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ABSTRACT: Six corzcepts concerrzingfi)rests, forestry, and water- resout-ces ar-e discussed: ( I )  the role of 
the *forest canopy in el-osion contp-01; ( 2 )  tlze i~zpact of rlistul-bance 0 1 2  ~ ( ~ i l s ;  (3) tlze liar-iabilitj C$ ~ z a t ~ r a l  
tt3ater qualitj; (4) tlze irzlpuct qf lzcl~?!e.stirzg on water qucrli~; (5)  tlte role of extreme e-rperir?zeiztks; and (6)  
the efectireness u!f:forestly best maaagement practices (BMP). The literature shocvs that the forest floor; not 
the curzopy, protects soils ,from erosion. Han~esting can be conductecl in tvnys that linzit cot?zpaction and 
essentially coefine o~~erla~zd 'flow to areas c?f e-uposed mineral soil on roads, tu-ails, and log Iarzdings. 
Overland flo~tl fj"Orn these areas can be controlled and contvrted to subsurface .fZotv before it reaches 
s tremu atzd lakes. Thus, eflects to wc-ltet-shed hydrologj are small. Urzdisturbecl tvatel-sheds tend to have 
better quality water than highly disturbed ~t~aters-sheds, but the undisturbed character of a catclzment does 
not assure Izigh-quality water. Urzdisturbed forests vary greatly in sedinzeizt and clzemical exports tlzat are 
controlled by variables such as streamflow, soils, geology, air pollution, ancl land Ltse history. Conversely, 
timber harvesting does not necessarily lzave measurable or biologically meaningful negative eflects on 
cttater quality. Forestry BMP Imve proven eflective in controlling adverse changes to in-stream sediment and 
water chemistry. Many studies that lzaa\~e reported large changes in water quality oftea represent extreme 
treatments not associated with typical fiwest operations, or they have not ernployed BMP. Properly and 
adequately used forestry BMP protect watershed resources while ullowit.zg the renzoval of wood products. 
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I n  a paper about watershed folklore, Richard Sartz (1969) mental watersheds from which we have drawn much of our 
began by stating: "The field of forest watershed relations information. 
can lay claim to many widely held misconceptions." Over 
the past several decades, the public has become much more Concept 1: The Role of the Forest Canopy 
aware of environmental issues, but many people still harbor 
misconceptions about the interrelationships of forests and 
water. This problem often is exacerbated by inaccurate 
information included in popular publications as scientific 
fact, and by inaccurate presentations of scientific findings in 
documents meant to provide technology transfer to the 
public. Although science still has much to discover about 
forest and water relationships, there is a substantial knowl- 
edge base that scientific and lay communities can use to 
better manage and protect watersheds and water bodies. 

The purpose of this article is to discuss and clarify six 
watershed concepts. Data are included on typical forestry 
operations in the northeastern United States to show the 
range of baseline conditions and the impact of harvesting. 
The northeastern states share similar hydrologic regimes 
and are well represented by research results from experi- 
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Some watershed guides credit the forest canopy with 
protecting forest soils from excessive erosion. But it is the 
presence of an intact forest floor on the soil surface, not the 
forest canopy, that protects soil (Satterlund and Adams 
1992). The forest floor is composed of the litter layer, 
underlying organic layer (humus), and fibrous roots. Horn- 
berger et al. (1 998) credited the roots of forest vegetation for 
keeping the "soil porous and highly permeable" and Rein- 
hart (1964) correctly stated that most of the beneficial 
hydrologic attributes of forestland are present where the 
forest floor remains intact even when aboveground portions 
of trees are removed. 

The litter and humus protect the mineral soil from rain- 
drops by absorbing the impact energy of droplets. Once on 
the forest floor, water can move through it and into the 
mineral soil below. In the absence of an intact forest floor, 
raindrops that hit exposed mineral soil have sufficient force 
at the surface to compact the soil slightly. Tiny particles also 
become dislodged and then fill in the pores around neigh- 
boring soil particles. The combination of direct raindrop 
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compaction and pore filling reduces infiltration rates and 
increases overland flow, possibly leading to erosion. 

