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Watershed Research and Management in the
Lake States and Northeastern United States

Elton S. Verry', James W. Hombeck a, and Albert H. Todd 3

Abstract.--Wepremmtabriefsynopsisof thebeginningsofwatershed The concept that land-use change (or more precisely,
managementresearchandpracticeintheLakeStatesandNortheastern how land was managed) could change river flow dynam-
UnitedStates,followedbyasummaryofsignificantresearchfindings ics and result in erosion of channel banks was readily
onmanyaspectsofwatershedmanagement,andfinally,areviewoffour
examplesofhowwatershedmanagementresearchhasbeenincorpo- accepted by Rothrock. Twenty six years later, Raphael
ratedintonationalforestmanagementplans,statebestmanagement Zon, Director of the Lake States Forest Experiment Sta-
practices,stateriverbasinprojecl_,and thelarge,multistateChesa- tion, published his treatise: "Forests and Water in the
peake Bay Program. Light of Scientific Investigation" (1927), and set down his

conclusions of land and water interactions based prima-
rily on case studies.

In the mid 1950s, watershed research focused on statis-

Introduction ticallyvalid, paired-watershed experiments and on repli-
cated plot studies of hydrological processes. Bob Dills at
Michigan State University detailed watershed manage-

George Perkins Marsh was concerned about changes in ment research needs in the forests of the Lake States in a
the land and streams of Massachusetts, New Hampshire cooperative agreement with the Lake States Forest Experi-
and Maine in the 1860s. He was the first to write about merit Station in 1956. Sidney Weitzman, Assistant Direc-
land and water conservation in 1864 when he published tor at the Experiment Station, had recently moved from
Man and Nature. In 1902, J. T. Rothrock, Pennsylvania's West Virginia and new studies on watershed manage-
firstDirector in the Department of Forestry also expressed ment at the Fernow Experimental Forest. Weitzman and
concern about how land and water interact: Dills called for research on the impacts of forest manage-

ment on water resources, and on the science of water.
"In all our alluvial valleys the frequent freshets Weitzman and Forest Service colleagues decided to estab-
work greater or less damage to the farm land. In lish a network of experimental watersheds and they were
fact, it can hardly be said that the beds of any of careful to assign Forest Service watershed research sta-
our rivers, which flow through wide valleys, tions on the basis of broad geologic regions: the central
are constant. They not only have entirely Appalachians of West Virginia (the Fernow Experimental
deserted the ancient water courses, leavIng Forest), the fiat lands of New Jersey (Pequannock munici-
them off as back channels to one side or the pal watersheds), the White Mountains of New Hampshire
other, but they are changing them from year to (the Hubbard Brook Ecosystem Studies), the Driftless
year before our eyes... Whilst it is true that a Area of SW Wisconsin (the Coulee Experimental Forest),
large quantity of valuable soil is sometimes the sandy outwash areas of central Michigan (the Udell
deposited by these freshets on the surface of the Experimental Forest), and the moraine and peatland areas
land, it is also equally true that this same soil of Minnesota (the Marcell Experimental Forest). Studies
has come from the margin or river bank of on these Forest Service research watersheds, early USGS
somebody else's holding. (Rothrock 1902)" work in New York by Schneider and Ayer (1961), and

university watershed research by Penn State University at
theLeading Ridge Experimental Forestformed the nucleus
of a mid-century push to bring rigorous evaluation to

_ResearchForestHydrologist,NorthCentraIResearchStation, RhaphaelZon's treatise.In 1965,Sopperand Lull edited
U.S.DepartmentofAgriculture,ForestService,GrandRapids, the InternationalSymposiumonForestHydrology heldat
MN PennStateUniversity and summarizedmuchof whatwas
2ResearchForestHydrologist,NortheasternResearchStation, known then aboutwatershedmanagementworld-wide.

U.S.Departmentof Agriculture,ForestService,Durham,NH Much of the ForestServicework was born out of the
_EPALiason,NorthemAreaStateandPrivateForestry,U.S. forest influenceswork of Zon, Hardy, Kitteridge, and

Departmentof Agriculture,Forest Service,ChesapeakeBay Stoeckler,but their mid-century effort focusednew re-
Program,Annapolis,MD searchknowledgeon small watersheds.In the 1960s,the
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U.S. Army Corps of Engineers approached large river of the increases are related to the intensity of cutting and
basin management through a series of compendiums on stem from changes in a number of processes including:

river basin assessments throughout the United States. In • reduced uptake;
agricultural areas, the Soil Conservation Service began the
task of using soil conservation measures to manage water • movement of elements into and out of microbial
on the land and in streams. Carlos Bates' examination of pools;
the impact of large scale agricultural development in • accelerated nitrification;
Wisconsin in the 1950s is an example and, later, both

Stanley Trimble (1977, 1982, 1993), and James Knox (1971, • accelerated decomposition of organic matter; and
1987, 1989) did evaluations of exceptional extent and

• accelerated weathering of inorganic matter
detail on agriculture's impact on stream and river geo- (Hornbeck et al. 1987).
morphology in southwestern Wisconsin's Driftless Area.

