Bonneville Power Administration

FY 2003 Provincial Project Review

PART 2. Narrative

Project ID:
35062

Title:
Impacts of Flow Regulation on Riparian Cottonwood

Ecosystems in the Columbia River Basin

Section 9 of 10. Project description

a. Abstract 
The life history and ecology of riparian cottonwoods are closely linked with the dynamics of riverine processes. With the damming of rivers and subsequent alteration of seasonal flow regimes, the structure and function of riparian cottonwood ecosystems have been significantly altered along many western rivers. Funding from the BPA Innovative Projects Program has been used to initiate a study on the impact of regulated flows on riparian cottonwoods in the Yakima and Kootenai River Basins. This innovative study was designed to address several ecological and resource management questions, including:  1) How does flow regulation alter the population structure of riparian cottonwoods? 2) Does the areal extent of existing cottonwood forests differ from historic conditions? 3) Can regulated flows be modified to promote the recovery of riparian cottonwood ecosystems?  To date, our study has shown that current patterns of flow regulation within the Yakima and Kootenai River Basins have a significant negative effect on the structure and function of riparian cottonwood forests. We have also developed a preliminary “process” model (incorporating multi-spectral imagery) for modifying flow regimes to promote the recovery of riparian cottonwoods in these and other flow-regulated basins of the Columbia River.

On the merits of our current findings, we propose to expand our sampling regime and integrate studies of cottonwood reproductive biology and seedling dynamics with fluvial geomorphic processes, and connectivity of floodplain surfaces and shallow alluvial aquifers.  Results of the proposed studies in the Yakima and Flathead River Basins would provide a credible scientific basis for modifying flows to lessen the ecological impacts of flow regulation on alluvial floodplains throughout the Columbia Basin.  These ecological studies are carefully crafted to assess the effects of highly regulated-flow regimes (“Flip-Flop”) along the Yakima River in relation to the natural fluvial dynamics of the Middle Fork (Nyack Reach) of the Flathead River.  The extreme nature of regulated flows in the Yakima Basin not only captures the wide range of flow variability inherent to other regulated basins in the Columbia Basin, but also offers unique research opportunities in the study of the life history and ecology of riparian cottonwoods. In particular, the long-term affects of strong directional pressures on local populations in relation to temporal shifts in seasonal flow patterns.  This research would provide critical scientific data to several other ongoing studies within the Yakima and Flathead River Basins by the Bureau of Reclamation, Central Washington University, Universities of Idaho and Montana, and the Yakama Indian Nation, Kootenai and Salish-Kootenai Tribes.  The synergy of these efforts would significantly advance the understanding of the ecology of alluvial reaches in the Columbia River Basin and quantify key relationships between flow regulation, geomorphic processes, cottonwood recruitment and the recovery of riparian-dependent wildlife, salmon and other native fish.

b. Technical and/or scientific background
The life history and ecology of cottonwood, salmon and riparian-dependent wildlife are closely linked with the natural flow regimes of rivers and streams. (Braatne et al. 1996, Stanford et al. 1996, Williams et al. 1999).  Over evolutionary time, recurrent patterns of seasonal discharge (spring snowmelt, summer base flow) and of concomitant disturbances (erosion, sediment transport, accretion, etc.) have led to a variety of life history strategies that are closely attuned to the physical and biological demands of riverine and floodplain environments. 

The timing and duration of seasonal flows provide important seasonal cues for salmon, aquatic insects, and many species of wildlife and riparian plants (Figure 1). For example, the spring freshet that assists in dispersing salmon smolts downstream also moistens floodplain substrates for the recruitment of willow and cottonwood seedlings. Many aquatic insects emerge and mate to avoid burial or dispersal during spring runoff, and the return of migratory songbirds is closely cued to these springtime hatches. Thus, a series of ecological interactions are initiated with spring snowmelt and the subsequent survival of these organisms governed by succeeding patterns of flow during the growing season. 

Results from our innovative project strongly suggest that current patterns of flow regulation are limiting the reproductive success of cottonwoods in the Yakima and Kootenai Basins. This fact appears to have set in motion a spiral of ecological demise for a wide range of organisms that depend on multi-age stands of cottonwood and complex geomorphic river systems.  

The shifting mosaic of aquatic and riparian habitats in free-flowing alluvial reaches of the Columbia Basin support some of the highest levels of biodiversity in the Pacific Northwest (J. Mouw and J. Stanford, pers. comm.). This diversity spans multiple-trophic levels (Berg et al. 2000, Williams et al. 1999) and is thus essential to the ecological function of river basins. The life history strategies of riparian cottonwood (Figure 1) provide a clear set of guiding principles for the development of “normative flow” regimes in alluvial reaches of the Columbia Basin. By prescribing naturalized flow regimes that follow the seasonal life cycle of cottonwoods, resource managers would have a viable tool to promote the recovery of aquatic and riparian ecosystems in these alluvial reaches.

In the rest of this section, we outline the role of cottonwoods in sustaining critical ecological functions and natural patterns of biodiversity in riparian corridors along with some of the causes of flow-related declines in riparian cottonwood forests.  We also explain why fluvial geomorphic studies will be critical to continuing our studies on the impacts of flow regulation on riparian cottonwoods in the Columbia River Basin.  
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Figure 1.  A representative daily hydrograph for large alluvial rivers in western North America prior to the construction of major upstream dams.  Roman numerals represent important components relevant to the recruitment of cottonwood seedlings: (I) high flows to drive geomorphic processes that create suitable moist and barren nursery sites, (II) falling flows to expose the nursery sites, (III) gradual flow decline after germination that permits the growing roots to maintain contact with the receding moisture zone, (IV) sufficient flows through the hot and dry period of mid- to late summer, and (V) adequate flows in later summer and autumn to provide the seedling with a favorable water balance to withstand the winter months.  The life cycles of anadromous and resident fish and wildlife are also equally intertwined with these seasonal flow patterns. (modified from Mahoney and Rood, 1998)

I.  An overview of riparian cottonwood ecology: their role in sustaining the natural biodiversity of riverine corridors and recent flow-related causes for their decline.

Significant ecological functions of riparian cottonwood forests:  Riparian cottonwoods play an important role in providing the structure and function of riverine and floodplain habitats. Quigley and Arbelbide (1997), Rood and Heinze-Milne (1989), Rood and Mahoney (1990) among others have noted that riparian cottonwoods: 

· dissipate stream energy associated with peakflows, stabilize riverbanks, reduce erosion and improve water quality (Merritt and Cooper 2000, Friedman et al. 1998, Debano and Schmidt 1990, Scott et al. 1996, Bradley and Smith 1986, Strahler and Strahler 1973);

· filter sediment, capture bedload and promote floodplain development; (Tooth and Nanson 2000; Johnson 2000)

· improve flood water retention and groundwater recharge, ( Benke et al., 2000, Naiman et. al 2000)

· provide shade, large woody debris and reduce water temperatures which benefit a wide range of resident and anadromous fish (Debano and Schmidt 1990, Hauer et al. 1999, )

· promote a diverse mosaic of river channel habitats and off channel ponds that are necessary for fish production, waterfowl breeding and other wildlife uses, and (Whited et al. 2001, Pitlick and Van Streeter, 1998)

· support significantly higher levels of biodiversity than streamside conifers (Thompson et al. 2001, Naiman et al. 1992 & 2000, Whitham et al. 1996).

The role of cottonwoods in sustaining the biodiversity of floodplain habitats:  Native riparian cottonwoods provide critical habitat and support high levels of biodiversity for anadromous and resident fish and wildlife (Berg et al. 2000, Naiman 2000, Dunstone and Gorman 1998, Whitham et al. 1996, Finch and Ruggerro 1993). Cottonwood forests enhance the quality of adjacent aquatic and wetland habitats by moderating water temperatures (Debano and Schmidt 1990), and by supplying carbon, nutrients and large woody debris that provide habitat and sustenance for a variety of instream and streamside invertebrates critical to fish diets.  Native willow and cottonwood promote a diverse mosaic of river channel habitats and off channel ponds that are important for fish production. Riparian cottonwood forests are commonly associated with salmon spawning redds on major alluvial reaches throughout the Pacific Northwest (Adam Lewis and Jack Stanford, pers.comm.).  In fact, the seasonal life cycles of the salmon and the cottonwood are closely intertwined with native lore.  Among local inland tribes, the falling of yellow cottonwood leaves on the river surface was always taken as a welcoming sign for the return of the salmon.  

Riparian cottonwoods are also important to a wide range of resident and migratory bird and wildlife species. Several studies have documented that riparian areas have significantly higher biodiversity and species abundance than adjacent upland forest and sagebrush steppe habitats (Bruce et al. 1985, Achuff et al. 1984, Bunnell 1999, Naiman et al. 1992 and Whitham et al. 1996). There are several reasons for these high concentrations of birds and wildlife. Cottonwood stands support higher insect populations than conifers and their susceptibility to heart rot leads to higher levels of cavity nesting than in non-deciduous stands. Habitat complexity and species richness is amplified by the large size and variable longevity of cottonwoods in riparian habitats. Dynamic disturbance factors within floodplain habitats, especially on the alluvial reaches of larger rivers, create a diverse array of seral stages for willow, cottonwood and other riparian woody plants resulting in a broad range of habitat types that contribute to the overall value of such sites to wildlife. These factors, combined with the increase in basic productivity that results from year round soil moisture, generally good soils and usually, lower elevations and longer growing seasons, make these willow thickets and cottonwood forests exceptionally valuable to wildlife. While most wildlife species seasonally utilize riparian habitats, Bunnell et al. 1999 points out that 48 to 55% of all terrestrial vertebrate species in British Columbia are restricted to or prefer riparian habitats.

In addition to these geomorphic, climatic, soil and nutrient factors, there are four other ecological significant factors operating in riparian forests. These are the presence of fish in adjacent aquatic habitats, high insect numbers and the activities of beaver and pileated woodpecker. These riverine and riparian organisms play a key role in increasing both habitat complexity and quality for other fish and wildlife species.

The presence of fish as a food source and the seasonally dynamic and highly productive nature of this food source means that, although many resident birds commonly use upland areas, they tend to spend much of their life, and find most of their nutrition in riparian areas. These include osprey, great blue heron, bald eagle, and a range of accipiters and gulls.  Anadromous salmon and kookanee spawning areas are especially rich, although nongame fish are also an important food source. 

The high insect densities found in riparian wetland and floodplain complexes are due to a combination of rich and complex aquatic-terrestrial ecotones; including willow and cottonwood trees, flowing surface water habitats (in the main river and in side channels), seasonal wetlands and ponding as a result of spring floods.  The total diversity and density of the terrestrial and aquatic insects found in these areas are substantially higher than in adjacent upland grassland and sagebrush steppe habitats and are critical to many birds, and small mammals. Riparian areas, especially cottonwood stands, also provide increased amphibian and reptile richness (McComb et al. 1993, Gomez et al. 1996). 
Beaver also play a pivotal role in fluvial geomorphic and riparian processes, both in smaller side channels where their dams alter hydrologic, sediment and nutrient regimes in major ways (Naiman et al. 1988), and in larger rivers where they live in bank burrows and alter carbon and nutrient inputs to rivers through their feeding activities.  

The Pileated woodpecker is an important cavity excavator in riparian cottonwood forest (Ohanjanian 1991), using large cottonwood trees and snags for nesting. Their abandoned cavities are later used by a variety of cavity-nesters such as wood duck, bufflehead, common merganser, hooded merganser, common goldeneye and Barrow’s goldeneye.  Pine marten, red squirrel, northern flying squirrel, woodrats and several species of bats are also noted occupants of such cavities. Owls also use riparian areas preferentially, with the higher concentration of cavities and roosting sites and the higher densities of small mammals and birds all contributing to the value of this habitat type for these species.  Smaller woodpeckers also prefer riparian areas since feeding areas and potential cavity trees both occur in abundance.  Riparian systems are also important for otter, ruffed grouse, golden eagle and peregrine falcon (during migration).  

Cottonwood stands are also widely noted as important habitat for resident and migrating songbirds (Martinsen and Whitham 1994, Whitham et al. 1996).  This role is especially important in the Columbia Basin and other parts of the American west where riparian cottonwoods are often the only tree stands available to birds in landscapes largely dominated by semi-desert vegetation types. One author has suggested that western riparian cottonwood habitats support the highest non-colonial avian breeding densities in North America (Johnson et al. 1977). 
Given the multiple benefits provided by cottonwoods to anadromous and resident fish and wildlife, riparian ecosystems were identified as a high priority in the 2000 Columbia Basin Fish and Wildlife Program (Sec. 11.2E.1).  Healthy riparian cottonwood forests in the Columbia Basin will be essential to the success of numerous actions taken to protect salmon runs and other regionally threatened salmonids as well as the diversity of bird and wildlife species noted as being at risk in the various sub-basin summaries and work plans that have been prepared for NWPPC/BPA over the last two years (Berg et al. 2001, CBFWA 2000, 2001, 2002 a,b,c, Schaller et al. 2002).

Flow-related declines in riparian cottonwood ecosystems: Several studies from across western North America have revealed progressive declines in the extent and health of riparian cottonwood ecosystems (Rood and Mahoney 1990, Bradley et al. 1991, Braatne et al. 1996, Mahoney and Rood 1998).  The primary causes of these declines have been impacts related to damming, water diversions and the clearing of floodplain habitats for agricultural use and livestock grazing (Braatne et al. 1996).  Most of the research on dam-induced declines has occurred along rivers supporting prairie and Fremont cottonwoods (Johnson et al. 1976, Bradley and Smith 1986, Rood and Heinze-Milne 1989, Rood and Mahoney 1990, Rood and Bradley 1993, Snyder and Miller 1991, Stromberg and Patten 1992, Johnson 1992, Rood et al. 1995, Richter and Richter 2000, Polzin 1998).  These studies have shown that declines in riparian cottonwoods are related to the suppression of seedling recruitment. Since cottonwoods are a relatively short-lived tree (100-200 years), declines in seedling recruitment over the past century have lead to the widespread loss of riparian cottonwood ecosystems.  

The recruitment of cottonwood seedlings is strongly dependent on dynamic fluvial processes (Bradley and Smith 1984, Rood and Mahoney 1990, Rood and Mahoney 1995, Braatne et al. 1996, Mahoney 1996, Scott et al. 1996).  Dynamic seasonal flow patterns (Figure 1), combined with periodic flooding, provide moist, barren substrates that are necessary for seedling germination and growth (Bradley and Smith 1986, Rood and Mahoney1990, Rood and Mahoney 1994, Scott et al. 1996). After germination on these nursery sites, the roots of young seedlings must also keep pace with declining river levels (root growth averages 1.5 to 2.0 cm per day); Mahoney and Rood 1991, 1992, 1998, Selgelquist et al. 1993, Johnson 1994, Rood et al. 1995).  If river levels decline too rapidly, young seedlings rapidly succumb to drought stress.  Dependence upon these gradual levels of stage decline is responsible in part for the intermittent pulses of cottonwood recruitment along many rivers (Mahoney and Rood 1998).  Older and larger cottonwood trees are also dependent on periodic flooding and recharging of the alluvial water table (Johnson and Jones 1977; Rood and Heinze-Milne 1989; Rood and Mahoney 1990; Snyder and Miller 1991; Stromberg and Patten 1992).  Dams that attenuate spring peakflows and reduce summer baseflows induce significant levels of drought stress among all age-classes, and thereby promote a decadent age-structure among local populations (Fenner et al. 1985, Bradley and Smith 1986, Rood and Mahoney 1990, Stomberg and Patten 1991, Braatne et al. 1996, Scott et al. 1996).  Recent findings also suggest that regulated flows may alter the sex ratios of male and female trees and significantly lower the reproductive fitness of cottonwood populations (J.H. Braatne unpub. data, L. Glass, pers. comm. from studies of narrowleaf cottonwoods on the upper Green River, WY).  Unfortunately, the gradual loss of these ecologically significant species appears to be an emerging pattern from our studies along the Yakima and KootenaI Basins.

In recent years, a small group of researchers have successfully applied their knowledge of the life history and ecology of cottonwoods to promote natural patterns of recruitment below dams on several western rivers (Rood and Gourley 1996, Scott et al. 1996, Rood and Kalischuk 1998).  In these cases, high water volumes available in "high snowpack years" were released from reservoirs in a manner that was compatible with the timing of seed dispersal and germination by cottonwoods.  By encouraging recruitment during high snowpack conditions, patterns of seedling establishment mimic the natural episodic pulses of cottonwood recruitment along unregulated rivers (See Figure 4 below).  In essence, these researchers are using key life history information to restore riparian cottonwood forests (See Appendix A for a recently published case study of these restoration efforts). These flow management practices are now widely accepted by resource managers in Alberta  (Mahoney 1997) and Nevada (Rood and Gourley 1996) and are commonly integrated with regional programs to restore native fish populations.  Our study has begun to identify opportunities to enhance the recovery of riparian cottonwood ecosystems through selective flow management in the Yakima and Kootenai Basins.  By conducting the proposed additional studies, we are confident that flow management practices can be developed for these and other alluvial reaches of the Columbia Basin that will promote the recovery of cottonwoods and riverine functions critical to aquatic insects, amphibians and the spawning and rearing of anadromous and resident fish (Stanford et al. 1996, Williams et al. 1999). 

II. Linking Fluvial Geomorphic Processes with the Recruitment of Riparian Cottonwoods

Flow regulation by dams and water diversions has two general, yet synergistically related geomorphic outcomes for the recruitment of cottonwoods within floodplain environments: 

· Creation of new surfaces

· Successful recruitment related to topography and discharge

Fluvial processes of cut-and-fill alluviation create the geomorphic surfaces upon which cottonwood recruitment is initiated. Natural floodplain restoration is dependent on a sufficient supply of sediment to build new bars and islands and to prevent channel incision.  Two important sources of sediment are that stored in the banks and beds of the present channel. They are important sources because the deposition of sediment, supplied through erosion of the banks and channel-beds, is what creates new geomorphic surfaces and what allows for the potential re-colonization of riparian vegetation on short (annual to decade) time scales. Flow regulation can significantly reduce those geomorphic processes that create these recruitment surfaces.  Hence, flow regulation patterns that reduce geomorphic processes limit the recruitment success of cottonwoods.  Ultimately, these processes affect the anadromous and resident fish and wildlife species that use these altered habitats and riverine reaches.

The morphology of gravel bars, banks and channels changes continuously as you move down a river. Moreover, the difference in elevation between a newly formed recruitment surface and top of the floodplain bank and the difference in elevation between base flow water surface and the recruitment surface changes (Fig. 2).  Clearly, the relationships between the timing of seed dispersal, discharge vs water level (stage) and channel geometry will dramatically alter where seeds are deposited, the area for recruitment and recruitment success for each given cross-section. A channel where (A) in figure 2 is small and (B) is large may be a site that is incising due to a limit in the supply of sediment either from a regulation of flow, or upstream bank protection. Within the same reach you may have a site that is aggrading due to sediment deposition where both (A) and (B) in figure 1 are small.  The range in combinations of (A) and (B) is dependent on the channel geometry and can vary down reach (Fig. 3).  We will both measure these factors over a three year period and model them for historical discharge regimes correlated to tree age data and relative to prescribed flow regimes. The models will help guide development of “normative flow” regimes aimed at maximizing recruitment of cottonwoods.

[image: image1.png]290
NON
100
dag
bny
inr
unp
Repy
idy
Jep
,, REE|

uep

700

o o o o o =3
o o o o o o
© w0 ~ ] o —
o]

( mw\mEv ableyosip Ajiep uespy

Month




Figure 2. A schematic showing the difference in elevation between a newly formed recruitment surface and top of the floodplain bank (A) and the difference in elevation between base flow water surface and the recruitment surface (B).
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Figure 3.  A graph of the elevation differences, schematically depicted in figure 2, measured for the Kittitas Reach on the Yakima River. 

Comparative fluvial geomorphology of regulated and non-regulated reaches: In its most basic sense, fluvial geomorphic activity is dependent on a) available stream power, b) resistance of the bed and bank material to erosion and c) the amount of available sediment. Flow regulation can change the balance between sediment supply and stream power thus producing dramatic morphological changes (Merritt and Cooper 2000). Moreover, flow regulation can influence recruitment of riparian vegetation that has non-linear effects on channel dynamics. For example, cottonwoods increase bank resistance through root strength providing a bio-physical feedback mechanism that reduces the supply of sediment associated with bank erosion. In contrast, aggregates of large wood (LWD) can dramatically change the energy gradient across a floodplain bar, or vegetated terrace, resulting in extensive head-cutting in flood channels leading to major avulsions. The size and number of individual pieces and aggregates of LWD, including the presence or absence of rootwads, and their orientation to flow all have the effect of changing localized hydraulics, sediment supply and ultimately channel morphology (Naiman 2000, Hauer et al 1999, Bilby and Bisson 1998, Abbe and Montgomery 1996, Fetherston 1995, Shields and Gippel 1995, Nakamura and Swanson 1993, Smith et al. 1993, Robinson and Betschta 1990). Changes in flow resistance due to the presence of LWD can further reduce the transport capacity of the river by inducing deposition and the formation of bars and terraces (Abbe and Montgomery 1996, Shields and Gippel 1995, Smith et al. 1993).  These depositional features provide the landscape structure, sediment composition, and juxtaposition to surface and ground water that controls the colonization of floodplains by riparian plants (Johnson 2000, Naiman 2000, Hauer et al 1999, Abbe and Montgomery 1996, Fetherston et al. 1995).

These research findings illustrate the importance of bio-physical feedbacks through the production and entrainment of LWD as a non-linear geomorphic response that is directly tied to the differential imbalances between sediment supply and locally available stream power; all integrative factors that are ultimately impacted by flow regulation. Therefore, the geomorphic influence of flow regulation arises in part from changes in recruitment and survival of riparian tree species.  Moreover, these studies demonstrate that the intricacies between geomorphic processes and cottonwood recruitment are best assessed through comparative studies of regulated and free-flowing rivers. 
Similarities in the floodplain environments and patterns of cottonwood recruitment for the flow-regulated alluvial reaches of the Yakima Rivesr and the free-flowing Nyack Reach of the Middle Fork of the Flathead River: The alluvial reaches of the  Yakima, and Flathead rivers (Figures 4 and 5) are composed of a similar range in particle size (large cobble to gravel-based alluvial substrates), channel bed and valley slope, and seasonal/annual discharge (USGS river gage data).  These fluvial regimes are strongly dominated by seasonal cycles of spring snowmelt, summer drought and periodic stormflow events.  Hence, the range of expected geomorphic response is very similar.  Both floodplain environments are also influenced by the active exchange of surface and subsurface waters, resulting in a complex and extensive zone of hyporheic waters (Jack 

Stanford, pers. comm.).  As a result, episodic patterns of cottonwood recruitment are a common feature on the alluvial reaches of these rivers.  Cottonwood recruitment occurs on a regular basis for the Nyack Reach, however, large pulses of recruitment arise in response to peakflows from high snowpack years or periodic catastrophic floods, such as 1964  (Figure 6).   Similar patterns of episodic recruitment were once common along the Yakima River (Figure 7), however our findings show that recruitment is constrained by the flow regulation schemes (flip-flop) established in the early 1980s.  These preliminary data on seedling recruitment patterns from the Nyack and select alluvial reaches of the Yakima suggest that comparative studies of fluvial geomorphology and cottonwood seedling recruitment will provide a strong scientific basis for naturalized flow regimes on the Yakima River.  Our research will also yield novel quantitative data on how the geomorphic processes of large alluvial rivers are altered by flow regulation practices.  

Since cottonwoods are a keystone species in the biodiversity of riverine corridors, our findings will be critical to a number of large flow-regulated rivers in the western United States. Hence, our results will not only be significant for managing regulated flows in the Naches and Yakima rivers, they will also be relevant where flows are regulated on alluvial reaches elsewhere in the Columbia River Basin.
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Figure 4.  The Yakima River Basin and its Major Tributaries.
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Figure 5.  The Middle Fork (Nyack Reach) of the Flathead River, Montana.
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c. Rationale and significance to Regional Programs
The significance of our research lies in the relationship between natural riverine flows and the life cycles of cottonwood, anadromous and resident fish and wildlife. The results of our research will provide critical information to a number of regionally significant research and resource programs within the Columbia Basin as currently funded by BPA. These include: a) Yakama Indian Nations Yakima/Klickitat Fisheries Research Program (BPA Project No. 20510), Riparian/Wetland Restoration Project (BPA No. 9206200), and Habitat/Watershed Project (BPA No. 20547), b) BoR funded - Yakima Critical River Reaches Project, c) BoR funded - Biologically Based System Management for the Upper Snake River Basin and d) Shoshone-Bannock Fort Hall Reservation Riparian Habitat Protection and Restoration Projects (BPA No. 19921000). Dr. Braatne has provided lectures and field tours for resource staff of these programs to review the life history and ecology of cottonwoods in the Yakima, Kootenai and Snake River Basins. Dr. Braatne has also closely collaborated and shared our research findings with researchers at Central Washington University, Universities of Idaho, Montana and Washington, Battele Northwest, Yakama Indian Nations, Kootenai-Salish and Kootenai Tribes.  In the case of Central Washington University and the University of Montana, we subcontracted a portion of innovative project funds for remote sensing studies by the GIS/Mapping staff of the CWU Department of Geography and Land Studies and Flathead Lake Biological Station. The significance of our research and collaborative efforts in the Yakima, Flathead and Kootenai River Basins is further noted in the letters of support (attached at the end of the proposal) from: 

a) Dr. Jack Stanford, Director of the Flathead Lake Biological Station and Yakima Critical River Reaches Project and NSF Biocomplexity Project. 

b) James Esget, Director for the U.S. Bureau of Reclamation’s Yakima River Basin Water Enhancement Project, Yakima, WA. 

c) Chris Jansen Lute, Manager, Pacific Northwest Region, U.S. Bureau of Reclamation, Boise, ID

d) Dr. David Fast, Research Director of the Yakama Indian Nations and Yakima/Klickitat Fisheries Project, 

e) Greg Servheen, Wildlife Program Coordinator, Idaho Department of Fish and Game, Boise, ID

The significance of riparian cottonwood to anadromous and resident fish and the ecology of floodplain habitats are widely referenced throughout various sub-basin summaries and work plans that have been prepared for NWPPC/BPA over the last two years (Berg et al. 2001, CBFWA 2000, 2001, 2002 a,b,c, Schaller et al. 2002). In particular, these work plans identifies riparian cottonwood habitats as an important factor in the maintenance of several salmonid species in the Columbia River and its tributaries.  Sub-basin plans also note that riparian habitats are important to sustaining resident and migratory bird and wildlife species. Recent results from the EDT analysis for spring chinook, as reported in the Yakima Sub-Basin Summary, further indicated the importance of alluvial reaches to salmonids.  They noted that 60% of the restoration potential in the sub-basin lies within eight alluvial reaches of the river basin. Our riparian cottonwood and geomorphic studies are located within these high-priority reaches noted for salmon recovery efforts.  The attached letter by Dr. Fast, specifically mentions the importance of our findings to their EDT modeling efforts. The proposed flow prescriptions arising from our comparative studies of fluvial geomorphology and cottonwood recruitment will be directly integrated into the riverine and riparian habitat functions of the EDT model for the Yakima River Basin and provide a critical demonstration of the ecological importance of restoring riparian cottonwood forests along alluvial reaches throughout the Columbia Basin.

CBFWA ~ Fish and Wildlife Program

This project addresses the following portions of the 2000 Columbia River Basin Fish and Wildlife Program document:

· Actions should restore healthy populations by protecting and restoring habitat (P4, P12.)

· Experimental design should be part of management actions (P.12.)

· Management actions should lead to the re-establishment of natural river processes (P.12).

· Principle 4 notes that understanding underlying habitat forming processes is critical to maintaining habitats (P.15).

· Principle 7 notes the importance of adaptive, experimental actions as critical to ecological management

· And on P. 35 it is noted that flows in the system should be managed to approximate the natural hydrograph.

Mainstem Habitat Plan

· Action 35 – to modify current operations to benefit the Columbia River ecosystem. An objective would be to reconnect the riparian floodplain habitats and reverse riparian simplification. 

· Pilot study to assess the feasibility of enhancing the function of ecological communities along the mainstem.  BPA and others are to survey mainstem habitats, develop plans for improvement and initiate improvements in three reaches (action 155). 

· 180- riparian and aquatic habitat attributes and salmonid presence

· PNNL and USGS 2000 – identifies habitat modifications required for reconnecting backwater sloughs, silted in lateral channels and alcoves, reestablishing and enhancing historic wetlands, acquiring and enhancing riparian forests, and stabilizing daily water levels.

Basin Wide Recovery Program

· P14-Performance standards for flows, sediment, riparian vegetation conditions, large wood input and channel complexity and habitat access.

· Need to connect ecological problems/parameters and species productivity

· P17-present measures of restoration success 

· P20- landscape based recovery strategies – within context of salmon life history needs and extent of riparian and aquatic habitat alteration that has occurred.

· P35- models, monitoring and evaluation

· Evaluation based on monitoring and research.

Yakima Sub-Basin SummaryPlan
The proposed project will also provide significant contributions toward achieving the following goals and objectives listed in the Yakima Sub-Basin Summary (P 315):

Goal 1: Maintain and protect high quality riparian habitat areas.

Objective 1: Maintain reaches and upland areas in good condition (Strategy 5.7)


Objective 2: Reduce impacts on riparian and wetland areas (Strategy 4)

Objective 6: Improve mapping of habitat elements in the sub-basin.

Goal 2: Restore degraded areas and return natural ecosystem function to river corridors


Objective 2: Restore and maintain habitat for critical life stages of salmonids

Objective 5: Identify areas appropriate for riparian habitat restoration 

Objective 8: Restore degraded wetland and riparian habitats

Goal 4: Increase the information and knowledge required to restore fish and wildlife populations and their habitats.


Objective 1: Develop and use methodologies to monitor change in habitat.

Objective 2: Continue ongoing and dvelop new research to monitor and improve water, habitat and fish and wildlife populations.

The Yakima Sub-basin summary also notes the importance of floodplain connectivity and normative flows in the Statement of Fish and Wildlife Needs (for the Yakima Nations Wetland and Riparian habitat restoration project) on p. 353. It also notes the importance of these actions to maintain riparian habitat on P. 374.

Our proposed project will also address Section 9.6.2 (Habitat actions) in the NMFS Biological Opinion (Dec 21) under section 9.6.2.1 (Actions related to Tributary Habitat). 

d. Relationships to other projects 
BPA Funded Project on the Yakima and Kootenai  River Basins
BPA PROJECT 20034: THE IMPACT OF FLOW REGULATION ON RIPARIAN COTTONWOOD ECOSYSTEMS (PIs: J.H. Braatne, B. Jamieson)

Funding from the BPA Innovative Projects Program has been used to initiate this study on the impact of regulated flows on riparian cottonwoods in the Yakima and Kootenai River Basins. This innovative study was designed to address several ecological and resource management questions, including:  1) How does flow regulation alter the population structure of riparian cottonwoods? 2) Does the areal extent of existing cottonwood forests differ from historic conditions? 3) Can regulated flows be modified to promote the recovery of riparian cottonwood ecosystems?  To date, our study has shown that current patterns of flow regulation within the Yakima and Kootenai Basins are having a significant negative effect on the recruitment of cottonwood seedlings. We have developed a preliminary model for modifying flow regimes to promote the recovery of riparian cottonwoods.

NSF Funded Biocomplexity Grant (Middle Fork Flathead River)

BIOCOMPLEXITY – DYNAMIC CONTROLS ON EMERGENT PROPERTIES OF RIVER FLOODPLAINS (PIs: J. Stanford, R. Hauer, M. Lorang)
The fundamental concept of our biocomplexity proposal is that alluvial floodplains are regional centers of ecological organization.  Specifically, the key processes are cut and fill alluviation, channel avulsion and production and entrainment of LW (large wood).  Groundwater routing through the floodplain and upwelling back to the surface mainly involves penetration of river water into zones of high hydraulic conductivity (paleochannels) created by the legacy of channel scour and fill.  The strong interaction between short-duration, high stream-power floods, channel movement, increased roughness due to live and dead wood and upwelling of groundwater creates a complex, dynamic array of resource patches and interfaces, which we refer to as the shifting habitat mosaic.  This mosaic allows many species to co-exist in the flood plain landscape (biodiversity hotspots). We expect that biophysical linkages to the shifting habitat mosaic and its drivers determine flux and storage of heat, oxygen, carbon, nitrogen and phosphorus.  Important modifiers of system dynamics include drought, wildfire, flow and geomorphic regulation (dams and revetments) and invasions of nonnative species.

We used our conceptual model and empirical data from two decades of research on the expansive gravel-cobble flood plains of the Flathead River system in Montana to derive a set of working hypotheses that relate explicitly to emergent properties of these and other similar flood plains. The team also began modification of an existing, novel computer simulation model that is being used to route water above and below ground during specified base-peak-base flow regima through the Nyack flood plain, which has especially well defined boundaries owing to its geologic setting. The existing model is novel because it is spatially explicit and describes and tests the 3-dimensional linkages between surface and subsurface features and processes.  We plan integrating the current routing model with above and below ground hydrologic, heat transport and biogeochemical cycling models, initialized from both remote sensing information and our hypothesis-oriented studies and experiments, allowing spatially explicit quantification of floodplain structure, materials, heat and nutrient fluxes through time. This computational approach will be developed and validated at our Montana study site first, and then in comparison to other sites in the USA and Europe.

BOR Funded Studies on the Yakima Floodplain
The Flathead Lake Biological Station recently completed a detailed study of floodplain ecology.   Floodplains were identified, described in detail as shifting habitat mosaics driven by the interactions between surface and subsurface flow, sediment load and riparian vegetation.   We developed a novel remote-sensing tool for quantifying habitat distribution, type, abundance and quality ([Whited, In Press #19370] also Whited in press RRA, not in endnote).  Shallow water and off-channel habitats were found to be critical habitat for juvenile salmonids, including the listed populations.  These critical habitats are substantially degraded in the Yakima, primarily by years of flow regulation and revetment construction.  The spatial distribution of intact floodplain habitat has been reduced 40-70%.  Peak flows are not substantially regulated and therefore floodplain reaches that are not revetted (e.g., the lower half of the gap to gap flood plain) contain a natural array of habitat types.  However, base flow manipulations have substantially reduced the quality of these habitats. Coupled with the fact that part of the system is totally de-watered on drier years and substantially abstracted every year, the prospect for recovery of listed species is not high without substantial re-regulation of the base flow.  This kind of information is needed for all the sub-basins and the main-stem CR if recovery plans are to be scientifically credible.

Linking Fluvial Processes to Floodplain Ecology of the Yakima River: Stream Flow, Sediment Loads and the Potential for Geomorphic Work (PIs: M. Lorang, J. Stanford)

This research was aimed at quantifying fluvial geomorphic processes that create and maintain shallow water habitats in 5 key reaches of the Yakima River.  The priority reaches are the 5 major floodplain units (Cle Elum, Kittitas, Naches, Union Gap, and Wapato) of the Yakima River, Washington, identified as likely critical to salmon recovery  (Snyder and Stanford 2001).  The underpinning hypothesis is that the river can to do the work of naturally restoring shallow water habitats in the 5 key reaches identified as critical for productivity of juvenile salmon and steelhead. Key fluvial processes are channel avulsion, and cut and fill alluviation. These processes shape the floodplain landscape resulting in a continual shifting mosaic of habitat both above and below ground.  Maintaining this shifting habitat mosaic is dependent on the ability of the river to move freely about the historical floodplain.  It is also dependent on a balance between stream power, to accomplish the geomorphic work of channel avulsions, and cut and fill alluviation, and a sufficient supply of sediment to build new bars and islands and to prevent channel incision that would disconnect important surface and groundwater interactions. Hence, there were two main objects for this work. One was to determine which areas of the floodplains had the highest potential to be reworked by fluvial processes and the other was to develop a sediment budget for each of the five reaches. 

The spatial distribution of stream power, shear stress, sediment mobility, and volumetric flux, within the five reaches covered by multi-spectral imagery, were then modeled in a GIS.  The results of those analyses formed the basis for the sediment budget and provided an objective methodology to quantifiably determine floodplain zones of both high, and moderate potential for geomorphic work. Maps were produced that delineate these zones for each of the 5-floodplain reaches. The maps integrate results from the analysis of modeled stream power, and shear stress over various discharge regimes and are meant to serve as aids in the decision making process of prioritizing land acquisition efforts.

Stream flow and sediment loads were analyzed by linking remote sensing multi-spectral imagery with on the ground measures of flow velocity, water depth, substrate size and surface topography. Results from that analysis found that over a 30-year period a volume of sediment equivalent to 25% of the total sediment stores available in the floodplain reaches themselves is transported through each reach. The Union Gap reach was at 45% underscoring the dependence of that reach on sediment supply from the Naches River. All five reaches are dependent on sediment influx from upstream and bank erosion within to maintain geomorphic activity and functionality of groundwater / surface water connectivity in the floodplain. Future bank stabilization efforts within the reaches and up stream will impact restoration efforts in these critical reaches.
BOR Funded Studies on the Upper Snake River 

BIOLOGICALLY BASED SYSTEM MANAGEMENT FOR THE UPPER SNAKE RIVER BASIN (PIs: R. Hauer, M. Lorang)
The Bureau of Reclamation undertook the Snake River Resources Review (SR3) in 1995 to collect Snake River Basin information on Social, Recreational, Hydrologic, and Natural, and other resources. The goal of SR3 was to incorporate credible information into a decision support system for use in system-wide trade-off analysis related to water management. After review of existing information, it was determined that the information was not sufficient to credibly determine the relationship between river flow and reservoir storage/elevations and aquatic resources. With that, SR3 has sought assistance from the University of Montana, Flathead Lake Biological Station (FLBS) in the development of biologically based system management information to provide a link between system management and biological conditions on which aquatic resources depend.  Biological information will be used to aid resource specialists in determining potential effects to aquatic resources related to proposed river system management changes.  This information will be given to decision-makers in order to understand the potential consequences of proposed system changes.  

This effort to date has entailed a two-phase process consisting of a Synthesis Phase and an Investigation Phase.  The effort was initiated in the fall of 2000 and currently has a conclusion date of March 31, 2003.  FLBS is following the Investigation Phase with a Remote Sensing and Modeling Phase, whose purpose is to: a) fill critical data gaps identified during Phase 2; b) extend the application of site-specific data collected in Phase 2 to other floodplain reaches through the use of Hyper-spectral imagery, GIS application and modeling. Primary focus of the work will continue to be on the river and floodplain between Palisades Dam and Heise, Idaho with secondary focus between Heise and American Falls Reservoir.

More specifically, the research outlined in this proposal will:

· Address research needs outlined in the Yakima, Upper Snake and Mainstem Sub-Basin Summaries to: a) restore riparian forests to improve wildlife habitat, b) obtain a better understanding the historical composition of riparian forests, and c) modifying seasonal flow regimes to match the life history requirements of anadromous and resident fish and wildlife (See also Mainstem Habitat Migitation RPA’s 151 to 183).

· Contribute to achieving the objectives listed in the Yakima and Upper Snake Sub-Basin Summaries for both the Washington Fish and Wildlife Department & Idaho Department of Fish and Game for their wildlife and fisheries goals, especially their objectives for riparian habitats (pp. 374 & 142 respectively). 

· Provide critical information to the Yakama Indian Nations Wetland and Riparian Habitat Restoration Project, funded by BPA. As current stated, our work will address several objectives related to the habitat needs of native fish and wildlife, especially those related to the restoration of normative flows for alluvial reaches on tribal lands along the lower Wapato reach of the Yakima River. Given our data on river stage/cottonwood recruitment relationships, we will be able to provide slope and contour information for reforming of levees and berms throughout the basin to increase the areal extent of riparian willow and cottonwood forests.

· Contribute to developing flow-related scenarios to promote salmon recovery efforts by the Yakama Indian Nations Yakima/Klickitat Fisheries Project.  In particular, geomorphic and fluvial parameters (including river stage/recruitment criteria) for the riverine and riparian habitat modules used in the EDT model. This information may serve a critical function in the extension of our research findings to other sub-basins of the Columbia River.

· Contribute to our understanding of ecological process and function in alluvial reaches throughout the Columbia Basin.  Our studies will dove-tail with other riparian restoration projects on the Kootenai River, as recently proposed to address issues for sturgeon and other native fish. Results will also be applicable to BPA funded studies on the upper John Day where researchers are assessing relationships between riparian vegetation and salmon survival (Project 20057).
· Provide critical data to riparian habitat protection and restoration projects (BPA Project 199201000) currently underway on the Fort Hall Indian Reservation (Shoshone-Bannock Tribe).  Our studies will provide life history and ecology on riparian cottonwoods in conjunction with stage/discharge relations for promoting the recovery of native willows and cottonwoods forests that are critical to local fish and wildlife populations on the Fort Hall Indian Reservation.
e. Project history (for ongoing projects) 

Our current proposal is an extension of the research studies initiated as BPA Innovative Project No 20034, titled: “The Impact of Flow Regulation on Riparian Cottonwood Ecosystems”. This study was funded under the innovative program in June 2000. At that time, the objectives of this project were to:

· Provide an overview of the ecology of riparian cottonwoods.

· Identify potential impacts of flow regulation on riparian vegetation.

· Identify the potential for altering managed flows to promote the recovery of riparian cottonwoods.

· Identify remote-sensing tools and field sampling methods for further studies of riparian cottonwoods in other alluvial reaches of the Columbia River Basin.

To date, we have completed all phases of fieldwork and data analysis on the Yakima and Kootenai sub-basins of the Columbia River. The research studies outlined in this proposal are a natural extension of the research initiated on these sub-basins as part of our innovative project. On the strength and merit of our principle findings outlined below, and the research partnerships we have developed with the Bureau of Reclamation, Central Washington University, University of Montana and Yakama Indian Nation’s Fisheries Programs (see letters of support at the end of this proposal), we believe we have provided “proof of concept” under the terms of the innovative projects process and have therefore submitted this proposal for funding under the FY 2003 Mainstem/Systemwide Provincial Review Process.  Last fall (2001), final reports on all phases of our innovative studies on the Yakima and Kootenai Rivers forwarded to BPA/NWPPC (BPA Fish and Wildlife Program  ~ http://www.efw.bpa.gov/cgi-bin/FW/publications.cgi).
Principle Findings for the Yakima River Basin:  In the initial phase of our studies, we subcontracted the assessment of historic trends in the areal extent of cottonwood stands in select study reaches (Cle Elum, Union Gap and upper Wapato) with Central Washington University Department of Geography and Land Studies (BOR-Yakima Critical River Reaches Project).  Dr. Braatne worked closely with their staff in the basic approaches to the mapping of riparian cottonwoods from aerial photographic images.  On the basis of these training efforts, it appears that the total area of riparian forest in some reaches increased from 1927 to the 1990’s.  In general, the trends revealed in the 

Union Gap reach (Figures 8-9) are similar to those found in the Cle Elum and Wapato reaches.  However, this limited expansion by riparian cottonwoods appears to be largely the result of abandoned gravel mining operations.  Other reaches in the Basin, such as the Naches, Kittitas and lower Wapato, should be assessed to confirm these general trends.  Further, these findings appear to mask the subtler, yet more significant problems identified in our field studies of these riparian cottonwood populations.

During the 2000 growing season, field studies of riparian cottonwood forests were conducted along the Cle Elum, Union Gap and upper Wapato reaches of the Yakima River (Figures 4 & 12). These reaches were selected on the basis of their distinctive patterns of flow regulation (locally referred to as “flip-flop”).  High flow regimes along the Cle Elum reach are maintained near bankfull elevations throughout the summer months (May – August, Figure 10).  In early September, these regulated flows are diminished to improve spawning conditions for fall chinook.  In the Union Gap reach, high flow regimes are consistently maintained throughout the irrigation season (May – September). In contrast, flow regimes on the Wapato reach are very low throughout the summer and early fall (May – October, Figure 11).  These regulated flow regimes contrast sharply with historic patterns of seasonal flow, thus prior to the construction of dams and the widespread diversion of water to irrigate crops and pastures within the Yakima Basin (Figures 10-11).
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Figure 8.  The areal extent of riparian forest on the Union Gap reach of the

Yakima River, WA  (1927).
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Figure 9.  The areal extent of riparian forest on the Union Gap reach of the

Yakima River, WA  (2001).