Throughfall drops (water droplets falling from the can- 
opy) have a greater average size than rain falling in the 
open. Before they fall from a leaf, throughF~l1 droplets 
usually run across the leaf in response to wind or gravity, 
coalescing with other droplets to form a larger droplet. 
When these larger droplets fall to the ground as throughfall, 
their greater mass provides a greater amount of kinetic 
energy (Table 1) that dislodges additional soil particles 
where mineral soil is exposed. 

Kinetic energy also increases with an object's maximum 
or terminal velocity (Table 1). Terminal velocity for a 
raindrop is achieved at a height of approximately 8 m (25 ft) 
(Satterlund and Adams 1992). Because the bottoms of tree 
canopies are more than 8 m above the ground in many 
forests, particularly mature ones, the maximum velocity can 
be achieved even in the presence of a forest canopy. 

Each year, a portion of the forest's litter decays and 
becomes humus, especially in warm, moist climates. Humus 
is incorporated into mineral soil continually by the actions 
of soil animals and insects. As a result, the canopy is 
essential in providing sources of leaves, other organic de- 
bris, and fibrous roots to regularly replenish the forest floor. 

Application of the concept: The forest floor is an impor- 
tant hydrologic attribute of forestland. Every effort should 
be made to protect the forest floor during harvesting oper- 
ations by considering the season of operation and using an 
efficient skid trail/road system. 

Concept 2: The Impact of Disturbance on 
Soils 

The concept that normal harvesting damages soils fails to 
recognize the durability of the forest floor. Most forests 
soils are highly porous because they sustain microorgan- 
isms, soil insects, soil animals, and dense root systems. 
These organisms constantly move soil and create voids of 
various dimensions and configurations, keeping forest soils 
porous and highly permeable to precipitation. If the forest 
floor is intact and the surface is not compacted, precipitation 
generally infiltrates through the soil surface and then per- 
colates fully into underlying mineral soil. Thus, only ex- 
tremely intense rainfall rates exceed the infiltration rates of 
intact forest soils and result in overland flow. In Maine, 
Hornberger et al. (1998) found that 150 mm of water fully 
infiltrated into a forest soil in 1 b. 

Simply removing the canopy by harvesting does not 
nullify the hydrologic function of the forest floor. Following 
harvesting, the forest floor remains largely intact and al- 
though studies have found a reduction in the forest floor 
following harvesting (Yanai et al. 2003), these changes do 
not necessarily lessen the hydrologic function of the forest 
floor. In West Virginia, even when herbicides were used 
over several years to prohibit regeneration, there was suf- 
ficient organic material on the soil surface to allow infiltra- 
tion and prevent overland flow (Troendle et al. 1974). 

In the humid East, revegetation occurs rapidly, especially 
following clearcutting. Many tree species common to north- 

eastern forests regenerate from root and stump sprouts, and 
seeds buried in the litter can remain viable for many years 
until sufficient solar radiation is available for germination. 
Consequently, reestablishment of a new forest progresses 
rapidly during the first growing season after harvesting. 
Although plant size and species composition of these new 
stands initially may differ dramatically from what was har- 
vested. the regrowing forest provides substantial and suffi- 
cient organic inputs during leaf fall to protect the soil. 

During harvesting, heavy equipment is the primary cause 
of disturbance and compaction in forests. Compaction re- 
duces the sizes and number of soil pores, which limit the 
entry of water into soil. The result can be an accumulation 
of water at the soil surface and overland flow. Where 
mechanized equipment is used on the soil, it is important to 
maintain intact forest-floor layers to help reduce overland 
flow as organic layers and roots cushion the soil during 
heavy equipment use (Adams 1998). 

Bulldozed roads, trails, and log landings are the most 
common areas of soil compaction (Case and Donnelly 1979; 
Kochenderfer 1977) and overland flow. Here, the forest 
floor is removed and increased loads and vibration compact 
the soil. Proper planning and layout of roads, trails, and 
landings before forest operations begin are essential to 
control overland flow and associated erosion. Also, locating 
roads and other areas of soil compaction well away from 
water bodies and limiting heavy equipment traffic to these 
predefined routes will limit the net effects of compaction. 