We cannot explore all of the watershed research and Phosphorousisapparentlynotaffectedbythesechanges
watershed management efforts that have occurred in the in processes and remains tightly bound in forest soils,
last half century, but we will summarize some of the even after harvests (Wood et al. 1984)and moderate fires,
knowledge gained from watershed research, and survey but can be released from severe fires that consume the
examples of how research findings have been incorpo- forest floor above bedrock.

rated into watershed management approaches. These Northern hardwood forests are the most susceptible to
examples include national forest management plans increasedsoilwaterleachingandincreasesinstreamwater
(the White Mountain National Forest in New Hamp- ion concentrations. For example, intensive, even-aged
shire), incorporation of research into state forestrv Best harvests in New England have caused streamwater hi-
Management Practices (three versions of Minnesota's trate to rise from <5 mg/L before harvest to 25 mg/L bv
Department of Natural Resources and other NRCS-led, the second year after harvest, and calcium to rise from 1-

River Basin Projects), and large area, multi state, andmulti 2 mg/L before to 4-5 mg/L after (Martin et al. 1984,
agency watershed management plans (the Chesapeake Hornbeck et al 1987). In comparison, maximum increases
Bav Plan). in streamwater nitrate after intensive harvests in other

forest types have been 4 mg/L in spruce-fir (Hornbeck et
al. 1986), 6 mg/L in central hardwoods of Connecticut,

(Hornbeck et al. 1986), and <1 mg/L for central hard-
woods in Pennsylvania (Lynch and Corbett 1990) and

Nutrient Cycling and West Virginia (Patric 1980), and aspen in Minnesota (Verry

Water Chemistry Research 1972). The increases in nitrate and base cation concentra-
tions are short lived, returning to pre harvest levels in 3-4
years.

Studies of forest nutrient cycles have been incorporated The importance of changing ion concentrations to the
with watershed studies in the northeast since the mid aquatic biota has had only minimal study. Noel et al.

1960s (Hornbeck and Swank 1992). The studies have re- (1986) and Likens et al. (1970)reported increases in stream
suited in documentation of processes, pools, and fluxes in periphyton and macroinvertebrates after clearcutting
forest nutrient cycles (Likens and Bormann 1995); long- northern hardwoods, but they did not separate effects of
termdatasetsforchemistryofprecipitationandstreamflow stream chemistry from those of light and temperature.
(Likens et al. 1998, Edwards and Helvey 1991); and a Studies at Hubbard Brook indicate that changes in
general understanding of relationships between nutrient streamwater ions due to harvest can be moderated by

cycling and forest health and productivity (Bormann and leaving a riparian buffer strip or by extending the harvest
Likens 1979). over several years (Hornbeck et al. 1987). None of the

These baseline data have bebn used extensively for experiments involving commercial harvests resulted in
evaluating the impacts of disturbances, especially har- nutrient ion increases that exceeded drinking water stan-
vesting and atmospheric deposition, on soil water leach- dards.

ing losses and stream chemistry. At most locations in the When translated to nutrient outputs, the increased ion
northeast, cutting the forest will result in increased leach- concentrations in streamwater represent small propor-
ing and thus higher streamwater concentrations of nitro- tions (<1%) of total site capitals and do not appear to

gen (as nitrate), hydrogen, and base cations. This is true in reduce nutrient availability or forest productivity
the Sault Ste. Marie, Ontario hardwood area also, but (Hornbeck et al. 1987). Nutrients removed in forest biom-

clearcutting does not increase nitrate concentrations in ass, coupled with leaching losses induced by acidic depo-
other areas of the Lake States. The magnitude and timing sition, are much more important in terms of losses from
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nutrient capitals of forest soils in the northeast. Federer et (primarily calcium, magnesium) in the watershed soils.
al. (1989), Grigal and Bates (1992), and Grigal (in press) Three models of watershed chemistry ILWAS (itegraed
reviewed results from several watershed studies in the lake watershed acidification study), MAGIC (model of
Lake States and Eastern United States and pointed out the acidification of groundwater in catchments), and ETD

potential for significant depletion of base cations, espe- (enhanced trickle down) were developed at USGS, Na-
cially calcium, due to harvesting and acidic deposition, tional Park Service, TVA, and U. S. Forest Service water-
Bailey et al. (1996) used strontium isotopes to show that sheds in the East (Munson and Ghermi 1991). Assess-

rock weathering rates can not compensate for current merits of lake and stream chemistry revealed that 14% of
rates of calcium depletion occurring in the northeast, even the lakes in the Adirondacks, 16% of the streams in the
from watersheds that are not being harvested. The deple- Catskills, 10% of the streams in West Virginia, and 14,000
tion of calcium and the accompanying mobilization of lakes in Southeastern Canada were acidic (Charles 1991).
aluminum have been linked to declining tree health in The acidic condition of most of these lakes and streams
some areas of the northeast (Shortle and Smith 1988, was caused by acidic precipitation, but acid mine drain-

