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Public concern about adequate suppliesof clean water led to the establishmentin 1891 of federally protected forestreserves. The Forest Service NaturalResources Agenda is refocusing the agency on itsoriginal purpose. This report focuses on the role of forests in watersupply—including quantity, quality, timing of release,flood reductions and low flow augmentation, econom-ic value of water from national forest lands, and eco-nomic benefits of tree cover for stormwater reductionin urban areas.
HEALTHY FORESTS AREVITAL TO CLEAN WATERForests are key to clean water. About 80 percent of theNation’s scarce freshwater resources originate onforests, which cover about one-third of the Nation’sland area. The forested land absorbs rain, refills under-ground aquifers, cools and cleanses water, slows stormrunoff, reduces flooding, sustains watershed stabilityand resilience, and provides critical habitat for fish andwildlife. In addition to these ecological services, forestsprovide abundant water-based recreation and otherbenefits that improve the quality of life. 
MAINTAINING AND RESTORING WATERSHEDSWERE PRIMARY REASONS FOR ESTABLISHINGTHE NATIONAL FORESTSUse and development of the water resources of theUnited States underwent major changes during the19th century in response to the growing demands of apopulation that had increased nearly 20-fold since thefounding of the country. Westward expansion, andnavigable rivers, canals, and harbors for transporta-tion transformed the Nation’s economy. As the Nationexperienced this period of massive development,major problems emerged from overuse and poor man-agement of its water resources:
■ Urban water supplies were a major source of disease.
■ The capacity of many lakes and streams to assimi-late wastes was exceeded.
■ The survival of people living in arid or flood-proneareas depended on unpredictable precipitationpatterns.

The 1897 Organic Administrative Act said theseforest reserves were to protect and enhance water

supplies, reduce flooding, secure favorable conditionsof water flow, protect the forest from fires and depre-dations, and provide a continuous supply of timberBy 1915, national forests in the West had beenestablished in much the form they retain today. Thesenational forests, which included 162 million acres in1915, were essentially carved out of the publicdomain. At that time, few Federal forests were desig-nated in the East because of the lack of publicdomain. Public demands for eastern national forestsresulted in passage of the 1911 Weeks Act, authoriz-ing the acquisition of Federal lands to protect thewatersheds of navigable streams. From 1911 to 1945,about 24 million acres of depleted farmsteads, stump-fields, and burned woodlands were incorporated intothe eastern part of the National Forest System.This report focuses on the role of forests in watersupply—including quantity, quality, timing of release,flood reductions and low flow augmentation, econom-ic value of water from national forest lands, and eco-nomic benefits of tree cover for stormwater reductionin urban areas.
WATER IS THE CENTRAL ORGANIZEROF ECOSYSTEMSThroughout human history, water has played a cen-tral, defining role. It has sculpted the biological andphysical landscape through erosion and disturbance.The amount, place, and timing of water are reflectedin the vegetative mosaic across the landscape. Waterhas also played a key role in shaping the pattern andtype of human occupancy; routes of travel and trans-portation, patterns of settlement, and the nature andscope of human land-use all owe their characteristicslargely to water regimes.Conversely, social demands on the water resourcesystem have produced major effects on virtually everyaspect of that system including quality, quantity, dis-tribution, and form (for example, white water vs.impoundments).The human uses and values of water shape how itis managed, and the biological and physical character-istics of water shape human values and uses. Thus,water resource management requires a systemsapproach that includes not only all of the constituentparts, but also the links, relations, interactions, con-sequences, and implications among these parts.Traditionally, water has been valued as an engine ofdevelopment and as the source of commodity and util-itarian values to society. It has sustained agricultural
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production, grown forests, and powered cities andindustries. Today, these values remain, but they havebeen joined by a variety of others. Water is the basisfor many of the recreational and amenity values peopleseek. Increasingly, science shows, and managers rec-ognize, the key role of water flow regimes in ecosys-tem function and processes. Adequate flow and waterquality are essential to maintaining key fish speciesand fisheries, which in turn, are sources of many eco-nomic, cultural, and spiritual values. Across the Nation, significant challenges toresource managers, scientists, and citizens are pre-sented by emerging conflicts over providing high-quality, abundant flows of water to sustain aburgeoning population, an agricultural industry, his-toric salmon runs, and populations of other threat-ened aquatic species.
QUESTIONS ABOUT THE ROLE OFFORESTS IN WATER SUPPLY
How Much Water Comes from the National Forests?Excluding Alaska, about two-thirds of the Nation’srunoff comes from forested areas. National forestlands contribute 14 percent of the total runoff.National forest lands are the largest single source ofwater in the United States and contribute water ofhigh quality. More than 60 percent of the Nation’srunoff is from east of the Mississippi River, where 70percent of the Nation’s private and State forests arelocated. National forests in the East are responsiblefor 6 percent of this runoff. National forests in theWest provide proportionately more water (33 percent)because they include the headwaters of major riversand forested areas of major mountain ranges. ForestService literature from the 1940’s to the present hasclaimed that 50 to 70 percent of the Nation’s runoffcomes from national forest lands. It is now clear thatthose claims are overstated. 
What is the Value of Water fromNational Forest Lands? We calculate the marginal value of water from allnational forest lands to equal at least $3.7 billion peryear. Annual value of water from national forest landsis greatest in the Pacific Northwest and Pacific South-west Regions, and lowest in the Southwest Region.These values represent a lower limit on the range ofvalues attributable to waters flowing from the national

forests. The actual values of this water yield are almostcertainly higher, but how much higher is not known.
How Should Municipal Watersheds be Managed? One issue is whether municipal watersheds should beplaced under active or passive management regimesto sustain supplies of high-quality water over the longrun. Many Forest Service specialists think that watersupplies can be best protected by actively managingthese watersheds to maintain forest vegetation andwatershed processes within their natural range ofvariation. Conversely, many people in urban centersbelieve that, in the interest of water quality and safety,people should not alter watersheds in any way, otherthan to divert the water. Scientific evidence indicatesthat watersheds can be effectively managed for safe,high-quality water and still provide other resourceoutputs as byproducts.
Can Forests be Managed to Improve Stream Flow? Flooding and sedimentation from cutover lands wasone of the primary reasons for establishing nationalforests. The timing of water yields was also an impor-tant issue, especially the desire to augment late-sea-son flows. Vegetative cover and on-site control measureseffectively reduce flood peaks. However, significantshifts in the timing of late-season runoff are not likelyto be achieved through managing forest vegetationand snow across national forest lands. Treatmentsthat restore slopes, meadows, and channels; increasethe routing time between precipitation and runoff;and recharge ground waters can be expected to have agreater effect in sustaining late-season flows. Although theory suggests that vegetation manage-ment can produce more streamflow, for a variety ofreasons, general water-yield increases through forestmanagement are likely to fall in an undetectablerange. The data suggest that relying on augmentationfrom national forests will not be a viable strategy fordealing with water shortages. Greater gains can bemade by reducing water consumption, improving con-servation, and establishing water markets to allocatescarce supplies more efficiently. Providing cold, clearwaters of high quality for aquatic organisms andhuman use is probably the proper focus for managingwater on the National Forest System. There is relative-ly little management can do to increase total wateryield, but forest management can have major effects
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on water quality—affecting temperature, nutrientloadings, sediment yields, and toxic contaminants.
What is the Agency’s Role in ProtectingInstream Flow and Ground Water?The Forest Service must actively participate in theprocesses that allocate surface water, ground water,and water rights. To be effective, this participationmust be timely and of impeccable technical quality.Three needs stand out:
■ Forest plan revisions should incorporate instreamflow needs to maintain public values. When a Stateundertakes a basin-wide adjudication of waterrights, all beneficial consumptive and instreamwater uses on national forest lands should beclaimed in accordance with State and Federal laws.
■ Early and intensive collaboration among existingand potential water users is likely to be the mosteffective approach. Public and interagency collabo-ration in forest planning has great potential forsolving problems and achieving acceptable solu-tions, lessening the costly litigation common towater rights issues. 
■ In many places, the Forest Service lacks the tech-nical expertise in hydrology needed to protectinstream flows. Our present workforce of in-houseexpertise must be conserved and enhanced if costlyfailures are to be avoided. 
What is the Agency’s Role in Hydroelectric Relicensing? From the 1940’s to the 1960’s, 325 hydroelectric proj-ects were licensed and built on the national forests.These facilities have provided power and recreationfor the Nation. However, many of these projects havealso had significant adverse effects on national forestresources.During the next 10 years, more than 180 of theseprojects come up for relicensing. The relicensingprocess presents the only opportunity for the ForestService to address resource damage, mitigate futureadverse effects, and significantly influence how theseprojects will operate for the next 30 to 50 years.Forest Service participation in the relicensingprocess could strengthen mitigation and restorationprograms on national forest lands that would lead toimproved aquatic habitats and increased water quali-ty. Estimates of these benefits to national forest landsexceed a billion dollars. Potential benefits include newand upgraded recreational facilities, restored instreamflow regimes, and enhanced habitats for aquatic and

