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The 1972 Clean Water Act initiated a national effort to address all sources of water pollution. One
outcome was development of forestry nonpoint source control programs that use best management
practices (BMP) and other tools to minimize water quality impacts. These programs can only be
successful if BMPs are effective and if implementation rates are high. Many states have assessed rates
of forestry BMP implementation with more than one survey and are beginning to develop histories that
track trends. Trend data at the regional and national levels show generally high and increasing levels
of implementation. Here, we use the volume of timber harvested in each state to adjust contributions
to a national implementation average. The overall national forestry BMP implementation rate is
estimated to be 89%. Factors contributing to increased implementation include federal and state
legislation, regulation, and extension; certification programs; and public pressure.
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S ince adoption of the 1972 Federal
Water Pollution Control Act Amend-
ments (a k a the Clean Water Act or

CWA), control of nonpoint sources (NPS)
of pollution has focused on implementation
of best management practices (BMPs).
BMPs are defined as “a practice or usually a
combination of practices that are deter-
mined by a state or a designated planning
agency to be the most effective and practica-
ble means (including technological, eco-
nomic, and institutional considerations) of
controlling point and nonpoint source pol-
lution at levels compatible with environ-
mental quality goals” (Helms 1998, p. 15;

Fig. 1). NPS contributions associated with
forestry tend to be widespread and diffuse,
and pollutants are often naturally occurring
and difficult to distinguish from back-
ground. Significant NPS contributions are
frequently a result of forcing climatic events
such as intense or prolonged rainfall or rapid
snowmelt. Forestry activities in particular
are difficult to monitor because they move
across the landscape, and management dis-
turbances such as timber harvesting or site
preparation at any one site can be separated
by a prolonged period of forest growth. Be-
cause NPS impacts are difficult to measure
and monitor, most NPS control programs

track progress by monitoring BMP imple-
mentation and assessing the effectiveness of
BMP for conditions common to the state.
Development and adoption of BMPs for
forestry is widespread (Archey 2004). Imple-
mentation of BMPs does not necessarily
equal water quality protection because
BMPs may or may not be effective, but
when effective BMPs are implemented, wa-
ter quality impacts are minimized (Sachet et
al. 1980, Ice 2004, McBroom et al. 2008).
This article assesses BMP implementation.
Assessing national trends in implementation
is complicated by different and evolving
state BMPs and by different methods of
measuring and reporting implementation.
Here, we discuss evidence that BMP imple-
mentation for forestry has been increasing
since the CWA was adopted. We also at-
tempt to estimate the national average for
BMP implementation based on volume of
wood removed in each state.

Monitoring Implementation
Rates

Since the beginning of NPS control
programs there have been efforts to assess
both implementation and effectiveness of
BMPs (Ice et al. 1997). One of the earliest
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efforts was in the state of Washington (Sa-
chet et al. 1980) and involved assessments in
the field by an interdisciplinary team. The
team concluded that “water quality was well
protected when forest operations were con-
ducted in compliance with the [forest prac-
tice] regulations” (state forest practice rules
are considered BMPs; throughout this arti-
cle we will use the term BMP). The team
reported that compliance with BMPs was
about 80%. Where BMPs were not imple-
mented the team found that water quality
impacts were common. Numerous states
have attempted to assess rates of implemen-
tation of BMPs over the last 35 years. For
example, forestry agencies in the 13 south-
ern states have continued to develop BMP
implementation monitoring methods to im-
prove consistency within the region and to
provide for statistically valid sampling
(Southern Group of State Foresters [SGSF]
2008). Coordinated efforts among these
states have produced a Statistical Guidebook
for BMP Implementation Monitoring (Simp-
son et al. 2006), several BMP effectiveness
projects (Vowell and Frydenborg 2004,
Simpson et al. 2008b), and, most recently, a
pollution load reduction model for BMP
implementation (SGSF 2008). The most re-
cent national summary of state water re-
source programs for silviculture by the Na-
tional Association of State Foresters (NASF;
Archey 2004) found that two-thirds of states
monitor forestry sites for compliance with
BMPs. These surveys have consistently
shown high levels of BMP implementation.

