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Introduction

Over the past three decades, numerous watershed land treat-
ment projects have reported little or no improvement in water quality
after extensive implementation of best management practices
(BMPs) in the watershed. Factors contributing to such failure to
achieve water quality objectives are nearly as numerous as the
projects themselves – insufficient landowner participation in criti-
cal pollutant source areas, uncooperative weather, improper selection
of BMPs, mistakes in understanding of pollution sources, poor
experimental design, inadequate level of treatment, etc.

Another important reason watershed projects may fail to meet
water quality expectations is lag time. Lag time is defined as the
amount of time between an action and the response to that action
and is usually an inherent characteristic of natural systems. In this
case, we define lag time as the time elapsed between installation or
adoption of land treatment at a level projected to reduce nonpoint
source pollution and the first measurable improvement in water
quality in the target water body. Land treatment-water quality moni-
toring projects – even those designed to be “long-term” – may not
show definitive results if the lag time exceeds the monitoring pe-
riod.

Components of Lag Time

There are planning, time, and measurement components of lag
time (Figure 1); any or all of them may come into play in a water-
shed project.
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Planning Components

The time consumed by planning and
implementation affects the perceived de-
lay between the decision to act and the
result. Although a project may be funded
today, it will be some time – perhaps years
– before that project will be planned and
implementation begins. The lag time from
planning to implementation of nonpoint
source control practices can be significant,
considering the time required to identify
pollution sources and critical areas, design
management measures, engage landowner
participation, and integrate new practices
into cropping and land management cycles.
While not a true time component of lag
time as defined here, stakeholders – espe-
cially the general public –will experience
the planning and implementation process
as part of the wait for results. The plan-

ning and implementation process is, however, extremely critical
for success in water quality restoration; following a logical
and comprehensive watershed planning process (e.g., USEPA
2005) will help make the wait worthwhile.

Time Components

Time Required for Installed or Adopted Practice to
Produce Effect

Land treatment practices are installed in watersheds to pro-
vide a wide range of effects, such as reduction in pollutant
concentration or load or improvement in aquatic biota. The
time required to produce such effects will vary depending upon
the degree of impairment and the practices selected, as well as
the nature of the effects themselves.

BMP Development. Once built, concrete and steel water
and wastewater treatment works may begin to function almost
at the flip of a switch, with little delay before pollutant dis-
charge is reduced. Some nonpoint source control measures may
also take effect quickly. For example, in the Lake Champlain
Basin Watersheds (VT) National Nonpoint Source Monitor-
ing Program (NMP) Project (1993 – 2000), implementation
of livestock exclusion fencing over three months resulted in
significant nutrient concentration and load reductions and re-
ductions of fecal bacteria counts in just the first post-treatment
year (Meals 2001). This response probably resulted from the
immediate prevention of new manure deposition in the stream
and riparian zone and the availability of sufficient streamflow
to flush residual manure through the system.

However, other nonpoint source management measures
may take years to become fully effective. This is especially
true of vegetative practices where plant communities need time
to become established. For example, in the Stroud Preserve

EDITOR’S NOTE

In this issue of NWQEP NOTES, our feature article
focuses on a challenge inherent in most nonpoint source
pollution control watershed projects – the lag time be-
tween implementation of best management practices
(BMPs) and achievement of water quality goals. As state
funding agencies are under increasing pressure to restore
impaired waters and justify federal monies spent, the need
for project success remains high. Lag time, which can be
on the order of decades, has a direct impact on our abil-
ity to measure success through monitoring. Therefore,
it’s crucial that it be taken into account during project
planning, implementation and evaluation. This article dis-
cusses the different components and magnitudes of lag
time and offers suggestions for dealing with this diffi-
cult reality.

 As always, please feel free to contact me regarding
your ideas, suggestions, and possible contributions to this
newsletter.

Laura Lombardo Szpir
Editor, NWQEP NOTES
Water Quality Extension Associate
NCSU Water Quality Group
Campus Box 7637, NCSU
Raleigh, NC 27695-7637
Tel: 919-515-3723, Fax: 919-515-7448
Email: notes_editor@ncsu.edu

Time required 
for practice(s) 

to produce 
desired effect 

Time required 
for effect to be 

delivered to 
water resource 

Time required 
for water body 
to respond to 

effect 
+ + = LAG 

TIME 

Planning and 
implementation 

process 

Measurement 
Components 

Figure 1. Components of lag time experienced in land treatment – water quality projects.



