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There is growing interest among policymakers, farmers, and researchers in
documenting the impacts of conservation practice adoption on environmental
outcomes (Helmers et al. 2007; James and
Cox 2008; Mausbach and Dedrick 2004;Van
Liew et al. 2007). Numerous approaches to
measuring the impacts of best management
practices (BMPs) on water quality have
been used, ranging from controlled experiments on small research plots or individual
farm fields, monitoring of paired watersheds,
empirical models that derive output coefficients for broad classes of land use, and
process models that simulate the dynamics of
watershed physical and hydrologic processes
(Cherry et al. 2008). National-level estimates
of the impacts of conservation programs have
also been developed based on estimates of
BMP adoption from large-scale representative sample surveys of farmers (Lambert et al.
2007; USDA NRCS 2009a, 2009b).
Efforts to quantify the impacts of realworld agricultural BMPs on water quality
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at the watershed scale can benefit from the
availability of accurate information about
the current and past conservation behaviors of farmers and landowners. However,
methods for gathering data on conservation
behaviors and actual BMP use within watersheds vary widely, and strategies to integrate
this information with detailed biophysical monitoring data in analytical models are
still in their infancy. One recent initiative
designed to address this situation is the USDA
Conservation Effects Assessment Program
(CEAP) that has coordinated the efforts of 14
existing USDA Agricultural Research Service
(ARS) watershed research sites and allocated
almost $8 million between 2004 to 2007
to fund another 13 non-ARS watershedscale research projects to develop innovative
approaches for quantifying the links between
BMP implementation and water quality
improvements (Duriancik et al. 2008).
Many USDA ARS and non-ARS CEAP
watershed projects have struggled to locate
temporally and spatially accurate informa-
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Abstract: There is growing interest in evaluating the impacts at the watershed scale of
agricultural best management practices (BMPs) designed to improve water quality. Many
approaches to impact assessment require detailed information about actual BMP use by farmers and landowners in a watershed. This paper examines the strengths and weaknesses of
using formal USDA Natural Resources Conservation Service records of conservation program participation as an indicator of spatial and temporal patterns of BMP implementation
and maintenance. Field interviews with conservation program participants revealed potential
limitations with official records regarding (1) documentation of the incidence of successful
BMP implementation, (2) the nature of the BMPs that were implemented, (3) accurate measurement of the timing and location of BMP implementations, and (4) information about
the long-term use and maintenance of implemented BMPs. The results suggest that official
records should be field-verified before being used as indicators of BMP use. The findings also
point to a larger need for development of more robust and accurate systems for tracking BMP
implementation and maintenance over periods of time.

tion about producer conservation behaviors.
Some initial results from the 14 ARS watersheds were reported in a recent issue of the
Journal of Soil and Water Conservation (see
Karlen 2008 for an overview). Ten of the
14 projects report using some type of primary or secondary data to measure farmer
conservation behaviors within the boundaries of their study watersheds. Several of the
projects relied on aerial photographs, satellite
imagery, or visual drive-by surveys, but these
methods were limited to documenting the
subset of BMPs that can be detected using
remote sensing methods (e.g., cropping patterns, tillage practices, grassed waterways, and
other large structures) and largely ignored
the impact of nutrient and livestock waste
management, pest management, and grazing
management practices.
The most common and comprehensive
source of data on BMP use at the watershed scale (used in at least six of the ARS
CEAP watersheds and many of the nonARS CEAP projects) involved the use of
government conservation program records
to develop tabular and spatial databases
that describe the types, extent, and (sometimes) locations of agricultural conservation
practices (Bryant et al. 2008; Feyereisen et
al. 2008; McCarty et al. 2008; Tomer et al.
2008; Steiner et al. 2008; Wilson et al. 2008).
In one prominent instance, researchers have
constructed a detailed spatial database of
conservation BMPs and made it available to
researchers over the Internet (Sullivan and
Batten 2007).
Similarly, a review of recent research literature suggests that government program
participation records have been used frequently by scientists to help estimate the
impacts of agricultural BMPs on water quality conditions. Official records have been
utilized to compare the impacts of different
densities of BMP use on measured water
quality parameters at the subwatershed level
(Yates et al. 2007) and to compare water
quality conditions at the farm and watershed
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facilitate national practice implementation
accounting but are usually too broad to
distinguish among a diverse manifestation
of local conservation behaviors that share a
common code. Details regarding locally variable interpretations of similar structural and
management BMPs are difficult to extract
from standardized files and NRCS reporting databases, in part because these databases
were not designed for this purpose.
Additionally, researchers are beginning
to recognize that agricultural technology
implementation can be a complex process
fraught with difficulties and frequently leads
to disadoption or failure (Barham et al. 2004;
Bracmort et al. 2004; Walton et al. 2008).
Formal program records are often limited
to data on the number and extent of BMPs
included in the original formal conservation
contracts and may lack follow-up information
about the degree of BMP implementation
success achieved by the landowner or farmer
or whether or not the practice was continued or maintained beyond the first year or
two of the project. Given the typically rapid
rate of change in the size and organization
of individual farming operations, as well as
the impact of land use changes associated
with urbanization and development on agricultural lands, it is likely that the nature and
extent of BMP utilization may change over
time on many properties involved in conservation programs.
Because official program participation
records are the most ubiquitous source of
data on BMP implementation at the landscape scale, we use intensive field surveys
and interviews with program participants to
assess the accuracy of using official records as
a measure of short- and long-term BMP use
in a northern Utah watershed.
Materials and Methods
Data for this assessment were gathered as
part of a larger analysis of the impacts of past
conservation behaviors on trends in measured water quality in the Little Bear River
watershed of northern Utah, United States.
The research reported here focuses on results
of our efforts to field-verify official records
of conservation program behaviors as part of
a larger watershed assessment effort.
History of the Little Bear River Watershed
Project. In the late 1980s, the Little Bear
River was identified as having significant
water quality impairments due to phosphorus-laden runoff from agricultural operations