Advancing Implementation
Many factors have contributed to in-

creasing BMP implementation rates. The
first state forest practices act specifically ad-
dressing water quality protection was
adopted in Oregon in 1971, predating the
CWA. Section 208 of the CWA focused at-
tention on NPS pollution, including that
from forestry activities. Later amendments
provided funding and additional require-
ments for states to address and report on
these NPSs. This legislation, along with im-
plementing regulations, prompted states to
develop NPS control programs and exten-
sion efforts to promote BMP implementa-
tion. State legislation and regulations have
also shaped NPS control programs through
forest practice acts, sediment control ordi-
nances, streamside management zone
(SMZ) laws, and other instruments.

Recently, forest certification programs
requiring the use of state-recommended

BMPs and protection of riparian areas have
elevated implementation rates. Many wood
products manufacturing facilities only ac-
cept timber from loggers with BMP training
and many forest landowners allow only
BMP trained loggers to operate on their
properties. For example, a Weyerhaeuser
Company (2009) website states that “All
primary mills in the United States are inde-
pendently certified as meeting the procure-
ment provisions of the SFI [Sustainable For-
estry Initiative] standard.” “All of our
primary mills in Canada are independently
certified as meeting the chain-of-custody re-
quirements of the CSA [Canadian Standards
Association], PEFC [Programme for the En-
dorsement of Forest Certification schemes]
or SFI standard.” “All of our secondary
wood products facilities are now certified to
the SFI Fiber Sourcing standard.” Similarly,
a Louisiana-Pacific (LP) Corporation
(2009) website states that “LP prefers to pur-
chase timber from land certified by SFI, the
American Tree Farm System, the Canadian
Standards Association or the Forest Stew-
ardship Council (FSC) when it is available.
But when the source is not certified, as is
often the case with small family-owned for-
ests, LP’s SFI-certified procurement process
helps to ensure that timber comes from re-
sponsibly managed land.” “SFI procure-
ment requirements are clear. To be certified,
you must develop a system that drives best
management practice [emphasis added]
from the forest to the mill.” This has led to
new opportunities for education and out-
reach for all levels of forest practitioners.
The most recent BMP implementation sur-
vey in Texas found that timber harvest sites
from which logs were delivered to SFI-certi-
fied mills showed higher levels of BMP im-
plementation than those without known

connections to certified mills (Simpson et al.
2008a). The widespread acceptance of certi-
fication programs indicates that many com-
panies are committed to meeting public
expectations for sustainable and environ-
mentally sensitive forest management.
Many other events have contributed to the
continuing development of state forestry
NPS control programs and implementation
levels for forestry BMPs (Table 1, although
the table is not comprehensive).

The ongoing evolution of BMPs, espe-
cially at the state level, is hidden in Table 1.
A dynamic tension continues between what
forest practices and restrictions (e.g., ripar-
ian management areas) are needed to protect
water quality and what limitations create
unacceptable hardships and disincentives to
forest landowners. This evolution is repre-
sented by changes in the BMPs addressing
streamside management areas in Oregon.
The first rules adopted in 1972 were general
and provided guidance but allowed great
discretion to the operator. For example, one
option was “where it is difficult to leave
buffer strips of timber to shade a stream,
plan to reestablish cover without delay,
along the stream, after cutting is com-
pleted.” This contrasts with current rules
that have strict requirements for minimum
numbers, sizes, and types of trees (conifer or
hardwood) to be left in streamside manage-
ment areas, along with minimum cumula-
tive basal areas for the residual stands. The
current riparian rules in Oregon are also ad-
justed for different regions, beneficial uses,
stream sizes, and harvest activities. Over
more than 35 years of implementation, the
rules have become more detailed and pre-
scriptive. This evolution is repeated in most
states that experience periodic reviews of
state BMP. New BMPs are considered as

Figure 1. BMPs can dramatically reduce impacts from management activities. Here, similar
forest road cuts without and with mulch and grass show the potential effectiveness of BMPs
in providing cover and erosion resistance. BMPs are designed to reduce both generation
and delivery of pollutants to streams and other waterbodies.
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new issues arise. For example, there is ongo-
ing consideration of new BMPs for some
states in the South that have karst topogra-
phy.