terrestrial wildlife. The relicensing effort offers a cost-effective, immediate means to address the goals out-lined in the Natural Resources Agenda and CleanWater Action Plan. 
What is the Agency’s Role in Conserving Aquatic Biodiversity? National forest lands and waters play a pivotal role inanchoring aquatic species and maintaining biodiversi-ty. More then one-third of national forest lands havebeen identified as important to maintaining aquaticbiodiversity. Five recent, large-scale, ecosystem-basedForest Service assessments identified networks ofaquatic conservation watersheds: the Northwest For-est Plan, the Interior Columbia Basin Ecosystem Man-agement Project, the Tongass National Forest LandManagement Plan, the Sierra Nevada Framework Pro-ject, and the Southern Appalachians Assessment.Such a commitment and a special effort of lands tothe purposes of aquatic species conservation could beregarded as the core of the national forest aquatic andbiodiversity conservation strategy.
Can the Watershed Condition on National Forests be Restored?The most comprehensive landscape-scale assessmentto date—the Interior Columbia Basin Assessment—found that the momentum from past events will pushthe system further from the desired condition overthe decades to come. Even with aggressive manage-ment, that momentum will not be overcome withinthe next 100 years under projected funding. Progresstoward forest health restoration can be expected toproceed very slowly. In the interim, vegetative compo-sition and structure at the landscape scale will bedetermined by unnaturally large, high-intensity fires.These findings suggest that it will not be feasible torestore all degraded areas. We will have to strategical-ly focus restoration efforts on selected watershedswhere we can hope to make a meaningful difference.
What is the Role of Urban Forests in Water Supply? Counties classified as “urban” contain one-quarter ofthe total tree cover of the coterminous United States.Urban trees affect water quantity by intercepting pre-cipitation, increasing water infiltration rates, andtranspiring water. They can materially reduce the rateand volume of storm water runoff, flood damage,stormwater treatment costs, and other problemsrelated to water quality.
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The Agency Challenge. The challenge for the Forest Service will be to simul-taneously perform the following: 
■ Systematically restore damaged watersheds on the national forests.
■ Mitigate additional watershed damage from landuses and the inevitable major wildfires.
■ Foster partnership efforts to meet the most press-ing watershed restoration needs when they falloutside of national forest boundaries.
ISSUES AND POLICYMaintaining supplies of clean water and protectingwatersheds were major reasons why public domainforests and rangelands were reserved. It was the head-waters of the western rivers, and cutover and erodedlands in the East, that became the National ForestSystem. With passage of environmental laws, such asthe Clean Water Act and Endangered Species Act,

clear standards for water quality were set by Federaland State agencies. Despite water qualityimprovements resulting from applying thesestandards, many streams in the Nation are still highlyaltered from their natural cycles. Under human influ-ences, neither the range of natural conditions nor thefull expression of ecological interactions betweenaquatic and terrestrial ecosystems is permitted.Many factors affect water quality, production, andquantity. The national population will nearly doublewithin the next 50 years. America’s population is get-ting older, more ethnically diverse, and concentratedin urban areas. The population of the West hasincreased 50 percent in the last 20 years and is expect-ed to increase another 300 percent by 2040. Much ofthe West was unproductive as farmland until landsbegan to be irrigated in the late 1930’s. As a result ofpopulation growth, large-scale reliance on irrigation,and a host of other factors that have increased wateruse, water in western streams is generally over appro-

Summary

Figure 1. National forest watersheds integrate multiple processesand issues that must be considered in aggregate. Isolated, single-issue solutions won’t work.
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priated (Moody 1990, NRC 1992). In Oregon andWashington, 40 to 90 percent of the land areas of indi-vidual national forests west of the Cascade Range crestare in municipal watersheds. The population surge inthe West is increasing the diversion and consumptionuse of water and, at the same time, demand for water-based recreation (Brown et al. 1991). This trend will continue and intensify. Most recre-ation in national forests is associated with some bodyof water (lakes, reservoirs, or streams). Recent publi-cations (Gillian and Brown 1998) have more closelylinked instream-flow issues to recreational activitiesand have described the complex relationships ofrecreation uses and water. For example, even withoutincorporating many of the economic facets of therecreational uses documented in the arid West, thevalue of instream flows for recreational fishing isgreater than the value of that water for irrigation(Hansen and Hallam 1990). There are more than 180 non-Federal dams onnational forests that provide hydroelectricity as wellas recreation. These dams are due for relicensing inthe next 5 to 10 years. The Forest Service, under theFederal Power Act of 1920, is legally bound to condi-tion the licenses to mitigate the effects of these damson fish, wildlife, water quality, and recreation values.The Nature Conservancy (1996) and other recentassessments have described the deteriorating condi-tion of freshwater species and ecosystems in the Unit-ed States. More than 300 freshwater species are listedor proposed for listing under the Endangered SpeciesAct. More than 37 percent of native fish species are atrisk of extinction, including all of the major popula-tions of salmon and steelhead trout on the west coastsouth of Alaska. National forest lands contain the besthabitat and strongest remaining populations of mostof the species at risk. The Nature Conservancy esti-mated that protecting and restoring 327 watersheds(~800,000 acres each) or 15 percent of the total num-ber of subbasins in the United States would conservepopulations of all at-risk freshwater fish and mussel

species in the country. National forest lands influence181 of these watersheds and will be the anchoringhabitat for nearly all of the west coast salmon andtrout populations. 
INTERPLAY AMONG ISSUESIn addition to the agency’s need to consider each ofthese issues independently, the interplay among themmust also be considered (see figure 1). For instance,many of the reservoirs in national forests were built tomeet many different needs, including water for agricul-ture. On the west side of the Oregon Cascades, only 5percent of the water that agricultural water rightsholders are entitled to has been claimed. If they beginto claim more of their entitlement, flows, water quanti-ty, and recreation will likely be affected in major ways.Moreover, several species of salmonids already listedunder the Endangered Species Act need more water incertain locales. Recognizing the loss of natural func-tion and natural hydrologic regimes in these highlyaltered streams, the Forest Service has been pursuingFederal water rights and adjusting conditions in spe-cial-use permits to require bypass-flows. Changes ofthe status quo in water appropriation deeply concernwestern State governments and senior water-rightsholders. Regional climate shifts and global climatechange could further exacerbate these issues and con-found them with other water issues.Various Federal interagency water initiatives areaddressing aspects of these issues. But, to date, therehas been no effort to characterize the particular roleof national forest lands in supplying the Nation’swater, or to define the role of Federal lands and waterin the matrix of State and private lands.The Nation’s water resources face growing scientif-ic, management, and political challenges. The ForestService will play a major role in these discussions,improving the ability of policymakers, managers, andcitizens to develop options, anticipate consequencesand implications, and fashion responsive, informedprograms. ❖
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ORLD WATER SUPPLYAlthough 70 percent of the Earth’s sur-face is covered with water, the amount offresh water available on land surfaces isa tiny fraction of the total; 97.5 percent of the wateron the planet is in the oceans — too salty to drink orto grow crops. Most of the 2.5 percent that is not saltwater is locked up out of practical reach in the vasticecaps of Greenland and Antarctica. Less than 1 per-cent is fresh water, present in the form of groundwa-ter, on the land surface, and in the atmosphere. Lessthan eight ten-thousandths of 1 percent is annuallyrenewable and available in rivers and lakes for humanuse including agriculture, and for use by aquaticspecies (see figure 2).Water is continuously cycled between the Earth’ssurface and atmosphere through evaporation and pre-cipitation. The fresh water that falls on land as rain orsnow, or that has been accumulated and stored overthousands of years as groundwater, is what people use

to meet most of their needs. That supply, althoughreplenished daily, is both limited and vulnerable tohuman actions and abuse. Over-appropriated riversand excessive groundwater pumping are serious prob-lems. Many of America’s important food-producingregions are sustained by the hydrologic equivalent ofdeficit financing—using water that is not beingreplaced. The rational use and protection of waterresources are among today’s most acute and complexscientific and technical problems. Shortages of freshwater and the increasing pollution of water bodies arebecoming limiting factors in the economic develop-ment of many countries, even countries not in aridzones. Under these conditions, assessing and manag-ing water resources is vital.  Reliable estimates ofannual streamflows, their fluctuations, and waterresources stored in lakes, aquifers, snowpack, and gla-ciers are critical to a clear understanding of naturalwater cycles and the effects of human activities.   All types of waters are renewed, but the rates ofrenewal differ sharply. Water in rivers is completelyrenewed every 16 days on average, and water in theatmosphere is renewed every 8 days, but the renewalperiods of glaciers, groundwater, ocean water, and thelargest lakes run to hundreds or thousands of years.These are, essentially, nonrenewable resources. Whenpeople use or degrade these water supplies, useablewater resources are lost and natural water cycles maybe disrupted.

Water Quantity and the National Forests

Figure 2. Only a miniscule proportion of the Earth’s water is freshand available to humans and terrestrial and freshwater aquatic life,making it a most precious resource.
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THE QUANTITY OF WATERFROM FORESTED LANDSForest Service literature from the 1940’s to the pres-ent (Gillian and Brown 1998) has asserted that 50 to70 percent of the Nation’s runoff derives from nation-al forest lands. But that assertion is only an oftenrepeated estimate, without a clear empirical basis.More accurate knowledge of how much water comesoff national forest lands, where it flows, and how it isused is essential for understanding what waters forestmanagers are managing, their economic values, andthe options for their future use.In order to answer the fundamental questionsabout yield and value of waters flowing from thenational forests, we estimated runoff using a sophisti-cated, spatially explicit simulation model. The modelfound that water yields from national forests are less

than 20 perent of the total surface runoff from thecontiguous 48 States (see figure 3). This is significant-ly below the estimates of water yield found in earlierForest Service literature.Water runoff from forested areas, including nation-al forests, was derived using the Mapped AtmospherePlant-Soil-System (MAPSS) model (Neilson 1995).The MAPSS model simulates the distribution offorests, savannas, grasslands, and deserts with reason-able accuracy. It is more accurate for forested thannonforested areas, and confidence is lower in thetopographically complex and arid Western States. Themodel produced annual estimates of runoff per 100-square-kilometer grid cell in the continental UnitedStates. Forested areas, national forest lands, andwatershed boundaries were overlaid on this grid toestimate runoff. In addition, runoff was estimated forthe national forests in each of the 18 water-resourceregions in the contiguous 48 States. The model accurately reproduces observed month-ly runoff. At the continental and hydrographic-regionscales, the model performs well compared topublished maps and U.S. Geological Survey data onmeasured runoff.About two-thirds of the Nation’s runoff, excludingAlaska, comes from forested areas. National forestlands, which represent 8 percent of the contiguousU.S. land area, contribute 14 percent of the runoff.National forest lands are the largest single source ofwater in the United States. National forests yieldwater of unusually high quality. This high qualitywater and its associated watersheds anchor nativefishes, mussels, and amphibians. Forested watershedseast of the Mississippi River generally receive morerainfall and produce more surface water per unit areathan forested lands to the west. They also tend to havea more even distribution of runoff during the year.Their floods are usually caused by hurricanes or tropi-cal storms, unlike western watersheds in the snowzone where spring snowmelt, sometimes supplement-ed by rainfall, causes the annual peak flows. Low flowsin the East usually occur during dry summers whenevapotranspiration rates are greatest; in the westernmountains, annual low flows usually occur in mid-winter. More than 60 percent of the Nation’s runoff isfrom east of the Mississippi River, where 70 percent ofthe Nation’s private and State forests are located.National forests in the East are responsible for 6 per-cent of this runoff (see the lower graph in figure 3).We estimated the actual runoff from national forestlands for the 18 water resource regions of the