in the watershed. In response, a comprehensive, multiagency water quality project,
known as the Little Bear River Watershed
Project (LBRWP), was initiated in 1992 to
educate local producers and landowners and
to promote the use of BMPs throughout
the watershed (Allred et al. 1992). The Little
Bear River watershed encompasses about
74 km2 (28.6 mi2) of agricultural lands, with
approximately 70% devoted to forests and
rangelands, 19% to irrigated cropland, 7.5%
to dryland grain farming, and 4% to other
uses. Agricultural income is dominated by
dairy and beef operations, many of which have
extensive irrigated alfalfa fields. Data from the
late 1990s suggests that there were roughly 50
working dairy farms within the watershed,
with an average herd size of 120 milk cows
per farm (Hardman and Allred 1999).
Based on an assessment of local farming
systems and water quality conditions, the
LBRWP targeted four critical types of BMPs:
manure and nutrient management, grazing
management (both on irrigated pastures and
in upland rangelands), streambank stabilization, and protection of riparian buffer areas.
Based on a review of funded contracts, conversion from flood to sprinkler irrigation
systems was also a program priority. Over
$5 million in USDA Hydrologic Unit Area
and US Environmental Protection Agency
319 program funds were used to help costshare the implementation of a wide range
of BMPs under the LBRWP. Most BMPs
were implemented between 1992 and 1998,
although smaller numbers of BMP contracts
continued to be signed using various USDA
NRCS conservation program funds through
2006 (figure 1). Although several state and
federal agencies contributed to this effort,
most of the project conservation contracts
with producers were developed and maintained in the local NRCS county offices.
Official Records. Initially, our team worked
in the local USDA NRCS office to review
the official contract files for each of the 90
landowners or farmers who participated
in the LBRWP between 1992 to 2006. To
address confidentiality concerns, our research
team developed a detailed memorandum of
understanding designed to protect the personal information and identities of program
participants. Although it took nearly a year
to be approved by state and national-level
NRCS leaders, the memorandum enabled us
to access detailed file records with the understanding that we would disguise the identities
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mentation time periods (Brannan et al. 2000;
Currens 2002; Gitau et al. 2008). Although
standard watershed process models such as
SWAT, AnnAGNPS, and GLEAMS have
mainly been used to simulate the effects of
hypothetical patterns of BMP usage (Arnold
et al 1998; Heathman et al. 2008; Thomas
et al. 2007), a growing number of researchers have worked to incorporate information
about the types and locations of actual BMP
behaviors into these process models at both
the field and watershed levels and to compare simulated versus measured water quality
outcomes associated with these real-world
conservation behaviors (Bracmort et al. 2006,
Easton et al. 2008; Rao et al. 2009; Veith et
al. 2008).
While a valuable resource, there are several
potential limitations to using official conservation program records. Initially, researchers
have found agency staff hesitant to release
details of individual conservation contract
files to nonagency personnel, largely because
of legal requirements to protect the confidentiality of contract information. While
a memorandum of understanding can be
employed to protect the personal information
or identities of program participants, these
can be very time consuming to negotiate
and frequently require approval of state- or
national-level agency leaders. For example,
the contract data that serve as a basis for this
paper were made available to the research
team only after nearly a year of discussions
and high-level signed agreements. More
importantly, program records may not be
kept in consistent formats or retained for long
periods of time, leading to a labor-intensive
process to recover systematic and complete
information about project activities.
Finally, there has been little systematic or
critical examination in the published literature of the accuracy of government program
records as a source of information about conservation behaviors within a watershed. For
example, most agricultural watershed water
quality projects have utilized the established
conservation planning, funding mechanisms,
support staff, and program implementation
procedures developed by the USDA Natural
Resource Conservation Service (NRCS) to
create contracts with landowners and farmers to implement conservation practices. As
people familiar with NRCS projects know
well, standardized practice codes provide
consistency in technical definitions across
projects (USDA NRCS 2009c, 2009d) and

