
Environmental Effects of Agricultural Practices Initiative

Overview
 Recent meetings with agricultural scientists, managers, and producers have confirmed the need for science-based information to make land, wildlife, and water resource management decisions that may mitigate the environmental effects of agriculture practices.  At a workshop on USGS EEAP science held in conjunction with the Soil and Water Conservation Society’s 2007 Annual Meeting, USDA scientists and managers weighed in on important research gaps that USGS science could address.  Among the research gaps identified as priorities for USGS science were connecting USGS science to cultural and economic needs, including transferring vast databases into useful tools; valuing ecosystem function and health, and forecasting the effects of sustained agricultural production on natural resource availability and quality.    

In response, USGS scientists and managers from throughout the Central United States (Midwest and North Central areas) have developed an Environmental Effects of Agricultural Practices (EEAP) Initiative to address these needs.  We have identified four main Science Themes that build on our proven competencies with long-term data sets, understanding of ecosystem processes, and regional investigations.  These themes include: Watershed Health, Ecosystem Services, Wildlife and Human Health, and Energy, Water and Climate Change.  This Initiative depends on incorporating stakeholder input and needs while taking a multidisciplinary approach that integrates the diverse abilities of USGS with those of natural resource agencies, universities, and other organizations.
Introduction
Over half of the land in the Nation’s lower 48 States is in crops, pasture, and range (Lubowski and others, 2006). By 2004, half of the original wetlands in the lower 48 states were converted to mostly agricultural uses (Claassen, 2004). From the start of European settlement until 1954, about 42 percent of original wet​lands were drained and filled and used for settlement and agricul​ture. From 1954 to 1974, wetland loss was reduced by half (Wiebe and Golleron, 2006). Nearly all of the pre-settlement forest, prai​rie, and wetland areas in the Midwestern and Great Plains States have been converted to or affected by agricultural production.
Technological advances in agricultural production methods over the past 60 years have dramatically changed the character of agriculture. The number of farms declined from 6.8 million in 1935 to 2.1 million in 2002. Whereas small family-owned farms once produced the majority of the Nation’s agricultural products, in 2003 small farms accounted for 91 percent of farms, but only 27 percent of total agricultural production. By 2002, half of the farm sales came from 2 percent of farms and 11 percent of the land in farms (Wiebe and Golleron, 2006). Support of this intensi​fied agriculture requires larger fields, reduction in the types and rotations of crops, and greater reliance on agrichemicals (nitrogen, phosphorus, pesticides) to maintain high productivity. 
Significant environmental and social issues associated with agricultural production include changes in the hydrologic cycle; introduction of toxic chemicals, nutrients, and pathogens; reduction and alteration of wildlife habitats; and expansion of invasive species. Under​standing environmental consequences of agricultural production is critical to minimize unintended environmental consequences. The preservation and enhancement of our natural resources can be achieved by measuring the success of improved management practices and by adjusting conservation policies as needed to ensure long-term protection.
EEAP Initiative Goals 
1.  Refine major scientific themes to address specific concerns of stakeholders.  
2. Partner with Federal, state and local agencies and organizations to implement study design and identify specific research opportunities.
3. Coordinate with partners to leverage funding resources required to meet stakeholder research needs. 
4. Coordinate and implement new scientific studies that are done on a regional scale but also address the needs of local agencies and issues.

5. Provide resource managers with the scientific information they need to better manage public resources.   
EEAP Themes
Energy, Water, and Climate Change
As noted in the recent USGS-sponsored workshop “Getting the Water Right” (held in conjunction with the Soil and Water Conservation Society’s 2008 Annual Meeting) water, energy, and climate change challenges are likely to be among the most important environmental and economic issues we confront this century. Many watersheds in the US are dominated by privately-held, agriculturally-managed lands. These lands feed a large portion of the populace, both in and outside the Midwest. However, as demonstrated in recent years with corn production, there can be competition for crops and croplands.  Moreover, decreases in traditional energy sources and land- and water-use changes due to population increase will change watersheds, and affect natural systems. For example, agricultural biofuel development and related changes in conservation practices such as Conservation Reserve Program (CRP) set-asides could greatly alter the current agricultural/ environmental balance, especially in areas already stressed by future expansion of urbanization. The relative importance of these stressors is not well understood, which can hamper decision-making.  Although these forcing functions can be influenced by societal decision-making, global climate change represents a driver relatively uncontrollable at the local level.  Changes in climate are expected to affect such elements as where and what crops can be grown, yields from existing and new cropland, the tradeoff of transported versus locally grown foods, the degree that current and future water use affects natural systems, and cost and amount of energy to put the land to a sustainable highest use. Regardless of which element, science is central to understanding and managing the agriculture/energy dynamic.  The addition of climate change makes identifying and balancing effective management of limited resources more urgent, and more difficult. 