Lawrence and Huntington 1999). age, and high concentrations of organic acids also caused
The long term data on precipitation and streamflow water acidification.

chemistrv collected as part of watershed studies are prov-

ing useful in studying trends and watershed responses.
Driscollet al. (1989) used the Hubbard Brook data to show

that regional controls of sulfur emissions have resulted in
decreasing concentrations of sulfate in precipitation and Effects of Forest Disturbance on
streamwater. Edwards and Helvey (1991) reported that Water Yield
since 1971, nitrate and calcium in streams at the Fernow

have been gradually increasing, possibly due to nitrogen
saturation from high anthropogenic inputs of nitrogen Paired watersheds have been used to study the hydro-
Aber et al. 1998). This is the only reported incidence in the logic cycle of forests in northeastern United States since

northeast of increasing nitrate in streams draining forests the early 1950s. These studies have provided a good
free of recent disturbance. Paired watershed studies are in understanding of how both abrupt and gradual changes

progress at the Fernow in West VA and at Bear Brook in in forest cover affect water yield over time periods on the
ME to determine effects and recovery from artificial acidi- order of decades. Hornbeck et al (1993) summarized re-
fication (Adams et al. 1993, Rustad et al. 1996), and a suits from 11 separate, treated watersheds at4 locations in
Hubbard Brook watershed will soon receive applications the northeast, including the Marcel], Fernow, and Hubbard

of calcium as part of an effort to learn more about calcium Brook Experimental Forests and the Leading Ridge Wa-
depletion, tershed Research Unit. He determined 3 generalizations

Precipitation chemistry studies at the Marcell Experi- regarding changes in water yield:
mental Forest in Minnesota first highlighted the interac- 1. Initial increases in water yield occur promptly
tion of upland and wetland nutrient cycling (Verry and after forest cutting, with the magnitude being

Timmons 1975). Acid rain concerns in Europe and Canada roughly proportional to percentage reduction in
soon brought the recognition that the chemistry of the _ basal area.
atmosphere played a significant role in watershed re-
sponse measured in stream and lake chemistry and their 2. The increases can be prolonged for an undeter-
biota. The first operating station for the National Atmo- mined length of time by controlling natural re-
spheric Deposition Program (NADP) starting July 3, 1978, growth; otherwise they diminish rapidly, nearly
was located at the Marcell Experimental Forest. It was disappearing within 3-10 years.

quickly followed by stations at the Fernow Experimental 3. Small increases or decreases in water yield may
Forest in West Virginia and the Leading Ridge Extgeri- persist for at least a decade, and probably much
mental Forest in Pennsylvania. Today, more than 20b sites longer, in response to changes in species compo-
nationwide provide this necessary watershed input data sition.
for acidification, nutrient cycling, eutrophication, mer-
cury, and, on occasion, pesticides and radio isotopes. Increases in annual water yield for the first year after

Realization that precipitation acidity had increased each of the 11 watershed treatments ranged from <10 to
over much of the Northeastern United States spawned 347 ram. As found in previous summaries (Douglass and
hundreds of studies that viewed watersheds as the impor- Swank I972, Bosch and Hewlett 1982), the increases were

rant integrating unit to evaluate impacts to streams and related to reductions in stand basal area. A comparison for
lakes (Charles 1991). Of primary concern was the reaction all 11 watersheds suggests that reductions in basal area
of acidic inputs (sulfuric and nitric acid) with base cations must approach 25% to obtain measurable responses in
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annual, water-yield. Above this threshold there is some cannot be expected in the northeast. Shallow soils and
variability, in first-year responses among watersheds with rooting depths, shorter growing seasons, lower evapo-
similar basal areas cut, but the differences usually can be transpiration, rapid root occupancy and leaf area develop-
explained by factors such as configuration and timing of ment by natural regeneration, and complete recharge of
cutting, location of cutting in relation to the stream chan- soil moisture during every, dormant season all act to limit
nel or source area, and whether regrowth was controlled the magnitude and duration of increases in water yield in
with herbicides, the northeast.