Detailed field transects along the Cle Elum, Union Gap and Wapato reaches show that the current patterns of flow regulation in the Yakima Basin have had a significant negative effect on the recruitment of cottonwood seedlings. These findings are consistent with the observed flow regimes for these study reaches (Figures 10-11).  High flows during the periods of seed dispersal (May – July) along the Cle Elum and Union Gap reaches completely inundate potential recruitment sites. During the same time period, low flows along the Wapato reach result in the germination of seedlings at low riverbank elevations.  After the irrigation season is over, higher flows released into the Wapato reach readily scour away these young seedlings. As a result, older age class stands now dominate all of these study reaches. The extent of younger stands is extremely limited and largely an artifact of maturing clonal root sprouts.  In fact, there doesn’t appear to have been a significant recruitment event on any of these reaches since the initiation of the flip-flop regimes in the early 1980’s (Figure 7). 

Previous studies conducted by the Drs. Braatne and Dunlap with the UW/WSU Black Cottonwood Research Program have identified other issues critical to seedling establishment. Select surveys of riparian stands along the Yakima River revealed that the sex ratios of local cottonwood populations shift from a balanced ratio of 1 male:1 female near the confluence of the Yakima and Teanaway Rivers to a highly skewed ratio of 7 males:1 female along the Wapato Reach near Zillah (J.H. Braatne, J. Dunlap unpub. data).  This strong shift in sex ratios can significantly affect the reproductive fitness of local populations. These observations, combined with the absence of cottonwood seedlings in recent field studies, suggest that regulated flows have altered the reproductive potential of cottonwood stands in the Wapato reach.  

Recent studies further reveal that regulated flows have promoted the invasion of floodplain habitats by exotic woody species, such as silver maple, ash, elm and European willow.  Invasive and exotic species typically have a life history strategy that allows them to readily adapt to modified fluvial regimes.  As a result, they appear to have a competitive advantage over native willows and black cottonwood.  It also appears that basic fluvial geomorphic processes, such as cut and fill alluviation, have been significantly altered by these regulated flow patterns. Although additional studies are needed, our findings suggest that there is a significant risk to the long-term viability of riparian cottonwood ecosystems along the Yakima River. 

Collectively, these findings reveal the value of intensively studying cottonwoods along the Yakima River as a surrogate means for predicting the responses of cottonwoods to regulated flows in other sub-basins of the Columbia River. On the basis of our current research and management experience from other river basins, we have begun to develop options for modifying current flow regimes to promote the recovery of native cottonwood and related riparian habitat types for select reaches of the Yakima.  These proposed “normative flows”, which mimic natural spring freshet conditions, would potentially benefit cottonwood, assist in the management of exotic plants and provide long-term benefits for riparian-dependent wildlife, salmon and other native fisheries.  However, additional studies linking geomorphic processes with the recruitment of cottonwood 
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Figure 10.  Historic patterns of seasonal discharge for the Cle Elum Reach of 

the Yakima River, WA.  Values are daily means +/- 1 SD (Cle Elum gaging station) 
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Figure 11.  Historic patterns of seasonal discharge for the Wapato Reach of 

the Yakima River, WA.  Values are daily means +/- 1 SD (Parker gaging station)

seedlings are needed before flow prescriptions can be proposed for different reaches of the Yakima River and their extension to other sub-basins of the Columbia River; due to their complex flow management regimes and variable levels of channel confinement and sediment supply. 

Another objective of our innovative project was to compare the effectiveness of several sources of multi-spectral imagery (LANDSAT, ADAR, IKONOS etc.) in documenting the extent of cottonwood stands and changes in the extent of those stands over time. Our major findings were:

1. LANDSAT images have a resolution of 15-30 m that are primarily useful in large, basin-wide assessments of riparian cottonwood distribution. Given the larger pixel size of this imagery, there are major limitations to their use in the mapping of complex geomorphic rivers and associated floodplain habitats.

2. ADAR and IKONOS data have a resolution of 1-4 m and are quite effective in estimating the areal extent of mature cottonwood stands. Their usefulness is somewhat limited by costs and problems associated with distinguishing recruitment zones of younger age-classes of cottonwood.

3. Aerial photos have a resolution of 1-2 m. Using 18”x18” prints of aerial photos in combination with the orthorectified air photo mosaics (available from USGS), allows the identification of multiple-age classes and, with limited field checks, recruitment zones (1-5 year age cohorts).  This approach requires more technician time for analysis but is still very cost-effective.

4. We have also briefly reviewed the costs and methods associated with hyper-spectral imagery analysis (300-400 spectral bands) with several researchers.  

As a result of these comparative analyses of remote-sensing imagery, we will use aerial photos for the documentation of historical changes in channel morphology and cottonwood recruitment in the Yakima River Basin (See Objective 2, Task c). 

Principle findings for the Kootenai Project Studies: The results of our research along the Kootenai River are detailed in our final report to BPA. One significant implication of this work was the fact that we found some recruitment in the flow regulated portion of the River, near Bonners Ferry, where it appears that spring releases for sturgeon spawning have resulted in pulses of cottonwood recruitment along one unconstrained reach. These study results provide a graphic demonstration of the potential efficacy of flow management strategies for maintaining cottonwood stands in regulated systems such as the Yakima, Kootenai and other sub-basins of the Columbia River.

If additional information on the status of this innovative project is needed, final reports are posted on the BPA Fish and Wildlife Publications Website (http://www.efw.bpa.gov) and other critical aspects of our research can be requested from Dr. Thomas Morse, Fisheries Ecologist and BPA Contract Officer.  We currently have one manuscript from based on these studies in review for publication in Ecological Applications.

f. Proposal objectives, tasks and methods
On the basis of previous research findings, additional studies are needed to extend our research to other important reaches (with distinct flow regimes) within the Yakima Basin (Figures 4 and 12) and to link fluvial geomorphic processes with the reproductive biology and seedling recruitment of riparian cottonwoods.  This proposed research will focus on the Naches River and representative study reaches of the Yakima River Basin (Cle Elum, Kittitas, Union Gap, Wapato). In particular, the unique reach-specific patterns of flow regulation (“flip-flop”, See Figure 10) require additional studies to characterize and compare the population structure of riparian cottonwoods between reaches with different flow management regimes. Given the potential declines in reproductive fitness that were identified during field studies last year, our research will now include population-level assessments of sex ratio (male:female) and seasonal patterns of seed dispersal and germination.  One of the initial outcomes of these studies will be to quantify natural seedfall patterns and the declines in reproductive fitness associated with the altered flow patterns (Figures 10-11) of the Yakima Basin.  In particular, variation among reaches of the Yakima Basin is critical to the extension of our research findings to other alluvial reaches of the Columbia Basin.

The rates of river stage decline conducive to the germination and establishment of cottonwood seedlings will be assessed in relation to the substrate and flow conditions of the different study reaches.  The particle size and texture of alluvial substrates has a very significant effect on the survival of cottonwood seedlings as river stage declines following peak spring flows. 

Our assessment of fluvial geomorphic processes will be based in part on the BoR funded project “Linking Fluvial Processes to Floodplain Ecology of the Yakima River, Washington: Stream Flow, Sediment Loads and the Potential for Geomorphic Work”. Specifically, our studies will look at the following issues:

· Fine substrates have a higher moisture retention capacity than coarser, alluvial gravels.  Thus, if a given reach has been largely scoured of finer sands and silts, stage declines would have to be more carefully moderated to promote recruitment. A slower rate of stage decline could potentially delay or alter seasonal patterns of water conveyance to other end users.  Thus, the geomorphic context of variable substrates in different study reaches is a critical factor in identifying flow prescriptions that will balance the requirements of seedling survival with other water management issues.

· Landscape-forming processes are important to the creation and expansion of the cottonwood recruitment sites within floodplain habitats. We have a limited knowledge of reach-specific channel bed loads and sediment budgets for the Yakima and Naches Rivers.  

To achieve a more thorough assessment of the fluvial and geomorphic factors limiting cottonwood recruitment, we also propose an in-depth comparison of the modified alluvial reaches of the Yakima with the healthy, multi-aged cottonwood populations of the free-flowing Middle Fork (Nyack Reach) of the Flathead River.  Collectively, the results of our vegetation and geomorphic studies will provide a scientifically rigorous framework for modifying flow regimes to reestablish the recruitment of cottonwood seedlings in riparian corridors throughout the Columbia Basin.
Our proposed studies on fluvial geomorphology and the reproductive ecology of riparian cottonwoods will focus on the following objectives:

Objective 1. Document how the different flow regimes (flip-flop) of the Naches River and select reaches of the Yakima River has altered the population structure and long-term survival of riparian cottonwoods.

Objective 2.  Document fluvial geomorphic processes critical to the recruitment of riparian cottonwoods along the flow-regulated reaches of the Naches River and select reaches of the Yakima River. 

Objective 3.  Document fluvial geomorphic processes critical to the recruitment of riparian cottonwoods along the free-flowing Middle Fork (Nyack Reach) of the Flathead River in Western Montana. 

Objective 4. Develop “process” models for modifying regulated flows on the Naches and Yakima River to promote the recovery of riparian cottonwood ecosystems in these reaches and other alluvial reaches of the Columbia River.

(Two further objectives to provide for project monitoring and reporting are included below for budgeting purposes.)

Objective 1. Document how the different flow regimes (flip-flop) of the Naches River and select reaches of the Yakima River has altered the population structure and long-term survival of riparian cottonwoods.

Task a. Assess the influence of different flow regimes on the population structure of riparian cottonwood populations along the Naches River and select reaches of the Yakima River.  

Methods: We will intensify our sampling of current study reaches (Cle Elum, Union Gap, Upper Wapato) and extend these studies to remnant stands of riparian cottonwoods in the Naches River and the Kittitas and lower Wapato reaches of the Yakima River (Figure 4). The composition and structure of riparian cottonwood communities will be assessed using standard vegetation sampling techniques. A total of eight to ten sites will be randomly selected within each reach for a quantitative assessment of stand conditions using a stratified-random sampling scheme (18 sites were sampled during the 2000 field season, additional sampling will be required in all study reaches).  Each study reach will be divided into 0.2-mile segments, with one segment randomly selected per river mile.  Two transects will be established per study site in relation to geomorphic settings (scroll bars, bank channel bars, etc) that are representative of recruitment zones for riparian cottonwoods. 

Riparian vegetation patterns along riverbanks will be systematically sampled using belt-transects. Each belt-transect will be established perpendicular to the river edge and extended several meters upslope to mature cottonwood stands.  Given differences among floodplain features, belt-transects will range from about 50 m to 150 m in length.  Areas along the riverbank dominated by herbaceous plants (both native and exotic species) will be sampled using 1m x 1m quadrats placed at 1 m intervals along the transect (quadrats will be positioned on the upstream side of the transect line).  Larger quadrats will be used to sample areas dominated by shrubs (2m x 4m quadrats) and trees (5m x 20 m quadrats).  Estimates of plant cover will be obtained for all species.  Stem counts, diameters at 0.5 m and age-class determinations (cores collected at 0.5 m) will be obtained for dominant trees and shrubs. A permanent metal stake was placed at the top of each transect and the location of the top and bottom of each transect recorded using a Trimble GPS Pathfinder ProXRS (sub-meter resolution, Trimble Navigation Inc., USA). These methods follow general sampling protocols of Mueller-Dubois and Ellenburg (1974), Goldsmith et al. (1986), Johnson et al. (1987, 1992, 1995, 2000), Scott et al. (1993), and Auble et al. (1994), Rood and Kalischuk (1998).

A GPS total station will be used to determine the relative elevation (+/- 0.1 cm) of each quadrat.  The bottom elevation for each transect will be tied to the current water surface, with the date and specific time recorded for each measurement.  GPS coordinates (Trimble ProXRS) of this benchmark will be linked with river stage data as derived from the nearest river gage (USGS/BOR river gage data).  This elevation data will allow the correlation of species distribution to the regulated flow regimes of different reaches. 

Surface substrates will be classified into one of four categories: 1) fines -- fine sediment (sand, silt, or clay, 2) fine-cobble -- coarse surface (gravel, cobbles) with a subsurface of fines, 3) cobble -- coarse surface (gravel, cobbles, small boulders) without fines below the surface layer of rock, and 4) large boulders and bedrock.  A visual classification of these substrate classes will be recorded for each quadrat.  

Estimates of plant cover will be converted to an octave scale for all subsequent analyses.  This minimized sampling error, while preserving fine-scale differences at low values.  Octave classes used in this study were: 0 (0% cover), 1 (1%), 2 (2-4%), 3 (5-9%), 4 (10-18%), 5 (19-35%), 6 (36-72%), 7 (73-100%); with mid-points of each coverage class used in subsequent data analyses (see below).  A detailed list of species for each study reach will be developed by tallying all species found in our transects.  The most common species will be summarized by reach. Species nomenclature will follows Hitchcock and Cronquist (1991) and Whitson et al. (1996).

This sampling regime adheres to our previous analytical protocols and will allow us to closely document the a) composition and structure of mature riparian cottonwood communities (trees, shrubs, forbs, both native and exotic weedy species) and b) patterns of cottonwood seedling recruitment in relation to current and historic flow conditions for each study reach. Tables and graphs of the size:age relationships for cottonwood trees and the pattern and distribution of seedlings and juvenile (if present) cohorts along riverbanks will be developed for different study reaches. 

Task b. Measure the sex ratios and the reproductive fitness (local patterns of natural seedfall) of riparian cottonwoods to define how reach-specific patterns of flow regulation alter the sex ratios and reproductive fitness of cottonwood populations.
Methods: Recent studies suggest that sex ratios in some reaches are sufficiently skewed toward males such that seed production by female trees has been negatively impacted.  We will count the number of male and female trees in cottonwood stands associated with sites of detailed geomorphic investigations (Objective 2 below).  We will also measure seasonal patterns of natural seedfall by systematically placing seed traps within these stands and measuring seed rain (one 24 hr period per week) from mid-May to mid-July.  

Task c. Identify and document historic changes in the areal extent of cottonwood forests along the Naches River and the Kittitas and lower Wapato reach of the Yakima River.

The purpose of this research will be to evaluate the degree of structural change in developing and mature stands of riparian cottonwood / willow forests within select alluvial floodplain reaches of Yakima River basin over time. The Kittitas, Naches and lower Wapato reaches will be included in this analysis. (Figures 6-7 clearly show the results of this analytical approach for the Union Gap reach) 

Methods: Aerial photographs of the study reaches, from 1927, and the 1940’s will be collected from various sources and scanned at 400 dpi (the maximum resolution possible with the available scanning software). Current photography from digital orthophotographs purchased from the Washington State Department of Natural Resources (DNR) will be used as the mapping base. The older photos will be rectified and geo-referenced using ERDAS Imagine software. The photographs will be exported to ArcInfo where they were appended into a single image. Each image will serve as a backdrop on which the overstory and mesostory components of riparian floodplain forests were digitized. Stand structure will be classified from the hardcopy aerial photographs by drawing on mylar overlays using a stereoscope. These overlays will then be used as reference polygons during digitizing of these photos. Completed ArcInfo coverages will be exported to Adobe Photoshop and Adobe Illustrator where graphics processing will be finalized.

On completion of this task, the historic reconstruction of riparian cottonwood stands and their quantitative comparison with their current conditions will be completed for most of the major reaches of the Yakima Basin. This aspect of the project will be subcontracted to the Department of Geography and Land Studies at Central Washington University, who conducted similar analyses for our innovative BPA project (See Figures 4,8,9).

Task d. During periods of seed dispersal, to what extent are regulated flows declining faster than the rate of root growth by cottonwood seedlings?

Methods:  Collect and analyze daily river stage and discharge data, in conjunction with geomorphic studies as outlined in Objective 2, task 3 (see below).
Task e. Document how altered fluvial and geomorphic processes encourage the invasion of floodplain habitats by non-native and exotic plants.

Methods: The distribution of non-native and exotic plants will be assessed following the methodologies outlined under Objective 1, task 1 (see above).

Objective 2.  Document fluvial geomorphic processes critical to the recruitment of riparian cottonwoods along flow-regulated reaches of the Naches River and select reaches of the Yakima Rivers.
One of the keys aspects to linking geomorphic processes with the recruitment of cottonwood seedlings will be the comparative study of a regulated and free flowing river. In Objective 2, we will undertake the following study tasks in the flow-regulated reaches of the Yakima River (Cle Elum, Kittitas, Union Gap and Wapato) and the Naches River of Central Washington (Figure 12 below). In Objective 3 (see below), we will undertake similar tasks for the free-flowing Middle Fork (Nyack Reach) of the Flathead River in Western Montana (Figure 5). 
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Figure 12. Location of study reaches in the Yakima River Basin.

Task a. Measure detailed topography, substrate size, distribution of cottonwood seedlings and water surface elevations along six select exposed gravel bars evenly spaced within each reach corresponding to existing multi-spectral imagery for the Yakima River Reachs (Naches, Kittitas, Union Gap and Wapato). Plot the relative elevation difference between water surfaces, bar top and patches of cottonwood seedlings (similar to figures 2 and 3).

Methods: We will identify specific bars from past studies by the Yakima Critical River Reaches Project to conduct detailed topographic surveys, including measurements of particle-size, colonizing seedlings and mature cottonwoods. Survey a series of floodplain cross-sections, augmented with spot elevations, obtained with both GPS and conventional total station survey techniques will allow us to establish a baseline condition of surficial geomorphic features that we can then re-measure after two spring floods and two seasons of flow regulation (i.e. flip flop). In this way, we can relate changes in the floodplain landscape to the discharge regime active over the monitoring period and map out survival patterns of cottonwood seedlings on these geomorphic features.

Task b.  Model flood inundation patterns versus discharge for all the reaches (Figure 12).  In this way we can evaluate discharge regimes that maximize seed dispersal and wetted area for successful cottonwood recruitment. Measure changes in flood inundation patterns, morphology, substrate composition and vegetative colonization of newly formed fluvial features (i.e. scroll and side-channel bars) relative to 3 years of discharge. We will ground-truth and map flood inundation patterns on the six select sites described in Task a. 

Methods: Flood inundation models developed in (Lorang et al. 2002) will be used. These models exist for all the flood plains in the Yakima Reaches (Fig 12) and will be developed for the Nyack. The models allow for spatial analysis of inundation patterns to be evaluated for any discharge regime (Fig. 13). With this GIS based flood inundation model we can quantitatively evaluate the difference in elevation between a newly formed recruitment surface and top of the floodplain bank (A) and the difference in elevation between base flow water surface and the recruitment surface (B) (Figure 3 and 13) for the entire reach and for any discharge regime. We will have field teams that float the reaches during various stages of discharge to map using GPS the intersection between the water and land over various discharge levels. In this way, further ground-truth will refine the inundation models. We will also survey topographic changes with a total station, substrate composition and depositional patterns (with GPS). 
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Figure 13. An example of a flood inundation model for the Union Gap Reach.

Task c. Measure the rates of groundwater recession and river stage decline associated with the recruitment sites colonized by cottonwood seedlings.

Methods: We will establish a series of nested piesometers from which we will monitor the level of groundwater in conjunction with river stage at the sites monitored in task b. We will quantify the relationship between surface water and groundwater exchange by measuring the vertical hydraulic gradient (Baxter and Hauer, 2000).  These measures will be conducted on a daily basis during the falling limb of the spring flood wave and the falling limb of the flip-flop regime. We will install at one site for each reach a data logger connected to a pressure transducer and temperature gauge. We will measure discharge at each site with an Acoustic Doppler Velocity Profiler (ADP) mounted on a raft. This data measuring effort will occur with each site visit describe in described in Methods for task b.  We will also measure water temperature, co-locating readings with GPS, during each site visit described in Methods for task b. In this way we can use the temperature data to help determine the hydrologic connectivity between surface water in the river channel with backwater habitats at our sites. 

Objective 3.  Document fluvial geomorphic processes critical to the recruitment of riparian cottonwoods along the free-flowing Middle Fork (Nyack Reach) of the Flathead River in Western Montana.

In the Nyack Reach we will be building on substantial work already completed during the course of a 10 yr ongoing research program conducted by the Flathead Lake Biological Station. We anticipate that our research activities will be less intensive in the Nyack Reach (relative to the Yakima Basin), given the results of previous studies along the Middle Fork of the Flathead River.  In addition to the comparable fluvial and geomorphic properties of these study rivers, the strength of the research program on the Nyack floodplain was also a critical factor in its selection as a “natural analogue” to the alluvial reaches of the Yakima River Basin. 

Task a. Correlate the historical discharge regime to the observed and measurable patterns of fluvial geomorphic response. 

Methods: We will collect, scan and geo-reference a select series of aerial photographs (1927 to 2001) for the Nyack reach, as described above (Obj. 2, Task a). A discrete set of aerial photos that span a representative range of historic peak flows (Figure 6) for each study reach will be systematically assessed.  This analysis will utilize a number of indices frequently used to examine past channel behavior (see objective 2, Task a). This task will be closely coordinated with the previous historical photographic analysis developed for the Nyack Reach by the Flathead Lake Biological Station. Mapping protocols will match the specifications and criteria developed in the Yakima Critical Reaches Project (Lorang et al. 2002).  In conjunction with these efforts, we will core additional mature cottonwood stands only as needed (Significant data will be available from tree coring completed by Mary Harner, MSc student at the Flathead Lake Biological Station).

Task b. Measure changes in morphology, substrate composition and vegetative colonization of newly formed fluvial features (i.e. scroll and side-channel bars) relative to the next two years of discharge.

Methods: Sampling methods will follow the same procedures described above for Objective 2, Task b.

Task c. Measure the rates of groundwater recession and river stage decline associated with the recruitment sites colonized by cottonwood seedlings.

Methods: Sampling methods will follow the same procedures described above for Objective 2, Task c.

response to peakflows from high snowpack years or periodic catastrophic floods, such as 1964  (Figure 6).   Similar patterns of episodic recruitment were once common along the Yakima River (Figure 7), however our findings show that recruitment is constrained by the flow regulation schemes (flip-flop) established in the early 1980s.  These preliminary data on seedling recruitment patterns from the Nyack and select alluvial reaches of the Yakima suggest that comparative studies of fluvial geomorphology and cottonwood seedling recruitment will provide a strong scientific basis for naturalized flow regimes on the Yakima River.  Our research will also yield novel quantitative data on how the geomorphic processes of large alluvial rivers are altered by flow regulation practices.  

Since cottonwoods are a keystone species in the biodiversity of riverine corridors, our findings will be critical to a number of large flow-regulated rivers in the western United States. Hence, our results will not only be significant for managing regulated flows in the Naches and Yakima rivers, they will also be relevant where flows are regulated on alluvial reaches elsewhere in the Columbia River Basin.

Objective 4.  Develop models for modifying regulated flows on the Naches and Yakima River to promote the recovery of riparian cottonwood ecosystems in these and other flow-regulated alluvial reaches of the Columbia Basin.

In the third year of the project, based on the information collected in the first two years of study, we will develop flow-release curves for modifying flows on each study reach.

Task a. Review the experience to date on revising spring flows in other jurisdictions.


Methods: Data on current flow regimes will be compared to flow-release models developed for cottonwood recruitment along the Oldman River and St. Mary’s rivers in Alberta (Mahoney 1997) and other sites where such flow-regulated releases are being carried out and tested (Rood and Gourley 1997, Rood and Kalischuk 1998).  Consultation with resource biologists and hydro-system managers will be required to define realistic options, given the diverse requirements of irrigation, habitat rejuvenation, etc.
Task b. Collate relevant data on flows for each study reach.

Methods: Review the present flow management regimes affecting each reach and obtain discharge and river stage data from major gauging stations. Flow data from regional gauging stations will be summarized and graphed to compare and contrast regulated flow regimes of different study reaches.

Task c. Document how fluvial geomorphic processes critical to the recruitment of riparian cottonwoods differ between the flow-regulated reaches of the Yakima River and the free-flowing Nyack Reach of the Flathead River.

Methods:  Data collected under objectives 2 and 3 will be carefully analyzed in terms of the sequential pulses of seedling mortality that will follow the spring flood wave on both the Nyack (natural peakflow and recession) and the Yakima (suppressed peakflow and recession). These spring peakflow-related pulses in mortality will then be compared with survival patterns associated with the reach-specific shifting of regulated flows during flip-flop on the Yakima.  (The relative strength of storm-driven pulses of recruitment and mortality will also be quantified). Collectively, these results will provide detailed information on the fluvial and geomorphic processes underlying seedling recruitment.  Such information will be critical to discerning the functional differences between flow-regulated and free-flowing rivers, particularly in terms of different flow-driven processes that either promote or deter seedling mortality. 
Task d. Coordinate planning with requirements for anadromous and resident fish and wildlife.

Methods: We will regularly meet with and review the plans of resource agencies and other interests.  On the basis of available flow records, we will assess the relationship between discharge data and the flow patterns critical to the life history and ecological requirements of riparian cottonwoods.  We will compare flow requirements for cottonwood with the life cycles of salmon, bull trout and other resident salmonid species.  We will work with the Yakama Indian Nations, Kootenai and Kootenai-Salish Tribes and Bureau of Reclamation to develop a flow management strategy that is compatible with riparian vegetation, fisheries and other flow requirements along the different study reaches of the Yakima River as well as other alluvial reaches in the Columbia Basin. 

Task e. Define realistic options for flow management and develop clear, concise proposals for alternative flow management regimes.
Methods: We will develop flow scenarios conducive to the recruitment of cottonwoods and work to link those scenarios with those required for fishery resources, dam operators and agricultural interests. We will also assist with the development of integrative models that address multiple resource issues, such as stage/discharge parameters for the riverine and riparian habitat functions of the EDT model for the Yakima Basin and the multi-species framework analyses developed by Lars Mobrand for the Columbia Basin.

Objective 5. Project monitoring and review
The principles in the study will meet at least annually with the staff of the NWPPC, CBFWA, BPA, Bureau of Reclamation and Yakama Indian Nations, Salish-Kootenai and Shoshone-Bannock Tribes to provide a review of the project findings.
Task a. Project Management

Dr. Braatne will provide project management and budget monitoring for the project.

Objective 6. Annual and final reports of research findings

Task a. Annual reports ~ annual progress reports will be developed at the end of each year and phase of the project.

Task b. Final report ~ a final report will be provided in year 3 of the project.

TIMING

During the first two years of this project, our research efforts will focus upon assessing the influence of regulated flows on the population structure of riparian cottonwoods and on linking fluvial geomorphic processes with the recruitment of cottonwood seedlings. However, vegetation sampling and geomorphic studies will span all 3 years of the project.  The historic assessment of riparian forest stands will be completed in year one. 

In the final year of the project, a series of programmatic options (outlined in Objective 4) will be developed for modifying flow regimes to promote the recovery of riparian cottonwood ecosystems along different reaches of the Yakima River.

Measurable objectives
At the end of the project we will provide clear direction for revising flows for cottonwood recruitment and maintaining more natural geomorphic processes in the Yakima and other sub-basins of the Columbia River. We will publish this research in peer-reviewed scientific journals, such as Regulated Rivers, Geomorphology, Canadian Journal of Fisheries and Aquatic Sciences, Rivers, Ecology and Ecological Applications. We will also attend and present research findings at regional, national and international meetings on resource issues relating to regulated rivers and at the annual research meetings hosted by the Bureau of Reclamation and the Yakama Indian Nations, Kootenai, Kootenai-Salish and Shoshone-Bannnock Fisheries Programs. We will also provide annual and interim progress reports to BPA/NWPPC as described above.

This work will also provide a network of monitoring sites that will be required to document the anticipated effects of any proposed flow changes to promote the recovery of riverine and riparian ecosystems. 

g. Facilities and equipment
University of Idaho, Moscow

The Departments of Fish, Wildlife and Range Resources are housed in the College of Natural Resources at the University of Idaho, Moscow.  These departments will provide office and laboratory space in support of UI faculty and students working on this project.  The Floodplain Ecology Lab is well equipped with scientific instruments for ecological studies of streams, rivers and associated riparian forests and alluvial floodplains, including: 1) Leica TCR705 Total Station, 2) Trimble ProXRS GPS Unit, 3) 2 - Campbell 20RX dataloggers and microclimate stations, 4) 2 - Laser Levels, 5) plant community sampling equipment (tree corers, dbh tapes, densiometers, etc.), 6) groundwater piezometers and mini-piezometers, 7) motorboats, rafts, canoes and associated gear, and 8) 2 - Dell Computer Workstations; peripherals to the UI GIS Lab network include Calcomp 9100 digitizing tablet (48 X 54 in), Calcomp color plotter, SPARC laser printer.  Primary GIS software (ARC/Info 8.0.1, ARCview 3.2, ERDAS imagine 8.4, Applix, gear CD-masting) augmented by statistical and other analytical software packages.  Thus, facilities and equipment available through the Floodplain Ecology Lab readily complement the research facilities and equipment provided by the UMT – Flathead Lake Biological Station.  

University of Montana, Flathead Lake Biological Research Station (FLBS)

FLBS, a Research Center of Excellence of The University of Montana, is located on the east shore of Flathead Lake, approximately 90 miles north of the main campus in Missoula and about 60 miles south of Glacier National Park and the Nyack Flood Plain. The Administrative building houses the faculty, staff and administrative offices, a research library and 4 wet labs with temperature-controlled, artificial lotic and lentic microcosms.  The FLBS facility is well equipped with major field and laboratory equipment needed for this project.  The 4500 ft2 Freshwater Research Laboratory has an elemental analysis lab, optics room, zoobenthos and plankton/periphyton museum, wet lab, sample prep facility, electronics repair shop, photographic lab and offices.  The optics room is equipped with 5 Leitz inverted and fluorescence microscopes (to 1400x) for the microbial work and 4 Wild M5 stereoscopes with Volpe fiber optics lights and power focusing stands for the invertebrate or other micro-dissection work.  Leitz (Leica) cameras are used for field photography.  Major analytical or field equipment at FLBS (items marked with * were purchased with funds from prior NSF Equipment and Facilities grants) to be used on this project include: Beckman LS6500 Scintillation Counter*, Perkin-Elmer 5000 Atomic Absorption Spectrophotometer, PE/UV-VIS Spectrophotometers, Dionex DX100 Ion Chromatograph*, FISONS CHN Analyzer*, Technicon Autoanalyzer II (for SRP, NO2+N03, NH3 and SiO2), a new TOC system*, GPS system*, Leitz TC600 Total Survey Station, Leitz microscope/image-capture system with digital and VHS video and image capture software* and a Sontek ADVP [aquatic doppler velocity profiler].  A variety of existing field data loggers and environmental probes already exist at the Nyack field site.  FLBS also has a dorm/apartment complex to house year-round visiting investigators and winter students and 42 cabins for summer faculty and students.  Meeting rooms and classrooms/labs are available in 3 other buildings.  A maintenance shop is fully tooled and the manufacture of research support items is routine.

Personal computer support at FLBS includes a recently upgraded LAN and backup system to handle large volume remote-sensing data* in a Windows NT network with workstations in every office, laptops, color laser printers and large format plotter/printing capability.  We regularly use a wide range of software for electronic communications, statistical analysis, graphics, database management, programming, spatial analysis and mapping.  FLBS has developed a spatial analysis and graphics lab, which features high-end NT Workstations, UNIX boxes, high-resolution scanners, digitizer and a large format HP plotter/printer.  J. Kimball currently has a joint faculty appointment with FLBS and the University of Montana School of Forestry-Numerical Terradynamic Simulation Group (NTSG).  NTSG currently maintains a large UNIX and PC-based workstation network environment for downloading, processing and archiving global NASA EOS MODIS satellite data every 8-days.  These facilities also include a wide range of GIS, image processing and modeling software (e.g., IMAGINE, ARC-Info, ENVI/IDL, SPSS).  Computing facilities at both FLBS and NTSG will be used for remote sensing data processing and computer simulations of floodplain dynamics. 
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Section 10 of 10. Key personnel

Overall project management will be the responsibility of Dr. Jeffrey H. Braatne.  Drs. Braatne, Lorang and Rood will be jointly responsible for managing the research components on riparian vegetation and fluvial geomorphology studies.

Dr. Jeffrey Braatne is an Assistant Professor of Floodplain Ecology in the Departments of Fish, Wildlife and Range Resources, University of Idaho.  Dr. Braatne's primary research interest is the life history and ecology of riparian cottonwoods.  He has extensive field and project management experience in the Columbia River Basin.

Dr. Mark Lorang is an Assistant Research Professor at Flathead Lake Biological Station. Dr. Lorang is a process geomorphologist, who is currently funded by the Bureau of Reclamation and National Science Foundation to conduct studies linking fluvial processes to floodplain ecology in the Yakima, Flathead and Upper Snake River Basins.

Dr. Stewart Rood is a professor of riparian ecology in the Department of Biology, University of Lethbridge. Dr. Rood’s primary research interest is the life history and ecology of riparian cottonwoods.  He will provide technical direction to the project.

Assistance with vegetation and geomorphic studies will be provided by:

Mary Louise Polzin, a PhD student at the University of Montana will assist in riparian vegetation studies on the Yakima & Flathead Rivers. She is presently working on cottonwoods on the Yellowstone River. Her MSc documented the impacts of flow regulation on riparian cottonwoods along the Kootenai River. 

Jeffrey H. Braatne

Depts. of Fish, Wildlife and Range Resources

University of Idaho


Moscow, ID  83844-1136




     
     
      

braatne@uidaho.edu

EDUTION:
1989

Ph.D.
Department of Botany, University of Washington, Seattle

1978

B.A.
Departments of Biology & Botany, University of Montana, Missoula

Additional  training (94-98): Applied Fluvial Geomorphology I & II and River Restoration (Wildland Hydrology Pagosa Springs, CO);  Stable Isotope Ecology (BIO581, University of Utah, Salt Lake City, UT); Federal, State and Local Clean Water and Wetland Regulations I & II (Seattle Law Review Board).

BACKGROUND:  Dr. Braatne is an ecologist with expertise in the ecology of alluvial floodplains and the physiological ecology of riparian and wetland plants. Over the last ten years, he has been an active participant in the University of Washington/Washington State University Black Cottonwood Research Program.  His research and teaching interests focus on the physiology and ecology of riparian cottonwoods and willows in western North America.  Some recent research topics include: a) physiological and morphological responses of willows and cottonwoods to drought and flooding, b) fluvial/ecological modeling of the riparian plant communities, and c) impacts of stream-flow modifications on riparian plant communities and floodplain landscapes. Recent studies have focused upon the ecology of riparian plant communities along the lower Snake (Hells Canyon) and Salmon River Corridors.  Dr. Braatne currently teaches undergraduate/graduate courses on stream, riparian and wetland ecology at the University of Idaho. 

EMPLOYMENT HISTORY (95-02):

Assistant Professor of Floodplain Ecology: Dept. of Fish & Wildlife, University of Idaho, Moscow 2002-

Adjunct Professor/Instructor: Flathead Lake Biological Station, University of Montana, 2000-

Adjunct Research Professor: Biology Dept., University of Lethbridge, Alberta.  1997-00

Affiliate Associate Professor/Instructor: Forestry Dept., University of Washington, Seattle, WA. 1994-02

Ecological Research Contractor: Seattle, WA.  1995-01

RELEVANT PUBLICATIONS (96-02):

Braatne, J.H., S.B. Rood and L. Gom.  2002.  The life history and ecology of riparian vegetation along the Hells Canyon reach of the Snake River and lower Salmon River Gorge (For submission to Ecology)
Braatne, JH., S.B. Rood, L. Gom and R.K. Simons. 2002.  Modeling the response of riparian vegetation to regulated flows along the Hells Canyon reach of the Snake River (For submission to Geomorphology).
Shafroth, P.B., M.L. Scott, G.T. Auble, J.M. Friedman and J.H. Braatne. (In Press) Potential responses of riparian vegetation to dam removal.  Bioscience 52:

Wissmar, R.C., J.H. Braatne, R. Beschta and S.B. Rood.  (In Press) Variability of riparian ecosystems and implications for restoration.  In: R.C. Wissmar and P.A. Bisson (eds), Strategies for Renewing River Ecosystems: variability/uncertainty of biophysical functions and their consequences.  Am. Fish. Soc. 

Braatne, J.H., R.F. Stettler and S.B. Rood. 2002.  Conservation and restoration strategies for native riparian poplars in North America.  In: B. van Damm (ed), Genetic Diversity in River Populations of European Black Poplar: Implications for Riparian Ecosystem Management. Csiszar Nyomda Kft., Budapest.

Braatne, J.H., S.B. Rood, R.K. Simons, L.A. Gom and C.Canali. 2002. Ecology of riparian vegetation of the Hells Canyon Corridor of the Snake River: Field Data, Analysis and Modeling of Plant Responses to Inundation and Regulated Flows.  Prepared for the Idaho Power Company, Boise, ID

Braatne, J.H. and B. Jamieson. 2001. Impacts of flow regulation on riparian cottonwood forests along the Kootenai and Yakima Rivers.  Bonneville Power Administration, Portland, OR, 

Braatne, J.H., S.B. Rood and P.E. Heilman.  1996. Life history, ecology and conservation of riparian cottonwoods in North America.  In: R.F. Stettler, H.D. Bradshaw, P.E. Heilman and T.M. Hinckley (eds.), Biology of Populus: Implications for management and conservation.  National Research Council Ottawa: 57-85.  

Mark S. Lorang
Flathead Lake Biological Station

The University of Montana

311 Bio Station Lane

Polson, Montana  59860-9659

EDUCATION:
B.A.

Geology

University of Montana



1983

M.S.

Oceanography
Oregon State University (P.D. Komar, Advisor)
1992

Ph.D.

Oceanography
Oregon State University (P.C. Klingeman, Advisor)
1997



BACKGROUND:  
Dr. Lorang is an Assistant Professor of Physical Limnology at the Flathead Lake Biological Station. His expertise is linking fluid hydraulics and sediment transport with ecological responses in coastal and fluvial environments. He has taught a variety of graduate courses at the University of Oregon and the University of Southern California, Geog  525 Hydrology and Water Resources, Geog. 571 Fundamentals of Sediment Transport,  Geog. 573 Fluvial Geomorphology, among others. He was an invited speaker for the “1999 Salmon in Crisis Series” sponsored by the University of Oregon where he gave a talk titled “Linking Flow Regimes and Sediment Transport Processes to Salmonid Habitat”.  He recently returned from Vienna Austria where he gave an invited lecture at the University of Vienna, titled: “Linking Fluvial Geomorphology to River Ecology”. He and his colleagues at FLBS have two funded research projects in the Columbia Basin; Linking Fluvial Processes to Flood Plain Ecology of the Yakima River, Washington: Stream Flow, Sediment Loads and the Potential for Geomorphic Work and Floodplain Ecology of the Snake River, Idaho and Wyoming: Review and Synthesis of Data, Historical Condition, Current Status, and Prospects for Restoration of Critical Ecosystem Functions, both projects are sponsored by grants from the Bureau of Reclamation. Dr. Lorang is also conducting research on the Nyack floodplain of the Middle Fork of the Flathead River in Northwestern MT. modeling sediment flux and fluvial geomorphic response as part of an NSF Grant to study Biocomplexity in the Environment.

EMPLOYMENT HISTORY (97-98):

Research Assistant Professor, (2000-present) University of Montana Flathead Lake Biological Station. 

Visiting Assistant Professor, (1998-2000) University of Oregon, Geography Department 

Post Doctoral Fellow  (1997-1998) University of Southern California, Geography Department.

RELEVANT PUBLICATIONS (91-2002):

Lorang, M.S. and F. R. Hauer.,  2002  Flow competence evaluation of streambed stability: An Assessment of the technique and limitations of application.  (In Press) Jour. N. Amer Benthological Society 

Bauer, B.O., M.S. Lorang, and D. J. Sherman., 2002. Estimating Boat-Wake-Induced Levee Erosion using Sediment Suspension Measurements. (In Press) Jour. of Waterway Port Coast and Ocean Eng

Lorang, M.S. and G. Aggett., (Accepted)  Impacts Related to Dam Removal: Icicle Creek Washington, USA.  (Proceedings of the 30th Binghamton Symposium in Geomorphology)

Lorang, M.S., 2000. Predicting Threshold Mass and Stable Boulder Mass for a Beach.  Jour. of Coastal Research Vol 16, No. 2 432-445.

Wilson, J. P. and M. S. Lorang, 1999. Spatial models of soil erosion and GIS. Spatial Models and GIS - New Potential and New Models. A. S. Fotheringham and M. Wegener. Chichester, Taylor and Francis: 83-103.

Lorang, M.S. and J.A. Stanford, 1993.  The variability of shoreline erosion and accretion within a beach compartment on Flathead Lake, Montana.  Limnol. Oceanogr.  38(8): 1797-1809.

Lorang, M.S. and P.D. Komar, 1991.  Pebble Shape.  Nature,  347: 433-434.
Stewart B. Rood

Department of Biological Sciences

University of Lethbridge,  Alberta, Canada T1K 3M4

phone: (403) 329-2327

fax: (403) 329-2082

email:  ROOD@ULETH.CA

Education

B.Sc., (with Distinction)  Physiological Psychology-Biology,University of Alberta.  1976.

Ph.D., Plant Physiology, University of Calgary.  1981.

Post-doctoral Fellowship (NSERC) , Faculty of Forestry, University of Toronto. 1982.

Employment

1983-present_- Assistant and Associate Professor and currently (full) Professor, University of Lethbridge

1991-1994, 1997_- Chair, Department of Biological Sciences, University of Lethbridge

1994-1996_- Coordinator, Environmental Science Program, University of Lethbridge

Expertise

Dr. Rood is an international expert on riparian cottonwoods and the influence of damming and river flow regulation on riparian (flood plain) woodlands.  He has conducted studies of hydrology, fluvial gemorphology and especially, the ecophysiology of riparian trees.  These multidisciplinary studies have shared the theme of investigating environmental consequences of damming and instream flow regulation.  He is currently particularly involved in the development of dam operations strategies for the conservation and restoration of riparian woodlands in western North America.  He has conducted studies of riparian cottonwoods in Alberta British Columbia, Oregon, Idaho, Montana, Nevada, and Utah.

Recent and relevant publications:

Braatne, J.H., S.B. Rood and L. Gom.  2001.  The life history and ecology of riparian vegetation along the Hells Canyon reach of the Snake River and lower Salmon River Gorge (For submission to Ecology)
Braatne, JH., S.B. Rood, L. Gom and R.K. Simons. 2001.  Modeling the response of riparian vegetation to regulated flows along the Hells Canyon reach of the Snake River (For submission to Geomorphology).
Braatne, J.H., R.F. Stettler and S.B. Rood. 2002.  Conservation and restoration strategies for native riparian poplars in North America.  In: B. van Damm (ed), Genetic Diversity in River Populations of European Black Poplar: Implications for Riparian Ecosystem Management. Csiszar Nyomda Kft., Budapest.

Braatne, J.H., S.B. Rood, R.K. Simons, L.A. Gom and C.Canali. 2002. Ecology of riparian vegetation of the Hells Canyon Corridor of the Snake River: Field Data, Analysis and Modeling of Plant Responses to Inundation and Regulated Flows.  Prepared for the Idaho Power Company, Boise, ID

Mahoney, J.M. and S.B. Rood. 1998. Streamflow requirements for cottonwood seedling recruitment - an integrative model.  Wetlands 15: 634-645.

Rood, S.B., A.R. Kalischuk and J.M. Mahoney. 1998. Initial cottonwood seedling recruitment following the flood of the century of the Oldman River, Alberta, Canada.  Wetlands 15: 557-570.

Rood, S.B. and J.M. Mahoney. 1996. River damming and riparian cottonwoods along the Marias River, Montana. Rivers. 5(3):195-207.

Braatne, J.H., S.B. Rood and P.E. Heilman.  1996. Life history, ecology and conservation of riparian cottonwoods in North America.  In: R.F. Stettler, H.D. Bradshaw, P.E. Heilman and T.M. Hinckley (eds.), Biology of Populus: Implications for management and conservation.  National Research Council Ottawa. 

Rood, S.B. and J.M. Mahoney.  1990. The collapse of poplar forests downstream from dams in the Western Prairies:  probable causes and prospects for mitigation.  Environmental Management. 14:451-464.

