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	I, Grant Meyer, declare:


	1.	My name is Grant Meyer.  The following matters are personally known to me, and if called as a witness I would and could truthfully testify thereto.


	2.	This declaration is presented in support of Plaintiffs The Wilderness Society et al.  I have been asked, as a professional geomorphologist, to evaluate the Fish Bate project area on the North Fork Clearwater River; to provide my observations concerning the effects of recent landslide and related events on the North Fork; and to further provide my opinion concerning the risks of mass movement and sedimentation as a result of the Fish Bate project to the North Fork and tributaries in the affected area.  


	3.	In my professional opinion, as explained below, the North Fork shows visible signs of sedimentation impacts from debris flows and other landslide events in the 1995-96 period.  Moreover, there is a very high probability that the Fish Bate project will foreseeably produce further measurable increases in sediment to the North Fork Clearwater and tributary streams in the project area, particularly from mass movement events including debris flows.   


	Statement of Qualifications


	4.	I am a native of Idaho Falls, and graduated summa cum laude in Geology from the University of Idaho in 1978.  I received an M.S. in Earth Sciences from Montana State University in 1986.  I worked with the U.S. Geological Survey from 1978 to 1983 in geological mapping in the Rocky Mountain states, in the Clearwater River basin in 1978 and 1980, and with the U.S. Forest Service in mapping surficial geology and geologic hazards in northwestern Montana in 1979.  


	5.	I earned the Ph.D. in Geology at the University of New Mexico in 1993, where my research concerned the geomorphic effects of forest fires in Yellowstone National Park.  I documented the processes and products of debris-flow and flood events following the 1988 fires, and identified similar events over the last 10,000 years.  These data demonstrated how fires result in landscape change through mass movements, and how this activity is controlled by climatic variations.  Publication of this work (Meyer et al., 1995) earned the 1997 Kirk Bryan Award of the Geological Society of America, the highest honor given in the field of geomorphology and Quaternary geology in the United States. 


	6.	Since receipt of my Ph.D., I have both taught courses and continued my field research.  I am presently an Assistant Professor of Geology at Middlebury College in Vermont, where I teach courses including Geomorphology, Surface and Ground Water Hydrology, and Environmental Geology.  For the current academic year, I am on sabbatical and residing in Prescott, Arizona where I am continuing field research projects and writing several articles and papers.


	7.	The term "geomorphology" means the study of landforms and the processes that shape them.  A professional geomorphologist such as myself is trained in geology, hydrology, soils, and weather and climate.  


	8.	My specialty as a geomorphologist is slope and stream processes in mountainous regions, especially in the northern Rocky Mountains, including Idaho and Montana.  In particular, I have studied mass movements (i.e., "landslides," including debris flows) in forested mountains and their effects on stream systems.  My current research projects include:


	 (A) Debris-flow and flood processes in steep mountain watersheds of the Payette River basin in west-central Idaho, and the influence of fires and climatic change on these processes.  This area is geomorphically and geologically similar to the North Fork of the Clearwater River basin, the subject of the observations below. 


	(B) Long-term evolution of the Salmon River system of central Idaho in relation to glacial and mass movement processes.  Again, the Salmon River system is geomorphically and geologically similar to the North Fork Clearwater region.


	(C) Flood transport of mine tailings and contamination of overbank sediments near Cooke City, Montana, near Yellowstone National Park.


	Basis for Opinions


	9.	My general observations about mass movements and sedimentation, as set forth below, are based on my professional knowledge and experience, including both field work and review of relevant scientific and technical literature, some of which is cited at the end of this declaration.  


	10.	My specific observations and opinions on mass movement activity and sedimentation potential in the North Fork Clearwater basin and Fish Bate timber sale area, as set forth below, are based on a three-day field examination in August 1998.  My observations are also based on study of topographic maps, relevant scientific literature, and agency reports.  These include the Fish Bate Final Environmental Impact Statement (FEIS) and other Fish Bate project materials.  I have also reviewed studies relating to landslide events in the Clearwater basin in 1974-76 (e.g., Day and Megahan, 1977); and again in 1995-96 (e.g., McClelland et al. 1997; Pipp et al. (1997).  My observations are further informed by my knowledge of the Clearwater basin from the time I spent there with USGS in 1978 and 1980; and by my professional experiences working in very similar geologic and geomorphic terrain in the Payette and Salmon drainages of central Idaho. 