Flow-duration curves for post-treatment periods at
each of the 4 locations show that nearly all changes in
water yield result from increases at low flow levels

(Hombeck et al. 1997, Patric and Reinhart 1971, Verry Bankfulland Flood Peak Flows1972, Lynch et al. 1980). Further, the increases occur
primarily in the growing season. Only Hubbard Brook

and Marcell Experimental Forests normallyhave continu- Bankfull discharge is considered the channel-forming

ous winter snow packs. The timing of snowmelt runoff discharge (Leopold 1994), thus, changes in this discharge
was advanced by forest treatments at both sites, but total (about the 1.5 year recurrence interval discharge) are
volumeofsnowmeltrunoffwasnotchanged(Hornbecket necessarily accompanied by a change in channel cross
al. 1997, Verry et al. 1983). section area, channel form, sinuosity, or roughness. Dra-

Somewatershed treatmentsattheFernowand Hubbard matic and stark examples of this have been documented

Brook Experimental Forests eventually resulted in de- by the SCS in Wisconsin and Minnesota's Driftless Area
creases in water yield. The decreases at the Fernow re- and by Trimble and Lund (1984) for Wisconsin's Coon
sulted from converting hardwoods to conifers, and were Creek Watershed. Evaluation of land use changes from
not unexpected based on studies showing that evapo- forest to agriculture in northern Wisconsin and Minnesota
transpiration is greater for conifers than hardwoods indicates that bankfull flows double when agriculture
(Swank et al. 1988). Persistent decreases in water vield land use makes up more than half the basin (Verry 1999).
starting around the tenth year of natural revegetation on Dramage of wetland and conversion to crops in the Min-
cleared watersheds at Hubbard Brook were unexpected, nesota River Basin more than doubles the average annual
The decreases are due to pioneer and earlv successional peak flow (Prof. K. N. Brooks, personal communication).
species that dominate the regeneration during years 10 to In 1961, Schneider and Ayer showed that reforesting 58%
30 and bevond having significantly lower leaf resistances of a cleared basin in New York decreased dormant season

and thus greater transpiration than the trees comprising peak flows (both snow and rain) by 47%. The combination
the mature forest (Hornbeck et al. 1997). of a process-based hydrologic model developed at the

Marcetl Experimental Forest in Minnesota with long-term
weather data also shows that clearcutting aspen forests

Implications for Municipal Water Supplies can increase bankfull flows from snowmelt by 150%, with
lesser increases for recurrence intervals up to 25 years (Lu

Results from the 4 study sites indicate that various sizes 1994). No changes in peak flows were seen for flows with
of ctearcuts, without control of regrowth, can provide greater than a 25-year recurrence interval.
immediate increases in annual water yield ranging from
100 to 250 ram. However, such increases diminish fairly
rapidly, more so in some areas (Hubbard Brook and
Leading Ridge) than others (Fernow and Marcell)

(Hornbeck et al. 1993). When cutting forests with an Watershed Condition
obiective of increasing water yields, consideration must

be given to the possible impacts of a change in species
composition during regrowth. The long-term results from
Fernow and Hubbard Brook show that the desired in- Sediment Control from Roads and
creases in water yield occurring immediately after water Stream Crossings
yield may be compensated in later years if hardwoods are
converted to softwoods, or if there is a major shift in Protecting watershed and channel conditions bv mini-
composition of hardwood species, mizing erosion and sediment from logging roads and skid

The prolonged increases in water yield that occur after trails has always been a major objective of watershed

cutting in other regions of the USA, such as from deeper studies in the northeast. The bulk of these studies have

soils of the southeast (Swank et al. 1988) or from slowly been conducted on the Fernow Experimental Forest and
regenerating forests of the west (Troendle and King 1985), have focused on constucting and evaluating minimum-
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standard roads. Such roads are defined as roads built to When channels change their Natural Stream Type, thev

the Lowest standard that will provide a desirable level of are unstable and unable to carry the water and debris from

utility and environmental protection at an acceptable cost. their watershed without excessive erosion and sedimen-
Studies at the Fernow have resulted in guides for all ration (Rosgen 1996). Channels within plus or minus 30%

phases of road construction including planning, layout, of their modal values for entrenchement, width/depth
construction, care after logging (Kochenderfer et al. un- ratio, and sinuosity are normal and constitute a desirable
dated, Kochenderfer 1970), use of gravel to protect against stream habitat condition (Verry 1999). Permanent land

erosion (Kochenderfer and Helvev 1987), sizing of cul- use changes from forests to agriculture cause channels to
verts (Helveyand Kochenderfer 1988), and drainage struc- change their type; a process that can take from 1 year to 1
tures (Kochenderfer 1995). century (see the works of Trimble, and Knox for ex-

Studies at Hubbard Brook have focused on measuring amples).
sediment vields from uncut and cut watersheds (Martin Even rapid rates of forest clear cutting without conver-
and Hornl_eck I994). Sediment yields collected over sev- sion to agriculture can change peak flows. The rate of

eral decades averaged 40 kg/ha/yr, which is among the change is dependent on the range of slopes within the
lowest values in the nation (Megahan 1972), but were watershed, the amount of land cleared over a period of 15

highly variable from year to year, depending largely upon years, and on the size of the watershed evaluated. Bankfull
occurrence of unusuallv large storm events within anv flow rate increases of 100% can occur on flat land water-
given year. Disturbances from cutting and logging in- sheds (with slopes generally less than 3%), when 2/3 of
creased sediment yields by as much as 10- to 30-fold in the their basin is harvested in the span of 15 years on water-
years immediatelv after cutting and sl,..Jding. However, sheds that are at least 10 square miles in size. Similar

total yields from harvested watershe_as remained rela- increases occur on moraine watersheds (with slopes up to
tivelv small and there was minimal impact on stream 30%), when 2/3 of their basin is harvested in the span of
turbiditv. 15 years on basins that are at least 1 square mile in size