Rood, S.B. and S. Heinze-Milne.  1989.  Abrupt downstream forest decline following river damming in southern Alberta.  Can. J. Bot. 67:1744-1749. 

Appendix A:  Case Study ~ Using Life History Information to Restore Riparian Forests (In: Molles, M. 2001. Ecology: Concepts & Applications. McGraw Hill, NY. pp. 295-297)
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[image: image14.png]of individual species will be important. For instance, life his-
tory information is playing a key role in the conservation of
riparian forests across western North America.

APPLICATIONS AND TOOLS:

using life history information to
restore riparian forests

Riparian ecosystems all over the planet are threatened by
human modification of rivers. Impacts on these ecosystems
come from a variety of sources, including channelizing of
rivers, damming to control flooding, and diverting water for
agricultural and urban uses. These modifications have greatly
reduced the natural complexity of riverine landscapes and
have eliminated the natural flow regime on most rivers. The
effects of these modifications on landscape structure and
processes within riparian zones are discussed in the
Applications and Tools section of chapter 21. Here we con-
sider how these modifications impact key tree species in
riparian forests and how ecologists are using their under-
standing of life histories to restore those forests.

As we saw in chapter 3, riparian zones are transitions
between the aquatic environment of the river and the upland

Chapter 12 Life Histories 295

terrestrial environment. Because they inhabit this transition
zone, riparian organisms are adapted to periodic flooding.
However, many riparian species not only tolerate flooding but
require it to remain healthy and complete their life cycles.
Some the organisms most dependent on the natural cycle of
flooding and drying in riparian zones are the trees that form
the dominant structure of riparian ecosystems.

Riparian forests support large numbers of species and
high population densities of many species, particularly in arid
and semiarid lands (fig. 12.23). Many species of trees inhabit
riparian zones at middle latitudes and while the number and
kinds of species changes from one region to another, two of
the most common riparian trees are willows, Salix spp., and
cottonwoods, Populus spp., both of which depend on flooding
to maintain their populations. In western North America, cot-
tonwood-willow riparian forests support a very large propor-
tion of the diversity of the region, particularly among birds,
reptiles, amphibians, and invertebrates such as butterflies and
ground beetles. Riparian forests also provide critical winter-
ing grounds for populations of large vertebrates such as elk,
or wapiti, in the northern regions of the west. During the past
century over 90% of riparian forests have been lost across
western North America and much of the rest is threatened.

Jetf Braatne, Stewart Rood, and P. E. Heilman (1996)
listed 10 major impacts of human activity on cottonwood-willow

FIGURE 12.23 Cottonwood riparian forest: an island of green and diversity in the semiarid landscape.
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riparian forests in western North America. One

of the chief threats to the riparian forests of the 350
region results from the building of dams and sub- 300—
sequent flow control and diversion of water for
irrigation. The negative impact of dams on cot- 230-
tonwoods in western North America has been 200~
well documented. Braatne, Rood, and Heilman’s 150—
list of impacts of dams on cottonwoods include
reduced growth by established cottonwood trees, 100—
lower cottonwood abundance, increased mortal- 50—
ity, altered growth form, and reduced germina- = .
tion and seedling establishment. These impacts E
are mainly the result of four environmental g 350~
changes induced by dams and river manage- ?} 300
ment: reduced water availability, reduced flood- 5
ing, stabilized flows, and simplified river channel g 20
structure. s 200-

Of the many potential effects of dams 2 150—
and their management on riparian cotton- %
woods, one of the most critical is their nega- 5 100—
tive impact on seed germination and seedling gu 50—
establishment. Without the establishment of Z 0o
young cottonwoods, the entire riparian forest g
will eventually die and the diversity of organ- A 350-
isms that the forest supports will be lost. Can 300 -
flows from dams be managed to prevent flood
damage to property and loss of human life and 250-
still maintain cottonwood riparian forests? 200~
This is a question addressed by the work of 150
John Mahoney of Alberta Environment
Protection, Alberta, Canada, and Stewart Rood 100-
of the University of Lethbridge, Alberta, 50—
Canada. A key to the success of the work by )

Base flow  0—

Mahoney and Rood (1998) is their intimate
knowledge of the life history of cottonwood
trees.

As we saw in chapter 10 (fig. 10.8),
flood control on the Rio Grande in New
Mexico has largely eliminated reproduction by
Rio Grande cottonwood trees, Populus del-
toides subsp. wislizenii. Like other cottonwood species. the
Rio Grande cottonwood requires flooding to prepare a seed
bed of moist bare soil in which its seeds can germinate and its
young trees become established. In addition to preparing the
seed bed, floods are also critical for keeping soils moist long
enough for the roots of young cottonwood trees to grow into
the shallow groundwater of riparian zones.

With this background in mind, Mahoney and Rood built
a model for flow management by dams that would foster,
rather than inhibit, cottonwood germination and establish-
ment (fig. 12.24). The first step in their analysis was to
describe the phenology of cottonwood trees. Phenology is the
study of the relationship between climate and the timing of
ecological events such as the date of arrival of migratory birds
on their wintering grounds or the timing of spring plankton
blooms. In the case of cottonwoods, Mahoney and Rood
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FIGURE 12.24 River management 1o sustain cottonwood riparian forests (after Mahoney
and Rood 1998).

bounded the growing season with cottonwood leaf flush to
mark the beginning of the growing season and with leaf fall
to mark its end. Because their goal was to build a model that
would predict the potential timing of cottonwood germination
and seedling establishment, the most critical phenological
event within the growing season was the timing of seed
release by female cottonwood trees. The timing of river flows
to foster cottonwood germination must coincide with the
period when cottonwood trees are releasing their seed.

A second step in Mahoney and Rood’s model building
was to determine how much elevation of river level would be
required to flood potential seedbeds for new cottonwood
trees. Releases of water from the dam that did not flood these
areas would produce no recruitment of young cottonwoods.
The results of these first steps produced the “recruitment box™
shown in figure 12.24.
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and what level or stage they should attain, Mahoney and Rood
next turned to the maximum rate at which flows could be
reduced by river managers and still promote cottonwood
seedling establishment. They realized that germination is only
one step on the way to successful seedling establishment.
Because cottonwood seedlings in semiarid landscapes draw
critical water from the shallow groundwater, flows must be
drawn down at a rate that does not exceed the rate of seedling
root growth. For young cottonwoods to successfully establish,
flood waters must recede slowly enough so that the growth of
the young cottonwood roots can keep pace. If flood waters fall
too quickly, the roots of the young trees will not grow down
to the groundwater level and they will die. Using results from
their own experiments and the published resuits of other
researchers, Mahoney and Rood proposed a survivable rate of
river level, or stage, decline of 2.5 cm per day. This rate of
stage decline is given by the dashed line in middle and lower
panels in figure 12.24. The most important feature of this line
is its slope. If the slope is much steeper than that shown in fig-
ure 12.24, the rate of groundwater-level fall will probably
exceed the rate of root growth by cottonwood seedlings.

The next stage in the analysis was to specify flow releases
that would be workable within existing programs of river man-
agement and produce needed cottonwood reproduction.
Throughout the intermountain region of western North America
where Mahoney and Rood worked on their model, peak flows
occur in late spring and then gradually decline into late summer
when they approach base flows. Cottonwood seed release across
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much of western North America extends from May into July,
coinciding with peak flows across the region. Two factors were
critical in their recommendations to river managers. First, ensur-
ing that peak flows overlap with the “recruitment box™ in the
model and second, making sure that high spring flows recede at
a rate that does not exceed the rate of seedling root growth
which is represented by the slope of the dashed line in figure
12.24. Mahoney and Rood point out that to maintain this slope
during draw down, the flow peak which precedes the recruit-
ment box must exceed the height of the recruitment box. Lower
peak flows will be followed by a drop in groundwater level that
is too rapid to allow cottonwood establishment.

Mahoney and Rood’s recruitment box model has the
potential to help conserve and sustain cottonwood riparian for-
est in western North America and with modification could be
applied to very different riparian ecosystems. Preliminary
indications are that following the recommendations of the
model can lead to successful cottonwood recruitment.
Managers following recommendations of the model have
stimulated successful recruitment of cottonwood seedlings
along the Oldman River in Alberta, Canada, and along the
Truckee River near Reno, Nevada. Experiments and experi-
ences such as these provide models for collaboration between
ecologists, conservationists, and natural resource managers.
However, as Mahoney and Rood point out, these exercises
also improve our understanding of basic ecological processes
such as basic cottonwood reproductive ecology. Improved
understanding of basic ecology will in turn help any manage-
ment programs directed at the species.





Attached Letters in Support of Proposed Research Studies on the Impacts of Flow Regulations on Riparian Cottonwood Ecosystems in the Columbia River Basin

The following letters in support of our research project were received from: 

Dr. Jack Stanford, Director

Flathead Lake Biological Station

University of Montana

Polson, MT

Dr. David Fast, Director

Yakama Indian Nations 

Yakima/Klickitat Fisheries Research Program

Toppenish, WA

James Esget, Manager

Yakima River Basin Water Enhancement Project

U.S. Bureau of Reclamation 

Yakima, WA

Chris Jansen Lute, Manager

Pacific Northwest Region

U.S. Bureau of Reclamation

Boise, ID

Greg Servheen, Wildlife Program Coordinator

Idaho Department of Fish and Game

Boise, ID
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TheUniversity of Montana

May 30, 2002

Bonneville Power Administration
FY 2002 Proposals

905 NE 11" Avenue

Portland, OR 97232

To Whom It May Concern:

1 am writing this letter in support of the proposed project entitled “Impact of Flow Regulation on
Riparian Cottonwood Ecosystems in the Columbia River Basin” submitted by Dr. Jeffrey Braatne,
University of Idaho; Dr. Stewart Rood, University of Lethbridge and Dr. Mark Lorang, The University of
Montana. Drs. Braatne, Rood and Lorang provide a strong interdisciplinary approach in their proposed
study of the integrative dynamics of fluvial geomorphology and life history and ecology of riparian
cottonwoods and willows. Dr. Braatne recently completed a one-year study of the cottonwood
ecosystems of the Yakima River under the Bonneville Power Administration (BPA) innovative projects
program. His results, coupled with research I have done, show that the regulated flow regimes of the
Yakima have altered the structure and function of the riparian cottonwood ecosystems in this subbasin.
The effect of this alteration on the ecosystem has repercussions throughout the riverine ecosystem with
impacts to the invertebrate and fish communities.

As Research Director of the Flathead Lake Biological Station and the Bureau of Reclamation’s
Yakima Critical River Reaches Project, I am interested in applying results of their proposed research to
riparian habitat restoration efforts that will benefit anadromous and resident fish and wildlife. More
specifically, findings from their proposed studies will assist our efforts in the potential use of natural
seedfall by native willows and cottonwoods to restore floodplain habitats in the Union Gap reach. With
the Bureau of Reclamation and the Corps of Engineers, we have targeted the Union Gap reach as the
priority reach for restoration of floodplain structure and function, and multimillion-dollar actions have
been initiated. Furthermore, their research objectives mesh with our Bureau of Reclamation studies along
the South Fork of the Snake River. The study proposed by Drs. Braatne, Rood and Lorang will provide
critical information on linkages between fluvial geomorphic processes, such as cut-and-fill alluviation,
and the recruitment of cottonwood and willow seedlings. In addition, the use of normative flow regimes
to promote recovery of native cottonwoods represents a holistic ecosystem approach to restoring healthy,
self-sustaining fish populations in the Yakima and Snake River Basins.

For these reasons, I hope you will fund the research proposed by Dr. Braatne. Thank you for your
consideration in this matter.

Sincerely,

e

Jack A. Stanford
Jessie M. Bierman Professor of Ecology and Director
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May 22, 2002

Bonneville Power Administration
FY 2002 Proposals
Portland, OR 97232

To Whom It May Concern,

1 am writing this letter in support of a proposed project entitled “Impact of Flow Regulation on Riparian Cottonwood Ecosystems in
the Columbia Basin” submitted by Dr. Jeffrey Braatne of the University of Idaho, Dr. Stewart Rood of the University of Lethbridge
and Dr. Mark Lorang of the University of Montana. Drs. Braatne, Rood and Lorang provide a strong interdisciplinary approach in
their proposed study of the integrative dynamics of fluvial geomorphology and the life history and ecology of riparian cottonwoods
and willows. Dr. Braatne recently completed a one-year study of the cottonwood ecosystems of the Yakima River under the
Bonneville Power Administration (BPA) innovative projects program. The results of this work have indicated that the regulated flow
regimes of the Yakima have altered the structure and function of the cottonwood ecosystems in this subbasin. The effect of this
alteration of the ecosystem has repercussions throughout the riverine ecosystem with impacts to the invertebrate and fish communities.

As Research Director for the Yakama Nation and the Yakima/Klickitat Fisheries Project, I am very interested in using the results of
this proposed research to help us in our Ecosystem Diagnosis and Treatment (EDT) modeling efforts to determine and prioritize
habitat projects that will benefit the anadromous and resident fish and wildlife of the Yakima Subbasin. These results will give us
information on how the cottonwood structure and function have been altered by flow regulation, how the current population differs
from the historic cottonwood forests (very important in modeling historic and current conditions of the ecosystem), and most
importantly, how can the regulated flows be modified to promote recovery of the cottonwood ecosystems? We believe that using this
holistic approach of ecosystem modeling and planning will be critical in developing healthy, self-sustaining fish populations in the
Yakima Subbasin. This is the goal of the Yakama Nation and the Yakima/Klickitat Fisheries Project. For these reasons, I hope that
you will consider funding the research proposed by Dr. Braatne.

Thank you for your consideration in this matter,

David Fast, PhD
Research Manager
Yakama Nation Fisheries Program

Post Office Box 151, Fort Road, Toppenish, WA 98948 (509) 865-5121
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MAY 2 & 2002

Sent by Facsimile to Dr. Mark Lorang, 406-982-3201

Bonneville Power Administration
FY 2002 Proposals

905 NE 11% Avenue

Portland OR 97232

Subject:  Columbia Plateau Provincial Review Process: Impact of Flow Regulation on
Riparian Cottonwood Ecosystems in the Yakima River Basin

To Whom It May Concern:

I am writing this letter in support of the proposed project "Impact of Flow Regulation on
Riparian Cottonwood Ecosystems in the Columbia River Basin," submitted by Dr. Jeffrey
Braatne of the University of Idaho and Dr. Mark Lorang of the University of Montana.

Dr. Braatne has recently completed a study on cottonwood ecosystems of the Yakima River
funded through the Bonneville Power Administration’s (BPA) "innovative projects program.”
Dr. Lorang has also recently completed a study on the relation between fluvial geomorphic
processes and river ecology of the Yakima River funded by the Bureau of Reclamation
(Reclamation). They propose to extend and merge their investigations towards a synergistic
understanding between fluvial geomorphic processes, flow regulation, and successfiil recruitment
of cottonwood and other riparian vegetation with the objective of providing better constraints on
"normative" flow regimes.

Reclemation is funding a separate University of Montana study on the South Fork Snake River in
the Upper Snake River Basin. The study is exploring the relationship between fluvial
geomorphic processes and aquatic health, with special interest in maintenance of complete
floodplain ecosystem function. The results of the Braatne and Lorang study will not only apply
to our work on the South Fork Snake River, but provide critical information pertinent to all
regulated gravel bed rivers in the Columbia River Basin. In this way, the study will help
Reclamation respond to growing water management challenges throughout the West. Credible

A Century of Water for the West
1902-2002





[image: image20.png]information on the effects of flow regulation on riparian cottonwood structure and function is
essentizl if we are to meet these needs.

I encourage vour support and funding of this study. Thank you for your consideration in this
matter.

Sincerely,

Biologically Based System
Management Project Manager
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Ronneville Power Administration
905 NE 11" Avenue
Portland, OR 97232

Subject: FY 2002 Proposals
To Whom Tt May Concern:

1 am writing this Jetter in support of the proposed project entitled “Impact of Flow Regulation on
Riparian Cottonwood Ecosystems in the Columbia River Basin” submitted by Dr, Jeffrey
Braatne of the University of Idaho, Dr, Stewart Rood of the University of Lethbridge and Dr.
Mark Torang of the University of Montanta. Ihave a good familiarity with Dr. Braatne’s
scientific studies. His work is closely ticd to those habitat improvements which are essential to
the recovery of salmonids throughout the Columbia Basin. Dr. Mark Lorang is currently
completing sediment transport work for the Yakima River Basin Water Enhancement Program.
13is work products will allow Reclamation to effectively restore the productivity of significant
reaches of the Yakima River ecosystem. Specifically, his expertise is strongly being relied upon
to assess the possible relocation of a state highway bridge in Gap to Gap area, near the City of
Yakima, to allow the Yakima River to [unction more effectively for the fishery. His work on the
effects of gravel mining and possible recovery opportunities in the Gap to Gap reach has also
proven valuable in the restoration effort,

The Corp ol Engincers, Washington State Department of Transportation, Yakima County, City
of Yakima, Yakama Nation, and the numerous partnership entitics comprising the Yakima River
Basin Water Enhancement Program, are working together to make the Gap to Gap cnhancement
effort a success. This research is a key ingredient for suceess in that endcavor. Because of the
Jack of new cottonwood growth along the entire Yakima River corridor, it is essential that we
understand the operational flow regimes and propagation requirements of the cottonwood
comriunity. We believe that the cottonwood studies, along with the “Reaches Studies” currently
being completed by Dr. Jack Stanford and Dr. Lorang, will provide a comprchensive picture and
recommended treatment for the Gap to Gap cffort,

A Century of Water for the West
1902-2002






[image: image22.png]Reclamation has made a deeision to proceed with acquisition of key habitat in the Gap to Gap
reach, and to work with the Corp of Engincers on possible setback of the Corp’s 100-year flood
levoes in the area. That aclion would have significant potential to improve and restore
cottonwood gallerics in these restoration areas. 1t is cssential to thoroughly understand
cottonwood function in such an undertaking.

Reclamation would encourage you to strongly consider fundin g the subject study. Together, our
fedcral gencies have invested many millions of dollars on the Yakima River fishery, and we
rontinue to have a very strong recipe for success,

Should you have any questions, please do not hesitate to call me at 509-575-5848, extension 267,

.

Sincerely,

cs A. Bsget, Manayer
Yakima River Basin Water Enhancement Project

CC: Dr. David Fast
Research Manager
Yakama Nation Fisheries Program
PO Box 151
Toppenish, Washington 98948
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40.7681268

74.7145376003

6.8217159997

40.1923458

74.2515179377

6.1331736623

51.6168462

95.2865448918

7.9471475082

62.8791792

119.6317888083

6.1265695917

53.9272272

98.2928621998

9.5615922002

45.2609532

81.3438730943

9.1780333057

45.8120604

90.0092691432

1.6148516568

45.2578734

95.7611368818

-5.2453900818

45.9462264

96.4795538956

-4.5871010956

45.7163742

95.581468396

-4.148719996

42.6788064

86.0582063093

-0.7005935093

38.2805334

72.0585516145

4.5025151855

55.06824

100.1050588332

10.0314211668

33.8889864

58.2048804348

9.5730923652

31.985847

54.584171535

9.387522465

30.795168

52.1866103776

9.4037256224

29.605374

49.0263307214

10.1844172786

27.4168398

43.5289118284

11.3047677716

27.1439766

41.7992838929

12.4886693071

26.4987408

40.7538617381

12.2436198619

26.63142

39.9608981177

13.3019418823

26.9571708

39.933023424

13.981318176

27.6392934

40.7953519085

14.4832348915

27.91998

41.3166651625

14.5232948375

28.1179722

42.6455227346

13.5904216654

28.4808576

43.6617747201

13.2999404799

29.8088178

45.4795532124

14.1380823876

32.7490356

47.9203684711

17.5777027289

34.5100794

49.7919273843

19.2282314157

33.6827814

49.4963639746

17.8691988254

33.4712664

49.4413029223

17.5012298777

37.8504234

57.9173501732

17.7834966268

39.6563544

64.2172760896

15.0954327104

39.4288032

63.2582518504

15.5993545496

37.92048

60.2856481739

15.5553118261

38.444223

59.6435566083

17.2448893917

38.6924124

59.9536303477

17.4311944523

38.9020866

62.7735694359

15.0306037641

43.2783054

77.6693352227

8.8872755773

45.0283752

84.3973072184

5.6594431816

43.5598416

80.5991777344

6.5205054656

41.5507146

76.0989523013

7.0024768987

40.457067

74.5698672409

6.3442667591

40.0958808

74.4005363439

5.7912252561

40.014921

73.3549751537

6.6748668463

40.7503206

72.1607284281

9.3399127719

39.8613204

70.1581510176

9.5644897824

41.4190266

74.4158994341

8.4221537659

45.3752598

83.3794660478

7.3710535522

45.3205668

84.6195305332

6.0216030668

45.21996

82.4351085671

8.0048114329

45.1480272

82.1230592023

8.1729951977

48.05904

84.7871586722

11.3309213278

49.180158

84.9240895293

13.4362264707

50.6194866

85.6493442602

15.5896289398

52.9120614

89.6213780211

16.2027447789

55.0405926

94.1180104586

15.9631747414

55.0952856

93.9466481804

16.2439230196

54.2786784

88.321248182

20.236108618

56.3697564

90.8648134641

21.8746993359

60.2424102

96.9915998447

23.4932205553

62.2918932

97.8424493061

26.7413370939

58.8532434

91.1518796545

26.5546071455

60.3690006

101.7927909065

18.9452102935

53.6598864

89.1768341997

18.1429386003

51.7443924

84.8195281638

18.6692566362

52.3676802

82.9658755063

21.7694848937

54.6788046

87.3295011586

22.0281080414

55.6258254

89.7492486273

21.5024021727

61.4782242

103.8051749465

19.1512734535

62.3888538

108.1336023502

16.6441052498

62.4577068

109.348428485

15.566985115

61.5475374

107.8973639902

15.1977108098

60.3591948

108.0998145185

12.6185750815

58.9259196

105.1910711218

12.6607680782

58.5590694

102.5723219424

14.5458168576

59.6858514

103.11340865

16.25829415

62.7899712

108.2652849626

17.3146574374

65.5835976

112.9187826773

18.2484125227

69.5837268

118.1064511688

21.0610024312

71.8553448

122.3810426755

21.3296469245

69.7902504

116.8572954973

22.7232053027

62.8225746

108.6821880319

16.9629611681

60.080172

109.3621542352

10.7981897648

63.3510966

113.5962555286

13.1059376714

64.199493

113.2687686487

15.1302173513

58.8859176

99.240180332

18.531654868

55.2911184

89.3679296557

21.2143071443

57.40464

91.1056371855

23.7036428145

56.9027034

89.4166064506

24.3888003494

58.6835004

91.8856925282

25.4813082718

57.7764108

91.3132216042

24.2395999958

59.5908732

97.6020588623

21.5796875377

62.722782

112.1945437845

13.2510202155

62.5864566

115.6141147214

9.5587984786

61.6805706

112.8706193454

10.4905218546

63.2308074

117.2729367835

9.1886780165

69.4255596

123.0696806168

15.7814385832

79.223607

130.5142406391

27.9329733609

83.6183046

136.5999941043

30.6366150957

85.4411568

138.3980035752

32.4843100248

83.1371124

137.5594604962

28.7147643038

81.007413

136.6625188249

25.3523071751

79.2705828

136.0896712182

22.4514943818

80.9715174

139.2760825229

22.6669522771

83.5603902

142.2657017187

24.8550786813

86.5623456

142.7814894302

30.3432017698

90.1888278

145.1497561416

35.2278994584

93.0295362

150.6609135683

35.3981588317

88.4825832

144.322161252

32.643005148

79.9561746

131.1454105453

28.7669386547

74.1697968

116.6785263364

31.6610672636

75.2210706

116.4546279472

33.9875132528

78.2637714

114.2806551815

42.2468876185

71.9667486

98.0939845392

45.8395126608

71.324982

95.1261773888

47.5237866112

71.903418

94.1309710918

49.6758649082

64.9623984

84.4742973892

45.4504994108

63.0016632

84.09524206

41.90808434

63.2996604

85.7852945241

40.8140262759

62.3023716

82.1778730665

42.4268701335

62.8196718

82.0248233717

43.6145202283

62.674284

80.3298863668

45.0186816332

63.5221494

79.8813286955

47.1629701045

63.4321272

80.2828284317

46.5814259683

64.43508

82.3479909041

46.5221690959

67.9907268

87.2534755455

48.7279780545

67.6484088

86.9865402457

48.3102773543

65.1123882

84.2348318703

45.9899445297

66.2500026

84.6485143601

47.8514908399

69.9812688

87.5650973216

52.3974402784

73.1330724

91.9960478493

54.2700969507

74.2238526

92.8362509625

55.6114542375

74.773473

91.660677202

57.886268798

74.8678848

90.2713713741

59.4643982259

75.1922196

89.7360858282

60.6483533718

75.9359028

91.7235045526

60.1483010474

76.062741

90.4833005516

61.6421814485

77.2388352

91.2797620173

63.1979083827

75.1966092

86.4419954203

63.9512229797

76.8476298

90.900759285

62.794500315

82.4594856

96.4595606496

68.4594105504

83.0823132

97.7691087477

68.3955176523

84.3844668

98.2435095501

70.5254240499

86.4090282

100.6172410576

72.2008153424

87.7557504

102.5925072781

72.9189935219

88.8941082

103.326621152

74.461595248

89.838297

103.2367511316

76.4398428684

90.9830976

101.1729966419

80.7931985581

91.526346

99.993167147

83.059524853

92.2128582

101.1358571458

83.2898592542

92.5142892

102.9802427145

82.0483356855

93.6175302

104.4336657727

82.8013946273

93.6776394

104.1795344626

83.1757443374

95.7625224

105.4993672586

86.0256775414

99.0414828

109.4878272383

88.5951383617

102.3643392

115.1512595686

89.5774188314

103.116129

117.004330886

89.227927114

104.2702044

120.7217415634

87.8186672366

105.7315872

123.2796289745

88.1835454255

105.6853194

123.5310796771

87.8395591229

104.6802426

122.0016279244

87.3588572756

105.5163906

121.2519036287

89.7808775713

106.483908

121.1335350936

91.8342809064

106.3535298

121.51351854

91.19354106

105.6119706

120.5441517087

90.6797894913

106.8284208

120.8331475519

92.8236940481

108.4364658

122.3668517169

94.5060798831

108.1556376

120.6723420703

95.6389331297

107.8095672

117.8662139282

97.7529204718

108.2707584

120.2110097191

96.3305070808

107.095089

117.9378063812

96.2523716188

104.1541278

113.3447778378

94.9634777622

103.8461124

114.1253288758

93.5668959242

101.7930894

112.1497236503

91.4364551497

100.3927008

110.5142285103

90.2711730897

99.3844026

110.0317378727

88.7370673273

99.0484566

109.7166588024

88.3802543976

98.9761344

110.1530964192

87.7991723808

99.0188622

109.4399288772

88.5977955228

98.4278946

109.2826789653

87.5731102347

97.5843834

110.4591040321

84.7096627679

96.8950392

109.4892247074

84.3008536926

95.0454246

106.9811244581

83.1097247419

94.1001384

106.2827384475

81.9175383525

94.042755

106.1724032227

81.9131067773

93.2794602

105.8385228159

80.7203975841

91.9804572

104.9347741235

79.0261402765

91.065615

103.8282307589

78.3029992411

90.216015

103.7007443717

76.7312856283

88.3641348

101.3069756072

75.4212939928

86.3901246

99.5079438402

73.2723053598

80.2291086

94.1984374794

66.2597797206

77.8708314

95.4301358209

60.3115269791

74.9340828

93.9974325158

55.8707330842

72.8704752

91.6475617177

54.0933886823

71.7730752

91.0092237558

52.5369266442

69.5578848

88.3763620806

50.7394075194

65.2630152

83.2110528505

47.3149775495

60.9608178

79.326902645

42.594732955

62.8123794

80.5610801953

45.0636786047

57.8170146

76.0280280365

39.6060011635

52.9298322

69.8428319854

36.0168324146

47.0396262

61.5690683146

32.5101840854

38.427408

53.6137670376

23.2410489624

29.3068458

42.8562115027

15.7574800973

17.7572064

22.5752806769

12.9391321231

16.380111

20.7226231934

12.0375988066

15.6236484

19.1243912863

12.1229055137

15.0010332

17.8682954796

12.1337709204

14.358594

16.8193445029

11.8978434971

14.4971142

17.2590018606

11.7352265394

14.3397612

17.1637580352

11.5157643648

14.5723038

17.9511391038

11.1934684962

14.589402

18.1135961759

11.0652078241

14.4713784

17.9410620587

11.0016947413

14.4708828

18.0327583282

10.9090072718

14.426208

18.252373108

10.600042892

14.2097016

18.1094010241

10.3100021759

14.0279226

17.9069505902

10.1488946098

14.258412

17.9727153817

10.5441086183

14.2491018

17.8228222384

10.6753813616

14.0434632

17.5374308411

10.5494955589

14.0654112

17.5730561137

10.5577662863

13.8697554

17.3176816316

10.4218291684

13.7389878

17.0626928855

10.4152827145

13.6344516

16.8069490534

10.4619541466

15.0739572

17.989806938

12.158107462

14.8581942

17.4690101966

12.2473782034

14.9117544

17.1817294945

12.6417793055

14.9439684

17.2485215942

12.6394152058

14.840919

17.1180278218

12.5638101782

14.8701594

16.9945559937

12.7457628063

14.5220358

16.0631910191

12.9808805809

14.4128268

15.9640957912

12.8615578088

14.3502396

15.8496472716

12.8508319284

14.6285544

16.2563183387

13.0007904613

15.479535

18.762923644

12.196146356

15.5369184

18.4474855765

12.6263512235

14.6698308

16.4140932204

12.9255683796

14.4054636

15.5123596281

13.2985675719

14.6153502

16.2540023889

12.9766980111

14.151681

18.0666999747

10.2366620253

13.8753132

17.9590251365

9.7916012635

12.780639

18.1480569397

7.4132210603

12.4359138

17.6286841812

7.2431434188

12.2459928

17.1146015257

7.3773840743

11.7207984

15.7976227204

7.6439740796

10.934883

14.6972868487

7.1724791513

10.6971012

14.1149464564

7.2792559436

10.967982

14.2758367788

7.6601272212

11.1119184

14.5759531547

7.6478836453

11.8426098

15.7948644537

7.8903551463

12.2371782

15.9624020967

8.5119543033

12.336546

15.720753139

8.952338861

12.9551256

16.6888806474

9.2213705526

13.6784892

19.5354740645

7.8215043355

16.7688384

28.2142230943

5.3234537057

19.9133142

36.0226413269

3.8039870731

17.7753666

30.7470472767

4.8036859233

16.6760196

27.4569923619

5.8950468381

15.9527268

26.0439181572

5.8615354428

15.5367768

25.3964767366

5.6770768634

15.8599434

27.4221522193

4.2977345807

17.3418936

30.4602846926

4.2235025074

18.6348078

33.0267537412

4.2428618588

20.9224266

38.9034542024

2.9413989976

20.1454674

36.3241553137

3.9667794863

20.6285004

37.7582707173

3.4987300827

21.313101

39.4338147462

3.1923872538

20.5023348

36.6218253593

4.3828442407

20.7698172

38.0825047317

3.4571296683

19.5208344

36.0708765048

2.9707922952

18.6934656

33.7510880394

3.6358431606

17.8996914

31.6185607259

4.1808220741

17.6876808

31.2492757289

4.1260858711

17.681238

31.1105713301

4.2519046699

19.617264

33.132881013

6.101646987

22.101459

35.8378181095

8.3650998905

22.6731336

37.6802828322

7.6659843678

21.179466

36.0136278966

6.3453041034

20.6143404

36.8602956508

4.3683851492

21.8855544

39.1072414046

4.6638673954

23.5846482

41.1186027043

6.0506936957

22.4876022

39.1504420817

5.8247623183

26.8587942

54.3266828828

-0.6090944828

43.5429204

116.040535189

-28.954694389

42.6067674

106.2286482509

-21.0151134509

36.418989

72.9462784465

-0.1083004465

29.44926

52.1790975487

6.7194224513

25.1743206

41.8691020985

8.4795391015

23.1691938

37.3969795778

8.9414080222

24.2862408

42.1779289896

6.3945526104

29.21208

61.5626906388

-3.1385306388

32.2354878

70.1525258094

-5.6815502094

33.2146872

75.851442795

-9.422068395

33.8181864

78.9544208748

-11.3180480748

33.8661534

79.942079285

-12.209772485

32.4663666

75.8962485119

-10.9635153119

25.384455

49.0124703315

1.7564396685

24.1956876

46.0357651349

2.3556100651

24.608841

49.5154804858

-0.2977984858

24.0272544

47.879342375

0.175166425

23.1126246

45.7519708139

0.4732783861

22.8677982

44.8434588724

0.8921375276

23.0474886

45.7999901134

0.2949870866

23.3076786

47.9145064202

-1.2991492202

23.6727234

49.6812046373

-2.3357578373

23.7900036

49.1947278178

-1.6147206178

22.4448036

44.8534790684

0.0361281316

21.0489816

39.1423893866

2.9555738134

20.0433384

36.8642145914

3.2224622086

19.0839984

34.4264049579

3.7415918421

18.4677906

32.495670929

4.439910271

18.2450184

29.6605603448

6.8294764552

20.720151

31.8298151366

9.6104868634

26.1065088

46.9020926318

5.3109249682

33.8597814

75.2565710659

-7.5370082659

29.2149474

56.5205823957

1.9093124043
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		46		46		46

		47		47		47

		48		48		48

		49		49		49

		50		50		50

		51		51		51

		52		52		52

		53		53		53

		54		54		54

		55		55		55

		56		56		56

		57		57		57

		58		58		58

		59		59		59

		60		60		60

		61		61		61

		62		62		62

		63		63		63

		64		64		64

		65		65		65

		66		66		66

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		71		71		71

		72		72		72

		73		73		73

		74		74		74

		75		75		75

		76		76		76

		77		77		77

		78		78		78

		79		79		79

		80		80		80

		81		81		81

		82		82		82

		83		83		83

		84		84		84

		85		85		85

		86		86		86

		87		87		87

		88		88		88

		89		89		89

		90		90		90

		91		91		91

		92		92		92

		93		93		93

		94		94		94

		95		95		95

		96		96		96

		97		97		97

		98		98		98

		99		99		99

		100		100		100

		101		101		101

		102		102		102

		103		103		103

		104		104		104

		105		105		105

		106		106		106

		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1908-1915)