Objectives and Outcomes 

Objective characterization of the interactions between societal and ecosystem needs is an area important for decision-making, and a natural part of the mission of the USGS.  The USGS has applied-expertise across the spectrum of environmental compartments in the landscape (hydrology, water quality, and biology), as well as capabilities for landscape-scale geographic assessments and modeling.  This expertise positions the agency for contributions in the societally relevant agriculture-energy arena.  USGS is well-suited for characterization of the energy development effects on aquatic systems (water budgets and environmental low flows, nutrient dynamics, optimization) in agricultural settings.  USGS scientists is also ideally positioned to partner with other groups (e.g., Fish and Wildlife Service, US EPA, USDA agencies) to contribute to the societal larger questions being asked of all parties involved in this area.

A motivation for the proposed work is best framed by posing the agriculture-energy issues into two broad societal questions:

•
Is there sufficient water in the Midwestern U.S. to accommodate potential competing needs resulting from the expected human population growth in 2050?

•
Is there an optimal mix of energy (biofuels, wind, coal, gas, hydro) and food production suited for the agricultural landscape of the Midwest?  To what extent could such a mix supply mid-century populations under current conditions and potential climate change?

As such, the following objectives and approaches are proposed:

Objective 1: Characterize the impacts of a range of biofuel development on the current Midwestern landscape, including but not limited to such elements as biomass in the field, water quality change, habitat fragmentation, carbon farming, wetland establishment and persistence, scaling, landscape and watershed flow path; carbon cycling, and water use. 
Approach: a) better understand current and future drivers by characterizing present and potential future land-use geometry, distribution, and extent using remote sensing; b) targeted field-based study to fill in gaps of our understanding; c) modeling of site-scale and landscape level processes.  

Outcome: Better understanding of linkages between and across landscape elements; more quantitative understanding of the linkages to better estimate trade-offs from different potential decisions

Objective 2: Provide a science-based foundation to assess the efficacy and efficiency of a range of watershed relevant land-use practices during current and potential future climates.  Identify conservation and agricultural management practices that can mitigate or magnify effects of climate change and energy development. 

Approach: a) modeling of site-scale and landscape level processes; b) targeted field-study to characterize the effects of a range of climate and land-use practices on metrics that are important to decision-makers.  

Outcome: Provide fundamental understanding of the abiotic and biotic systems such that this area of understanding can be provided for the development of decision support tools.
Watershed Health

Although the processes of individual Agricultural Management Practices (AMPs) are understood at the field level, the comprehensive impact of these practices on watershed health is unresolved. Watershed health includes water quality, biologic diversity, and landscape stability. Often, field-scale studies link the implementation of AMPs to decreases in specific agricultural chemicals or contaminants such as nutrients, pesticides, or sediment in the field and adjacent riparian area.  However, because of the differences in how these contaminants migrate to streams, implementation of AMPs, both within and among agricultural operations, does not always produce desired results on watershed health.  Previous studies have shown that biological communities in the streams of agricultural watersheds range from very poor to excellent, without clear relation to the type or placement or number of AMPs.  Thus, the question remains: What factors influence the degree to which implementation of AMPs have a significant effect on watershed health?  A conceptual and statistical model of how basin physiography and climate relate to AMP success will identify sensitive parts of the landscape and the best means to protect watersheds by better implementing the important research that continues to be done at the field scale.   

Objectives and Outcomes

We propose an approach that integrates water-quality monitoring, biogeochemical studies, and terrain analysis in order to develop a modeling framework at multiple spatial and temporal scales that can be used to maximize the effectiveness of agricultural management practices.  This is an integration of our current work on long-term water-quality monitoring, biologic assessment of stream health, landscape modeling, and historic land-cover analyses.  