Results from erosion and sediment studies in the north- (Verry 1999). Mountain watersheds (with slopes up to

east have been extensivelv tested and widely incorpo- 60%) can experience bankfull flow changes in basins of at
rated in best management practices used throughout the least 3 square miles and with only 1/4 of their basin
region (Eagan et al. 1998, Briggs et al 1998, Lvnch and harvested (or permanently cleared) in the span of 15 years
Corbett 1990, Kochenderfer et al. 1997, Kochenderfer and (personal observation (ESV)on the Allegheny Nationa}

Hombeck 1999). A general concensus is that terrestrial Forest, PA).

and aquatic ecosystems in the northeast can be adequately
protected by following known precautions and guidelines
for constructing and maintaining roads and skidtrails.

Many studies of culvert sizing for streams have previ- Case Studies: Integrating
ouslv provided for the passing of a 25 or 50 year event
without overtopping of the road and loss of the culvert. Watershed Research and
Recently Baker and Votapka(1990) have emphasized the Watershed Managementinclusion of fish passage criteria along with road integrity
criteria for culvert sizing and placement. Round culverts
selected with a diameter equal to the bankfull stream

width will provide fish passage during bankfull spawn- White Mountain National Forest
ing runs by keeping water velocities inside the culvert low

enough for fish to pass through in most eastern streams Primary audiences for watershed research in the north-

(Verrv 1999). Bridges are best able to pass flows without east are managers and consultants working with private,
channel impairment. Temporary bridges, and other tem- state, and national forests, municipal watersheds, and

porary stream and wetland crossing options can be used aquatic resources. National Forests have been especially
effectivelv to protect stream and wetland sites (Blinn et al. quick to implement results from watershed research di-
1998). rectly onto the landscape and into the planning process.

Some examples of implementation on the White Moun-
tain National Forest (WMNF), which spans 750,000 acres

Desirable Stream Conditions and in New Hampshire and Maine, are:
Controlling Bankfull Flow Changes Long-term site productivity. National Forests have a re-

sponsibility to estimate the effects of their activities, m-
Changes in bankful[, channel-forming, flows cause cluding timber harvest, on long-term site productivity.

channels to change their type (Rosgen 1996, Verrv 1999). The Northeastern Research Station and WMNF jointly
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constructed nutrient depletion tables for base cations, and ment (MNDNR 1995). In 1999, a much expanded effort
a variety of forest disturbances, and harvest methods. The produced Sustaining Minnesota Forest Resources: Volun-
tables are used to select silvicultural practices that will tary Site-level Forest Management Guidelines (MFRC

provide optimum protection of site nutrient capitals and 1999). This progression of effort attests to the strong lead-
forest productivity, ership at the State Department of Natural Resources to

Weathering Inputs for Calcium and magnesium. The pri- continually review, test, and improve forest management
mary uncertainty in estimating nutrient depletion is the guides. It has witnessed major changes in the social cli-
rate at which base cations are supplied to the soil by mate, the inclusion of new watershed research, and the

weathering of minerals. WMNF is the study area for continualefforttomonitorimplementationontheground.
testing a glacial till-nutrient source model that estimates The initial 1989 guide (104 pages) was produced over
contributions from mineral weathering. The Northeast- two years using a committee of forest managers from
ern Research Station devised the model and is compiling county, state, and federal agencies, forest industries, and
bedrock geology maps to support its use. The project is the University of Minnesota. It was strictly limited to

leading to maps of the WMNF showing weathering rates water quality issues and used recommendations for filter
for calcium and magnesium. These maps are being corn- strips between roads and streams and for road construc-
bined with other factors, such as land use history, to tion derived from research at the Hubbard Brook Experi-

develop standards and guides based on risks for soil mental Forests in New Hampshire published three de-
nutrient depletion, cades earlier. Other recommendations used standard for-

Nitrogenc_clingandlandusehistory. Nitrogensaturation estry guides for fire, petroleum, and pesticide use. Its
is a concern because of base cation losses that reduce implementation set the stage for voluntary guides in

tree productivity, and elevated, but not dangerous levels Minnesota and for the annual monitoring of their imple-
of nitrate in streamwater (Aber et al. 1998). Susceptibility mentation.
to nitrogen saturation is dependent upon past distur- The 1995 guide (140 pages) was produced over three
bances such as agriculture, forest harvest, and fire. The years by committee members from the first effort plus
WMNF is cooperating with the Northeastern Research members from other federal agencies, loggers, environ-

Station to determine past disturbances, susceptibility to mental organizations, and fisheries and water divisions of
nitrogen saturation, and possible restrictions to harvest MNDNR. The guide was upgraded with newer road data

from the Fernow Experimental Forest in West Virginiaand other silvicultural practices that accelerate cation loss.