	Mass Movements And Sedimentation: Background Information


	10.	In steep mountainous terrain, mass movements are often the dominant process by sediment moves downslope into streams.  Sediment from other, more continuously active sources may be more apparent and measurable over short time periods, but mass movements typically move a much greater amount of sediment in episodic storm-generated events, most commonly by debris flow (e.g., Dietrich and Dunne, 1978; Meyer et al., 1995; Kirchner et al., 1998).  Debris flows can transport all sizes of sediment, from silt and clay to very large boulders, and carry large logs and organic debris as well.  In unglaciated forested mountain environments, most debris flows are caused by failure of colluvium.    


	11.	Colluvium is the mantle of loose, weathered rock debris that overlies bedrock on slopes.  Although some might term this material soil, strictly speaking, soil consists only of the upper part of a surficial deposit that has been altered by near-surface processes, such as addition of decayed organic material and downward leaching of dissolved minerals.  Colluvium consists of unsorted sediment of a wide range of sizes, from clay, silt, and sand to cobbles and boulders.  Thickness of colluvium above the underlying bedrock may be anywhere from a few inches to tens of feet.  By gradual creep and wash processes and small mass movements, it tends to collect in gullies and slope hollows, which are also areas to which both subsurface and surface runoff is funneled (e.g., Dietrich and Dunne, 1978; Dietrich et al., 1986).  These slope hollows and gullies are ubiquitous in steep mountain terrain and typically have little or no streamflow over most of the year.  Thick accumulations of colluvium in steep slope hollows (e.g. from 25-40°) are inherently unstable, however, and tend to fail catastrophically when saturated.  Often, colluvial failures are triggered by intense rain following prolonged wet weather and/or snowmelt.


	12.	Saturation weakens the colluvium in several ways: it causes high water pressure within the pore spaces in the sediment, and seepage pressure where water is exiting the sediment.  It also weakens clay minerals that bond sediment particles together when dry.  When the saturated colluvium fails, it typically slips off bedrock or stronger colluvium layers underneath, and because of its high water content is rapidly transformed into a debris flow as it travels down the gully below.  A debris flow is a slurry; that is, the sediment, water, and organic debris flow together as a single fluid (e.g., Costa, 1984; Pierson and Costa, 1987).


	13.	Because of its great mass and velocity, a debris flow typically has much greater energy than normal streamflow down the same gully, and is capable of transporting large boulders and logs.  Debris flows often occur in minor slope hollows and gullies that have little or no streamflow over most of the year.  Debris flows traveling down steep mountain gullies are sometimes called "debris torrents."  These flows exert enormous erosive forces on the channel boundaries, scouring away most of the loose sediment, enlarging the channel, and incorporating this sediment into the flow.  The flow thus increases in volume and energy downslope.  


	14.	As discussed in more detail below, buffer strips of forest bordering mainstem streams are of little value in stopping debris flows in steep tributary gullies.  The main boulder and log-choked front of the flow typically knocks down any trees in its main path along the channel, and muddier parts of the debris flow simply run around trees and over the vegetated surface into the main stream.  Because the sediment and water are moving as a single dense fluid, sediment does not tend to drop out of the flow in a buffer strip as it would in normal streamflow.





	Impacts of Timber Harvest and Related Activities on Slope Stability


	15.	Logging or deforestation increases the probability of colluvial failures and debris flows in several ways (Gray and Megahan, 1981; Swanson, 1981): 


	(A)  As tree roots decay, their effect on binding loose colluvium together is lost. 


	(B)  Through transpiration, living trees pump large amounts of water from soil and colluvium.  Tree foliage also catches a portion of any rain and snow that falls and allows it to evaporate before reaching the ground.  Loss of trees means that soils may become saturated more readily.  


	(C)  Snow may also melt more rapidly without tree cover, as its shading effect and sheltering effect from warm winds and precipitation is lost.  


	(D)  Tree trunks and root systems provide a buttressing effect on masses of colluvium between trees, thus help to stabilize those masses.