Figure 1
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of the individual participants in the original
conservation project.
Over a nine-month period in 2004 to
2005, we gathered and entered into a database (1) official USDA NRCS practice
codes (USDA NRCS 2009d) and additional detailed information about each
specific conservation practice that participants were contracted to implement during
the life of the LBRWP, (2) the USDA Farm
Service Agency farm tract and field numbers describing where each practice was
located, (3) general information about each
operation, and (4) contact information for
each program participant. In addition, aerial
photographs of each participant’s land were
photocopied, and based on the information
from the files, markings were placed on the
photocopied images to signify where each
of the contracted BMPs was located on the
physical landscape. The markings on the aerial photographs were then digitized to create
a geographic information systems database
representing individual practices as points,
lines, or polygons and linking these spatial
representations to the detailed database of
BMP locations and characteristics.
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Field Interviews. To test the validity and
reliability of the LBRWP contract file data
and to collect more detailed information
about BMP adoption experiences, we conducted extensive personal interviews in 2006
and 2007 with LBRWP participants. In order
to set up the interviews, we successively
mailed advance letters to eligible project
participants on our list. The letter introduced
our research team, explained the objectives
of our research, and explained that we would
be calling them later in the week to set up an
interview if they were willing to participate
in our research. We then made phone calls
to these households to seek their agreement
to participate in our study and to arrange
an interview time. Because a total of just
90 landowners participated in the conservation program, our team sought to conduct
interviews with the complete population
list of program participants. Of the original
90 participants, we were able to successfully
contact 70 of the participants, and 55 of these
agreed to be interviewed for a response rate
of 61% of all LBRWP participants (or 79%
of the participants that we were able to contact). Of the participants that we were unable
to contact, 11 did not have current contact

information and could not be located, 5
were determined to be deceased, and 4 did
not reply to our letters or return our calls.
Of those we contacted but did not complete
interviews, 11 refused to participate and 4
were unable to finish complete interviews
for various reasons. While we are confident that we were able to interview the vast
majority of contract recipients still living in
the area, it is possible that nonresponse patterns introduced some unknown biases into
our reported results.
Most interviews were conducted face
to face in the participant’s home, and some
involved a short tour of the property where
conservation practices had been implemented. The length of interviews ranged
from 30 to 210 minutes, with most interviews
lasting roughly 90 minutes. All interviews
were conducted with at least two researchers present, which enabled a more natural
interaction and also ensured cross validation
of interview notes during post-interview
coding. The semistructured interview protocol included standardized open-ended
questions about participant household and
farm operation characteristics, details on the
implementation and current status of each of
the conservation practices listed in the USDA
NRCS files, and other information about
their interactions with LBRWP and NRCS
staff. A copy of the survey instrument is available on request from the authors. Although
we relied on respondents to recall decisions
and behaviors that might have taken place 3
to 15 years earlier, we used copies of materials from their original NRCS project files
(including descriptions of contracted BMPs,
aerial photographs, and other information) as
prompts during the interviews to help jog
respondents’ memories.
Best Management Practice Validation.
A critical part of our project was to validate
the information in the USDA NRCS project files. Our goal was to assemble a detailed
and highly accurate database of actual conservation behavior in the watershed that
identified the locations and dates of BMP
installation or adoption, as well as information
about any BMP disadoption or discontinuance. Following each interview, we updated
the original database of LBRWP BMPs to
note instances where the participant reported
information that conflicted with that obtained
from the NRCS files. Specifically, we noted
whether or not the participant recalled
implementing the original BMP at all (imple-
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location and extent of each BMP on our
physical maps. In a few cases, we determined
that a different USDA NRCS practice code
more accurately described the actual practice
adopted by the respondent. In many more
cases, we developed our own more nuanced
practice codes that subdivided NRCS practices into analytically useful subsets. In a
few instances, we decided that long lists of
repetitive practices were better represented
by a single combined code that captured the
totality of the practice. The most common
example of this was when we combined
repeated listings of irrigation pipeline and
sprinkler BMPs into a single hybrid code for
“irrigation system.”
Determination of the maintenance status
of each BMP was more straightforward than
for implementation. In the case of structural
BMPs, we asked whether each BMP was
still there and whether or not they were still
being used in the manner originally intended.
For plantings, land leveling, and stream clearing, we asked if they had been successful and
whether they were still present. For management practices, we asked if they still follow
the guidelines or behaviors implied by the
original BMP.
The net result of our post-interview coding was to create a new set of tabular and
spatial databases that represent an updated
(and presumably more accurate) catalogue
of conservation behaviors in the Little Bear
River watershed. In the section that follows,
we focus on comparisons between the file
view and this new interview view of conservation behaviors associated with the LBRWP,
and we reflect on the implications for future
research based on using only file view data as
inputs into watershed models.
Results and Discussion
Types of Contracted Best Management
Practices. Each BMP in the original
LBRWP contract files was coded using the
official USDA NRCS “practice code” and
description associated with each practice
(USDA NRCS 2009c). These three-digit
NRCS practice codes are part of a national
system that ensures consistent definitions for
a wide range of conservation practices that
might be employed in different settings. A
list of the number of practices included in
project files and our interviews is shown in
table 1. Based on these descriptions and our
fieldwork observations, we classified each
BMP code into one of three type categories:

structures (34% of total contracted practices);
management practices (49%); and planting,
clearing, and leveling practices (16%). Figure
1 illustrates the number of different types of
BMPs included in contracts between 1989
and 2006. It is clear that most contracted
BMPs were initiated during the core project
years (1991 to 1997), though the proportion
of structural, management, and other BMP
types varied by year. Due to our confidentiality agreement with NRCS, we were not
allowed to record any financial information
from any of the project files. However, we
were able to use project publications, public
records of the annual meetings of the local
Conservation Districts where contracts were
approved, and staff recollections to determine
which individual practices were eligible for
cost-sharing during different phases of the
LBRWP. Overall, we estimate that roughly
75% of contracted BMPs were eligible and
likely to have received cost-sharing.
Our fieldwork was able to ascertain the
implementation and maintenance status of
a representative majority of project-funded
BMPs. The files for the 90 project participants included references to 58 different
USDA NRCS practice codes and a total
of 848 distinct BMPs or an average of 9.4
practices per contract. Our research team
was able to gather field-validation information for 554 total practices, or 65.3% of all
contracted project BMPs, and our interviews
were able to obtain information on the status
of the majority of contracted practices for 50
of the 58 BMP practice code types.
Characterizing
Best
Management
Practices. As noted above, interviews frequently identified information that suggested
that we make modifications or additions to
the USDA NRCS codes attached to specific
practices. Of the 554 practices covered during our interviews, roughly one third were
adjusted in some manner to better allow us
to characterize them in our database. One
prominent example is the NRCS code for
fencing (582). Given that we were interested in practices that might affect water
quality outcomes, we discovered that the
generic fencing BMP code was insufficiently
detailed to distinguish between streambank
fences, field enclosure fences, and interior
cross-fences within pastures, each of which
would potentially have very different effects
on water quality. Of the 53 instances of fencing BMPs, we reclassified 29 as streambank
fences, 21 as internal pasture cross fences,
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mentation), whether the BMP was accurately
characterized by the NRCS practice type
coding system (description), whether the type
and location of each BMP was correctly represented on our spatial maps (location), and
whether or not the BMP still existed or was
actively being used (maintenance).
We determined the implementation status for each BMP included in a participant’s
original files using several techniques. Initially,
we shared a list of file BMPs and the aerial
photographs with respondents and systematically reviewed each practice to discover
whether or not the practice was successfully
implemented, whether they encountered
any problems during the implementation of
the practice, and whether or not they were
still using the practice. While a seemingly
simple exercise, we quickly discovered that
coding the implementation status for BMPs
could be complex. During our interviews,
we encountered several instances where a
respondent indicated no recollection of a
particular BMP being part of their contract
and numerous others where they insisted that
the description of the practice (usually drawn
from the NRCS practice code definitions
[USDA NRCS 2009d]) was not a completely
accurate characterization of what happened.
In these instances, we enquired further to
ensure that we were not misunderstanding
either the file record or the respondent’s
experiences. Determination of BMP implementation status was most straightforward for
practices that involved purchase or construction of physical structures and for those that
involved planting, clearing of streams, or land
leveling, in large part because these BMPs
involved very tangible objects or short-duration activities. On the other hand, adoption
of BMPs involving long-term changes in
farm management behaviors (such as nutrient
management, irrigation water management,
grazing management, or pasture and hayland
management) was often more ambiguous.
In these cases, we repeatedly probed respondents to see if they recalled making any
meaningful changes in the relevant categories of management approach and behaviors.
If they did change their behavior in any way,
we coded the management practice as having
been implemented.
During our discussions about BMP
implementation, we frequently received
information that clarified or changed the
ways that we characterized the BMPs and/
or the way that we represented the spatial

Table 1
Complete list of conservation practices in Little Bear River Watershed Project contract files, by best management practice (BMP) type.
Practice
cluster

Practice
code

BMP
type*

Cost		
sharing Practice name

Crop production practices
324
M
None
327
PCL
All
328
M
Few
329
M
Few
344
M
All
586
M
None
590
M
Few
595
M
Few
				
Irrigation
362
S
All
430
S
All

Percent of
BMPs in files

Total BMPs
in interviews

Percent
interviewed

Chiseling and subsoiling (deep tillage)
Conservation cover
Conservation crop rotation
Residue and tillage mgt (aka cons tillage)
Residue management
Stripcropping
Nutrient management
Pest management
Subtotal

1		
14		
25		
12		
1		
1		
10		
16		
80
9.4

1
12
16
9
1
1
8
12
60

100.0
85.7
64.0
75.0
100.0
100.0
80.0
75.0
75.0

Water diversion
Irrigation water conveyance pipe

4		
33		

4
18

100.0
54.5

Irrigation storage reservoir
Irrigation system, sprinkler
Irrigation systems, surface and subsurface
Irrigation water mgmt.
Irrigation land leveling
Pumping plant
Structure for water control
Operation and maintenance
Sprinkler system
Subtotal