Hydrology of alpine ski areas. Alpine ski areas existing on and the Coweeta Hydrologic Laboratory in North Caro-
WMNF are heavily dependent upon surface waters for lina, and an extensive section dealing with wetlands re-
making artificial snow. In turn, there is controversy over lied heavily on research from the Marcell Experimental

Forest in Minnesota using the preservation of hydrologic
impacts of extracting water, and again when it melts, on function as a guiding principle.
water yield, peak and flood flows, and water quality. The 1999 guide ( 329 pages) was produced with four
Legal challenges regarding these impacts led to a need to committees: riparian areas, wildlife habitat, cultural re-
better understand the impacts of ski area construction and sources, and forest soil productivity. The previous water
snowmaking on hydrology, erosion and sedimentation, quality and wetland effort was included as well as a DNR

and water quality. Research on water quality and snow effort on visual qualiD'. This effort was administered bv
hydrology at the Hubbard Brook Experimental Forest has the Department of Natural Resources for the Minnesota
helped meet this need. Implementation of Hubbard Brook Forest Resources Council created by the state Legislature
results at several ski areas helped to significantly improve in 1995. Additional organizations represented on the corn-
their impacts analysis, and to provide background for the mittees included Native Americans, archaeology agen-
legal challenges regarding environmental impacts, cies, other University departments, recreation, landowner,

watershed, lake, resort and land management organiza-
tions. Unique to this effort was the initiation by the Forest

Best Management Practices and River Resource Council of several research projects on water-
Basin Projects: Minnesota Experience sheds in the state.

Mike Phillips with the Minnesota Department of Natu-
Like many states, Minnesota responded to the 1987 ral Resources has shepherded all three of these efforts and

Amendments to the Clean Water Act, Section 319 by is responsible for their monitoringprograms. He recently

developing their 1989, Water Quality in Forest Manage- offered this advice: "The involvement of stakeholder
ment guide as the"Best Management Practices in Minne- groups in the development of BMPs and other forest

sota" (MNDNR 1989). In 1995, the Best Management practice guidelines requires more patience and time.Once

Practices in Minnesota was expanded and published as agreement is reached, however, implementationwilllikely
Protecting Water Quality and Wetlands in Forest Manage- be more rapid and effective since there is a greater prob-
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ability that the interest groups have bought into the prod- mulation of sediment, nutrients, and industrial wastes.

uct produced. The BMPs or other forest practice guide- Eutrophication and hypoxia are the primary problems.
lines developed by consensus are more likely to reflect a Runoff carrying sediment, fertilizers, manure, and pesti-

balance of science, practicality, and economics. There is cides from agricultural lands, point sources of municipal
also greater likelihood that trust will develop among the treated sewage, increasing runoff from urban areas, and
many stakeholders involved in BMP development, which atmospheric deposition all contribute to the problem. To

is necessary for successful program implementation restore the Bay, all of these nutrient sources were ad-
Phillips et al. 1999)." dressed when the Environmental Protection Agency (EPA)

State BMPs have come a long way and have routinely published a major study of the Bay in 1983.
incorporated watershed research, however, even the last
effort in Minnesota was restricted bv the Legislature to Coordination at the Watershed Scale
consider only site-specific guides. A newly constituted
Minnesota Forest Resource Council has now begun the The 1983 study brought the states of Pennsylvania,
task of considering landscape-level guides for forest man- Maryland, Virginia, and the District of Columbia together
agement. At each step forestry has come closer to incorpo- with the Chesapeake Bay Commission (and federal agen-
rating the concepts of watershed management, cies) in a partnership. Each agreed to work together to

Many other units of county, state and federal govern- develop and implement a coordinated effort to improve
ments have already addressed watershed-wide manage- and protect water quality and the living resources of the
ment through the establishment of 43 Watershed Districts Chesapeake Bay. This action marked a turning point in
in Minnesota administered by the state Board of Water watershed restoration because it sought to manage the

and Soil Resources, 75 Clean Water Partnerships, county Bay ecosystem as a whole. Subsequent agreements in 1987
water management plans, and River Basin projects coor- and 1992, added a strategy to target efforts in each of the
dinated by the Natural Resources Conservation Service major tributaries basins. Locally-led"tributary strategies",
and the U. S. Forest Service, State and Private Forestry tailored to individual sub-watersheds, built connections
Division. Just one example of the latter is the Nemadji between local conditions, issues, and approaches and
River Basin Project that spans parts of northern Wisconsin larger-scale Bay restoration goals for pollution reduction
and Minnesota, incorporates 12 advisorv subcommittees and habitat restoration. The Chesapeake Bay Program has

and seeks administrative implementation from local grown into a unique regional institution, guiding and
countv boards (NRCS 1998). ForestService and University coordinating the Bay-related activities of literallv hun-

of Minnesota research has been incorporated into basin- dreds of federal, state, local and intergovernmental agen-
.wide, landscape-scale recommendations that address the cies, and working with dozens of private business, civic,
amount of harvested and cleared agricultural land with and environmental organizations.
sub-basins of the watershed.