Figure 3. Proportion of runoff from all forested lands and national forestof the continental United States (upper graph), derived from Neilson,1995. Proportion of runoff from all forested lands and national forestlands east and west of the Mississippi River (lower graph). 
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contiguous United States (see figures 4 and 5). Thegreatest yield of water from national forest lands isfrom the Pacific Northwest (Columbia River pluscoastal and Puget Sound rivers) and California. Theseregions have more than 20 percent of their area innational forest lands. The Tennessee River basin hasabout 6 percent national forest lands, but these are thewettest parts of the basin and yield much more waterthan their land area would suggest. Although waterfrom national forest land contributes only 6 percent ofthe Missouri River, it is most of the water fromWyoming, Montana, and Colorado. Nearly half of thewater from the Upper Colorado basin flows fromnational forest lands, yet it yields only about half thewater a smaller area of national forest land producesin the Ohio River basin.
Figure 4. Water resources regions of the United States (Source U.S. GeologicSurvey). 1 New England; 2 Mid-Atlantic; 3 South Atlantic-Gulf; 4 GreatLakes; 5 Ohio; 6 Tennessee; 7 Upper Mississippi; 8 Lower Mississippi; 9Soiris-Red-Rainy; 10 Missouri; 11 Arkansas-White-Red; 12 Texas-Gulf; 13Rio Grande; 14 Upper Colorado; 15 Lower Colorado; 16 Great Basin; 17Pacific Northwest; 18 California; 19 Alaska; 20 Hawaii; 21 Puerto Rico.

Water Resources Regions of the United States

10

11
12

13
19

20 21

18

17

16

15

14
07

08

09

04 02
05

06
03

01

PuertoRicoHawaii

Alaska

Figure 5. The contribution and proportion of water runoff from national
forest lands to the 18 water resource regions of the contiguous UnitedStates. Runoff estimate was derived using the MAPPS model (Neilsen1995). The bars represent yearly water yields from national forest lands.Percentages are the proportion of the total runoff from the water resourceregion that flows from national forest lands.

8%
6% 7%

5% 46%38%
32%

38%

45%

4% 4%
6% 9% 7% 23%

2% 5%29%

Runoff from National Forest Lands

%=proportion of thewater resource regionsrunoff that comes fromNational Forest Lands

Soiris-
Red-R

ainyMissour
i

Arkansa
s-White-R

ed
Texas 

Gulf
Rio Grande

Upper C
olorad

o

Lower Colorad
o

Great B
asin

Pacific
 Northw

est
Californ

ia
New Engla

nd
Mid-Atlantic

South
 Atlantic

 Gulf
Great L

akes Ohio
Tennes

see

Upper M
ississip

pi

Lower Mississip
pi

90
80
70
60
50
40
30
20
10

0
Billio

n cu
bic m

eters
/yea

r

Water Quantity and the National Forests



4

National forests in the West provide proportionallymore water (33 percent) because they include themajor mountain ranges and the headwaters of theprincipal rivers. For example, in California, nationalforest lands occupy 20 percent of the State but pro-duce nearly 50 percent of the State’s runoff. ThePacific Northwest shows the same pattern.The agency is using basins and watersheds in thelatest rounds of forest plan revisions, regional envi-ronmental impact statements, and assessments.Because of higher rainfall in the East, the smaller andmore fragmented national forest lands in the Easternand Southern Regions generate large volumes ofrunoff compared to the contiguous mountain forestsin the Rocky Mountain, Southwest, and Intermoun-tain Regions (see figures 6 and 7). The runoff fromthe regions provided the basis for calculating themarginal value of water discussed in the next section. 
Figure 6. The Forest Service has eight administrative regions in the conti-nental United States. The boundaries do not match up well to watershedsor water resource regions.
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Comparing water supplies to current withdrawalsindicates the likelihood that a small change in flowwould affect off-stream uses. If only a small propor-tion of available flow is diverted, off-stream users areunlikely to be affected by a small change in flow,except perhaps in a very dry year. This comparisonwas performed for the 18 water-resource regions of thecontiguous 48 States, with the exception that theupper and lower Colorado regions were combinedbecause so much of the lower basin’s supply originatesin the upper basin. The proportion of water supply ineach region withdrawn for off-stream use is shown infigure 8. In general, off-stream users in regions withratios below about 0.2 are not likely to be affected by amarginal change in flow. But these regions are largeand areas of shortage may exist even in regions withvery low total ratios of withdrawal to supply.Even though the MAPSS model is biased towardunderestimating runoff, water yields from nationalforests are much lower than the estimates that appearin the reports of the Chief dating back to 1947. Thefigures reported here are more accurate but not pre-cise enough to use on a forest-by-forest basis. Addi-tional work is needed to refine the estimates to thenational forest scale. 
DETERMINING A WATER VALUE FOR THENATIONAL FOREST SYSTEMThe economic importance of water can be character-ized in two ways, by estimating its economic effects interms of jobs or income, and by estimating what thepublic is willing to pay for it. Willingness to pay, thevalue addressed here, can exist for anything ofvalue—a market good like bottled water, a nonmarketgood like a recreational fishing experience, or a so-called “nonuse” service like the knowledge that a cer-tain riparian habitat is well cared for. Measuring thesevalues is anything but straightforward, and most esti-mates are only approximate.Most economic valuation studies of water havefocused on the marginal value of water volumes avail-able for instream and offstream uses. The estimatedmarginal values reflect our willingness to pay for achange in the amount of water, and they are of inter-est because management actions typically cause onlysmall changes. In some water-short areas, water mar-kets have emerged that also provide indications ofmarginal values. Evidence from these two sourcessuggests that (Brown 1999):
■ Economic studies of water value tend to beperformed, and water markets tend to develop,

where water is scarce. The values determined in suchstudies or markets are likely to overestimate valuesfor water supplies where water is not so scarce.
■ Marginal values of streamflow in any one usedepend on the degree of water scarcity, which inturn depends on localized water demand and sup-ply factors, including the capacities of water facili-ties like reservoirs and canals. Degree of scarcity ishighly site-specific, which makes transferring val-ues reliably from one site to another difficult.
■ The marginal value of streamflow depends on thevariety of uses to which the flow may be put. Itsvalue for instream uses—producing electricity athydroelectric plants or providing for habitat, recre-ation, and waste dilution—must be added to valuesin off-stream uses. Most diversions to off-streamuses consume some water but also provide somereturn flows that can be used by othersdownstream.
■ The marginal value of streamflow in off-streamuses can be zero in locations with ample watersupplies. Depending on recreation demand andhydroelectric plant capacities, the marginal valueof water in instream uses may be positive even inwater-rich areas.
■ Although values vary widely from one site to anoth-er, for typical areas without ample water supply,
Figure 8. The proportion of water supply that is withdrawn to off-streamuse in the 18 water-resource regions of the United States. If only a smallproportion of available flow is diverted off-stream, off-stream users areunlikely to be affected by a small change in flow, except perhaps in verydry years. (Alaska and Hawaii not included)

CaliforniaPacific NorthestGreat BasinUpper ColoradoLower ColoradoRio GrandeTexas-GulfArkansas-White-RedMissouriSouris-Red-RainyLower MississippiUpper MississippiTennesseeOhioGreat LakesMid-AtlanticNew England

Systems with a ratioabove 0.2 are likely tobe affected by a marginalchange in flow

Ratio of water withdrawal to supply0 0.2 0.4 0.6 0.8 1

Water Quantity and the National Forests



6

economic studies and transaction evidence suggesta marginal value of streamflow delivered to off-stream uses of roughly $40 per acre-foot, on aver-age. A few economic studies report higher valuesthan this for municipal and industrial water, butthe evidence is too limited to be applied to broadareas in large-scale assessments such as this one.
■ Marginal values of water in producing electricity athydroelectric plants range as high as $40 per acre-foot for flow originating at the headwaters of onehighly developed watershed, but the values aremuch lower for most places. Average values peracre-foot of flow in each of the 18 water-resourceregions (U.S. Water Resources Council 1978) of thecontiguous 48 States are conservatively estimatedto range from $0.26 to $17.00, with most below $2.
■ Marginal values of streamflow for recreation differwidely from one site or season to another, depend-ing on a host of factors, but evidence fromeconomic studies suggests that the marginal valueof streamflow for recreation is below $10 per acre-foot in most places.
■ The total value of streamflow from national forestsdepends on the average value over the entireamount of use, not on the marginal value. Becauseaverage values may greatly exceed marginal values,the average value of streamflow from nationalforests may be high even where the marginal valueis modest, especially in watersheds where nationalforests contribute a substantial portion of the totalwater supply. Average values are not observed inthe market place and are difficult to measure;therefore, estimating the total value of streamflowis difficult. Nevertheless, with appropriate assump-tions and the use of marginal values as a lowerbound on average values, a rough estimate of totalvalue may be obtained. 
■ The estimates of runoff from the national forestswere adjusted to correct for discrepancies betweenthe total land area within the mapped boundaries ofthe national forests and the area the Forest Serviceactually manages. As expected, the difference isgreatest in Regions 8 and 9, where the Federalholdings are more fragmented. This correctionremoved the difference between the “gross acreage”and the “National Forest System acreage” (USDAForest Service 1997). The volume of runoff fromthe national forests as estimated by the MAPSSmodel, corrected to reflect the actual land areaunder Forest Service management, is the nationalforest instream flow shown in column 2 of table 1.