29.47758

39.1721887554

19.9006572964

28.80144

38.3783627036

16.6251437542

29.7891

41.9653962458

16.39632816

29.1873

42.58007184

17.3278721885

28.73772

40.5971478115

18.2042523178

30.05106

40.5845276822

18.3161088167

32.58216

44.3171111833

14.7946442328

35.02476

52.8122757672

17.4718556089

33.65478

51.2076843911

17.4342247401

31.67238

47.8929352599

18.0551504927

29.8953

43.5125295073

16.2734015533

29.32182

42.9437184467

16.4797694602

28.56072

41.4027705398

14.1541568786

31.6299

46.0364631214

12.1003975516

33.1698

52.6993024484

13.1394744958

32.47596

52.5062855042

14.2169382542

31.65822

49.9172417457

14.5376552514

30.26346

47.3840247486

16.1221250674

28.93596

43.0772949326

15.8379463321

28.71294

41.8109536679

16.9249948342

28.33416

40.1221051658

16.9764232056

27.71466

39.0723967944

17.4725764065

27.21906

37.4611435935

16.2637847934

27.7359

38.6911752066

15.9689899021

29.02092

40.7878300979

16.2551148354

29.6475

42.4133051646

16.8622919095

29.13066

41.9158680905

16.4887149559

29.28288

41.9248250441

14.0592834379

29.25456

44.4781565621

10.7786379515

29.96964

48.4455620485

11.1239502178

30.43338

49.2790697822

12.9392368308

29.72892

47.2230631692

14.3656788982

28.0722

43.4354411018

13.62033208

27.51288

41.96474792

13.6307225269

26.35176

40.2339174731

13.4504180051

25.67208

38.5734219949

13.6693627506

24.52512

36.5278372494

12.6982729728

24.17112

35.9979670272

12.911700801

23.14806

34.407479199

11.6437443685

22.69848

34.2027956315

11.2481914426

22.33386

33.7841485574

11.1340358992

21.88074

33.0805641008

10.8680099441

21.28248

32.2952100559

10.4287136546

21.10902

31.9627863454

10.7784906809

20.9745

31.3050293191

9.5963033906

21.9303

33.3084966094

6.375322938

25.5057

41.060677062

3.1076221643

29.12004

51.5181178357

2.6466506727

32.12196

58.5953493273

6.0413299302

31.83876

57.9193900698

8.8677635553

29.70414

52.6751364447

9.7497836523

27.97308

47.9274363477

10.1303116777

26.2137

44.0564683223

9.6439902048

25.34994

41.9196497952

10.7050616444

24.64902

39.2938983556

11.6946535179

23.85606

36.8104264821

12.0348337644

23.29674

35.1179662356

12.3353581372

23.39232

34.3537018628

12.7094690328

23.38878

34.0716309672

9.9718530911

26.196

39.6129269089

15.1319173489

23.38878

34.4528626511

6.9252050825

25.88094

42.3445149175

4.2601997939

27.26508

48.8858202061

5.5142641495

27.81378

49.5645958505

7.2703606593

27.02082

47.5642393407

8.4405380944

25.78536

44.3656419056

9.0711818655

24.80478

41.5189581345

9.5559283795

24.50034

39.7491916205

10.0229075176

24.71982

39.1972524824

7.8850904054

26.29866

43.1333895946

8.8085471695

26.90754

44.3976528305

8.8333885169

27.07392

45.1480714831

7.4448589047

30.13248

49.7615410953

2.038828182

39.01434

67.107991818

7.2510066026

43.30128

75.0646133974

-6.8265358371

56.1621

106.2899158371

11.9154425336

56.93736

101.1840174664

7.5445850571

62.82084

112.2136149429

10.3692821207

64.76076

117.2123178793

2.1808052914

68.7645

131.3444547086

-0.2347538156

71.01948

140.0187338156

3.7566412461

69.14328

136.4061187539

11.5035857443

70.23006

127.8697542557

20.8995581365

72.91338

122.2438818635

30.8484925155

71.9682

114.0330874845

37.7699520464

68.4813

102.6795479536

22.7858413343

76.37904

122.0744986657

48.7869385985

68.4282

96.0203014015

49.3500243926

63.62088

82.6990556074

47.7711197992

61.065

76.9147602008

47.0391439742

60.18

74.2058560258

45.623197291

61.01544

75.572242709

35.8431915174

67.2246

92.3968484826

22.1122914519

74.9064

120.0187085481

29.5961107689

73.4373

118.7475892311

37.3983001392

68.77512

104.8141198608

39.4354945617

63.81912

93.1587454383

38.0620394094

60.3924

86.1494805906

35.3168030659

60.0384

85.1139969341

35.5963651787

62.61198

87.0540148213

36.2550644469

66.98388

93.3407955531

40.9053323393

70.0566

96.1351476607

44.2828348781

73.36296

99.1367251219

48.9289115272

77.28528

101.7193284728

54.6348751552

79.9686

102.6190048448

54.6961965431

81.00228

106.2746834569

53.0678569591

79.5438

107.4782230409

50.7998470216

80.4996

109.2435529784

49.7899068964

85.6326

116.3422931036

43.6441664188

97.8456

139.8340335812

40.9312066514

113.4924

170.4067933486

51.1997511016

118.34928

180.6419288984

64.4981252753

110.2356

164.0867547247

64.1154841092

101.067

147.1871158908

49.2122398196

102.2706

154.1253601804

32.7914670846

110.8728

180.3519329154

22.6492384614

116.0058

204.2293615386

40.6029887722

115.87836

191.2811712278

61.6938252997

106.06548

160.2500147003

67.5118596712

96.29508

134.8487003288

43.5362350635

102.3591

155.1179449365

75.7052414324

92.16036

118.8142185676

63.5007638633

93.55512

122.2147161367

58.0743181595

102.483

137.9638018405

62.6488285227

109.6692

149.5033714773

70.7736224553

110.2179

149.1134775447

74.3108858384

108.3771

144.2841141616

69.7938560093

110.8374

149.4206439907

65.843062986

122.8911

167.885437014

69.0427112483

129.7764

183.6247887517

65.6211083471

136.21212

200.3674116529

62.0285887177

137.29536

211.4788912823

70.518450562

129.50736

196.284269438

72.6715460693

123.92832

180.7641339307

67.2428366193

125.0682

181.7536833807

62.8977634638

129.39408

191.5645165362

73.0937739841

128.19756

184.4978660159

79.4652263469

123.74424

172.4765736531

83.579353556

119.70864

159.873526444

81.2528747502

122.7495

161.2052652498

81.7359887684

120.80604

161.8195512316

62.5639516862

130.6614

188.9034883138

83.334156328

125.68416

173.011403672

77.4713944847

127.46124

175.6740055153

71.7354178127

132.91992

188.6457421873

72.1661881747

140.1132

200.8669318253

78.3156045772

141.9186

203.7161954228

76.0317098217

141.069

206.9558901783

77.0103297265

135.5112

199.5698702735

80.1466379527

126.4311

181.7956620473

74.4476838458

122.5902

174.5736161542

66.8618037076

122.9796

178.7079962924

51.634073801

139.6176

210.963126199

49.7272611357

157.51584

247.4061788643

59.7899302231

157.25388

254.9797897769

65.5353625191

143.91162

235.6301374809

66.7350083947

130.095

207.2716116053

65.7812072609

121.53528

185.8490727391

60.1284854538

121.04676

182.4535545462

49.9120904722

128.1126

199.2472695278

49.746340236

133.55712

211.923379764

55.1791856174

129.2454

207.6233343826

51.7031658234

131.56764

209.1098741766

57.2139917835

136.821

211.1746482165

70.3287226025

136.1484

202.6406773975

75.9533418315

125.05404

185.2490981685

70.7206525653

115.8642

170.1975874347

65.2398306249

115.935

166.5593693751

76.2969394346

106.7487

146.3867605654

74.4595422791

97.59072

129.8798777209

66.1731082872

97.58364

129.0012517128

61.6456229653

95.1906

131.1286170347

58.4386139214

91.1373

127.8892860786

56.5846923375

83.49444

118.0470476625

51.5647276967

78.3402

110.2699123033

46.2256234746

76.7295

108.8440765254

45.149956109

77.5614

109.140943891

44.9188831568

78.46764

111.1101568432

46.6079546682

79.296

111.1556853318

50.5181826163

77.50476

106.2825773837

50.6248920635

72.9063

99.7861679365

45.8988784563

71.64252

98.6499415437

40.3900100613

73.26384

104.5163499387

36.1895914932

72.6939

109.7681485068

33.2320243217

70.8354

110.2972756783

36.9929576808

67.26

101.1024423192

42.4570945048

62.0562

86.8591054952

40.4247102015

60.2154

81.8468897985

38.4127110764

58.941

80.7436889236

35.424557062

55.8612

79.377642938

33.4874884526

54.91248

77.2861915474

30.4772323096

54.693

79.1282476904

29.9528221757

54.38148

79.1216578243

30.9327349906

54.516

77.9647450094

30.8488681161

54.70008

78.3672118839

31.9466864803

52.6752

75.4285935197

21.8296066262

55.0824

85.9279933738

21.5876536198

55.94616

89.4409063802

22.0017400202

56.20104

90.1454599798

26.7400962083

52.215

81.6759437917

24.5011985778

51.09282

78.8066214222

34.2167513899

44.77746

61.6535286101

28.0104008528

43.6305

60.3975591472

25.6773593745

43.7013

61.6544406255

25.8078121046

43.11012

61.0036078954

25.8701307995

42.82338

60.0633692005

28.041305442

41.71182

56.493894558

29.7370469775

39.84624

51.8210130225

29.1143804973

39.08514

49.8169995027

29.8230711194

38.24616

47.5082288806

30.3814412713

36.92928

44.7939987287

29.800981133

36.5682

43.696498867

28.9497299144

37.18062

44.7990900856

30.1298428289

35.72922

42.7799971711

28.3808572401

35.03538

42.3837427599

27.220071494

35.20176

43.017068506

27.1103929995

34.3911

42.4824670005

26.6415344177

34.40526

42.1548255823

27.7200087956

33.33264

40.0178912044

26.1595252505

32.34852

39.5216347495

25.0220261785

32.47242

39.7989138215

24.6805380013

31.00686

38.7987419987

23.2633538737

30.72012

38.4636261263

22.9063225654

30.57498

38.3887774346

22.512970601

30.02274

38.084749399

21.2493755985

30.99624

39.7696044015

21.8669289476

31.04934

40.1786510524

22.5439195513

30.91482

39.4202404487

21.9816794744

30.3024

39.2355405256

21.6219916632

30.18204

38.8624483368

21.0519375352

30.5856

39.7157024648

21.874110346

30.36612

39.077609654

22.3539120059

29.99088

38.0030879941

21.6503231833

30.43338

38.7739368167

21.7174953558

30.5148

39.2306846442

20.8755373986

31.52724

41.1665026014

22.4657384776

29.66166

38.7231615224

20.9101654723

28.8333

37.5847945277

20.0001324234

28.4439

37.2770675766

19.7414999206

27.71112

36.4135200794

18.7006571309

28.6386

37.6490628691

18.9321505435

29.1519

38.8583494565

20.811253893

26.3907

34.731346107

18.2899494042

26.18184

34.2825905958

16.7609808839

27.83502

37.2558791161

18.418314295

27.56952

36.986225705

17.2579068537

27.53766

37.8492731463

18.4660172535

26.2845

35.3561427465

16.7393695404

26.79072

36.3358504596

16.0667176622

26.64204

37.3660423378

15.5707257154

25.65792

36.7292342846

14.3719272908

23.99058

35.2765727092

12.9138442805

22.82592

33.9026557195

13.0446993087

21.51612

31.2973406913

12.3765486542

21.13734

30.2769113458

11.8075753769

20.92494

30.2547046231

13.840107021

20.29836

27.383192979

13.8632848319

19.87356

26.3086351681

12.925375651

19.5939

26.542084349

11.8560749323

19.4169

27.1547250677

11.7555464155

19.21158

26.8729335845

11.4360765714

18.69828

26.4737834286

10.8919927743

18.09648

25.9027672257

10.821327086

17.42034

24.695492914

10.7218378638

17.34246

24.0409621362

10.700714841

16.99908

23.640825159

10.5693807606

16.35834

22.7880392394

10.2376166764

16.2309

22.3516233236

10.2844718664

15.61494

21.5613681336

8.9558600429

14.7441

21.4031799571

8.7280124989

13.73166

19.7477475011

8.1754946316

12.95994

18.5161053684

6.8289765176

13.17942

19.3103834824

5.9136663081

13.48032

20.7460736919

4.4569194201

15.9831

25.0065005799

6.5322853419

17.2221

26.6729146581

7.4719444144

18.64518

28.3953355856

5.8828127692

20.59218

33.3545472308

4.4955917432

21.71436

37.8109482568

4.4310108027

22.28784

39.5711891973

3.4421756762

23.187

42.0326643238

2.8607612498

24.43662

44.7628587502

4.1463532184

26.05794

46.3482067816

6.2401959504

26.2314

46.0491440496

10.4195567974

23.86668

39.6785232026

5.8046978251

25.53402

43.5960021749

6.7223288611

25.0278

43.8394911389

5.4752625251

24.75522

44.3077574749

4.7058543213

25.61544

45.6648056787

3.6937019571

27.18012

49.1018580429

5.141513364

26.7624

48.801006636

6.2475027073

25.69686

46.2117572927

3.4218586878

26.14644

48.4214413122

5.7589849448

25.27206

45.6595150552

5.0440523496

25.2402

45.4682076504

5.0318565354

25.14108

45.3494234646

5.1323078312

25.8774

45.8861721688

5.4788403172

25.2579

45.6564596828

5.1500422261

25.06674

45.1745977739

4.9197788864

25.33932

45.4862811136

6.1961105838

26.05086

45.1940694162

8.1566505646

25.37118

43.2653894354

9.3061966396

23.5233

39.5882833604

7.6813691599

25.7535

41.5954308401

11.3480344271

25.08798

39.4934455729

11.817805796

24.6207

37.890874204

12.6671868097

26.06856

38.0220731903

3.4038940306

33.88134

56.5460059694

1.6634354555

39.31524

71.5331445445

4.4311224713

40.51884

75.4029575287

5.5091439568

42.01272

77.0224160432

11.6708989823

41.96316

72.3049810177

15.8266306191

42.41628

68.5528093809

17.2497003509

44.9757

70.1422796491

21.1677194876

45.8784

69.6863805124

18.6286836765

46.13682

73.3865363235

19.376066164

47.47848

74.239233836

20.2946021137

47.44308

74.6269578863

23.5408274346

47.49264

71.3948925654

27.7643092466

42.89064

62.6189707534

26.5148149245

34.7628

51.1386250755

19.0742521161

35.61948

51.3080278839

10.0797664237

41.65164

67.1913535763

-41.4176293662

66.29004

149.3593093662

-16.8949960187

71.91156

155.0965960187

15.8043631796

70.93806

127.0452568204

-17.9728568981

85.64676

174.5576768981

-16.6152525094

99.58728

201.8492925094

-66.1256864369

117.9174

283.6303664369

-7.4356445818

99.00672

224.3597645818

21.6275246367

79.38804

156.7672353633

24.859881226

67.3131

121.841258774

28.5220900385

60.003

98.7940099615

-1.6417737478

68.12022

129.7649937478

-86.88251089

101.14488

256.14761089

-4.6566474453

79.28184

185.0833674453

4.2245159711

66.21924

141.2765640289

15.3931569334

57.25596

108.0820430666

20.4886434585

52.47696

89.2442765415

21.838481773

48.17232

78.810798227

21.5671780761

44.63232

71.2374619239

21.640421733

41.98794

64.979838267

21.4032907994

40.7277

61.3123492006

20.0881400811

38.55414

59.1936999189

18.9244809872

37.91694

57.5465990128

19.0883960856

36.30624

55.1347839144

16.6116953255

36.59298

56.2875246745

7.0246718409

40.17192

69.7402281591

11.2220168062

39.41082

68.3607231938

14.2590544814

38.4267

63.5784655186

16.2099794178

35.9487

58.1654205822

15.287379688

32.38746

53.048780312

14.5466631405

29.83158

47.6723768595

14.199054061

30.3555

45.988025939

17.3020957246

31.32546

44.3788642754

20.0573742767

31.14138

42.4094657233

20.6616795749

30.96438

41.4440804251

19.9619500061

30.3909

41.3933299939

20.0013142024

31.0281

41.4176857976

21.2697573653

30.77322

40.5315626347

21.8480614865

30.91482

39.8399785135

22.8354413318

30.4263

38.5056786682

21.4005403743

30.60684

39.6325996257

21.0048750453

30.68826

40.2902249547

20.7230686485

30.21744

40.1826313515

20.8829048359

30.07584

39.4103751641

30.07584



Parker

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		21		21		21

		22		22		22

		23		23		23

		24		24		24

		25		25		25

		26		26		26

		27		27		27

		28		28		28

		29		29		29

		30		30		30

		31		31		31

		32		32		32

		33		33		33

		34		34		34

		35		35		35

		36		36		36

		37		37		37

		38		38		38

		39		39		39

		40		40		40

		41		41		41

		42		42		42

		43		43		43

		44		44		44

		45		45		45

		46		46		46

		47		47		47

		48		48		48

		49		49		49

		50		50		50

		51		51		51

		52		52		52

		53		53		53

		54		54		54

		55		55		55

		56		56		56

		57		57		57

		58		58		58

		59		59		59

		60		60		60

		61		61		61

		62		62		62

		63		63		63

		64		64		64

		65		65		65

		66		66		66

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		71		71		71

		72		72		72

		73		73		73

		74		74		74

		75		75		75

		76		76		76

		77		77		77

		78		78		78

		79		79		79

		80		80		80

		81		81		81

		82		82		82

		83		83		83

		84		84		84

		85		85		85

		86		86		86

		87		87		87

		88		88		88

		89		89		89

		90		90		90

		91		91		91

		92		92		92

		93		93		93

		94		94		94

		95		95		95

		96		96		96

		97		97		97

		98		98		98

		99		99		99

		100		100		100

		101		101		101

		102		102		102

		103		103		103

		104		104		104

		105		105		105

		106		106		106

		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1973-1980)

38.41962

92.1349698999

-15.2957298999

36.71334

88.6672755022

-15.2405955022

36.05844

87.0355834634

-14.9187034634

35.57346

85.3829920503

-14.2360720503

34.38048

83.2286604619

-14.4677004619

33.81762

81.3725162896

-13.7372762896

32.95386

79.2164252708

-13.3087052708

28.01556

62.8136934288

-6.7825734288

23.99412

47.5474098317

0.4408301683

24.42246

48.0469855586

0.7979344414

24.42246

48.4466537645

0.3982662355

24.20298

47.9560880255

0.4498719745

24.603

48.3623624597

0.8436375403

30.5679

56.1716902673

4.9641097327

36.82308

66.7871150434

6.8590449566

41.63394

82.2139108226

1.0539691774

34.95042

64.1470016168

5.7538383832

38.4267

69.9651347062

6.8882652938

36.24606

64.8394942919

7.6526257081

32.47596

56.4628817808

8.4890382192

30.42984

53.2979500344

7.5617299656

28.63506

50.3000606321

6.9700593679

30.21036

56.4637430131

3.9569769869

33.64062

62.9534301794

4.3278098206

36.66378

67.0707982918

6.2567617082

33.83178

61.9872358808

5.6763241192

33.43176

64.2492146711

2.6143053289

35.25132

68.6528249812

1.8498150188

33.95214

66.1047665133

1.7995134867

34.49022

67.6372610941

1.3431789059

32.54676

65.4561275524

-0.3626075524

31.32192

63.6048993772

-0.9610593772

30.6918

62.5323143765

-1.1487143765

30.36612

61.8563691428

-1.1241291428

30.02274

60.8673469376

-0.8218669376

27.98724

56.1564055163

-0.1819255163

27.03144

55.7505132895

-1.6876332895

28.18194

60.7452552096

-4.3813752096

28.25982

60.1164104042

-3.5967704042

26.77302

58.4486400062

-4.9026000062

26.47566

57.6378146969

-4.6864946969

27.04914

59.6397756009

-5.5414956009

27.26508

59.4802888012

-4.9501288012

26.9571

59.3778317504

-5.4636317504

25.32162

57.1616618593

-6.5184218593

24.426

56.0157055498

-7.1637055498

24.08616

55.4351884551

-7.2628684551

23.7534

54.8124369741

-7.3056369741

23.18346

53.7898581548

-7.4229381548

19.9656

42.4773255986

-2.5461255986

17.76726

35.007272461

0.527247539

17.33184

33.7789449373

0.8847350627

17.15484

33.5531069429

0.7565730571

17.01678

33.2217067001

0.8118532999

16.6557

32.9913465136

0.3200534864

16.49994

32.6985834692

0.3012965308

16.5495

32.3985169731

0.7004830269

16.69818

32.4735634902

0.9227965098

16.57782

29.2389816726
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		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1991-1998)

23.6496072

38.6162094567

8.6830049433

24.2317602

38.4361137596

10.0274066404

26.1151464

43.4884758391

8.7418169609

26.0146812

43.804300223

8.225062177

25.623228

42.3637493231

8.8827066769

25.4296608

43.950562335

6.908759265

25.7727222

46.1940363475

5.3514080525

30.8618616

58.3346824183

3.3890407817

30.89358

62.0657411318

-0.2785811318

30.09354

60.619347098

-0.432267098

29.58378

58.6565697392

0.5109902608

28.89348

56.5753647843

1.2115952157

29.2744902

55.0658378835

3.4831425165

30.5173488

58.0778068714

2.9568907286

32.4822966

63.0001162029

1.9644769971

31.318203

59.7116030639

2.9248029361

28.8788598

54.1521574679

3.6055621321

27.3103212

50.5328861914

4.0877562086

26.4344544

49.3455432319

3.5233655681

26.343972

50.5794766971

2.1084673029

25.3026456

48.3627314646

2.2425597354

24.442992

46.8160658778

2.0699181222

25.0857144

47.6880095155

2.4834192845

26.6133306

48.4998348788

4.7268263212

27.7356168

48.3789207447

7.0923128553

28.4903094

47.1822710533

9.7983477467

27.84918

46.2245359849

9.4738240151

27.521553

46.0241368863

9.0189691137

27.8510208

46.5600082124

9.1420333876

27.7871946

45.5514832325

10.0229059675

29.093136

44.6839254064

13.5023465936

31.376436

45.7335385068

17.0193334932

30.4631514

43.7876481972

17.1386546028

29.1712638

41.6737417024

16.6687858976

27.4667538

39.2853658032

15.6481417968

27.2083338

40.1493966197

14.2672709803

27.1110192

41.0876518817

13.1343865183

30.2929128

51.8371020709

8.7487235291

39.3303204

86.1922044156

-7.5315636156

46.8553338

115.1597397131

-21.4490721131

34.6554672

70.5391117266

-1.2281773266

30.2861868

55.3702536206

5.2021199794

29.419524

51.6056392152

7.2334087848

30.480639

54.0785059733

6.8827720267

34.2403668

62.9228028699

5.5579307301

42.3813402

76.8803063969

7.8823740031

42.4439274

77.8275561377

7.0602986623

40.7681268

74.7145376003

6.8217159997

40.1923458

74.2515179377

6.1331736623

51.6168462

95.2865448918

7.9471475082

62.8791792

119.6317888083

6.1265695917

53.9272272

98.2928621998

9.5615922002

45.2609532

81.3438730943

9.1780333057

45.8120604

90.0092691432

1.6148516568

45.2578734

95.7611368818

-5.2453900818

45.9462264

96.4795538956

-4.5871010956

45.7163742

95.581468396

-4.148719996

42.6788064

86.0582063093

-0.7005935093

38.2805334

72.0585516145

4.5025151855

55.06824

100.1050588332

10.0314211668

33.8889864

58.2048804348

9.5730923652

31.985847

54.584171535

9.387522465

30.795168

52.1866103776

9.4037256224

29.605374

49.0263307214

10.1844172786

27.4168398

43.5289118284

11.3047677716

27.1439766

41.7992838929

12.4886693071

26.4987408

40.7538617381

12.2436198619

26.63142

39.9608981177

13.3019418823

26.9571708

39.933023424

13.981318176

27.6392934

40.7953519085

14.4832348915

27.91998

41.3166651625

14.5232948375

28.1179722

42.6455227346

13.5904216654

28.4808576

43.6617747201

13.2999404799

29.8088178

45.4795532124

14.1380823876

32.7490356

47.9203684711

17.5777027289

34.5100794

49.7919273843

19.2282314157

33.6827814

49.4963639746

17.8691988254

33.4712664

49.4413029223

17.5012298777

37.8504234

57.9173501732

17.7834966268

39.6563544

64.2172760896

15.0954327104

39.4288032

63.2582518504

15.5993545496

37.92048

60.2856481739

15.5553118261

38.444223

59.6435566083

17.2448893917

38.6924124

59.9536303477

17.4311944523

38.9020866

62.7735694359

15.0306037641

43.2783054

77.6693352227

8.8872755773

45.0283752

84.3973072184

5.6594431816

43.5598416

80.5991777344

6.5205054656

41.5507146

76.0989523013

7.0024768987

40.457067

74.5698672409

6.3442667591

40.0958808

74.4005363439

5.7912252561

40.014921

73.3549751537

6.6748668463

40.7503206

72.1607284281

9.3399127719

39.8613204

70.1581510176

9.5644897824

41.4190266

74.4158994341

8.4221537659

45.3752598

83.3794660478

7.3710535522

45.3205668

84.6195305332

6.0216030668

45.21996

82.4351085671

8.0048114329

45.1480272

82.1230592023

8.1729951977

48.05904

84.7871586722

11.3309213278

49.180158

84.9240895293

13.4362264707

50.6194866

85.6493442602

15.5896289398

52.9120614

89.6213780211

16.2027447789

55.0405926

94.1180104586

15.9631747414

55.0952856

93.9466481804

16.2439230196

54.2786784

88.321248182

20.236108618

56.3697564

90.8648134641

21.8746993359

60.2424102

96.9915998447

23.4932205553

62.2918932

97.8424493061

26.7413370939

58.8532434

91.1518796545

26.5546071455

60.3690006

101.7927909065

18.9452102935

53.6598864

89.1768341997

18.1429386003

51.7443924

84.8195281638

18.6692566362

52.3676802

82.9658755063

21.7694848937

54.6788046

87.3295011586

22.0281080414

55.6258254

89.7492486273

21.5024021727

61.4782242

103.8051749465

19.1512734535

62.3888538

108.1336023502

16.6441052498

62.4577068

109.348428485

15.566985115

61.5475374

107.8973639902

15.1977108098

60.3591948

108.0998145185

12.6185750815

58.9259196

105.1910711218

12.6607680782

58.5590694

102.5723219424

14.5458168576

59.6858514

103.11340865

16.25829415

62.7899712

108.2652849626

17.3146574374

65.5835976

112.9187826773

18.2484125227

69.5837268

118.1064511688

21.0610024312

71.8553448

122.3810426755

21.3296469245

69.7902504

116.8572954973

22.7232053027

62.8225746

108.6821880319

16.9629611681

60.080172

109.3621542352

10.7981897648

63.3510966

113.5962555286

13.1059376714

64.199493

113.2687686487

15.1302173513

58.8859176

99.240180332

18.531654868

55.2911184

89.3679296557

21.2143071443

57.40464

91.1056371855

23.7036428145

56.9027034

89.4166064506

24.3888003494

58.6835004

91.8856925282

25.4813082718

57.7764108

91.3132216042

24.2395999958

59.5908732

97.6020588623

21.5796875377

62.722782

112.1945437845

13.2510202155

62.5864566

115.6141147214

9.5587984786

61.6805706

112.8706193454

10.4905218546

63.2308074

117.2729367835

9.1886780165

69.4255596

123.0696806168

15.7814385832

79.223607

130.5142406391

27.9329733609

83.6183046

136.5999941043

30.6366150957

85.4411568

138.3980035752

32.4843100248

83.1371124

137.5594604962

28.7147643038

81.007413

136.6625188249

25.3523071751

79.2705828

136.0896712182

22.4514943818

80.9715174

139.2760825229

22.6669522771

83.5603902

142.2657017187

24.8550786813

86.5623456

142.7814894302

30.3432017698

90.1888278

145.1497561416

35.2278994584

93.0295362

150.6609135683

35.3981588317

88.4825832

144.322161252

32.643005148

79.9561746

131.1454105453

28.7669386547

74.1697968

116.6785263364

31.6610672636

75.2210706

116.4546279472

33.9875132528

78.2637714

114.2806551815

42.2468876185

71.9667486

98.0939845392

45.8395126608

71.324982

95.1261773888

47.5237866112

71.903418

94.1309710918

49.6758649082

64.9623984

84.4742973892

45.4504994108

63.0016632

84.09524206

41.90808434

63.2996604

85.7852945241

40.8140262759

62.3023716

82.1778730665

42.4268701335

62.8196718

82.0248233717

43.6145202283

62.674284

80.3298863668

45.0186816332

63.5221494

79.8813286955

47.1629701045

63.4321272

80.2828284317

46.5814259683

64.43508

82.3479909041

46.5221690959

67.9907268

87.2534755455

48.7279780545

67.6484088

86.9865402457

48.3102773543

65.1123882

84.2348318703

45.9899445297

66.2500026

84.6485143601

47.8514908399

69.9812688

87.5650973216

52.3974402784

73.1330724

91.9960478493

54.2700969507

74.2238526

92.8362509625

55.6114542375

74.773473

91.660677202

57.886268798

74.8678848

90.2713713741

59.4643982259

75.1922196

89.7360858282

60.6483533718

75.9359028

91.7235045526

60.1483010474

76.062741

90.4833005516

61.6421814485

77.2388352

91.2797620173

63.1979083827

75.1966092

86.4419954203

63.9512229797

76.8476298

90.900759285

62.794500315

82.4594856

96.4595606496

68.4594105504

83.0823132

97.7691087477

68.3955176523

84.3844668

98.2435095501

70.5254240499

86.4090282

100.6172410576

72.2008153424

87.7557504

102.5925072781

72.9189935219

88.8941082

103.326621152

74.461595248

89.838297

103.2367511316

76.4398428684

90.9830976

101.1729966419

80.7931985581

91.526346

99.993167147

83.059524853

92.2128582

101.1358571458

83.2898592542

92.5142892

102.9802427145

82.0483356855

93.6175302

104.4336657727

82.8013946273

93.6776394

104.1795344626

83.1757443374

95.7625224

105.4993672586

86.0256775414

99.0414828

109.4878272383

88.5951383617

102.3643392

115.1512595686

89.5774188314

103.116129

117.004330886

89.227927114

104.2702044

120.7217415634

87.8186672366

105.7315872

123.2796289745

88.1835454255

105.6853194

123.5310796771

87.8395591229

104.6802426

122.0016279244

87.3588572756

105.5163906

121.2519036287

89.7808775713

106.483908

121.1335350936

91.8342809064

106.3535298

121.51351854

91.19354106

105.6119706

120.5441517087

90.6797894913

106.8284208

120.8331475519

92.8236940481

108.4364658

122.3668517169

94.5060798831

108.1556376

120.6723420703

95.6389331297

107.8095672

117.8662139282

97.7529204718

108.2707584

120.2110097191

96.3305070808

107.095089

117.9378063812

96.2523716188

104.1541278

113.3447778378

94.9634777622

103.8461124

114.1253288758

93.5668959242

101.7930894

112.1497236503

91.4364551497

100.3927008

110.5142285103

90.2711730897

99.3844026

110.0317378727

88.7370673273

99.0484566

109.7166588024

88.3802543976

98.9761344

110.1530964192

87.7991723808

99.0188622

109.4399288772

88.5977955228

98.4278946

109.2826789653

87.5731102347

97.5843834

110.4591040321

84.7096627679

96.8950392

109.4892247074

84.3008536926

95.0454246

106.9811244581

83.1097247419

94.1001384

106.2827384475

81.9175383525

94.042755

106.1724032227

81.9131067773

93.2794602

105.8385228159

80.7203975841

91.9804572

104.9347741235

79.0261402765

91.065615

103.8282307589

78.3029992411

90.216015

103.7007443717
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		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1973-1980)

90.89658

173.4300310817

8.3631289183

86.60964

166.9397534173

6.2795265827

87.10524

165.5174071753

8.6930728247

86.76894

163.4755174996

10.0623625004

84.55644

158.5934887882

10.5193912118

80.75802

153.2729806703

8.2430593297

76.94898

147.8897723667

6.0081876333

74.99136

144.1626719959

5.8200480041

70.5699

128.8168386458

12.3229613542

70.81062

125.3904008116

16.2308391884

70.12032

124.4077012263

15.8329387737

68.90256

120.5207946986

17.2843253014

69.99642

117.9459971993

22.0468428007

79.39512

133.0386894159

25.7515505841

117.21648

199.1118595979

35.3211004021

188.151

421.7678582264

-45.4658582264

176.4159

372.17054299

-19.33874299

157.66098

298.1610903449

17.1608696551

157.75656

272.6869838498

42.8261361502

140.84952

231.3241808951

50.3748591049

126.6966

207.772044691

45.621155309

117.87138

191.6645411725

44.0782188275

109.27272

183.4109256204

35.1345143796

113.18442

197.5485312809

28.8203087191

115.58808

207.3898488325

23.7863111675

112.3419

201.7738637328

22.9099362672

103.32198

182.0877210895

24.5562389105

105.55218

188.1044497356

22.9999102644

103.19808

183.4186850402

22.9774749598

99.59082

178.0728082797

21.1088317203

97.53762

176.98025634

18.09498366

93.94806

169.6173495686

18.2787704314

91.1904

162.6145420556

19.7662579444

88.71594

157.6653522282

19.7665277718

88.21326

156.4000783307

20.0264416693

84.27678

147.5162204078

21.0373395922

81.46248

138.6563489302

24.2686110698

83.15814

137.9919558597

28.3243241403

86.54238

143.1891894128

29.8955705872

86.75124

143.6896441188

29.8128358812

84.1281

139.8315910248

28.4246089752

78.11718

130.8358642197

25.3984957803

78.11718

131.7125214638

24.5218385362

85.85916

144.2714920012

27.4468279988

84.8892

139.7703830418

30.0080169582

74.18424

125.2453357545

23.1231442455

71.2071

121.6836982756

20.7305017244

69.17868

118.6671573804

19.6902026196

70.17342

118.5836520875

21.7631879125

68.22996

115.8035978044

20.6563221956

64.1802

105.1306059383

23.2297940617

61.78362

100.3061936125

23.2610463875

60.3216

97.9294602077

22.7137397923

61.08624

98.9590584846

23.2134215154

60.11274

98.6148842231

21.6105957769

59.92512

99.1869164037

20.6633235963

61.81902

99.1466261184

24.4914138816

69.65658

106.6264001833

32.6867598167

79.9332

138.3430276278

21.5233723722

159.89472

282.2891338321

37.5003061679

80.04294

142.6745702225

17.4113097775

80.91024

144.2821796891

17.5383003109

83.134422

153.4583322892

12.8105117108

80.896788

148.3511294586

13.4424465414

78.387282

140.411078369

16.363485631

74.666742

127.9009860161

21.4324979839

76.953582

123.994581462

29.912582538

76.7118

121.9214206941

31.5021793059

76.47108

121.0516812858

31.8904787142

76.82331

118.4993664022

35.1472535978

77.19324

116.5277662705

37.8587137295

76.029642

114.3467454966

37.7125385034

76.220802

115.7490572094

36.6925467906

74.404782

112.9615278622

35.8480361378

71.05665

108.3970770053

33.7162229947

68.935482

105.6047769823

32.2661870177

69.190008

104.4716332467

33.9083827533

70.750794

105.8199365225

35.6816514775

69.143634

107.28089772

31.00637028

69.399222

112.2534025234

26.5450414766

67.986762

114.805136995

21.168387005

69.731628

125.1886891055

14.2745668945

74.43027

143.1806216527

5.6799183473

78.90483

163.7809330353

-5.9712730353

75.09933

154.4002793209

-4.2016193209

75.505368

154.1164593379

-3.1057233379

78.195768

159.0985292853

-2.7069932853

78.875094

164.6198387614

-6.8696507614

82.528728

176.6442975686

-11.5868415686

87.005766

187.1622178501

-13.1506858501

89.618286

186.7206044488

-7.4840324488

84.187926

172.078664116

-3.702812116

76.584006

154.1282028608

-0.9601908608

69.705786

138.6036041855

0.8079678145

66.679794

129.5363799297

3.8232080703

67.444434

131.2629078303

3.6259601697

73.23906

135.1590627822

11.3190572178

76.3755

137.9803328583

14.7706671417

74.92764

136.3645192799

13.4907607201

80.535

156.5304820405

4.5395179595

79.68186

157.3453309198

2.0183890802

83.49444

168.4692645638

-1.4803845638

88.893648

179.7606437157

-1.9733477157

89.6505

172.7831213662

6.5178786338

91.2081

168.2191152242

14.1970847758

86.4291

159.3012381849

13.5569618151

82.017906

154.1081797531

9.9276322469

82.570854

159.0528209731

6.0888870269

85.208154

163.6678695201

6.7484384799

88.075554

166.6104755548

9.5406324452

96.692268

187.5776486687

5.8068873313

101.637294

205.8593642583

-2.5847762583

100.07757

202.8691839391

-2.7140439391

100.331034

203.5006237305

-2.8385557305

108.87624

222.9128309849

-5.1603509849

120.66798

261.4211179024

-20.0851579024

110.16834

233.6373881688

-13.3007081688

106.93632

220.282120615

-6.409480615

107.818134

218.3208701851

-2.6846021851

115.91376

235.7383224505

-3.9108024505

117.47136

230.0607135045

4.8820064955

117.17754

230.4660710156

3.8890089844

118.42716

231.5879051748

5.2664148253

119.298

228.9475407417

9.6484592583

110.22144

212.5898779561

7.8530020439

106.24248

211.6337598842

0.8512001158

109.19484

232.940112257

-14.550432257

109.00368

245.2685443389

-27.2611843389

100.34838

228.6148842493

-27.9181242493

95.66142

214.4273604824

-23.1045204824

96.288

210.1889286044

-17.6129286044

103.53084

216.91918981

-9.85750981

101.92368

213.5062985029

-9.6589385029

91.965306

190.9454760037

-7.0148640037

93.813894

187.585631027

0.042156973

100.92186

202.5374194904

-0.6936994904

103.22994

207.3766240054

-0.9167440054

97.173

196.4008529485

-2.0548529485

89.597046

186.6497990124

-7.4557070124

89.87706

182.6649297429

-2.9108097429

84.93522

173.2324014478

-3.3619614478

90.17442

175.3962240044

4.9526159956

100.54308

197.6552744869

3.4308855131

105.67254

201.9086146508

9.4364653492

106.24956

199.7180208887

12.7810991113

100.29528

193.308948767

7.281611233

98.23854

194.655414988

1.821665012

100.40502

203.0691743762

-2.2591343762

89.16906

180.1325056774

-1.7943856774

80.48898

167.1886388537

-6.2106788537

78.04638

162.3648951196

-6.2721351196

77.349

160.1444212286

-5.4464212286

81.25362

163.0892521464

-0.5820121464

87.48756

184.4266484534

-9.4515284534

92.68074

197.8277345186

-12.4662545186

92.7303

192.0836352304

-6.6230352304

96.8544

209.4431439407

-15.7343439407

99.8103

221.7791870254

-22.1585870254

93.37812

206.9495743192

-20.1933343192

80.11728

173.1675544803

-12.9329944803

73.94706

156.0172269907

-8.1231069907

71.982714

149.2982652239

-5.3328372239

73.36296

156.6056816758

-9.8797616758

78.37206

179.9527784669

-23.2086584669

79.16856

194.290023336

-35.952903336

84.13518

213.4226354829

-45.1522754829

90.17442

237.7474694908

-57.3986294908

95.98356

253.6981109338

-61.7309909338

104.43708

260.8938550285

-52.0196950285

100.40856

251.0402854961

-50.2231654961

99.06336

249.4973195537

-51.3705995537

101.598

249.689143423

-46.493143423

100.7661

250.5102604245

-48.9780604245

101.53428

258.5877956574

-55.5192356574

101.26878

262.4805737127

-59.9430137127

95.54814

245.5351336354

-54.4388536354

91.686

223.7282933953

-40.3562933953

84.01836

195.4910940288

-27.4543740288

70.09554

171.8560320547

-31.6649520547

61.02606

149.3415902335

-27.2894702335

52.54776

122.7644165277

-17.6688965277

52.0026

120.0272901082

-16.0220901082

52.94778

132.0443021401

-26.1487421401

49.32636

127.1718177548

-28.5190977548

45.33324

111.4926804685

-20.8262004685

43.70838

100.2460562922

-12.8292962922

45.30492

102.9598968376

-12.3500568376

44.4624

104.9654385823

-16.0406385823

45.18456

104.0526084703

-13.6834884703

45.57396

99.5076832791

-8.3597632791

48.90864

104.9848573935

-7.1675773935

44.40222

96.4171968568

-7.6127568568

42.60036

90.2607787041

-5.0600587041

39.37188

85.472671707

-6.728911707

33.88134

72.2303844734

-4.4677044734

27.25446

55.0291513663

-0.5202313663

22.0365

47.435159866

-3.362159866

21.30726

46.8566671177

-4.2421471177

20.63466

46.0751186953

-4.8057986953

21.57984

51.1904977572

-8.0308177572

23.23302

57.1085597992

-10.6425197992

21.49134

54.8327815749

-11.8501015749

19.80276

49.7088246263

-10.1033046263

17.40618

45.3488672249

-10.5365072249

18.20268

44.2959371549

-7.8905771549

18.30888

47.7312903438

-11.1135303438

18.7974

48.7864738914

-11.1916738914

18.16374

45.9782887948

-9.6508087948

20.45058

48.0087337609

-7.1075737609

19.69302

48.1776468514

-8.7916068514

17.8947

45.9664896861

-10.1770896861

18.74784

39.9615535626

-2.4658735626

13.27854

23.0416777358

3.5154022642

9.48012

13.9586919085

5.0015480915

13.1157

26.281802037

-0.050402037

12.96348

23.5987591117

2.3282008883

12.53868

21.9458753035

3.1314846965

13.21836

21.8378912464

4.5988287536

13.46616

21.0570822991

5.8752377009

14.26974

24.8285970985

3.7108829015

16.58844

33.4216437392

-0.2447637392

16.1601

30.778557937

1.541642063

13.63962

25.6067834467

1.6724565533

11.86962

22.3657562442

1.3734837558

10.80762

21.052360079

0.562879921

12.35814

22.4688269169

2.2474530831

12.54576

23.3339649481

1.7575550519

13.2042

24.9501763599

1.4582236401

16.81146

32.6310632594

0.9918567406

19.79568

31.9523371808

7.6390228192

21.2754

35.2349790009

7.3158209991

20.59218

38.6210795195

2.5632804805

16.57782

30.0849114926

3.0707285074

15.28218

29.0663038814

1.4980561186

16.11762

27.6585616911

4.5766783089

14.44674

26.8905312196

2.0029487804

17.94426

32.5505252777

3.3379947223

19.3107

34.884084318

3.737315682

18.86112

32.712392006

5.009847994

16.77252

30.2096682887

3.3353717113

14.9388

28.42776112
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		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1908-1915)

58.056

73.7192899533

44.7992204661

56.1545142857

69.4112938197

40.4776976992

54.7789714286

70.455788015

31.6885142026

58.0155428571

81.1060000831

32.5155583731

63.8818285714

89.3818130555

24.7606221395

70.9618285714

110.0830350033

20.8637413292

79.7410285714

129.8391158136

21.853944409

84.7172571429

142.6043413052

30.327652721

84.2317714286

138.6213758504

43.3585024541

78.4868571429

119.3601261174

42.3730534636

76.1403428571

112.2541465364

42.325616814

74.5625142857

108.3772403288

43.0259097601

72.9037714286

104.4403759542

42.1943037341

73.3488

104.0582676945

34.9817816925

77.4349714286

115.801989736

26.6948334354

81.5413714286

132.2815094217

35.1052989036

78.9116571429

125.3477296678

39.9427961499

77.1922285714

116.1610895644

43.7676578699

75.5739428571

108.9985135587

44.7225307163

70.9213714286

101.7727835694

42.0248093505

67.1790857143

96.0756477924

35.9052781402

71.1236571429

102.397464717

32.5604442121

78.4059428571

116.9691557879

30.3937677041

83.1394285714

131.1516037245

36.5595566884

79.5792

126.159071883

36.7779586272

81.7072457143

124.5084870871

44.754825935

80.7524571429

117.7048769221

45.7397820202

78.6082285714

113.6209036941

46.2233870804

77.0304

109.415241491

43.9994944761

77.1517714286

110.1826769524

36.9959154511

79.296

119.4518559774

40.6707907208

80.1051428571

118.7303521364

46.0460990467

75.8976

109.9566438104

45.0852069757

73.4701714286

104.2825644529

44.1306618423

70.6786285714

100.0181381577

43.7160649426

68.2512

95.2137636289

41.7896923889

64.9337142857

91.3952218968

40.1353227434

62.1421714286

86.9405629709

37.8023437217

61.4544

85.7942277069

37.0945745256

58.8651428571

83.2249683315

33.4817218489

59.7552

85.1386210082

32.1340208664

60.4025142857

88.0236934193

30.8147933716

59.9777142857

89.5654351998

32.7669245199

58.6224

85.8331897658

32.7567507821

57.8132571429

83.6789063607

23.973354067

64.6100571429

98.4499602187

20.0432011348

69.2626285714

113.8294845795

0.7831128856

85.0409142857

153.5204299716

13.5342027839

94.9933714286

166.5000829304

33.669266895

89.4709714286

150.7950759622

34.311039802

84.0497142857

139.2096459123

36.4738000299

80.712

128.2879142559

38.2136184531

76.5044571429

119.0028386897

38.7960415207

71.5686857143

109.2771013364

39.3131179961

69.3435428571

101.5991105753

42.0964956328

67.8061714286

95.0532186529

43.3125092018

67.6848

92.1784622268

41.7206320229

70.4763428571

96.4405108342

39.6231976786

74.0365714286

104.8897166071

0

84.6768

0

52.4797171579

75.5739428571

107.7710256993

-31.5129504201

106.5641142857

213.651007563

-52.1127387287

125.1744

283.8512530144

-18.8309402324

121.4118857143

265.4172259467

12.370218462

110.0029714286

219.0446386809

33.1316141858

96.6116571429

173.4830143856

31.2877438541

93.456

158.7799132888

32.6159402018

93.3750857143

154.2151455125

28.6868258229

95.0742857143

159.7625456056

32.4488675188

96.0048

158.6302181955

23.8678801611

100.536

172.6729198389

24.131335191

102.4374857143

178.8421505233

13.4667430782

108.9510857143

197.9218283503

3.8085962478

116.6784

221.8208894664

0.139080673

129.0582857143

245.5976050413

-0.27514291

137.5138285714

266.8472571958

-0.2056174853

150.7433142857

288.4627603424

0.7004014097

162.2736

312.316512876

-5.9783345887

173.7229714286

341.9749060173

-48.416748387

197.5522285714

419.691948387

-67.7035334969

212.5618285714

477.8175906397

-36.5926122672

207.8283428571

456.9827836958

-16.4534558192

203.50752

427.7893186763

19.1310626316

192.7378285714

377.1142859398

50.9394578083

181.6930285714

323.4913993346

68.3931051806

165.5101714286

278.8100948194

70.2590143692

161.1812571429

256.4324142022

77.8829441164

167.8566857143

251.1549987407

101.4404273068

156.2050285714

222.6212869789

97.5569982875

147.5067428571

206.1547731411

93.1520833453

147.0617142857

201.4163737976

92.7238503702

146.6571428571

200.9950067727

82.9188049244

160.8980571429

224.6363950756

59.8594416491

181.7334857143

282.772101208

63.2616683894

185.0105142857

303.4823316106

92.2847168996

175.5030857143

268.2288831004

98.8633490371

163.6491428571

240.2888795343

94.7438583311

154.1417142857

223.0469988117

87.0432897718

149.8937142857

216.9921387996

86.1344080597

149.7723428571

213.5316490832

87.6969466656

158.0660571429

220.1414533344

95.0943529165

167.5330285714

230.5047327977

102.7458353057

176.3122285714

241.0994218371

110.5303574223

186.2242285714

252.0060997206

117.8237856977

188.7325714286

257.1330143023

117.1838921931

183.8372571429

255.3859363783

108.0298839078

178.1328

253.9401732351

106.1246999299

172.1451428571

244.1532429272

101.7387793058

172.6306285714

243.0369921228

86.758941085

184.4441142857

270.3158017722

59.4103406606

211.4290285714

336.4628021965

69.918224207

220.0868571429

361.5976615073

84.2049512392

204.7536

340.6355059036

78.4021256329

191.7668571429

318.11833151

66.8647711903

185.2937142857

310.1958002382

34.3641689589

205.7448

356.6743453269

19.5292197722

219.79152

406.0071002278

27.7149245451

222.7722

414.8487954549

67.6588382867

204.789

359.9023617133

92.5354810591

176.12916

288.3826789409

85.9144485282

163.2648

253.4795114718

89.2969810413

157.28928

231.2570989587

89.0677901511

162.01164

230.2331298489

91.1589136333

171.7254

242.5781263667

94.2622310185

184.2924

261.7555689815

103.3303887298

187.52088

268.4828912702

111.3859622907

182.29584

258.4307577093

101.5362303951

187.4253

268.1849096049

92.7287564024

204.4704

299.1669435976

88.2916217463

234.879

351.0577782537

95.7548201697

248.8974

388.0215798303

86.3891616398

253.89588

416.4041183602

93.6603277019

238.74468

398.9802322981

96.1468396791

230.10708

372.7049203209

109.5876000776

222.7014

343.2208799224

101.058872813

227.67156

349.314087187

98.5293029046

232.06116

361.2034170954

117.8902913875

227.57244

341.7433086125

140.749459054

213.639

300.461980946

128.8155936607

203.727

288.5504063393

118.5459868979

212.6832

297.8642131021

99.8040752071

221.48364

334.3627647929

107.5241138257

221.92968

335.8892061743

118.2791372234

220.75794

324.4084827766

107.3832150689

233.7462

347.1209249311

98.9376468125

249.1629

383.9714531875

117.5564104796

253.641

385.2474895204

107.8426478425

259.10322

404.9015721575

105.2136073621

257.4642

411.3538126379

118.2563635548

242.04396

381.2517964452

120.874661258

224.06784

345.237138742

104.8478996835

222.00756

341.2275003165

85.8136444862

240.92532

377.1192355138

73.3456704721

278.6334

446.2130495279

87.5892312654

288.00378

479.0479487346

99.0197374454

271.8012

460.7852425546

95.5531017914

247.39644

423.6445382086

100.9621946514

225.76704

372.2012853486

98.6476161457

213.78414

340.9035638543

68.6952864457

221.29248

366.3813335543

61.0750268911

229.15128

389.3687331089

73.5661213571

228.07512

383.6602786429

77.3759710307

223.43772

374.1368689693

75.1449120406

233.9409

382.2337079594

111.1330682938

218.99148

341.7993117062

80.0753711302

228.1884

367.1045088698

101.6109707086

212.60532

339.1827492914

93.3547148131

200.10912

319.3597251869

93.0848078984

187.06068

294.0849921016

95.1901735579

171.55194

263.4224464421

89.391217475

155.36706

237.527782525

74.2219989202

151.97574

233.1208010798

67.1550605172

149.6004

234.4210794828

65.8689810523

138.69366

222.4250789477

56.2034719154

125.37972

207.8699080846

44.2604745976

118.0059

199.1251454024

44.4768529331

112.81272

186.3417670669

35.249592743

115.05708

192.620207257

38.9152108657

116.92974

193.0716091343

48.4649018218

108.54348

177.0083181782

43.236742441

99.34656

164.653297559

37.0680156164

90.16734

152.4458843836

21.901268584

93.3498

161.615871416

15.1812660873

96.15702

174.3255539127

15.8821879413

92.29842

172.5732520587

14.6701260205

89.19738

166.8256739795

23.5133574371

82.36872

148.0527425629

27.7276891087

73.8975

128.5385308913

18.3793368873

71.85492

127.3730831127

13.9265639673

70.04244

127.9707960327

10.4261369524

67.69542

127.3117230476

8.6066570308

63.85098

122.9397429692

5.2878968255

61.75884

120.3219231745

0.4163845179

62.55888

123.9013354821

1.2807008368

59.12154

120.3997191632

-5.3887697185

58.7286

123.2389097185

-11.1442880754

56.38866

126.2615480754

-7.0961212517

51.02202

114.5068012517

-17.1750827

50.71758

118.9146827

-6.9969341718

49.06794

106.7824541718

-2.1317758376

41.60208

92.8017958376

-5.5525065196

37.26204

84.4166265196

-7.4552720275

35.45664

80.1739520275

-8.8102376051

34.94334

79.2102176051

-8.5028992108

32.92908

76.3753192108

-8.2504168749

30.53604

71.7155368749

-8.270521444

28.47576

67.282321444

-3.4613299728

25.37472

57.3118099728

-14.1967652874

28.27752

67.8490052874

-5.0438039573

25.33578

58.6571039573

-4.0715403794

22.66662

52.0739403794

-3.7746161006

20.07888

46.5201161006

5.5590642175

13.86972

28.3895357825

0.4333561913

13.23252

26.6688838087

1.2270658262

12.4254

24.4308541738

1.0343114532

11.98998

23.3810685468

2.1361321727

12.22362

22.0774678273

3.5062007542

10.61292

19.3303392458

2.2337962975

9.44826

17.8273837025

1.1321764383

8.41104

16.7271235617

-0.4674848643

8.319

17.1975248643

1.9941326976

8.6199

14.9447673024

3.4450115327

7.85172

13.0266084673

3.1953662666

6.30474

10.9610937334

1.9278043888

5.93304

10.3099756112

-1.5902473262

7.3455

14.8687873262

-0.5150620573

6.86052

14.7210820573

-0.274430072

6.63396

13.768910072

2.5094239801

4.96662

9.0911560199

1.8267742709

5.0622

8.2020457291

1.8476973243

5.08344

8.2979426757

1.6768257487

5.17194

8.5785542513

1.5099673517

5.4516

9.1135726483

1.2698253621

6.46404

10.6458146379

2.8295235343

5.31708

8.9515964657

1.5345383522

5.55072

9.3332616478

1.096461834

6.3897

10.843958166

2.2885226414

5.88702

9.9881973586

2.5154805441

5.27106

8.6425994559

1.6208567441

4.78962

8.4398232559

1.3064265197

5.07282

8.5560134803

0.6996833247

5.9295

10.3026366753

-0.134966506

6.69414

12.758606506

0.5089227478

5.87286

12.0580772522

-2.0989621983

6.27642

14.2482421983

-1.2012360763

5.96844

13.4460960763

-1.4643249913

6.81804

14.2508049913

-1.0860454006

8.7792

16.6832854006

-5.9190860844

14.06442

28.7627060844

3.5092529014

12.42894

22.9841070986

1.424979317

12.20946

23.213420683

1.1528669444

12.20238

23.2589730556

0.6741794367

12.41124

23.9394405633

-0.3741697226

11.6997

24.4851097226

1.7967961942

8.5845

18.4874038058

-0.5255261351

8.00394

17.1139661351

-1.354290491

8.53494

17.893170491

-0.6259679637

8.17386

17.3347679637

-0.1847252374

8.20572

16.5643052374

-0.7197698693

8.80044

17.7259298693

-0.7793826937

9.74562

19.3254426937

0.1925345587

9.68544

19.2385254413

-1.1456682031

10.35804

21.1891482031

-2.3890883018

11.17224

23.9193683018

-0.7957282411

10.4784

22.4463682411

-0.460526991

10.2129

21.151826991

-1.176818654

10.89612

22.285838654

-0.6515041788

10.3722

21.9198241788

-0.3847464224

10.20936

20.9663064224

0.2318803843

10.48194

20.4594196157

-0.0778936473

10.4253

20.9851336473

1.4013272572

9.00576

18.0297327428

2.3862710081

7.66764

14.2871289919

1.6496007329

7.63578

13.6538192671

1.7774062024

7.78092

13.6392937976

1.5487559965

7.94022

14.1723840035

0.4208923899

9.60048

17.1198076101

-2.6936692295

13.88388

26.1780292295

-1.905877433

14.87862

30.668377433

-5.9535444456

17.3814

38.2135644456

-7.6476461577

20.08242

45.1114661577

-9.2796724848

22.11438

51.4764724848

-7.2343810102

21.88428

51.2330410102

-7.7713588902

23.42772

53.0833588902

-4.9421389845

23.83836

52.2082189845

-2.8524453326

24.02244

50.7132453326

-4.5031369353

25.70394

54.2295169353

-2.0470071954

25.5411

53.2920471954

-0.856629849

25.21896

51.616689849

-3.0353463656

27.13056

55.3848663656

0.7833654112

26.29158

52.6387745888

-0.1561786274

26.73762

53.1853786274

1.1316639684

26.3199

51.9258560316

-1.0587862864

27.83502

55.2137062864

2.4810710076

26.40132

51.7552689924

1.9596133133

24.52866

48.9703666867

0.1354505364

23.5764

47.9696094636

-3.8514442863

27.33588

54.7637242863

0.0486506742

28.2315

55.5187293258

-0.2957711193

29.54484

58.0721111193

2.1683529201

29.49882

56.8753070799

2.2847973765

29.924328

57.1383506235

4.3070074828

30.253548

55.8708685172

8.306386549

28.406376

50.353537451

7.7837038871

30.7272

51.3498721129

10.4863939856

37.07088

57.3116860144

18.3714003793

45.63768

64.3371596207

12.7087068841

63.76956

96.6985331159

-2.1847971499

81.8271

147.7814571499

22.0081579135

77.74548

137.5644220865

22.3166322561

74.45328

129.8821277439

21.6000821975

73.00896

125.8621578025

28.0893230494

73.0656

117.9852369506

32.2062265876

76.287

117.1463734124

39.2918876748

80.0394

117.0345123252

16.3436339417

92.6772

156.3729660583

39.8022816122

86.4822

139.3571183878

34.7913005779

85.9512

137.6420994221

35.1256895158

88.6062

139.4317104842

49.2351340074

82.45368

121.8247459926

55.0500027043

72.15936

99.5630372957

42.3070324353

73.2072

103.0595275647

50.1649114016

77.1897

100.2319885984

22.3302587641

105.04596

159.9054012359

-20.1817295694

128.51616

253.7438495694

29.8936514549

140.6442

239.2667085451

17.6710256798

154.1316

277.1047743202

-6.854118169

178.1682

339.153918169

-116.4225796828

225.7104

520.3011796828

-103.9325557018

225.5334

555.1763557018

30.0517925641

174.10428

369.5858874359

50.2981037351

144.55236

268.3585362649

48.2667472985

116.2182

212.5038127015

11.2307876402

127.7409

232.7283123598

-102.4489875506

175.3362

405.5260875506

-65.2174279519

177.7788

418.3324279519

-1.9510034555

150.30132

330.0311234555

32.2062166105

123.9708

242.0659033895

38.8900174432

110.29224

195.3730225568

43.1090105715

102.35556

169.5387894285

45.7153577146

95.58

152.2202022854

45.2101909855

91.8984

142.2682090145

47.3919518789

88.72656

133.2330081211

47.6013841463

84.90336

126.0285358537

46.0954421111

81.1899

119.9978178889

43.7526969891

77.4906

114.9278030109

41.6581051742

76.0746

111.9070948258

30.6459459643

78.2694

123.6980540357

30.8372061433

76.95252

124.3847138567

33.1142890511

75.52944

119.3676709489

34.9443716217

73.9152

114.5002683783

37.6520904638

71.154

107.4171095362

37.6768815741

64.3572

97.8343184259

33.3889252852

61.5606

92.5288747148

36.2159516966

60.18

85.5246483034

41.5109189318

60.4986

79.1676810682

41.7292542682

66.0564

84.8257457318

45.2200835507

68.86716

89.7034764493

51.9696677354

66.93432

83.8318122646

50.0524387332

65.63868

82.5205612668

48.6248269666

64.66872

81.6825730334

49.2606172756

62.47392

77.8820227244

48.303115996

60.51276

74.683564004

46.456035314

59.51448

73.571204686

45.7200628633

58.04892

71.8433371367

44.0434436368

56.05944

70.0649163632

56.05944



Cle Elum

		





