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Abstract 

 

We used information from the new SPARROW water quality model for the Upper Mississippi 

River to evaluate the roles that improved fertilizer management and downstream nitrogen re-

moval practices such as wetlands could play in improving water quality.   Our analysis shows 

that the ambitious nutrient reductions needed to address downstream hypoxia will only be 

achieved with significant investment in practices which can restore nutrient processing capacity 

to the landscape.  Basin-wide improvements in nutrient use efficiency, combined with a diverse 

portfolio of nitrogen removal practices implemented on just over 1 million hectares of land, al-

lows us to achieve a 45% reduction in nitrogen while providing multiple ecosystem services. 

Meeting regional water quality goals requires a new “watershed-based” approach to agricultural 

conservation that focuses on the hydrologic controls of nutrient export. We explore the implica-

tions of such a systemic and strategic approach and describe how it might be implemented. 
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1. Introduction 

 

Over 400 dead zones have been identified world-wide, and the number and areal extent of hy-

poxic zones is increasing (Diaz and Rosenberg, 2008). In the U.S., hypoxic dead zones are well 

known from the Chesapeake Bay and Gulf of Mexico, and there has been a resurgence of nu-

trient-fueled algal blooms in Lake Erie.  In response to both increased scientific understanding 

of the causes and consequences of hypoxia, and increased public concern over water quality de-

gradation at local and regional scales, there is growing pressure to restore impaired ecosystems.  

Efforts to restore the Chesapeake Bay, underway since the 1970s, have significantly increased in 

the past five years, and there is increasing pressure to address water quality challenges in Lake 

Erie and the Gulf of Mexico.  In this paper we focus on the challenges and opportunities asso-

ciated with Gulf hypoxia, but we believe that our conclusions are applicable to the Chesapeake 

Bay, Lake Erie and indeed a great number of hypoxic areas worldwide. 

With global food demand anticipated to increase by 70% - 100% by 2050 (Food and Agriculture 

Organization of the United Nations, 2009; Tilman et al, 2011) absent a strategic transformation 

of agricultural production in both developed and developing countries (Tilman et al, 2011, Balm-

ford et al, 2012), hypoxia and other problems are likely to grow in severity and extent. We con-

cur with Berganold et al (2011) in their call for the agricultural production system to:  

“(i) enhance the natural resource base and environment; (ii) make farming financially viable; 

and (iii) contribute to the well-being of farmers, farm workers, and rural communities, while 

still (iv) providing abundant, affordable food, feed, fiber and fuel”.   

While there is a clear need to intensify production in developing countries (Tilman et al, 2011) 

we believe it is also important to improve the sustainability of agricultural production in devel-

oped countries such as the U.S., in part because lessons learned in this context can be trans-

ferred elsewhere and in part because domestic issues (including environmental challenges) are 

likely to dominate national policy agendas. 

Our intent in this paper is to explore in some detail the scientific case for one option for strategi-

cally transforming Midwestern agroecosystems in a way that will improve water quality and en-

hance other ecosystem services while minimizing impacts on crop production.  We recognize 

that agricultural producers’ land use and land management choices are currently constrained by 

a variety of policy, economic and social drivers but note some promising initiatives and innova-

tions that suggest change is possible.  Finally, we describe actions already underway in federal 

and state agencies and the private sector that can serve as the building blocks for implementing 

a new approach to agroecosystems. 
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1.1 Gulf Hypoxia and the Scale of Nutrient Reductions Needed for  

Improvement 

Hypoxia in the Gulf of Mexico first drew attention in the late 1980s. Following the 1993 Missis-

sippi flood the size of the dead zone expanded dramatically, and by 1997 concerns over its in-

creasing frequency and extent stimulated formation of the Mississippi River/Gulf of Mexico Wa-

tershed Nutrient Task Force, (MR/GMWNTF).  The Task Force was charged with developing a 

strategy to reduce the 5-year running average size of the dead zone to 5,000 km2 

(MR/GMWNTF, 2001).  Task Force reports identified nitrogen and phosphorus lost from agri-

cultural production in the Upper Mississippi River system as the dominant source of nutrients 

to the Gulf  (Goolsby et al 1999), and suggested that a reduction in nitrogen loads to the Gulf of 

at least 30% would be needed to reduce the size of the hypoxic zone (MR/GMWNTF, 2001).   

The hypoxic zone has grown in size, affecting an area of 20,000 km2 in August 2010 (National 

Research Council, 2010a), and studies suggest that the Gulf is undergoing a regime shift that 

makes it more sensitive to nutrient loadings (Turner et al, 2008).  Current estimates are that 

45% reductions in both nitrogen and phosphorus loads to the Gulf are needed to reduce the size 

of the hypoxic zone (U.S. Environmental Protection Agency (EPA), 2008), although Liu et al 

(2010) have suggested that the increasing sensitivity of the Gulf to nutrient loads might require 

as much as a 70% reduction in springtime nitrogen loads. Anticipated climate change, particu-

larly increased rainfall and resulting runoff, is likely to require revising the 45% target upward, 

to 50% - 60%  (EPA, 2008).  It is also likely that current trends in agricultural production – the 

expansion and intensification of corn production for biofuels, coupled with expansion and in-

tensification of artificial drainage which enhances nutrient export – will translate to greater wa-

ter quality impairment and the need for even more aggressive load reductions  (Gowda et al 

2007; Secchi et al, 2011).   

 

1.2 Midwest Agroecosystems and Landscape Change 

Reducing Gulf hypoxia is critically dependent on reducing nutrient export from cropland in the 

Upper Mississippi, which has been shown to be the dominant source of nitrogen to the Gulf (Al-

exander et al, 2008).  One obvious contributing factor to nutrient export is increasing inputs of 

commercial fertilizer in the region, which have grown 20-fold since the 1950s (Alexander and 

Smith, 1990). Less attention has been paid to the fundamental landscape changes that were im-

plemented in order to support intensive crop production, which have altered hydrologic and nu-

trient flows in ways that inevitably increased nitrogen export from the region. These landscape 

changes include: 

 The loss of perennial cover. Since the middle of the last century, the conversion of pasture to 

annual rowcrops and the simplification of crop rotations has reduced perennial cover, in-
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creased water yield and led to increased nitrate transport to rivers (Zhang and Schilling, 

2006; Schilling et al, 2010). 

 Artificial drainage, in the form of both surface ditches and subsurface networks of drainage 

tile. While essential for crop production, artificial drainage networks fundamentally altered 

the hydrologic budget and hydrologic flowpaths in the region, providing a pathway for rapid 

export of nutrients; and 

 Loss of nutrient processing capacity of the landscape. Artificial drainage lowered the water 

table, draining both upland soils and millions of hectares of wetlands that formerly served as 

sites of nutrient processing (Fennessy and Craft, 2011). The transformation of headwater 

streams into drainage ditches further reduced the landscape’s nutrient processing capacity 

(Strock et al, 2007; King et al, 2009). 

Together, these changes altered the landscape from one in which nutrients were internally 

cycled in the landscape to one in which large-scale nutrient loss from the system – and its down-

stream consequences - was almost inevitable.  If we are to be successful in reducing nitrogen ex-

port from the region, we must find strategic ways to address these changes.   

A change to perennial-based cropping systems, such as a return to large-scale forage production, 

would provide significant water quality benefits (Vache et al, 2002; Burkart et al, 2005), as 

might large-scale production of perennial biomass or biofuel feedstocks, depending on rates of 

fertilization (Secchi et al., 2008). At present, there are significant social and economic con-

straints – including growing demand for food production - to changing cropping systems at 

landscape scale, although ways to address these challenges are being explored (Jordan et al, 

2007). In this paper we explore a more immediately feasible option – restoring nutrient 

processing capacity to the landscape.  The role of wetlands in intercepting and processing nu-

trients is well-known. More recent research identifies a variety of additional practices that pro-

vide opportunities to intercept and process nutrient flows (Strock et al, 2010).  These practices, 

if sited properly to intercept nutrient fluxes, can provide significant water quality benefits even 

when occupying only 2-10% of the landscape (Mitsch et al, 2005; Crumpton et al, 2006; Zhou et 

al, 2010). This creates the opportunity to enhance nutrient processing within the existing land-

scape in ways that are integrated with and minimize impacts on crop production (Schulte et al, 

2006). Using a diverse portfolio of nitrogen removal practices provides opportunities to restore 

and enhance nutrient processing capacity at multiple positions within the landscape, providing 

flexibility in practice selection and enabling multiple practices to be combined in a systemic ap-

proach.  

 

 

 



Thinking Like a Watershed 

11 

 

2. From Farm Fields to the Gulf – Insights from  

SPARROW 

 

One of the challenges of addressing Gulf hypoxia is the difficulty of connecting actions in the 

Midwest to impacts thousands of miles downstream in the Gulf.  The release by the U.S. Geolog-

ical Survey (USGS) of updated SPARROW (SPAtially Referenced Regression On Watershed 

attributes) water quality models (Preston et al, 2011) and an accompanying online Decision 

Support System (DSS) (Booth et al, 2011) provides an opportunity to understand how changes in 

individual small watersheds in the region would aggregate and affect downstream resources. 

Our analysis focuses on nitrogen, but could be replicated for phosphorus. 

As represented in the SPARROW models, the load of nitrogen delivered to a waterbody depends 

on two components: the size of the source load, and the extent of processing that this load un-

dergoes in the landscape between the source and the receiving waterbody, represented in the 

model by delivery ratios. Only a small fraction of anthropogenic nitrogen inputs reaches the 

mainstem Mississippi River and the Gulf of Mexico, with most of the applied nitrogen being 

stored in soils or groundwater, taken up by plants, or released to the atmosphere (Seitzinger et 

al, 2006). We used the SPARROW Total Nitrogen Model for the Great Lakes, Ohio, Upper Mis-

sissisippi, and Souris-Red-Rainy Region (Robertson and Saad, 2011) to determine the relative 

importance of the source load and landscape processing components in determining nitrogen 

delivery to the Gulf.  We narrowed down our area of interest by selecting as an endpoint the 

junction of the Ohio River with the Upper Mississippi River, as these two basins have previously 

been shown to contribute 82% of the nitrate-N delivered to the Gulf (EPA, 2008).   We refer to 

these two basins (2-digit HUCs1 05 and 07) collectively as the Upper Basin (Figure 1).   

                                                        

1 HUC refers to the Hydrologic Unit Code, a way of identifying a specific watershed or sub-watershed in a standar-
dized classification system designed by the U.S. Geological Survey.  HUC-2 watersheds have 2-digit identifiers and 

are very large; HUC-12 watersheds have 12-digit identifiers and are quite small. 
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2.1 Extent and Distribution of Source Loads 

We mapped fertilizer applications in the Upper Basin using 2007 fertilizer sales data as reported 

by The Fertilizer Institute (The Fertilizer Institute, 2007). Fertilizer was allocated to counties 

based on the ratio of fertilizer expenditures on farms in a county to the State level total based on 

data in the 2007 Census of Agriculture. The resulting county-level fertilizer application was di-

vided by acres of cropland in each county (based on the 2005 North American Landcover Data-

base) to estimate an average county application rate.  This rate was then applied to cropland 

acres within the county to show the parcel-scale distribution of fertilizer applications, and this 

distribution was then re-aggregated within 12-digit HUCs. We repeated the process for manure, 

using Census of Agriculture county-level data on animal numbers and assuming manure is ap-

plied to cropland within the same county.  Throughout the Basin, manure applications are rela-

tively small compared to fertilizer.  Combining fertilizer and manure applications gives us a map 

showing the distribution of agriculture-related nitrogen applications by 12-digit HUC, as shown 

in Figure 2. 

Figure 1. Map of the Upper Mississippi Basin as described in this paper, show-

ing location, HUC-2 boundaries and state boundaries. 

 

Figure 1. Map of the Upper Basin 
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We see that source loads (combined fertilizer and manure applications) are concentrated in 

northern Iowa, southwestern Minnesota, northeastern Missouri and adjacent portions of Illi-

nois, suggesting that efforts to improve nutrient management should be focused in these areas. 

 

2.2 The Importance of Nutrient Transport and Processing 

2.2a Local delivery 

The SPARROW-DSS provides information which allows us to track how much applied fertilizer 

and manure is delivered from farm fields to the local stream reach (local delivery). We calcu-

lated the local delivery ratio as:  

Local delivery ratio = [SPARROW-derived decayed incremental load (the load originating in the 

reach, modified by instream decay in that reach)]/[SPARROW-derived source application]. 

Figure 2. Map showing amount of fertilizer and manure, in kg/year, applied to crop-land for all 

12 digit HUC watersheds in the Upper Basin.  Darker colors correspond to higher levels of fer-

tilizer and manure application. 
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Because the stream reaches used in the SPARROW model do not exactly coincide with HUC-12 

watersheds we remapped the local delivery ratios on a HUC-12 basis. Figure 3 shows the local 

delivery ratios for fertilizer for each HUC-12 in the Upper Basin, expressed as a percentage.  In 

Figure 3, areas in the darkest shade are those where between 23% and 39% of applied fertilizer 

reaches local streams. 