Not all water is diverted for off-stream use andmuch water flows directly to the ocean without pass-ing through irrigation canals, municipal diversions,or the like. Therefore, the numbers for water flowingfrom units of the National Forest System were cor-rected to include only the water actually usedoffstream. Data on water withdrawals were taken fromthe U.S. Geological Survey (Solley et al. 1998). Thepercentage of total runoff in each region attributableto national forest lands was divided by the total runofffrom all lands in the corresponding Forest Serviceregion, as determined by the MAPSS model. Theresulting fraction was multiplied by the total runoff ineach Forest Service region that goes to offstream usesbased on the U.S. Geological Survey data. The resultsare shown in column 3 of table 1. The lower bound on the value of runoff from For-est Service lands was estimated by applying the aver-age marginal values discussed above (Brown 1999) tothe estimates of water yield shown in table 1 for eachForest Service region. Withdrawals to offstream useswere valued at $40 per acre-foot, and instream flowwas valued at $17 per acre-foot in the West and $8 peracre-foot in the East for recreation and hydropowercombined. Dilution, navigation, and nonuse valueswere assumed to be nil. The results of these calcula-tions are shown by Forest Service region in figure 9.The value of water flowing from national forests, inboth offstream and instream uses, is conservativelyestimated to be at least $3.7 billion per year.This estimate makes it possible to compare thetotal value of the water originating on the nationalforests with similar values for other forest resources.It provides a general idea of the relative importance to
Table 1. Water Supply from National Forests by Forest Service Region
Sources: Derived from Solley et al. (1998) and Neilson (1995)

National Forest National ForestRegion Instream Flow    Offstream Use
Acre-feet Acre-feet

Northern 15,914,000 3,815,342Rocky Mountain 9,144,792 2,150,811Southwestern 7,428,051 1,971,245Intermountain 11,458,855 4,785,689Pacific Southwest   33,201,475 9,496,005Pacific Northwest 44,658,346 4,806,316Southern 19,041,809 3,587,515Eastern 14,714,248 3,376,458

Water Quantity and the National Forests
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society of the various resources and equips the publicto make informed decisions about alternative uses oftheir forests.Water runoff is different from many otherresources, in terms of the degree of Federal owner-ship and control. Although the agency generally haslegal authority to decide about the sale or use of tim-ber stumpage, livestock grazing, and recreationaccess, the Federal Government has not established alegal right to most of the water flowing from theforests. Hard-rock minerals and fish and wildlife pres-ent a contrasting case, more like that of water runoff.Locatable minerals are owned by the Federal Govern-ment, but the agency does not control access. Fishand wildlife are owned by the State, with access con-trolled by the agency and “take” controlled by theState. In both cases, although the resources are notowned by the Federal Government, they do have valueto society, and in both cases the Forest Service esti-mates and reports on those values. 
TRUE VALUE OF WATERIS UNDERESTIMATEDThis estimate of of value understates the true value ofwater flowing from the national forests in three ways.First, our analysis counts marginal value rather thanaverage value, even though average values may great-ly exceed marginal values. Second, our estimatesignore values attached to navigation, waste dilution,

channel maintenance, and such ecological services asaquatic habitats and wetland functions. Third, ouranalysis does not count nonuse values—existencevalue, option value, and bequest value—even thoughsome studies indicate that nonuse values may be sub-stantial. The values estimated through this analysisthus represent a lower limit on the range of valuesattributable to waters flowing from the nationalforests. The actual values of these flows are almostcertainly higher, but how much higher is not known.Providing cold, clear waters of high quality foraquatic organisms and human use is probably theproper focus for managing water on the National For-est System. There is relatively little management cando to increase total water yield. But forest managementcan have major effects on water quality—affecting tem-perature, nutrient loadings, sediment yields, and toxiccontaminants. Management can also affect the storagecapacity of soils and alluvial deposits, marginally affect-ing magnitude of peak streamflow and the duration ofdry-season streamflows.Water quality changes affect aquatic habitats,downstream water management facilities, recreationopportunities, and water treatment costs. Land man-agement can cause increases in flood peaks andreduced channel stability, and impact the ability ofdownstream water users to benefit from the stream-flow. The values of changes in the quality or timing ofstreamflows have received less attention byeconomists than has total quantity, partly becausequality and timing are more difficult to monitor. Theeconomic value of careful forest management—man-agement that protects soils and water quality andtakes full advantage of the watershed’s ability to tem-porarily store water and ameliorate downstream flooddamage—calls for additional study, but it is notaddressed in detail in this paper. The economic analy-sis in this paper provides only a first approximation ofthe minimum value to society of the waters flowingfrom the national forests. Other measures of valueattributable to national forest waters remain to befilled in by further studies
MANY COMMUNITIES DEPEND ONWATER FROM THE NATIONAL FORESTSIn 1999, the Environmental Protection Agency (EPA)estimated that 3,400 public drinking-water systemsare located in watersheds containing national forestlands. About 60 million people live in these 3,400communities. We will eventually have a more accuratepicture of the role of the forests in providing munici-

Figure 9. Annual value of water from national forests by region. The mar-ginal value of water from all national forest lands is at least $3.7 billionper year.
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pal water supplies. All 50 States and many participat-ing tribes are now delineating the surface watershedsand groundwater recharge areas that provide publicdrinking water to the 68,000 communities that rely onsurface water or groundwater for their public watersupplies. This effort will extend over the next 4 years,as required by the Safe Drinking Water Act. In most of the West, a relatively few public watersystems and watersheds supply most of the popula-tion. For example, in Washington State, 86 percent ofthe population is served by a few very large publicwater systems, nearly all of which draw from nationalforest lands. However, the 69 percent of public watersystems that serve less than 100 connections (see fig-ure 10) could also be of major concern to the ForestService, because of the large number of such systemsand the passion with which people pursue protectionof their water supplies. An update of the 1978 inventory by Region 6showed that the number of communities in Oregonobtaining drinking water from National Forest Sys-tem watersheds in 1998 was more than 50 percenthigher than in 1978. Water from national forest landssupply about 80 percent of Oregon’s population of 2.8million people. 

The Siuslaw National Forest in Region 6 has iden-tified 136 public water systems on national forestlands encompassing 36 percent of the forest. Munici-pal water supply watersheds encompass 85 percent ofthe Rogue River National Forest and 94 percent of theUmpqua National Forest.In the Northern United States (21 States), 76.5million people are served by water from nearly 4,000surface water systems. National forest lands contain925 water systems serving about 7.75 million people.In Massachusetts, 11 percent of the area of the Stateserves the water needs of nearly 7 million people. Themunicipal watersheds there are more than 72 percentforested. New York City’s municipal watershed ismore than 60 percent actively managed forest.California’s State Water Project, with 22 dams and600 miles of canals, delivers water that originateslargely on national forest lands in the SierraNevada—more than 2 million acre-feet annually—to20 million urban and agricultural users in both theSan Francisco Bay and southern California. The Fed-eral Central Valley Project includes another 20 reser-voirs and more than 500 miles of canals that deliveranother 7 million acre-feet to irrigate 3 million acresin the Central Valley and provide drinking water to 2million urbanites.More than 900 cities rely on National Forest Sys-tem watersheds, including: Portland, Salem, Eugene,and Medford, OR; Eureka, Oakland, and Berkeley, CA;Denver, Fort Collins, and Colorado Springs, CO; Hele-
Figure 10. Washington’s community water systems. A relatively small num-ber of water systems supply large numbers of people. Numerous water sys-tems serve small numbers of people each, but each of them that includesNational Forest could be an important issue for the Forest Service.

Water Quantity and the National Forests
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na, Butte, and Bozeman, MT; Salt Lake City, UT; Reno,and Carson City, NV; Little Rock, AR; and Ely, MN.Relatively more western than eastern cities usenational forest water because of the relatively largerland base in the Western States.Should municipal watersheds be managed underan active or a passive regime? Many Forest Servicespecialists believe that long-term supplies of high-quality water can best be sustained under an active

program of vegetation management designed tomaintain the forest system and watershed processeswithin their natural range of variability. Many peoplein urban centers believe that humans should not alterwatersheds in any way, other than to divert water. Thescientific evidence indicates that watersheds can beeffectively managed for high-quality water while pro-viding for other resource outputs as byproducts. ❖

Water Quantity and the National Forests
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TREAMFLOW REGIMES,TIMING, AND FLOODSThe experience of widespread floodingand sedimentation following on theheels of logging and fire was one of the primary rea-sons for establishing national forests. The timing ofwater yields was also an important issue, especiallythe desire to augment late-season flows. Extendingthe irrigation season and limiting the adverse effectsof drought were also significant concerns.A wide range of human activities, including forestmanagement, roads, reservoir and dam operation, lossof wetlands, development and urbanization of flood-plains and other flood-prone areas, and stream chan-nelizing have been implicated as factors increasingthe destructive potential of floods. A wide range of agencies is responsible for variousaspects of flood prediction and control, but no oneagency or group of agencies is charged with evaluat-ing the consequences of its actions in relationship toother parties. Although forest practices may increasepeak flows and sediment transport from upland

streams, downstream effects may be minimized wherereservoir operation reduces flood peaks and sedimentaccumulates in reservoirs. On the other hand,sustained high-flow releases from dams maycontribute to higher sediment and turbidity problemsdownstream compared to shorter but higher naturalpeak flows. In the Intermountain and Southwest Regions, therelationship between healthy vegetation groundcoverand reduction of summer floods from high-intensitystorms has been well established, as summarized byColeman (1953)(see figure 11). The change in runoff associated with differentdegrees of ground cover shows that watershed coverand on-site water control measures can reduce floodthreats. Similar reductions in flood peaks have beenobserved in the East after watershed restoration. Formore humid areas, the effect of vegetation manage-ment and healthy upland watershed conditions is stillimportant in limiting erosion and sedimentationeffects from floods.Substantial and dependable beneficial shifts in tim-ing of peak runoff are unlikely to be achieved throughmanaging forest vegetation and snow. In the EasternUnited States and to some degree in the West, harvest

Water Quantity Issues for Forest Planning

Figure 11. Experimental results of the effects of watershed condition onrainstorm runoff and erosion (data from Great Basin Experimental Area, UT). 