Cle Elum

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		21		21		21

		22		22		22

		23		23		23

		24		24		24

		25		25		25

		26		26		26

		27		27		27

		28		28		28

		29		29		29

		30		30		30

		31		31		31

		32		32		32

		33		33		33

		34		34		34

		35		35		35

		36		36		36

		37		37		37

		38		38		38

		39		39		39

		40		40		40

		41		41		41

		42		42		42

		43		43		43

		44		44		44

		45		45		45

		46		46		46

		47		47		47

		48		48		48

		49		49		49

		50		50		50

		51		51		51

		52		52		52

		53		53		53

		54		54		54

		55		55		55

		56		56		56

		57		57		57

		58		58		58

		59		59		59

		60		60		60

		61		61		61

		62		62		62

		63		63		63

		64		64		64

		65		65		65

		66		66		66

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		71		71		71

		72		72		72

		73		73		73

		74		74		74

		75		75		75

		76		76		76

		77		77		77

		78		78		78

		79		79		79

		80		80		80

		81		81		81

		82		82		82

		83		83		83

		84		84		84

		85		85		85

		86		86		86

		87		87		87

		88		88		88

		89		89		89

		90		90		90

		91		91		91

		92		92		92

		93		93		93

		94		94		94

		95		95		95

		96		96		96

		97		97		97

		98		98		98

		99		99		99

		100		100		100

		101		101		101

		102		102		102

		103		103		103

		104		104		104

		105		105		105

		106		106		106

		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1908-1915)

29.47758

39.1721887554

19.9006572964

28.80144

38.3783627036

16.6251437542

29.7891

41.9653962458

16.39632816

29.1873

42.58007184

17.3278721885

28.73772

40.5971478115

18.2042523178

30.05106

40.5845276822

18.3161088167

32.58216

44.3171111833

14.7946442328

35.02476

52.8122757672

17.4718556089

33.65478

51.2076843911

17.4342247401

31.67238

47.8929352599

18.0551504927

29.8953

43.5125295073

16.2734015533

29.32182

42.9437184467

16.4797694602

28.56072

41.4027705398

14.1541568786

31.6299

46.0364631214

12.1003975516

33.1698

52.6993024484

13.1394744958

32.47596

52.5062855042

14.2169382542

31.65822

49.9172417457

14.5376552514

30.26346

47.3840247486

16.1221250674

28.93596

43.0772949326

15.8379463321

28.71294

41.8109536679

16.9249948342

28.33416

40.1221051658

16.9764232056

27.71466

39.0723967944

17.4725764065

27.21906

37.4611435935

16.2637847934

27.7359

38.6911752066

15.9689899021

29.02092

40.7878300979

16.2551148354

29.6475

42.4133051646

16.8622919095

29.13066

41.9158680905

16.4887149559

29.28288

41.9248250441

14.0592834379

29.25456

44.4781565621

10.7786379515

29.96964

48.4455620485

11.1239502178

30.43338

49.2790697822

12.9392368308

29.72892

47.2230631692

14.3656788982

28.0722

43.4354411018

13.62033208

27.51288

41.96474792

13.6307225269

26.35176

40.2339174731

13.4504180051

25.67208

38.5734219949

13.6693627506

24.52512

36.5278372494

12.6982729728

24.17112

35.9979670272

12.911700801

23.14806

34.407479199

11.6437443685

22.69848

34.2027956315

11.2481914426

22.33386

33.7841485574

11.1340358992

21.88074

33.0805641008

10.8680099441

21.28248

32.2952100559

10.4287136546

21.10902

31.9627863454

10.7784906809

20.9745

31.3050293191

9.5963033906

21.9303

33.3084966094

6.375322938

25.5057

41.060677062

3.1076221643

29.12004

51.5181178357

2.6466506727

32.12196

58.5953493273

6.0413299302

31.83876

57.9193900698

8.8677635553

29.70414

52.6751364447

9.7497836523

27.97308

47.9274363477

10.1303116777

26.2137

44.0564683223

9.6439902048

25.34994

41.9196497952

10.7050616444

24.64902

39.2938983556

11.6946535179

23.85606

36.8104264821

12.0348337644

23.29674

35.1179662356

12.3353581372

23.39232

34.3537018628

12.7094690328

23.38878

34.0716309672

9.9718530911

26.196

39.6129269089

15.1319173489

23.38878

34.4528626511

6.9252050825

25.88094

42.3445149175

4.2601997939

27.26508

48.8858202061

5.5142641495

27.81378

49.5645958505

7.2703606593

27.02082

47.5642393407

8.4405380944

25.78536

44.3656419056

9.0711818655

24.80478

41.5189581345

9.5559283795

24.50034

39.7491916205

10.0229075176

24.71982

39.1972524824

7.8850904054

26.29866

43.1333895946

8.8085471695

26.90754

44.3976528305

8.8333885169

27.07392

45.1480714831

7.4448589047

30.13248

49.7615410953

2.038828182

39.01434

67.107991818

7.2510066026

43.30128

75.0646133974

-6.8265358371
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		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1973-1980)

38.41962

92.1349698999

-15.2957298999

36.71334

88.6672755022

-15.2405955022

36.05844

87.0355834634

-14.9187034634

35.57346

85.3829920503

-14.2360720503

34.38048

83.2286604619

-14.4677004619

33.81762

81.3725162896

-13.7372762896

32.95386

79.2164252708

-13.3087052708

28.01556

62.8136934288

-6.7825734288

23.99412

47.5474098317

0.4408301683

24.42246

48.0469855586

0.7979344414

24.42246

48.4466537645

0.3982662355

24.20298

47.9560880255

0.4498719745

24.603

48.3623624597

0.8436375403

30.5679

56.1716902673

4.9641097327

36.82308

66.7871150434

6.8590449566

41.63394

82.2139108226

1.0539691774

34.95042

64.1470016168

5.7538383832

38.4267

69.9651347062

6.8882652938

36.24606

64.8394942919

7.6526257081

32.47596

56.4628817808

8.4890382192

30.42984

53.2979500344

7.5617299656

28.63506

50.3000606321

6.9700593679

30.21036

56.4637430131

3.9569769869

33.64062

62.9534301794

4.3278098206

36.66378

67.0707982918

6.2567617082

33.83178

61.9872358808

5.6763241192

33.43176

64.2492146711

2.6143053289

35.25132

68.6528249812

1.8498150188

33.95214

66.1047665133

1.7995134867

34.49022

67.6372610941

1.3431789059

32.54676

65.4561275524

-0.3626075524

31.32192

63.6048993772

-0.9610593772

30.6918

62.5323143765

-1.1487143765

30.36612

61.8563691428

-1.1241291428

30.02274

60.8673469376

-0.8218669376

27.98724

56.1564055163

-0.1819255163

27.03144

55.7505132895

-1.6876332895

28.18194

60.7452552096

-4.3813752096

28.25982

60.1164104042

-3.5967704042

26.77302

58.4486400062

-4.9026000062

26.47566

57.6378146969

-4.6864946969

27.04914

59.6397756009

-5.5414956009

27.26508

59.4802888012

-4.9501288012

26.9571

59.3778317504

-5.4636317504

25.32162

57.1616618593

-6.5184218593

24.426

56.0157055498

-7.1637055498

24.08616

55.4351884551

-7.2628684551

23.7534

54.8124369741

-7.3056369741

23.18346

53.7898581548

-7.4229381548

19.9656

42.4773255986

-2.5461255986

17.76726

35.007272461

0.527247539

17.33184

33.7789449373

0.8847350627

17.15484

33.5531069429

0.7565730571

17.01678

33.2217067001

0.8118532999

16.6557

32.9913465136

0.3200534864

16.49994

32.6985834692

0.3012965308

16.5495

32.3985169731

0.7004830269

16.69818

32.4735634902

0.9227965098

16.57782

29.2389816726

3.9166583274

28.29168

36.3418361454

20.2415238546

17.2929

30.0830359652

4.5027640348

17.65752

31.0038611167

4.3111788833

17.9655

31.8373611824

4.0936388176

17.90532

31.9699793626

3.8406606374

18.18852

31.9729166186

4.4041233814

18.52836

30.9483025622

6.1084174378

18.8505

30.2737096018

7.4272903982

18.92484

29.7061049652

8.1435750348

18.44694

28.5302456472

8.3636343528

18.4434

28.171919183

8.714880817

18.86112

28.4928348529

9.2294051471

18.88236

28.1195031924

9.6452168076

18.86112

27.8892689891

9.8329710109

18.02922

27.0620372113

8.9964027887

18.5673

27.325684757

9.808915243

18.82926

27.2617264031

10.3967935969

18.99918

27.6567723713

10.3415876287

18.56022

27.5064708918

9.6139691082

18.23454

27.2330381638

9.2360418362

19.3461

27.5577202059

11.1344797941

19.24344

26.8172267737

11.6696532263

19.95498

27.2524697356

12.6574902644

20.71608

28.0894339658

13.3427260342

22.86486

30.9817316385

14.7479883615

24.37644

34.6669069464

14.0859730536

27.54828

42.0779797346

13.0185802654

28.35186

43.8382170435

12.8655029565

28.40496

44.4822488358

12.3276711642

30.67764

51.414294394

9.940985606

34.03002

56.7751232678

11.2849167322

34.51854

58.4541817978

10.5828982022

33.32556

56.2318599837

10.4192600163

32.1963

54.3775705172

10.0150294828

32.39808

53.6184249172

11.1777350828

32.37684

53.7529909878

11.0006890122

33.23706

53.4209648142

13.0531551858

35.94516

57.5567410885

14.3335789115

36.2673

58.0214210193

14.5131789807

38.97186

64.1429964392

13.8007235608

40.57548

68.3775068524

12.7734531476

41.00736

68.4402594108

13.5744605892

42.20034

72.5376243677

11.8630556323

44.6571

74.3856566398

14.9285433602

44.74914

72.7482054335

16.7500745665

43.90662

69.8289088341

17.9843311659

43.53492

68.7781783577

18.2916616423

48.27852

74.4948729706

22.0621670294

51.52824

78.7148289217

24.3416510783

52.21146

75.6543992115

28.7685207885

49.2414

68.980696846

29.502103154

59.83662

92.3109040547

27.3623359453

61.53582

96.2922931548

26.7793468452

59.96406

94.9612487929

24.9668712071

60.06318

96.3985407383

23.7278192617

61.68804

99.6567304931

23.7193495069

58.84896

95.6027122995

22.0952077005

57.3303

92.9222067431

21.7383932569

58.06308

97.8003341942

18.3258258058

63.07572

106.6849542401

19.4664857599

67.86534

116.0315647315

19.6991152685

69.18576

113.9808670067

24.3906529933

69.0123

115.0671271127

22.9574728873

75.46572

115.462073861

35.469366139

72.48504

107.770925521

37.199154479

68.1096

106.3105192776

29.9086807224

66.88122

104.4286760942

29.3337639058

64.27932

102.3667638067

26.1918761933

58.4808

88.9976091801

27.9639908199

52.2327

81.5454652294

22.9199347706

51.16008

81.6301589829

20.6900010171

53.08584

83.3418337743

22.8298462257

57.93564

91.3972946755

24.4739853245

55.21692

84.354402718

26.079437282

56.09484

84.4859381302

27.7037418698

58.8348

89.7204315213

27.9491684787

62.13762

97.523714374

26.751525626

65.01918

95.2035572514

34.8348027486

64.93422

96.6014489769

33.2669910231

66.92016

100.7168091182

33.1235108818

68.13084

105.0373240203

31.2243559797

66.69006

103.0087425024

30.3713774976

76.27284

125.7671512848

26.7785287152

86.43972

151.3788601685

21.5005798315

87.67518

151.6430426335

23.7073173665

81.51558

139.6276993732

23.4034606268

78.11718

132.7583807367

23.4759792633

79.64292

132.3693511328

26.9164888672

75.25686

120.112705452

30.401014548

69.64596

104.0744443449

35.2174756551

64.94484

94.8941959402

34.9954840598

65.11122

93.1014615022

37.1209784978

66.09534

88.6397190757

43.5509609243

65.07936

87.6473566258

42.5113633742

65.11476

89.5800029803

40.6495170197

64.34658

90.3857356754

38.3074243246

63.51114

92.7041326714

34.3181473286

74.44266

114.9024784271

33.9828415729

79.71372

128.7740983485

30.6533416515

77.78442

116.6347709863

38.9340690137

74.2338

105.7367737513

42.7308262487

72.96294

102.1577536896

43.7681263104

73.30986

102.2167785152

44.4029414848

75.37368

105.1033063537

45.6440536463

70.71858

97.4809155147

43.9562444853

70.2513

97.9668480702

42.5357519298

71.13276

99.6620994488

42.6034205512

73.51164

106.0176314084

41.0056485916

77.6853

106.8405182119

48.5300817881

79.94382

108.9221551009

50.9654848991

78.73314

109.0630173672

48.4032626328

79.16148

113.5710233712

44.7519366288

83.10858

123.2152737198

43.0018862802

85.90164

144.2061047633

27.5971752367

96.35526

164.6064095335

28.1041104665

102.7839

168.4510142286

37.1167857714

105.69024

168.0286705488

43.3518094512

106.26018

165.0111249065

47.5092350935

101.30418

156.2313301446

46.3770298554

96.70218

147.2568418286

46.1475181714

89.28234

129.5655122924

48.9991677076

81.6501

110.5480455792

52.7521544208

79.87656

107.5906614091

52.1624585909

78.9951

109.1102093634

48.8799906366

83.14752

109.2171353585

57.0779046415

80.7651

104.3970761277

57.1331238723

79.23582

102.6530986239

55.8185413761

79.61814

101.8496050958

57.3866749042

78.6765

98.4432017635

58.9097982365

80.68368

97.5753806653

63.7919793347

82.7652

96.9395873423

68.5908126577

86.30166

103.4978005147

69.1055194853

87.75306

102.0198921916

73.4862278084

88.93896

99.6763863231

78.2015336769

90.77268

99.8932998277

81.6520601723

89.4027

100.7832677685

78.0221322315

87.55836

102.6403620557

72.4763579443

86.79018

102.7861060516

70.7942539484

86.199

104.4163795123

67.9816204877

87.20082

103.6237094094

70.7779305906

89.60094

104.6595614653

74.5423185347

91.21872

106.8843944131

75.5530455869

92.31612

108.4006103221

76.2316296779

92.9427

107.3047293647

78.5806706353

92.51436

106.6298498956

78.3988701044

94.2879

107.4526226591

81.1231773409

96.62076

111.3819878162

81.8595321838

96.10746

112.6167877634

79.5981322366

96.05082

113.3545018113

78.7471381887

96.24552

114.4847181911

78.0063218089

95.14458

113.275535631

77.013624369

93.6153

109.7507848722

77.4798151278

89.27172

107.2067545033

71.3366854967

87.7389

108.5561086553

66.9216913447

84.24492

100.9095478981

67.5802921019

91.78158

113.3299947172

70.2331652828

93.28254

115.612272825

70.952807175

92.11788

113.8586182405

70.3771417595

90.43284

112.8546712852

68.0110087148

89.68944

113.4655552303

65.9133247697

89.1372

111.9262571678

66.3481428322

89.58324

113.1782690468

65.9882109532

88.1991

113.2191196603

63.1790803397

86.25564

113.0645029054

59.4467770946

84.67326

111.8523101937

57.4942098063

84.80424

111.2942573718

58.3142226282

84.23076

110.9836251858

57.4778948142

83.21832

109.4788603924

56.9577796076

83.48382

109.9863664061

56.9812735939

86.06802

112.1359495664

60.0000904336

83.92278

109.6287433695

58.2168166305

82.17048

108.1061359436

56.2348240564

79.1544

104.7751269502

53.5336730498

79.63938

104.6224745574

54.6562854426

79.1367

103.3805763146

54.8928236854

76.77552

100.3389804904

53.2120595096

77.16138

100.7743844336

53.5483755664

77.83398

102.1062991225

53.5616608775

76.79676

100.5838007717

53.0097192283

74.63028

98.1958056981

51.0647543019

73.58952

96.5913580355

50.5876819645

71.04426

93.9809522068

48.1075677932

68.853

91.7155968577

45.9904031423

67.42638

89.4502453411

45.4025146589

64.85988

85.7480570294

43.9717029706

63.189

83.8654969164

42.5125030836

62.21904

81.5532431728

42.8848368272

61.24554

78.0337144674

44.4573655326

60.89862

75.3928402475

46.4043997525

59.20296

73.3033707071

45.1025492929

57.35154

71.8125891138

42.8904908862

56.64708

71.0325468989

42.2616131011

55.5072

68.9840092907

42.0303907093

54.17616

67.4937714689

40.8585485311

53.41506

67.064178884

39.765941116

51.85746

65.7927372047

37.9221827953

50.75652

65.0062910138

36.5067489862

50.38836

64.1498882157

36.6268317843

49.58478

63.0964724943

36.0730875057

47.9139

60.8029400651

35.0248599349

47.10324

60.0604170633

34.1460629367

45.88902

58.5089765125

33.2690634875

45.54564

58.191877937

32.899402063

46.39524

57.5704728637

35.2200071363
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		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1908-1915)

58.056

73.7192899533

44.7992204661

56.1545142857

69.4112938197

40.4776976992

54.7789714286

70.455788015

31.6885142026

58.0155428571

81.1060000831

32.5155583731

63.8818285714

89.3818130555

24.7606221395

70.9618285714

110.0830350033

20.8637413292

79.7410285714

129.8391158136

21.853944409

84.7172571429

142.6043413052

30.327652721

84.2317714286

138.6213758504

43.3585024541

78.4868571429

119.3601261174

42.3730534636

76.1403428571

112.2541465364

42.325616814

74.5625142857

108.3772403288

43.0259097601

72.9037714286

104.4403759542

42.1943037341

73.3488

104.0582676945

34.9817816925

77.4349714286

115.801989736

26.6948334354

81.5413714286

132.2815094217

35.1052989036

78.9116571429

125.3477296678

39.9427961499

77.1922285714

116.1610895644

43.7676578699

75.5739428571

108.9985135587

44.7225307163

70.9213714286

101.7727835694

42.0248093505

67.1790857143

96.0756477924

35.9052781402

71.1236571429

102.397464717

32.5604442121

78.4059428571

116.9691557879

30.3937677041

83.1394285714

131.1516037245

36.5595566884

79.5792

126.159071883

36.7779586272

81.7072457143

124.5084870871

44.754825935

80.7524571429

117.7048769221

45.7397820202

78.6082285714

113.6209036941

46.2233870804

77.0304

109.415241491

43.9994944761

77.1517714286

110.1826769524

36.9959154511

79.296

119.4518559774

40.6707907208

80.1051428571

118.7303521364

46.0460990467

75.8976

109.9566438104

45.0852069757

73.4701714286

104.2825644529

44.1306618423

70.6786285714

100.0181381577

43.7160649426

68.2512

95.2137636289

41.7896923889

64.9337142857

91.3952218968

40.1353227434

62.1421714286

86.9405629709

37.8023437217

61.4544

85.7942277069

37.0945745256

58.8651428571

83.2249683315

33.4817218489

59.7552

85.1386210082

32.1340208664

60.4025142857

88.0236934193

30.8147933716

59.9777142857

89.5654351998

32.7669245199

58.6224

85.8331897658

32.7567507821

57.8132571429

83.6789063607

23.973354067

64.6100571429

98.4499602187

20.0432011348

69.2626285714

113.8294845795

0.7831128856

85.0409142857

153.5204299716

13.5342027839

94.9933714286

166.5000829304

33.669266895

89.4709714286

150.7950759622

34.311039802

84.0497142857

139.2096459123

36.4738000299

80.712

128.2879142559

38.2136184531

76.5044571429

119.0028386897

38.7960415207

71.5686857143

109.2771013364

39.3131179961

69.3435428571

101.5991105753

42.0964956328

67.8061714286

95.0532186529

43.3125092018

67.6848

92.1784622268

41.7206320229

70.4763428571

96.4405108342

39.6231976786

74.0365714286

104.8897166071

0

84.6768

0

52.4797171579

75.5739428571

107.7710256993

-31.5129504201

106.5641142857

213.651007563

-52.1127387287

125.1744

283.8512530144

-18.8309402324

121.4118857143

265.4172259467

12.370218462

110.0029714286

219.0446386809

33.1316141858

96.6116571429

173.4830143856

31.2877438541

93.456

158.7799132888

32.6159402018

93.3750857143

154.2151455125

28.6868258229

95.0742857143

159.7625456056

32.4488675188

96.0048

158.6302181955

23.8678801611

100.536

172.6729198389

24.131335191

102.4374857143

178.8421505233

13.4667430782

108.9510857143

197.9218283503

3.8085962478

116.6784

221.8208894664

0.139080673

129.0582857143

245.5976050413

-0.27514291

137.5138285714

266.8472571958

-0.2056174853

150.7433142857

288.4627603424

0.7004014097

162.2736

312.316512876

-5.9783345887

173.7229714286

341.9749060173

-48.416748387

197.5522285714

419.691948387

-67.7035334969

212.5618285714

477.8175906397

-36.5926122672

207.8283428571

456.9827836958

-16.4534558192

203.50752

427.7893186763

19.1310626316

192.7378285714

377.1142859398

50.9394578083

181.6930285714

323.4913993346

68.3931051806

165.5101714286

278.8100948194

70.2590143692

161.1812571429

256.4324142022

77.8829441164

167.8566857143

251.1549987407

101.4404273068

156.2050285714

222.6212869789

97.5569982875

147.5067428571

206.1547731411

93.1520833453

147.0617142857

201.4163737976

92.7238503702

146.6571428571

200.9950067727

82.9188049244

160.8980571429

224.6363950756

59.8594416491

181.7334857143

282.772101208

63.2616683894

185.0105142857

303.4823316106

92.2847168996

175.5030857143

268.2288831004

98.8633490371

163.6491428571

240.2888795343

94.7438583311

154.1417142857

223.0469988117

87.0432897718

149.8937142857

216.9921387996

86.1344080597

149.7723428571

213.5316490832

87.6969466656

158.0660571429

220.1414533344

95.0943529165

167.5330285714

230.5047327977

102.7458353057

176.3122285714

241.0994218371

110.5303574223

186.2242285714

252.0060997206

117.8237856977

188.7325714286

257.1330143023

117.1838921931

183.8372571429

255.3859363783

108.0298839078

178.1328

253.9401732351

106.1246999299

172.1451428571

244.1532429272

101.7387793058

172.6306285714

243.0369921228

86.758941085

184.4441142857

270.3158017722

59.4103406606

211.4290285714

336.4628021965

69.918224207

220.0868571429

361.5976615073

84.2049512392

204.7536

340.6355059036

78.4021256329

191.7668571429

318.11833151

66.8647711903

185.2937142857

310.1958002382

34.3641689589

205.7448

356.6743453269

19.5292197722

219.79152

406.0071002278

27.7149245451

222.7722

414.8487954549

67.6588382867

204.789

359.9023617133

92.5354810591

176.12916

288.3826789409

85.9144485282

163.2648

253.4795114718

89.2969810413

157.28928

231.2570989587

89.0677901511

162.01164

230.2331298489

91.1589136333

171.7254

242.5781263667

94.2622310185

184.2924

261.7555689815

103.3303887298

187.52088

268.4828912702

111.3859622907

182.29584

258.4307577093

101.5362303951

187.4253

268.1849096049

92.7287564024

204.4704

299.1669435976

88.2916217463

234.879

351.0577782537

95.7548201697

248.8974

388.0215798303

86.3891616398

253.89588

416.4041183602

93.6603277019

238.74468

398.9802322981

96.1468396791

230.10708

372.7049203209

109.5876000776

222.7014

343.2208799224

101.058872813

227.67156

349.314087187

98.5293029046

232.06116

361.2034170954

117.8902913875

227.57244

341.7433086125

140.749459054

213.639

300.461980946

128.8155936607

203.727

288.5504063393

118.5459868979

212.6832

297.8642131021

99.8040752071

221.48364

334.3627647929

107.5241138257

221.92968

335.8892061743

118.2791372234

220.75794

324.4084827766

107.3832150689

233.7462

347.1209249311

98.9376468125

249.1629

383.9714531875

117.5564104796

253.641

385.2474895204

107.8426478425

259.10322

404.9015721575

105.2136073621

257.4642

411.3538126379

118.2563635548

242.04396

381.2517964452

120.874661258

224.06784

345.237138742

104.8478996835

222.00756

341.2275003165

85.8136444862

240.92532

377.1192355138

73.3456704721

278.6334

446.2130495279

87.5892312654

288.00378

479.0479487346

99.0197374454

271.8012

460.7852425546

95.5531017914

247.39644

423.6445382086

100.9621946514

225.76704

372.2012853486

98.6476161457

213.78414

340.9035638543

68.6952864457

221.29248

366.3813335543

61.0750268911

229.15128

389.3687331089

73.5661213571

228.07512

383.6602786429

77.3759710307

223.43772

374.1368689693

75.1449120406

233.9409

382.2337079594

111.1330682938

218.99148

341.7993117062

80.0753711302

228.1884

367.1045088698

101.6109707086

212.60532

339.1827492914

93.3547148131

200.10912

319.3597251869

93.0848078984

187.06068

294.0849921016

95.1901735579

171.55194

263.4224464421

89.391217475

155.36706

237.527782525

74.2219989202

151.97574

233.1208010798

67.1550605172

149.6004

234.4210794828

65.8689810523

138.69366

222.4250789477

56.2034719154

125.37972

207.8699080846

44.2604745976

118.0059

199.1251454024

44.4768529331

112.81272

186.3417670669

35.249592743

115.05708

192.620207257

38.9152108657

116.92974

193.0716091343

48.4649018218

108.54348

177.0083181782

43.236742441

99.34656

164.653297559

37.0680156164

90.16734

152.4458843836

21.901268584

93.3498

161.615871416

15.1812660873

96.15702

174.3255539127

15.8821879413

92.29842

172.5732520587

14.6701260205

89.19738

166.8256739795

23.5133574371

82.36872

148.0527425629

27.7276891087

73.8975

128.5385308913

18.3793368873

71.85492

127.3730831127

13.9265639673

70.04244

127.9707960327

10.4261369524

67.69542

127.3117230476

8.6066570308

63.85098

122.9397429692

5.2878968255

61.75884

120.3219231745

0.4163845179

62.55888

123.9013354821

1.2807008368

59.12154

120.3997191632

-5.3887697185

58.7286

123.2389097185

-11.1442880754

56.38866

126.2615480754

-7.0961212517

51.02202

114.5068012517

-17.1750827

50.71758

118.9146827

-6.9969341718

49.06794

106.7824541718

-2.1317758376

41.60208

92.8017958376

-5.5525065196

37.26204

84.4166265196

-7.4552720275

35.45664

80.1739520275

-8.8102376051

34.94334

79.2102176051

-8.5028992108

32.92908

76.3753192108

-8.2504168749

30.53604

71.7155368749

-8.270521444

28.47576

67.282321444

-3.4613299728

25.37472

57.3118099728

-14.1967652874

28.27752

67.8490052874

-5.0438039573

25.33578

58.6571039573

-4.0715403794

22.66662

52.0739403794

-3.7746161006

20.07888

46.5201161006

5.5590642175

13.86972

28.3895357825

0.4333561913

13.23252

26.6688838087

1.2270658262

12.4254

24.4308541738

1.0343114532

11.98998

23.3810685468

2.1361321727

12.22362

22.0774678273

3.5062007542

10.61292

19.3303392458

2.2337962975

9.44826

17.8273837025

1.1321764383

8.41104

16.7271235617

-0.4674848643

8.319

17.1975248643

1.9941326976

8.6199

14.9447673024

3.4450115327

7.85172

13.0266084673

3.1953662666

6.30474

10.9610937334

1.9278043888

5.93304

10.3099756112

-1.5902473262

7.3455

14.8687873262

-0.5150620573

6.86052

14.7210820573

-0.274430072

6.63396

13.768910072

2.5094239801

4.96662

9.0911560199

1.8267742709

5.0622

8.2020457291

1.8476973243

5.08344

8.2979426757

1.6768257487

5.17194

8.5785542513

1.5099673517

5.4516

9.1135726483

1.2698253621

6.46404

10.6458146379

2.8295235343

5.31708

8.9515964657

1.5345383522

5.55072

9.3332616478

1.096461834

6.3897

10.843958166

2.2885226414

5.88702

9.9881973586

2.5154805441

5.27106

8.6425994559

1.6208567441

4.78962

8.4398232559

1.3064265197

5.07282

8.5560134803

0.6996833247

5.9295

10.3026366753

-0.134966506

6.69414

12.758606506

0.5089227478

5.87286

12.0580772522

-2.0989621983

6.27642

14.2482421983

-1.2012360763

5.96844

13.4460960763

-1.4643249913

6.81804

14.2508049913

-1.0860454006

8.7792

16.6832854006

-5.9190860844

14.06442

28.7627060844

3.5092529014

12.42894

22.9841070986

1.424979317

12.20946

23.213420683

1.1528669444

12.20238

23.2589730556

0.6741794367

12.41124

23.9394405633

-0.3741697226

11.6997

24.4851097226

1.7967961942

8.5845

18.4874038058

-0.5255261351

8.00394

17.1139661351

-1.354290491

8.53494

17.893170491

-0.6259679637

8.17386

17.3347679637

-0.1847252374

8.20572

16.5643052374

-0.7197698693

8.80044

17.7259298693

-0.7793826937

9.74562

19.3254426937

0.1925345587

9.68544

19.2385254413

-1.1456682031
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Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1973-1980)
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		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



Julian Day

Q (cms)

Parker Q +/- 1 SD (1991-1998)

75.417222

120.7395165144

30.0949274856

86.7330444

149.2905669988

24.1755218012

91.9321716

167.2160958531

16.6482473469

92.8487484

174.7869904835

10.9105063165

84.0627162

152.3697631723

15.7556692277

80.7871188

146.7773128372

14.7969247628

79.1802774

149.8170305639

8.5435242361

82.7074626

160.6313914449

4.7835337551

91.9855194

187.0347328134

-3.0636940134

95.3405544

192.7755916827

-2.0944828827

101.1523848

201.8116556774

0.4931139226

92.63472

182.66130515

2.60813485

85.9104546

166.4783668669

5.3425423331

90.175482

169.2584328929

11.0925311071

99.057519

194.5246196769

3.5904183231

106.2531

221.3723732055

-8.8661732055

100.6422

205.7698880992

-4.4854880992

94.3841172

183.5245119063

5.2437224937

90.0127836

170.6843954217

9.3411717783

89.0359914

172.347176043

5.724806757

85.2876978

165.6046572214

4.9707383786

80.9917662

156.0222016708

5.9613307292

80.0314704

151.6679366881

8.3950041119

79.2768132

147.5870576273

10.9665687727

81.6142752

144.159376952

19.069173448

79.6803024

135.3120374461

24.0485673539

79.3214526

130.4225139069

28.2203912931

78.7699914

128.0754768544

29.4645059456

81.9351762

130.2610560759

33.6092963241

84.4180614

125.7332615212

43.1028612788

98.286684

146.8337321941

49.7396358059

130.2050232

246.736642516

13.673403884

126.109137

235.5773735804

16.6409004196

110.31879

185.0081474225

35.6294325775

105.947067

165.2292606074

46.6648733926

107.7070842

166.4601260375

48.9540423625

109.387416

170.7447441168

48.0300878832

131.6703354

234.080779587

29.259891213

205.071138

505.491464053

-95.349188053

280.2349668

795.2227380303

-234.7528044303

228.1916214

603.0296336762

-146.6463908762

168.566304

376.5776709042

-39.4450629042

141.0446448

286.6409348229

-4.5516452229

133.6497264

263.1027122468

4.1967405532

131.5414086

257.8330425078

5.2497746922

144.6156198

271.4809927922

17.7502468078

157.3043604

294.1682842461

20.4404365539

153.1990224

289.3806245832

17.0174202168

157.8667956

308.038574114

7.695017086

168.3631434

335.2931246924

1.4331621076

233.2158726

439.3477922286

27.0839529714

238.9474158

451.5739465608

26.3208850392

210.6849408

392.0401949236

29.3296866764

189.7380528

350.8156388886

28.6604667114

179.4892572

333.2475869291

25.7309274709

170.9142444

316.2165655153

25.6119232847

166.5249276

304.4024991918

28.6473560082

160.3760538

288.9654921585

31.7866154415

146.0652498

253.1144903903

39.0160092097

190.5228

324.8322459378

56.2133540622

131.8797264

217.2241430386

46.5353097614

124.3179678

198.9584696284

49.6774659716

122.1462486

191.0586898642

53.2338073358

121.7739822

189.2516547478

54.2963096522

114.3681252

173.439163593

55.297086807

107.8193022

159.4119894261

56.2266149739

104.336721

154.9043240866

53.7691179134

100.9442328

148.1558779717

53.7325876283

99.1140882

142.7639457797

55.4642306203

104.7068634

152.4091212551

57.0046055449

109.2886146

165.9630823876

52.6141468124

110.506941

174.8245931137

46.1892888863

112.7209632

181.5719998695

43.8699265305

117.1281924

185.7899851623

48.4663996377

129.9324078

205.7049398884

54.1598757116

141.8708808

216.9631447432

66.7786168568

141.4763478

212.233195013

70.719500587

134.4596076

202.5316872724

66.3875279276

138.649764

214.4213202651

62.8782077349

163.999527

303.2394304786

24.7596235214

153.0409968

283.5422940928

22.5396995072

134.1210066

239.5825101598

28.6595030402

132.4871196

224.7077584108

40.2664807892

134.1558756

223.4504647628

44.8612864372

126.278349

212.4144464989

40.1422515011

123.1728132

217.1058087761

29.2398176239

128.5095402

250.7467500578

6.2723303422

119.8520808

238.0674900505

1.6366715495

108.7787484

214.853783259

2.703713541

100.9192404

197.2704398702

4.5680409298

97.76595

190.4895433914

5.0423566086

94.4791662

180.2443084316

8.7140239684

93.274221

169.9938722951

16.5545697049

93.4368132

164.2068334051

22.6667929949

95.683545

168.666116475

22.700973525

100.1302806

178.2599335211

22.0006276789

103.7211858

187.8637117603

19.5786598397

99.0953616

182.1071595804

16.0835636196

103.039311

190.0775377856

16.0010842144

110.436849

210.6708247082

10.2028732918

114.4142868

221.2102710135

7.6183025865

107.0709108

207.2061448543

6.9356767457

99.7419426

189.7836006702

9.7002845298

96.2912214

179.1726370827

13.4098057173

90.5590056

172.5972738599

8.5207373401

82.1104062

157.6217476846

6.5990647154

83.847732

158.0764314833

9.6190325167

96.1493028

186.5493549022

5.7492506978

105.7689696

199.1695607687

12.3683784313

107.0976024

191.8799762271

22.3152285729

114.0933858

218.1483229193

10.0384486807

130.8556398

292.0348039244

-30.3235243244

109.140501

223.5286100627

-5.2476080627

103.988208

199.8091004285

8.1673155715

117.9857928

225.8711423185

10.1004432815

116.8303368

227.9479320081

5.7127415919

116.839116

236.8666886094

-3.1884566094

117.9056826

253.7065877383

-17.8952225383

118.0180422

256.4273512511

-20.3912668511

113.4172104

234.2933550593

-7.4589342593

110.8755258

216.1426400282

5.6084115718

110.9413344

216.3768227578

5.5058460422

108.3239646

217.3880050914

-0.7400758914

108.438165

231.2038738884

-14.3275438884

113.9825484

251.5395968409

-23.5745000409

116.0917512

257.8937920797

-25.7102896797

120.5115828

265.1772092097

-24.1540436097

126.2594808

274.7712080063

-22.2522464063

128.2990518

268.8667965134

-12.2686929134

123.8734854

252.5788018445

-4.8318310445

116.982309

247.2513757558

-13.2867577558

119.7050292

262.8250542815

-23.4149958815

128.6128374

280.1715553565

-22.9458805565

146.8839102

305.7374785926

-11.9696581926

147.567378

315.0041752089

-19.8694192089

146.1741756

315.6708538567

-23.3225026567

149.2110708

315.4248656156

-17.0027240156

144.3578016

301.5470924146

-12.8314892146

136.780467

280.9887465358

-7.4278125358

121.383414

242.9911737318

-0.2243457318

115.320456

231.6366718896

-0.9957598896

110.4700896

229.4119641122

-8.4717849122

104.7379446

216.6248256611

-7.1489364611

100.0020618

208.1943302756

-8.1902066756

97.8147312

208.8548347206

-13.2253723206

102.7455264

213.5248701685

-8.0338173685

112.8933966

228.5857807676

-2.7989875676

117.0036552

233.1533213871

0.8539890129

115.7694342

233.764261499

-2.225393099

111.546462

237.9161670293

-14.8232430293

111.7678536

248.8607192149

-25.3250120149

112.9387794

258.8900642726

-33.0125054726

117.2323392

273.0090308792

-38.5443524792

116.5662174

262.5042714425

-29.3718366425

118.1239944

251.4220926284

-15.1741038284

122.4216606

254.9249031345

-10.0815819345

123.100137

254.6199104686

-8.4196364686

108.948987

226.3286153647

-8.4306413647

96.3075762

199.1819047755

-6.5667523755

89.904672

186.844087763

-7.034743763

86.580612

182.0603255486

-8.8991015486

77.7590028

155.7569547097

-0.2389491097

70.1331702

133.5016465625

6.7646938375

67.8841374

126.2722821328

9.4959926672

57.5647188

104.8582393

10.2711983

46.88553

88.1133541901

5.6577058099

42.1960212

79.7142063441

4.6778360559

39.2573964

77.7991564758

0.7156363242

35.515227

72.4897087539

-1.4592547539

32.0310528

66.4961480808

-2.4340424808

30.2486274

61.1743957867

-0.6771409867

28.9197114

53.3487081631

4.4907146369

30.7104912

60.5253894923

0.8955929077

31.7448792

62.5067709434

0.9829874566

31.073943

52.3676930427

9.7801929573

30.2270688

48.0598734121

12.3942641879

26.154936

42.536896409

9.772975591

24.5948226

41.0904420681

8.0992031319

27.9106344

53.3177209498

2.5035478502

28.4845746

58.7041867616

-1.7350375616

30.2859744

63.4798623613

-2.9079135613

31.6307142

68.3840437502

-5.1226153502

30.225582

67.0375168111

-6.5863528111

25.9964148

52.8426463428

-0.8498167428

23.707203

41.7498560119

5.6645499881

23.828448

40.6778537449

6.9790422551

26.2330638

45.911289747

6.554837853

23.353203

46.9302211228

-0.2238151228

23.7905346

52.5673482078

-4.9862790078

21.969771

49.8900088849

-5.9504668849

22.2633078

50.610454118

-6.083838518

25.3285938

57.0109736755

-6.3537860755

24.4002288

52.9841880688

-4.1837304688

20.1711678

41.563327211

-1.220991611

18.8194896

35.1956019886

2.4433772114

17.8734954

32.052941256

3.694049544

16.96191

28.0049059763

5.9189140237

14.4270576

20.8444002588

8.0097149412

14.7171252

19.9216575477

9.5125928523

14.9401452

20.9250606131

8.9552297869

14.1204228

19.8755700944

8.3652755056

12.6364902

16.2998987462

8.9730816538

12.826836

17.3434164266

8.3102555734

13.0322622

17.5383611999

8.5261632001

13.9198464

18.4868443668

9.3528484332

15.9298938

21.6128024755

10.2469851245

15.232443

19.1853881626

11.2794978374

15.4368072

19.4517631972

11.4218512028

14.1444948

18.4386316935

9.8503579065

13.3513224

18.2413193104

8.4613254896

14.040525

17.9171179107

10.1639320893

15.3371916

21.6379265089

9.0364566911

15.0456726

21.3813277679

8.7100174321

14.2640406

21.2615000804

7.2665811196

14.8523532

20.1161826328

9.5885237672

14.1038556

20.3643797757

7.8433314243

13.3143294

18.656983617

7.971675183

13.6296726

16.9892223329

10.2701228671

12.7642488

15.6161483016

9.9123492984

15.4433916

19.4852432086

11.4015399914

16.2033942

21.0905045035

11.3162838965

15.3752466

20.9222592099

9.8282339901

14.0802438

18.3181227274

9.8423648726

14.0625438

19.2865137502

8.8385738498

13.8039822

18.5742868137

9.0336775863

12.7764618

17.3024291593

8.2504944407

13.2067842

18.3382637214

8.0753046786

13.6760466

18.4216821972

8.9304110028

14.580552

19.1235105304

10.0375934696

15.7358664

20.8670263572

10.6047064428

15.3128718

20.3843700193

10.2413735807

14.287971

18.7831482633

9.7927937367

13.4787978

18.2083461099

8.7492494901

14.7757122

20.2401097909

9.3113146091

14.2839354

18.280098104

10.287772696

13.6060608

16.3651149409

10.8470066591

13.8776496

16.951351981

10.803947219

13.744758

19.4291882075

8.0603277925

13.6861356

19.8058443763

7.5664268237

13.4584074

18.7603873399

8.1564274601

14.510814

20.0034904245

9.0181375755

13.5802542

19.605408922

7.555099478

11.229765

15.1717611294

7.2877688706

12.4432416

15.4526651593

9.4338180407

12.4963062

16.6590143527

8.3335980473

11.6397678

14.5162307972

8.7633048028

13.136232

18.6516425994

7.6208214006

17.5260444

26.6890306643

8.3630581357

17.6644584

27.7046286072

7.6242881928

17.0235768

24.688586172

9.358567428

17.1425562

23.7385670881

10.5465453119

17.789562

25.9780718745

9.6010521255

19.3018854

27.3452923056

11.2584784944

19.4090058

23.3579079907

15.4601036093

18.115773

23.8440565937

12.3874894063

15.4818006

19.8084767324

11.1551244676

15.429798

17.7953155919

13.0642804081

14.4318366

17.7207712392

11.1429019608

15.422541

20.0518719794

10.7932100206

15.0784176

19.2631389347

10.8936962653

13.4247066

17.5762896317

9.2731235683

13.255353

19.3883736919

7.1223323081

14.4710598

21.5574036704

7.3847159296

13.6522932

18.7681204313

8.5364659687

13.3448796

17.2008367566

9.4889224434

12.8590854

15.4946642034

10.2235065966

12.0192204

14.1248864472

9.9135543528

11.9888826

14.729153571

9.248611629

13.2332988

16.2650726138

10.2015249862

12.2959776

15.907680941

8.684274259

12.7850994

17.5887694306
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		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1908-1915)