 

 

 

We see that local delivery ratio is high – meaning that a high proportion of applied fertilizer is 

delivered to local streams – in portions of eastern Indiana, western Ohio and central Tennessee, 

plus some individual watersheds in Minnesota, Iowa and Illinois2.   A similar pattern is shown 

for delivery of manure to local streams. We might anticipate that – if fertilizer applications are 

also high - these are areas where local streams will show high nitrogen loads, potentially creat-

ing local impacts to drinking water or recreation.  To remedy high nitrogen loads in such areas, 

                                                        

2 We have not attempted to determine the underlying causes of high local delivery ratios in these areas; according to 

Robertson and Saad  (2011)  land-to-water delivery across the Basin is controlled by a combination of precipitation, 

air temperature, extent of clay soils, extent of tile drainage and stream drainage density.   

Figure 3. Map showing local (field-to-local stream reach) delivery ratios for fertilizer applica-

tion for all HUC-12 watersheds in the Upper Basin.  Darker colors correspond to a higher per-

centage of applied fertilizer reaching the local stream. 
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we suggest improving nutrient management and intercepting nitrogen between the field and the 

local stream using what we will later describe as land-based nitrogen removal practices. It is im-

portant to recognize that we are not implying that the more deeply shaded areas in Figure 3 are 

the most important to address to remediate local or downstream water quality problems.  Ra-

ther, they signify watersheds in which there exists greater opportunity to reduce nitrogen deli-

very to local streams through improved fertilizer management and/or the use of land-based 

practices to restore nutrient processing capacity. 

 

2.2b Downstream delivery 

The SPARROW-DSS also provides information on the effects of attenuation in the stream sys-

tem between a given reach and a specified downstream point in the larger watershed.  For our 

purposes, we selected this downstream point to be the junction of the Upper Mississippi and 

Ohio Rivers at Cairo, Illinois.  The downstream delivery ratio (reported as percentage of fertiliz-

er from the local stream reach that is delivered to the Basin mouth) to this point is shown for 

HUC-12s in the Basin in Figure 4. 

Not surprisingly, the greatest downstream attenuation is experienced by loads derived from wa-

tersheds further from the Mississippi and Ohio mainstems and from the Basin mouth, which are 

subsequent more extensive instream processing because of longer transport distances.  This has 

significant implications for addressing water quality problems in the Mississippi and Ohio Riv-

ers and in the Gulf of Mexico, suggesting that (if source loads were uniform across HUC-12s) 

watersheds shown in dark shading in Figure 4 would be more likely to contribute to those water 

quality problems than those shown in light shading. Reducing downstream nitrogen export from 

watersheds with high downstream delivery ratios, as shown in Figure 4, is likely to require a 

quite different strategy than reducing high local loads, and could usefully focus on increasing 

instream processing in the hydrologic system of ditches, streams and rivers using what we will 

later describe as stream-based nitrogen removal practices. 

Again, our intent in Figure 4 is not to suggest focusing water quality improvement efforts in 

those watersheds, but rather to note that these are watersheds where there is a greater opportu-

nity to reduce downstream export by enhancing instream processing. 
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2.2 c Combined local and downstream delivery ratios 
The fate of nitrogen applied to farm fields is determined by both local and downstream delivery, 

and can be represented by combining the local and downstream delivery ratios.  We show the 

effect of these combined delivery ratios in Figure 5 as the percentage of fertilizer applied to crop-

land that is delivered to the mouth of the Upper Basin for each of the 12-digit HUCs in the Basin. 

Figure 5 suggests that – were source loads uniformly distributed – watersheds in northeastern 

Indiana and north central Ohio should be the dominant contributors to downstream water qual-

ity problems, followed by watersheds in Kentucky and eastern Illinois plus scattered watersheds 

in other Basin states. As with Figures 3 and 4, Figure 5 should not be read as mapping priority 

watersheds for water quality improvement efforts, but rather as mapping watersheds where the 

restoration of nutrient processing capacity will be important to reducing downstream nutrient 

export. 

Figure 4. Map showing downstream (local stream to Basin mouth) delivery ratios for nitrogen 

loads originating in HUC-12 watersheds in the Upper Basin. Darker colors correspond to a 

higher percentage of nitrogen load being transported from the local stream reach to the Basin 

mouth. 
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2.3 Combining Source Loads and Delivery Coefficients 

We can now combine data on source loads (fertilizer and manure applications) (Figure 2) and 

the extent to which those loads are attenuated between the field and the mouth of the Upper Ba-

sin (Figure 5) to determine the amount of nitrogen delivered from individual HUC-12s to the 

mouth of the Upper Basin, as shown in Figure 6.  

Figure 5. Map showing combined local (field-to-local stream reach) and downstream (local 

stream reach to Basin mouth) delivery ratios for loads originating in HUC-12 watersheds in the 

Upper Basin.  Darker colors correspond to a higher percentage of applied fertilizer being deli-

vered from the field to the mouth of the Basin. 
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This map shows the influence of both high source loads (represented, for example, by water-

sheds in the Des Moines Lobe area of Iowa and Minnesota that are darkly shaded in Figure 2) 

and limited local and downstream attenuation of these loads (represented, for example, by wa-

tersheds in Indiana, Ohio and Kentucky that are shown in dark shading in Figure 5).  An impor-

tant implication of Figure 6 is that efforts to address downstream water quality problems, such 

as Gulf hypoxia, must include both efforts to reduce source loads (a traditional focus of agricul-

tural conservation efforts) and efforts to increase the attenuation of these loads by enhanced 

processing of nitrogen-rich flows between the field and the local stream reach and also down-

stream of that reach (efforts which to have date received only limited attention as part of agricul-

tural conservation). 

In order to see these results more clearly we opted to rank watersheds in descending order based 

on the amount of fertilizer nitrogen that they deliver to the Basin outlet, and color-coded the re-

Figure 6.  Map showing the amount of fertilizer and manure, in kg/year, delivered to the mouth of the 

Upper Basin for all HUC-12 watersheds in the Basin.  Darker colors correspond to higher delivered 

loads. 
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sulting map (Figure 7) such that watersheds ranking in the top 10% for delivered nitrogen are 

colored in red, those ranking in the top 10% - 25% are colored in orange and so on in progres-

sively cooler colors.  This map is helpful for identifying priority watersheds for hypoxia reduc-

tion efforts (in red and orange) and could be useful in deciding how to allocate financial and 

technical resources. 

 

 

 

 

 

Figure 8, which details the ranking of Iowa watersheds in terms of contributions to downstream 

water quality problems, further illustrates the importance of considering both source loads and 

the attenuation of those loads by landscape and watershed processes.   It shows significant con-

tributions from watersheds on the Des Moines Lobe landform in north central Iowa which are 

the sites of both high N applications (as highlighted in Figure 2) and significant alteration of the 

Figure 7.  Ranking of HUC-12 watersheds in the Upper Basin by N delivered to the mouth of the Basin; 

warmer colors are watersheds which contribute more N to downstream water quality problems such as 

hypoxia.  Watersheds in red rank in the highest 10% for nitrogen delivery; watersheds in orange rank in 

the top 11% - 25%; watersheds in green rank in the top 26% to 50%; watersheds in blue rank in the low-

er 50% for nitrogen delivery. 
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landscape through drainage (which affects the local delivery ratio, as seen in Figure 3).  In addi-

tion, a number of watersheds in southern and eastern Iowa which have high downstream deli-

very ratios (as highlighted in Figure 4) show as significant contributors. 

 

 

 

 

 

In summary, we suggest that any strategy to reduce Gulf hypoxia needs to pay at least as much 

attention to local and downstream delivery as it does to reducing source loads.  To date, agricul-

tural conservation has focused largely on a suite of field-scale nitrogen management practices 

(Dinnes et al [2002]) that seek to improve nitrogen uptake within the agronomic (crop-soil) sys-

tem.  Dinnes et al (2002) also noted, however, that: 

“If agricultural management of N by all in-field means (e.g. crop rotations, cover crops, ferti-

lizer application best management practices, and tillage) cannot satisfactorily reduce NO3 

concentrations, alternative strategies may be needed to remove NO3 from subsurface drai-

nage, shallow groundwater, and/or surface water”. 

Figure 8. Ranking of HUC-12 watersheds in Iowa by N delivered to the mouth of the Upper 

Basin; warmer colors are watersheds which contribute more N to downstream water quality 

problems such as hypoxia.  Watersheds in red rank in the highest 10% for nitrogen delivery; 

watersheds in orange rank in the top 11% - 25%; watersheds in green rank in the top 26% to 

50%; watersheds in blue rank in the lower 50% for nitrogen delivery. 
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Remediating N loss to the environment through what Dinnes et al (2002) refer to as N removal 

strategies has, to date, received much less attention.  Our analysis of the sources of N loads in 

the Upper Basin suggests that there is a real need to expand the conservation toolbox beyond the 

current suite of nitrogen management practices to include nitrogen removal strategies.  The fact 

that, despite a decade or more of significant investment in field-level nitrogen management 

practices, water quality impairments related to agriculture have not been reduced, and have in 

many cases increased (Hirsch et al, 2010; Sprague et al, 2011), suggests the need for a new, more 

comprehensive and bolder approach to conservation. With this in mind, we turn now to review-

ing a set of nitrogen removal practices which can decrease nitrogen delivery from farm fields to 

major river systems. We will then use the SPARROW-DSS to evaluate the nitrogen reductions 

attainable using source reduction, nitrogen removal and combined approaches. 

 

 

3. Nitrogen Removal Strategies: an Increasingly Diverse Port-

folio of Practices 

3.1 Nitrogen Processing in Agricultural Landscapes 

Efforts to reduce nitrogen loads in subsurface drainage, shallow groundwater and surface water 

focus on creating the conditions for long-term storage of nitrogen or removal of nitrogen from 

the system. We focus here primarily on nitrogen removal by denitrification, but note that long-

term nitrogen storage in floodplain soils (Craft, 1996; Noe and Hupp, 2009) also appears to play 

a significant role in reducing downstream nitrogen export. Successful denitrification relies on 

the creation or restoration of the conditions where nitrogen-rich hydrologic flows can interact 

with appropriate biogeochemical conditions (McClain et al, 2003).  The effect of artificial drai-

nage in the Basin has been to create new flow pathways which commonly bypass sites where de-

nitrification could occur. Restoring denitrification capacity involves connecting (or reconnect-

ing) flows to sites where the optimal conditions for denitrification exist or can be created (Figure 

9). 

The extent of denitrification can be increased in several ways: 

 Redirecting flow pathways to biogeochemically active locations; this can include modifying 

tile lines to allow drainage water to interact with riparian soils, directing tile lines into res-

tored or created wetlands, and reconnecting floodplains to streams and rivers; 

 Creating the low redox conditions needed for denitrification, typically by creating soil satu-

ration; and 
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 Enhancing the biogeochemical conditions, for example by providing a source of the electron 

donors needed for denitrification (such as by adding vegetation as a source of carbon). 

 

 

 

 

In addition, increasing the residence time of flows in these biogeochemically active locations, 

such as by using flow retention structures (e.g weirs) or by reconfiguring stream channels, will 

also increase the extent of denitrification. 

 

3.2 Nitrogen Removal Practices in Agricultural Landscapes 

Sites where nitrogen-rich flows are at or close to the surface provide the best opportunities for 

enhancing nitrogen removal capacity in the landscape. Moving successively downstream (Figure 

10), these sites and the corresponding nitrogen removal practices include:  

 Drained and farmed wetlands in agricultural fields (Figure 11A), which can be restored 

(by breaking  drainage tile or installing a ditch plug) to ensure adequate saturation and 

reaction time (Jordan et al, 2003); 

Figure 9.Opportunities to restore denitrification capacity, by either creating the biogeochemical conditions 

needed for denitrification along existing flowpaths (top) or redirecting flowpaths to sites that already have the 

right biogeochemical conditions (bottom). 