	16.	Roads for timber harvest that traverse colluvial slopes can also reduce slope stability and increase sediment delivery to streams in a number of ways (e.g., O'Loughlin, 1972; Swanson and Dyrness, 1975; Reid and Dunne, 1984): 


	(A)  Road fills load the slope with excess weight, and the excess loose material is readily saturated.  This is especially true in slope hollows and gullies, where fills are thick and are prone to saturation from storm runoff in these steep drainages.  Culverts through the fill often become plugged, especially on roads not currently in use.  Runoff then ponds behind the fill, and saturation and failure are likely.  


	(B)  Failure of road fills often causes erosion and failure of colluvial material in gullies below the road, producing a large debris flow.  


	(C)  During storms on forested lands, a major proportion of the precipitation infiltrates through the soil surface and flows downslope in the subsurface through colluvium above the bedrock interface.  Roadcuts, however, drain this subsurface flow into roadside ditches and convert it to surface flow (Megahan, 1972).  Typically, ditches route this water to a nearby culvert in a colluvial slope hollow.  This process adds greatly to the amount of storm runoff in the hollow, increasing the probability of saturation and colluvial failure.  


	(D) The bare compacted road surface itself generates much greater surface runoff and fine sediment than undisturbed forest, which again is routed to colluvial hollows and into streams.


	17.	It is important to recognize that debris flows and other mass movements are part of the natural processes of landscape evolution.  In undisturbed forest watersheds, debris-flow events are strongly episodic, and are typically products of unusually wet weather and major storms, or major, stand-replacing fires in combination with large storms.  It is not the presence or absence of debris-flow activity that defines the "health" of the watershed.  Rather, it is the frequency of these events that is critical.  Timber harvest and related roading greatly increases the frequency of debris flows by lowering the threshold of stability for slopes.  Thus, harvested and roaded slopes often fail in storms which would not otherwise produce substantial and widespread debris-flow activity.  


	Ineffectiveness of Sediment Control Measures in Steep Mass-Movement Terrain


	18.	With regards to sediment control, riparian buffers are an attempt to treat the symptoms of the problem (sediment delivery to streams) instead of the primary cause (debris flows and other mass movements).  Numerous studies and examples from forested mountain regions -- including examples from the Fish Bate sale area, discussed below -- demonstrate that buffers do not control the symptoms effectively either.  


	19.	For example, Megahan et al. (1995) studied sediment yields after helicopter logging and broadcast burning in a central Idaho watershed with similar geology and topography to the Fish Bate area.  They found that despite buffer strips 15 m (50 ft) wide along all perennial streams, annual sediment yields increased an average of 97% over the 10 years following logging.  Likewise, in an experimental watershed in western Montana, Anderson and Potts (1987) observed that logging and road construction doubled suspended sediment discharge.  This increase occurred with only 20% of the basin harvested and 1.5 miles of road constructed.  


	20.	Buffer strips do serve other functions, e.g., they shade streams and prevent direct disturbance of channels by machinery.  They also help to maintain bank stability.  However, preserving bank vegetation does not prevent erosion in channels where streamflows have increased substantially due to harvest-related effects.  Increases in runoff and peak discharge typically result from logging and roads (e.g., Jones and Grant, 1996).  Increased flows cause channel enlargement through bank erosion, which adds to sediment in transport.  In logged basins in the Arizona mountains, for example, 150-foot buffers failed to prevent enlargement of ephemeral channels (Heede, 1991). 


 	21.	Buffers are thus an inappropriate and ineffectual sediment control measure in steep mountainous terrain subject to debris-flow transport of sediment.  It is much more effective to identify steep colluvial hollows and other mass movement-prone slopes by thorough field studies (Dunne, 1998), and prohibit deforestation and road construction in these areas.  





	Mass Movement Hazards and Inadequacy of Buffers in the Fish Bate Sale Area


	22.	In general, the geomorphology of the Clearwater River region is characterized by rolling, relatively low-relief upland areas that are cut by steep-walled, high-relief river canyons.  These steep canyon slopes are called "breaklands."  The steepest parts of the breaklands are typically along the lower slopes, which are the most susceptible geomorphic zone in the region to mass movements.


	23.  The Fish Bate sale area on the lower south slope of the North Fork Clearwater River canyon exemplifies a lower breakland area, and thus presents the worst possible mass movement hazard.  A graphic illustration is found in Exhibit 1 hereto, which is a GIS map prepared using Forest Service data, reflecting the slopes of the sale area and the North Fork Clearwater watershed, with the Fish Bate sale area highlighted.