3

NWQEP NOTES — August 2006

(PA) NMP Project (1992-2007), it has taken nearly ten years
to achieve full establishment of a riparian forest buffer. Sig-
nificant reductions in ground water nitrate movement through
the buffer did not occur until forest growth had achieved a
certain level (Szpir et al. 2005).

Source behavior. Lag time between BMP implementation
and reduction of pollutant losses at the edge-of-field scale var-
ies by the pollutant type and source. Erosion controls such as
cover crops, contour farming, and water/sediment control ba-
sins may have a fairly rapid effect on soil loss from a crop
field as the forces contributing to detachment and movement
of soil particles are quickly and drastically reduced.

However, the response time of runoff phosphorus (P) con-
centrations to nutrient management practices is likely to be
very different. Runoff losses of dissolved P are strongly con-
trolled by soil P levels; very high soil P levels promote high
levels of dissolved P in surface runoff. Where soil P levels are
excessive, even if nutrient management reduces P inputs to
levels below crop removal rates, it may take years or decades
to “mine” the excess P out of the soil to the point where dis-
solved P in runoff is effectively reduced.

Time Required for Effect to be Delivered to Water Resource

Practice effects initially occur at or near the practice loca-
tion, yet watershed managers and stakeholders usually want
and expect these effects to appear promptly in the water re-
source of interest in the watershed, perhaps miles downstream.
The time required to deliver an effect to a water resource de-
pends on a number of factors, including:

z The route for delivering the effect
a. Directly in (e.g., streambed restoration) or adjacent

to (e.g., shade) the water resource
b. Overland flow (e.g., particulate pollutants)
c. Overland and subsurface flow (e.g., dissolved

pollutants)
d. Infiltration to ground water (e.g., nitrate)

z The path distance
z The path travel rate

a. Fast (e.g., ditches and artificial drainage outlets to
surface waters)

b. Moderate (e.g., overland and subsurface flow in
porous soils)

c. Slow (e.g., ground water infiltration in absence of
macropores)

d. Very slow (e.g., transport in a regional aquifer)
z Precipitation patterns during the study period

a. Wet periods generally increase volume and rate of
transport

b. Dry periods generally decrease volume and rate of
transport

Once in a stream, dissolved pollutants like nitrogen and
phosphorus can move rapidly downstream with flowing water
to reach a receiving body relatively quickly. Even accounting
for repeated uptake and release of nutrients by sediments,
plants, or animals during downstream transport (i.e., nutrient
spiraling, Newbold et al. 1981), dissolved nutrients are un-
likely to be retained in a river or stream system for an extended
period of time. Research in Vermont observed, for example,
that despite active cycling of dissolved P between water, sedi-
ment, and plants in a river system, P inputs to the river were
unlikely to be held back from Lake Champlain by internal cy-
cling for much more than a year (Wang et al. 1999).

However, unlike dissolved pollutants, sediment and its at-
tached pollutants (e.g., P and some synthetic chemicals) can
take years to move downstream as particles are repeatedly
deposited, resuspended, and redeposited within the drainage
network by episodic high flow events. This process can delay
sediment and P transport from headwaters to outlet by years
or even decades. This means that substantial lag time could
occur between reductions of sediment and P delivery into the
headwaters and those reductions being measured at the water-
shed outlet.

Pollutants delivered predominantly in ground water such
as nitrate N or some synthetic chemicals move at the rate of
ground water flow, typically much more slowly than the rate
of surface water flow. About 40 percent of all N reaching the
Chesapeake Bay travels through ground water before reach-
ing the Bay. Relatively slow ground water transport introduces
substantial lag time between reductions of N loading to ground
water and reductions in N loads to the Bay (STAC 2005).

Time Required for Water Body to Respond to Effect

Another key factor in lag time is the speed with which the
water resource responds to the effect produced by and deliv-
ered from the practice. For example, it may take a few years
for algae production in a lake to decrease in response to re-
duced nutrient loading because of a lengthy flushing rate. If
the response to be measured is fish populations rather than
algae production, then even more time will be needed because
fish need time to fill newly improved habitat.

Nature of the indicator/impairment. Lag time in water
quality response may depend on the indicator used or the im-
pairment involved, especially if the focus is on biological water
quality. If E. coli is the pollutant of concern, a relatively short
lag time would often be expected between reductions of bac-
teria inputs and reduction in bacteria levels in the receiving
waters because the bacteria generally do not persist for long in
the environment compared to heavy metals or synthetic or-
ganic chemicals. The quantity in the receiving water could
therefore reflect the incoming supply fairly quickly. Such re-
sponse has been demonstrated in estuarine systems where
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bacterial contamination of shellfish beds has been reduced or
eliminated through improved waste management on the land
over a short period of time.