 

Add carbon 

Lower redox  

conditions 
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 In-field and edge-of-field structures to retain water in the soil profile (controlled drai-

nage) and pass nitrogen-rich flows through subsurface carbon filters (bioreactors) 

(Thorp et al, 2008; Jaynes et al, 2008; Woli et al, 2010); 

 Perennial filter strips within agricultural fields, which can be designed to intercept 

downward transport of leached nitrogen (in grass waterways, Schilling et al, 2007) (Fig-

ure 11B) or discharge of shallow groundwater (Zhou et al, 2010) (Figure 11C); 

 Riparian wetlands (buffers) sited to intercept shallow groundwater flows before they dis-

charge to streams (Figure 11D) (Lowrance et al, 1995), or which can have nitrogen 

processing capacity restored by redirecting tile flow through the subsoil (“saturated buf-

fers”, Agricultural Drainage Management Coalition, 2011) (Figure 11E); 

 Wetlands created to intercept and treat tile drainage flows at the field or small watershed 

scale (Kovacic et al, 2006; Crumpton et al, 2006) (Figure 11F); 

 Drainage ditches enhanced for nitrogen uptake and removal through the establishment 

of vegetation (Strock et al, 2007), the retention of flow by small scale weirs (Kroger et al, 

2011) (Figure 11G) or the creation of floodplain benches (2 stage ditches)  (Roley et al, 

2012) (Figure 11H);  

 Streams and rivers in which nitrogen processing can be enhanced through:  

o reconnection with floodplains (Forshay and Stanley, 2005; Noe and Hupp, 

2009),  backwaters (James, 2010) and wetland complexes (Evans et al, 2007; Fi-

loso and Palmer, 2011);  

o creation of instream processing sites (Groffman et al, 2005); and 

o  increasing channel complexity (Gooseff et al, 2007); and 

 Off-channel wetlands created to treat river water diverted by gravity flow or pumping 

(Hey et al, 1994; Mitsch et al, 2005), here called “riverine diversions”. 
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Figure 10. Landscape transect showing landscape positions in tiled and untiled watersheds where denitrification can be 

enhanced, and the corresponding nitrogen removal practices. 
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Figure 11.Practices to enhance denitrification capacity across the landscape.  A: Restored wetland in 

crop field. B: Grass waterway. C: Perennial filter strip. D: Tile drainage treatment wetland. E. Low- 

grade weir in ditch. F. Two-stage ditch. 
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3.3 Opportunities to Restore Nitrogen Processing Capacity 

There is no shortage of sites in Midwestern agroecosystems that could be modified to support 

denitrification.  Figure 12 shows a sample watershed from the Upper Basin, highlighting areas 

that that could potentially be restored to provide denitrification (based on the occurrence of hy-

dric soils) in green.  At present, only a small fraction of these sites (shown in blue) are in land 

uses that are likely to be providing nitrogen removal services.  We conclude that there are signif-

icant opportunities to restore or create nitrogen processing capacity in the landscape if hydro-

logic flows are managed appropriately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4 Nitrogen Removal Capacity of Nitrogen Removal Practices 

We reviewed the nitrogen removal capacity (expressed as kg N/ha/yr) of several of these prac-

tices, as summarized in Table 1. For many of the practices listed above data availability is ex-

Figure 12. Map showing a portion of a typical 12-digit HUC in the Upper Basin, showing 

the extent of hydric soils (in green) and the current extent of wetlands (in blue). Soils in 

green are sites where denitrification capacity could be restored. 
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tremely limited, in part because relatively few field evaluations have been conducted and in part 

because many published studies did not report data in a form that we could use – often report-

ing results as percentage reductions in nitrogen load or concentration rather than removal ca-

pacity (kg/ha/yr)3.  An additional challenge was posed by inconsistent practice nomenclature; 

we included data only from studies where we had sufficient information on the practice to be 

able to assign it unambiguously to one of the practice classes in Table 1. We focused primarily on 

data related to denitrification, as this represents the permanent removal of nitrogen from the 

system. Our estimates of nitrogen removal capacity are therefore likely to be under-estimates, 

particularly for riparian wetlands, which have been shown to enhance instream processing of 

nitrate, potentially doubling the effectiveness of this practice (Sweeney et al, 2004). We opted to 

also include data on the accumulation in floodplain soils of organic nitrogen, as this is relatively 

well-studied and considered to be a process providing long-term nitrogen sequestration. We did 

not include data on a variety of stream restoration practices that have been shown to provide 

nitrogen removal benefits in urban settings (Groffman et al, 2005; Kaushal et al, 2008) pending 

a more thorough assessment of their transferability to agricultural settings. 

Table 1 shows two orders of magnitude difference in nitrogen removal capacity across the differ-

ent practices, from the least effective (riparian wetlands bypassed by tile drains) to the most ef-

fective (stream restoration).  This emphasizes the obvious but often overlooked point that prac-

tices contribute most to nitrogen removal when they are sited to intercept flowpaths of nitrogen. 

Likewise the 10-fold increase in nitrogen removal capacity between restoration of drained wet-

lands in upland agricultural fields (which receive nitrogen loads primarily from atmospheric de-

position and [limited] surface runoff) and tile drainage treatment wetlands (strategically sited to 

intercept high nitrogen loads from tile lines) illustrates the importance of considering the load of 

nitrogen delivered for treatment (see also Crumpton, 2001). It is also worth noting that efforts 

to date to incorporate nitrogen removal practices in agricultural landscapes have focused largely 

on restoration of drained wetlands in upland fields and riparian wetlands – two practices which 

are much less effective in removing nitrogen than other practices shown in Table 1.   

Opportunity for load interception creates an additional distinction between: 

1) land-based nitrogen removal practices (farmed wetlands, riparian wetlands and tile 

drainage treatment wetlands), situated between the local N source and the stream reach 

into which it drains, and limited to treating the loads generated within the reach within 

which they are situated; and  

2) stream-based nitrogen removal practices (ditch and stream restorations) which are si-

tuated within the stream reach and can intercept not only the loads generated within 

their host reach but also loads delivered from upstream reaches. This, together with the 

                                                        

3 As we will discuss in Section 4, in order to understand how changing the areal extent of practices affects down-

stream nitrogen loads, we were more interested in N removal capacity (kg/ha/yr) than efficiency (% N removed). 
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relatively high nitrogen removal capacity of these practices, means that they can signifi-

cantly reduce downstream nitrogen export. We should note that, while we have assigned 

tile drainage treatment wetlands to the land-based practices class, it would be possible to 

site such wetlands so that they intercept loads from multiple stream reaches; in such 

cases they would be treated as a stream-based practice.  Likewise, we have assigned prac-

tices that enhance ditch nutrient processing capacity to the stream-based class, as many 

ditches are part of an interconnected system that transports loads from large source 

areas.  Field-scale ditches, in contrast, would be considered to belong to the land-based 

class. 

 



Thinking Like a Watershed 

 

Table 1. Nitrogen removal capacity of various nitrogen removal practices. 

Type of prac-

tice/landscape 

position 

Practice Nitrogen 

retention 

kg/ha/yr 

References Load treated by practice 

Land-based 

(intercepts flow 

between local 

source and local 

stream reach) 

Restoration of drained wetlands 

in upland agricultural fields 

60 Jordan et al 2003 Source load generated within 

local reach catchment 

Riparian wetlands   Source load generated within 

local reach catchment  Hydric soils, non-tiled 80 Newbold et al, 2009; Peterjohn and Correll, 1984; 

Lowrance et al, 1995 Vellidis et al 2003; Naiman et 

al, 2005. 

Hydric soils, tiled 1 Assume 98% of flow bypasses buffer 

Non-hydric soils 40 Assume 50% as effective as hydric soils 

Tile drainage treatment wetlands 447 Crumpton et al 2006; Kovacic et al, 2000; Xue et al, 

1999; Fink and Mitsch, 2004; Kovacic et al, 2006. 

Source load generated within 

local reach catchment 

Stream-based (in-

tercepts flow from 

local source into 

local reach and 

from upstream 

reaches into local 

reach) 

Ditch re-design (2-stage ditches) 185 Roley et al 2008, reported in Kramer et al (2011) Local source load plus total 

load delivered from upstream 

reaches 

Stream restoration (1st – 3rd 

order streams) 

474 Hunt et al, 1999; Bass, 2000; Ohio EPA (2006) Local source load plus total 

load delivered from upstream 

reaches 

Floodplain reconnection (4th and 

higher order streams) including 

riverine diversion 

402 Floodplain reconnection: Noe and Hupp, 20051; 

Johnson et al, 2000; Craft and Casey, 20001; Pinay et 

al, 19952; Sheibly et al, 2006; Gergel et al, 2005; 

Schubauer-Berigan, 2007; James, 2010. Riverine 

diversion: Phipps and Crumpton, 1994; Mitsch 2005; 

Hernandez and Mitsch 2006; Hey et al 1994 

Local source load plus total 

load delivered from upstream 

reaches 

1 Accumulation of organic N in sediment  2Accumulation of organic N in sediment + denitrificatio
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4. Alternative Conservation Scenarios 

 

We developed a set of conservation scenarios to evaluate the role that various conservation prac-

tices might play, singly or in combination, in reducing Gulf hypoxia. Our scenarios were selected 

to build on the analysis in Section 2, which showed that both source loads and processing of 

these loads in the landscape play a role in determining downstream export of nutrients.  Our 

scenarios were also designed to test whether an expansion of current conservation efforts could 

attain water quality goals, or whether desired environmental outcomes could only be achieved 

by expanding the conservation practice toolkit to focus on more innovative nitrogen removal 

practices, used singly or in combination. Our intent was not to model all possible nitrogen man-

agement and/or nitrogen removal practices (sensu Dinnes et al, 2002) or combinations thereof, 

but rather to explore whether expanding agricultural conservation efforts to include a greater 

emphasis on, and diversity of, nitrogen removal practices would facilitate achieving water quali-

ty goals.  In particular, given demands for increased production of food and feed, we sought to 

examine the impacts of various scenarios on cropland conversion, as minimizing cropland loss is 

essential to meeting these critical demands. 

While our scenarios were guided by physical constraints on practice applicability, we were less 

concerned with social and economic constraints on practice adoption – not because we consider 

these unimportant, but rather because we see them as evolving in response to larger societal 

forces and we lack the ability to predict how those will change in the coming decades.  We need 

only look at pictures of past Midwestern landscapes to understand how dramatically land use 

and land management can change on decadal time scales in response to changes in the larger 

world.  Our scenarios, then, are intended to paint hopeful visions of alternative futures that meet 

multiple societal goals.  Our intent in developing these scenarios was to illustrate general prin-

ciples related to the scale of conservation needed, the relative amounts of nutrient reduction 

achievable by various types of practices, and the types of trade-offs and synergies that might be 

considered in developing conservation scenarios and to promote discussion on these topics.  

Most importantly, our scenarios should not be seen as precise prescriptions for landscape 

change; they are simply practice selections and implementation levels that illustrate principles 

or meet pre-determined nutrient reduction goals; other practices, practice combinations and 

implementation levels may be equally viable. 

We opted to develop a set of five scenarios to explore the nitrogen reductions resulting from var-

ious types of practices and practice combinations: 
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Scenario 1: Reducing source loads through improvements in nutrient use efficiency across the 

Basin.  

Improvements in nutrient use efficiency encompass a number of the nitrogen management 

practices identified by Dinnes et al (2002), including: timing of fertilizer application, nitro-

gen application rates, crediting nitrogen mineralization, application method, use of nitrifica-

tion inhibitors and chlorophyll monitoring, among others. As will be detailed in section 5, 

this scenario assumes Basin-wide implementation of an adaptive management approach to 

fertilizer application in which improved nutrient use efficiency allows fertilizer application 

rates to be reduced by an average of 25% reduction while yields are maintained. 

 

Scenario 2: Expanded use of riparian buffers and restoration of farmed wetlands 

Riparian buffers have been created and restored, and drained and farmed wetlands have 

been restored, across the Basin for water quality improvement and other purposes (Fennes-

sy and Craft, 2011). This scenario tests the effect of scaling up implementation of these cur-

rently-used nitrogen removal practices across the Basin.  We set a constraint of restoring no 

more than 10% of the currently farmed wetlands, although we recognize that this is probably 

an over-estimate of currently-acceptable levels of restoration. In addition, all riparian land 

in the Upper Basin is assumed to be established in riparian wetlands/buffers. We did not, 

however, assume that all riparian wetland/buffers performed equally well for reducing ni-

trogen; as shown in Table 1 we reduced nitrogen retention capacity for buffers established on 

non-hydric soils or in tile-drained areas. Nor did we attempt to represent in Scenario 2 the 

possibility of increasing buffer performance in tile-drained landscapes through the use of sa-

turated buffers.  With these caveats, and also noting the paucity of studies on nitrogen reten-

tion in farmed wetlands as shown in Table 1, Scenario 2 represents a likely upper limit of ni-

trogen reductions achievable using well-established nitrogen removal practices if the level of 

funding and effort directed to these practices is massively increased. At current rates of wet-

land restoration and riparian buffer establishment of approximately 16,000 ha/yr, derived 

from Fennessy and Craft (2011), it would take nearly 100 years to fully implement this sce-

nario. 