	24.	The Fish Bate FEIS discussion of the current environment (Chapter III) supports this observation that the Fish Bate sale area presents the worst possible mass movement hazard.  The FEIS notes that over 72% of the landtypes in the sale area have a high to very high potential for mass wasting (i.e., mass movement), and over 86% of the slopes have high to very high sediment delivery efficiency to streams (Fish Bate FEIS, pp. 54-57).  The FEIS also acknowledges that past landslides, road fill failures, and debris torrents have occurred, e.g., in Sneak, Sheep, Martin, Fish, and Bates Creeks; and that habitat conditions have been severely degraded (FEIS, pp. 63-78).


	25.	The FEIS also notes that significant parts of the area, particularly in the Bates Creek sale area, contain large older mass movements with high potential for reactivation.  This area was not glaciated during the Pleistocene ice ages, therefore colluvium has not recently been scraped off as in glaciated areas, and is commonly several feet thick or more.  The decomposed granitic rock comprising much of the colluvium contains abundant sand and finer material that is highly erodible and in excessive quantities causes major adverse impacts to salmonid habitat (e.g., Gray and Megahan, 1981; Rieman and Clayton, 1997).  In addition, fine volcanic ash (6700 yr old Mazama ash from Crater Lake, Oregon; Sarna-Wojcicki et al., 1983) is a significant component of colluvium in this area, especially in hollows, and is also a poorly cohesive and very erodible material that accentuates siltation of streambeds.


	26.	The concerns in the above discussion about timber harvest-related increases in debris-flow hazards are particularly applicable to the Fish Bate area.  Because buffer strips are ineffective with respect to debris flows, such flows generated in Fish Bate sale areas have a high potential to directly enter and impact the main stem of the North Fork Clearwater River. 


	27.	 I viewed several examples of debris flows in the August 1998 reconnaissance of roaded and harvested areas adjacent to the Fish Bate area.  Most of these involved failures of road fill material that continued to entrain colluvial material as they scoured slopes and small channels below.  Examples were noted on slopes above lower Isabella Creek, Leuty Creek, middle Sheep Creek, Owl Creek, and Martin Creek.  Typically, slopes in the failure area were between 30 and 38°, as are common in the Fish Bate lower breaklands.  


	28.	The Leuty Creek and Martin Creek failures contributed to debris flows that traversed thousands of feet of channel through forested areas before debouching directly into the North Fork Clearwater River.  (Photographs of the Leuty and Martin Creek slides are attached as Exhibit 2).  The Isabella Creek debris flow also moved down a steep channel through a lower forested area before depositing in the valley floor and Isabella Creek channel.  


	29.	These examples from the Leuty and Martin Creek slides clearly illustrate the fact that buffer strips of unharvested timber left adjacent to streams are not effective in controlling debris-flow sediment inputs to the streams.  This is especially true of debris flows that travel down steep channels (i.e., debris torrents), as is typical of breaklands along the North Fork Clearwater canyon.  


	30.	I also observed two major 1995-96 debris-flow deposits along lower Orogrande Creek, an upstream tributary of the North Fork Clearwater in similar terrain to the Fish Bate area.  These deposits were emplaced by flows that initiated on 30-35° slopes and moved hundreds to thousands of feet through forested areas in narrow channels with 15-20° gradients.  Again, these Orogrande Creek debris flows reveal how buffer strips of unharvested timber are not effective in preventing debris flow sediment from entering streams.


	Impacts on North Fork Clearwater


	31.	The impacts of debris flows that deposited sediment directly into the North Fork Clearwater River, i.e., the Leuty and Martin Creek slides, are still evident.  The areas where the debris flows entered the North Fork are presently marked by large boulder fans.  These fans have been reworked by high river discharges that removed most of the fine sediment.  (See photos attached as Exhibit 3).  Some of the coarse sediment from these fans has been reworked into side-attached bars downstream.  Additional gravel from these and other 1995-96 mass movements probably contributed to the filling of pools downstream, and thus reduction of habitat; and likely increased bedload scour-and-fill instability that reduces spawning effectiveness.  