Southern Foresters’ Report
One of the challenges to estimating a

national average for BMP implementation is
the inconsistency in how BMP implementa-
tion rates are monitored and reported. To
address the issue of monitoring inconsisten-
cies, states in the southern and northern
United States in particular have attempted
to develop uniform methods for measuring
BMP implementation rates. The SGSF, rep-
resenting 13 southern states, developed an
approach that provides an implementation
monitoring framework for state forestry
agencies in that region (BMP Monitoring
Task Force 2002). The framework addresses
monitoring frequency, site selection criteria,
specific BMPs to be evaluated, evaluation
and scoring methodology, risk assessment,
and follow-up actions. It also includes a Sta-
tistical Guidebook for BMP Implementation
Monitoring (Simpson et al. 2006) to assist
state forestry agencies in developing a statis-
tically sound monitoring process. The prin-
cipal objective of the framework was to es-
tablish consistency among the southern
states regarding BMP implementation mon-
itoring so that regionwide data could be col-
lected, analyzed, and reported. A report
titled Implementation of Forestry Best Man-
agement Practices: A Southern Regional Report
was published in 2008 (SGSF 2008). It
compiled regional implementation data for

seven BMP categories: timber harvesting,
site preparation, forest roads, stream cross-
ings, SMZs, chemical application, and fire-
breaks. Based on regional averages, the indi-
vidual categories scored at least 85%
implementation, except the firebreaks cate-
gory at 73%. Combining all practices in all
categories showed the overall regional BMP
implementation rate to be 87%, and “in
states where multiple surveys were reported,
overall implementation showed a generally
positive trend” (SGSF 2008). The most fre-
quent and consistent of these surveys came
from Florida (Fig. 2) (Vowell et al. 2008). It
showed that implementation went from a
low of 84% in 1985 to 99% in 2007.

Northern Region BMP
Implementation Monitoring
Guidelines

States in the Northeast have developed
strong regulatory approaches for oversight of
forest management but have traditionally
dedicated little attention to evaluating BMP
performance. In response, the US Forest
Service Northeastern Area State and Private
Forestry, in conjunction with the North-
eastern Area Association of State Foresters
(NAASF) Water Resources Committee, de-
veloped a protocol for assessing the imple-
mentation and effectiveness of forestry
BMPs (Welsch et al. 2007). Presence or ab-
sence of a particular BMP prescription is
generally what is evaluated by most states
when assessing BMP implementation and
effectiveness. However, the Northeast BMP

Monitoring Protocol was developed to pro-
vide an economical, standardized, and re-
peatable methodology that assesses the un-
derlying principles of water pollution
prevention (controlling water flow, stabiliz-
ing disturbed soil, managing chemical pol-
lutants, minimizing biological impacts, and
preharvest planning) rather than tallying in-
dividual BMP prescriptions’ use or absence.

The monitoring protocol evaluates
BMP performance for sample units (i.e.,
stream crossings, haul roads, log landings,
rutting, SMZs, forest chemicals, mineral soil
skid trail inside SMZs, and wetland cross-
ings) within a harvest tract. Individual tracts,
therefore, may have multiple sample units or
none at all, depending on the sampling de-
sign used by a state. Sampling based on eval-
uation of individual sample units is used to
avoid the problems associated with averag-
ing BMP implementation and effectiveness
across an entire timber sale. To assess the
effectiveness of BMPs for controlling the
flow of water off a forest haul road, e.g., au-
ditors evaluate whether or not eroded soil
from the road surface reaches a stream and
measure the distance the soil moved from
the road and toward the stream. In effect,
auditors assess the overall effectiveness of a
suite of forest road BMPs to control erosion
as opposed to evaluating individual BMPs
(e.g., correct water diversion structure spac-
ing and correct road grading). This ap-
proach, therefore, facilitates consistent data
collection across a wide array of state BMPs
within the region (Welsch et al. 2007).