However, significant lag times have been observed in the
response of benthic macroinvertebrates and fish to land treat-
ment. In the Middle Fork Holston River project (VA), Index
of Biotic Integrity (IBI, a measure of the stream fish commu-
nity) scores and Ephemeroptera-Plecoptera-Trichoptera (EPT,
a measure of the benthic macroinvertebrate community) scores
did not improve over the life of the project, even though the
project resulted in a substantial reduction in sediment, nitro-
gen, and phosphorus loadings to the stream (Virginia Dept.
Cons. and Rec. 1996). The lack of increase in the biological
indicator scores indicates a system lag time between the ac-
tual BMP implementation and positive changes in the biological
community structure.

Exceptions to such lag in response of stream biota can oc-
cur where in-stream aquatic habitat restoration is the BMP
applied. The Waukegan River (IL) NMP project installed
vegetative and structural stabilization and habitat structures,
including a series of pool-and-riffle complexes using stone
weirs to help restore the habitat functions within a channelized
stream reach. Significant improvement in habitat,
macroinvertebrate communities, and in the number and abun-
dance of fish species were documented in the study reach
within a few years of in-stream treatment.

In the Lake Champlain Basin Watersheds (VT) NMP
Project (1993 – 2000), the benthic invertebrate community
did improve in response to reductions of sediment, nutrient,
and organic matter inputs from the land within three years of
treatment (Meals 2001). However, despite observed improve-
ment in stream habitat and water temperature, no
improvements in the fish community were documented. The
project attributed this at least partially to a lag time in commu-
nity response exceeding the monitoring period.

Receiving water response. Even when reductions of tribu-
tary pollutant loads are observed in a short time, the variable
response times of receiving water bodies may introduce a sig-
nificant lag time between treatment and restoration of impaired
uses. In some cases, this lag time may be relatively short. For
example, researchers anticipate that the Chesapeake Bay will
respond fairly rapidly to reductions in nutrient loading, as in-
coming nutrients are quickly buried by sediment or exported
to the atmosphere or the ocean. Even beds of submerged aquatic
vegetation (SAV), critical to the Bay’s aquatic ecosystem, can
return within a few years after improvements in water clarity
(STAC 2005). In the Totten and Eld Inlets (WA) NMP Project
(1993-2002), bacteriological water quality in shellfish beds in
the estuaries improved rapidly in response to improved ani-
mal waste management in the drainage area, but unfortunately
also deteriorated equally rapidly when animal waste manage-
ment on the land deteriorated (Szpir et al. 2005).

St. Albans Bay (VT) in Lake Champlain tells a different
story. From 1980 through 1991, a combination of wastewater
treatment upgrades and intensive implementation of dairy waste
management BMPs through the Rural Clean Water Program
(RCWP) brought about a reduction of phosphorus loads to
this eutrophic bay. However, water quality in the bay did not
improve significantly, probably due to internal loading from
sediments highly enriched in phosphorus from decades of point
and nonpoint source inputs (Meals 1992). Although research-
ers at that time believed that the sediment P would begin to
decline over time as the internal supply was depleted, subse-
quent monitoring has shown that phosphorus levels have not
declined over the years as expected. Recent research has con-
firmed that a substantial reservoir of phosphorus continues to
exist in the sediments that can be transferred into the water
under certain chemical conditions and nourish algae blooms
for many years to come.

Measurement Components

The fundamental time components of lag time control how
long it will take for a response to occur, but they do not ad-
dress the effectiveness of our measurement of the response. It
is possible for a response to occur without anybody noticing,
unless the response is measurable and a suitable monitoring
program is in place. The design of a monitoring program de-
termines our ability to identify a response against the
background variability of natural systems.

In the context of lag time, sampling frequency with respect
to background variability is a key determinant of how long it
will take to document change. In a given system taking n
samples per year, a certain statistical power exists to detect a
trend. If the number of samples per year is reduced, statistical
power is reduced, and it may take longer to document a sig-
nificant trend or to state with confidence that a concentration
has dropped below a water quality standard. Simply stated,
taking fewer samples a year can introduce an additional “sta-
tistical” lag time before a change can be effectively documented.