S

GOOD Ground Cover60-75% of ground covered with plants and litter

SurfaceRunoff2% of rainfall
Soil Loss0.05 Tonsper acre

SurfaceRunoff14% of rainfall
Soil Loss0.5 Tonsper acre

SurfaceRunoff73% of rainfall
Soil Loss5.55 Tonsper acre

FAIR Ground Cover37% of ground covered with plants and litter
POOR Ground Cover10% of ground covered with plants and litter
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activities have increased late-season flows. Thesechanges are typically short lived, however, because ofvegetation regrowth. Sustaining late-season flows isan important issue and limited scientific studies havefocused on the relation between healthy watershedconditions and sustaining late-summer flows. Anecdo-tal observations from a variety of watershed and chan-nel restoration projects suggest that perennial flowshave often been restored to apparently ephemeralchannels by managing and restoring vegetation. Manywatersheds and meadows have been incised as a resultof poorly located travelways and roads. Other areashave greatly expanded channel networks as a result ofexcessive livestock use that produced gullys andincised channels. The effect of these slope, meadow,and channel incisions is to drain local groundwaterstorage and transmit flows downstream more rapidly.This process leaves little effective ground storage tosustain late-season flows or to carry over water stor-age into a drought year. Preventing incisions andrestoring incised slopes, meadows, and streams couldimprove late-season flows (see figure 12). Improvingthese conditions should be a focus of watershedrestoration efforts. Concurrently, additional researchis needed to understand the process andconsequences of incision and the values obtained inlate season flows through restoration activities. Roadsand their effects on draining slopes and increasingchannel density need additional study as well.In summary, limited but valuable opportunitiesthrough forest management could shift the timing offlows. A vital aspect is to prevent or limit incisions inslopes, meadows, and channels. Treatments thatrestore these areas and thus restore the relation ofchannels to the floodplains and increase the contacttime of runoff on slopes and meadows are likely torecharge soil profiles and shallow ground water reser-voirs, which would greatly increase the likelihood ofsustaining late-season flows.
AUGMENTING STREAMFLOWProducing substantial and extensive increases inwater yields from the national forests does not appearto be practical. Research has demonstrated that wateryields can be increased by removing vegetation andtrapping additional snow. But application of the vege-tation management practices needed to increase flowson a watershed scale is limited in practice by ForestService mandates to manage for a wide range ofresource values. Legal constraints, land allocations,technological limits, as well as societal values and

environmental, ecological, and biological concerns allfavor not committing national forest lands to themanagement regimes that would be needed toincrease water yields. Ziemer (1987) offers one of the best summariesand evaluations of the potentials and limitations ofaugmenting water yield on forested lands in the Unit-ed States. His findings indicated that for a variety ofreasons, water yield increases are likely to be unde-tectable. Forest research has demonstrated that cut-ting trees, type converting of brush to grass, andsnow management can produce increased wateryields. These increases generally come from lands thatreceive more than 15 inches of annual precipitation.In general, areas with higher precipitation, typified bymixed conifer species; spruce, fir, and lodgepole pineforests; and eastern hardwoods produce more yieldper unit area than other forest types.Although water-yield increases can result from for-est management activities, the increases produced bynormal silvicultural methods applied in the context ofmultiple use are modest. Even in wet environments ofthe Northwest (Harr 1983) and the Sierra Nevada ofCalifornia (Kattelmann and others 1983) these
Figure 12. Comparative rainfall and storm runoff hydrographs, WhiteHollow, TN, before and after watershed rehabilitation.
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increases could be in the range of 6 percent, if wateryield were strongly emphasized, but more likely 1 per-cent under normal management. Detecting and meas-uring this small change is outside the limits ofcurrent technology (Ziemer 1987). The most produc-tive areas for this potential would have the shortestduration because of rapid regrowth of vegetationreoccupying the site.Properly evaluating augmentation potential oftenoverlooks the legacy of historical forest managementactions. Frequently, much of the potential foraugmentation is already being realized. For example,in the Southwest, Schmidt and Solomon (1981) esti-mated that about 50 percent of the potential wasalready being realized.Strategies for dealing with water shortages shouldavoid relying on augmentation from national forestsas a substitute for practices to reduce water consump-tion and improve conservation.
INSTREAM FLOW REQUIREMENTSSustaining viable native populations of aquatic specieson national forest lands will require securing instreamflows that fall within the range of natural variation.Natural streamflows exhibit complex regimes, withimportant and  life-sustaining variations in their fre-quency, magnitude, duration, and timing. Fish andother aquatic and riparian organisms depend directlyon this regime and the habitats that it forms andmaintains. Some departure from these regimes is tol-erable and will not extirpate organisms, but thisthreshold is difficult to define. The Forest Servicemust actively participate in the processes that allocatewater and water rights to secure instream flows suffi-cient to sustain native populations.
Policy ImplicationsForest plans should be integrated with watershedassessments (assessments are conducted on all landswithin a watershed not just national forest lands) andwith watershed recovery plans so that goals are clearand of sufficient scope to include watershed manage-ment and restoration opportunities acrossownerships.  See figure 13 for examples of past andfuture strategies to obtain instream flows.Greater involvement of partners and other mem-bers of the public in the planning process would likelyneed a better understanding of the need to integratemanagement opportunities on all lands within awatershed including private lands.Forest plans, when they are revised, should identify

and quantify the amounts of surface and groundwaterneeded to meet present and future consumptive andinstream water uses on national forest lands. When aState undertakes a basinwide adjudication of waterrights, all beneficial water uses on national forestlands should be claimed in accordance with Federaland State procedural and substantive laws and regula-tions, unless otherwise directed by the Office of theGeneral Counsel. Forest planning should use themost defensible methods and avoid inconsistent andpiecemeal analyses. Early and intensive collaboration among existing andpotential water users is a cost-efficient approach in mostsituations. Public collaboration in forest planning canachieve acceptable solutions and may lessen or avoid thecostly litigation common to water rights issues. In many places, the Forest Service lacks the neces-sary technical expertise in hydrology. Our presentlevel of in-house expertise must be conserved and
Figures 13. Past strategies have been to litigate to secure favorable flowsand protect the public interest. In the future, the agency will incorporateflows needed to meet multiple-use mandates through forest planning, aswell as by litigation and negotiation.

Litigation

Litigation

Past Strategies for Obtaining Instream Flows
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Forest Plan
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Cost: $5 million/yrIn: 39 basins, 8 States43,000 claims pending State courts control timing,duration, costs, claimsLow to High rates of success

Cost: $200K-$500K/forestJust a few forests have doneOutside State court systemHigh chance of success in East, Midwest U.S.

Cost range $200K-$500Kper forestNeeds to be done for all forestsBetter public involvement,supportVariable rates of success

Expected lower costsFewer claims to bedefendedVariable rates of success

more balancedpolicy strategy

adjudication projects
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Figure 14. Hydroelectric dams in the 48 States both on and off nationalforest lands. The largest number of small hydroelectric dams is in the NewEngland, Great Lakes, southern Appalachian, and Mid-Atlantic areas.

Table 2. Hydroelectric dams licensed by the FERC in each Forests Service
region, both on and off national forests lands. Data derived from the NationalInventory of Dams maintained by the U.S. Army Corps of Engineers, com-piled and developed by the Pacific Northwest Research Station.

Forest Service Region Number on Number offNFS land NFS land Total
Northern (R1) 9 21 30Rocky Mountain (R2) 21 71 92Southwest (R3) 3 3 6Intermountain (R4) 10 34 44Pacific Southwest (R5) 152 87 239Pacific Northwest (R6) 35 74 109Southern (R8) 49 246 295Eastern (R9) 31 1,318 1,349Alaska (R10) 15 15 30Total 325 1,869 2,194

Water Quantity Issues for Forest Planning

enhanced if costly failures, both in collaboration andin court, are to be avoided. 
FERC RELICENSINGFrom the 1940’s to the 1960’s, 325 hydroelectric proj-ects were licensed and built on the national forests(see table 2). These facilities have generated powerand provided recreation opportunities. But buildingand operating these projects has also resulted in sig-nificant adverse effects on national forest resources.During the next 10 years, as more than 180 of theseprojects come up for relicensing, the Forest Servicewill have a unique opportunity to determine howthese projects will operate for the next 30 to 50 years.The relicensing process presents the only chance forthe Forest Service to reverse existing resource dam-age, improve water quality and aquatic habitat, miti-gate future adverse effects, and significantly increaserecreational opportunities to forest users.The national distribution of dams provides aninteresting look at how these dams are spread acrossnational forest lands (see figures 14 and 15). 
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There are nearly 2,200 hydroelectric dams in theUnited States, excluding Hawaii and Puerto Rico;about 15 percent of these are on national forest lands.Forest Service strategies for dealing with relicensingmay differ among the regions because the issues andcomplexity vary with factors such as dam size, theriver basin and biological contexts, interbasin watertransfers, and cumulative effects.The large-scale hydrologic effects of Americandams have recently been assessed by Graf (1999). Graffound that the greatest density of dams and the great-est segmentation of river systems in California, theTexas-Gulf, and South Atlantic water resource regions(see figures 14 and 15). Regions with high ratios ofstorage capacity to drainage area show the highestpotential for changes to instream flows and ecologicaldisruption. The greatest flow effects are in some west-ern mountain and plain regions, where dams canstore more than 3 years of runoff. The least effects toflow are in the Northeast, Upper Midwest, and North-west where storage is as little as 25 percent  of theannual runoff.