	32.	Probably the most significant impact of the debris-flow events on the North Fork, however, is the voluminous fine sediment associated with these flows.  Muddy flow phases are very often part of a debris flow (e.g., Costa, 1984; Meyer et al., 1995).  These "mudflows" are more mobile than the bouldery part of the flow, and travel much farther.  Thus much fine sediment either flows directly into the river, or is quickly worked into the river by subsequent minor streamflows, whether or not the main bouldery debris flow itself reached the mainstem.


	33.	Fine sediment (i.e., fine sand, silt, and clay) has been shown to negatively impact salmonid habitat in a number of ways (e.g.,. Murphy, 1995; Reiman and Clayton, 1997).  Perhaps most importantly, it increases cobble embeddedness -- i.e., it fills spaces between bed gravels, reducing invertebrate habitat and oxygen supply to fish eggs within (Everest et al., 1987).  


	34.	Although the North Fork has the capacity to move fine sediment rapidly downstream, some of this sediment is inevitably trapped in pools, back eddies, and within open spaces in gravel, particularly during waning discharges, such that it may persist for long periods after a series of debris flow events.  The Selway River drains a watershed that is geomorphically and geologically similar to the North Fork Clearwater, but which is largely unlogged.  In comparison to the Selway River, the North Fork appears to contain excessive fine sediment evidenced in pool-bottom accumulations and in turbidity.


	35.	Also, lingering instability of oversteepened debris-flow channel walls and channel-margin debris-flow deposits produces fine sediment from tributaries for a number of years after a flow.  Along with continued inputs from road failures and other chronic sources in watersheds managed for timber harvest, this persistence of fine sediment leads to cumulative impacts on mainstem streams such as the North Fork Clearwater River.


	36.	In summary, based on the current scientific understanding of mass movement events such as debris flows and debris torrents, and based on the data and my personal observations of the North Fork Clearwater in the Fish Bate project vicinity, in my opinion the North Fork continues to evidence the effects of the 1995-96 debris-flow and landslide events, which have very likely resulted in adverse impacts upon habitat conditions.


	Likelihood of Significant Impact From the Fish Bate Project 


	37.	Because of the very high debris-flow and mass movement hazard in the Fish Bate sale areas, and the lack of adequate plans for prevention of such activity, the determination of "no effect" or "no measurable increase in sediment" in the Fish Bate EIS for the selected Alternative 7 is unlikely to be accurate.  The Fish Bate project, within the foreseeable future of the project range of impacts, will almost certainly result in further adverse sedimentation effects upon tributary streams and the North Fork Clearwater from sedimentation, particularly from debris flow-type events.  A number of considerations support this conclusion. 


	38.	First, major impacts stemming directly from the proposed harvest and related activities may not manifest themselves for some years after logging, until precipitation of sufficient magnitude and intensity occurs; but it is highly probable that such an event will occur in the decades before regeneration again stabilizes slopes.  Existing roads in the upper Fish Bate watersheds will likely continue to fail, with the probability of larger debris flows increased by harvesting of slopes below.  In addition, the cumulative impact of recurrent mass movement events (i.e., 1919, 1934, 1948, 1964-68, 1974-76, and 1995-96) and chronic sediment inputs from roads (Reid and Dunne, 1984) add greatly to the significance of any impact from the Fish Bate area.  


	39.	Second, prediction of the nature and location of debris-flow and other mass movement hazards on forest lands of the Pacific Northwest has improved greatly in the last few decades (e.g., Pierson, 1977; Dietrich et al., 1986; Montgomery and Dietrich, 1994; Benda and Dunne, 1998).  Identification and avoidance of sensitive debris-flow initiation areas requires fine-scale topographic mapping and estimation of colluvial thickness (Dunne, 1998).  Topographic maps with greater detail than standard 1:24,000-scale U.S. Geological Survey maps are required, along with field mapping of colluvial thickness and texture.  In reviewing the Fish Bate FEIS and other project materials, however, I have seen no evidence that the necessary detailed analysis has been conducted, including identification of debris-flow susceptible colluvial hollows and plans for avoidance of these areas in harvest.  Although the high to very high potential for mass movements and sediment delivery to streams is recognized, only a few general, broad-scale areas of mass-wasting terrain have been mapped (i.e., the "50" landtype), whereas colluvial hollows with very high potential for failure are ubiquitous and exist in large numbers in all of the Fish Bate sale areas.  Best Management Practices prescribed for the project do not include any provisions for identifying colluvial hollows and gullies and protecting forest cover on these critical areas. 