Even if a substantial area is disturbed during harvesting, 
compaction may not result in meaningful overland flow. For 
example, Martin (1988) characterized nine types of distur- 
bances and elevation changes in the soil surface due to each 
at three New England sites (Connecticut, New Hampshire, 
and Maine) that were whole-tree harvested. He reported that 
some soil disturbance, e.g., scarification and mounds, could 
benefit vegetation regrowth. More extreme types of distur- 
bance, e.g., rutting, using heavy equipment on nondesig- 
nated roads and trails, and extensive mineral soil exposure 
can reduce site productivity, and potentially result in over- 
land flow. 

Application of the concept: Harvesting plans should con- 
sider Martin's (1988) recommendations to limit the degree 
of disturbance and area affected by the more severe types of 
disturbances. 

Concept 3: The Variability of Natural Water 
Quality 

The concept that undisturbed forest watersheds provide 
water that is suitable for all uses ignores the range of 
environmental factors that affect water quality. There are 
many constituents that are associated naturally with surface 
waters draining forested lands. They have a wide range of 
concentrations and annual loadings (e.g., Clark et al. 2000, 
Mulvihill 1999, Martin et al. 1986, Sweeney et al. 1999), 
some of which are within ranges suitable for a particular use 
such as irrigation, but unsuitable for other uses such as 
drinking water. 



Many people believe that muddy (turbid) water occurs 
only in streams draining watersheds that have been dis- 
turbed by humans. It is true that for a given set of storm 
characteristics, stream water from forested watersheds tends 
to be clearer and have lower levels of suspended sediment 
than that from other land uses. However, forest streams 
exhibit wide natural ranges of suspended sediment (Table 
2). including periods of high turbidity. 

Several factors contribute to variations in sediment in 
forest streams. Streamflow, or discharge volume, is a pri- 
mary factor in determining whether water is turbid or clear. 
Streamflow volumes (and energy) are greater during storms 
and snowmelt events than during baseflow (nonstorm) pe- 
riods. As a result, a greater amount of within-channel sed- 
iment can be dislodged and carried by stormflow. Erosion 
and sediment delivery from areas of exposed mineral soil 
also increase during precipitation and snowmelt. Stream- 
flow during flood events dislodges and conveys the highest 
concentrations and loadings of sedirnent. Catastrophic 
floods dominate annual sediment loadings (Beasley 1979, 
Edwards and Owens 199 1, Kochenderfer and Edwards 
199 1)  such that a single flood can yield sedirnent quantities 
that exceed normal sedirnent yields summed over several 
years (Kochenderfer et al. 199'7). 

In general, the larger the flow, the greater the amount of 
sediment suspended in stream water and the higher the 
resulting turbidity, though other factors control sediment in 
forest streams. Thus, increases in turbidity and suspended 
sediment levels are not identical for storms with similar 
precipitation or discharge characteristics. In forests, partic- 
ularly headwater forests, sediment tends to be source-lirn- 
ited rather than energy-limited; that is, once all the available 
sedirnent is suspended in streamflow, turbidity and sus- 
pended sedirnent levels do not increase even if discharge 
increases. This explains why turbidity and suspended sedi- 
ment values often reach maximum values before peak dis- 
charge (Figure I). 

The timing of stormflow also controls sediment relation- 
ships. If multiple storms occur repeatedly over a fairly short 
period (e.g., days), streamflow during the later storms often 
is clearer than during the first several storms because the 
supply of immediately available sediment is flushed out by 
the initial stormflows. Conversely. if weeks or months have 
elapsed between storms, a relatively small streamflow event 

Table 1. Characteristics of precipitation and through- 
fall drop sizes and associated kinetic energies, assuming 
terminal velocity is reached. 

Droplet Droplet Terminal Kinetic 
diamete? m a s h  velocity energy 

(mm) ig) (cm 5 ' )  (erg) 

"Rdintall dlop\ vary ~n i t ~ e  depending on rdinfall intenirty A~erdgz d~ameter 4 
mm. throughfall dropleti generally itre 3 to 4 rnm tn dldmeter 
"Aiiuniei 5pherical droplets 

can have unusually high turbidities and suspended sedirnent 
levels. 