Forests and the Bay

Chesapeake Bay Program In the 1600s, 95% of the watershed was forested. The
forests served as acontinuous living filter and regulator of

The Chesapeake Bay is the nation's largest and, because the Bay's environment. In the mid 1800s,50% of the Bay's
- watershed was converted to farms, pastures, cities, and

of its shallowness, the nation's most productive estuary. It industry. Reforestation of abandoned agricultural land
is this shallowness that causes its amazing productivity gradually raised forest land to 60% of the basin; however,and its sensitivity to what goes on in the watershed. Land
use largely determines the quality of the water, the vitality for the first time in nearly a century, the percent of forest
of aquatic habitats, and ultimately, the health and resil- ]ands is once again declining. Although some forest land

is still cleared for agriculture, as much as 100 acres per dayience of the Chesapeake Bay itself. The Bay helps define
the landscape as welt as the culture and economy of the have been converted to urban lands during the last 20
region, years. It is clear that the long term stewardship of the

Chesapeake Bay depends in part on the health and stew-

A Bay in Trouble ardship of forests in the watershed.
The USDA Forest Service, Northeastern Area State and

Since the 1970s, there has been a consensus among Private Forestry, joined the Bay Program partnership in
scientists, government agencies, and concerned citizens 1989. Using a foundation of basic watershed management

that the Chesapeake Bay was in trouble. Drastic declines and forest stewardship principles, new technology and
in fisheries, shellfish, waterfowl, and bay grasses were the research, and the flexibility of cooperative forestry pro-
effects of more than two centuries of steady development, grams, the Forest Service is demonstrating how forests are

loss of forests, increasing pollution and runoff, and accu- part of the long-term solution to managing the Bay's
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watershed. Working across mixed ownerships, a Forestry 1. Begin by establishing a sound scientific foundation.

Work Group serves as a catalyst to bring together federal, Sound watershed management must be based on
state, local and private resources to implement this ap- the best available science and basic data on natu-
proach. "Forest solutions" are developed in three areas: ral resources. Focus on linkages between land,

water, living resources, and people. Admittedly,

• Forest Protection - Our activities demonstrate that policy decisions will not always be based on sci-
forests have high social values for water supply, ence or a complete watershed assessment, but if
recreation, preservation of watershed functions, basic information is made available in an easily-
We show they are critical for aquatic and terres- understandable format, the chances are high that
trial habitat health, and that they and are store- it will be integrated into the decision-making

houses of future benefits and uses. We seek to process. Facilitating a meaningful exchange of
help communities assess their watersheds, edu- information between academic and government
cate citizens and design strategies to reduce frag- research and the local management community is
mentation and forest loss where forest lands are essential. Assemble the best existing information

threatened bv conversion to other land uses. first and establish ongoing monitoring to mea-

• Forest Restoration - Restoring forests on erodible sure progress and test models in the future.

lands, wetlands, and along streams and shore- 2. Involve the highest and broadest levels of leadership

lines, integrating forests into pollution control for possible. There is enormous strength in strong
farm runoff and storm water management, and leadership. The direct involvement of State Gov-

promoting community "green infrastructure" ernors and high federal officials in setting goals
projects in urban areas are the focus, and sharing in accomplishments is prerequisite.

Only high-ranking officials have the authority to
• Forest Stewardship - Properly managed forests re- endorse and implement policies and provide the

rain land in a beneficial land use while supporting resources needed for program implementation.
local economies. Working with partners in the Thev should be involved in visible ways. How-

states and through the Forest Stewardship Pro- ever, just as strong government leaders are ira-

gram, ecological concepts are integrated into for- portant, watershed leaders that emerge from the
est management on private lands, and loggers community must also be embraced and empow-

and landowners are educated about BMP appli- ered. Seeking out and involving leaders in the
cation and their benefits to the Chesapeake Bay. watershed is a critical factor in making the water-

This collaborative effort produced a Chesapeake Bay shed approach work.

Riparian Forest Buffer Initiative in 1994. Endorsed bv the 3. Embrace clear, strong, and measurable goals. There is

Bay Program's Executive Council, this effort has resulted great strength in clear goals and accountability.
in a watershed-wide policy of stewardship to protect and At the Chesapake Bay Program, highly specific
restore riparian forests in the watershed. The Chesapeake goals include: 40% reductions in nitrogen and

Bay Partners have made commitments to improve com- phosphorus pollution, eliminating fish blockages
munication and coordination, build new partnerships, in majortributaries, andrestorationofbaygrasses,
provide additional incentives and funding, and develop wetlands and riparian forests. Goals are that are

education programs for citizens, schools, and practitio- quantifiable make progress measurable and lead-
ners. The Riparian Initiative has restored forests along ers accountable. Citizens should participate in

nearly 500 miles of stream channel, setting and achieving goals that extend beyond
the tenure of elected officials or agency managers.