The regional variability of impacts and numbers ofdams suggests that the Forest Service cannot tackleevery dam relicensing on national forests with thesame intensity. Nationally and regionally, we mustfocus strategically on the basins and dams where wecan expect to achieve the greatest benefits for biodi-versity, recreation, and ecosystem function in large,complex, mixed-ownership watersheds.The Forest Service has binding statutory authorityand responsibility from the Federal Power Act (FPA)to stipulate license conditions the Federal EnergyRegulatory Commission (FERC) must include in thenew license. To successfully condition these licenses,the Forest Service must develop a substantial anddefensible administrative record to support the arti-cles that have been “demonstrated necessary for theadequate protection and utilization of national forestresources.” Developing the administrative recordrequires a significant commitment by the Forest Ser-
Figure 15. Hydroelectric dams in the 48 States on national forest lands.The largest number of these dams are on the west coast.
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vice in terms of technical and process personnel andfinancial support. Relicensing processes normally take5 to 10 years.Forest Service participation in the relicensingprocess could strengthen mitigation and restorationprograms on national forest lands that would lead toimproved aquatic habitats and increased water quali-ty.  Estimates of these benefits to national forest landsexceed a billion dollars.  Recreation, fish and wildlife,and watershed resources are the primary areas affect-ed by hydroelectric generation, and these resourcesstand to realize the greatest benefits from therelicensing efforts.  Potential benefits include newand upgraded recreational facilities, restored instreamflow regimes, enhanced aquatic habitats, andimproved wildlife habitat. Recent relicensing experi-ences have demonstrated that the benefit-to-cost ratiocan be greater than 30:1; no other Forest Service pro-gram has a higher potential payoff.
GROUNDWATERThe groundwater resource under the surface ofnational forest lands has never been assessed at thenational, regional, or forest scales. The U.S. Geologi-cal Survey has compiled a national atlas of groundwa-ter in the United States, and published detailedregional studies of all major aquifers. Although nei-ther of these sources show national forest lands, wecan infer some things from them about groundwaterin some parts of the national forest lands. We alsohave access to well logs where wells have been drilledon national forest lands by the agency or others. Manyforest acres serve as recharge areas for aquifers innearby valleys that many citizens depend on for theirdrinking and irrigation water. We are unable to quan-tify the amount, timing, or quality of this rechargewith available data.Over centuries, groundwater has been replenishedby inflows from rivers, lakes, and wetlands. At shallowdepths, the water table fluctuates with annual precipi-tation affecting lake levels and river flows. The valueof groundwater depends on the depth of the watertable due to drilling and pumping costs. We are notaware of any studies that have quantified the econom-ic values of groundwater functions.The States vary in their regulation of underground

water. In many States, there is little if any regulationor monitoring of the extraction of underground waterand there are unresolved jurisdictional questions overwho has control over water extraction within theboundaries of the forests.The ownership of groundwater is unresolved orunaddressed in many States. For example, the State ofVirgina claims the water underlying Federal lands andit remains unclear if such a claim has merit. Some existing special use permits involve theextraction of groundwater on national forest lands, butthere is no agency policy on environmental effectanalysis, valuation, metering, or resale of this water.At least three groundwater-related issues affectnational forest lands: 
■ Some communities want to change from contami-nated groundwater wells to surface water supplies,and national forests are the logical or sole source.
■ Groundwater extraction by adjacent communities orlandowners may be drying up nearby streams andaffecting riparian vegetation and aquatic habitat.
■ The status of groundwater ownership within thenational forests is unresolved in many States. TheForest Service lacks the scientific expertise anddata on the groundwater resources underlying itslands to effectively cope with these growing issues.
Policy ImplicationsThe growth of urban interface adjacent to the Nation-al Forest System has exceeded the agency’s ability torespond to the challenges of increased water demand.Most current forest plans do not address waterresources in a comprehensive manner.  Forests arenot adequately staffed with technical experts to han-dle the issues related to water that evolve faster thanthey can be inventoried.  Claims on water originatingfrom the National Forest System far outstrip theagency’s ability to track them, much less manage theissues.Starting points for developing an effective approachto the complex issues involved in water resourcesmanagement include:  a comprehensive inventory ofState law, an analysis of conflicts with agency resourcemanagement objectives, and a complete inventory ofWater Rights that are vested in the United States(within the National Forest System). ❖

Water Quantity Issues for Forest Planning
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orested watersheds have a well-deservedreputation for producing clean water.The Forest Service has conducted long-term research on the effects of land man-agement on water quality at experimentalforests—such as Hubbard Brook in New Hampshire,H. J. Andrews in Oregon, and Coweeta in North Car-olina. Research shows that the quality of water inundisturbed forests and grasslands is usually good. Inmanaged ecosystems, water quality depends on theparticular land-use practices being implemented.Some land-use practices can protect or restore waterquality, but others may degrade or pose risks to cleanwater. Long-term studies conducted by the Forest Ser-vice have provided much of the current understandingof watershed processes in forests and grasslands, andsuch studies will need to be continued to assess theeffects of forest management on water quality at land-scape scales and over longer periods of time.Most watersheds have several different land usesthat affect source waters in complex patterns. Theseuses overlap across the landscape and change overtime. A few studies have examined the interactionsamong multiple land uses and their cumulativeeffects over time, but most have examined smallwatersheds over short periods. More information isneeded to assist managers in dealing with the com-plexity of these interactions for larger watersheds andlonger time periods. A key action of the Clean Water Action Plan directsthe Departments of Agriculture and the Interior toconsult with other Federal agencies, States, tribes, andother stakeholders to develop a Unified Federal Policyto enhance watershed management for protectingwater quality and the health of aquatic ecosystems onFederal lands. The purpose of the Unified Federal Poli-cy is to ensure a consistent approach to managing Fed-eral lands on a watershed basis, to protect, maintain,and improve watershed conditions and water quality.In summary, forests and grasslands often producehigh-quality water. Long- term studies have shownthis to be generally true in undisturbed ecosystemsand for some classes of land use. Other forms of landuse have been found to degrade water quality to vary-ing degrees. The most significant water quality prob-lems found on national forests are typically sediment(turbidity and bedload), nutrients, temperature, andhazardous chemicals. Measures to protect, restore, ormitigate water quality have been devised for manymanagement practices. New research will be neededto understand the effects on water quality of innova-

tive land management systems currently beingdevised as part of ecosystem management and tounderstand the cumulative effects of multiple man-agement actions that overlap in space and time acrosslarge landscapes. 
TOTAL MAXIMUM DAILY LOADSSection 303(d) of the Clean Water Act requires thattotal maximum daily loads (TMDL) be established byStates, tribes, U.S. territories, and EPA for waterbod-ies for which water quality standards are not beingattained. Such waterbodies are generally referred to as“impaired” or “water quality limited.” Forest Servicepolicy is to participate in preparing and implementingTMDL’s. The Forest Service is collaborating with theEPA and Bureau of Land Management (BLM) to prepare a policy and framework for developing andimplementing TMDL’s in forest and rangeland environments.TMDL’s for a pollutant is defined by the EPA as thesum of the waste load allocation for point sources,plus load allocation for nonpoint sources of pollution,plus a load to allow a margin of safety (40 CFR 130.2).The load allocation for nonpoint sources of pollutionincludes “natural” background loads and the margin ofsafety accounts for uncertainty. The TMDL approach isa mechanism for improving impaired waters and aprocess for determining tradeoffs between point andnonpoint sources. It provides a focus for future water-shed management actions.A collaborative approach by all landowners in awatershed is the potential strength of the TMDLprocess. Its weaknesses are the current technical andscientific barriers to connecting water-qualitystandards to specific nonpoint sources, particularlywhere the pollutants of concern are native componentsof stream systems, like sediment and heat. Because ofhighly variable natural background regimes and longdelays between the introduction of pollutants anddownstream effects, relating water quality standards tothe effectiveness of individual control measures is oftendifficult or impossible. The lack of precision and relia-bility limits the utility of the TMDL process in allocat-ing loads to specific management practices or toindividual landowners in forest and rangeland settings.Creative approaches will be needed to salvage usefulgains from a legal framework that was designed forpoint-source pollution control and fits nonpoint sourcecontrol poorly. The Forest Service should continue todevelop and monitor best management practices,ensure a high rate of implementation, and revise those
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practices that are not effective, as the fundamentalbasis of our water quality management program.New technology developed by EPA and the ForestService for temperature monitoring uses forward-look-ing infrared radar to provide a spatially continuousthermal profile over hundreds of miles of streams.This technology is providing a framework for restoringwater quality and a picture of what sections are meet-ing and not meeting water-quality standards for tem-perature. This relatively cheap and accurate method isan important tool in providing landscape context towater-quality problems.
ABANDONED MINE LANDS ANDHAZARDOUS MATERIALS SITESAt least 38,000 abandoned mine lands and hazardousmaterial waste sites exist on national forest lands.These sites, most common on western forests, often

cause severe and chronic water pollution. In the early1990’s EPA proposed that discharges from abandonedmines be subject to permits under the Clean Water Act.As an alternative, a “watershed approach” agreementwas made to coordinate the efforts of all land managersand owners to efficiently and comprehensively addressrestoration projects in entire watersheds, rather thanspot-treating individual sites. Key steps in the intera-gency agreement include setting priorities—amongwatersheds in each State and mine sites within eachpriority watershed—and monitoring. Severalwatersheds were selected as pilots, including BoulderRiver in Montana and Upper Animas River in Colorado.Now included in the Clean Water Action Plan, coopera-tion and collaboration among States, Federal agencies,and tribes is fundamental to the watershed approach.This program is relatively new, and few mines havebeen completely restored. ❖