Previous land uses and catastrophic events, e.g., agricul- 
ture and wildfire, may have contributed sedirnent to chan- 
nels that continues to affect stream-water quality in what 
today appear to be undisturbed forested watersheds. In fact, 
historically delivered sediment can be stored in stream 
channels for decades or even hundreds of years (Milius 
1998); it is redistributed or flushed from the watershed 
periodically during stormflows. Kochenderfer and Helvey 
(1989) found residual elevated sediment loads in a forested 
watershed stream that had been farmed decades earlier. 
Harding et al. (1998) found that aquatic invertebrate and 
fish biodiversity in the 1990s had been modified by sedi- 
mentation from agricultural activities that occurred during 
the 1950s. 

Although sediment is the most common natural impair- 
ment in undisturbed forest streams, it is not the only im- 
pairment that can exist. Other water quality parameters 
affect and limit beneficial uses, and their concentrations can 
be affected by season, geology and soil chemistry, past land 
use, severity of erosion, air pollution inputs, streamflow 
levels and sources, and types and age of vegetation present. 
In some areas, pH and toxic-metal levels in naturally acidic 
water are so high that fisheries cannot be supported (Hunter 
1991). In other areas, acidity and metal toxicity are func- 
tions of air pollutants and conditions toxic to fish occur only 
during stormflow or snowmelt events (Baker et al. 1996). In 
the past, many scientists hypothesized that nitrate levels in 
stream water draining from undisturbed forested watersheds 
should be near zero because forests were considered nitro- 
gen deficient. However, more recent research has shown 
that nitrate concentrations in forest streams can be quite 
high (Williard et al. 1999), and increasing nitrate outputs 
from a watershed that has remained undisturbed for nearly 
a century have been attributed to decades of elevated air 
pollution deposition (Edwards and Helvey 199 1 ). Stand age 
also can contribute to nutrient losses as older forests some- 
times lose more nitrogen to stream water than younger ones 
that have higher nutrient demands and uptake (Leak and 
Martin 1975). 

Application of the concept: Although forests usually 
provide better quality water than other land uses, water 
quality is affected by local geology, vegetation, and land use 
history, and it should not automatically be considered suit- 
able for all uses. 

Concept 4: The Impact of Timber Harvesting 
on Water Quality 

The concept that normal hasvesting is accompanied by 
negative consequences, including degradation of water re- 
sources is a frequent public concern. Often this concem stems 
from a belief that present-day logging is just as abusive and 
exploitive as that at the turn of the 20th century. However, 
today's responsible forestry and logging operations bear little 
resemblance to historical logging in environmental conse- 
quences. Today, BMP generally are used to protect resources 
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Table 2. Baseline suspended sediment exports from relatively undisturbed watersheds in the northeastern United 
States. 

Load 

Location Maximum Minimum Mean Reference 

Hubbard Brook. NH 
WS1 (16 yr) 
WS3 (21 yrj 
WS5 (9 yrf 
WS6 (28 yrj 

Fernow. WV 
WS4 (8 yr) 

National Fore% WV 
Clover (3 yr) 
Haddix (3  yr) 

Normal range. managed eastern fc>re\t land 
Monongahela Nat. For., WV 

Martin and Hornbeck 1994 
Mart~n et al. 2000 
Martin et 31. 2000 
Martin et al. 2000 

Kochenderkr and Helvey 1989 

Kochenderfer and Helvey 1989 
Kochenderfer et al. 1997 
Patric 1976 
Edwards et 31. 2004 

'Attrrbuted to fd~rn~ng  hxstory on the watcr\hed 
" ~ a \ l m u m  occurred dunng a 1985 flood event 

250 1 and landings, minimizing their length and surface area as 
well as the number of stream crossings within the road 
system, and using stream-crossing systems (culverts, 
bridges etc.) that are appropriate for the area's physical 
conditions and discharges; using proper road-surfacing 
techniques and materials at stream crossings and water- 
control areas; providing sufficient numbers and sizes of 
water-control features, for example, cross-drainage cul- 
verts and broad-based dips to divert water from roads in 
small quantities so that erosion is controlled; retaining 
forest filter strips (i.e., the natural forest floor) between 
streams and roads, trails, and landings to trap soil eroded 
from those areas; and prohibiting machine operations 
where soils are wet and vulnerable to compaction and 
erosion. 