 

Scenario 3: Large-scale implementation of tile drainage treatment wetlands  

This scenario focuses efforts on a more recently-developed nitrogen removal practice with a 

high nitrogen removal capacity: capturing and treating tile drainage water in specially-

constructed tile drainage treatment wetlands. It tests the suggestion of Crumpton et al 

(2006) that if 2% of the land in high nitrogen exporting watersheds is converted to these 

wetlands (a wetland: watershed drainage area ratio of 0.02), then a reduction of nitrogen 

export to the Gulf of 30% can be achieved through conversion of 210,000 – 450,000 hec-

tares of land in the Upper Basin.  
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Scenario 4: A diverse mix of nitrogen practices scaled up to meet water quality goals 

This scenario explores whether water quality goals can be achieved using a diverse mix of ni-

trogen removal practices. Our desire to model a more diverse restoration scenario was dri-

ven by the recognition that stream-based practices – ditch redesign, stream restoration and 

floodplain reconnection/riverine diversion - offer nitrogen removal rates comparable to 

those achievable by tile drainage treatment wetlands (Table 1). As will be discussed in Sec-

tion 5, these practices also offer the opportunity to treat higher loads (because they intercept 

total delivered loads from upstream reaches) and reach-scale load reductions are subject on-

ly to downstream delivery ratios.  The combined effect is to greatly enhance the load reduc-

tions attainable at the mouth of the Upper Basin, and therefore make it easier to achieve wa-

ter quality goals.  

Additionally, including these practices in a conservation scenario offers landowners and 

communities a greater choice of practices and practice locations.  In particular, by shifting 

some restoration to areas such as ditches and floodplains which are currently not in produc-

tion or where crop yields are lower, more diverse restoration scenarios such as Scenario 4 

may reduce the impact of restoration on overall crop production in the Basin. In addition, 

this more diverse portfolio increases the opportunity to provide additional benefits, includ-

ing the removal of phosphorus and sediment and the enhancement of other ecosystem ser-

vices such as flood reduction.  

To further diversify Scenario 4 we also included upland wetland restoration and riparian 

wetland practices, assuming that these efforts will continue and are likely to be expanded (in 

part because of the other ecosystem services they can provide).  We applied the same land 

use conversion constraint to Scenario 4 as to Scenario 2 – that no more than 10% of the hy-

dric cropland in a watershed be converted to wetland practices. The mix and extent of prac-

tices used in Scenario 4 is by no means the only combination that can meet water quality 

goals, but we believe it represents a first-order estimate of the scale of conservation needed. 

It would be possible to design scenarios that used the same selection of nitrogen removal 

practices, applying them in order of nitrogen retention capacity (beginning with stream res-

toration, then tile drainage treatment wetlands and so on) until all the land available for a 

given practice was used up.  However, while this approach would minimize land use conver-

sion, it would require that practices such as stream restoration and tile drainage treatment 

wetlands be implemented on all suitable lands, which could create significant local land use 

impacts, and exceeds even our optimistic view of potential practice adoption rates.  

 

Scenario 5: Combining fertilizer management and nitrogen removal practices to meet water 

quality goals 

This scenario represents the effects of combining upland fertilizer management with mul-

tiple nitrogen removal practices. To develop this scenario we first applied a 25% reduction in 
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fertilizer applications to all reaches in the Upper Basin, and then adjusted the nitrogen re-

moval practice mix used in Scenario 4 to meet water quality goals while minimizing land 

conversion. As with Scenario 1, our intent was not to suggest that field-scale efforts be re-

stricted to improving fertilizer management, but to use it as a proxy for a variety of field-

scale nitrogen management practices as a way of exploring the increased benefits of a com-

bined nitrogen management (field-scale) and nitrogen removal (landscape-scale) approach. 

 

 

5. Evaluating Nitrogen Load Reductions from Alternative 

Conservation Scenarios – Methods 

 

As noted in Section 2, the SPARROW-DSS offers a unique opportunity to scale up load and 

transport data from thousands of individual 12-digit HUCs to the regional scale.  We opted to 

use SPARROW-DSS data on source loads and downstream delivery factors for the Upper Basin 

to explore the regional consequences of changes made at the small watershed scale, as described 

in detail in this section.  

To set the regional context, Table 2 shows the nitrogen loads associated with various sources – 

fertilizer and manure applied to agricultural land, other agricultural sources of nitrogen, atmos-

pheric deposition, and point sources – in the Upper Basin.  Also shown in Table 2 are the loads 

delivered to local stream reaches within the Upper Basin, and loads delivered to the Basin 

mouth.  These data show the effects of nitrogen loss and retention in the landscape, with an av-

erage of 30% of nitrogen from all sources (and only 14% of land-applied fertilizer) being deli-

vered to the local stream reach.  Additional instream processing further reduces that nitrogen 

load such that on average only 26% of the load from all sources is delivered to the mouth of the 

Upper Basin. 

 

5.1 Setting a Baseline and a Reduction Target 

The combination of fertilizer and manure applications with “agricultural area” (a proxy for other 

nitrogen inputs associated with crop production) represents an agriculture-derived total load 

exported from agricultural watersheds in the Upper Basin of 693 x 106 kg/year (Table 2).  This 

represents our baseline, against which we will compare the nitrogen reduction benefits of vari-

ous conservation scenarios. In setting a nitrogen reduction target for the Upper Basin, we have 

assumed that once nitrogen is exported from the mouth of the Upper Basin there is little addi 
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Table 2. Nitrogen sources and delivered loads in the Upper Basin, as reported in the SPARROW-DSS for the 

Upper Mississippi River. 

Values 

Ohio 

River 

HUC 

05 

Upper 

Mississippi 

River 

HUC 07 

Total 

Upper 

Basin 

Ohio 

River 

Upper  

Mississippi 

River 

Total 

Upper 

Basin 

 

Total 

 Upper 

Basin 

 

Total Nitrogen, kg/year x 10
6 

Percent of Source Load Deli-

vered to.. 

Reduction 

in Load 

Original source applied to land  

Fertilizers (farm)  910.6 1,874.2 2,784.8 100% 100% 100% 

 

N/A 

Manure (confined)  152.3 432.4 584.8 100% 100% 100% N/A 

Atmosphere (Total)  270.3 318.2 588.5 100% 100% 100% N/A 

Point Sources (Total)  72.6 86.6 159.2 100% 100% 100% N/A 

Total Source Load 1,405.8 2711.4 4,117.2 100% 100% 100% 

 

N/A 

Load delivered to the local stream reach  

Fertilizers (farm)  164.4 234.6 398.9 18% 13% 14% 86% 

Manure (confined)  60.7 110.8 171.5 40% 26% 29% 71% 

Agricultural Area1  84.6 137.5 222.1 N/A N/A N/A N/A 

Atmosphere (Total)  180.1 142.0 322.1 67% 45% 55% 45% 

Point Sources (Total)  61.2 71.9 133.2 84% 83% 84% 16% 

Total Load to Local Streams 551.1 696.8 1,247.9 13% 26% 30% 

 

70% 

Load delivered to the mouth of the Upper Basin   

Fertilizers (farm) Total Load  154.4 196.1 350.5 17% 10% 13% 87% 

Manure (confined) Total Load  55.7 93.3 149.0 37% 22% 25% 75% 

Agricultural Area Total Load  79.9 113.7 193.6 N/A N/A N/A N/A 

TOTAL AGRICULTURAL 

LOAD AT BASIN MOUTH 

(BASELINE) 290.0 403.1 693.1 N/A N/A N/A 

 

N/A 

REDUCTION TARGET (45% 

OF BASELINE) 130.5 181.4 311.9 N/A N/A N/A 

 

N/A 

Atmosphere (Total) Total 

Load  166.3 117.2 283.5 62% 37% 48% 

52% 

Point Sources (Total) Total 

Load  58.3 54.1 112.4 80% 63% 71% 

 

29% 

Total Load to Basin Mouth 514.6 574.4 1,088.9 12% 21% 26% 

 

74% 
 

1Agricultural area represents non-fertilizer, non-manure inputs of N associated with agricultural production, such as 

N mineralization in soil  
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tional instream processing in the mainstem Mississippi (Alexander et al., 2000). This allows us 

to translate the hypoxia management target (45% reduction in nitrogen loads reaching the Gulf) 

to a regional target of 45% reduction in nitrogen loads exported from the Upper Basin. Our ni-

trogen reduction target is 45% of the baseline, or 311.9 x 106 kg/year (Table 2).   

 

 

5.2 Modeling the Impacts of Conservation Practices 

5.2a Modeling the impacts of field-scale improvements in nutrient use efficiency 

We modeled the impact of improved fertilizer4 management as a source reduction in the SPAR-

ROW-DSS. To determine an appropriate rate of source load reduction we used data from nu-

trient use efficiency field trials across the region.  These trials use an adaptive management ap-

proach to improving nutrient use efficiency (see www.adaptnetwork.org for details on the ap-

proach). This approach engages farmers as partners in field trials to evaluate the impact of 

changes in fertilizer rate, source, timing and application on crop yield and nutrient use efficien-

cy, and allows farmers to determine how best to manage nitrogen applications on their farms. 

Many farmers discover that it is possible to reduce fertilizer application rates without impact to 

crop yields; others find that crop yields can be improved by adding additional fertilizer.  In ei-

ther case, the improved balance between nitrogen applied and crop uptake is presumed to re-

duce nitrogen losses to the environment. Data from field trials (summarized in Supporting In-

formation) suggests that, averaged across fields in the region, improving nutrient use efficiency 

allows fertilizer applications to be reduced by 25% from current rates with essentially no impact 

on crop yield. For simulation purposes, we assumed Basin-wide adoption of the adaptive nu-

trient management approach, leading in turn to an assumed Basin-wide average reduction of 

25% in fertilizer application rates, and applied this 25% source load reduction to all reaches in 

the SPARROW-DSS.   

5.2b Modeling the impacts of nitrogen removal practices 

In order to model the effects of the nitrogen removal practices described in section 3, we devel-

oped a set of rules (described below) to determine: 1) which SPARROW stream reaches various 

nitrogen removal practices could be applied to: 2) the loads those practices could potentially 

treat in specific locations; and 3) how the effects of those practices would be translated to reduc-

tions in nitrogen loads at the mouth of the Upper Basin.   

                                                        

4 We focused our analysis on the application of commercial fertilizer because farmers can choose whether or not to 

purchase and apply it, whereas reducing manure applications at the watershed scale in areas of intensive livestock 

production is more challenging as it is produced as a consequence of ongoing farm operations. 

http://www.adaptnetwork.org/
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Practice placement. In order to distribute nitrogen removal practices to appropriate stream 

reaches and to appropriate landscape positions within those stream reaches we developed a set 

of rules that reflect both physical constraints on practice installation, such as soil type and prox-

imity to a waterbody, and the typical size of a practice as reported in the literature (probably re-

flecting current socio-economic constraints) (Table 3).  We applied these rules to datasets cha-

racterizing the drainage area of each stream reach in the Upper Basin in terms of cropland area, 

percent of area in hydric soils (from STATSGO data) and percent of area drained by tile and 

ditches (from NRI data).  The resulting area of land to which the practice could potentially be applied is 

also shown in Table 3. There is a huge disparity in potentially treatable acreage between upland 

areas (upland cropland hydric soils) and areas closer to waterbodies (riparian areas, ditches, streams 

and rivers), and therefore a huge disparity in the extent to which the different practices can be 

applied.  Drained wetlands in upland fields offer a huge area for potential restoration, but this 

practice has a relatively low nitrogen removal capacity. On the other hand, floodplain reconnec-

tion, which has a high nitrogen removal capacity, is only practicable on a relatively limited area.   

 

Table 3. Practice placement rules and resulting land availability for nitrogen removal practices 

Practice Constraint on practice location and size Land potentially 

available for 

practice (ha) 

Restoration of drained wetlands in upl-

and agricultural fields 

Upland cropland hydric soils  11,623,674 

Riparian wetlands Cropland within 30 m of 0 to 3rd order stream  

 Hydric soils, non-tiled In 30 m buffer, hydric soil, non-tiled 46,696 

Hydric soils, tiled In 30 m buffer, hydric soil, tiled 65,095 

Non-hydric soils In 30 m buffer, nonhydric soil 295,003 

Tile drainage treatment wetlands Upland cropland hydric soils 11,623,674 

Ditch re-design (2-stage ditches) Upland cropland hydric ditched soils, assumed 

1,000 m ditch spacing 

3,053,655 

Stream restoration (low order streams) Within 30 m of 0 to 3rd order stream 369,080 

Floodplain reconnection/riverine diver-

sion (high-order streams) 

Within 1,000 m of 4th and higher order stream 129,819 

 

Types of load reductions from nitrogen practices. Downstream practices can potentially contri-

bute to load reductions in two ways: 1) displacement of previously-applied fertilizer load when 

existing cropland is converted to a nitrogen removal practice; and 2) interception and treatment 

of nitrogen-rich flows. All of the practices shown in Table 3 are associated with displacement of 

fertilizer N except for 2-stage ditches, where ditch re-design is assumed to occur in the footprint 

of the existing ditch and associated buffer.  Potential treatment capacity in a reach is estimated 

by combining the nitrogen retention capacity of the practice (in kg/ha/yr, from Table 1) and the 

areal extent of the practice in the drainage area of a specific stream reach (in ha), determined by 
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the practice placement rules above and constraints imposed by specific conservation scenarios 

(e.g. no more than X% of cropland converted to this practice).   