Water Quality 
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ational forest activities have affectedwater quality and productivity of the land.Problem watersheds and processes areoften masked by the size of the landscape,or noticeable only when flooding or other disturbancesoccur. Although most watersheds on national forestsappear healthy on a large scale, extensive localizedrehabilitation needs still exist on these lands. Concerns include soil degradation, lack of vegeta-tive cover, eroding stream channels, gullies,landslides, abandoned roads, and compacted range-land. Some watersheds can be restored by emphasiz-ing land management requirements and practices.Some watersheds are so seriously affected that mak-ing a difference will be hard. Other watersheds areexpected to respond to intensive investment in ero-sion control features. Some types of work are inten-sive, structural, and expensive for a relatively smallsite and need to be monitored and maintained. Bio-logical treatments, like seeding, are extensive andrequire little maintenance. Disturbances in forest and grassland vegetationfrom drought, wind, fire, insects, and diseases are partof properly functioning ecosystems in watersheds.However, some past management practices—such asfire exclusion, timber harvesting, and human develop-ment—have created watersheds that experience morefrequent or intense fire disturbances than in the past.Many of these forests and grasslands are overcrowdedwith increased susceptibility to drought, and insectand disease outbreaks. The excessive amounts of deadwood and grass, especially in watersheds that histori-cally burned at frequent intervals, heighten the risk ofhigh-intensity, destructive fires. Large-scale vegetativedisturbances in a watershed adversely affect waterbod-ies by increasing soil erosion and nutrient runoff.With dense stands of vegetation and large amounts ofdead fuel on the ground, the size and intensity of firescan increase significantly and be accompanied bygreater risks of erosion, severity of floods, anddecreases in water quality.The long-term view is that healthy watersheds canonly be achieved if the ecosystems on the watershedare healthy. Watershed restoration includes recoveryof natural timber and grass stands and fuels composi-tion. Thinning, prescribed burning, and other man-agement projects are needed on a watershed(landscape) scale to significantly alter the predictedcourse of events leading toward large-scale erosion,flooding, and nutrient loss on disturbed watersheds. In the most comprehensive landscape assessment

to date—the Interior Columbia Basin Assessment—current condition of forest and rangeland areas haddrastically departed from the historical condition.Fire suppression and harvest of the large pine treesresulted in the buildup of fuels and changes in theponderosa pine forests.  Rangelands have been invad-ed by exotic weeds. Different management scenarioswere modeled out over the next 100 years. The model found that, at the landscape scale, cur-rent momentum toward further departure from thedesired condition will not be overcome in the next100 years, even with the most aggressive proposedmanagement. Management could not reverse thetrend of forest changes at current or reasonably fore-seeable levels of staff, activities, and budget. The sobering news is that, in the Interior Colum-bia Basin, forest and range health restoration will pro-ceed at such a slow rate that unnaturally large,high-intensity fires will continue to reset landscapevegetation. This is probably true in many other areasas well. These findings suggest that a more realisticassessment of the prospects for success is needed;effective restoration of all degraded areas is simplynot feasible. We do not have the resources to make adifference at landscape scale unless we strategicallyfocus our restoration efforts. Focusing on selectedwatersheds at the scale of 200,000 to 500,000 acres,where we can hope to make a difference, is a morerealistic and promising approach.
WETLANDS AND RIPARIAN AREASOf the nearly 192 million acres managed as nationalforests and grasslands, fewer than 10 percent are con-sidered wetlands and riparian areas. Higher percent-ages are found in Regions 8, 9, and 10 withsignificantly lower percentages (less than 2 percent) inthe arid and semi-arid portions of Regions 1, 2, 3, 4, 5,and 6. These are rough estimates because the ForestService has not conducted specific inventories of theseareas. Because of their limited extent and usually nar-row configuration, wetlands and riparian areas haveoften been mapped as inclusions in larger mappingunits during soil surveys, range analysis, and otherinventory and analysis efforts. A more definitive esti-mate is needed for improved management.These areas are often the most productive andmost used portions of the landscape because theyhave more available water, deeper and more fertilesoils, robust vegetation, and cooling shade. Riparianand wetland areas also receive the most intense usebecause they provide abundant forage for wildlife and

Watershed Condition and Restoration
N



19

domestic livestock, serve as transportation corridors,commonly produce quality timber, concentrate recre-ational use, and may hold valued minerals. The total grazing use of Federal lands has decreasedsteadily since the mid-1950’s. However, in the PacificNorthwest, grazing has increased on private lands nearwaterbodies and in riparian areas, bringing correspon-ding increases in grazing-related damage to riparianfunction and watershed condition. The condition of riparian areas and wetlands variesconsiderably across the Nation, depending on a num-ber of physical and land use factors. Estimates indi-cate that conditions on national forest lands are goodin over 90 percent of Alaska, 70 percent of the East,60 percent of the South, and in the West ranges fromover 50 percent in the more humid sections to lessthan 30 percent in semiarid and arid areas. Reasonsfor poor conditions vary significantly across the coun-try. Past timber harvest, roading, recreation, andurban encroachment account for much of the prob-lems in the East, South, Alaska, and humid portionsof the West. Livestock grazing, roading, recreation,mining, and urban encroachment account for muchof the concern in the drier parts of the West.Although these areas are easily overused and dam-aged, they also respond quickly to improved manage-ment. Watershed improvement programs, fisherieshabitat improvements, range betterment efforts,enlightened road placement and maintenance, andrestoration of abandoned mines all contribute toimproving these important areas. Key elements of theForest Service’s Natural Resources Agenda and CleanWater Action Plan focus on restoring and managingwetland and riparian areas.
ROADSAfter the Second World War, the growing demand forwood products fueled an exponential growth in forestroad mileage. From a limited mileage in 1960, thesystem of forest roads has grown to more than400,000 miles. During this period, conventional wis-dom held that as long as a road remained intact—comfortably drivable—the surrounding area wouldbenefit from increased access. People also believedthat adverse effects from roads could be corrected andthat physical and biological resources would not suf-fer long-term changes. The engineering emphasis wason protecting the road from damage by water; otherphysical or biological effects received little attention.In fact, many roads posed severe problems and risksfor forest resources, both as land disturbance and as
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Example:Slope Position – LayerWatershed – ScaleBluff Creek WatershedOrleans Ranger DistrictSix Rivers National Forest

Acres: 47,417Road miles: 224
Distribution of failuresites by slope positionUpper: 3Middle: 32Lower: 44
Distribution of roadmiles by slope positionUpper: 103Middle: 78Lower: 43
Failures per mile byslope positionUpper: 0.03Middle: 0.41Lower: 1.03

Road failure sitesSurface erosion(27 sites )Mass wasting(52 sites )
Blue-line streamsRoad systemsDecommissionedroads

Slope positionUpperMiddleLower

N 10
Miles1:115,000

2

Figure 16. Road failures are strongly related to slope position in this
northern California watershed. Note that most of the failures are in middleand lower positions, with only three in the upper slope position (USDAForest Service 1999). Effects vary greatly among roads, and substantialeffort is needed to distinguish high-impact and low-impact roads to set pri-orities for watershed restoration.
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access routes that concentrate human activities andpollution. Damages to watersheds and aquatic andriparian ecosystems accumulated in many places. In recent years, a growing concern for water quali-ty, runoff, and flood damage in forests and rangelandshas focused attention on roads and their effects onwater quality and watershed functions. The currentForest Service Natural Resources Agenda reflects thisconcern.Many studies have shown that roads in forests haveelevated erosion rates and often increase thelikelihood of landslides in steep or unstable terrain.Both of these effects can be especially pronouncedwhere roads cross or run near streams, resulting insediment discharge to surface waters. Roads are alsolikely sites for chemical spills associated with trafficaccidents, with the highest risk of water contamina-tion where roads cross streams. Proper road engineer-ing, application of Best Management Practices (BMP),and emergency preparedness can reduce but not elim-inate these risks. Unfortunately, most of the roads onnational forests and grasslands were built before cur-rent engineering practices and BMP’s were used, andthe cost of upgrading to current standards is high.

Other transportation corridors, such as pipelines andpowerline rights-of-way, also pose problems and risks.Not all roads have the same effects on watersheds.Variation is great and discriminating between high-impact and low-impact roads and road networks is animportant analytical challenge. For example, studieson national forest watersheds in northern California(USDA 1999) found that roads at or near ridgetops hadfar fewer failures and generated far less sediment tostreams than roads in lower slope positions (see figure16) . The specific effects of roads are stronglyinfluenced by a variety of factors, including road build-ing techniques, soils and bedrock, topography, andseverity of storm events.Research has shown that improved design,construction, and maintenance can reduce the effectsof roads on water quality, wetlands, and watershedfunction. Remarkably little is known about road effectson hydrology at watershed and subbasin scales, sothere is inadequate basis to evaluate the hydrologicfunctioning of the road system at large scales. Analyti-cal techniques need to be developed further. The specif-ic range of ongoing and likely watershed effects shouldbe evaluated at both regional and landscape scales. ❖

Watershed Condition and Restoration
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In conserving and recovering at-riskspecies and maintaining biodiversity, astrong consensus among conservationbiologists supports the need for refugiaor designated areas capable of providing high-qualityhabitat. For aquatic species, watersheds are the basicunit for such a conservation strategy. Watersheds thathave maintained hydrologic functions and processes,and those that support healthy populations of thespecies of interest or their specific habitats have beenidentified. These areas receive a combination of low-risk land allocations, special land-use standards, orpriority for analysis and restoration efforts.Networks of refugia must be large and well distrib-uted to anchor the persistence and recovery of the at-risk species in current and future disturbance regimesand ever-changing landforms and vegetation cover.Refugia alone are not assumed to be sufficient to con-serve species. Lands between refugia are expected to besubject to land allocations and practices that will pro-mote watershed function and conserve species, comple-menting the special focus on refugia.Some aquatic species (for example, invertebrates)depend on local habitats. They may exist only in a sin-gle spring or a spring-stream system in a singlewatershed. Where habitats are isolated or unique(because of water chemistry, vegetation, and a multi-tude of contributing factors), the potential for rarespecies is high. The distribution of these habitats is

not restricted to any set of watersheds, lithology, orother ecological units. The importance of these “rare”habitats must be recognized, with proper inventoryand site-specific protection measures.Where lands are set aside or allocated for speciallow-risk management, broad conservation benefitsaccrue, not just for targeted rare species, but for bio-diversity and watershed health as well. These areasprovide a hedge against unanticipated problems withspecies viability and large-scale disturbances and cli-mate changes. Five recent, large-scale, ecosystem-based ForestService assessments have identified networks ofaquatic conservation watersheds: the Northwest For-est Plan (FEMAT 1993), the Interior Columbia BasinEcosystem Management Project, The Tongass Nation-al Forest Land Management Plan, the Sierra NevadaFramework Project, and the Southern AppalachiansAssessment.Of these, the Northwest Forest Plan and the Ton-gass National Forest Land Management Plan haverecords of decision that delineate key watersheds orcentral areas for biodiversity. The stage is set andprogress is being made in the other areas to identifyspecial emphasis watersheds and to protect and,where needed, restore them.