	40.	Third, the existing hazards for mass wasting events in the Fish Bate area are already quite high, and the actions called for under the Fish Bate Alternative 7 are likely to substantially increase these hazards.  The Fish Bate FEIS calls for extensive logging involving substantial removal of canopy, of up to 80% in many cutting units.  This is in addition to the approximately 140.86 million board feet of timber that has already been harvested from the Fish Bate Analysis Area (FEIS p. 83), which has affected some 44% of the overall analysis area (FEIS p. 6), with much higher percentages in specific drainages, e.g.,  59.4% of Sneak Creek drainage has been logged already (FEIS p. 64).  As explained above, deforestation increases risks of mass wasting-type events in a number of ways, including by loss of root strength in binding loose colluvium together, removal of canopy and associated increases in soil water content, and other factors.  Thus, the further deforestation called for in the Fish Bate Alternative 7 will cumulatively and substantially increase the already high risk factors for mass movement events in the project area.


	41.	Fourth, although the majority of 1995-96 mass movements inventoried in the Clearwater National Forest by McClelland et al. (1997) related to road failures, a significant proportion occurred in harvested areas (12%) and were unrelated to roads.  Also, it is very likely that many of the road-related debris flows were increased in sediment volume and runout distance by increased erosion as they traveled through harvested areas.  Roads already exist as initiation points for debris flows in previously harvested areas above most of the Fish Bate sale areas.  Helicopter log landings, which will be constructed under the Fish Bate proposal, also usually involve large, unstable fills on steep slopes and may also initiate debris flows.  Most of the colluvial hollows and gullies in the Fish Bate sale areas are not known to have been scoured by recent debris-flow activity, thus remain loaded with sediment to be entrained in future events, especially if those hollows are deforested.  The potential for large-magnitude debris flows is therefore high. 


	42.	Fifth, for reasons explained above, the harvest or riparian buffers prescribed for the Fish Bate project are not effective mechanisms to prevent debris flow-transported sediment from entering the streams of the project area, including the North Fork Clearwater.  The 1995-96 events within or near the project area alone demonstrate that unharvested buffers are inadequate to prevent debris flows from impacting streams through voluminous sedimentation.  With existing conditions already creating high hazards for debris flow-type events, and with the further increase in risk of such mass wasting as a result of the Fish Bate project, it is very likely that similar future debris flows will be promoted by the proposed actions. 


	The 1995-96 Storms and Mass Movements in a Historical Climate Perspective 


	43.	Finally, my opinion that the Fish Bate project will substantially increase the risks of mass movements, particularly debris flows, and thus almost certainly cause measurable additional sedimentation in project area streams, is also based on consideration of the historical climate perspective and the likelihood that precipitation and storm events will recur on a scale that causes such mass movement events. 


	44.	An argument might be made the storms of November 1995 and February 1996 were rare and extreme events that would cause numerous landslides regardless of land management, and are unlikely to occur again within the timeframe applicable to the Fish Bate project.  The available data indicate, however, that these storms were large, but not unprecedented or extreme; and that the reoccurrence of weather patterns triggering similar mass movement events must be expected in evaluating the likely effects of the Fish Bate project.  


	45.	According to NOAA, USGS and other data, the Clearwater River basin received 200% of normal precipitation in October and November 1995.  Peak discharge was ninth highest in 41 years in the North Fork Clearwater River, and third highest in 38 years in the main Clearwater at Orofino.  Thus, these maximum streamflows do not exceed previous records. They are significantly higher than flood peaks previously recorded in November, but late fall-winter floods associated with rain-on-melting snow conditions are not unusual in the Clearwater basin (e.g., Dec.-Jan. 1964 and Jan. 1974; Day and Megahan, 1977; McClelland et al., 1997; USGS, 1991), and it is to these events that the November 1995 floods should be compared. 


	46.	Precipitation at Powell Ranger Station on the upper Lochsa River was the most unusual recorded in the Clearwater basin and was termed extreme by Pipp et al. (1997).  The value of 13.68 inches was the highest November precipitation since records began in 1964, and is 314% of average for that period.  A recurrence interval of about 100 years was estimated for this November total using the 30 years of data (Pipp et al., 1997).  