Load reductions from land-based nitrogen removal practices. For land-based nitrogen removal 

practices (restoration of farmed wetlands, creation of tile drainage treatment wetlands, and ri-

parian buffers) the treatment capacity estimated above may overstate achievable load reduc-

tions, because the locally-generated source loads may be less than the treatment capacity of the 

practice. To address this, we compare the possible load reduction (fertilizer N reduction plus 

treatment capacity) to the load generated within the reach catchment (treatable load). The 

smaller of these represents the actual N savings achieved by the practice, reflecting the physical 

constraint that load reductions for these practices cannot exceed the locally-generated load. The 

N savings are then subject to attenuation en route to the local stream reach, which we represent 

by applying a local delivery ratio calculated from the SPARROW-DSS as described in Section 2.  

The result is the reduction in loads delivered to the local stream reach. This load reduction will 

then be subject to additional processing during transport to the mouth of the Upper Basin, 

which we represent by applying the downstream delivery ratio from the SPARROW-DSS. The 

process rules are summarized in Table 4 and illustrated in Figure 13A. 

Applying load reductions from stream-based nitrogen removal practices. Stream-based nitro-

gen removal practices can intercept both incremental loads generated within the host stream 

catchment and flows delivered from upstream reaches. For these practices, therefore, it is un-

likely that treatment capacity will exceed treatable load (as is the case for land-based practices) 

and N savings can be calculated simply by adding treatment capacity to any displaced fertilizer 

load reduction.  Again in contrast to land-based practices, these N savings will not be subject to 

attenuation by landscape processing en route to the stream reach, so there is no need to apply 

the local delivery ratio.  The N savings are applied to the sum of the source load generated with-

in the stream reach plus the loads delivered from upstream reaches to determine the reduced 

load exported from the stream reach.  This exported load is subject to processing during trans-

port to the mouth of the Upper Basin, represented by applying the downstream delivery ratio 

from the SPARROW-DSS. The process rules for stream-based practices are summarized in Table 

4 and represented in Figure 13B. 
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Table 4. Estimation of load reductions associated with nitrogen practices 

Type of practice/ 

landscape  

position 

Practice Displaced 

N? 

Treatment capaci-

ty (kg/yr) 

Treatable load Delivery 

ratio(s)  

applied 

Land-based Restoration of drained 

wetlands in upland agri-

cultural fields 

Yes 60 x practice area 

in stream reach 

Source load generated from reach 

catchment 

Local and 

downstream 

Riparian wetlands Yes 1-80 x practice 

area in stream 

reach 

Source load generated from reach 

catchment 

Local and 

downstream 

Tile drainage treatment 

wetlands 

Yes 447 x practice area 

in stream reach 

Source load generated from reach 

catchment 

Local and 

downstream 

Stream-based Ditch re-design (2-stage 

ditches) 

No 185 x practice area 

in stream reach 

Local source load plus total load 

delivered from upstream reaches 

Downstream 

only 

Stream restoration (low-

order streams) 

Yes 474 x practice area 

in stream reach 

Local source load plus total load 

delivered from upstream reaches 

Downstream 

only 

Floodplain reconnection/ 

riverine diversion (high-

order streams) 

Yes 402 x practice area 

in stream reach 

Local source load plus total load 

delivered from upstream reaches 

Downstream 

only 
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Figure 13A. Representation of land-based nitrogen removal practices in the SPARROW-DSS 
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Identify area of land in reach drainage area “available” for practice  

using rules in Table 3 

Apply practice to available land up to X acres 

[X determined by conservation scenario] 

Calculate direct displacement of 

fertilizer N, if applicable 

[X acres x (average fertilizer rate)] 

 

Calculate combined N “savings” from [ displaced N +  treatment capacity] 

Calculate treatment capacity 

[X acres x (nitrogen retention capacity of 

practice P)]  

 

 

Load reduction at mouth of the Upper Basin 

Apply downstream delivery ratio 

Figure 13B. Representation of stream-based nitrogen removal practices in the SPARROW-DSS 
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5.3 Modeling Load Reductions from Conservation Scenarios 

The effects of alternative conservation scenarios (described in Section 5) are determined by: 1) 

estimating the effects of one nitrogen management or nitrogen removal practice in one stream 

reach, as described above; 2) repeating this process in the same stream reach for additional 

practices as specified by the conservation scenario; and 3) repeating this process in all other 

stream reaches. Summed across all reaches (8,640 stream reaches total), the result is the total 

nitrogen reduction achieved at the mouth of the Upper Basin, which we can compare with our 

baseline load and reduction target.  

 

 

6. Evaluating Nitrogen Load Reductions from Alternative 

Conservation Scenarios - Results 

 

In Table 5 we report on the results of modeling the conservation scenarios described in Section 4 

using the model rules as described in Section 5.  Table 5 reports on the following: the practice(s) 

included in each scenario; the extent of land that is suitable for implementation of that practice 

(as defined in Table 3) that is put into the practice in each scenario; the model-derived estimate 

of the reduction in nitrogen loads achieved at the mouth of the Basin in each scenario; the area 

of cropland converted to nitrogen removal practices; the area of nitrogen removal practices 

created5; and the amount of land use change associated with each scenario as a percentage of 

total land area in the Upper Basin6. 

 

6.1 Scenario 1: Focus on improvements in nutrient use efficiency 

Scenario 1 tests the effect of implementing an adaptive management approach to improving nu-

trient use efficiency on all cropland in the Basin, leading to an average reduction in fertilizer ap-

plication rates of 25%, which is modeled as a reduction in source loads. Accounting for 

processing en route to the local stream plus instream processing en route to the mouth of the 

Upper Basin, improvements in nutrient use efficiency lead to a reduction in nitrogen loads of 

                                                        

5 Ditch –related practices are assumed to be implemented within the existing ditch footprint, meaning that while 

practice area is created, no cropland is converted. 
6 This is averaged across the whole Basin, and the extent of land use change will be much higher in some HUC-12 

watersheds. 
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87.7 x10
6
 kg/yr at the Basin outlet. This corresponds to a 12.6% decrease in export of agricul-

ture-derived nitrogen loads compared to our current baseline – far short of our 45% reduction 

target.  Thus, our analysis suggests that – while there are a number of important reasons to im-

prove nutrient use efficiency, this approach alone is inadequate to meet hypoxia-related water 

quality goals.   

Obviously other field-level nitrogen management practices such as cover crops are often used in 

conjunction with fertilizer management, and these practices also have important roles to play in 

achieving water quality goals and in broader agricultural sustainability.  We have not to date 

modeled other field-scale nitrogen management practices such as changes in crop rotation or 

cover crops because – based on our discussion in Section 1 and our analysis in Section 2 –our 

intent was to explore the potential role of restoring nutrient processing capacity at landscape 

scale.  Although we plan to incorporate cover crops into a future version of our model, we note 

that resulting load reductions would be subject to modification by local and downstream deli-

very and this is likely to greatly diminish the level of nitrogen reductions they could deliver to 

the mouth of the Basin7. 

 

 

6.2 Scenario 2: Intensify current wetland and buffer efforts 

Scenario 2 explores the effect of greatly intensifying the implementation of current wetland and 

buffer restoration efforts, including restoring or creating buffers on all stream miles in the Basin 

and restoring wetlands on 10% of the upland hydric cropland area. Despite the significant in-

vestment of effort that it represents, Scenario 2 achieves a reduction in nitrogen loads at the Ba-

sin mouth of only 26 x 106 kg/yr, which is only a 3.8% reduction from the current baseline and 

less than 10% of our reduction target. This reflects the relatively low nitrogen removal capacity 

of restored depressional wetlands and riparian wetlands as reported in the literature and shown 

in Table 1.  Our analysis suggests that – while buffers and restored farmed wetlands can provide 

a variety of ecosystem services (as will be discussed in Section 8) – they should not be relied 

upon to meet water quality goals. 

 

                                                        

7 Qi et al (2011) report plot-scale N uptake of up to 31.8 kg N/ha/yr for rye cover crops in Iowa, and similar uptake 
rates have been reported for rye cover cops in the Chesapeake Bay where the practice is more widespread. However, 

Hively et al (2009) showed that, measured at the watershed scale, cover crop N uptake is much lower, approximately 

18 kgN/ha/yr.  For comparison, the average fertilizer rate reduction in our model is 46.2 kg N/ha/yr. 
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6.3 Scenario 3: Focus on a high-performing downstream practice 

This scenario focuses effort on implementing tile drainage treatment wetlands on 2% of the land 

in high nitrogen exporting watersheds. The incorporation of this high-performing practice al-

lows this scenario to achieve load reductions of 17 x 106 kg/yr on a very small amount of land 

(232,000 ha, or less than 0.3% of the total area of the Basin). However this corresponds to only 

a 2.5% reduction in nitrogen export from the Basin, far short of our 45% reduction target. 

Increasing wetland area within individual watersheds would increase nitrogen removal (both 

because there is a larger amount of converted cropland and therefore displaced fertilizer nitro-

gen, and because wetland performance can be anticipated to improve with increased wet-

land:watershed ratio).  However, there are no published data on the effects of wetland: wa-

tershed ratios above 0.05 (corresponding to a 5% land use conversion).  A model run using a 5% 

conversion also failed to meet water quality goals by a significant margin (achieving a 43.3 x 106 

kg/year reduction, or 6.3% of the target). 

There are several reasons why our analysis is much less optimistic about the ability of tile drai-

nage treatment wetlands to meet water quality goals than the analysis of Crumpton et al (2006). 

These include: 1) a different reduction target (240 x 106 kg/year compared to our 312 x 106 

kg/year target); 2) different methods used to estimate treatable loads; 3) our use of a lower ni-

trogen removal capacity (resulting from incorporating data from a wider array of studies as 

shown in Table 1); 4) our imposition of a constraint on load reduction (not to exceed the load 

generated within the stream reach within which the tile drainage treatment wetland is situated); 

and 5) our application of both local and downstream delivery ratios in the SPARROW-DSS to 

the load reductions achieved by the wetlands. 

Our analysis suggests that, while there is a significant improvement in efficiency by focusing on 

a high-performing nitrogen removal practice like tile drainage treatment wetlands, it is unlikely 

that any one nitrogen removal practice by itself will provide a “silver bullet” for meeting water 

quality goals. 

 

6.4Scenario 4: Use a portfolio of downstream practices 

Scenario 4 uses a diverse mix of nitrogen removal practices: buffers, restored farmed wetlands, 

tile drainage treatment wetlands, ditch enhancement practices, stream restoration practices, 

and floodplain reconnection/riverine diversion practices.  These practices were implemented on 

increasing areas of land until the 45% water quality reduction goal was reached. Our analysis 

suggests that it is possible to meet the 45% reduction target by creating 2.2 million ha of nitro-

gen removal practices (corresponding to 1.4 million ha of cropland conversion).  This is compa-

rable to the level of land use change associated with Scenario 2, but achieves more than ten-fold 
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greater reductions in N.  In short, it appears that using a broader and more flexible portfolio of 

nitrogen removal practices offers significant benefits, optimizing water quality improvements, 

minimizing land conversion and increasing other ecosystem service benefits. 

 

6.5 Scenario 5: Combine upland improvements in fertilizer management with 

multiple downstream practices 

While Scenario 4 achieved target nitrogen reductions, it is not comprehensive, in that it assumes 

no efforts to reduce upland loading. To address this we developed Scenario 5, which combines 

field-level improvements in nutrient use efficiency with a diverse portfolio of landscape-level 

nitrogen removal practices.  Including the effects of improved nutrient use efficiency allowed us 

to reduce the acreage of nitrogen removal practices needed to meet water quality goals from 2.2 

million hectares in Scenario 4 to 1.2 million hectares in Scenario 5, or from 1.5% of the land in 

the Basin to 0.9%. Clearly there are significant benefits to an approach which integrates upland 

nitrogen management and downstream nitrogen removal approaches.   
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Table 5. Restoration scenarios and resulting reductions in nitrogen export from Upper Mississippi Basin compared to baseline. 