In 2006, Maine and Wisconsin pub-
lished results from initial surveys evaluating
the feasibility of the US Forest Service/
NAASF BMP monitoring protocol (Maine
Department of Conservation [ME DOC]
2006; Shy and Wagner 2007). Overall, the
states were encouraged by the results, and
Wisconsin is developing a hybrid sampling
protocol that integrates US Forest Service/
NAASF BMP monitoring procedures with
the state’s traditional monitoring metrics
(Shy and Wagner 2007). Furthermore, both
states noted continued improvement in
BMP compliance rates. When properly ap-
plied, Maine’s BMPs for stream crossing ap-
proaches avoided soil transport to waterbod-
ies 92% of the time (ME DOC 2006). In
Wisconsin only 1% of approaches moni-
tored showed trace amounts of sediment
reaching waterbodies (Shy and Wagner
2007). Traditionally a problem area within
all states, compliance with stream crossing
BMPs continues to show improvement as a

Table 1. Timeline of best management practices implementation.

Year Event

1971 Oregon Forest Practices Act passed
1972 Federal Water Pollution Control Act Amendments passed
1977 Environmental Protection Agency guidelines for state NPS control programs allow flexible

approaches
1987 CWA amendments adopt Section 319 to strengthen NPS programs
1993 FEMAT report published
1994 SFI certification program established; will ultimately require participants to use state BMPs
1997 Lawsuits under Section 303(d) of the CWA addressing “impaired” waters force EPA to issue

new guidance requiring timelines for completion of Total Maximum Daily Load assessment
1999 PEFC formed
1999 EPA proposes to reclassify forestry as a point source of pollution
2000 EPA withdraws proposal to classify forestry as a point source of pollution
2002 SGSF silvicultural BMP implementation monitoring—a framework for state forestry agencies

released
2005 EPA’s latest version of National Management Measures under 1972 Coastal Zone Management

Act released
2007 EPA begins review of forest roads for possible reclassification under the CWA
2008 SGSF’s implementation of forestry BMPs—a southern region report released
2009 States continue to monitor and assess both implementation and effectiveness of forestry BMPs

and NPS control programs

EPA, Environmental Protection Agency; FEMAT, Forest Ecosystem Management Assessment Team
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result of increased education of landowners
and managers as well as increased acreage of
certified forestland in the region (Schilling et
al. 2009).

Montana Trends
Another mature set of BMP implemen-

tation data comes from Montana (Ziesak
2008). Montana conducts BMP audits every
2 years using trained assessment teams.
These audits show a change from less than
80% implementation in the early audit years
to 97% in the most recent surveys. As with
other state assessments, the Montana audits
identify problem practices and allow the
state to develop education and other ap-
proaches to increase BMP implementation
(Fig. 3).

Developing a Nationwide
Estimate

Past efforts to estimate the nationwide
rate of BMP implementation have used a
simple average of states that reported rates.
The NASF has periodically surveyed its
members to summarize state programs ad-
dressing NPS pollution control for forestry
activities (see Archey 2004 for the most re-
cent report). In the previous NASF report,
Ice and Stuart (2001) estimated that the na-

tional average BMP implementation rate
was 86% and noted that one-half of the
states reported BMP implementation rates
greater than 94%. However, this approach
to establishing a national average for BMP
implementation has some significant flaws.

First, the national average is based only
on data from states that monitor for BMP
implementation and report the results.
States where BMP programs are not com-
prehensive may not conduct BMP imple-
mentation surveys or may do so on a limited
basis. This is a particular problem for esti-
mating trends, because states with less ma-
ture BMP programs may report in later sur-
veys. This could cause the national average
to drop and give a false impression that na-
tionwide implementation has declined (be-
cause implementation was previously over-
estimated). Conversely, a national average
based on a relative few mature programs may
overestimate implementation because less
active BMP programs (presumably with
lower implementation rates) are not in-
cluded.