Conserving Aquatic Biodiversity and Threatened Species

Table 3. Land areas identified for aquatic conservation, biodiversity, andclean water in various recent large-scale ecosystem analyses.

I

Assessement Area Number of Refugia Total area, refugia Proportion ofwatersheds watersheds (acres) total NF area*
Northwest Forest Plan 164 8,678,600 (includes BLM lands) 33%(key watersheds) 1

Tongass National Forest 2 Too many to count 13,662,000** 80%
Interior Columbia Basin    1,693 19,977,824 (includes BLM)               40%(strongholds) 3

Sierra Nevada 4 139                 5,747,261           47%(proposed emphasis watersheds)
Southern Appalachians      45                  10,303,360 (17% is National Forest) 38%(aquatic diversity areas) 5

*In the analysis area.** Conserve and restore land-use designations1. FEMAT 1994.2. Tongass Land Management Plan revision, 1997.

3. Interior Columbia Basin Ecosystem Management Project.4. Draft information from of the Sierra Framework project, PacificSouthwest Region (Joseph Furnish, pers. comm). 5. Southern Appalachian Assessment.
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These efforts represent a substantial actual andpotential commitment of lands to conserving aquaticspecies and could be regarded as a major part of anational forest aquatic and biodiversity conservationstrategy. More than 53 percent of national forest landsare represented by the assessments in table 3. Therole that the national forest lands play in anchoringfish and other aquatic species is not trivial, withgreater than one-third of national forest lands identi-fied as important to maintaining aquatic biodiversity.The Inland West Water Initiative, which includesRegions 1, 2, 3, and 4, will have completed its assess-ment and delineated special waterbodies and water-

sheds by early FY 2000. The asssessment will identifywhich watersheds are important and for what purpos-es (in a spatially explicit format), for more than 80percent of national forest lands in the four regions.Recent strategies for national forests have focusedon restoring the natural ecological processes that willcreate and maintain diverse and resilient aquatic habi-tat (Northwest Forest Plan, Tongass National Forest,PACFISH; proposed for the Sierra Nevada provincesand the Interior Columbia Basin.) These efforts willmove east and probably be incorporated into revisedforest plans in the next several years. ❖
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ational forests typically occupy the head-waters of large river basins. Forest activ-ities affect the water resource; so dodownstream land uses. In general, water-sheds on the national forests are in relatively goodshape compared to soils, waters, and riparian areas onprivate lands, ranches, and farms, and urban areasthat typically occupy the lower parts of a large riverbasin. It will take a comprehensive, watershedapproach to improve water quality or restore the fullrange of watershed function to the system. Water quality problems, and solutions, are dispro-portionately tied to urban areas. Urban areas are oftenforested and make a major contribution to maintain-ing and improving water quality. Counties classifiedas “urban” now contain one-quarter of the total treecover of the coterminous United States. Urban trees affect the volume of runoff by inter-cepting precipitation, slowing water infiltration rates,and transpiring water. By intercepting and retainingor slowing the flow of precipitation reaching theground, trees (in conjunction with soils) play animportant role in urban hydrologic processes. Theycan reduce the rate and volume of storm water runoff,flooding damage, stormwater treatment costs, andother problems related to water quality. Estimates ofrunoff for an intensive storm in Dayton, OH, showedthat the existing tree canopy (22 percent) reducedpotential runoff by 7 percent and that a modestincrease in canopy cover (29 percent) would reducerunoff by nearly 12 percent (Sanders 1986). A study ofthe Gwynns Falls watershed in Baltimore indicatedthat heavy forest cover can reduce total runoff by asmuch as 26 percent and increase low-flow runoff byup to 13 percent, compared with treeless areas, forequivalent land-use conditions (Neville 1996). Treecover over pervious surfaces reduced total runoff byas much as 40 percent; tree canopy cover over imper-vious surfaces had a limited effect on runoff. In reduc-ing runoff, trees function like retention structures. Inmany communities, reduced runoff from rainfallinterception can also reduce costs of treatingstormwater by decreasing the volume of water han-dled during periods of peak runoff (Sanders 1986).

Hydrologic costs may also be associated with urbanvegetation, particularly in arid environments wherewater is increasingly scarce. Increased water use indesert regions could alter the local water balance andvarious ecosystem functions tied to the desert watercycle. In addition, annual costs of water for sustainingvegetation can be twice as great as energy savingsfrom shade for tree species that use large amounts ofwater, such as mulberry (McPherson and Dougherty1989). In Tucson, AZ, 16 percent of the annual irriga-tion requirement of trees was offset by the amount ofwater conserved at power plants because of the energysavings from trees (Dwyer et al. 1992).Urban waterways are strongly influenced by imper-vious surfaces that generate large volumes of rapidsurface runoff, contaminants, and thermal loads. Theeffects of temperature extremes, nutrient loading, tox-ins, bed instability, current velocities, and disturbancefrequencies are all magnified in urban watersheds.Urban vegetation can reduce many of these adverseeffects by cooling air temperatures, shadingwaterways, removing pollutants from both water andair, reducing surface and subsurface flows, and byreducing pollutant emissions from various sources(Nowak et al. 1998).
POLICY IMPLICATIONSResearch is critically needed that integrates thesenumerous vegetation effects to evaluate the totaleffects of urban vegetation and various vegetationdesigns on water quantity and quality. This researchshould include field measurements, computer model-ing, and model validation. The Baltimore long-termecosystem research project is currently investigatingand integrating many of these research issues to helpanswer this complex question. More research and fieldmeasurements are needed to determine appropriateurban vegetation management strategies and designsto improve water and stream quality in and aroundurban areas, and consequently improve human healthand environmental quality in the Nation. ❖

Integrating Watersheds from the Headwaters Through the Cities
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his report contains information that canbe used to help articulate and guide theagency’s commitment to watershedhealth and restoration. The report is afirst step in identifying the particular role of nationalforests in providing water to the Nation and restoringwatersheds to a healthy, sustainable functioning con-ditionThe report has focused on answering basic ques-tions about the quantity, quality, uses, and value ofwaters that flow from the national forests; about thecondition and trend of national forest watersheds; andabout strategies for protecting and restoring degradedwaters and watersheds. We have surveyed thepublished information and tried to capture the cur-rent state of our understanding in this paper—thoughin sharply condensed form. Along the way, we havenoted gaps in the data and questions particularly ripefor further inquiry. Action items for additional inves-tigation include:
■ Refine water-yield estimates to the national forestscale. Precision estimates by forest and State arenecessary to drive water valuation models and aidin revising forest plans. This action could be com-pleted in 6 to 12 months, with a term or post-doc-toral position. 
■ Refine our estimate of the value of water on andflowing from national forest lands. The estimate ofthe value of water from national forest lands inthis paper is a first approximation that does notinclude dilution, navigation, quality of water, andnonuse values nor does it estimate the value ofcareful forest management in sustaining a water-shed’s ability to store and distribute water andmoderate downstream flooding. 
■ Convene a leadership forum to examine the partic-ular role that the Forest Service plays in providingclean water to the Nation and determine the kindsof watershed and forest management programs thatwill maintain long-term, high-quality water andkeep national forest watersheds operating withintheir historical range of variability.

■ Develop and activate a communications strategyon the connection of forested watersheds and cleanwater in urban settings, addressed to urban andsuburban publics and policymakers. This strategywould highlight the contributions that nationalforest lands, technical assistance, and stewardshipprograms can make to water quality, reducedstorm runoff, drought reduction, and watershedhealth.
■ Complete an agency-wide assessment of special-emphasis and biodiversity watersheds, modeled onthe assessment work of the Inland West WaterInstitute.

In the meantime, the Forest Service is activelypursuing initiatives to restore watersheds, improvewater quality, and protect aquatic habitats. The Chiefhas made watershed health and restoration,recreation, sustainable forestry, and roads manage-ment the agency’s top priorities. The Committee ofScientists recommended that the Secretary of Agri-culture highlight the need to plan for conserving andrestoring watersheds through maintaining flowregimes. These efforts recognize that watershedintegrity will be maintained and restored, in part,through sustainable management of the nationalforests. But watersheds are larger than forests, water-shed health will be achieved only through collabora-tive partnership efforts at the watershed scale asenvisioned in the Clean Water Action Plan headed bythe Administrator of the EPA and Secretary of Agri-culture. The Forest Service has a vital role to play onboth sides of the national forest boundaries.The challenge for watershed-based approaches willbe to develop a shared vision for healthy and produc-tive watersheds, based on understanding natural andhuman-induced variability at scales ranging from small(<20,000 acre) to large (>1,000,000 acre). New strate-gies are needed for managing in mixed-ownershipwatersheds, as well as creating new partnerships foreffective learning, assimilating new knowledge, andimplementing our shared vision. ❖

Next Steps
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