Scenario Practices included 

Practice 

Area (%) 
1
 

Nitrogen load 

reduction at 

Basin outlet 

(kg/yr) 

Percent of 

baseline 

(%) 
2
 

Land use conver-

sion (ha)/ 

Wetlands res-

tored (ha) 

Land use conver-

sion (%) 
3
 

Field-level nitrogen management only 

1 Improved fertilizer management All cropland 87,669,752 12.6% N/A N/A 

Landscape-scale nitrogen removal only 

2 Restoration of drained wetlands in upland crop-

lands  

Creation of riparian wetlands 

10% 

 

100% 

26,351,786 3.8% 1,531,447/ 

1,531,447  

1.68% 

3a Creation of tile drainage treatment wetlands, wet-

land:watershed ratio = 2% 

 

2.0% 

17,342,786 2.5% 232,473/ 

232,473  

0.3% 

4 Restoration of drained wetlands in upland crop-

lands 

Creation of tile drainage treatment wetlands 

Ditch re-design (2 stage ditches) 

Stream restoration (low order streams) 

Floodplain reconnection/Riverine diversions (high 

order rivers) 

5.3% 

 

5.0% 

27.0% 

60.0% 

30% 

 

314,625,329 45.4% 1,415,887/ 

2,247,248 

1.5%  

(0.6% in TDTW) 

Field-scale nitrogen management plus landscape-scale nitrogen removal 

5 Improved fertilizer management 

Restoration of drained wetlands in upland crop-

lands 

Creation of tile drainage treatment wetlands 

Ditch re-design (2 stage ditches) 

Stream restoration (low order streams) 

Floodplain reconnection/Riverine diversions (high 

order rivers) 

All cropland 

3.1% 

 

2.0% 

12.5% 

50.0% 

20.0% 

 

312,863,795 45.1% 787,105/ 

1,168,812 

0.9%  

(0.3% in TDTW) 

1 Percent of land available for the practice that is used. 
2 The baseline nitrogen load from agricultural fertilizers, manure and agricultural nonpoint sources is 693,039,551 kg, and the target is a 45% reduction, or 

311,867,798 kg. 
3 Percent of total land area in the Upper Mississippi Basin that is in nitrogen removal practices. 
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6.6 Discussion 

Our approach provides a way of aggregating the impacts of changes made in thousands of small 

watersheds to the regional (Upper Basin) scale, and comparing resulting load reductions across 

scenarios and to a regional load reduction target. Based on our analysis, we conclude that: 

 Improved nutrient use efficiency alone falls far short of delivering the nitrogen reduc-

tions that will be needed to address Gulf hypoxia;  

 Landscape-level nitrogen removal practices such as wetlands and other nitrogen 

processing hotspots can deliver disproportionately large water quality benefits if strateg-

ically targeted to intercept high nitrogen loads (45% reduction in nitrogen loads achieved 

through conversion of 1-5% of the land in the Basin); 

 Water quality goals can be met by using a diverse suite of landscape-level nitrogen re-

moval practices in diverse locations;  

 Stream-based nitrogen removal practices such as ditch re-design, stream restoration and 

floodplain reconnection/riverine diversion offer significant and previously-overlooked  

opportunities to optimize N reduction and continued crop production; and  

 Combining in-field improvements in nutrient use efficiency with landscape-level nitro-

gen removal practices can deliver water quality improvements adequate to meet Gulf hy-

poxia reduction goals using approximately 1% of the land in the Upper Basin.   

Our analysis has been directed to nitrogen reduction in the Upper Mississippi Basin, but we be-

lieve similar analyses would lead to similar conclusions for the management of phosphorus in 

the Great Lakes and both nutrients in the Chesapeake Bay. Indeed, Brush (2009) has indepen-

dently identified restoration of assimilative capacity as a critical component of Chesapeake Bay 

restoration. 

 

 

7. Thinking Like a Watershed 

 

Our analysis has shown the importance of combining field-level nitrogen management practices 

such as improved fertilizer management with landscape-level nitrogen removal practices.  Out of 

necessity we have used a very simplistic approach that adds practices to the landscape in a linear 

fashion until we have accumulated sufficient nitrogen reductions.  Missing from our model – but 

critical to achieving real-world results – is an understanding of how practices interact with one 

another to create synergies and trade-offs.  Also missing, and also critical, is an assessment of 

how practice effectiveness changes in different landscape positions and under different flow 
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conditions.   In many Midwestern watersheds, the greatest export of nitrogen occurs during pe-

riods of high flow (Royer et al, 2006), circumstances under which some nitrogen removal prac-

tices may be less effective or completely bypassed.  If we are to be successful in reducing nitro-

gen export in agricultural landscapes, we will need to become more adept at – and develop the 

tools to support – “thinking like a watershed”.    

The “watershed approach” represents a fundamentally different perspective on the management 

of agricultural landscapes than has been utilized in water quality improvement efforts in the 

Midwest to date.  Fundamentally, it requires a shift from a single-field (and often single-

practice) perspective to a landscape-scale, multiple-practice, systems-oriented approach to solv-

ing water quality problems (National Research Council, 2010b).  In its emphasis on landscape 

scale and the interaction between different sites within a landscape, it borrows from landscape 

ecology principles related to spatial distribution and dynamic interaction, but instead of the 

movement of species it seeks to manage the sources and flows of water quality contaminants 

across the landscape.   

Inherent in the watershed approach is a systematic analysis of watershed conditions to diagnose 

the causes of water quality problems and identify strategic opportunities for intervention.  What 

are the most effective interventions? And where should they be used on the landscape? The an-

swers to these questions will need to be tailored to the specifics of individual watersheds, based 

on an understanding of the watershed-specific pathways – surface runoff, shallow subsurface 

flow, deeper subsurface flow and tile drainage – by which particular contaminants move (Tomer 

et al, 2010).  In time, it may be possible to identify a menu of restoration options based on an 

understanding of contaminant flowpaths and timing (see Craig et al (2008) for an example from 

more urban landscapes). The strategic analysis inherent in the watershed approach will facilitate 

targeting the most appropriate practices to the most appropriate sites, enabling us to meet water 

quality goals more efficiently in terms of both costs and footprint on the landscape.  This in turn 

will allow us to meet environmental challenges while minimizing the impact on food production. 

A few examples illustrate the importance of adopting a watershed approach that addresses anth-

ropogenic inputs, hydrologic alterations and landscape assimilative capacity in an integrated 

fashion: 

 Several studies have shown that the ability of streams in agricultural areas to take up ni-

trogen can be overwhelmed at high nitrogen loads (Bernot et al, 2006, Mulholland et al 

2008); practices such as improved fertilizer management, controlled drainage or wet-

lands that reduce nitrogen loads entering agricultural streams will be critical to retaining 

ditch and stream assimilative capacity; 

 Under high flow conditions, flow pathways can develop that short-circuit or bypass con-

structed wetlands, affecting their ability to remove nitrogen. High flow conditions also 

reduce wetland residence time, reducing wetland performance (Tomer et al, 2003). In-

stallation of a practice or practices upstream of tile drainage treatment wetlands that can 
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store water during high flow events and slowly release it downstream would clearly im-

prove overall nitrogen removal.  In this perspective, restored wetlands in upland crop 

fields (which are known to offer significant water storage capacity) are understood not as 

a nitrogen removal practice per se but as a tool for enhancing the performance of down-

stream nitrogen removal practices; 

 Practices such as wetlands that perform well under low-flow conditions can be coupled 

with practices such as floodplain reconnection that provide nitrogen storage and 

processing under high-flow conditions (Noe and Hupp, 2009); and 

 Studies in urban watersheds have shown that reducing nitrogen export is critically de-

pendent on decreasing the hydrologic connectivity of uplands and stream (Walsh et al, 

2005). In hydrologically altered agricultural landscapes such as the Midwest this will re-

quire retaining water on the landscape in ways that are compatible with continued crop 

production (such as the use of recharge basins, controlled drainage, storage wetlands 

and flow retention structures in drainage ditches). 

These examples suggest the value of adopting a “treatment train” approach – using a suite of 

treatment practices in series - such as is used in the treatment of urban stormwater to provide 

cumulative improvement in water quality (Bernhardt and Palmer, 2007). 

A watershed approach becomes even more important when we consider the need to manage 

multiple contaminants simultaneously.  For example: 

 While depressional wetlands can play an important role in nitrogen management by 

storing water and thereby enhancing the performance of downstream tile drainage 

treatment wetlands, their ability to do so will be limited if poor upslope management 

leaves them  vulnerable to sediment infill (Gleason et al 2011);   

 The U.S. Department of Agriculture (USDA)’s Conservation Effects Assessment Project 

(CEAP) report on Upper Mississippi River cropland (USDA 2010) notes that the wide-

spread implementation of erosion control practices, while providing significant benefits 

for the control of phosphorus and sediment, may have unintentionally diverted flows to 

the subsurface and increased nitrogen leaching; and   

 Although wetlands can provide sustainable long-term nitrogen removal, they may even-

tually become saturated with phosphorus (Richardson, 1985).  Ensuring that nitrogen 

benefits are not traded for phosphorus losses will require additional wetland manage-

ment measures (sediment removal or vegetation harvest), the use of an additional down-

stream phosphorus removal practice, and/or improved management of phosphorus in 

the upland to minimize phosphorus delivery to the wetland. 

The value of the watershed approach is explicitly described in the CEAP watershed projects, par-

ticularly those conducted by USDA’s Agricultural Research Service (ARS) in “benchmark” wa-

tersheds (Richardson et al, 2008), which have revealed the importance of and challenges to un-

derstanding the effects of multiple practices in multiple locations (Tomer and Locke, 2011).  
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8. Integrating Multiple Ecosystem Services into the  

Watershed Approach 

 

 

The systems thinking inherent in a watershed approach can be expanded to include multiple 

ecosystem services. Currently, Midwestern landscapes are designed to maximize a single ecosys-

tem service: food production.  As numerous studies have shown,  these landscapes can be re-

designed to become “multi-functional” – providing numerous ecosystem services in addition to 

food production (Nassauer et al [2007], Lovell and Johnston [2009]) – with benefits to produc-

ers, rural communities and society at large (Boody et al [2005], Jordan et al [2010]). While the 

improved fertilizer management and various nitrogen removal practices described in this paper 

can collectively provide a variety of ecosystem services - biodiversity, flood attenuation, nutrient 

cycling, carbon sequestration, groundwater recharge, and recreation (Table 6) – it is unlikely 

that any single practice can provide all of these services.    

 

Table 6. Ecosystem service benefits of various nitrogen management and removal practices. 

 Ecosystem services provided 

Practice Water  

quality 

 improvement 

Flood  

mitigation 

Carbon  

sequestration 

Green-

house gas  

mitigation 

Habitat 

 improve-

ment 

Water 

supply 

recharge 

Recreation 

Improved 

fertilizer  

management 

X   X    

Restoration of 

farmed  

wetlands 

X X X  X X X 

Riparian  

 

X  X  X  X 

Tile drainage 

treatment  

wetlands 

X    X  X 

Ditch re-

design 

X X   X   

Stream resto-

ration (includ-

ing instream 

wetlands and 

floodplain 

reconnection) 

X X X  X  X 

Riverine 

 diversion 

X    X  X 
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Furthermore, efforts to maximize any one of these services may cause other ecosystem services 

to be enhanced in some cases or to decline in others. For example, if we design wetlands to max-

imize their effectiveness for nitrogen removal they may become eutrophic, leading to shifts in 

the vegetative community that will impact their ability to provide habitat (Verhoeven et al, 

2006).  Again, coupling of field-level improvements in fertilizer management and landscape-

level nitrogen removal practices will be critical, as incomplete denitrification (and the resulting 

emission of nitrous oxide, a powerful greenhouse gas) appears to be more prevalent in nitrogen-

saturated systems (Ullah and Zinati, 2006). The challenge of optimizing the provision of mul-

tiple ecosystem services across the landscape was described by Zedler (2003), who provided a 

template for the strategic restoration of different types of wetlands in different landscape posi-

tions across a watershed to enhance water quality, habitat and flood control.  The development 

of ecosystem service accounting tools offers promise of identifying and quantifying ecosystem 

service trade-offs at landscape scales (Raudsepp-Hearne et al, 2010). 

 

 

9.  The Path Forward: Implementing a Watershed  

Approach in the Upper Mississippi Basin 

 

9.1 The Need for Change 

At present we have a set of national and regional studies and initiatives that identify regional 

water quality goals and general strategies for achieving them, but are disconnected from conser-

vation planning in the communities that will need to implement those strategies.  At the local 

scale we have a field-by-field approach to agricultural conservation that is opportunistic rather 

than strategic and is largely disconnected from regional and national water quality goals. We 

believe that the strategic and comprehensive watershed approach described above represents 

our best hope for bridging this divide, as well as offering a way to improve environmental out-

comes at a time of declining public funding for conservation. 

We discuss below some of the opportunities and challenges for implementing a new approach.  