29.47758

39.1721887554

19.9006572964

28.80144

38.3783627036

16.6251437542

29.7891

41.9653962458

16.39632816

29.1873

42.58007184

17.3278721885

28.73772

40.5971478115

18.2042523178

30.05106

40.5845276822

18.3161088167

32.58216

44.3171111833

14.7946442328

35.02476

52.8122757672

17.4718556089

33.65478

51.2076843911

17.4342247401

31.67238

47.8929352599

18.0551504927

29.8953

43.5125295073

16.2734015533

29.32182

42.9437184467

16.4797694602

28.56072

41.4027705398

14.1541568786

31.6299

46.0364631214

12.1003975516

33.1698

52.6993024484

13.1394744958

32.47596

52.5062855042

14.2169382542

31.65822

49.9172417457

14.5376552514

30.26346

47.3840247486

16.1221250674

28.93596

43.0772949326

15.8379463321

28.71294

41.8109536679

16.9249948342

28.33416

40.1221051658

16.9764232056

27.71466

39.0723967944

17.4725764065

27.21906

37.4611435935

16.2637847934

27.7359

38.6911752066

15.9689899021

29.02092

40.7878300979

16.2551148354

29.6475

42.4133051646

16.8622919095

29.13066

41.9158680905

16.4887149559

29.28288

41.9248250441

14.0592834379

29.25456

44.4781565621

10.7786379515

29.96964

48.4455620485

11.1239502178

30.43338

49.2790697822

12.9392368308

29.72892

47.2230631692

14.3656788982

28.0722

43.4354411018

13.62033208

27.51288

41.96474792

13.6307225269

26.35176

40.2339174731

13.4504180051

25.67208

38.5734219949

13.6693627506

24.52512

36.5278372494

12.6982729728

24.17112

35.9979670272

12.911700801

23.14806

34.407479199

11.6437443685

22.69848

34.2027956315

11.2481914426

22.33386

33.7841485574

11.1340358992

21.88074

33.0805641008

10.8680099441

21.28248

32.2952100559

10.4287136546

21.10902

31.9627863454

10.7784906809

20.9745

31.3050293191

9.5963033906

21.9303

33.3084966094

6.375322938

25.5057

41.060677062

3.1076221643

29.12004

51.5181178357

2.6466506727

32.12196

58.5953493273

6.0413299302

31.83876

57.9193900698

8.8677635553

29.70414

52.6751364447

9.7497836523

27.97308

47.9274363477

10.1303116777

26.2137

44.0564683223

9.6439902048

25.34994

41.9196497952

10.7050616444

24.64902

39.2938983556

11.6946535179

23.85606

36.8104264821

12.0348337644

23.29674

35.1179662356

12.3353581372

23.39232

34.3537018628

12.7094690328

23.38878

34.0716309672

9.9718530911

26.196

39.6129269089

15.1319173489

23.38878

34.4528626511

6.9252050825

25.88094

42.3445149175

4.2601997939

27.26508

48.8858202061

5.5142641495

27.81378

49.5645958505

7.2703606593

27.02082

47.5642393407

8.4405380944

25.78536

44.3656419056

9.0711818655

24.80478

41.5189581345

9.5559283795

24.50034

39.7491916205

10.0229075176

24.71982

39.1972524824

7.8850904054

26.29866

43.1333895946

8.8085471695

26.90754

44.3976528305

8.8333885169

27.07392

45.1480714831

7.4448589047

30.13248

49.7615410953

2.038828182

39.01434

67.107991818

7.2510066026

43.30128

75.0646133974

-6.8265358371

56.1621

106.2899158371

11.9154425336

56.93736

101.1840174664

7.5445850571

62.82084

112.2136149429

10.3692821207

64.76076

117.2123178793

2.1808052914

68.7645

131.3444547086

-0.2347538156

71.01948

140.0187338156

3.7566412461

69.14328

136.4061187539

11.5035857443

70.23006

127.8697542557

20.8995581365

72.91338

122.2438818635

30.8484925155

71.9682

114.0330874845

37.7699520464

68.4813

102.6795479536

22.7858413343

76.37904

122.0744986657

48.7869385985

68.4282

96.0203014015

49.3500243926

63.62088

82.6990556074

47.7711197992

61.065

76.9147602008

47.0391439742

60.18

74.2058560258

45.623197291

61.01544

75.572242709

35.8431915174

67.2246

92.3968484826

22.1122914519

74.9064

120.0187085481

29.5961107689

73.4373

118.7475892311

37.3983001392

68.77512

104.8141198608

39.4354945617

63.81912

93.1587454383

38.0620394094

60.3924

86.1494805906

35.3168030659

60.0384

85.1139969341

35.5963651787

62.61198

87.0540148213

36.2550644469

66.98388

93.3407955531

40.9053323393

70.0566

96.1351476607

44.2828348781

73.36296

99.1367251219

48.9289115272

77.28528

101.7193284728

54.6348751552

79.9686

102.6190048448

54.6961965431

81.00228

106.2746834569

53.0678569591

79.5438

107.4782230409

50.7998470216

80.4996

109.2435529784

49.7899068964

85.6326

116.3422931036

43.6441664188

97.8456

139.8340335812

40.9312066514

113.4924

170.4067933486

51.1997511016

118.34928

180.6419288984

64.4981252753

110.2356

164.0867547247

64.1154841092

101.067

147.1871158908

49.2122398196

102.2706

154.1253601804

32.7914670846

110.8728

180.3519329154

22.6492384614

116.0058

204.2293615386

40.6029887722

115.87836

191.2811712278

61.6938252997

106.06548

160.2500147003

67.5118596712

96.29508

134.8487003288

43.5362350635

102.3591

155.1179449365

75.7052414324

92.16036

118.8142185676

63.5007638633

93.55512

122.2147161367

58.0743181595

102.483

137.9638018405

62.6488285227

109.6692

149.5033714773

70.7736224553

110.2179

149.1134775447

74.3108858384

108.3771

144.2841141616

69.7938560093

110.8374

149.4206439907

65.843062986

122.8911

167.885437014

69.0427112483

129.7764

183.6247887517

65.6211083471

136.21212

200.3674116529

62.0285887177

137.29536

211.4788912823

70.518450562

129.50736

196.284269438

72.6715460693

123.92832

180.7641339307

67.2428366193

125.0682

181.7536833807

62.8977634638

129.39408

191.5645165362

73.0937739841

128.19756

184.4978660159

79.4652263469

123.74424

172.4765736531

83.579353556

119.70864

159.873526444

81.2528747502

122.7495

161.2052652498

81.7359887684

120.80604

161.8195512316

62.5639516862

130.6614

188.9034883138

83.334156328

125.68416

173.011403672

77.4713944847

127.46124

175.6740055153

71.7354178127

132.91992

188.6457421873

72.1661881747

140.1132

200.8669318253

78.3156045772

141.9186

203.7161954228

76.0317098217

141.069

206.9558901783

77.0103297265

135.5112

199.5698702735

80.1466379527

126.4311

181.7956620473

74.4476838458

122.5902

174.5736161542

66.8618037076

122.9796

178.7079962924

51.634073801

139.6176

210.963126199

49.7272611357

157.51584

247.4061788643

59.7899302231

157.25388

254.9797897769

65.5353625191

143.91162

235.6301374809

66.7350083947

130.095

207.2716116053

65.7812072609

121.53528

185.8490727391

60.1284854538

121.04676

182.4535545462

49.9120904722

128.1126

199.2472695278

49.746340236

133.55712

211.923379764

55.1791856174

129.2454

207.6233343826

51.7031658234

131.56764

209.1098741766

57.2139917835

136.821

211.1746482165

70.3287226025

136.1484

202.6406773975

75.9533418315

125.05404

185.2490981685

70.7206525653

115.8642

170.1975874347

65.2398306249

115.935

166.5593693751

76.2969394346

106.7487

146.3867605654

74.4595422791

97.59072

129.8798777209

66.1731082872

97.58364

129.0012517128

61.6456229653

95.1906

131.1286170347

58.4386139214

91.1373

127.8892860786

56.5846923375

83.49444

118.0470476625

51.5647276967

78.3402

110.2699123033

46.2256234746

76.7295

108.8440765254

45.149956109

77.5614

109.140943891

44.9188831568

78.46764

111.1101568432

46.6079546682

79.296

111.1556853318

50.5181826163

77.50476

106.2825773837

50.6248920635

72.9063

99.7861679365

45.8988784563

71.64252

98.6499415437

40.3900100613

73.26384

104.5163499387

36.1895914932

72.6939

109.7681485068

33.2320243217

70.8354

110.2972756783

36.9929576808

67.26

101.1024423192

42.4570945048

62.0562

86.8591054952

40.4247102015

60.2154

81.8468897985

38.4127110764

58.941

80.7436889236

35.424557062

55.8612

79.377642938

33.4874884526

54.91248

77.2861915474

30.4772323096

54.693

79.1282476904

29.9528221757

54.38148

79.1216578243

30.9327349906

54.516

77.9647450094

30.8488681161

54.70008

78.3672118839

31.9466864803

52.6752

75.4285935197

21.8296066262

55.0824

85.9279933738

21.5876536198

55.94616

89.4409063802

22.0017400202

56.20104

90.1454599798

26.7400962083

52.215

81.6759437917

24.5011985778

51.09282

78.8066214222

34.2167513899

44.77746

61.6535286101

28.0104008528

43.6305

60.3975591472

25.6773593745

43.7013

61.6544406255

25.8078121046

43.11012

61.0036078954

25.8701307995

42.82338

60.0633692005

28.041305442

41.71182

56.493894558

29.7370469775

39.84624

51.8210130225

29.1143804973

39.08514

49.8169995027

29.8230711194

38.24616

47.5082288806

30.3814412713

36.92928

44.7939987287

29.800981133

36.5682

43.696498867

28.9497299144

37.18062

44.7990900856

30.1298428289

35.72922

42.7799971711

28.3808572401

35.03538

42.3837427599

27.220071494

35.20176

43.017068506

27.1103929995

34.3911

42.4824670005

26.6415344177

34.40526

42.1548255823

27.7200087956

33.33264

40.0178912044

26.1595252505

32.34852

39.5216347495

25.0220261785

32.47242

39.7989138215

24.6805380013

31.00686

38.7987419987

23.2633538737

30.72012

38.4636261263

22.9063225654

30.57498

38.3887774346

22.512970601

30.02274

38.084749399

21.2493755985

30.99624

39.7696044015

21.8669289476

31.04934

40.1786510524

22.5439195513

30.91482

39.4202404487

21.9816794744

30.3024

39.2355405256

21.6219916632

30.18204

38.8624483368

21.0519375352

30.5856

39.7157024648

21.874110346

30.36612

39.077609654

22.3539120059

29.99088

38.0030879941

21.6503231833

30.43338

38.7739368167

21.7174953558

30.5148

39.2306846442

20.8755373986

31.52724

41.1665026014

22.4657384776

29.66166

38.7231615224

20.9101654723

28.8333

37.5847945277

20.0001324234

28.4439

37.2770675766

19.7414999206

27.71112

36.4135200794

18.7006571309

28.6386

37.6490628691

18.9321505435

29.1519

38.8583494565

20.811253893

26.3907

34.731346107

18.2899494042

26.18184

34.2825905958

16.7609808839

27.83502

37.2558791161

18.418314295

27.56952

36.986225705

17.2579068537

27.53766

37.8492731463

18.4660172535

26.2845

35.3561427465

16.7393695404

26.79072

36.3358504596

16.0667176622

26.64204

37.3660423378

15.5707257154

25.65792

36.7292342846

14.3719272908

23.99058

35.2765727092

12.9138442805

22.82592

33.9026557195

13.0446993087

21.51612

31.2973406913

12.3765486542

21.13734

30.2769113458

11.8075753769

20.92494

30.2547046231

13.840107021

20.29836

27.383192979

13.8632848319

19.87356

26.3086351681

12.925375651

19.5939

26.542084349

11.8560749323

19.4169

27.1547250677

11.7555464155

19.21158

26.8729335845

11.4360765714

18.69828

26.4737834286

10.8919927743

18.09648

25.9027672257

10.821327086

17.42034

24.695492914

10.7218378638

17.34246

24.0409621362

10.700714841

16.99908

23.640825159

10.5693807606

16.35834

22.7880392394

10.2376166764

16.2309

22.3516233236

10.2844718664

15.61494

21.5613681336

8.9558600429

14.7441

21.4031799571

8.7280124989

13.73166

19.7477475011

8.1754946316

12.95994

18.5161053684

6.8289765176

13.17942

19.3103834824

5.9136663081

13.48032

20.7460736919

4.4569194201

15.9831

25.0065005799

6.5322853419

17.2221

26.6729146581

7.4719444144

18.64518

28.3953355856

5.8828127692

20.59218

33.3545472308

4.4955917432

21.71436

37.8109482568

4.4310108027

22.28784

39.5711891973

3.4421756762

23.187

42.0326643238

2.8607612498

24.43662

44.7628587502

4.1463532184

26.05794

46.3482067816

6.2401959504

26.2314

46.0491440496

10.4195567974

23.86668

39.6785232026

5.8046978251

25.53402

43.5960021749

6.7223288611

25.0278

43.8394911389

5.4752625251

24.75522

44.3077574749

4.7058543213

25.61544

45.6648056787

3.6937019571

27.18012

49.1018580429

5.141513364

26.7624

48.801006636

6.2475027073

25.69686

46.2117572927

3.4218586878

26.14644

48.4214413122

5.7589849448

25.27206

45.6595150552

5.0440523496

25.2402

45.4682076504

5.0318565354

25.14108

45.3494234646

5.1323078312

25.8774

45.8861721688

5.4788403172

25.2579

45.6564596828

5.1500422261

25.06674

45.1745977739

4.9197788864

25.33932

45.4862811136

6.1961105838

26.05086

45.1940694162

8.1566505646

25.37118

43.2653894354

9.3061966396

23.5233

39.5882833604

7.6813691599

25.7535

41.5954308401

11.3480344271

25.08798

39.4934455729

11.817805796

24.6207

37.890874204

12.6671868097

26.06856

38.0220731903

3.4038940306

33.88134

56.5460059694

1.6634354555

39.31524

71.5331445445

4.4311224713

40.51884

75.4029575287

5.5091439568

42.01272

77.0224160432

11.6708989823

41.96316

72.3049810177

15.8266306191

42.41628

68.5528093809

17.2497003509

44.9757

70.1422796491

21.1677194876

45.8784

69.6863805124

18.6286836765

46.13682

73.3865363235

19.376066164

47.47848

74.239233836

20.2946021137

47.44308

74.6269578863

23.5408274346

47.49264

71.3948925654

27.7643092466

42.89064

62.6189707534

26.5148149245

34.7628

51.1386250755

19.0742521161

35.61948

51.3080278839

10.0797664237

41.65164

67.1913535763

-41.4176293662

66.29004

149.3593093662

-16.8949960187

71.91156

155.0965960187

15.8043631796

70.93806

127.0452568204

-17.9728568981

85.64676

174.5576768981

-16.6152525094

99.58728

201.8492925094

-66.1256864369

117.9174

283.6303664369

-7.4356445818

99.00672

224.3597645818

21.6275246367

79.38804

156.7672353633

24.859881226

67.3131

121.841258774

28.5220900385

60.003

98.7940099615

-1.6417737478

68.12022

129.7649937478

-86.88251089

101.14488

256.14761089

-4.6566474453

79.28184

185.0833674453

4.2245159711

66.21924

141.2765640289

15.3931569334

57.25596

108.0820430666

20.4886434585

52.47696

89.2442765415

21.838481773

48.17232

78.810798227

21.5671780761

44.63232

71.2374619239

21.640421733

41.98794

64.979838267

21.4032907994

40.7277

61.3123492006

20.0881400811

38.55414

59.1936999189

18.9244809872

37.91694

57.5465990128

19.0883960856

36.30624

55.1347839144

16.6116953255

36.59298

56.2875246745

7.0246718409

40.17192

69.7402281591

11.2220168062

39.41082

68.3607231938

14.2590544814

38.4267

63.5784655186

16.2099794178

35.9487

58.1654205822

15.287379688

32.38746

53.048780312

14.5466631405

29.83158

47.6723768595

14.199054061

30.3555

45.988025939

17.3020957246

31.32546

44.3788642754

20.0573742767

31.14138

42.4094657233

20.6616795749

30.96438

41.4440804251

19.9619500061

30.3909

41.3933299939

20.0013142024

31.0281

41.4176857976

21.2697573653

30.77322

40.5315626347

21.8480614865

30.91482

39.8399785135

22.8354413318

30.4263

38.5056786682

21.4005403743

30.60684

39.6325996257

21.0048750453

30.68826

40.2902249547

20.7230686485

30.21744

40.1826313515

20.8829048359

30.07584

39.4103751641

30.07584



Parker

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		21		21		21

		22		22		22

		23		23		23

		24		24		24

		25		25		25

		26		26		26

		27		27		27

		28		28		28

		29		29		29

		30		30		30

		31		31		31

		32		32		32

		33		33		33

		34		34		34

		35		35		35

		36		36		36

		37		37		37

		38		38		38

		39		39		39

		40		40		40

		41		41		41

		42		42		42

		43		43		43

		44		44		44

		45		45		45

		46		46		46

		47		47		47

		48		48		48

		49		49		49

		50		50		50

		51		51		51

		52		52		52

		53		53		53

		54		54		54

		55		55		55

		56		56		56

		57		57		57

		58		58		58

		59		59		59

		60		60		60

		61		61		61

		62		62		62

		63		63		63

		64		64		64

		65		65		65

		66		66		66

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		71		71		71

		72		72		72

		73		73		73

		74		74		74

		75		75		75

		76		76		76

		77		77		77

		78		78		78

		79		79		79

		80		80		80

		81		81		81

		82		82		82

		83		83		83

		84		84		84

		85		85		85

		86		86		86

		87		87		87

		88		88		88

		89		89		89

		90		90		90

		91		91		91

		92		92		92

		93		93		93

		94		94		94

		95		95		95

		96		96		96

		97		97		97

		98		98		98

		99		99		99

		100		100		100

		101		101		101

		102		102		102

		103		103		103

		104		104		104

		105		105		105

		106		106		106

		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1973-1980)

38.41962

92.1349698999

-15.2957298999

36.71334

88.6672755022

-15.2405955022

36.05844

87.0355834634

-14.9187034634

35.57346

85.3829920503

-14.2360720503

34.38048

83.2286604619

-14.4677004619

33.81762

81.3725162896

-13.7372762896

32.95386

79.2164252708

-13.3087052708

28.01556

62.8136934288

-6.7825734288

23.99412

47.5474098317

0.4408301683

24.42246

48.0469855586

0.7979344414

24.42246

48.4466537645

0.3982662355

24.20298

47.9560880255

0.4498719745

24.603

48.3623624597

0.8436375403

30.5679

56.1716902673

4.9641097327

36.82308

66.7871150434

6.8590449566

41.63394

82.2139108226

1.0539691774

34.95042

64.1470016168

5.7538383832

38.4267

69.9651347062

6.8882652938

36.24606

64.8394942919

7.6526257081

32.47596

56.4628817808

8.4890382192

30.42984

53.2979500344

7.5617299656

28.63506

50.3000606321

6.9700593679

30.21036

56.4637430131

3.9569769869

33.64062

62.9534301794

4.3278098206

36.66378

67.0707982918

6.2567617082

33.83178

61.9872358808

5.6763241192

33.43176

64.2492146711

2.6143053289

35.25132

68.6528249812

1.8498150188

33.95214

66.1047665133

1.7995134867

34.49022

67.6372610941

1.3431789059

32.54676

65.4561275524

-0.3626075524

31.32192

63.6048993772

-0.9610593772

30.6918

62.5323143765

-1.1487143765

30.36612

61.8563691428

-1.1241291428

30.02274

60.8673469376

-0.8218669376

27.98724

56.1564055163

-0.1819255163

27.03144

55.7505132895

-1.6876332895

28.18194

60.7452552096

-4.3813752096

28.25982

60.1164104042

-3.5967704042

26.77302

58.4486400062

-4.9026000062

26.47566

57.6378146969

-4.6864946969

27.04914

59.6397756009

-5.5414956009

27.26508

59.4802888012

-4.9501288012

26.9571

59.3778317504

-5.4636317504

25.32162

57.1616618593

-6.5184218593

24.426

56.0157055498

-7.1637055498

24.08616

55.4351884551

-7.2628684551

23.7534

54.8124369741

-7.3056369741

23.18346

53.7898581548

-7.4229381548

19.9656

42.4773255986

-2.5461255986

17.76726

35.007272461

0.527247539

17.33184

33.7789449373

0.8847350627

17.15484

33.5531069429

0.7565730571

17.01678

33.2217067001

0.8118532999

16.6557

32.9913465136

0.3200534864

16.49994

32.6985834692

0.3012965308

16.5495

32.3985169731

0.7004830269

16.69818

32.4735634902

0.9227965098

16.57782

29.2389816726

3.9166583274

28.29168

36.3418361454

20.2415238546

17.2929

30.0830359652

4.5027640348

17.65752

31.0038611167

4.3111788833

17.9655

31.8373611824

4.0936388176

17.90532

31.9699793626

3.8406606374

18.18852

31.9729166186

4.4041233814

18.52836

30.9483025622

6.1084174378

18.8505

30.2737096018

7.4272903982

18.92484

29.7061049652

8.1435750348

18.44694

28.5302456472

8.3636343528

18.4434

28.171919183

8.714880817

18.86112

28.4928348529

9.2294051471

18.88236

28.1195031924

9.6452168076

18.86112

27.8892689891

9.8329710109

18.02922

27.0620372113

8.9964027887

18.5673

27.325684757

9.808915243

18.82926

27.2617264031

10.3967935969

18.99918

27.6567723713

10.3415876287

18.56022

27.5064708918

9.6139691082

18.23454

27.2330381638

9.2360418362

19.3461

27.5577202059

11.1344797941

19.24344

26.8172267737

11.6696532263

19.95498

27.2524697356

12.6574902644

20.71608

28.0894339658

13.3427260342

22.86486

30.9817316385

14.7479883615

24.37644

34.6669069464

14.0859730536

27.54828

42.0779797346

13.0185802654

28.35186

43.8382170435

12.8655029565

28.40496

44.4822488358

12.3276711642

30.67764

51.414294394

9.940985606

34.03002

56.7751232678

11.2849167322

34.51854

58.4541817978

10.5828982022

33.32556

56.2318599837

10.4192600163

32.1963

54.3775705172

10.0150294828

32.39808

53.6184249172

11.1777350828

32.37684

53.7529909878

11.0006890122

33.23706

53.4209648142

13.0531551858

35.94516

57.5567410885

14.3335789115

36.2673

58.0214210193

14.5131789807

38.97186

64.1429964392

13.8007235608

40.57548

68.3775068524

12.7734531476

41.00736

68.4402594108

13.5744605892

42.20034

72.5376243677

11.8630556323

44.6571

74.3856566398

14.9285433602

44.74914

72.7482054335

16.7500745665

43.90662

69.8289088341

17.9843311659

43.53492

68.7781783577

18.2916616423

48.27852

74.4948729706

22.0621670294

51.52824

78.7148289217

24.3416510783

52.21146

75.6543992115

28.7685207885

49.2414

68.980696846

29.502103154

59.83662

92.3109040547

27.3623359453

61.53582
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		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1991-1998)

23.6496072

38.6162094567

8.6830049433

24.2317602

38.4361137596

10.0274066404

26.1151464

43.4884758391

8.7418169609

26.0146812

43.804300223

8.225062177

25.623228

42.3637493231

8.8827066769

25.4296608

43.950562335

6.908759265

25.7727222

46.1940363475

5.3514080525

30.8618616

58.3346824183

3.3890407817

30.89358

62.0657411318

-0.2785811318

30.09354

60.619347098

-0.432267098

29.58378

58.6565697392

0.5109902608

28.89348

56.5753647843

1.2115952157

29.2744902

55.0658378835

3.4831425165

30.5173488

58.0778068714

2.9568907286

32.4822966

63.0001162029

1.9644769971

31.318203

59.7116030639

2.9248029361

28.8788598

54.1521574679

3.6055621321

27.3103212

50.5328861914

4.0877562086

26.4344544

49.3455432319

3.5233655681

26.343972

50.5794766971

2.1084673029

25.3026456

48.3627314646

2.2425597354

24.442992

46.8160658778

2.0699181222

25.0857144

47.6880095155

2.4834192845

26.6133306

48.4998348788

4.7268263212

27.7356168

48.3789207447

7.0923128553

28.4903094

47.1822710533

9.7983477467

27.84918

46.2245359849

9.4738240151

27.521553

46.0241368863

9.0189691137

27.8510208

46.5600082124

9.1420333876

27.7871946

45.5514832325

10.0229059675

29.093136

44.6839254064

13.5023465936

31.376436

45.7335385068

17.0193334932

30.4631514

43.7876481972

17.1386546028

29.1712638

41.6737417024

16.6687858976

27.4667538

39.2853658032

15.6481417968

27.2083338

40.1493966197

14.2672709803

27.1110192

41.0876518817

13.1343865183

30.2929128

51.8371020709

8.7487235291

39.3303204

86.1922044156

-7.5315636156

46.8553338

115.1597397131

-21.4490721131

34.6554672

70.5391117266

-1.2281773266

30.2861868

55.3702536206

5.2021199794

29.419524

51.6056392152

7.2334087848

30.480639

54.0785059733

6.8827720267

34.2403668

62.9228028699

5.5579307301

42.3813402

76.8803063969

7.8823740031

42.4439274

77.8275561377

7.0602986623

40.7681268

74.7145376003

6.8217159997

40.1923458

74.2515179377

6.1331736623

51.6168462

95.2865448918

7.9471475082

62.8791792

119.6317888083

6.1265695917

53.9272272

98.2928621998

9.5615922002

45.2609532

81.3438730943

9.1780333057

45.8120604

90.0092691432

1.6148516568

45.2578734

95.7611368818

-5.2453900818

45.9462264

96.4795538956

-4.5871010956

45.7163742

95.581468396

-4.148719996

42.6788064

86.0582063093

-0.7005935093

38.2805334

72.0585516145

4.5025151855

55.06824

100.1050588332

10.0314211668

33.8889864

58.2048804348

9.5730923652

31.985847

54.584171535

9.387522465

30.795168

52.1866103776

9.4037256224

29.605374

49.0263307214

10.1844172786

27.4168398

43.5289118284

11.3047677716

27.1439766

41.7992838929

12.4886693071

26.4987408

40.7538617381

12.2436198619

26.63142

39.9608981177

13.3019418823

26.9571708

39.933023424

13.981318176

27.6392934

40.7953519085

14.4832348915

27.91998

41.3166651625

14.5232948375

28.1179722

42.6455227346

13.5904216654

28.4808576

43.6617747201

13.2999404799

29.8088178

45.4795532124

14.1380823876

32.7490356

47.9203684711

17.5777027289

34.5100794

49.7919273843

19.2282314157

33.6827814

49.4963639746

17.8691988254

33.4712664

49.4413029223

17.5012298777

37.8504234

57.9173501732

17.7834966268

39.6563544

64.2172760896

15.0954327104

39.4288032

63.2582518504

15.5993545496

37.92048

60.2856481739

15.5553118261

38.444223

59.6435566083

17.2448893917

38.6924124

59.9536303477

17.4311944523

38.9020866

62.7735694359

15.0306037641

43.2783054

77.6693352227

8.8872755773

45.0283752

84.3973072184

5.6594431816

43.5598416

80.5991777344

6.5205054656

41.5507146

76.0989523013

7.0024768987

40.457067

74.5698672409

6.3442667591

40.0958808

74.4005363439

5.7912252561

40.014921

73.3549751537

6.6748668463

40.7503206

72.1607284281

9.3399127719

39.8613204

70.1581510176

9.5644897824

41.4190266

74.4158994341

8.4221537659

45.3752598

83.3794660478

7.3710535522

45.3205668

84.6195305332

6.0216030668

45.21996

82.4351085671

8.0048114329

45.1480272

82.1230592023

8.1729951977

48.05904

84.7871586722

11.3309213278

49.180158

84.9240895293

13.4362264707

50.6194866

85.6493442602

15.5896289398

52.9120614

89.6213780211

16.2027447789

55.0405926

94.1180104586

15.9631747414

55.0952856

93.9466481804

16.2439230196

54.2786784

88.321248182

20.236108618

56.3697564

90.8648134641

21.8746993359

60.2424102

96.9915998447

23.4932205553

62.2918932

97.8424493061

26.7413370939

58.8532434

91.1518796545

26.5546071455

60.3690006

101.7927909065

18.9452102935

53.6598864

89.1768341997

18.1429386003

51.7443924

84.8195281638

18.6692566362

52.3676802

82.9658755063

21.7694848937

54.6788046

87.3295011586

22.0281080414

55.6258254

89.7492486273

21.5024021727

61.4782242

103.8051749465

19.1512734535

62.3888538

108.1336023502

16.6441052498

62.4577068

109.348428485

15.566985115

61.5475374

107.8973639902

15.1977108098

60.3591948

108.0998145185

12.6185750815

58.9259196

105.1910711218

12.6607680782

58.5590694

102.5723219424

14.5458168576

59.6858514

103.11340865

16.25829415

62.7899712

108.2652849626

17.3146574374

65.5835976

112.9187826773

18.2484125227

69.5837268

118.1064511688

21.0610024312

71.8553448

122.3810426755

21.3296469245

69.7902504

116.8572954973

22.7232053027

62.8225746

108.6821880319

16.9629611681

60.080172

109.3621542352

10.7981897648

63.3510966

113.5962555286

13.1059376714

64.199493

113.2687686487

15.1302173513

58.8859176

99.240180332

18.531654868

55.2911184

89.3679296557

21.2143071443

57.40464

91.1056371855

23.7036428145

56.9027034

89.4166064506

24.3888003494

58.6835004

91.8856925282

25.4813082718

57.7764108

91.3132216042

24.2395999958

59.5908732

97.6020588623

21.5796875377

62.722782

112.1945437845

13.2510202155

62.5864566

115.6141147214

9.5587984786

61.6805706

112.8706193454

10.4905218546

63.2308074

117.2729367835

9.1886780165

69.4255596

123.0696806168

15.7814385832

79.223607

130.5142406391

27.9329733609

83.6183046

136.5999941043

30.6366150957

85.4411568

138.3980035752

32.4843100248

83.1371124

137.5594604962

28.7147643038

81.007413

136.6625188249

25.3523071751

79.2705828

136.0896712182

22.4514943818

80.9715174

139.2760825229

22.6669522771

83.5603902

142.2657017187

24.8550786813

86.5623456

142.7814894302

30.3432017698

90.1888278

145.1497561416

35.2278994584

93.0295362

150.6609135683

35.3981588317

88.4825832

144.322161252

32.643005148

79.9561746

131.1454105453

28.7669386547

74.1697968

116.6785263364

31.6610672636

75.2210706

116.4546279472

33.9875132528

78.2637714

114.2806551815

42.2468876185

71.9667486

98.0939845392

45.8395126608

71.324982

95.1261773888

47.5237866112

71.903418

94.1309710918

49.6758649082

64.9623984

84.4742973892

45.4504994108

63.0016632

84.09524206

41.90808434

63.2996604

85.7852945241

40.8140262759

62.3023716

82.1778730665

42.4268701335

62.8196718

82.0248233717

43.6145202283

62.674284

80.3298863668

45.0186816332

63.5221494

79.8813286955

47.1629701045

63.4321272

80.2828284317

46.5814259683

64.43508

82.3479909041

46.5221690959

67.9907268

87.2534755455

48.7279780545

67.6484088

86.9865402457

48.3102773543

65.1123882

84.2348318703

45.9899445297

66.2500026

84.6485143601

47.8514908399

69.9812688

87.5650973216

52.3974402784

73.1330724

91.9960478493

54.2700969507

74.2238526

92.8362509625

55.6114542375

74.773473

91.660677202

57.886268798

74.8678848

90.2713713741

59.4643982259

75.1922196

89.7360858282

60.6483533718

75.9359028

91.7235045526

60.1483010474

76.062741

90.4833005516

61.6421814485

77.2388352

91.2797620173

63.1979083827

75.1966092

86.4419954203

63.9512229797

76.8476298

90.900759285

62.794500315

82.4594856

96.4595606496

68.4594105504

83.0823132

97.7691087477

68.3955176523

84.3844668

98.2435095501

70.5254240499

86.4090282

100.6172410576

72.2008153424

87.7557504

102.5925072781

72.9189935219

88.8941082

103.326621152

74.461595248

89.838297

103.2367511316

76.4398428684

90.9830976

101.1729966419

80.7931985581

91.526346

99.993167147

83.059524853

92.2128582

101.1358571458

83.2898592542

92.5142892

102.9802427145

82.0483356855

93.6175302

104.4336657727

82.8013946273

93.6776394

104.1795344626

83.1757443374

95.7625224

105.4993672586

86.0256775414

99.0414828

109.4878272383

88.5951383617

102.3643392

115.1512595686

89.5774188314

103.116129

117.004330886

89.227927114

104.2702044

120.7217415634

87.8186672366

105.7315872

123.2796289745

88.1835454255

105.6853194

123.5310796771

87.8395591229

104.6802426

122.0016279244

87.3588572756

105.5163906

121.2519036287

89.7808775713

106.483908

121.1335350936

91.8342809064

106.3535298

121.51351854

91.19354106

105.6119706

120.5441517087

90.6797894913

106.8284208

120.8331475519

92.8236940481

108.4364658

122.3668517169

94.5060798831

108.1556376

120.6723420703

95.6389331297

107.8095672

117.8662139282

97.7529204718

108.2707584

120.2110097191

96.3305070808

107.095089

117.9378063812

96.2523716188

104.1541278

113.3447778378

94.9634777622

103.8461124

114.1253288758

93.5668959242

101.7930894

112.1497236503

91.4364551497

100.3927008

110.5142285103

90.2711730897

99.3844026

110.0317378727

88.7370673273

99.0484566

109.7166588024

88.3802543976

98.9761344

110.1530964192

87.7991723808

99.0188622

109.4399288772

88.5977955228

98.4278946

109.2826789653

87.5731102347

97.5843834

110.4591040321

84.7096627679

96.8950392

109.4892247074

84.3008536926

95.0454246

106.9811244581

83.1097247419

94.1001384

106.2827384475

81.9175383525

94.042755

106.1724032227

81.9131067773

93.2794602

105.8385228159

80.7203975841

91.9804572

104.9347741235

79.0261402765

91.065615

103.8282307589

78.3029992411

90.216015

103.7007443717

76.7312856283

88.3641348

101.3069756072

75.4212939928

86.3901246

99.5079438402

73.2723053598

80.2291086

94.1984374794

66.2597797206

77.8708314

95.4301358209

60.3115269791

74.9340828

93.9974325158

55.8707330842

72.8704752

91.6475617177

54.0933886823

71.7730752

91.0092237558

52.5369266442

69.5578848

88.3763620806

50.7394075194

65.2630152

83.2110528505

47.3149775495

60.9608178

79.326902645

42.594732955

62.8123794

80.5610801953

45.0636786047

57.8170146

76.0280280365

39.6060011635

52.9298322

69.8428319854

36.0168324146

47.0396262

61.5690683146

32.5101840854

38.427408

53.6137670376

23.2410489624

29.3068458

42.8562115027

15.7574800973

17.7572064

22.5752806769

12.9391321231

16.380111

20.7226231934

12.0375988066

15.6236484

19.1243912863

12.1229055137

15.0010332

17.8682954796

12.1337709204

14.358594

16.8193445029

11.8978434971

14.4971142

17.2590018606

11.7352265394

14.3397612

17.1637580352

11.5157643648

14.5723038

17.9511391038

11.1934684962

14.589402

18.1135961759

11.0652078241

14.4713784

17.9410620587

11.0016947413

14.4708828

18.0327583282

10.9090072718

14.426208

18.252373108

10.600042892

14.2097016

18.1094010241

10.3100021759

14.0279226

17.9069505902

10.1488946098

14.258412

17.9727153817

10.5441086183

14.2491018

17.8228222384

10.6753813616

14.0434632

17.5374308411

10.5494955589

14.0654112

17.5730561137

10.5577662863

13.8697554

17.3176816316

10.4218291684

13.7389878

17.0626928855

10.4152827145

13.6344516

16.8069490534

10.4619541466

15.0739572

17.989806938

12.158107462

14.8581942

17.4690101966

12.2473782034

14.9117544

17.1817294945

12.6417793055

14.9439684

17.2485215942

12.6394152058

14.840919

17.1180278218

12.5638101782

14.8701594

16.9945559937

12.7457628063

14.5220358

16.0631910191

12.9808805809

14.4128268

15.9640957912

12.8615578088

14.3502396

15.8496472716

12.8508319284

14.6285544

16.2563183387

13.0007904613

15.479535

18.762923644

12.196146356

15.5369184

18.4474855765

12.6263512235

14.6698308

16.4140932204

12.9255683796
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		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1973-1980)