Increases in nutrient concentrations and loadings often 
are observed during the first year or for several years after 

Suspended sediment 
streamflow 

0 10 20 30 

Time (hr) 

Figure 1. Characteristic timing responses of suspended sedi- 
ment and discharge during a storm in a forested watershed that 
is sediment-source limited (Unpublished data, Fernow Experi- 
mental Forest). 

harvesting, although rarely to levels that adversely affect 

(Edwards and Stuart 2002) and are critical for controlling 
erosion and sedimentation (Tables 3 and 4). 

As stated earlier, erosion is generated and sediment is 
delivered primarily from roads, trails, and log landings 
on which mineral soil has been exposed, compaction has 
occurred, and water has been concentrated. Best manage- 
ment practices reduce erosion and in-stream sedimenta- 
tion through careful planning and location of roads, trails, 

water quality (Stednick 2000). The public often is con- 
cerned that nitrogen and phosphorus levels may increase 
from forestry operations. However, nitrogen concentrations 
usually remain below the 10 mg L '  standard for public 
water s~rpplies (Table 51, and phosphorus concentrations 
generally remain unchanged by harvesting (Table 6). 

By contrast, chemical loadings or outputs can in- 
crease, but these loading increases usually are a function 

Table 3. Sediment exports during and several years after harvest. 

Load 

Location Max~mum Minilnum Mean Reference 

................................... hg h a  ' yr- ' ................................... 
Hubbard Brook, NH 

WS3 ( 10 yr) Strip cut 146 3 50 Martin et al. 2000 
WSS (7 yr) Whole-tree clearcut 208 6 X 3 Martin et al. 2000 

National Fore\t, WV 
Clober 11 yr) 584" 194 386 Kochenderfer and Helvey 1989 
Haddix (5 yr) 123 22 70 Kochenderfer et al. 1997 

Leading R~dge. PA (2 yr) 5 6 42 Lynch and Corbett 1990 

"M,~x~nium occun-ed dur~iig a flood event 
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Table 4. Turbidity values for Fernow Experimental Forest watersheds harvested with different levels of BMP; roads 
were closed after harvesting in all watersheds." 

Maximum turbidity (JTU) 

Site Treatment Year 1 Year 2 Year 3 

Liquldat~on sale. no BMP 
D~ameter lilllit harvest. 

no BMP during harvest, skrd 
road5 water barred alter h:trve\t 

Selected trees harvested 
BMP u\ed Ltere: 

no skidding In streams, roads 
lim~ted to 20%. water barred after 
harcest 

Selected trees harvested 
BMP used were: 

no skidd~ng In streams, filter strip 
betwee11 roads and streams, 10% 
limit on grades, lin~ited stream 
crosylngs, roads closed and 
stabil17ed after harvest 

None Control 

"Year I data fkorn Reinhart et al. (1963); unpubll5hed data for yean 2 dnd 3. 

Table 5. Reported annual nitrate-nitrogen concentrations and loadings in precipitation and stream water from 
harvested and baseline watersheds. 

Average annual nitrate-nitrogen 

Location Treatment type (mg L-') (kg ha-') Reference 

Across United States 
Hubbard Brook Experimental Forest, NH 

WS6 (27 yr) 
WS4 (3 yr) 
WS5 (3 yr) 
WSlOI (3 yr) 

Upper Mill Brook, White Mountains, NH 
(3 yr mean) 

Baseline < 
Precipitation 
Baseline discharge 
Strip cut 
Whole-tree clearcut 
Block clearcut 

Baseline 
Clearcuts 
Thinning 
Downstream 
Old growth 
Baseline 
Clearcut 

Clark et al. 2000 
Martin et al. 2000 
Martin et al. 2000 
Martin et al. 2000 
Martin et a]. 2000 
Hornbeck et al. 1987 
Stuart and Dunshie 1976 
Stuart and Dunshie 1976 
Stuart and Dunshie 1976 
Stuart and Dunshie 1976 
Leak and Martin 1975 
Lynch and Corbett 1990 
Lynch and Corbett 1990 

Bowl Natural Area, Leading Ridge, PA 
WS I (8 yr) 
WS3 (4 yr) 