Another significant problem is that a
simple average of states does not reflect levels
of forestry activities. Data on BMP imple-
mentation from New Mexico and Oregon
count equally for this type of calculation,

even though harvest levels are different. If
simple rates of implementation reported for
these two states (Ice and Stuart 2001: New
Mexico, 75%; Oregon, 98%) are averaged,
the overall rate is 86.5%. If the level of for-
estry activity is scaled based on harvest levels,
the overall BMP implementation average is
97.7% ([75 � 13,623 ft3/1,053,473 ft3] �
[98 � 1,039,850 ft3/1,053,473 ft3]).

Data about BMP implementation are
also missing for some states. Fortunately, the
top 16 states for volume of removal, repre-
senting more than 81% of the cumulative
volume of harvest in the United States, do
have recent BMP implementation data.
There are more data gaps for the next 18
states in removal rank. Some data are more
than 10 years old and others are missing. For
this national estimate we have filled in gaps
by using data from adjacent states. Where
data are old we have noted it in the table but
still used it. This undoubtedly results in a
conservative (lower) estimate of BMP im-
plementation. Data on implementation
from the 16 lowest removal volume states
are scant, with only 3 of them reporting. Cu-
mulatively, these states total less than 1% of
the national removal volume so their effect
on the national BMP implementation rate is
small. Where BMP implementation data are
missing for these lowest 16 states we have
substituted an estimate of 50% implemen-
tation to be conservative. Whether we as-
sume 50% or 90% implementation for these
states has little affect on the overall national
average but is certainly an important issue at
the individual state level.

Finally, there can be differences among
states in the way implementation is assessed
and reported. In some cases states may re-
port compliance levels based on the spirit
(overall meeting resource protection goals)
or the letter (meets or exceeds specific pre-
scriptions) of the BMP. A recent audit from
Washington (Lingley et al. 2009) provided a
demonstration. Compliance with BMPs is
reported to be 80%. This represents the
compliance level for each individual rule for
SMZs and roads. However, the BMPs for
Washington are extremely complex and can
be confusing to apply. If trivial departures
from the BMPs unlikely to cause resource
damage (e.g., cutting one tree too many at
the outer edge of the riparian protection
area) are included, the compliance rate rises
to 89%. Compliance could also be reported
as the number of operations or sites where all
BMPs were applied correctly or where major
water quality impacts were avoided. This

Figure 2. BMP implementation for Florida. (Source: Vowell et al. 2008.)
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speaks to the value of having more consis-
tency, at least at regional levels, for imple-
mentation monitoring. Table 2, based on a
review of forestry NPS programs (Schilling
et al. 2009), shows estimated BMP imple-
mentation rates for all 50 states in the
United States. These rates are for individual
BMPs. New information was used where
possible (Andrea 2008, Ziesak 2008).

Based on these data and removal values
from Smith et al. 2009 (2006 values, Table
2), we estimate the adjusted national average
BMP implementation rate to be 89%. For
the many reasons discussed previously, this
should be considered an approximation.
However, we can more confidently state that
for the top 16 wood volume removal states,
representing 81% of the cumulative volume
of timber removal in the United States,
BMP compliance is greater than 90%.

Improving Implementation
Rates

In addition to determining rates of im-
plementation, another objective of BMP
monitoring is to identify practices, catego-
ries of practices, or geographic areas with less
than satisfactory implementation rates.
Once problems are identified, specialized
training that focuses on specific practices or
categories of practices can be conducted and
can involve foresters, forest landowners, log-
gers, or other practitioners as appropriate.
Likewise, monitoring can identify geo-
graphic areas within states where BMP im-
plementation rates are relatively low. This
may be caused by changing ownership pat-
terns, unique physiographic conditions, or
other factors. In the Southeast, the SGSF
Water Resource Committee meets regularly
to discuss BMP programs and, specifically,
to review implementation issues. The com-
mittee, which is made up of state BMP pro-
gram managers, has frequently used such
meetings to identify common implementa-
tion problems and develop training materi-
als and methods to be shared among the
states. For example, Florida developed a log-
ger “tailgate” training program whereby au-
diovisual educational material was delivered
directly to logging sites instead of requiring
loggers to shut down operations and attend
conventional classroom sessions. Likewise,
North Carolina developed a “bridge-mat”
program, in which the state purchased por-
table stream crossing structures and made
them available to loggers or landowners at
no cost. These and other successful training