While our examples and suggestions largely draw from and are targeted to efforts to improve 

water quality in the Upper Mississippi and the Gulf of Mexico, we believe similar examples and 

needs exist in the Great Lakes and Chesapeake Bay, as well other hypoxic waterbodies in the 

U.S. and beyond. 
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9.2 Drivers of Change in Agroecosystems 

Agroecosystems are shaped by the individual decisions of thousands of individual producers, 

and it is easy – but inaccurate – to lay the blame for environmental degradation at the produc-

ers’ doors.  Undoubtedly there is a small percentage of producers who disregard the effects of 

their actions on the environment or others, but problems such as hypoxia can better be unders-

tood as an unintended consequence of a larger agricultural system which both drives and con-

strains producers’ choices about their land and its management.  As illustrated by Berganold et 

al (2011), this system includes markets, policies and knowledge institutions (public and private 

research, extension agencies and farmer networks).   In the current system, the producer is 

trained in, and receives economic and social rewards for, maximizing the yield of commodity 

crops. Few producers have the economic, social and information resources to step outside of this 

production system and still be able to take care of themselves, their families and farmworkers.  

Nitrogen removal practices do not fit well in this system because they take land out of commodi-

ty crop production.  For these practices to be adopted at a scale sufficient to make a difference, 

therefore, a support system must be built to give producers the necessary information resources, 

economic rewards and social support.  Rather than detail how this might be done, we will focus 

here on changes that are already taking place, inside and outside of farm country, which will 

create opportunities for producers to make different choices.  Key to many of these is the con-

cept of “multi-functional agriculture”, that is agricultural production systems that produce mul-

tiple environmental benefits and/or revenue streams.  Boody et al (2005) describe how this con-

cept could work for some agricultural watersheds in Minnesota, and evaluate changes in a range 

of ecosystem services, farm economic indicators and externalities (i.e. costs incurred by society 

to remediate off-farm impacts). Jordan and Warner (2010) offer a theory of change that will en-

gage natural and physical scientists with policymakers and local partnerships in developing and 

implementing a multifunctional agricultural system. We describe below specific examples of 

changes that are currently taking place in the relationship between citizens and agricultural 

landscapes.   

  

9.2a. Increasing public demand for sustainability 

There is a small but growing public demand for sustainability in all aspects of modern life, and 

polluted water consistently ranks as the highest priority environmental concern. In a 2011 Gal-

lup poll, 79% of respondents stated that they worry “a great deal” or “a fair amount” about pollu-

tion of lakes, rivers and streams, and 77% were similarly worried about pollution of drinking wa-

ter. Translating this general concern into action to reduce nitrogen pollution, however, poses a 

communications challenge. Unlike sediment, which can be easily seen and causes visible and 

local water quality problems, nitrogen is invisible and the consequences of nitrogen loss are of-

ten felt far downstream from the source. One way to address this may be through improved pub-

lic understanding that water quality impairments are just one part of the nitrogen cascade (Gal-
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loway et al, 2003) and that efforts to reduce nitrogen loss from agricultural systems can provide 

additional benefits to human and ecosystem health (Davidson et al., 2012).   

Flooding concerns are also raising awareness of the need to change management in agricultural 

watersheds.  As an example, the 2008 floods in Iowa led to 85 of Iowa’s 99 counties being de-

clared federal disaster areas, and flood damage exceeded $2.4 billion.  While there are multiple 

causes of flooding, artificial drainage on agricultural lands has contributed to the problem8, and 

changes to drainage infrastructure – including wetland creation and floodplain restoration - of-

fer an opportunity to reduce future flood risk. In response to the floods, the state created The 

Iowa Flood Center, and state and federal funding is now supporting the Iowa Watersheds 

Project, which seeks to demonstrate how drainage infrastructure can be modified to reduce 

flood risk for downstream communities.   

An increasingly urbanized population is becoming progressively more concerned about a variety 

of aspects of agricultural production, and the past five years have seen an explosion of interest in 

local food systems and eco-labels. Although we are not aware of any examples of these specifi-

cally addressing nitrogen, they indicate a general public interest in the broadly-defined sustai-

nability of the food system, which producers and producer associations have responded to by, 

for example, establishing farm stewardship certification schemes. 

These examples show that the public is becoming ever more aware of the value of ecosystem ser-

vices, the risk of loss of those services, and the possibility of enhancing ecosystem services 

through strategic changes to the landscape.  Economic valuation of ecosystem services in specif-

ic watersheds provides a tool for stimulating and informing public discussion about the implica-

tions of alternative management scenarios for ecosystem resilience and community sustainabili-

ty (see, for example, Batker et al, 2011). Translating scientific research into public demand for 

change is vitally important, and nonprofit organizations must play a key role in this. 

 

9.2b Growing awareness of the business case for sustainability in the agricultural 

supply chain 

In order to achieve water goals related to hypoxia, and more broadly to improve sustainability 

across the agricultural sector, the importance of sustainability must be embedded in the agricul-

tural supply system itself, from the farm to the table.  Without deep involvement in the supply 

chain – the buyers of the feed grains and animals that dominate U.S. agriculture in the Midwest 

– we cannot achieve change at the scale necessary in order to be transformative and durable.  

The good news is that a number of influential supply change initiatives are already underway. 

                                                        

8  See, for example, the editorial entitled ”What will it take to tame floods?’  in the May 13th 2011 edition of The 

(Cedar Rapids) Gazette. 
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These include the Innovation Center for U.S. Dairy, Field to Market and The Sustainability Con-

sortium, as well as corporate purchasing decisions by large-scale individual players.  The busi-

ness case for these initiatives rests both on fulfilling the expectations of consumers and society – 

often described as a “social license to operate”- and on cost-savings and additional revenues that 

can be generated by, for example, improving efficiency and re-using waste products. 

One of the strengths of these initiatives is their reliance on, and development of, metrics related 

to environmental outcomes and indicators of progress. To date, though, these have focused on 

in-field efficiency of inputs, and on metrics and indicators of performance at the field and farm 

scale. Unless these supply chain efforts adopt a watershed viewpoint, and develop companion 

metrics and goals for use of nitrogen removal and other conservation practices at the watershed-

scale, they will fail to meet their promise of improving sustainability. Obviously designing such 

metrics at larger scales is challenging, as they will need to rely on data aggregated across a num-

ber of farms in a defined geographic area. However, it is also possible to imagine options struc-

tured around a place-based framework such as a grain elevator, processing facility, trans-

port/supply route or other geographic setting better that is suited to landscape-level practices 

and which provides a point of aggregation of product flow around which purchasing decisions 

and priorities can be made. 

 

9.2c Using multi-functional agriculture as a community economic development 

strategy 

A few communities have begun to explore alternative economic development strategies that shift 

the drivers of decision-making to the more local level, or that look to diversify revenue streams. 

In the former category are communities such as Madelia, Minnesota, which hopes to create a 

local economy based on the production of a “third crop” (small grains, perennial grasses, agrofo-

restry) that will provide energy for the community and feedstock for a biobased industrial park.  

In the latter category are communities that look to derive revenues from eco- and agri-tourism.  

Multi-functional agriculture, in which agriculture is seen as the foundation that supports a va-

riety of rural entrepreneurs, is now well-integrated into European agricultural policy, and Euro-

pean producers’ income typically derives from multiple revenue streams, including crop produc-

tion, conservation payments, sale of value-added products and energy, and tourism. 

 

9.2d Expanding private investment in conservation practices 

Even as public funding for conservation is being cut at federal and state levels, private invest-

ment in conservation is increasing. Some of this activity reflects interest in conservation practic-

es as a cost-effective way of achieving regulatory compliance; some represents recognition by 

investors that enhancing ecosystem services is a money-making proposition.  

The past five years have seen a surge in interest in “payments for ecosystem services”, reflected 

in the creation of USDA’s Office of Environmental Markets, and the success of meetings and 
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conferences on ecosystem markets that draw large attendance from all sectors, including busi-

ness.  “Payment for ecosystem services” approaches raise the possibility that the production of 

ecosystem services will become a source of revenue for farmers, stimulating the widespread 

adoption of innovative practices. These approaches include:  

 Ecosystem service credit markets (such as water quality trading), already operational in 

the Midwest (for example the Miami River trading program in Ohio) and with other 

trading programs under development (for example in the Big Bureau Creek watershed of 

Illinois and potentially basin-wide in the Ohio River watershed). 

 The development of new revenue streams to support the provision of services (for exam-

ple, safe drinking water) to local communities, best known in the case of the New York 

City water supply and payments to upstate producers for practices that protect it; and  

  Corporate investment in ecosystem services essential to business sustainability, of which 

the best-known example is probably Perrier-Vittel’s investment in conservation practices 

to protect the springs and aquifers that supply bottled water. 

All of these approaches offer promise of additional investment in conservation and the potential 

for increased income for producers. An interesting consequence of private investment in ecosys-

tem services is the demand for increased accountability to show that conservation funds are 

spent effectively.  This in turn is driving the development of a new suite of tools to quantify the 

impacts of conservation practices, although currently this is focused on site-by-site and practice-

by-practice evaluation rather than measuring the effect of systems of practices and at watershed 

scale. 

 

9.3 Implementing Change – Building on Existing Agency Innovation 

Federal and state agencies have shown leadership and creativity in developing a suite of innova-

tive policies, programs and funding mechanisms that – even if they were not designed with this 

in mind – can serve as the building blocks for a watershed approach to conservation.  We do not 

attempt to catalog all of these innovations here; our selections are intended simply to illustrate 

the variety of opportunities that exist and can be built upon. 

 

9.3a Improved understanding of biophysical processes and conservation impacts 

in agroecosystems.  

ARS plays a lead role in understanding biophysical processes and the effects of conservation in 

agricultural landscapes, and we are delighted to see in both the Water Availability and Wa-

tershed Management National Program’s Action Plan for 2011-2015 and the FY2013 budget 

proposal a strong commitment to researching critical components of the watershed approach: 
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water quality protection, improving conservation effectiveness and improving watershed man-

agement and ecosystem services in agricultural landscapes. We urge that the ARS funding levels 

included in the Senate-passed FY2013 Agriculture appropriations bill be maintained or en-

hanced when the measure is considered on the House side. 

USDA’s Natural Resources Conservation Service (NRCS), through its Conservation Innovation 

Grants program, has shown commendable support for the development of a variety of innova-

tive conservation practices. We believe it is critical that funding for this program be expanded, 

and we urge continued attention to innovative nitrogen removal practices, such as two-stage 

ditches, the creation of wetlands in ditches and the re-saturation of riparian buffers. We also see 

a need for research to better understand how to site, design and manage these and other nu-

trient removal practices to maximize environmental benefits, and this does not fit comfortably 

into current NRCS programs. We see support for such research in ARS, and urge that it be ex-

panded.  We also see a role for EPA in supporting funding of research into the multiple envi-

ronmental benefits of these practices. 

Another key need is a combination of field research and development of water quality models to 

better evaluate the cumulative impact of multiple nitrogen management and nitrogen removal 

practices, and to understand their synergies and trade-offs.  USDA has made a significant in-

vestment in this work through its funding of watershed studies under CEAP.  We urge that this 

continue and be expanded, ideally using additional funds from EPA and USGS.  

 

9.3b Fostering place-based agency partnerships 

We recommend that USDA, EPA and USGS continue to develop the place-based partnerships 

that have been initiated through the Mississippi River Basin Healthy Watersheds Initiative 

(MRBI), using MRBI watersheds not only as an opportunity to address the specific problems of 

specific watersheds but also to better understand how to build effective partnerships for wa-

tershed management.  From the USDA perspective, we suggest that these partnerships will be 

most effective when they engage NRCS, the Farm Services Agency (which manages several pro-

grams that fund nitrogen removal practices described here) and ARS. We also suggest that, to 

leverage funding opportunities and better understand the synergies and trade-offs across mul-

tiple ecosystem services, partnerships should include representation from the Army Corps of 

Engineers and the U.S. Fish and Wildlife Service.  An exciting example of such an effort, which 

also includes representation of state and local government agencies as well as nonprofit organi-

zations, is emerging in the Iowa-Cedar River basin in eastern Iowa.  

 

9.3c Pooling of funds at the watershed scale 

The watershed approach requires funding for an array of activities beyond the implementation 

of conservation practices.  These include watershed planning, monitoring and evaluation, and 
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stakeholder engagement.  EPA, NRCS and USGS have already shown how funds can be pooled 

to support these activities in the context of MRBI watersheds. We note that additional federal 

agencies, including the Farm Services Administration, Army Corps of Engineers and U.S. Fish 

and Wildlife Service can also provide funds to implement nitrogen removal and other non-

agronomic conservation practices, and recommend that they be brought into conversations 

about supporting watershed work that delivers multiple environmental benefits. As this type of 

joint funding activity grows, there will be need to develop a template for a cross-cutting budget 

that enables agencies to work in coordination to more effectively develop, implement and eva-

luate conservation activities at the watershed scale.   