	47.	However, monthly precipitation typically varies widely about an average value.  Recurrence interval calculations for precipitation and streamflow, moreover, provide only rough estimates of frequency, as they are strongly influenced by short-term climate changes, and a few large events can greatly alter the calculated values (Dunne and Leopold, 1978; Patton and Baker, 1980; Klemeš, 1989).  They are subject to even greater uncertainty when the period of record is short.  Confidence in recurrence interval estimates is very low when the interval is greater than two times the period of record (Dunne and Leopold, 1978).  Therefore, in the Powell case, recurrence intervals greater than 60 years are suspect when the period of record is 30 years. 


	48.	In addition, restricting the frequency analysis to November monthly precipitation only is arbitrary, as similar climatic conditions and storm tracks prevail throughout the late fall and winter months, and several similar precipitation, flood, and landslide events have occurred in the December-February period in Idaho (USGS, 1991).  A more appropriate analysis would also include data from these months.  Daily precipitation totals at Powell were 2.30 inches or less in November 1995; the recurrence interval for this 24-hr precipitation intensity in the Clearwater region is only about 10 years (Dunne and Leopold, 1978).  All of these considerations indicate that November 1995 precipitation was high, but not extreme in a properly long-term context.  


	49.	The fact that similar conditions again occurred only three months later, in February 1996, underscores this observation.  The conditions producing landslides in February 1996 were generally similar to those of November 1995.  Again, flows in the North Fork and main Clearwater Rivers were high but not exceptional (McClelland et al., 1997).  Small low-elevation streams experienced the most severe flooding, with estimated recurrence intervals as much as 50 years, but again, most of these streams have relatively short gage records making recurrence interval estimates unreliable. 


	50.	Overall, precipitation and streamflow data suggest that the November 1995 and February 1996 storms were indeed major events, but were not rare or extreme in any real sense.  Most importantly, they suggest that such conditions will be recurrent on a decadal timescale, and that responsible management of forest lands must plan for such events.


	51.	The history of other weather-landslide events on a similar scale in the Clearwater basin confirms this.  In 1974-1976, storms and landslides in the Clearwater National Forest were generally similar to those of 1995-1996 (Day and Megahan, 1977).  Major landslide occurrences are also reported for 1919, 1934, 1948, 1964, and 1968, with damage in some years "equal to or more severe" than in 1995 (McClelland et al., 1997; Caswell, 1996). 


	52.	These data indicate a basin-wide recurrence interval for major landslide events of a few tens of years, at most; and that weather and major storm events capable of generating mass movements should be expected roughly every one to two decades.  An increase in frequency of mass movements related to timber harvest in the North Fork Clearwater is strongly suggested by the multiple recurrent landslide events of the last 70 years.  The findings of McClelland et al. (1997) that 70% of the 1995-96 landslides were related to roads and timber harvest support a major management-related increase in mass movement activity and sediment delivery to streams.  By contrast, the recurrence intervals for major mass movement events in the absence of timber harvest and roading are more likely to be on the order of several tens to a few hundred years (e.g., Costa, 1984). 


	53.	A conservative approach to safeguarding Pacific Northwest forest lands from mass movements is particularly warranted, given the general climatic trend of warming over the last century.  Regional warming and warmer sea surface temperatures increase the probability of winter rainfall, thaws, and intense rain-on-snow events conducive to saturation, debris flows, and flooding, as in 1974 and 1995-96.  If warming continues, as appears likely (e.g., Mann et al., 1998), such events may become more common and/or severe.  Both climatic warming and fire suppression over the last 80 years have likely increased the probability of major forest fires in this area.  This also increases the probability that major debris flows will impact the North Fork Clearwater River in the near future, adding to potential management-related impacts.


	I declare under penalty of perjury under the laws of the United States that the foregoing is true and correct to the best of my knowledge.  Executed this ___ day of January 1999, at Prescott, Arizona.








				___________________________________


				Grant Meyer, Ph.D.
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	EXHIBITS





	Exhibit 1:	GIS Map of North Fork Clearwater and Fish Bate project area


			(Conservation Geography, 1998)





	Exhibit 2:	Photographs taken 8/98 of Leuty and Martin Creek debris flows 
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