Objective 1:  Create an index of watershed health. This index will differentiate between “healthy” and “unhealthy” agricultural watersheds and catalogue indicators of the natural environment including climate, geology, biology, etc.  These indicators of the natural environment will be used to establish regions across which there are identifiable patterns of watershed health.  This health assessment will integrate indices of riparian zone quality (including invertebrate and fish assessments, water quality, and hydrology) with those of the surrounding landscape (including species groups, canopy cover, wildlife habitat fragmentation, and slope erosion).  
Outcome: A conceptual model that describes why some agricultural watersheds are healthy and suggests which AMPs will work best in each region.  Currently, USGS programs investigate watershed health in focus watersheds and concentrate mainly on the riparian zone.  This work would build on that knowledge base by incorporating the differentiating natural factors that distinguish these watersheds and extending this knowledge to other areas.  This research will provide a link between conservation programs and landscape processes that occur both within and outside the riparian zone.   
Objective 2: Quantify the success of AMPs in terms of regional patterns of natural processes and maintenance of watershed health.  

Outcome: A statistical model to describe the factors associated with watershed health. This model will be used to assess which AMP(s) works best in each region by quantifying the impact of natural and anthropogenic factors in watershed health.  
Objective 3: Relate watershed health at the regional scale to observations and analyses done at the field scale. Possible settings include Discovery Farms in Wisconsin and North Dakota, National Water-Quality Assessment Programs, Agricultural Chemicals Transport and Fate studies, and the U.S. Department of Agriculture Conservation Effects Assessment Project (CEAP) watersheds.  

Outcome: Working with our cooperators to implement the regional model and test implications in the field.  The early phases of this research employ USGS temporal and spatial data sets to investigate a regional approach to the implementation of AMPs.  This part of the research enables us to apply these results with our cooperators and derive recommendations for coordinating AMPs.  This will ensure a scientist-to-scientist interaction that will integrate the different knowledge bases of USGS and other scientists.  
Objective 4: Provide regulators, conservation districts, agricultural researchers, and producers with a tool that will allow them to prescribe and implement AMPs in a more efficient manner depending on environmental characteristics and agricultural needs. 

Outcome: A framework to apply our expanded understanding of AMP implementation.  This interactive tool will transition the science into an application that can be readily used for management decisions.  
Wildlife and Human Health 
The majority of farms today experience a greater reliance on agrichemicals (nitrogen, phosphorus, pesticides) and veterinary pharmaceuticals in order to maintain high productivity.  Agricultural watersheds and their inhabitants are exposed to combinations of urban and rural runoff in surface and groundwater that contain these contaminants.  While traditional agrichemicals have been the topics of research in the region, little is known about the source, transport, and fate of emerging compounds (ECs; including human and veterinary pharmaceuticals, antibiotics, and hormones) and the effects these compounds may have on the environment or living organisms.  

Emerging wildlife and livestock-borne pathogens have become a high-priority concern in the United States and throughout the world because of the potential for spreading diseases to humans, economic losses associated with livestock mortality, and because of the harmful effects on natural wildlife populations and ecosystems.  In an agriculture and urban dominated landscape, wildlife habitat is reduced and has created a situation in which wildlife species can be considered 'reservoirs' of pathogens dangerous to humans and livestock.  Similarly, large-scale production of livestock and land application of waste derived from these operations, has increased the potential for transport of livestock-derived pathogens and contaminants within the environment. Critical information is needed to understand associations between host, agent and environment that lead to wildlife and human exposure to pathogens. 

Objectives and Outcomes

The USGS has the tools and capabilities to help agricultural, medical, environmental, and regulatory managers better understand complex environmental processes that govern chemical and pathogen concentrations and biological effects, while identifying sources and pathways of contamination.  The USGS currently has research and monitoring programs in biology, hydrology, and water quality investigating the source, transport, fate, and biological consequences of many chemicals and pathogens present in the environment that can be evaluated temporally within historic or real-time scales.  In collaboration with partners, USGS will combine monitoring, biological process studies, and development of a modeling framework to gain an understanding of pathogen and contaminant dynamics at multiple spatial and temporal watershed scales to maximize the effectiveness of agricultural management practices and reduce and minimize effects on wildlife, agriculture, and humans.  

Applying a phased approach seems practical in complex watershed environments.  A phased approach may include (1) documenting the spatial and temporal variability of contaminants and pathogens, (2) identifying the environmental, meteorological, and hydrologic factors that affect indicator or source concentrations, (3) identifying “hot spots” of contamination, and (4) conducting in-situ and laboratory studies to identify biological effects of chemicals and pathogens on wildlife and human health.

Objective 1: Managers need reliable methods to determine the origins of point and nonpoint-source contaminants and pathogens in order to reduce contributing sources and maintain a healthy watershed.  In particular, methods that discriminate between agricultural and urban wastewater chemicals and pathogens are needed to help identify risks associated with contaminated streams and watersheds. 