1		
5		
1		
53		
9		
2		
10		
1		
21		
140
16.5

1
3
1
28
5
1
7
1
14
83

100.0
60.0
100.0
52.8
55.6
50.0
70.0
100.0
66.7
59.3

Brush management
Prescribed burning
Deferred grazing
Pond
Pasture and hayland management
Pasture and hay planting
Pond sealing or lining
Prescribed grazing
Range planting
Planned grazing system
Spring development
Watering facility (trough)
Upland wildlife habitat management
Subtotal

16		
3		
18		
8		
55		
33		
3		
44		
27		
25		
20		
16		
57		
325
38.3

11
1
14
6
36
18
3
32
24
18
15
11
38
227

68.8
33.3
77.8
75.0
65.5
54.5
100.0
72.7
88.9
72.0
75.0
68.8
66.7
69.8

Subtotal

13		
25		
1		
21		
2		
62
7.3

12
22
1
11
1
47

92.3
88.0
100.0
52.4
50.0
75.8

Subtotal

91		
91
10.7

53
53

58.2
58.2

Waste management systems
Waste storage facility
Waste pond
Waste utilization
Waste transfer pipe

Fence
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436
S
All
442
S
All
443
S
All
449
M
Most
464
PCL
All
533
S
All
587
S
All
665
M
None
9400†
S
All
				
Pasture/grazing management
314
M
Most
338
M
None
352
M
Half
378
S
All
510
M
Most
512
PCL
All
521
S
All
528
M
Few
550
PCL
All
556
M
Most
574
S
All
614
S
All
645
M
Few
				
Waste management
312
M
None
313
S
All
425
S
All
633
M
Most
634
S
All
				
Fencing
382
S
All
				

Total BMPs
in files

Table 1 (Continued)
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Table 1 (Continued)
Complete list of conservation practices in LBRWP contract files, by best management practice (BMP) type.
Practice
cluster

Practice
code

BMP
type*

Cost		
sharing Practice name

Riparian/stream area protection
322
PCL
All
326
PCL
All
393
PCL
All
472
M
Most
580
S
All
582
S
All
584
S
All
644
M
None
				
Other
300
M
None
342
PCL
All

Channel bank vegetation
Clearing and snagging
Filter strip
Access control
Streambank and shoreline protection
Open channel
Stream channel stabilization
Wetland wildlife habitat management
Subtotal
Conservation location and description
Critical area planting

Total BMPs
in files

Percent of
BMPs in files

13
4
5
6
10
0
7
1
46

54.2
36.4
71.4
75.0
41.7
0.0
46.7
33.3
49.5

1		
7		

1
5

100.0
71.4

2
2
0
1
0
2
2
1
1
21
38
554
10.1

100.0
66.7
0.0
100.0
0.0
50.0
66.7
100.0
100.0
65.6
66.7
65.3
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located on the file maps). In addition, we
found instances where the project involved
construction of structures that were not traditional manure storage facilities, including
several cases where the 313 code referenced
the construction of cement corrals or animal
holding areas, from which manure presumably could more readily be collected than
the previous dirt-floored facilities. In two
instances, the code referenced the construction of linear cement walls against which
manure could be pushed to aid in its collection. Finally, our field interviews identified
three instances of manure storage facilities
that had been originally classified using a
different NRCS code (425-waste pond, 362water diversion, and 587-structure for water
control). While each of these may be technically valid examples of 313 practices, their
relative impacts on manure storage capability
and/or water quality protection are likely to
be quite different.

The interviews also identified numerous instances where the spatial location and
extent of coverage of BMPs needed to be
clarified. Specifically, the spatial representation of implemented BMPs in our geographic
information system database was updated for
roughly 16% of the practices included in the
interviews. The vast majority of the spatial
adjustments involved changing the boundaries of fields and areas that were impacted
by a management BMP (usually reducing the likely footprint of these practices).
Other common changes involved clarifying
the location of structural BMPs. In addition
to clarifying spatial information for implemented BMPs, we were also able to include
information in our spatial database about
practices that were not fully implemented
or that were discontinued at some point (as
discussed later). Finally, the interviews identified 59 new conservation practices (not part
of the LBRWP) that we were able to add to
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Percent
interviewed

24		
11		
7		
8		
24		
1		
15		
3		
93
11.0

380
PCL
All
Windbreak
2		
410
S
All
Grade stabilization structure
3		
422
PCL
All
Hedgerow planting
1		
460
PCL
All
Land clearing
1		
511
M		
Forest harvest management
1		
516
S
All
Pipeline
4		
612
PCL
All
Tree/shrub establishment
3		
642
S
All
Water well
1		
990
M
All
Well testing
1		
991
M
Few
Record keeping
32		
				
Subtotal
57
6.7
				
TOTAL BMPs
848
100.0
				
Average number of BMPs per farm
9.4		
* BMP type codes: M = management practice. PCL = planting, clearing or leveling. S = structure.
† 9400 = consolidated category that includes multiple replications of pipeline and sprinkler BMPs on single field.