Managing a Watershed: Lessons Learned
4. Invite a broad diversity of participants. Watersheds

What began as a water quality l_rogram has now grown and their problems and solutions are complex.
to involve integrated management of land, air, water, and Likewise, any watershed management framework
living resources. This integration of knowledge and goals should involve a diversity of participants. Water-
into the institutions of daily life is essential for watershed shed management should be inclusive and invite a

efforts at both small and large-scale. This is true whether variety of government, non-profit and private play-
related to forest conservation or pollution prevention. The ers to contribute unique skills, resources and per-

following ten lessons learned from the Chesapeake Bay spectives. Together, a multitude of players also
Program are sound advice for watershed management bring greater political leadership and financial sup-
approaches evervwhere, port. At the Bay Program, members of government
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work side by side with others from industry, local, broadly. These demonstration projects help de-
and public groups, brought together by common velop public support, attract partnerships and
issues and a commitment to a common set of funding, and build the confidence of political

resource goals. Although it requires strong corn- leaders to expand their application.
mumcations efforts, this inclusive process has be-

9. Regularly reassess goals and progress. The Bay Pro-
come a signature of the Bay Program.

gram is supported by a strong monitoring effort
5. Establish incentives and methods for continual coop- and has a strong commitment to reassess goals,

eration. The principle incentives are money and monitor trends, and measure progress. The
public pressure. The active financial involvement health and vitality of living resources serve as

of the EPA and other agencies has leveraged an important indicator. Keeping the public in-
millions of state and local dollars. Cost share and formed of findings and maintaining flexibilitv

assistance programs to meet Bay goals have al- has helped maintain the integrity of the Pro-
lowed much of the restoration work to remain gram.
voluntary. The commitment to succeed voluntar-

10. Demonstrate results. Progress in watershed restora-ily ( rather than with more regulation) is an incen-
t-ion is incremental. Celebrating successes alongtire in itself. Emerging issues or new strategic

approaches and goals are brought to the Execu- the way is critical to maintaining momentum. Since
tire Council, and "Directives" are signed to re- the Bay Program began in 1983, phosphorus inputs
new commitments or define new actions. These to the Bay have been reduced by over 30%, nitro-

high level directives take on the weight of an gen concentrations are down and total loads are
executive order to participating agencies. The Bay not increasing in spite of an increasing population.
Program has also established more than 50 sub- Practices for pollution prevention from farm run-
committees and workgroups to ensure that all off and urbanstormwater have improved dramati-
interests are represented and that there is con- cally. The striped bass fishery has recovered, bav

tinual interaction between participants, grasses are returning in many areas, oysters are
making slow progress, 1000s of miles of stream

6. Inform and involve thepublic. Keeping the citizenry have been opened to migratory fish, and over

of the Bav watershed informed is a top priority. 10,000 acres of riparian area and wetland have
Use extensive educational and technology trans- been restored. Local governments are also taking

fer efforts. Management of resources in a water- action to protect stream corridors and open space
shed like the Chesapeake Bay requires complex and adopt smart growth policies. Volunteer efforts
political decisions. An informed and vocal public are expanding and the increased environmental
has proven to be the Bav's greatest ally. Honesty, awareness of the citizenry is easy to observe.
even when findings or progress is disheartening,

is critical to maintaining trust and stakeholder Application of watershed management principles,
commitment, whether at the site or landscape scale, must use competent

watershed analysis of conditions on the ground as a base
7. Choose prevention before restoration or mitigation, for action. Learn to read the land (Leopold 1949) and read

Although it is often more politically appealing to the river (Leopold 1994), and when you do we have no fear
fund many restoration projects, a watershed ap- of what you will do, indeed we are excited about what you
proach must focus first on ensuring that a solid will do for them.. For a detailed examination of manage-
foundation of preventive conservation measures ment options for riparian areas in the Lake States, and
are in place to ensure that restoration progress Northeastern United States see Verry, Hombeck, and
does not lose ground. A balanced set of manage- Dolloff (1999).
ment tools should be developed allowing indi-
vidual jurisdictions to customize or adapt tools
for their application.

8. Test theories and management approaches on a small Acknowledgments
scale. Our scientific knowledge and technologies
for watershed management and restoration are
continually growing. By studying the effective- The authors wish to thank Ken Brooks, University of

ness of strategies in small watersheds through Minnesota, Hobart Perry, Humbolt State University; and
demonstration or pilot projects, we can increase Dale Nichols, USDA Forest Service for their comprehen-
success when these concepts are applied more sive technical reviews of this paper.
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