90.89658

173.4300310817

8.3631289183

86.60964

166.9397534173

6.2795265827

87.10524

165.5174071753

8.6930728247

86.76894

163.4755174996

10.0623625004

84.55644

158.5934887882

10.5193912118

80.75802

153.2729806703

8.2430593297

76.94898

147.8897723667

6.0081876333

74.99136

144.1626719959

5.8200480041

70.5699

128.8168386458

12.3229613542

70.81062

125.3904008116

16.2308391884

70.12032

124.4077012263

15.8329387737

68.90256

120.5207946986

17.2843253014

69.99642

117.9459971993

22.0468428007

79.39512

133.0386894159

25.7515505841

117.21648

199.1118595979

35.3211004021

188.151

421.7678582264

-45.4658582264

176.4159

372.17054299

-19.33874299

157.66098

298.1610903449

17.1608696551

157.75656

272.6869838498

42.8261361502

140.84952

231.3241808951

50.3748591049

126.6966

207.772044691

45.621155309

117.87138

191.6645411725

44.0782188275

109.27272

183.4109256204

35.1345143796

113.18442

197.5485312809

28.8203087191

115.58808

207.3898488325

23.7863111675

112.3419

201.7738637328

22.9099362672

103.32198

182.0877210895

24.5562389105

105.55218

188.1044497356

22.9999102644

103.19808

183.4186850402

22.9774749598

99.59082

178.0728082797

21.1088317203

97.53762

176.98025634

18.09498366

93.94806

169.6173495686

18.2787704314

91.1904

162.6145420556

19.7662579444

88.71594

157.6653522282

19.7665277718

88.21326

156.4000783307

20.0264416693

84.27678

147.5162204078

21.0373395922

81.46248

138.6563489302

24.2686110698

83.15814

137.9919558597

28.3243241403

86.54238

143.1891894128

29.8955705872

86.75124

143.6896441188

29.8128358812

84.1281

139.8315910248

28.4246089752

78.11718

130.8358642197

25.3984957803

78.11718

131.7125214638

24.5218385362

85.85916

144.2714920012

27.4468279988

84.8892

139.7703830418

30.0080169582

74.18424

125.2453357545

23.1231442455

71.2071

121.6836982756

20.7305017244

69.17868

118.6671573804

19.6902026196

70.17342

118.5836520875

21.7631879125

68.22996

115.8035978044

20.6563221956

64.1802

105.1306059383

23.2297940617

61.78362

100.3061936125

23.2610463875

60.3216

97.9294602077

22.7137397923

61.08624

98.9590584846

23.2134215154

60.11274

98.6148842231

21.6105957769

59.92512

99.1869164037

20.6633235963

61.81902

99.1466261184

24.4914138816

69.65658

106.6264001833

32.6867598167

79.9332

138.3430276278

21.5233723722

159.89472

282.2891338321

37.5003061679

80.04294

142.6745702225

17.4113097775

80.91024

144.2821796891

17.5383003109

83.134422

153.4583322892

12.8105117108

80.896788

148.3511294586

13.4424465414

78.387282

140.411078369

16.363485631

74.666742

127.9009860161

21.4324979839

76.953582

123.994581462

29.912582538

76.7118

121.9214206941

31.5021793059

76.47108

121.0516812858

31.8904787142

76.82331

118.4993664022

35.1472535978

77.19324

116.5277662705

37.8587137295

76.029642

114.3467454966

37.7125385034

76.220802

115.7490572094

36.6925467906

74.404782

112.9615278622

35.8480361378

71.05665

108.3970770053

33.7162229947

68.935482

105.6047769823

32.2661870177

69.190008

104.4716332467

33.9083827533

70.750794

105.8199365225

35.6816514775

69.143634

107.28089772

31.00637028

69.399222

112.2534025234

26.5450414766

67.986762

114.805136995

21.168387005

69.731628

125.1886891055

14.2745668945

74.43027

143.1806216527

5.6799183473

78.90483

163.7809330353

-5.9712730353

75.09933

154.4002793209

-4.2016193209

75.505368

154.1164593379

-3.1057233379

78.195768

159.0985292853

-2.7069932853

78.875094

164.6198387614

-6.8696507614

82.528728

176.6442975686

-11.5868415686

87.005766

187.1622178501

-13.1506858501

89.618286

186.7206044488

-7.4840324488

84.187926

172.078664116

-3.702812116

76.584006

154.1282028608

-0.9601908608

69.705786

138.6036041855

0.8079678145

66.679794

129.5363799297

3.8232080703

67.444434

131.2629078303

3.6259601697

73.23906

135.1590627822

11.3190572178

76.3755

137.9803328583

14.7706671417

74.92764

136.3645192799

13.4907607201

80.535

156.5304820405

4.5395179595

79.68186

157.3453309198

2.0183890802

83.49444

168.4692645638

-1.4803845638

88.893648

179.7606437157

-1.9733477157

89.6505

172.7831213662

6.5178786338

91.2081

168.2191152242

14.1970847758

86.4291

159.3012381849

13.5569618151

82.017906

154.1081797531

9.9276322469

82.570854

159.0528209731

6.0888870269

85.208154

163.6678695201

6.7484384799

88.075554

166.6104755548

9.5406324452

96.692268

187.5776486687

5.8068873313

101.637294

205.8593642583

-2.5847762583

100.07757

202.8691839391

-2.7140439391

100.331034

203.5006237305

-2.8385557305

108.87624

222.9128309849

-5.1603509849

120.66798

261.4211179024

-20.0851579024

110.16834

233.6373881688

-13.3007081688

106.93632

220.282120615

-6.409480615

107.818134

218.3208701851

-2.6846021851

115.91376

235.7383224505

-3.9108024505

117.47136

230.0607135045

4.8820064955

117.17754

230.4660710156

3.8890089844

118.42716

231.5879051748

5.2664148253

119.298

228.9475407417

9.6484592583

110.22144

212.5898779561

7.8530020439

106.24248

211.6337598842

0.8512001158

109.19484

232.940112257

-14.550432257

109.00368

245.2685443389

-27.2611843389

100.34838

228.6148842493

-27.9181242493

95.66142

214.4273604824

-23.1045204824

96.288

210.1889286044

-17.6129286044

103.53084

216.91918981

-9.85750981

101.92368

213.5062985029

-9.6589385029

91.965306

190.9454760037

-7.0148640037

93.813894

187.585631027

0.042156973

100.92186

202.5374194904

-0.6936994904

103.22994

207.3766240054

-0.9167440054

97.173

196.4008529485

-2.0548529485

89.597046

186.6497990124

-7.4557070124

89.87706

182.6649297429

-2.9108097429

84.93522

173.2324014478

-3.3619614478

90.17442

175.3962240044

4.9526159956

100.54308

197.6552744869

3.4308855131

105.67254

201.9086146508

9.4364653492

106.24956

199.7180208887

12.7810991113

100.29528

193.308948767

7.281611233

98.23854

194.655414988

1.821665012

100.40502

203.0691743762

-2.2591343762

89.16906

180.1325056774

-1.7943856774

80.48898

167.1886388537

-6.2106788537

78.04638

162.3648951196

-6.2721351196

77.349

160.1444212286

-5.4464212286

81.25362

163.0892521464

-0.5820121464

87.48756

184.4266484534

-9.4515284534

92.68074

197.8277345186

-12.4662545186

92.7303

192.0836352304

-6.6230352304

96.8544

209.4431439407

-15.7343439407

99.8103

221.7791870254

-22.1585870254

93.37812

206.9495743192

-20.1933343192

80.11728

173.1675544803

-12.9329944803

73.94706

156.0172269907

-8.1231069907

71.982714

149.2982652239

-5.3328372239

73.36296

156.6056816758

-9.8797616758

78.37206

179.9527784669

-23.2086584669

79.16856

194.290023336

-35.952903336

84.13518

213.4226354829

-45.1522754829

90.17442

237.7474694908

-57.3986294908

95.98356

253.6981109338

-61.7309909338

104.43708

260.8938550285

-52.0196950285

100.40856

251.0402854961

-50.2231654961

99.06336

249.4973195537

-51.3705995537

101.598

249.689143423

-46.493143423

100.7661

250.5102604245

-48.9780604245

101.53428

258.5877956574

-55.5192356574

101.26878

262.4805737127

-59.9430137127

95.54814

245.5351336354

-54.4388536354

91.686

223.7282933953

-40.3562933953

84.01836

195.4910940288

-27.4543740288

70.09554

171.8560320547

-31.6649520547

61.02606

149.3415902335

-27.2894702335

52.54776

122.7644165277

-17.6688965277

52.0026

120.0272901082

-16.0220901082

52.94778

132.0443021401

-26.1487421401

49.32636

127.1718177548

-28.5190977548

45.33324

111.4926804685

-20.8262004685

43.70838

100.2460562922

-12.8292962922

45.30492

102.9598968376

-12.3500568376

44.4624

104.9654385823

-16.0406385823

45.18456

104.0526084703

-13.6834884703

45.57396

99.5076832791

-8.3597632791

48.90864

104.9848573935

-7.1675773935

44.40222

96.4171968568

-7.6127568568

42.60036

90.2607787041

-5.0600587041

39.37188

85.472671707

-6.728911707

33.88134

72.2303844734

-4.4677044734

27.25446

55.0291513663

-0.5202313663

22.0365

47.435159866

-3.362159866

21.30726

46.8566671177

-4.2421471177

20.63466

46.0751186953

-4.8057986953

21.57984

51.1904977572

-8.0308177572

23.23302

57.1085597992

-10.6425197992

21.49134

54.8327815749

-11.8501015749

19.80276

49.7088246263

-10.1033046263

17.40618

45.3488672249

-10.5365072249

18.20268

44.2959371549

-7.8905771549

18.30888

47.7312903438

-11.1135303438

18.7974

48.7864738914

-11.1916738914

18.16374

45.9782887948

-9.6508087948

20.45058

48.0087337609

-7.1075737609

19.69302

48.1776468514

-8.7916068514

17.8947

45.9664896861

-10.1770896861

18.74784

39.9615535626

-2.4658735626

13.27854

23.0416777358

3.5154022642

9.48012

13.9586919085

5.0015480915

13.1157

26.281802037

-0.050402037

12.96348

23.5987591117

2.3282008883

12.53868

21.9458753035

3.1314846965

13.21836

21.8378912464

4.5988287536

13.46616

21.0570822991

5.8752377009

14.26974

24.8285970985

3.7108829015

16.58844

33.4216437392

-0.2447637392

16.1601

30.778557937

1.541642063

13.63962

25.6067834467

1.6724565533

11.86962

22.3657562442

1.3734837558

10.80762

21.052360079

0.562879921

12.35814

22.4688269169

2.2474530831

12.54576

23.3339649481

1.7575550519

13.2042

24.9501763599

1.4582236401

16.81146

32.6310632594

0.9918567406

19.79568

31.9523371808

7.6390228192

21.2754

35.2349790009

7.3158209991

20.59218

38.6210795195

2.5632804805

16.57782

30.0849114926

3.0707285074

15.28218

29.0663038814

1.4980561186

16.11762

27.6585616911

4.5766783089

14.44674

26.8905312196

2.0029487804

17.94426

32.5505252777

3.3379947223

19.3107

34.884084318

3.737315682

18.86112

32.712392006

5.009847994

16.77252

30.2096682887

3.3353717113

14.9388

28.42776112

1.44983888

15.91938

28.436164957

3.402595043

17.0805

28.8231173272

5.3378826728

16.5495

27.6650903367

5.4339096633

14.20248

25.9342087737

2.4707512263

14.73348

25.4599820891

4.0069779109

14.69808

25.4659596716

3.9302003284

14.278944

25.1931388061

3.3647491939

12.35814

23.5671571323

1.1491228677

11.71386

24.5739996411

-1.1462796411

10.86426

24.2916688582

-2.5631488582

11.28906

23.8944819908

-1.3163619908

11.69616

23.6846839113

-0.2923639113

12.32274

25.2161884073

-0.5707084073

11.77758

25.1924780768

-1.6373180768

11.022498

24.2925524229

-2.2475564229

10.563006

22.5961032486

-1.4700912486

12.872502

25.104479088

0.640524912

12.0891

22.5624956506

1.6157043494

9.94386

19.2603152957

0.6274047043

9.2394

17.9124664651

0.5663335349

8.59866

16.8554812871

0.3418387129

8.64822

16.3507235895

0.9457164105

9.19338

15.0963157839

3.2904442161

10.1775

15.6747684636

4.6802315364

9.00576

13.245066304

4.766453696

9.54384

14.4025390513

4.6851409487

9.27834

14.7824612438

3.7742187562

9.20754

15.9049388041

2.5101411959

8.08536

14.0472989607

2.1234210393

6.865122

12.0142926806

1.7159513194

8.27298

16.6561570097

-0.1101970097

9.28188

20.1702978682

-1.6065378682

9.50844

19.2430460866

-0.2261660866

11.67138

21.2611124038

2.0816475962

10.80054

21.1668972681

0.4341827319

10.01466

18.0037822307

2.0255377693

9.49074

17.0564811363

1.9249988637

9.20046

17.2103716202

1.1905483798

8.88894

17.3684368431

0.4094431569

9.37038

18.3901420125

0.3506179875

9.90138

18.1656218055

1.6371381945

8.72964

15.4685207189

1.9907592811

8.81106

15.5534539095

2.0686660905

9.40932

16.4249717839

2.3936682161

9.7527

18.1810824242

1.3243175758

10.75098

21.708283948

-0.206323948

11.36694

21.8740355304

0.8598444696

18.83634

30.5744974569

7.0981825431

21.51258

35.9375305294

7.0876294706

21.57276

39.8125156905

3.3330043095

23.35692

43.9638230023

2.7500169977

23.61534

44.9950158548

2.2356641452

28.80852
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		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1908-1915)

29.47758

39.1721887554

19.9006572964

28.80144

38.3783627036

16.6251437542

29.7891

41.9653962458

16.39632816

29.1873

42.58007184

17.3278721885

28.73772

40.5971478115

18.2042523178

30.05106

40.5845276822

18.3161088167

32.58216

44.3171111833

14.7946442328

35.02476

52.8122757672

17.4718556089

33.65478

51.2076843911

17.4342247401

31.67238

47.8929352599

18.0551504927

29.8953

43.5125295073

16.2734015533

29.32182

42.9437184467

16.4797694602

28.56072

41.4027705398

14.1541568786

31.6299

46.0364631214

12.1003975516

33.1698

52.6993024484

13.1394744958

32.47596

52.5062855042

14.2169382542

31.65822

49.9172417457

14.5376552514

30.26346

47.3840247486

16.1221250674

28.93596

43.0772949326

15.8379463321

28.71294

41.8109536679

16.9249948342

28.33416

40.1221051658

16.9764232056

27.71466

39.0723967944

17.4725764065

27.21906

37.4611435935

16.2637847934

27.7359

38.6911752066

15.9689899021

29.02092

40.7878300979

16.2551148354

29.6475

42.4133051646

16.8622919095

29.13066

41.9158680905

16.4887149559

29.28288

41.9248250441

14.0592834379

29.25456

44.4781565621

10.7786379515

29.96964

48.4455620485

11.1239502178

30.43338

49.2790697822

12.9392368308

29.72892

47.2230631692

14.3656788982

28.0722

43.4354411018

13.62033208

27.51288

41.96474792

13.6307225269

26.35176

40.2339174731

13.4504180051

25.67208

38.5734219949

13.6693627506

24.52512

36.5278372494

12.6982729728

24.17112

35.9979670272

12.911700801

23.14806

34.407479199

11.6437443685

22.69848

34.2027956315

11.2481914426

22.33386

33.7841485574

11.1340358992

21.88074

33.0805641008

10.8680099441

21.28248

32.2952100559

10.4287136546

21.10902

31.9627863454

10.7784906809

20.9745

31.3050293191

9.5963033906

21.9303

33.3084966094

6.375322938

25.5057

41.060677062

3.1076221643

29.12004

51.5181178357

2.6466506727

32.12196

58.5953493273

6.0413299302

31.83876

57.9193900698

8.8677635553

29.70414

52.6751364447

9.7497836523

27.97308

47.9274363477

10.1303116777

26.2137

44.0564683223

9.6439902048

25.34994

41.9196497952

10.7050616444

24.64902

39.2938983556

11.6946535179

23.85606

36.8104264821

12.0348337644

23.29674

35.1179662356

12.3353581372

23.39232

34.3537018628

12.7094690328

23.38878

34.0716309672

9.9718530911

26.196

39.6129269089

15.1319173489

23.38878

34.4528626511

6.9252050825

25.88094

42.3445149175

4.2601997939

27.26508

48.8858202061

5.5142641495

27.81378

49.5645958505

7.2703606593

27.02082

47.5642393407

8.4405380944

25.78536

44.3656419056

9.0711818655

24.80478

41.5189581345

9.5559283795

24.50034

39.7491916205

10.0229075176

24.71982

39.1972524824

7.8850904054

26.29866

43.1333895946

8.8085471695

26.90754

44.3976528305

8.8333885169

27.07392

45.1480714831

7.4448589047

30.13248

49.7615410953

2.038828182

39.01434

67.107991818

7.2510066026

43.30128

75.0646133974

-6.8265358371

56.1621

106.2899158371

11.9154425336

56.93736

101.1840174664

7.5445850571

62.82084

112.2136149429

10.3692821207

64.76076

117.2123178793

2.1808052914

68.7645

131.3444547086

-0.2347538156

71.01948

140.0187338156

3.7566412461

69.14328

136.4061187539

11.5035857443

70.23006

127.8697542557

20.8995581365

72.91338

122.2438818635

30.8484925155

71.9682

114.0330874845

37.7699520464

68.4813

102.6795479536

22.7858413343

76.37904

122.0744986657

48.7869385985

68.4282

96.0203014015

49.3500243926

63.62088

82.6990556074

47.7711197992

61.065

76.9147602008

47.0391439742

60.18

74.2058560258

45.623197291

61.01544

75.572242709

35.8431915174

67.2246

92.3968484826

22.1122914519

74.9064

120.0187085481

29.5961107689

73.4373

118.7475892311

37.3983001392

68.77512

104.8141198608

39.4354945617

63.81912

93.1587454383

38.0620394094

60.3924

86.1494805906

35.3168030659

60.0384

85.1139969341

35.5963651787

62.61198

87.0540148213

36.2550644469

66.98388

93.3407955531

40.9053323393

70.0566

96.1351476607

44.2828348781

73.36296

99.1367251219

48.9289115272

77.28528

101.7193284728

54.6348751552

79.9686

102.6190048448

54.6961965431

81.00228

106.2746834569

53.0678569591

79.5438

107.4782230409

50.7998470216

80.4996

109.2435529784

49.7899068964

85.6326

116.3422931036

43.6441664188

97.8456

139.8340335812

40.9312066514

113.4924

170.4067933486

51.1997511016

118.34928

180.6419288984

64.4981252753

110.2356

164.0867547247

64.1154841092

101.067

147.1871158908

49.2122398196

102.2706

154.1253601804

32.7914670846

110.8728

180.3519329154

22.6492384614

116.0058

204.2293615386

40.6029887722

115.87836

191.2811712278

61.6938252997

106.06548

160.2500147003

67.5118596712

96.29508

134.8487003288

43.5362350635

102.3591

155.1179449365

75.7052414324

92.16036

118.8142185676

63.5007638633

93.55512

122.2147161367

58.0743181595

102.483

137.9638018405

62.6488285227

109.6692

149.5033714773

70.7736224553

110.2179

149.1134775447

74.3108858384

108.3771

144.2841141616

69.7938560093

110.8374

149.4206439907

65.843062986

122.8911

167.885437014

69.0427112483

129.7764

183.6247887517

65.6211083471

136.21212

200.3674116529

62.0285887177

137.29536

211.4788912823

70.518450562

129.50736

196.284269438

72.6715460693

123.92832

180.7641339307

67.2428366193

125.0682

181.7536833807

62.8977634638

129.39408

191.5645165362

73.0937739841

128.19756

184.4978660159

79.4652263469

123.74424

172.4765736531

83.579353556

119.70864

159.873526444

81.2528747502

122.7495

161.2052652498

81.7359887684

120.80604

161.8195512316

62.5639516862

130.6614

188.9034883138

83.334156328

125.68416

173.011403672

77.4713944847

127.46124

175.6740055153

71.7354178127

132.91992

188.6457421873

72.1661881747

140.1132

200.8669318253

78.3156045772

141.9186

203.7161954228

76.0317098217

141.069

206.9558901783

77.0103297265

135.5112

199.5698702735

80.1466379527

126.4311

181.7956620473

74.4476838458

122.5902

174.5736161542

66.8618037076

122.9796

178.7079962924

51.634073801

139.6176

210.963126199

49.7272611357

157.51584

247.4061788643

59.7899302231

157.25388

254.9797897769

65.5353625191

143.91162

235.6301374809

66.7350083947

130.095

207.2716116053

65.7812072609

121.53528

185.8490727391

60.1284854538

121.04676

182.4535545462

49.9120904722

128.1126

199.2472695278

49.746340236

133.55712

211.923379764

55.1791856174

129.2454

207.6233343826

51.7031658234

131.56764

209.1098741766

57.2139917835

136.821

211.1746482165

70.3287226025

136.1484

202.6406773975

75.9533418315

125.05404

185.2490981685

70.7206525653

115.8642

170.1975874347

65.2398306249

115.935

166.5593693751

76.2969394346

106.7487

146.3867605654

74.4595422791

97.59072

129.8798777209

66.1731082872

97.58364

129.0012517128

61.6456229653

95.1906

131.1286170347

58.4386139214

91.1373

127.8892860786

56.5846923375

83.49444

118.0470476625

51.5647276967

78.3402

110.2699123033

46.2256234746

76.7295

108.8440765254

45.149956109

77.5614

109.140943891

44.9188831568

78.46764

111.1101568432

46.6079546682

79.296

111.1556853318

50.5181826163

77.50476

106.2825773837

50.6248920635

72.9063

99.7861679365

45.8988784563

71.64252

98.6499415437

40.3900100613

73.26384

104.5163499387

36.1895914932

72.6939

109.7681485068

33.2320243217

70.8354

110.2972756783

36.9929576808

67.26

101.1024423192

42.4570945048

62.0562

86.8591054952

40.4247102015

60.2154

81.8468897985

38.4127110764

58.941

80.7436889236

35.424557062

55.8612

79.377642938

33.4874884526

54.91248

77.2861915474

30.4772323096

54.693

79.1282476904

29.9528221757

54.38148

79.1216578243

30.9327349906

54.516

77.9647450094

30.8488681161

54.70008

78.3672118839

31.9466864803

52.6752

75.4285935197

21.8296066262

55.0824

85.9279933738

21.5876536198

55.94616

89.4409063802

22.0017400202

56.20104

90.1454599798

26.7400962083

52.215

81.6759437917

24.5011985778

51.09282

78.8066214222

34.2167513899

44.77746

61.6535286101

28.0104008528

43.6305

60.3975591472

25.6773593745

43.7013

61.6544406255

25.8078121046

43.11012

61.0036078954

25.8701307995

42.82338

60.0633692005

28.041305442

41.71182

56.493894558

29.7370469775

39.84624

51.8210130225

29.1143804973

39.08514

49.8169995027

29.8230711194

38.24616

47.5082288806

30.3814412713

36.92928

44.7939987287

29.800981133

36.5682

43.696498867

28.9497299144

37.18062

44.7990900856

30.1298428289

35.72922

42.7799971711

28.3808572401

35.03538

42.3837427599

27.220071494

35.20176

43.017068506

27.1103929995

34.3911

42.4824670005

26.6415344177

34.40526

42.1548255823

27.7200087956

33.33264

40.0178912044

26.1595252505

32.34852

39.5216347495

25.0220261785

32.47242

39.7989138215

24.6805380013

31.00686

38.7987419987

23.2633538737

30.72012

38.4636261263

22.9063225654

30.57498

38.3887774346

22.512970601

30.02274

38.084749399

21.2493755985

30.99624

39.7696044015

21.8669289476

31.04934

40.1786510524

22.5439195513

30.91482

39.4202404487

21.9816794744

30.3024

39.2355405256

21.6219916632

30.18204

38.8624483368

21.0519375352

30.5856

39.7157024648

21.874110346

30.36612

39.077609654

22.3539120059

29.99088

38.0030879941

21.6503231833

30.43338

38.7739368167

21.7174953558

30.5148

39.2306846442

20.8755373986

31.52724

41.1665026014

22.4657384776

29.66166

38.7231615224

20.9101654723

28.8333

37.5847945277

20.0001324234

28.4439

37.2770675766

19.7414999206

27.71112

36.4135200794

18.7006571309

28.6386

37.6490628691

18.9321505435

29.1519

38.8583494565

20.811253893

26.3907

34.731346107

18.2899494042

26.18184

34.2825905958

16.7609808839

27.83502

37.2558791161

18.418314295

27.56952

36.986225705

17.2579068537

27.53766

37.8492731463

18.4660172535

26.2845

35.3561427465

16.7393695404

26.79072

36.3358504596

16.0667176622

26.64204

37.3660423378

15.5707257154

25.65792

36.7292342846

14.3719272908

23.99058

35.2765727092

12.9138442805

22.82592

33.9026557195

13.0446993087

21.51612

31.2973406913

12.3765486542

21.13734

30.2769113458

11.8075753769

20.92494

30.2547046231

13.840107021

20.29836

27.383192979

13.8632848319

19.87356

26.3086351681

12.925375651

19.5939

26.542084349

11.8560749323

19.4169

27.1547250677

11.7555464155

19.21158

26.8729335845

11.4360765714

18.69828

26.4737834286

10.8919927743

18.09648

25.9027672257

10.821327086

17.42034

24.695492914

10.7218378638

17.34246

24.0409621362

10.700714841

16.99908

23.640825159

10.5693807606

16.35834

22.7880392394

10.2376166764

16.2309

22.3516233236

10.2844718664

15.61494

21.5613681336

8.9558600429

14.7441

21.4031799571

8.7280124989

13.73166

19.7477475011

8.1754946316

12.95994

18.5161053684

6.8289765176

13.17942

19.3103834824

5.9136663081

13.48032

20.7460736919

4.4569194201

15.9831

25.0065005799

6.5322853419

17.2221

26.6729146581

7.4719444144

18.64518

28.3953355856

5.8828127692

20.59218

33.3545472308

4.4955917432

21.71436

37.8109482568

4.4310108027

22.28784

39.5711891973

3.4421756762

23.187

42.0326643238

2.8607612498

24.43662

44.7628587502

4.1463532184

26.05794

46.3482067816

6.2401959504

26.2314

46.0491440496

10.4195567974

23.86668

39.6785232026

5.8046978251

25.53402

43.5960021749

6.7223288611

25.0278

43.8394911389

5.4752625251

24.75522

44.3077574749

4.7058543213

25.61544

45.6648056787

3.6937019571

27.18012

49.1018580429

5.141513364

26.7624

48.801006636

6.2475027073

25.69686

46.2117572927

3.4218586878

26.14644

48.4214413122

5.7589849448

25.27206

45.6595150552

5.0440523496

25.2402

45.4682076504

5.0318565354

25.14108

45.3494234646

5.1323078312

25.8774

45.8861721688

5.4788403172

25.2579

45.6564596828

5.1500422261

25.06674

45.1745977739

4.9197788864

25.33932

45.4862811136

6.1961105838

26.05086

45.1940694162

8.1566505646

25.37118

43.2653894354

9.3061966396

23.5233

39.5882833604

7.6813691599

25.7535

41.5954308401

11.3480344271

25.08798

39.4934455729

11.817805796

24.6207

37.890874204

12.6671868097

26.06856

38.0220731903

3.4038940306

33.88134

56.5460059694

1.6634354555

39.31524

71.5331445445

4.4311224713

40.51884

75.4029575287

5.5091439568

42.01272

77.0224160432

11.6708989823

41.96316

72.3049810177

15.8266306191

42.41628

68.5528093809

17.2497003509

44.9757

70.1422796491

21.1677194876

45.8784

69.6863805124

18.6286836765

46.13682

73.3865363235

19.376066164

47.47848

74.239233836

20.2946021137

47.44308

74.6269578863

23.5408274346

47.49264

71.3948925654

27.7643092466

42.89064

62.6189707534

26.5148149245

34.7628

51.1386250755

19.0742521161

35.61948

51.3080278839

10.0797664237

41.65164

67.1913535763

-41.4176293662

66.29004

149.3593093662

-16.8949960187

71.91156

155.0965960187

15.8043631796

70.93806

127.0452568204

-17.9728568981

85.64676

174.5576768981

-16.6152525094

99.58728

201.8492925094

-66.1256864369

117.9174

283.6303664369

-7.4356445818

99.00672

224.3597645818

21.6275246367

79.38804

156.7672353633

24.859881226

67.3131

121.841258774

28.5220900385

60.003

98.7940099615

-1.6417737478

68.12022

129.7649937478

-86.88251089

101.14488

256.14761089

-4.6566474453

79.28184

185.0833674453

4.2245159711

66.21924

141.2765640289

15.3931569334

57.25596

108.0820430666

20.4886434585

52.47696

89.2442765415

21.838481773

48.17232

78.810798227

21.5671780761

44.63232

71.2374619239

21.640421733

41.98794

64.979838267

21.4032907994

40.7277

61.3123492006

20.0881400811

38.55414

59.1936999189

18.9244809872

37.91694

57.5465990128

19.0883960856

36.30624

55.1347839144

16.6116953255

36.59298

56.2875246745

7.0246718409

40.17192

69.7402281591

11.2220168062

39.41082

68.3607231938

14.2590544814

38.4267

63.5784655186

16.2099794178

35.9487

58.1654205822

15.287379688

32.38746

53.048780312

14.5466631405

29.83158

47.6723768595

14.199054061

30.3555

45.988025939

17.3020957246

31.32546

44.3788642754

20.0573742767

31.14138

42.4094657233

20.6616795749

30.96438

41.4440804251

19.9619500061

30.3909

41.3933299939

20.0013142024

31.0281

41.4176857976

21.2697573653

30.77322

40.5315626347

21.8480614865

30.91482

39.8399785135

22.8354413318

30.4263

38.5056786682

21.4005403743

30.60684

39.6325996257

21.0048750453

30.68826

40.2902249547

20.7230686485

30.21744

40.1826313515

20.8829048359

30.07584

39.4103751641

30.07584



Cle Elum

		





Cle Elum

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19

		20		20		20

		21		21		21

		22		22		22

		23		23		23

		24		24		24

		25		25		25

		26		26		26

		27		27		27

		28		28		28

		29		29		29

		30		30		30

		31		31		31

		32		32		32

		33		33		33

		34		34		34

		35		35		35

		36		36		36

		37		37		37

		38		38		38

		39		39		39

		40		40		40

		41		41		41

		42		42		42

		43		43		43

		44		44		44

		45		45		45

		46		46		46

		47		47		47

		48		48		48

		49		49		49

		50		50		50

		51		51		51

		52		52		52

		53		53		53

		54		54		54

		55		55		55

		56		56		56

		57		57		57

		58		58		58

		59		59		59

		60		60		60

		61		61		61

		62		62		62

		63		63		63

		64		64		64

		65		65		65

		66		66		66

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		71		71		71

		72		72		72

		73		73		73

		74		74		74

		75		75		75

		76		76		76

		77		77		77

		78		78		78

		79		79		79

		80		80		80

		81		81		81

		82		82		82

		83		83		83

		84		84		84

		85		85		85

		86		86		86

		87		87		87

		88		88		88

		89		89		89

		90		90		90

		91		91		91

		92		92		92

		93		93		93

		94		94		94

		95		95		95

		96		96		96

		97		97		97

		98		98		98

		99		99		99

		100		100		100

		101		101		101

		102		102		102

		103		103		103

		104		104		104

		105		105		105

		106		106		106

		107		107		107

		108		108		108

		109		109		109

		110		110		110

		111		111		111

		112		112		112

		113		113		113

		114		114		114

		115		115		115

		116		116		116

		117		117		117

		118		118		118

		119		119		119

		120		120		120

		121		121		121

		122		122		122

		123		123		123

		124		124		124

		125		125		125

		126		126		126

		127		127		127

		128		128		128

		129		129		129

		130		130		130

		131		131		131

		132		132		132

		133		133		133

		134		134		134

		135		135		135

		136		136		136

		137		137		137

		138		138		138

		139		139		139

		140		140		140

		141		141		141

		142		142		142

		143		143		143

		144		144		144

		145		145		145

		146		146		146

		147		147		147

		148		148		148

		149		149		149

		150		150		150

		151		151		151

		152		152		152

		153		153		153

		154		154		154

		155		155		155

		156		156		156

		157		157		157

		158		158		158

		159		159		159

		160		160		160

		161		161		161

		162		162		162

		163		163		163

		164		164		164

		165		165		165

		166		166		166

		167		167		167

		168		168		168

		169		169		169

		170		170		170

		171		171		171

		172		172		172

		173		173		173

		174		174		174

		175		175		175

		176		176		176

		177		177		177

		178		178		178

		179		179		179

		180		180		180

		181		181		181

		182		182		182

		183		183		183

		184		184		184

		185		185		185

		186		186		186

		187		187		187

		188		188		188

		189		189		189

		190		190		190

		191		191		191

		192		192		192

		193		193		193

		194		194		194

		195		195		195

		196		196		196

		197		197		197

		198		198		198

		199		199		199

		200		200		200

		201		201		201

		202		202		202

		203		203		203

		204		204		204

		205		205		205

		206		206		206

		207		207		207

		208		208		208

		209		209		209

		210		210		210

		211		211		211

		212		212		212

		213		213		213

		214		214		214

		215		215		215

		216		216		216

		217		217		217

		218		218		218

		219		219		219

		220		220		220

		221		221		221

		222		222		222

		223		223		223

		224		224		224

		225		225		225

		226		226		226

		227		227		227

		228		228		228

		229		229		229

		230		230		230

		231		231		231

		232		232		232

		233		233		233

		234		234		234

		235		235		235

		236		236		236

		237		237		237

		238		238		238

		239		239		239

		240		240		240

		241		241		241

		242		242		242

		243		243		243

		244		244		244

		245		245		245

		246		246		246

		247		247		247

		248		248		248

		249		249		249

		250		250		250

		251		251		251

		252		252		252

		253		253		253

		254		254		254

		255		255		255

		256		256		256

		257		257		257

		258		258		258

		259		259		259

		260		260		260

		261		261		261

		262		262		262

		263		263		263

		264		264		264

		265		265		265

		266		266		266

		267		267		267

		268		268		268

		269		269		269

		270		270		270

		271		271		271

		272		272		272

		273		273		273

		274		274		274

		275		275		275

		276		276		276

		277		277		277

		278		278		278

		279		279		279

		280		280		280

		281		281		281

		282		282		282

		283		283		283

		284		284		284

		285		285		285

		286		286		286

		287		287		287

		288		288		288

		289		289		289

		290		290		290

		291		291		291

		292		292		292

		293		293		293

		294		294		294

		295		295		295

		296		296		296

		297		297		297

		298		298		298

		299		299		299

		300		300		300

		301		301		301

		302		302		302

		303		303		303

		304		304		304

		305		305		305

		306		306		306

		307		307		307

		308		308		308

		309		309		309

		310		310		310

		311		311		311

		312		312		312

		313		313		313

		314		314		314

		315		315		315

		316		316		316

		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1908-1915)

29.47758

39.1721887554

19.9006572964

28.80144

38.3783627036

16.6251437542

29.7891

41.9653962458

16.39632816

29.1873

42.58007184

17.3278721885

28.73772

40.5971478115

18.2042523178

30.05106

40.5845276822

18.3161088167

32.58216

44.3171111833

14.7946442328

35.02476

52.8122757672

17.4718556089

33.65478

51.2076843911

17.4342247401

31.67238

47.8929352599

18.0551504927

29.8953

43.5125295073

16.2734015533

29.32182

42.9437184467

16.4797694602

28.56072

41.4027705398

14.1541568786

31.6299

46.0364631214

12.1003975516

33.1698

52.6993024484

13.1394744958

32.47596

52.5062855042

14.2169382542

31.65822

49.9172417457

14.5376552514

30.26346

47.3840247486

16.1221250674

28.93596

43.0772949326

15.8379463321

28.71294

41.8109536679

16.9249948342

28.33416

40.1221051658

16.9764232056

27.71466

39.0723967944

17.4725764065

27.21906

37.4611435935

16.2637847934

27.7359

38.6911752066

15.9689899021

29.02092

40.7878300979

16.2551148354

29.6475

42.4133051646

16.8622919095

29.13066

41.9158680905

16.4887149559

29.28288

41.9248250441

14.0592834379

29.25456

44.4781565621

10.7786379515

29.96964

48.4455620485

11.1239502178

30.43338

49.2790697822

12.9392368308

29.72892

47.2230631692

14.3656788982

28.0722

43.4354411018

13.62033208

27.51288

41.96474792

13.6307225269

26.35176

40.2339174731

13.4504180051

25.67208

38.5734219949

13.6693627506

24.52512

36.5278372494

12.6982729728

24.17112

35.9979670272

12.911700801

23.14806

34.407479199

11.6437443685

22.69848

34.2027956315

11.2481914426

22.33386

33.7841485574

11.1340358992

21.88074

33.0805641008

10.8680099441

21.28248

32.2952100559

10.4287136546

21.10902

31.9627863454

10.7784906809

20.9745

31.3050293191

9.5963033906

21.9303

33.3084966094

6.375322938

25.5057

41.060677062

3.1076221643

29.12004

51.5181178357

2.6466506727

32.12196

58.5953493273

6.0413299302

31.83876

57.9193900698

8.8677635553

29.70414

52.6751364447

9.7497836523

27.97308

47.9274363477

10.1303116777

26.2137

44.0564683223

9.6439902048

25.34994

41.9196497952

10.7050616444

24.64902

39.2938983556

11.6946535179

23.85606

36.8104264821

12.0348337644

23.29674

35.1179662356

12.3353581372

23.39232

34.3537018628

12.7094690328

23.38878

34.0716309672

9.9718530911

26.196

39.6129269089

15.1319173489

23.38878

34.4528626511

6.9252050825

25.88094

42.3445149175

4.2601997939

27.26508

48.8858202061

5.5142641495

27.81378

49.5645958505

7.2703606593

27.02082

47.5642393407

8.4405380944

25.78536

44.3656419056

9.0711818655

24.80478

41.5189581345

9.5559283795

24.50034

39.7491916205

10.0229075176

24.71982

39.1972524824

7.8850904054

26.29866

43.1333895946

8.8085471695

26.90754

44.3976528305

8.8333885169

27.07392

45.1480714831

7.4448589047

30.13248

49.7615410953

2.038828182

39.01434

67.107991818

7.2510066026

43.30128

75.0646133974

-6.8265358371

56.1621

106.2899158371

11.9154425336

56.93736

101.1840174664

7.5445850571

62.82084

112.2136149429

10.3692821207

64.76076

117.2123178793

2.1808052914

68.7645

131.3444547086

-0.2347538156

71.01948

140.0187338156

3.7566412461

69.14328

136.4061187539

11.5035857443

70.23006

127.8697542557

20.8995581365

72.91338

122.2438818635

30.8484925155

71.9682

114.0330874845

37.7699520464

68.4813

102.6795479536

22.7858413343

76.37904

122.0744986657

48.7869385985

68.4282

96.0203014015

49.3500243926

63.62088

82.6990556074

47.7711197992

61.065

76.9147602008

47.0391439742

60.18

74.2058560258

45.623197291

61.01544

75.572242709

35.8431915174

67.2246

92.3968484826

22.1122914519

74.9064

120.0187085481

29.5961107689

73.4373

118.7475892311

37.3983001392

68.77512

104.8141198608

39.4354945617

63.81912

93.1587454383

38.0620394094

60.3924

86.1494805906

35.3168030659

60.0384

85.1139969341

35.5963651787

62.61198

87.0540148213

36.2550644469

66.98388

93.3407955531

40.9053323393

70.0566

96.1351476607

44.2828348781

73.36296

99.1367251219

48.9289115272

77.28528

101.7193284728

54.6348751552

79.9686

102.6190048448

54.6961965431

81.00228

106.2746834569

53.0678569591

79.5438

107.4782230409

50.7998470216

80.4996

109.2435529784

49.7899068964

85.6326

116.3422931036

43.6441664188

97.8456

139.8340335812

40.9312066514

113.4924

170.4067933486

51.1997511016

118.34928

180.6419288984

64.4981252753

110.2356

164.0867547247

64.1154841092

101.067

147.1871158908

49.2122398196

102.2706

154.1253601804

32.7914670846

110.8728

180.3519329154

22.6492384614

116.0058

204.2293615386

40.6029887722

115.87836

191.2811712278

61.6938252997

106.06548

160.2500147003

67.5118596712

96.29508

134.8487003288

43.5362350635

102.3591

155.1179449365

75.7052414324

92.16036

118.8142185676

63.5007638633

93.55512

122.2147161367

58.0743181595

102.483

137.9638018405

62.6488285227

109.6692

149.5033714773

70.7736224553

110.2179

149.1134775447

74.3108858384

108.3771

144.2841141616

69.7938560093

110.8374

149.4206439907

65.843062986

122.8911

167.885437014

69.0427112483

129.7764

183.6247887517

65.6211083471

136.21212

200.3674116529

62.0285887177

137.29536

211.4788912823

70.518450562

129.50736

196.284269438

72.6715460693

123.92832

180.7641339307

67.2428366193

125.0682

181.7536833807

62.8977634638

129.39408

191.5645165362

73.0937739841

128.19756

184.4978660159

79.4652263469

123.74424

172.4765736531

83.579353556

119.70864

159.873526444

81.2528747502

122.7495

161.2052652498

81.7359887684
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		317		317		317

		318		318		318

		319		319		319

		320		320		320

		321		321		321

		322		322		322

		323		323		323

		324		324		324

		325		325		325

		326		326		326

		327		327		327

		328		328		328

		329		329		329

		330		330		330

		331		331		331

		332		332		332

		333		333		333

		334		334		334

		335		335		335

		336		336		336

		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1SD

Julian Day

Q (cms)

Cle Elum Q +/- 1SD (1973-1980)