2 as perimeter pasture fences, and 1 as a
fence around a pond. The location of many
of these fences on farm maps was also frequently corrected by respondent feedback
during the interviews. In addition to making
the fencing data more detailed and accurate,
field interviews also “discovered” another 13
instances of fencing activity with potential
water quality impacts that had been carried
out by project participants during the same
time frame but which were not officially
sponsored by the LBRWP.
Another BMP category whose characterization benefited from fieldwork was USDA
NRCS 313 (waste storage facilities). Of the
22 instances of 313 codes discussed in the
interviews, we were able to clarify for all
farms what types of wastes were meant to
be held in each facility (liquids, solids, or
both). We also discovered 7 instances where
there were actually multiple storage structures (many of which were not correctly

Total BMPs
in interviews

Table 2
Apparent implementation status of best management practices (BMPs).
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Implementation status of file BMPs

Number

Percent

Practice-level analysis
No evidence file BMP was implemented
Other BMP implemented (misclassified BMP in file)
Subtotal: file BMP not implemented
File BMP partially implemented
File BMP fully implemented
Subtotal: file BMP implemented
Unable to determine
Total

79
9
88
20
429
449
4
541

14.6
1.7
16.3
3.7
79.3
83.0
0.7
100.0

17
32
4
1

31.5
59.3
7.4
1.9

Farm-level analysis
Farm implemented all file BMPs*
Farm implemented ≥ 50% file BMPs
Farm implemented < 50% file BMPs
Farm implemented none of file BMPs

Total
54
* Only includes practices in the partial and full implementation categories.

100.0

Table 3
Current status of best management practices (BMPs) from Little Bear River Watershed Project.
		
Current status of BMP

Number

Percent of
implemented
BMPs*

Never done originally†
88
na
Not there anymore (structures or plantings)
20
4.4
No longer done (management)
63
13.9
There but not used (structures)
11
2.4
Subtotal of not maintained
94
20.8
Still there with original purpose—being used as intended 339
74.8
Can’t determine
20
4.4
Total
541
100.0
Note: na = not applicable.
* Only includes practices in the partial and full implementation categories.
† Combines first two categories from table 2.

agement practices as “implemented,” despite
the relatively modest changes in management
behavior reported by project respondents.
Best Management Practice Maintenance.
Once we identified the BMPs that had been
implemented, we gathered detailed information about the current status (or ongoing
maintenance and use) of these practices.
There are few published studies of the longterm maintenance of conservation BMPs in
the literature, and these have focused only on
structural practices whose operational functionality could be visually assessed by experts
using remote sensing and field inspections
of BMPs (Bracmort et al. 2004; Lindsey et
al. 1992). In our case, we relied on detailed
conversations with project participants, often
complemented with visual surveys of prac-

Percent
of all file
BMPs
16.3
3.7
11.6
2.0
17.4
62.7
3.7
100.0
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our revised map of conservation behaviors in
the watershed.
Best Management Practice Implementation.
The primary motivation for conducting
field interviews with project participants
was to verify that all contract BMPs were
actually implemented and were still being
maintained. Table 2 reports the number and
percent of contracted BMPs in various stages
of implementation. Overall, we determined
that project participants could not verify
implementation for 88 (16%) of the contracted BMPs. Most of these were instances
where all available evidence pointed to a failure to successfully implement the practice,
though a handful of cases involved misclassified BMPs where a different type of practice
was actually carried out. In almost every case
of nonimplemented BMPs, respondents simply did not recognize the practice as being
part of their original project. Another group
described what they had done in connection
to a contracted management BMP, but it
was apparent to the research team that their
actions did not meet even a minimal definition of the changes in behavior implied by
adoption of this type of BMP. For example,
they might recall having had a nutrient
management BMP in their contract, but
their nutrient management decisions and
behaviors were essentially unchanged by
participation in the LBRWP. Only a very
small handful of respondents recognized that
a BMP was in their contract but volunteered
that they actively decided not to implement
the practice.
Table 2 also shows that instances of BMP
nonimplementation were relatively common across all of the farms included in the
interviews. In more than two-thirds of the
interviews, at least one BMP was reported
as not implemented. This suggests that the
overall patterns of nonimplementation cannot be explained by the presence of a few
poorly implemented contracts. Meanwhile,
only one farm reported the failure to implement any of their contracted practices.
We believe that these are reasonably
conservative estimates of practice implementation during the life of the LBRWP. While
we believe that a failure of respondent recall
could explain some of these apparently nonimplemented practices, we also recognize that
there is an innate bias in favor of respondents
to report implementation, even if it did not
occur. Moreover, our analysis was relatively
generous in classifying some types of man-

tices during tours of their farms. Overall, we
determined that over 20% of implemented
BMPs appeared to be no longer maintained
or in use (table 3). Most of the nonmaintained practices involved management BMPs
that were no longer used by the respondent.
There were also 20 instances of structural
or planting BMPs that were no longer in
existence and another 11 that were present
but were not being used. The net result of
nonimplementation and nonmaintenance
suggests that two-thirds of all of the conservation practices contracted under the
LBRWP between 1989 to 2006 were still
being actively utilized in 2007.
There are several reasons an implemented
BMP might no longer be used. In our analysis, we divided these reasons into two main
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Table 4
Explanation for nonmaintenance of best management practices (BMPs).
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Reasons for why BMP is no longer used
Still farming, but not using
Discontinued management practice
Structure abandoned or removed
Plants died off
Temporary practice (not intended to continue)
Subtotal
No longer farming
Downsized or discontinued farming
Land sold off for development
Subtotal
Total

Number of
nonmmaintained
BMPs

Percent of
nonmaintained
BMPs

24
11
8
21
64

25.5
11.7
8.5
22.3
68.1

15
15
30
94

16.0
16.0
31.9
100.0

Table 5
Implementation and maintenance patterns by best management practices (BMP)
characteristics.
			