Magnitude of Lag Time

The magnitude of lag time is difficult to predict in specific
cases but a few examples can illustrate some possible time
frames for several different types of lag time.

The Stroud Preserve (PA) NMP Project (1992-2007) is
currently evaluating the development and performance of a
newly established riparian forest buffer (Szpir et al. 2005).
Reforestation of the riparian area took about eight to twelve
years (Figure 2), considerably longer than anticipated due to
drought and deer damage. Preliminary analysis of ground wa-
ter nitrate data indicate that, except for initial reductions due
to taking the buffer area out of agriculture, significant nitrate
removal from ground water flowing toward the stream did not
occur until a major increase in tree growth began about ten
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MEETINGS

Call for Abstracts

USDA-CSREES National Water Conference: Research,
Extension and Education for Water Quality and Quantity:
Jan 28-Feb 1, 2007, Savannah, GA.

Visit website: http://www.soil.ncsu.edu/swetc/waterconf/
2007/home07.htm. Abstract proposals for oral and poster pre-
sentations will be accepted through September 15, 2006.
Concurrent sessions will feature over 100 oral presentations
in the following areas:

� Agricultural Best Management Practices
� Rural Environmental Protection
� Conservation and Resource Management
� Watershed Assessment & Restoration
� Human Dimensions

In addition, space is available for 150 posters and exhibits to
highlight results on research, education, and extension pro-
grams addressing water quality and quantity issues locally,
regionally, and nationally.

2nd National Low Impact Development Conference:
March 12-14, 2007, Wilmington, NC. Abstracts for oral and
poster presentations are due September 15, 2006. Presenta-
tion Subject Areas:
� Impediments and Public Acceptance
� Design and Construction
� Operations and Maintenance
� Monitoring and Modeling
� Water Quality and Environmental Benefits
� Case Studies
� LID Education

Visit the Conference Website at: http://www.soil.ncsu.edu/
swetc/lid/home.htm.

2nd National Conference on Ecosystem Restoration
(NCER): April 22-27, 2007, Kansas City, Missouri. Abstracts
due October 15, 2006. Visit website for more information:
http://conference.ifas.ufl.edu/NCER2007

Meeting Announcements — 2006

September

14th National Nonpoint Source Monitoring Workshop:
Sept 24-28, Minneapolis, MN. See announcement at right.

October

Stream Restoration in the Southeast: Accomplishments
and Opportunities: Oct 2-5, Charlotte, NC. See website:
http://www.ncsu.edu/sri/2006conference/abstracts.html

November

Research Symposium: Pathogens: Pathways and Moni-
toring in Natural and Engineered Systems: Nov 2,
Blacksburg, VA. Contact Dr. Tamim Younos at email:
tyounos@vt.edu.

AWRA 2006 Annual Water Resources Conference: Nov
6-9, Baltimore, MD. See website: http://www.awra.org/
meetings/Baltimore2006/topics.html

Innovations in Reducing Nonpoint Source Pollution: Nov
28-30, Indianapolis, IN. A conference organized by the Riv-
ers Institute at Hanover College in collaboration with The
Nature Conservancy and USCID. Visit website for more in-
formation at http://www.riversinstitute.org/.

 �

14th National Nonpoint Source
Monitoring Workshop

Measuring Project and Program Effectiveness
September 24-28, 2006
Minneapolis, Minnesota

Courtyard Marriott at the Depot

About the Conference: The 14th year of this workshop
will once again bring together land managers and water
quality specialists to share information on the effective-
ness of BMPs in improving water quality, effective
monitoring techniques, and statistical analysis of water-
shed data. The workshop will focus on the successes of
Section 319 National Monitoring Program projects and
other innovative projects from throughout the U.S. Topics
include: detecting change in water quality from agricul-
tural or urban BMP implementation; modeling applications
for NPS pollution control; integrating social indicators and
environmental monitoring; innovative management and
monitoring in agricultural and urban landscapes; nonpoint
source TMDLs; monitoring impacts from agricultural
drainage management; riparian area and stream protec-
tion/restoration; and programs for animal operations and
nutrient management. http://www.ctic.purdue.edu/
NPSWorkshop/NPSWorkshop.html

Contact:
Greg Johnson
Minnesota Pollution Control Agency
651-296-6938, gregory.johnson@pca.state.mn.us

Tammy Taylor
CTIC
765-494-1814, taylor@ctic.purdue.edu
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