 

9.3d Institutionalizing an adaptive approach to watershed management 

Adaptive management is the process of “learning by doing” at the watershed scale. It recognizes 

that, while we lack full information on the consequences of implementing conservation and res-

toration activities, we cannot afford to wait for more perfect knowledge before addressing the 

problem. As implemented for water quality improvement in the Chesapeake Bay, and in the res-

toration of endangered salmon populations in the Pacific Northwest, it means developing and 

implementing a conservation strategy while continually monitoring outcomes and adapting the 

strategy as new information becomes available.  

NRCS, through development of its Monitoring and Evaluation practice standard (Practice 799), 

has already shown that it understands the importance of integrating an understanding of con-

servation benefits into practice implementation.  This is a noteworthy innovation on the part of 

NRCS, and creates the foundation on which a larger scale adaptive management approach can 

be built. Although the practice standard is currently focused on edge-of-field effects, there are 

opportunities to grow the approach to measure conservation benefits beyond the field scale and 

we encourage NRCS to talk with USGS, EPA and local partners about the value of - and tools 

available for - doing so.   

Another opportunity to integrate measurement of conservation benefits with implementation of 

conservation practices occurs as a result of the federal appropriations process, whereby NRCS 

often needs to spend funds relatively quickly through a particular program or in a particular 

geographic area. This creates a situation in which the agency defaults to practices which are rea-

dily acceptable to producers, but misses the opportunity to collect data on the effectiveness of 

these or other more innovative practices to show that the funds are being spent effectively.  We 

suggest that NRCS develop an action team of scientists from federal and state agencies and uni-

versities who are poised to leverage implementation dollars spent through these initiatives to 

test practice and conservation system effectiveness. In this way scientists and NRCS will steadily 

accrue a body of knowledge which can help guide future conservation spending. 
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9.3e A commitment to landscape-scale planning and the tools that support it.   

NRCS’s National Planning Procedures, together with the Area-Wide Planning and Rapid Wa-

tershed Assessment processes, offer a set of tools to integrate the watershed perspective with 

field- and farm-scale conservation planning. Dosskey et al (2012) have eloquently described how 

these tools could be used to address the challenges posed by the current field-by-field and prac-

tice-by-practice approach to conservation planning. We urge NRCS to work with other agencies 

and partners to explore how to use these tools most effectively. In addition, USDA’s CEAP work 

has shown the need for tools capable of representing system level interactions between practices 

(Maresch, 2008), and USDA is supporting work on a variety of water quality models.  We rec-

ommend that this work be continued and expanded to address multiple nitrogen removal prac-

tices in collaboration with modelers from EPA, USGS and the Army Corps of Engineers who 

bring relevant experience in landscape and instream transport and processing.   

 

 

9.4 Larger Conversations – Connecting with Watershed Communities  

To fully implement the watershed approach, federal and state agencies will need to frame the 

work that they do in the watershed context.  This will require new levels and types of engage-

ment with the people who work, live and play in specific watersheds.  We suggest below three 

changes that we believe will be critical to successful implementation of the watershed approach, 

and we describe them under the heading of “larger conversations” both because they require a 

re-thinking of what conservation means and because they will require agencies to connect with a 

more diverse array of stakeholders and partners than has historically been the norm. 

 

9.4a Understanding the “politics of place” 

Watersheds are not simply lines on a map; they are places where real people survive, and try to 

thrive, under often challenging economic and social circumstances.  It is simply not possible to 

effect change in agricultural landscapes without understanding these circumstances and work-

ing with others to improve economic and social conditions.  The “politics of place”9 refers not to 

partisan politics, but to the recognition that: 1) environmental problems can only be resolved by 

also resolving economic and social problems; and 2) the most tenable solutions grow organically 

within local communities, albeit with technical and funding assistance from outside groups.  Lo-

cally-initiated and –sustained watershed organizations can, in their best incarnations, provide a 

                                                        

9 From Daniel Kemmis’ book, “Community and the Politics of Place”, about the challenges of land management in 

the American West and the rise of watershed groups as an experiment in local democratic decision-making. 
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forum where diverse and often opposing stakeholders can discuss and resolve issues, though 

such groups have also been critiqued as ineffective and undemocratic (see for example Lubbell 

and Leach, 2005). This approach requires participation by a broader array of agencies (for ex-

ample, the Iowa Watershed Project mentioned earlier is funded in part by the U.S. Department 

of Housing and Urban Development), and a shift in agency roles to a more inclusive and colla-

borative approach. The latter is often challenging for agencies like EPA to balance with their sta-

tutory mission to implement environmental laws that mandate attainment of specific environ-

mental goals. 

While a number of watersheds across the Midwest have begun developing the social capacity 

needed to identify and resolve watershed-scale problems (Morton and Brown, 2011), most have 

not.  New insights from social science will need to be combined with the expanded human capi-

tal needed to bring stakeholders together in productive ways.  Local conservation district staff, 

university extension agents and an array of nonprofit organizations will be needed to work 

hand-in-hand with watershed communities to develop and implement watershed plans that 

meet local and regional environmental, economic and social needs. The lessons learned from the 

USDA - National Institute of Food and Agriculture Competitive Grant watersheds (Osmond, 

2010), which examined the social and economic dimensions of conservation, provide a good 

foundation, as does EPA Region 5’s Social Indicators project.  

 

9.4b Changing cultural norms about agricultural stewardship 

The emphasis on the need to dramatically expand global food production easily translates into a 

perception that crop production – yield – is the only measure of success in agricultural land-

scapes. Indeed, producers are quick to boast of achieving high yields from their lands.  As a so-

ciety, we need producers to become equally invested in the production of less tangible “crops”, 

like clean water, flood reduction and wildlife habitat.  While many producers actively conserve 

the soil and water productivity of their land for the next generation of farmers, we need to find 

ways to recognize and socially reward those whose view of stewardship extends beyond their 

land and provides benefits for broader communities.  

If the watershed approach is to be successful, there needs to be a significant increase in funding 

for work by sociologists, behavioral psychologists and others to better understand the attitudes 

and values that producers bring to conservation and that determine the acceptability of innova-

tive conservation practices and agricultural production systems (Atwell et al, 2010; Reimer et al, 

2012).  Absent this investment, improvements in scientific understanding and innovations in 

conservation will languish on the shelf, and the types of change that are described in this paper 

– and are fundamental to meeting environmental goals – will not occur.  We suggest that phi-

lanthropic organizations can play a catalytic role in funding this research and demonstrating its 

value, paving the way for additional public investments by a variety of agencies. 
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9.4c Supporting community-based institutions for watershed management 

The essence of the watershed approach is “cooperative watershed management…across farm 

boundaries” (National Research Council 2010b).   New landscape-scale institutions (such as the 

watershed groups noted above) and public policies will be needed to support these. Minnesota’s 

experience with watershed districts, which are units of local government charged with meeting 

multiple water-related objectives, may provide offer useful lessons in how to structure effective 

and inclusive watershed management. Existing organizations such as local cooperatives might 

take on new roles such as facilitating farmer member engagement with new payment for ecosys-

tem service schemes.  As templates for structuring incentive payments to landowners at land-

scape scale in order to address pressing resource issues, USDA’s Cooperative Conservation 

Partnerships Initiative and Agricultural Watershed Enhancement Program provide useful ex-

amples10.   We recommend that USDA and EPA begin a dialog on ways to provide incentives to 

group of landowners at appropriate scale (perhaps, in the Midwest, this is the drainage district 

scale) to cooperate to solve water quality problems.  Perhaps bonus payments could be tied to 

achieving different levels of environmental performance, or group participation and perfor-

mance could be rewarded with regulatory certainty.   

 

9.4d Embracing multi-functionality as a management paradigm 

As noted in section 9.2c, multi-functional agriculture can be the foundation for community and 

economic development, improving social and economic conditions while enhancing ecosystem 

services. We suggest that the various NRCS Landscape Conservation Initiatives – including 

those developed for the Mississippi – may serve as laboratories to demonstrate the value of mul-

ti-functional agriculture as a management paradigm, integrating economic development and 

environmental improvement at landscape scale and across multiple landowners. 

 

 

9.5 A Key Need – Demonstration Watersheds 

We suggest that a series of demonstration watersheds provides a way to build a bridge between 

the current system of agricultural conservation and the system that will be needed to fully im-

plement the watershed approach.  Demonstration watersheds provide the opportunity to ad-

vance the scientific research and conservation planning tool development that is needed, as well 

                                                        

10 The Senate Agriculture Committee on April 26th, 2012 passed Farm Bill reauthorization language building on the 

success of these programs to create a consolidated and strengthened Regional Partnership Program, suggesting that 

there is interest in moving in this direction. 



Thinking Like a Watershed 

60 

 

as to experiment with new economic incentives, education and outreach initiatives and new in-

stitutional arrangements.  The existing CEAP and MRBI watersheds provide an opportunity to 

leverage existing investments in monitoring and partnership-building, as do other watersheds 

with multi-partner initiatives underway (such as the Mackinaw watershed in Ilinois and the 

Iowa-Cedar Basin initiative in Iowa). A commitment to the development, implementation (using 

interim USDA practice standards as necessary) and evaluation of watershed plans that include a 

diversity of field- and landscape-scale nitrogen management and nitrogen removal practices 

would allow significant water quality improvements to be made and new knowledge and expe-

rience gained in an adaptive management context. 

 

 

10. Conclusions 

 

Achieving large-scale nitrogen reductions from Midwest agroecosystems is more critical – and 

more challenging - than ever. Despite significant expenditures on agricultural conservation 

practices, a recent USGS report indicates that nitrogen loads at several mainstem locations on 

the Upper Mississippi River have remained steady or even increased since 1980 (Sprague et al, 

2011).  Anticipated cuts to Farm Bill conservation funding will make it very difficult to achieve 

needed reductions absent a more strategic approach to directing those funds to practices and 

approaches that maximize environmental outcomes.   

Our analysis suggests that, to be successful, conservation must address not only the high levels 

of fertilizer input in the region but also the systemic alterations to hydrology and nutrient flows 

that facilitate export of nitrogen lost from crop fields, in particular the loss of nitrogen 

processing capacity in the region’s “landscapes and waterscapes” (Seitzinger et al, 2006). While 

the creation and restoration of wetlands has been proposed in previous studies of possible solu-

tions to Gulf hypoxia (Mitsch et al, 1999; EPA 2008), there has been no systematic effort to im-

plement  nitrogen removal practices at regional scale.  Our analysis indicates that continued 

failure to develop and implement a comprehensive approach that includes a variety of nitrogen 

removal practices will doom efforts to reduce hypoxia.   Recent research and innovations have 

expanded the portfolio of available nitrogen removal practices, thereby providing greater flex-

ibility in implementing this approach.  A diverse portfolio of nitrogen removal practices, such as 

we have represented in Scenarios 4 and 5, will provide additional ecosystem service benefits to 

the region (Fennessy and Craft, 2011; Gleason et al, 2011), including flood reduction, soil carbon 

sequestration, and increased recreational opportunities.  It is also likely to improve wildlife ha-

bitat.   
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While our simple model serves to shows the regionally aggregated effects of changes in small 

watersheds, a new suite of conservation planning tools will be needed to develop credible con-

servation scenarios at the small watershed scale. In the real world, unlike our model, practice 

effectiveness will vary across the landscape, and multiple practices will interact in sometimes 

synergistic and sometimes antagonistic ways. Field research to identify and evaluate these varia-

tions, interactions and their effects at watershed scale is urgently needed, as is the development 

of semi-distributed water quality models that reflect this understanding.  

Better insight into the human and economic dimensions of conservation will be equally critical 

to success. USDA’s National Institute of Food and Agriculture watershed studies (Richardson et 

al, 2008) are a good foundation for this work, as are efforts to build partnerships between US-

DA, EPA, USGS and local watershed partners in the MRBI initiative. The social science of con-

servation is an area which deserves significant attention from philanthropic organizations as a 

way of catalyzing new conversations about, and ultimately new attitudes towards, innovative 

conservation practices, landscape change and watershed management. 

We have identified a number of initiatives currently underway in federal and state agencies and 

the private sector which we believe provide crucial building blocks for implementing the wa-

tershed approach.  We believe that conversations within and among the agencies, and between 

the agencies and private and non-profit sector partners, would be helpful in identifying how to 

strengthen, expand and build on these initial efforts.  In addition, we look forward to conversa-

tions with others on the larger questions of how to re-shape the drivers and constraints that af-

fect producers’ decisions in ways that will improve the environmental, economic and social sus-

tainability of farms and rural communities. 

Although our analysis has focused on nitrogen in the Upper Mississippi, we believe that our 

broad conclusion – the need for a systemic and strategic watershed approach to conservation - is 

applicable to other water quality improvement efforts, including efforts to reduce phosphorus 

loads to Lake Erie and nutrient and sediment loads to the Chesapeake Bay. “Thinking like a wa-

tershed” will lead us to a new appreciation of physical, biological and human connections that 

are at once universal and tied to the fundamental characteristics of specific places. 
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