Percent
Percent
BMP characteristic
implemented maintained*
By contract year
1989 to 1991
63.5
1992 to 1995
86.2
1996 to 1998
80.7
1999 to 2001
91.9
2002 to 2006
92.6
Chi-squared test p-value
0.000
By farming enterprise
Crop production practices
75.0
Irrigation equipment and management
74.4
Pasture/grazing planting and management
80.9
Fencing
100.0
Livestock waste structures and management
88.6
Riparian/stream area protection structures
97.8
Other BMPs
88.9
Chi-squared test p-value
0.000
By BMP type
Structural
95.6
Planting, clearing and leveling
89.8
Management
73.3
Chi-squared test p-value
0.000
By cost-sharing status
Cost-shared
86.5
Not cost-shared
77.8
Chi-squared test p-value
0.020
Total
83.6
* Percent of those BMPs that were originally implemented.

Percent
original BMPs
still there

69.7
78.0
73.3
98.2
74.0
0.002

44.2
68.1
59.3
91.9
70.4
0.000

82.1
83.6
76.0
90.2
77.4
80.0
54.8
0.012

59.3
64.6
62.8
90.2
68.6
78.3
48.6
0.000

85.5
91.1
65.9
0.000

82.8
83.0
48.6
0.000

80.8
70.1
0.035
78.1

71.3
53.5
0.000
66.2
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clusters: respondents who were still engaged
in farming but who had stopped using the
practice and respondents who were no longer farming in a manner that would make
use of the BMP appropriate (table 4). The
former group represented two-thirds of all
respondents and includes people for whom
use of the BMP would theoretically still
make sense, as well as a number of respondents who indicated that they had the
impression that their BMP was temporary or
was not intended to be used for more than a
few years (e.g., spraying for weeds). The latter group accounts for roughly a third of all
nonmaintained BMPs and reflects the impact
of changes that made BMPs irrelevant to
their current operation, including decisions
to stop using BMPs because their farm had
downsized or shed livestock enterprises and
those who had seen their lands converted to
nonfarm development.
Patterns of Implementation and Maintenance.
As a final stage of our analysis, we compared
the rate of implementation and maintenance
of different types of BMPs. The results are
shown in table 5. Specifically, we discovered
that the rate of implementation gradually
increased across the lifespan of the project. This seems to suggest that project staff
learned over time how to write more accurate
and effective contracts. When we clustered
BMPs by farming enterprise, it appears that
BMPs related to crop production enterprises and irrigation systems had the lowest
implementation rate (74% to 75%), followed
by pasture and grazing planting and management BMPs (81%). By contrast, nearly
every instance of fencing and riparian protection structures in the files were found to
have been implemented on the study farms.
Generally speaking, structural BMPs and
practices for which cost-sharing was available were more likely to be implemented,
perhaps because they involved greater investment of public and private funds. However,
the implementation gap between cost-shared
and noncost-shared practices was not as significant as we anticipated when we began the
study. Although cost-sharing is often believed
to be an essential incentive to encourage use
of BMPs, in this study, a majority of unfunded
practices appear to have been implemented,
though the rate of implementation was significantly lower.
Maintenance of the implemented BMPs
also varies across time, though the pattern was
less clear than for implementation. For exam-

Summary and Conclusions
Our findings suggest that official watershed
program contracts and related records can be
a very useful resource for describing patterns
of conservation behaviors at the watershed scale but that they may not provide a
complete and accurate description of BMP
adoption and related behaviors instigated by
a conservation program. In particular, the
characterization of BMPs typically recorded
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in USDA NRCS files may be too vague
to allow reliable estimates of their impact
on watershed processes and water quality impacts. The actual location and spatial
extent of landscapes or areas impacted by
specific BMPs is likely to be somewhat overstated, particularly for management practices.
Program records may generate false positive
indicators of the presence of BMPs, since a
significant subset of contracted BMPs may
not have been fully implemented and another
subset will likely have been discontinued or
not maintained during the life of the project.
Finally, there are likely to be false negatives
related to unmeasured additional conservation practices that were adopted by program
participants (and most likely, program nonparticipants) over the same time period.
Patterns of contracted BMP implementation and maintenance suggest some
important lessons for the assessment of
conservation program impacts. Our results
imply that management practices are particularly susceptible to nonimplementation
and maintenance.Yet management behaviors
are increasingly recognized as critical to the
success of conservation programs. Installation
of structures without the adoption of associated management behaviors may produce
little net benefit to watershed goals. The
use of cost-sharing does improve the rate of
implementation and maintenance but to a
smaller degree than we originally expected.
In this watershed, practices targeted at crop
production practices and irrigation systems
had lower implementation rates than some of
the practices aimed at livestock systems and
riparian area protection.
Researchers seeking to explain variability in water quality parameters measured
at the subwatershed and watershed scales
often require the use of detailed information
about actual adoption of structural and management BMPs. Typically these researchers
would rely on program records to describe
patterns of BMP implementation. Our results
suggest that detailed watershed modeling
might benefit from supplemental fieldwork
with all or a sample of project participants
to increase the accuracy of information
about the types and locations of BMPs in a
watershed. Our fieldwork uncovered many
instances of BMP nonimplementation and
nonmaintenance, as well as instances of noncontracted conservation behaviors that took
place on participating farms. We were also
able to clarify the description and location of

