision that the certification of credit production at each site could be achieved by regular chemical analyses of the waters and by the analyses of remote satellite images (such as MODIS satellites owned by NASA and with free access data). 

Budget

Nutrient farming must be viewed as a business enterprise; an economically efficient means to manage environmental problems. This economic efficiency will be established only by using solid biogeochemical and economic data. 

For Goose Pond, TWI has estimated a cost of $23.1M for five years to cover the expenses of design, construction, operation and maintenance, and research (Table 1). A consortium of landowners, donors, POTW’s, and regulated industries will contribute to the construction and operation costs at Goose Pond (Table 2).

TABLE 1.  Cost distribution of the proposed pilot study at Goose Pond.

	Category
	 Cost ($)
	Percent (%)

	Construction
	      9,766,093 
	42

	Research
	       6,371,000 
	28

	Land
	     1,986,923 
	9

	O&M
	       1,834,635 
	8

	Restoration
	     1,620,100 
	7

	Project Development and Administration
	          830,418 
	4

	Design
	          650,000 
	3

	TOTAL
	  23,059,169 
	100


TABLE 2.  Distribution of funds to support the costs listed in Table 1.

	Participants
	 Cost Allocation ($)
	Percent (%)

	POTWs (Sanitary Districts)
	            9,766,093 
	42

	Federal Government Agencies
	            7,343,060 
	32

	Regulated Industries
	            2,482,675 
	11

	Foundation/Individual Contributors
	            1,874,591 
	8

	State Government Agencies
	            1,592,750 
	7

	TOTAL
	          23,059,169 
	100


This congressional request is for the research activities outlined above for a total of $6.3M over five years including $0.6M in capital equipment for field instrumentation. The initial proposed distribution of funds among the research institutions are shown in Table 3 (costs are cumulative over the 5 year period of the proposed research). Funds will be requested from other federal government agencies (i.e., Department of Fisheries & Wildlife) for the restoration of the site.

TABLE 3.  Budget distribution among the participating research institutions.

	Participant
	 Cost ($)
	Percent (%)

	The Wetlands Initiative
	            1,535,600 
	24

	University Illinois at Chicago
	            1,332,700 
	21

	University Illinois at Urbana-Champaign
	               975,000 
	15

	Argonne National Laboratory
	               935,000 
	15

	Northwestern University
	               400,000 
	6

	Iowa State University
	               390,000 
	6

	University of Minnesota
	               265,000 
	4

	University of Wisconsin
	               240,200 
	4

	Bradley University
	               217,500 
	3

	Western Illinois University
	                 80,000 
	1

	TOTAL
	            6,371,000 
	100
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