programs have been shared with and dupli-
cated by other states in the region to help
improve implementation rates and better
protect water quality. Consequently, the
generally high and continually improving
rates of BMP implementation in this region
are largely attributed to investments in train-
ing programs at both the state and the re-
gional levels.

Summary and Conclusions
BMP implementation is a key factor in

judging the effectiveness of forestry NPS
control programs. As a result, many states
have conducted implementation assess-
ments and some states have made multiple
assessments over time. Implementation
shows a clear trend upward in most states.
Developing a realistic estimate of nation-
wide BMP implementation is confounded
by many factors, including different and
evolving state BMPs, different methods of
monitoring and reporting, an absence of
data from some states, and changing levels of
timber management. However, an adjusted
national average of 89% (weighted for an-
nual removal volumes) was based on the
most recent BMP implementation results
reported by states. In the future, these results
can be refined with development of more
uniform monitoring and reporting meth-
ods, such as those being developed in the
South and the Northeast.

Although we report here on implemen-
tation rates, the other half of the water qual-
ity and beneficial use equation is BMP effec-
tiveness. State BMPs have become

increasingly sophisticated and detailed, re-
sulting in increased protection to forest
streams, lakes, and wetlands. For example, a
recent paired watershed study in Texas
found that contemporary practices with
BMPs reduced sediment losses by 80% com-
pared with an earlier harvest followed by
shearing and windrowing without BMPs
(McBroom et al. 2008). Ice (2004) found
that BMPs often reduced undesired water
quality impacts by 90% or more. Many
states have conducted effectiveness monitor-
ing and research to ensure that their BMPs
are achieving their water quality goals. This
monitoring and research can range from
field audits by professional teams looking for
signs of water quality impacts (e.g., Sachet et
al. 1980, Ziesak 2008) to biological assess-
ments (Vowell and Frydenborg 2004, Simp-
son et al. 2008b), paired watershed studies
(e.g., Miwa et al. 2006), process-based re-
search (Oregon Department of Forestry
[ODF] 2003), and modeling (Elliot 2004,
SGSF 2008).

Of the top 10 states for volume of tim-
ber removed, all but 3 report implementa-
tion rates of 92% or greater. Perhaps the
most curious of these results is from Wash-
ington, with a strict regulatory program and
detailed BMPs yet only 80% implementa-
tion. As noted, however, if trivial departures
from the rules were included, the rate would
be 89%, and some of the reduction in im-
plementation is a result of new, more de-
tailed and complicated rules. Thus, even
though overall BMP compliance with indi-

Figure 3. Audit results from Montana for BMP implementation from 1990–2008. (Source:
Ziesak 2008.)
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vidual rules has remained about the same
between the earliest and latest surveys, the
level of protection has increased. Together,
effective BMPs and a high rate of BMP im-
plementation result in low NPS impacts and
help protect the water quality and beneficial
uses of streams, lakes, and wetlands in for-
ested environments.
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Maryland 38,091 81 South Dakota 23,245 92
Iowa 22,285 50 (est) Wyoming 15,072 97
New Mexico 13,623 75 Colorado 12,505 50 (est)
Arizona 10,369 50 (est) Massachusetts 9,524 50 (est)
Kansas 7,599 50 (est) Delaware 7,560 50 (est)
Nebraska 7,391 50 (est) Connecticut 6,000 50 (est)
Utah 5,418 85 New Jersey 3,730 50 (est)
North Dakota 2,929 50 (est) Rhode Island 1,465 50 (est)
Nevada 964 50 (est) Hawaii 0 50 (est)
National Total 15,533,482 89

est, estimate.
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