38.41962

92.1349698999

-15.2957298999

36.71334

88.6672755022

-15.2405955022

36.05844

87.0355834634

-14.9187034634

35.57346

85.3829920503

-14.2360720503

34.38048

83.2286604619

-14.4677004619

33.81762

81.3725162896

-13.7372762896

32.95386

79.2164252708

-13.3087052708

28.01556

62.8136934288

-6.7825734288

23.99412

47.5474098317

0.4408301683

24.42246

48.0469855586

0.7979344414

24.42246

48.4466537645

0.3982662355

24.20298

47.9560880255

0.4498719745

24.603

48.3623624597

0.8436375403

30.5679

56.1716902673

4.9641097327

36.82308

66.7871150434

6.8590449566

41.63394

82.2139108226

1.0539691774

34.95042

64.1470016168

5.7538383832

38.4267

69.9651347062

6.8882652938

36.24606

64.8394942919

7.6526257081

32.47596

56.4628817808

8.4890382192

30.42984

53.2979500344

7.5617299656

28.63506

50.3000606321

6.9700593679

30.21036

56.4637430131

3.9569769869

33.64062

62.9534301794

4.3278098206

36.66378

67.0707982918

6.2567617082

33.83178

61.9872358808

5.6763241192

33.43176

64.2492146711

2.6143053289

35.25132

68.6528249812

1.8498150188

33.95214

66.1047665133

1.7995134867

34.49022

67.6372610941

1.3431789059

32.54676

65.4561275524

-0.3626075524

31.32192

63.6048993772

-0.9610593772

30.6918

62.5323143765

-1.1487143765

30.36612

61.8563691428

-1.1241291428

30.02274

60.8673469376

-0.8218669376

27.98724

56.1564055163

-0.1819255163

27.03144

55.7505132895

-1.6876332895

28.18194

60.7452552096

-4.3813752096

28.25982

60.1164104042

-3.5967704042

26.77302

58.4486400062

-4.9026000062

26.47566

57.6378146969

-4.6864946969

27.04914

59.6397756009

-5.5414956009

27.26508

59.4802888012

-4.9501288012

26.9571

59.3778317504

-5.4636317504

25.32162

57.1616618593

-6.5184218593

24.426

56.0157055498

-7.1637055498

24.08616

55.4351884551

-7.2628684551

23.7534

54.8124369741

-7.3056369741

23.18346

53.7898581548

-7.4229381548

19.9656

42.4773255986

-2.5461255986

17.76726

35.007272461

0.527247539

17.33184

33.7789449373

0.8847350627

17.15484

33.5531069429

0.7565730571

17.01678

33.2217067001

0.8118532999

16.6557

32.9913465136

0.3200534864

16.49994

32.6985834692

0.3012965308

16.5495

32.3985169731

0.7004830269

16.69818

32.4735634902

0.9227965098

16.57782

29.2389816726

3.9166583274

28.29168

36.3418361454

20.2415238546

17.2929

30.0830359652

4.5027640348

17.65752

31.0038611167

4.3111788833

17.9655

31.8373611824

4.0936388176

17.90532

31.9699793626

3.8406606374

18.18852

31.9729166186

4.4041233814

18.52836

30.9483025622

6.1084174378

18.8505

30.2737096018

7.4272903982

18.92484

29.7061049652

8.1435750348

18.44694

28.5302456472

8.3636343528

18.4434

28.171919183

8.714880817

18.86112

28.4928348529

9.2294051471

18.88236

28.1195031924

9.6452168076

18.86112

27.8892689891

9.8329710109

18.02922

27.0620372113

8.9964027887

18.5673

27.325684757

9.808915243

18.82926

27.2617264031

10.3967935969

18.99918

27.6567723713

10.3415876287

18.56022

27.5064708918

9.6139691082

18.23454

27.2330381638

9.2360418362

19.3461

27.5577202059

11.1344797941

19.24344

26.8172267737

11.6696532263

19.95498

27.2524697356

12.6574902644

20.71608

28.0894339658

13.3427260342

22.86486

30.9817316385

14.7479883615

24.37644

34.6669069464

14.0859730536

27.54828

42.0779797346

13.0185802654

28.35186

43.8382170435

12.8655029565

28.40496

44.4822488358

12.3276711642

30.67764

51.414294394

9.940985606

34.03002

56.7751232678

11.2849167322

34.51854

58.4541817978

10.5828982022

33.32556

56.2318599837

10.4192600163

32.1963

54.3775705172

10.0150294828

32.39808

53.6184249172

11.1777350828

32.37684

53.7529909878

11.0006890122

33.23706

53.4209648142

13.0531551858

35.94516

57.5567410885

14.3335789115

36.2673

58.0214210193

14.5131789807

38.97186

64.1429964392

13.8007235608

40.57548

68.3775068524

12.7734531476

41.00736

68.4402594108

13.5744605892

42.20034

72.5376243677

11.8630556323

44.6571

74.3856566398

14.9285433602

44.74914

72.7482054335

16.7500745665

43.90662

69.8289088341

17.9843311659

43.53492

68.7781783577

18.2916616423

48.27852

74.4948729706

22.0621670294

51.52824

78.7148289217

24.3416510783

52.21146

75.6543992115

28.7685207885

49.2414

68.980696846

29.502103154

59.83662

92.3109040547

27.3623359453

61.53582

96.2922931548

26.7793468452

59.96406

94.9612487929

24.9668712071

60.06318

96.3985407383

23.7278192617

61.68804

99.6567304931

23.7193495069

58.84896

95.6027122995

22.0952077005

57.3303

92.9222067431

21.7383932569

58.06308

97.8003341942

18.3258258058

63.07572

106.6849542401

19.4664857599

67.86534

116.0315647315

19.6991152685

69.18576

113.9808670067

24.3906529933

69.0123

115.0671271127

22.9574728873

75.46572

115.462073861

35.469366139

72.48504

107.770925521

37.199154479

68.1096

106.3105192776

29.9086807224

66.88122

104.4286760942

29.3337639058

64.27932

102.3667638067

26.1918761933

58.4808

88.9976091801

27.9639908199

52.2327

81.5454652294

22.9199347706

51.16008

81.6301589829

20.6900010171

53.08584

83.3418337743

22.8298462257

57.93564

91.3972946755

24.4739853245

55.21692

84.354402718

26.079437282

56.09484

84.4859381302

27.7037418698

58.8348

89.7204315213

27.9491684787

62.13762

97.523714374

26.751525626

65.01918

95.2035572514

34.8348027486

64.93422

96.6014489769

33.2669910231

66.92016

100.7168091182

33.1235108818

68.13084

105.0373240203

31.2243559797

66.69006

103.0087425024

30.3713774976

76.27284

125.7671512848

26.7785287152

86.43972

151.3788601685

21.5005798315

87.67518

151.6430426335

23.7073173665

81.51558

139.6276993732

23.4034606268

78.11718

132.7583807367

23.4759792633

79.64292

132.3693511328

26.9164888672

75.25686

120.112705452

30.401014548

69.64596

104.0744443449

35.2174756551

64.94484

94.8941959402

34.9954840598

65.11122

93.1014615022

37.1209784978

66.09534

88.6397190757

43.5509609243

65.07936

87.6473566258

42.5113633742

65.11476

89.5800029803

40.6495170197

64.34658

90.3857356754

38.3074243246

63.51114

92.7041326714

34.3181473286

74.44266

114.9024784271

33.9828415729

79.71372

128.7740983485

30.6533416515

77.78442

116.6347709863

38.9340690137

74.2338

105.7367737513

42.7308262487

72.96294

102.1577536896

43.7681263104

73.30986

102.2167785152

44.4029414848

75.37368

105.1033063537

45.6440536463

70.71858

97.4809155147

43.9562444853

70.2513

97.9668480702

42.5357519298

71.13276

99.6620994488

42.6034205512

73.51164

106.0176314084

41.0056485916

77.6853

106.8405182119

48.5300817881

79.94382

108.9221551009

50.9654848991

78.73314

109.0630173672

48.4032626328

79.16148

113.5710233712

44.7519366288

83.10858

123.2152737198

43.0018862802

85.90164

144.2061047633

27.5971752367

96.35526

164.6064095335

28.1041104665

102.7839

168.4510142286

37.1167857714

105.69024

168.0286705488

43.3518094512

106.26018

165.0111249065

47.5092350935

101.30418

156.2313301446

46.3770298554

96.70218

147.2568418286

46.1475181714

89.28234

129.5655122924

48.9991677076

81.6501

110.5480455792

52.7521544208

79.87656

107.5906614091

52.1624585909

78.9951

109.1102093634

48.8799906366

83.14752

109.2171353585

57.0779046415

80.7651

104.3970761277

57.1331238723

79.23582

102.6530986239

55.8185413761

79.61814

101.8496050958

57.3866749042

78.6765

98.4432017635

58.9097982365

80.68368

97.5753806653

63.7919793347

82.7652

96.9395873423

68.5908126577

86.30166

103.4978005147

69.1055194853

87.75306

102.0198921916

73.4862278084

88.93896

99.6763863231

78.2015336769

90.77268

99.8932998277

81.6520601723

89.4027

100.7832677685

78.0221322315

87.55836

102.6403620557

72.4763579443

86.79018

102.7861060516

70.7942539484

86.199

104.4163795123

67.9816204877

87.20082

103.6237094094

70.7779305906

89.60094

104.6595614653

74.5423185347

91.21872

106.8843944131

75.5530455869

92.31612

108.4006103221

76.2316296779

92.9427

107.3047293647

78.5806706353

92.51436

106.6298498956

78.3988701044

94.2879

107.4526226591

81.1231773409

96.62076

111.3819878162

81.8595321838

96.10746

112.6167877634

79.5981322366

96.05082

113.3545018113

78.7471381887

96.24552

114.4847181911

78.0063218089

95.14458

113.275535631

77.013624369

93.6153

109.7507848722

77.4798151278

89.27172

107.2067545033

71.3366854967

87.7389

108.5561086553

66.9216913447

84.24492

100.9095478981

67.5802921019

91.78158

113.3299947172

70.2331652828

93.28254

115.612272825

70.952807175

92.11788

113.8586182405

70.3771417595

90.43284

112.8546712852

68.0110087148

89.68944

113.4655552303

65.9133247697

89.1372

111.9262571678

66.3481428322

89.58324

113.1782690468

65.9882109532

88.1991

113.2191196603

63.1790803397

86.25564

113.0645029054

59.4467770946

84.67326

111.8523101937

57.4942098063

84.80424

111.2942573718

58.3142226282

84.23076

110.9836251858

57.4778948142

83.21832

109.4788603924

56.9577796076

83.48382

109.9863664061

56.9812735939

86.06802

112.1359495664

60.0000904336

83.92278

109.6287433695

58.2168166305

82.17048

108.1061359436

56.2348240564

79.1544

104.7751269502

53.5336730498

79.63938

104.6224745574

54.6562854426

79.1367

103.3805763146

54.8928236854

76.77552

100.3389804904

53.2120595096

77.16138

100.7743844336

53.5483755664

77.83398

102.1062991225

53.5616608775

76.79676

100.5838007717

53.0097192283

74.63028

98.1958056981

51.0647543019

73.58952

96.5913580355

50.5876819645

71.04426

93.9809522068

48.1075677932

68.853

91.7155968577

45.9904031423

67.42638

89.4502453411

45.4025146589

64.85988

85.7480570294

43.9717029706

63.189

83.8654969164

42.5125030836

62.21904

81.5532431728

42.8848368272

61.24554

78.0337144674

44.4573655326

60.89862

75.3928402475

46.4043997525

59.20296

73.3033707071

45.1025492929

57.35154

71.8125891138

42.8904908862

56.64708

71.0325468989

42.2616131011

55.5072

68.9840092907

42.0303907093

54.17616

67.4937714689

40.8585485311

53.41506

67.064178884

39.765941116

51.85746

65.7927372047

37.9221827953

50.75652

65.0062910138

36.5067489862

50.38836

64.1498882157

36.6268317843

49.58478

63.0964724943

36.0730875057

47.9139

60.8029400651

35.0248599349

47.10324

60.0604170633

34.1460629367

45.88902

58.5089765125

33.2690634875

45.54564

58.191877937

32.899402063

46.39524

57.5704728637

35.2200071363

47.45016

57.2781385143

37.6221814857

45.76512

55.15146836

36.37877164

42.67116

54.592844502

30.749475498

40.70292

53.910599344

27.495240656

40.66752

54.6224794101

26.7125605899

40.81974

55.0064483858

26.6330316142

40.04448

54.240529973

25.848430027

39.58074

53.7580445777

25.4034354223

38.4444

52.4968855909

24.3919144091

37.9842

52.2806337713

23.6877662287

36.13278

49.7404857974

22.5250742026

31.13076

47.201696097

15.059823903

28.53594

46.3299679317

10.7419120683

27.85272

45.819242012

9.886197988

26.98542

44.7505877472

9.2202522528

25.71102

42.8061052283

8.6159347717

25.26144

42.5277172273

7.9951627727

24.90036

41.6671855316

8.1335344684

23.718

39.3865630731

8.0494369269

23.00646

38.1010233208

7.9118966792

23.35338

38.673905003

8.032854997

22.37634

37.1649626323

7.5877173677

21.73914

36.2655446809

7.2127353191

19.87356

32.5979164035

7.1492035965

18.585

30.7264241535

6.4435758465

18.54606

31.8048972418

5.2872227582

17.17962

29.2943863715

5.0648536285

15.95832

27.1975123463

4.7191276537

16.7973

28.2003264853

5.3942735147

18.3018

31.5265404281

5.0770595719

15.03084

27.4643636399

2.5973163601

13.40598

25.041822224

1.770137776

12.61302

23.9054319805

1.3206080195

10.86072

18.4342193403

3.2872206597

11.39526

19.958315224

2.832204776

10.81116

18.307654056

3.314665944

10.1952

17.8296032874

2.5607967126

10.4607

18.3903857904

2.5310142096

11.83776

20.0267954104

3.6487245896

12.01476

20.8307738556

3.1987461444

11.22534

20.173626973

2.277053027

12.30504

21.4857258303

3.1243541697

11.9652

19.9043305991

4.0260694009

13.52988

21.242117765

5.817642235

12.80418

20.5648261494

5.0435338506

13.5936

20.6566686692

6.5305313308

12.9918

20.1494363926

5.8341636074

12.88206

20.1611647791

5.6029552209

13.60776

21.4757121997

5.7398078003

13.2573

21.6898207522

4.8247792478

11.9652

21.0746735269

2.8557264731

12.47142

21.0949006896

3.8479393104

11.37402

18.4648370567

4.2832029433

9.8235

15.8093063868

3.8376936132

9.60402

15.2472768091

3.9607631909

10.11024

16.8679030361

3.3525769639

11.45544

20.6180120129

2.2928679871

11.53686

20.4864784988

2.5872415012

11.06604

18.878764204

3.253315796

10.61292

16.7729454828

4.4528945172

10.20228

15.8917260122

4.5128339878

9.97218

15.472500984

4.471859016

10.18104

15.8656760078

4.4964039922

11.18994

19.5732263467

2.8066536533

11.0802

19.5612818168

2.5991181832
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		337		337		337

		338		338		338

		339		339		339

		340		340		340

		341		341		341

		342		342		342

		343		343		343

		344		344		344

		345		345		345

		346		346		346

		347		347		347

		348		348		348

		349		349		349

		350		350		350

		351		351		351

		352		352		352

		353		353		353

		354		354		354

		355		355		355

		356		356		356

		357		357		357

		358		358		358

		359		359		359

		360		360		360

		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



AVE Q

Q + 1SD

Q - 1 SD

Julian Day

Q (cms)

Parker Q +/- 1SD (1908-1915)

58.056

73.7192899533

44.7992204661

56.1545142857

69.4112938197

40.4776976992

54.7789714286

70.455788015

31.6885142026

58.0155428571

81.1060000831

32.5155583731

63.8818285714

89.3818130555

24.7606221395

70.9618285714

110.0830350033

20.8637413292

79.7410285714

129.8391158136

21.853944409

84.7172571429

142.6043413052

30.327652721

84.2317714286

138.6213758504

43.3585024541

78.4868571429

119.3601261174

42.3730534636

76.1403428571

112.2541465364

42.325616814

74.5625142857

108.3772403288

43.0259097601

72.9037714286

104.4403759542

42.1943037341

73.3488

104.0582676945

34.9817816925

77.4349714286

115.801989736

26.6948334354

81.5413714286

132.2815094217

35.1052989036

78.9116571429

125.3477296678

39.9427961499

77.1922285714

116.1610895644

43.7676578699

75.5739428571

108.9985135587

44.7225307163

70.9213714286

101.7727835694

42.0248093505

67.1790857143

96.0756477924

35.9052781402

71.1236571429

102.397464717

32.5604442121

78.4059428571

116.9691557879

30.3937677041

83.1394285714

131.1516037245

36.5595566884

79.5792

126.159071883

36.7779586272

81.7072457143

124.5084870871

44.754825935

80.7524571429

117.7048769221

45.7397820202

78.6082285714

113.6209036941

46.2233870804

77.0304

109.415241491

43.9994944761

77.1517714286

110.1826769524

36.9959154511

79.296

119.4518559774

40.6707907208

80.1051428571

118.7303521364

46.0460990467

75.8976

109.9566438104

45.0852069757

73.4701714286

104.2825644529

44.1306618423

70.6786285714

100.0181381577

43.7160649426

68.2512

95.2137636289

41.7896923889

64.9337142857

91.3952218968

40.1353227434

62.1421714286

86.9405629709

37.8023437217

61.4544

85.7942277069

37.0945745256

58.8651428571

83.2249683315

33.4817218489

59.7552

85.1386210082

32.1340208664

60.4025142857

88.0236934193

30.8147933716

59.9777142857

89.5654351998

32.7669245199

58.6224

85.8331897658

32.7567507821

57.8132571429

83.6789063607

23.973354067

64.6100571429

98.4499602187

20.0432011348

69.2626285714

113.8294845795

0.7831128856

85.0409142857

153.5204299716

13.5342027839

94.9933714286

166.5000829304

33.669266895

89.4709714286

150.7950759622

34.311039802

84.0497142857

139.2096459123

36.4738000299

80.712

128.2879142559

38.2136184531

76.5044571429

119.0028386897

38.7960415207

71.5686857143

109.2771013364

39.3131179961

69.3435428571

101.5991105753

42.0964956328

67.8061714286

95.0532186529

43.3125092018

67.6848

92.1784622268

41.7206320229

70.4763428571

96.4405108342

39.6231976786

74.0365714286

104.8897166071

0

84.6768

0

52.4797171579

75.5739428571

107.7710256993

-31.5129504201

106.5641142857

213.651007563

-52.1127387287

125.1744

283.8512530144

-18.8309402324

121.4118857143

265.4172259467

12.370218462

110.0029714286

219.0446386809

33.1316141858

96.6116571429

173.4830143856

31.2877438541

93.456

158.7799132888

32.6159402018

93.3750857143

154.2151455125

28.6868258229

95.0742857143

159.7625456056

32.4488675188

96.0048

158.6302181955

23.8678801611

100.536

172.6729198389

24.131335191

102.4374857143

178.8421505233

13.4667430782

108.9510857143

197.9218283503

3.8085962478

116.6784

221.8208894664

0.139080673

129.0582857143

245.5976050413

-0.27514291

137.5138285714

266.8472571958

-0.2056174853

150.7433142857

288.4627603424

0.7004014097

162.2736

312.316512876

-5.9783345887

173.7229714286

341.9749060173

-48.416748387

197.5522285714

419.691948387

-67.7035334969

212.5618285714

477.8175906397

-36.5926122672

207.8283428571

456.9827836958

-16.4534558192

203.50752

427.7893186763

19.1310626316

192.7378285714

377.1142859398

50.9394578083

181.6930285714

323.4913993346

68.3931051806

165.5101714286

278.8100948194

70.2590143692

161.1812571429

256.4324142022

77.8829441164

167.8566857143

251.1549987407

101.4404273068

156.2050285714

222.6212869789

97.5569982875

147.5067428571

206.1547731411

93.1520833453

147.0617142857

201.4163737976

92.7238503702

146.6571428571

200.9950067727

82.9188049244

160.8980571429

224.6363950756

59.8594416491

181.7334857143

282.772101208

63.2616683894

185.0105142857

303.4823316106

92.2847168996

175.5030857143

268.2288831004

98.8633490371

163.6491428571

240.2888795343

94.7438583311

154.1417142857

223.0469988117

87.0432897718

149.8937142857

216.9921387996

86.1344080597

149.7723428571

213.5316490832

87.6969466656

158.0660571429

220.1414533344

95.0943529165

167.5330285714

230.5047327977

102.7458353057

176.3122285714

241.0994218371

110.5303574223

186.2242285714

252.0060997206

117.8237856977

188.7325714286

257.1330143023

117.1838921931

183.8372571429

255.3859363783

108.0298839078

178.1328

253.9401732351

106.1246999299

172.1451428571

244.1532429272

101.7387793058

172.6306285714

243.0369921228

86.758941085

184.4441142857

270.3158017722

59.4103406606

211.4290285714

336.4628021965

69.918224207

220.0868571429

361.5976615073

84.2049512392

204.7536

340.6355059036

78.4021256329

191.7668571429

318.11833151

66.8647711903

185.2937142857

310.1958002382

34.3641689589

205.7448

356.6743453269

19.5292197722

219.79152

406.0071002278

27.7149245451

222.7722

414.8487954549

67.6588382867

204.789

359.9023617133

92.5354810591

176.12916

288.3826789409

85.9144485282

163.2648

253.4795114718

89.2969810413

157.28928

231.2570989587

89.0677901511

162.01164

230.2331298489

91.1589136333

171.7254

242.5781263667

94.2622310185

184.2924

261.7555689815

103.3303887298

187.52088

268.4828912702

111.3859622907

182.29584

258.4307577093

101.5362303951

187.4253

268.1849096049

92.7287564024

204.4704

299.1669435976

88.2916217463

234.879

351.0577782537

95.7548201697

248.8974

388.0215798303

86.3891616398

253.89588

416.4041183602

93.6603277019

238.74468

398.9802322981

96.1468396791

230.10708

372.7049203209

109.5876000776

222.7014

343.2208799224

101.058872813

227.67156

349.314087187

98.5293029046

232.06116

361.2034170954

117.8902913875

227.57244

341.7433086125

140.749459054

213.639

300.461980946

128.8155936607

203.727

288.5504063393

118.5459868979

212.6832

297.8642131021

99.8040752071

221.48364

334.3627647929

107.5241138257

221.92968

335.8892061743

118.2791372234

220.75794

324.4084827766

107.3832150689

233.7462

347.1209249311

98.9376468125

249.1629

383.9714531875

117.5564104796

253.641

385.2474895204

107.8426478425

259.10322

404.9015721575

105.2136073621

257.4642

411.3538126379

118.2563635548

242.04396

381.2517964452

120.874661258

224.06784

345.237138742

104.8478996835

222.00756

341.2275003165

85.8136444862

240.92532

377.1192355138

73.3456704721

278.6334

446.2130495279

87.5892312654

288.00378

479.0479487346

99.0197374454

271.8012

460.7852425546

95.5531017914

247.39644

423.6445382086

100.9621946514

225.76704

372.2012853486

98.6476161457

213.78414

340.9035638543

68.6952864457

221.29248

366.3813335543

61.0750268911

229.15128

389.3687331089

73.5661213571

228.07512

383.6602786429

77.3759710307

223.43772

374.1368689693

75.1449120406

233.9409

382.2337079594

111.1330682938

218.99148

341.7993117062

80.0753711302

228.1884

367.1045088698

101.6109707086

212.60532

339.1827492914

93.3547148131

200.10912

319.3597251869

93.0848078984

187.06068

294.0849921016

95.1901735579

171.55194

263.4224464421

89.391217475

155.36706

237.527782525

74.2219989202

151.97574

233.1208010798

67.1550605172

149.6004

234.4210794828

65.8689810523

138.69366

222.4250789477

56.2034719154

125.37972

207.8699080846

44.2604745976

118.0059

199.1251454024

44.4768529331

112.81272

186.3417670669

35.249592743

115.05708

192.620207257

38.9152108657

116.92974

193.0716091343

48.4649018218

108.54348

177.0083181782

43.236742441

99.34656

164.653297559

37.0680156164

90.16734

152.4458843836

21.901268584

93.3498

161.615871416

15.1812660873

96.15702

174.3255539127

15.8821879413

92.29842

172.5732520587

14.6701260205

89.19738

166.8256739795

23.5133574371

82.36872

148.0527425629

27.7276891087

73.8975

128.5385308913

18.3793368873

71.85492

127.3730831127

13.9265639673

70.04244

127.9707960327

10.4261369524

67.69542

127.3117230476

8.6066570308

63.85098

122.9397429692

5.2878968255

61.75884

120.3219231745

0.4163845179

62.55888

123.9013354821

1.2807008368

59.12154

120.3997191632

-5.3887697185

58.7286

123.2389097185

-11.1442880754

56.38866

126.2615480754

-7.0961212517

51.02202

114.5068012517

-17.1750827

50.71758

118.9146827

-6.9969341718

49.06794

106.7824541718

-2.1317758376

41.60208

92.8017958376

-5.5525065196

37.26204

84.4166265196

-7.4552720275

35.45664

80.1739520275

-8.8102376051

34.94334

79.2102176051

-8.5028992108

32.92908

76.3753192108

-8.2504168749

30.53604

71.7155368749

-8.270521444

28.47576

67.282321444

-3.4613299728

25.37472

57.3118099728

-14.1967652874

28.27752

67.8490052874

-5.0438039573

25.33578

58.6571039573

-4.0715403794

22.66662

52.0739403794

-3.7746161006

20.07888

46.5201161006

5.5590642175

13.86972

28.3895357825

0.4333561913

13.23252

26.6688838087

1.2270658262

12.4254

24.4308541738

1.0343114532

11.98998

23.3810685468

2.1361321727

12.22362

22.0774678273

3.5062007542

10.61292

19.3303392458

2.2337962975

9.44826

17.8273837025

1.1321764383

8.41104

16.7271235617

-0.4674848643

8.319

17.1975248643

1.9941326976

8.6199

14.9447673024

3.4450115327

7.85172

13.0266084673

3.1953662666

6.30474

10.9610937334

1.9278043888

5.93304

10.3099756112

-1.5902473262

7.3455

14.8687873262

-0.5150620573

6.86052

14.7210820573

-0.274430072

6.63396

13.768910072

2.5094239801

4.96662

9.0911560199

1.8267742709

5.0622

8.2020457291

1.8476973243

5.08344

8.2979426757

1.6768257487

5.17194

8.5785542513

1.5099673517

5.4516

9.1135726483

1.2698253621

6.46404

10.6458146379

2.8295235343

5.31708

8.9515964657

1.5345383522

5.55072

9.3332616478

1.096461834

6.3897

10.843958166

2.2885226414

5.88702

9.9881973586

2.5154805441

5.27106

8.6425994559

1.6208567441

4.78962

8.4398232559

1.3064265197

5.07282

8.5560134803

0.6996833247

5.9295

10.3026366753

-0.134966506

6.69414

12.758606506

0.5089227478

5.87286

12.0580772522

-2.0989621983

6.27642

14.2482421983

-1.2012360763

5.96844

13.4460960763

-1.4643249913

6.81804

14.2508049913

-1.0860454006

8.7792

16.6832854006

-5.9190860844

14.06442

28.7627060844

3.5092529014

12.42894

22.9841070986

1.424979317

12.20946

23.213420683

1.1528669444

12.20238

23.2589730556

0.6741794367

12.41124

23.9394405633

-0.3741697226

11.6997

24.4851097226

1.7967961942

8.5845

18.4874038058

-0.5255261351

8.00394

17.1139661351

-1.354290491

8.53494

17.893170491

-0.6259679637

8.17386

17.3347679637

-0.1847252374

8.20572

16.5643052374

-0.7197698693

8.80044

17.7259298693

-0.7793826937

9.74562

19.3254426937

0.1925345587

9.68544

19.2385254413

-1.1456682031

10.35804

21.1891482031

-2.3890883018

11.17224

23.9193683018

-0.7957282411

10.4784

22.4463682411

-0.460526991

10.2129

21.151826991

-1.176818654

10.89612

22.285838654

-0.6515041788

10.3722

21.9198241788

-0.3847464224

10.20936

20.9663064224

0.2318803843

10.48194

20.4594196157

-0.0778936473

10.4253

20.9851336473

1.4013272572

9.00576

18.0297327428

2.3862710081

7.66764

14.2871289919

1.6496007329

7.63578

13.6538192671

1.7774062024

7.78092

13.6392937976

1.5487559965

7.94022

14.1723840035

0.4208923899

9.60048

17.1198076101

-2.6936692295

13.88388

26.1780292295

-1.905877433

14.87862

30.668377433

-5.9535444456

17.3814

38.2135644456

-7.6476461577

20.08242

45.1114661577

-9.2796724848

22.11438

51.4764724848

-7.2343810102

21.88428

51.2330410102

-7.7713588902

23.42772

53.0833588902

-4.9421389845

23.83836

52.2082189845

-2.8524453326

24.02244

50.7132453326

-4.5031369353

25.70394

54.2295169353

-2.0470071954

25.5411

53.2920471954

-0.856629849

25.21896

51.616689849

-3.0353463656

27.13056

55.3848663656

0.7833654112

26.29158

52.6387745888

-0.1561786274

26.73762

53.1853786274

1.1316639684

26.3199

51.9258560316

-1.0587862864

27.83502

55.2137062864

2.4810710076

26.40132

51.7552689924

1.9596133133

24.52866

48.9703666867

0.1354505364

23.5764

47.9696094636

-3.8514442863

27.33588

54.7637242863

0.0486506742

28.2315

55.5187293258

-0.2957711193

29.54484

58.0721111193

2.1683529201

29.49882

56.8753070799

2.2847973765

29.924328

57.1383506235

4.3070074828

30.253548

55.8708685172

8.306386549

28.406376

50.353537451

7.7837038871

30.7272

51.3498721129

10.4863939856

37.07088

57.3116860144

18.3714003793

45.63768

64.3371596207

12.7087068841

63.76956

96.6985331159

-2.1847971499

81.8271

147.7814571499

22.0081579135

77.74548

137.5644220865

22.3166322561

74.45328

129.8821277439

21.6000821975

73.00896

125.8621578025

28.0893230494

73.0656

117.9852369506

32.2062265876

76.287

117.1463734124

39.2918876748

80.0394

117.0345123252

16.3436339417

92.6772

156.3729660583

39.8022816122

86.4822

139.3571183878

34.7913005779

85.9512

137.6420994221

35.1256895158

88.6062

139.4317104842

49.2351340074

82.45368

121.8247459926

55.0500027043

72.15936

99.5630372957

42.3070324353

73.2072

103.0595275647

50.1649114016

77.1897

100.2319885984

22.3302587641

105.04596

159.9054012359

-20.1817295694

128.51616

253.7438495694

29.8936514549

140.6442

239.2667085451

17.6710256798
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		361		361		361

		362		362		362

		363		363		363

		364		364		364

		365		365		365

		366		366		366



Julian Day

Q (cms)

Parker Q +/- 1 SD (1991-1998)

75.417222

120.7395165144

30.0949274856

86.7330444

149.2905669988

24.1755218012

91.9321716

167.2160958531

16.6482473469

92.8487484

174.7869904835

10.9105063165

84.0627162

152.3697631723

15.7556692277

80.7871188

146.7773128372

14.7969247628

79.1802774

149.8170305639

8.5435242361

82.7074626

160.6313914449

4.7835337551

91.9855194

187.0347328134

-3.0636940134

95.3405544

192.7755916827

-2.0944828827

101.1523848

201.8116556774

0.4931139226

92.63472

182.66130515

2.60813485

85.9104546

166.4783668669

5.3425423331

90.175482

169.2584328929

11.0925311071

99.057519

194.5246196769

3.5904183231

106.2531

221.3723732055

-8.8661732055

100.6422

205.7698880992

-4.4854880992

94.3841172

183.5245119063

5.2437224937

90.0127836

170.6843954217

9.3411717783

89.0359914

172.347176043

5.724806757

85.2876978

165.6046572214

4.9707383786

80.9917662

156.0222016708

5.9613307292

80.0314704

151.6679366881

8.3950041119

79.2768132

147.5870576273

10.9665687727

81.6142752

144.159376952

19.069173448

79.6803024

135.3120374461

24.0485673539

79.3214526

130.4225139069

28.2203912931

78.7699914

128.0754768544

29.4645059456

81.9351762

130.2610560759

33.6092963241

84.4180614

125.7332615212

43.1028612788

98.286684

146.8337321941

49.7396358059

130.2050232

246.736642516

13.673403884

126.109137

235.5773735804

16.6409004196

110.31879

185.0081474225

35.6294325775

105.947067

165.2292606074

46.6648733926

107.7070842

166.4601260375

48.9540423625

109.387416

170.7447441168

48.0300878832

131.6703354

234.080779587

29.259891213

205.071138

505.491464053

-95.349188053

280.2349668

795.2227380303

-234.7528044303

228.1916214

603.0296336762

-146.6463908762

168.566304

376.5776709042

-39.4450629042

141.0446448

286.6409348229

-4.5516452229

133.6497264

263.1027122468

4.1967405532

131.5414086

257.8330425078

5.2497746922

144.6156198

271.4809927922

17.7502468078

157.3043604

294.1682842461

20.4404365539

153.1990224

289.3806245832

17.0174202168

157.8667956

308.038574114

7.695017086

168.3631434

335.2931246924

1.4331621076

233.2158726

439.3477922286

27.0839529714

238.9474158

451.5739465608

26.3208850392

210.6849408

392.0401949236

29.3296866764

189.7380528

350.8156388886

28.6604667114

179.4892572

333.2475869291

25.7309274709

170.9142444

316.2165655153

25.6119232847

166.5249276

304.4024991918

28.6473560082

160.3760538

288.9654921585

31.7866154415

146.0652498

253.1144903903

39.0160092097

190.5228

324.8322459378

56.2133540622

131.8797264

217.2241430386

46.5353097614

124.3179678

198.9584696284

49.6774659716

122.1462486

191.0586898642

53.2338073358

121.7739822

189.2516547478

54.2963096522

114.3681252

173.439163593

55.297086807

107.8193022

159.4119894261

56.2266149739

104.336721

154.9043240866

53.7691179134

100.9442328

148.1558779717

53.7325876283

99.1140882

142.7639457797

55.4642306203

104.7068634

152.4091212551

57.0046055449

109.2886146

165.9630823876

52.6141468124

110.506941

174.8245931137

46.1892888863

112.7209632

181.5719998695

43.8699265305

117.1281924

185.7899851623

48.4663996377

129.9324078

205.7049398884

54.1598757116

141.8708808

216.9631447432

66.7786168568

141.4763478

212.233195013

70.719500587

134.4596076

202.5316872724

66.3875279276

138.649764

214.4213202651

62.8782077349

163.999527

303.2394304786

24.7596235214

153.0409968

283.5422940928

22.5396995072

134.1210066

239.5825101598

28.6595030402

132.4871196

224.7077584108

40.2664807892

134.1558756

223.4504647628

44.8612864372

126.278349

212.4144464989

40.1422515011

123.1728132

217.1058087761

29.2398176239

128.5095402

250.7467500578

6.2723303422

119.8520808

238.0674900505

1.6366715495

108.7787484

214.853783259

2.703713541

100.9192404

197.2704398702

4.5680409298

97.76595

190.4895433914

5.0423566086

94.4791662

180.2443084316

8.7140239684

93.274221

169.9938722951

16.5545697049

93.4368132

164.2068334051

22.6667929949

95.683545

168.666116475

22.700973525

100.1302806

178.2599335211

22.0006276789

103.7211858

187.8637117603

19.5786598397

99.0953616

182.1071595804

16.0835636196

103.039311

190.0775377856

16.0010842144

110.436849

210.6708247082

10.2028732918

114.4142868

221.2102710135

7.6183025865

107.0709108

207.2061448543

6.9356767457

99.7419426

189.7836006702

9.7002845298

96.2912214

179.1726370827

13.4098057173

90.5590056

172.5972738599

8.5207373401

82.1104062

157.6217476846

6.5990647154

83.847732

158.0764314833

9.6190325167

96.1493028

186.5493549022

5.7492506978

105.7689696

199.1695607687

12.3683784313

107.0976024

191.8799762271

22.3152285729

114.0933858

218.1483229193

10.0384486807

130.8556398

292.0348039244

-30.3235243244

109.140501

223.5286100627

-5.2476080627

103.988208

199.8091004285

8.1673155715

117.9857928

225.8711423185

10.1004432815

116.8303368

227.9479320081

5.7127415919

116.839116

236.8666886094

-3.1884566094

117.9056826

253.7065877383

-17.8952225383

118.0180422

256.4273512511

-20.3912668511

113.4172104

234.2933550593

-7.4589342593

110.8755258

216.1426400282

5.6084115718

110.9413344

216.3768227578

5.5058460422

108.3239646

217.3880050914

-0.7400758914

108.438165

231.2038738884

-14.3275438884

113.9825484

251.5395968409

-23.5745000409

116.0917512

257.8937920797

-25.7102896797

120.5115828

265.1772092097

-24.1540436097

126.2594808

274.7712080063

-22.2522464063

128.2990518

268.8667965134

-12.2686929134

123.8734854

252.5788018445

-4.8318310445

116.982309

247.2513757558

-13.2867577558

119.7050292

262.8250542815

-23.4149958815

128.6128374

280.1715553565

-22.9458805565

146.8839102

305.7374785926

-11.9696581926

147.567378

315.0041752089

-19.8694192089

146.1741756

315.6708538567

-23.3225026567

149.2110708

315.4248656156

-17.0027240156

144.3578016

301.5470924146

-12.8314892146

136.780467

280.9887465358

-7.4278125358

121.383414

242.9911737318

-0.2243457318

115.320456

231.6366718896

-0.9957598896

110.4700896

229.4119641122

-8.4717849122

104.7379446

216.6248256611

-7.1489364611

100.0020618

208.1943302756

-8.1902066756

97.8147312

208.8548347206

-13.2253723206

102.7455264

213.5248701685

-8.0338173685

112.8933966

228.5857807676

-2.7989875676

117.0036552

233.1533213871

0.8539890129

115.7694342

233.764261499

-2.225393099

111.546462

237.9161670293

-14.8232430293

111.7678536

248.8607192149

-25.3250120149

112.9387794

258.8900642726

-33.0125054726

117.2323392

273.0090308792

-38.5443524792

116.5662174

262.5042714425

-29.3718366425

118.1239944

251.4220926284

-15.1741038284

122.4216606

254.9249031345

-10.0815819345

123.100137

254.6199104686

-8.4196364686

108.948987

226.3286153647

-8.4306413647

96.3075762

199.1819047755

-6.5667523755

89.904672

186.844087763

-7.034743763

86.580612

182.0603255486

-8.8991015486

77.7590028

155.7569547097

-0.2389491097

70.1331702

133.5016465625

6.7646938375

67.8841374

126.2722821328

9.4959926672

57.5647188

104.8582393

10.2711983

46.88553

88.1133541901

5.6577058099

42.1960212

79.7142063441

4.6778360559

39.2573964

77.7991564758

0.7156363242

35.515227

72.4897087539

-1.4592547539

32.0310528

66.4961480808

-2.4340424808

30.2486274

61.1743957867

-0.6771409867

28.9197114

53.3487081631

4.4907146369

30.7104912

60.5253894923

0.8955929077

31.7448792

62.5067709434

0.9829874566

31.073943

52.3676930427

9.7801929573

30.2270688

48.0598734121

12.3942641879

26.154936

42.536896409

9.772975591

24.5948226

41.0904420681

8.0992031319

27.9106344

53.3177209498

2.5035478502

28.4845746

58.7041867616

-1.7350375616

30.2859744

63.4798623613

-2.9079135613

31.6307142

68.3840437502

-5.1226153502

30.225582

67.0375168111

-6.5863528111

25.9964148

52.8426463428

-0.8498167428

23.707203

41.7498560119

5.6645499881

23.828448

40.6778537449

6.9790422551

26.2330638

45.911289747

6.554837853

23.353203

46.9302211228

-0.2238151228

23.7905346

52.5673482078

-4.9862790078

21.969771

49.8900088849

-5.9504668849

22.2633078

50.610454118

-6.083838518

25.3285938

57.0109736755

-6.3537860755

24.4002288

52.9841880688

-4.1837304688

20.1711678

41.563327211

-1.220991611

18.8194896

35.1956019886

2.4433772114

17.8734954

32.052941256

3.694049544

16.96191

28.0049059763

5.9189140237

14.4270576

20.8444002588

8.0097149412

14.7171252

19.9216575477

9.5125928523

14.9401452

20.9250606131

8.9552297869

14.1204228

19.8755700944

8.3652755056

12.6364902

16.2998987462

8.9730816538

12.826836

17.3434164266

8.3102555734

13.0322622

17.5383611999

8.5261632001

13.9198464

18.4868443668

9.3528484332

15.9298938

21.6128024755

10.2469851245

15.232443

19.1853881626

11.2794978374

15.4368072

19.4517631972

11.4218512028

14.1444948

18.4386316935

9.8503579065

13.3513224

18.2413193104

8.4613254896

14.040525

17.9171179107

10.1639320893

15.3371916

21.6379265089

9.0364566911

15.0456726

21.3813277679

8.7100174321

14.2640406

21.2615000804

7.2665811196

14.8523532

20.1161826328

9.5885237672

14.1038556

20.3643797757

7.8433314243

13.3143294

18.656983617

7.971675183

13.6296726

16.9892223329

10.2701228671

12.7642488

15.6161483016

9.9123492984

15.4433916

19.4852432086

11.4015399914

16.2033942

21.0905045035

11.3162838965

15.3752466

20.9222592099

9.8282339901

14.0802438

18.3181227274

9.8423648726

14.0625438

19.2865137502

8.8385738498

13.8039822

18.5742868137

9.0336775863

12.7764618

17.3024291593

8.2504944407

13.2067842

18.3382637214

8.0753046786

13.6760466

18.4216821972

8.9304110028

14.580552

19.1235105304

10.0375934696

15.7358664

20.8670263572

10.6047064428

15.3128718

20.3843700193

10.2413735807

14.287971

18.7831482633

9.7927937367

13.4787978

18.2083461099

8.7492494901

14.7757122

20.2401097909

9.3113146091

14.2839354

18.280098104

10.287772696

13.6060608

16.3651149409

10.8470066591

13.8776496

16.951351981

10.803947219

13.744758

19.4291882075

8.0603277925

13.6861356

19.8058443763

7.5664268237

13.4584074

18.7603873399

8.1564274601

14.510814

20.0034904245

9.0181375755

13.5802542

19.605408922

7.555099478

11.229765

15.1717611294

7.2877688706

12.4432416

15.4526651593

9.4338180407

12.4963062

16.6590143527

8.3335980473

11.6397678

14.5162307972

8.7633048028

13.136232

18.6516425994

7.6208214006

17.5260444

26.6890306643

8.3630581357

17.6644584

27.7046286072

7.6242881928

17.0235768

24.688586172

9.358567428

17.1425562

23.7385670881

10.5465453119

17.789562

25.9780718745

9.6010521255

19.3018854

27.3452923056

11.2584784944

19.4090058

23.3579079907

15.4601036093

18.115773

23.8440565937

12.3874894063

15.4818006

19.8084767324

11.1551244676

15.429798

17.7953155919

13.0642804081

14.4318366

17.7207712392

11.1429019608

15.422541

20.0518719794

10.7932100206

15.0784176

19.2631389347

10.8936962653

13.4247066

17.5762896317

9.2731235683

13.255353

19.3883736919

7.1223323081

14.4710598

21.5574036704

7.3847159296

13.6522932

18.7681204313

8.5364659687

13.3448796

17.2008367566

9.4889224434

12.8590854

15.4946642034

10.2235065966

12.0192204

14.1248864472

9.9135543528

11.9888826

14.729153571

9.248611629

13.2332988

16.2650726138

10.2015249862

12.2959776

15.907680941

8.684274259

12.7850994

17.5887694306

7.9814293694

13.733961

20.3363833287

7.1315386713

13.1187798

19.3351885361

6.9023710639

13.6271946

18.1735641846

9.0808250154

13.4938428

18.8072963755

8.1803892245

15.0776742

21.6484257257

8.5069226743

15.8902458

22.3910866542

9.3894049458

15.6808194

22.5151490053

8.8464897947

17.5411956

29.0635368758

6.0188543242

17.1742038

29.9126299953

4.4357776047

15.3352092

24.4119559595

6.2584624405

14.3580276

21.6950413895

7.0210138105

15.141819

23.8144478246

6.4691901754

15.227664

23.2627468072

7.1925811928

17.8153332

26.4030308374

9.2276355626

19.931616

29.2184137581

10.6448182419

21.2910468

32.4786191986

10.1034744014

20.4649524

31.3416677939

9.5882370061

23.084517

35.3841521293

10.7848818707

22.316514

32.3015280442

12.3314999558

22.2413598

33.0954122797

11.3873073203

24.1304808

36.4760037472

11.7849578528

25.0030908

39.277011519

10.729170081

27.422964

41.5309129254

13.3150150746

32.9149908

44.9128036492

20.9171779508

35.6760846

47.6007282977

23.7514409023

34.3622844

45.9818830143

22.7426857857

34.0882176

46.2694644742

21.9069707258

34.488627

47.4430552372

21.5341987628

33.8725608

45.6118988802

22.1332227198

36.507489

47.2542124859

25.7607655141

38.4720828

51.0078478603

25.9363177397

37.8245106

49.6758512951

25.9731699049

41.721024

60.7930472673

22.6490007327

59.1343902

127.0156336287

-8.7468532287

59.9384658

117.1609616894

2.7159699106

56.2964076

104.760470165

7.832345035

49.3155984

85.4605188733

13.1706779267

46.8312618

77.3920238551

16.2704997449

46.0941984

74.8212168814

17.3671799186

47.4709044

81.2082801577

13.7335286423

48.31923

86.5875162762

10.0509437238

49.3004472

87.679272839

10.921621561

61.1032674

110.8818421398

11.3246926601

59.5577034

105.3769292057

13.7384775943

57.1210152

99.5520079128

14.6900224872

65.4205806

130.0376780512

0.8034831488

59.5712262

109.4644517429

9.6780006571

64.1151702

119.2552256294

8.9751147706

68.364303

130.5604308699

6.1681751301

64.5459528

120.7436598385

8.3482457615

60.8222976

109.7780709268

11.8665242733

58.3672014

104.7229545876

12.0114482124

58.8079668

105.8714572059

11.7444763941

57.0293292

99.3875040525

14.6711543475

59.990256

98.4981317278

21.4823802722

61.4902956

97.7554677608

25.2251234392

60.8259438

99.3466872319

22.3052003681

58.021485

94.6758152332

21.3671547668

61.9321938

111.0137361552

12.8506514448

71.3541516

133.4658321876

9.2424710124

71.5663746

129.3207719093

13.8119772907

75.838305

147.2981187216

4.3784912784

120.3929928

310.3627910138

-69.5768054138

164.9546898

483.2070665203

-153.2976869203

146.5231842

388.018356727

-94.971988327

112.5941604

256.1787752356

-30.9904544356

87.9736728

179.1897102074

-3.2423646074

74.7515958

142.0581582673

7.4450333327

72.8603154

143.1633164531

2.5573143469

81.8045856

171.2183841654

-7.6092129654

89.8353588

191.6655053851

-11.9947877851

87.6627192

188.925729034

-13.600290634

85.4321298

184.7436520214

-13.8793924214

85.3452582

185.2946526591

-14.6041362591

87.0005622

193.3335549106

-19.3324305106

81.8898642

176.0653777792

-12.2856493792

79.72788

165.3160000856

-5.8602400856

84.3759

180.0050585952

-11.2532585952

83.1874158

183.548022747

-17.173191147

76.8888354

166.3437214978

-12.5660506978

74.788518

156.8632121416

-7.2861761416

73.6561074

152.2457761841

-4.9335613841

74.6086506

156.1184467302

-6.9011455302

75.058443

157.1287251931

-7.0118391931

77.1469722

157.0827373831

-2.7887929831

75.1847148

151.5571229206

-1.1876933206

67.590282

126.8895791815

8.2909848185

63.3584952

112.0009173691

14.7160730309

60.3277242

102.765407498

17.890040902

58.6614816

98.1325209743

19.1904422257

59.1819324

95.1424813962

23.2213834038

66.7891092

111.2867245745

22.2914938255

69.2833224

115.9405903476

22.6260544524

97.6582986

205.6496562273

-10.3330590273

98.3367042

202.7768289396

-6.1034205396



		