Outcome:  USGS will evaluate approved and novel methods and techniques such as hydrological investigations, chemical tracers, microbial source tracking, and models that use data obtained via these techniques to simulate environmental conditions, and define and demonstrate appropriate source-tracking tools. 

Objective 2: Resource managers and regulatory agencies need reliable, timely, and cost-effective methods and indicators to track the fate and persistence of chemical contaminants and pathogens on land and in surface and ground water.  Chemicals can be tracked by parent compounds and their metabolites or as mixtures, while pathogens may be identified as bacteria, viruses, protozoa or as indicators (organisms and chemicals) that signify the presence of pathogens.  

Outcome: Current and new contaminant and pathogen tracking methods will be tested and applied in terrestrial and aquatic ecosystems to assess risks to wildlife, agriculture, and human health.  

Objective 3: Practical and inexpensive technologies and protocols for measuring and predicting occurrences of unhealthy watershed conditions are needed. USGS scientists can use a range of techniques from diverse fields such as hydrology, microbiology, ecology, geography, and economics to study how we can better prevent, detect, and provide early warning of chemical and pathogen contamination events. USGS scientists play unique roles in a national science agency that can identify, develop, and apply standardized procedures across broad geographies to understand pollution problems at the local, regional, and national scale. 

Outcomes: 
· Identification and demonstration of a balanced multidisciplinary approach to evaluating terrestrial and aquatic environmental effects, through a range of laboratory, mesocosm, in-situ, and field studies.    
· Identification of representative biological (receptors, tissues, species, populations) and ecological endpoints (processes and functions) that are critical to evaluating agricultural and urban Best Management Practices (BMPs) on watershed health.

Ecosystem Services

Ecosystem services are the benefits that ecosystems provide to humans.  These benefits are often grouped in categories such as Provisioning (food, fiber, fuel, genetic resources, and fresh water); Regulating (air quality improvement, water purification, disease or pest containment, climate regulation); Cultural (spiritual, aesthetic, social, recreation); and Supporting ( those necessary for the production of other ecosystem services such as soil quality, nutrient cycling, or photosynthesis).  Inherent to appraising ecosystem services is accurate assessment, monitoring and understanding of ecosystem processes. 

Research on ecosystem services is a rapidly-evolving area of science that has advanced rapidly in the last decade.  A recent conference co-sponsored by USGS (http://conference.ifas.ufl.edu/ACES/) explored the many challenges for assessing, valuing, and mapping ecosystem services.  The topic is so important to agriculture that the USDA has created a new Office of Ecosystem Services and Markets and a federal government-wide Conservation and Land Management Environmental Services Board to assist the Secretary of Agriculture in the development of new technical guidelines and science-based methods to assess environmental service benefits.  One goal of this effort will be to promote markets for ecosystem services, building on the concept of carbon trading to mitigate climate change.  Currently it is very difficult to quantify ecosystem services so that they can be accounted for in resource management, restoration, conservation, and development decisions.  Tied to this issue is a poor understanding of the scale at which ecosystem services should be measured, and how to scale up from measurements made at small scales to the watershed or landscape scale.  

Objectives and Approach

Determination of ecosystem services is a natural part of the mission of the USGS, and USGS expertise in hydrology, water quality, and biology, as well as capabilities for landscape-scale geographic assessments and modeling lend themselves to this task.  An area of particular emphasis for USGS may be aquatic systems (water budgets, in stream flows, nutrient dynamics, effects of contaminants, aquatic biodiversity, in-stream processes) in agricultural settings.  USGS scientists will work with partners to define research goals and study design appropriate to specific locations.  

Objective 1: In collaboration with partners, USGS research would measure specific parameters such as: 

· biotic biomass or diversity,

· nutrient cycling rates, 

· mass balance of ecosystem constituents such as water or carbon, 

· water quality parameters

· erosion rates

· habitat parameters for various biota

and relate these to agricultural practices such as placement of BMPs on the landscape.  

Outcome: Measurement of specific ecosystem services in the context of specific agricultural practices.
Objective 2: Using models and remote sensing, USGS scientists could work with partners to scale-up such data to watershed, regional or larger scales. 

Outcomes: 
· Models that link remotely-sensed data to in-situ measurements from Objective I.
· Watershed models that integrate water balance and flux, or nutrient cycling.
· Landscape models that integrate ecosystem function. 

Objective 3: Working with partners, USGS scientists would help to establish valuation of ecosystem services.  Valuation may result simply from the ability to quantify a discrete process (e.g., a production or turnover rate, or the magnitude of a reserve of a nutrient) as well as those processes on which it depends, or may require economic determinations that USGS partners could provide. 