a significant proportion of contracted BMPs,
including recoding practices into important
subtypes likely to have markedly different
impacts on water quality outcomes.
Our results also suggest that more followup contacts with project participants could
be useful for conservation program design
and adaptive management strategies. Patterns
of nonimplementation can be used to adjust
lists of eligible BMPs and to adjust estimates
of expected conservation benefits from
different types of practices. Patterns of nonmaintenance can help target practices that
are appropriate for intensive follow-up monitoring. Additionally, a significant proportion
of nonmaintained BMPs were “undone” by
farm enterprise downsizing and conversion
to nonfarm housing. This suggests that consideration of the future plans for the farming
operation and evaluation of the likelihood
of conversion of agricultural lands might be
included when ranking proposals for conservation contracts. Although not discussed
at length here, our fieldwork also provided
critical feedback on the barriers to BMP
implementation and maintenance encountered by typical project participants. This
feedback can be used to adjust procedures
used to identify appropriate BMPs, to provide better targeted assistance for some types
of BMP implementation, and to engage
project participants in more long-term monitoring efforts.
In the experience of our research team
members and in our discussions with people working on watershed projects across
many different regions of the United States,
it would appear that agricultural watershed
project staff traditionally invest most of
their time and resources into encouraging
eligible landowners to participate in their
programs, providing technical and financial assistance to approved contractees, and
reporting basic information about the number and extent of contracted BMPs to state
and federal agencies. Our results suggest that
there are many potential benefits to developing better tracking systems for post-contract
implementation and long-term maintenance
of BMPs. The USDA NRCS has official
policies and procedures in place to review
contract implementation (under 440 CPM
512.55), although evaluations appear to focus
on cost-shared structural practices, address
short-term implementation (and not longterm maintenance), and emphasize technical
issues related to cost-share rates, accounting
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ple, the BMPs included in contracts signed
between 1999 and 2001 were most likely to
be still maintained, while those signed since
2002 were no more likely to still be present than practices involved in contracts from
the early and mid-1990s. A closer analysis
of the most recent contract period suggests
that implemented but nonmaintained practices involved one-time treatments of land
for weeds or pests, contracts with farms that
quit farming or dispersed their livestock
herds, and structures that broke and were
not repaired. Again, structural practices were
more likely than management practices to be
maintained, though practices that involved
planting, clearing, and land leveling had the
lowest rates of fallout once they had been
successfully implemented. Not surprisingly,
practices that were eligible to receive cost
sharing were more likely to be maintained.
Combining information about implementation and maintenance, the last column
of table 5 reports the percent of originally
contracted BMPs on study farms that are still
being actively used. Overall, roughly twothirds of all BMPs in the project files were
still being used on the farms that we interviewed. Conversely, one-third of LBRWP
practices are no longer actively influencing
water quality outcomes. Practices that were
contracted more recently were somewhat
more likely to be maintained, though there
is not a simple linear pattern associated with
age of contract. Practices involving fencing, riparian area protection, and livestock
waste management were more likely to be
maintained than practices targeting crop production, irrigation, and pasture and grazing
management. While over 80% of structural
and planting BMPs were still in the field,
less than one-half of the management BMPs
were still actively being used by project
respondents. Finally, almost half of the BMPs
that were not eligible for cost-sharing were
no longer being used, compared to 30% of
cost-shared BMPs.
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for in-kind contributions and whether or
not the affected land is still managed by the
contract recipient. Expanding periodic field
visits to randomly sampled participants in
public conservation programs, particularly 5
to 10 years after initial implementation, can
yield important feedback that can shape the
design of future conservation efforts.
We conclude with a final word of caution
regarding the interpretation of our findings.
While we have classified BMPs into discrete
“implemented” and “not implemented”
categories, we are painfully aware that our
classifications are affected by recall errors by
project participants and by possible misinterpretations of the original file information by
our research team. We did not conduct systematic interviews of the original LBRWP
staff, and their recollections of individual
farm contracts might have helped increase the
accuracy of our classifications. Finally, we do
not wish to suggest that the instances of BMP
“nonimplementation” or “nonmaintenance”
uncovered in our study reflect examples of
deliberate malfeasance, subterfuge, or even
illegality. Almost all failures to implement or
maintain practices involved good faith efforts
by program staff and program participants to
follow through on the terms of the original
conservation contracts.
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