Fernow Experimental Forest, WV 
WS4 (4 yr) 
WS3 (34 months after) 

North central WV 
Fernow WS4 11 1 yr) 
Haddix (4 yr) 

Aubertin and Patric 1974 
Aubertin and Patric 1974 

Baseline (mature) 
Clearcut 

Baseline (mature) 
Diameter limit cut 

Kochenderfer et al. 1997; 
loadings from 
unpublished data 

Jewett et al. 1995 
Jewett et al. 1995 
Jewett et al. 1995 

Nashwaak Experimental Watershed, New Brunswick Precipitation 
Baseline 
Clearcut 

New England 
ME Pierce et al. 1993 

Pierce et al. 1993 
Pierce et al. 1993 
Pierce et al. 1993 
Pierce et al. 1993 
Pierce et a]. 1993 

Baseline 
Whole-tree clearcut 
Baseline 
Whole-tree clearcut 
Baseline 
Whole-tree clearcut 

of increasing streamflow rather than a change in a con- 
stituent's concentration. Loadings are the product of con- 
centration and streamflow (streamflow X concentra- 
tion X conversion factors). Harvesting more than 25 
percent of the basal area on a watershed generally in- 
creases annual strearnflow in the East (Hornbeck et al. 
19931, and streamflow increases proportionally to the 
amount of timber harvested in a watershed (Reinhart et 
al. 1963). Because the strearnflow component of the 

loading calculation is much greater than the concentra- 
tion value, streamflow dominates the final loading value 
(Swistock et al. 1997). As a result, outputs can increase 
after logging due to the increase in streamflow. This was 
the case for phosphorus (Jewett et al. 1995). 

There can be wide variation in nutrient changes among 
sites during forest operations. Concentrations andlor load- 
ings of some constituents increase, whereas others decrease 
or do not change, but in all cases where logging, including 
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Table 6. Reported phosphorus concentrations and loadings in precipitation and stream water from harvested and 
baseline watersheds. 

Average annual phosphorus 

Acro\s United States 

Locatiot? Tseatn~ent type img L ' 1  (kg h:t ' Reference 

Hubbard Brook Experrmental Forest. NH 
Upper Mill Brook, Whrte Rlountalns, NH 

( 3  4r ""an) 

Fernctw Euperrmentai Forest, WV 
WS4 ( 4  yri 
WS3 12 yr) 

Nashwiiak. Experimental LVater~hecl. New Brun\w~cl\ 

Baseline < 

Preclpltatlctit 
Baselrne discharge 
Baseline 
Clearcuts 
Th~r-in~ng 
Do\\ in st re:^^^ 

Ba\ellne (mature) 
Clearcut 
Precipitatton 
Baselrne 
Clearc~tt 

Clark et al. 1000 
Rich-irdson 1988 
Hor-nbeck et al. 1987 
Hornbeck et al. 1987 
Stuart and D ~ ~ n s h ~ e  1976 
Stuart and Dunsh~e 1976 
Stuart and Dunsh~e 1976 
Stuart and Dun\hre 1976 

A~tbert~rt and Patric I974 
A~~bert in  and Piitric 197-1 
J w e t t  et al. 1995 
Je~x ett et al. 1995 
Jewett et 31. 1995 

clearcutting, and related activities are cond~~cted carefully, 
changes in stream water chemistry are small or of short 
duration. Typical harvesting activities do not elevate ionic 
concentrations above acceptable levels for drinking water. 
Even in the northern hardwood forest type of New Hamp- 
shire, where changes in stream chemistry from harvesting 
are the most dramatic, increases in the concentrations of all 
measured constituents, including nitrogen, were below the 
highest concentrations in uncut, reference watersheds (Mar- 
tin et al. 1984). Although it is desirable to minimize adverse 
human effects to forest ecosystems, natural baseline con- 
centrations of stream-water constituents vary greatly from 
year to year and storm to storm. 

Application of the concept: Well-planned and carefully 
conducted forest management operations usually result in 
only short term change to stream water chemistry that are 
within the natural variability in which these stream ecosys- 
tems exist and have evolved. 