Outcome: Values for ecosystem services, and measureable indices for future valuation.
Proposed Strategy and Benefits
USGS researchers and partners have been conducting EEAP research efforts for several decades.  This work has enabled the establishment of a strong cooperator base that includes local agencies and resource managers, regulatory agencies, and other researchers in the field.  Work has been done throughout the Central United States. The next step is to bring together scientists and stakeholders throughout the Central United States to define common research goals.  
We propose this Initiative will coordinate EEAP research activities throughout the Central United States by use of a multidisciplinary consensus-building framework and approach. A steering committee composed of local resource managers, state officials, regulatory agencies, and researchers will evaluate research needs and priorities and establish goals.  After the research goals are established, the partners will conduct coordinated research projects to achieve those goals. The results from research projects will provide resource managers, both regionally and nationwide, with the scientific information they need to make effective policy decisions, and mitigate ecosystem stressors.
The Environmental Effects of Agricultural Practices Initiative will also complement work being done by other agencies.  The results of this Initiative will have local, regional, and national relevance.  The research will be done in cooperation with local agencies, yet it will be done consistently across a regional scale.  The results of the studies will address national research priorities.  The multidisciplinary consensus-building approach can be used as a model for other regional efforts.  

Meeting Cooperator Needs

As part of the goal of the EEAP Initiative, this research is being designed around partnerships with other agencies and an overall goal of addressing the specific concerns of stakeholders.  Several recent workshops (discussed above) have provided feedback on some of these specific needs, many of which are targeted by the described research themes: 
Transition data from long-term and archived studies to applications that can be used by land-managers and regulators.  Much of the work described will use the wealth of information that the USGS and others have already collected in agricultural watersheds and the spatial information we have about the natural environment of these watersheds.  This includes long-term water-quality records, evaluations of biological integrity, georeferenced data, work in small and large watersheds, and the historic land-cover database.  These large data-sets will be integrated and transitioned to decision tools.  
Integrate research in a regional context.  This Initiative will integrate work done by numerous researchers and agencies in order to connect individual studies across a regional landscape and within large watersheds.  
Provide a strategic and defensible method for assigning value to AMP implementation and preservation of natural ecosystems.  The culmination of these research themes includes methods to quantify the importance of sustainable agricultural watersheds, including the ecosystems and natural resources which they contain. 
Standardize long-term monitoring.  The design of this Initiative focuses on optimizing and standardizing measurement techniques across a large geographic area.  This Initiative will demonstrate the value of these historical records and strengthen the argument for integrating localized studies to create a more expansive monitoring network.  

In addition to the design of the overall EEAP initiative, the individual research themes also meet known cooperator needs.  For example:

Energy and Agriculture

Use science to test scenarios and forecast potential outcomes.  By quantifying the impact of increasing food and fuel needs on agricultural production, the aggregate affect of decreased water resources, ecosystem marginalization, managed nutrient cycling, and new agricultural techniques can be evaluated.  

Identify natural resource thresholds expected from climate change and population expansion.  Creating a model of how management decisions will affect our natural resources will help plan for degradation that cannot be reversed and, therefore, must be avoided.  

Watershed Health
Isolate anthropogenic effects from natural variability in agricultural watershed health.  By evaluating the effects of agriculture and AMPs in large basins with known regional climatic, physiographic, and biologic signatures, the localized effects of individual management decisions are integrated across a relatively uniform ecosystem.  

Link conservation efforts to landscape processes.  A conceptual and statistical model of how basin physiography and climate relate to AMP success will help to identify sensitive parts of the landscape and the best means to protect this landscape.  

Wildlife and Human Health 

Understand the link between agricultural production and the natural environment.  Comparing and contrasting the effects of pathogens and emerging contaminants on wildlife and livestock species will provide an understanding of how natural and managed landscapes interact.  

Track the movement of agricultural chemicals and animal waste products.  Testing current and newly designed scientific methods in terrestrial and aquatic ecosystems will provide managers and regulators with the tools to better protect human populations and natural environments.  

Ecosystem Services

Quantify the services provided by ecosystems and their components. Quantifying hydrologic, chemical, biologic, and physical ecosystem functions will provide a framework to measure the significance of individual ecosystem processes and products. 
Demonstrate the importance of natural systems in cultural, monetary, and environmental terms.  Establishing the value of what ecosystems provide enables managers and regulators to objectively evaluate the importance of preserving these entities. 
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