Concept 5: The Role of Extreme Experiments 
The concept that extreme experiments represent normal 

harvesting is a misuse of research. Extreme experiments 
generally were conducted to demonstrate the effectiveness 
of BMP or to determine a maximum response. An example 
is a study that denuded a watershed on the Hubbard Brook 
Experimental Forest in New Hampshire and caused high 
nitrogen concentrations in surface water. The study exam- 
ined the effects of clearfelling a northern hardwood forest in 
the winter, leaving the felled trees in place, and denuding 
the watershed of all regrowth and understory vegetation 
during three subsequent growing seasons with herbicides. 
Early articles describing or citing this experiment often 
stated or inferred that cutting the trees caused the dramatic 
nitrogen increase. However. examination of the timing of 
nutrient loss relative to felling and herbicide use and com- 
parison of concentrations with those from other studies 
conducted at and near Hubbard Brook involving normal 
harvesting with no chemical treatment revealed that killing 
the vegetation caused most of the changes in stream chem- 
istry. Bormann et al. (1968) reported that nitrate-nitrogen 
concentrations in stream water ranged from about 0.75 to 

3.0 mg L-' following felling. These concentrations are 
similar to those obtained from other harvesting-only studies 
in the New Hampshire area (Table 5). Concentrations of 
nitrate-nitrogen increased to nearly 13.5 mg L-I after most 
of the vegetation was dead. The standard for drinking water 
is 10 mg L-'. 

Another extreme study, on the Fernow Experimental 
Forest, was conducted to show how sediment and turbidity 
co~lld increase in the Appalachians following careless log- 
ging. In this study, a watershed was clearcut to 2.54 cm dbh. 
Best management practices were not used during or after the 
harvesting, there was no prior planning, roads were located 
immediately adjacent to streams, stream fording was per- 
mitted, and logs were skidded in the stream channel (Rein- 
hart et al. 1963). Environmental protection was not consid- 
ered during any of these operations, and numerous poor 
practices that are inconsistent with contemporary BMP were 
used. During harvesting, a maximum turbidity of 56,000 
JTU (about 56,000 mg L ' )  was recorded compared with 15 
JTU on a nearby control watershed. Poor road placement 
and skidding in the streams mobilized sediment and di- 
verted it directly into the stream channel. The study was 
used to contrast with adjoining s t~~dies  where BMP were 
properly used and where levels of s~~spended sediment 
approximated those prior to harvesting or from uncut wa- 
tersheds (Table 3). 

Not all forestry research represents conditions or prac- 
tices that would be included in contemporary forestry op- 
erations. Often, there are other underlying questions that 
exclude concern about issues such as water quality. This 
was the case with many of the studies that used herbicides 
to denude watersheds throughout the East during the 1960s. 
Most of these investigated the potential use of intensive 
vegetation management to substantially augment water 
yields during long periods of drought. Water quality was not 
included as an initial objective even though these studies 
now are referenced almost exclusively in terms of water 
quality. Extreme studies do not represent effects or results 
from typical operations, nor are they designed to do so. 

Application of the concept: When using research to es- 
timate the effects of a given operation, one should assess the 



results of studies in which both the conditions and practices 
are comparable. 

Concept 6: The Effectiveness of Forestry 
BMP 

Qtlestions abo~it the effectiveness of forestry BMP have 
been one of the arguments for instituting new regulations or 
neu practices. Most BMP are designed based on processes 
controlled by the laws of physics or chemistry, such as those 
incolving gravity and energy, and the%e phenometla have 
not changed. Consequently, BMP are as relevant and useful 
today as when they were developed. 

The effectiveness of BMP fol- protecting water quality has 
been evaluated in nlany studies. The determination of effec- 
tiveness is usually based on meeting water quality standards or 
avoiding harmful impacts to the biological integrity of surface 
waters. In some cases it is difficult to determine whether the 
favorable results were due to BMP effectiveness or to the 
relatively low impact of ha-vesting. The following studies 
illustrate effectiveness in terms of water quality: 

A 1957 study in West Virginia limited skid roads to 
maximum of 10%, located them away from streams, pro- 
vided bridges to cross streams, closed skid roads with water 
bars, and seeded all potential sediment sources after the 
sale. Only two turbidity readings were in the 1 1  to 25 mg 
L-' range (Reinhart et al. 1963). 

A 1986 West Virginia study on a watershed with 40% 
slopes used planned skid road locations, provided forest 
filter strips between roads and streams, constructed roads 
with proper drainage techniques, generally kept roads below 
10%. and seeded areas of exposed soil near streams. In- 
creases in sedirnent yields were short term and within the 
normal range for the area (Kochenderfer et al. 1997). A 
study by Kochenderfer and Hornbeck ( 1 999) contrasts the 
careless logging study by Reinhart et al. (1963) with this 
1986 study to illustrate the value of BMP. 

A 1970 block clearcut in New Hampshire produced only 
two turbidities in the I 1 to 40 JTU range. Other changes in 
water chemistry did not approach water qua1 ity standards. 
Normal precautions were taken to prevent pollution but they 
were not identified. One of the conclusions was that north- 
ern hardwood forests have an "inherent resistance to erosion 
that can withstand cutting disturbances so long as the forest 
floor is not abused" (Hornbeck et al. 1987). 

A 1976 Pennsylvania study evaluated the effectiveness 
of BMP. The lower half of a 257-acre watershed was 
clearcut using BMP for shade on streams, stream crossing 
structures, a planned main skid road and landing, and sale 
closure using water bars and seeding. There was no increase 
in turbidity during the first year, but there was a significant 
increase to 0.019 - 0.025 ton ac-' the second and third year 
due to blow down in the riparian area (Lynch and Corbett 
1990). However, the change was still within the range of 
normal sediment levels on ~rndisturbed forestland of 0.05 to 
0.10 ton ac-' (Patric 1976). The authors recommended 
increasing the width of the shade buffer to one and one half 

the height of trees adjacent to perennial and intermittent 
stream channels to reduce sedimentation from blow down. 

South Carolina evaluated the water quality effectiveness 
of BMP 011 27 harvest areas with perennial streams that 
were unaffected by other land uses. Biological monitoring 
was used to deterrnine effectiveness. Best managemeilt 
practices protected rnacroinvertebrate habitat and popula- 
tions. In a few cases there was no impact on biology e\/en 
when BMP were inadequate (Adams 1993). 

A Maryland study evaluated the effectiveness of BMP on 
nornlal harvesting activities in 1997. Nearly 50% of a 
330-ac watershed received treatments from clear cuts to 
thinning. Best management practices for truck roads, skid 
trails, landings, streamside management, wetlands, and 
stream crossings were used. Harvesting did not significantly 
change suspended solids. stream habitat, macroinvertebrate 
populations, or stream temperature (Maryland Dept. Nat. 
Res. and Chesapeake & Coastal Watershed Service 2000). 

Forestry BMP have remained relevant because they are 
revised periodically. During the 1990s, nine states in the North- 
east revised their forestry BMP to provide updated techniques 
to address new logging methods, strengthen riparian provi- 
sions, and address changing laws (Edwasds and Stuart 2002). 
Best management practices also are evaluated using accepted 
reseal-ch techniques. They generally have been done on "real 
world logging operations involving commercial crews and 
techniques. Consequently, the findings ase applicable to and 
representative of commercial situations. 

Application of the concept: Forestry BMP are effective 
at controlling nonpoint source pollution and protecting 
aquatic biology when used appropriately and adequately. 

Summary 

The forest floor is a key watershed attribute of forested 
watersheds. It controls storm runoff, stream sedimentation, 
and nutrient loading by encouraging surface water to infil- 
trate into the soil. Harvesting has a small affect on water 
resources for two reasons: first, removing the canopy does 
not significantly affect the function of the forest floor; and 
second, the disturbance from normal harvesting does not 
reduce the function of the forest floor significantly, except 
on roads and landings. Extreme experiments designed to 
demonstrate the effectiveness of BMP or to maximize the 
output of water do not represent normal forestry. Efforts to 
determine the e-ffectiveness of BMP in pollution control and 
the impact of harvesting on water resources must take 
natural conditions into account and separate the effects of 
harvesting from historic land uses and other current activi- 
ties on the watershed. The effectiveness of forestry BMP is 
validated by the acknowledgment that forestry is a minor 
contributor of pollution to lakes and streams (US Environ- 
mental Protection Agency 2000). 
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