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Abstract 

Providing a means to quantitatively define flow-ecology relationships is integral in establishing 

flow regimes that are mutually beneficial to power production and ecological needs.  This paper 

presents a geographic information system (GIS) framework for large river geomorphic 

classification that is flexible, accurate, and easily integrated with Ecological Limits of Hydrologic 

Alteration (ELOHA) initiatives.   A case study was conducted integrating the base geomorphic 

aspect of this framework with the Modular Aquatic Simulation System two-dimensional (MASS2) 

hydraulic model and field collected data to establish optimal juvenile salmonid rearing habitat 

under varying flow regimes throughout an impounded portion of the lower Snake River, USA.  

Defining regions of optimal juvenile salmonid habitat at varying flows was used to distinguish 

areas that have a high potential for the creation of additional shallow water habitat.  Findings 

indicated that the potential to create additional shallow water habitat does exist for juvenile 

salmonid rearing regardless of the flow scenario (discharge exceedence levels of 1, 25, 50, 75, 

and 99 percent) for the sample time frame (May – June 2011).  The left-bank habitat of the 

lower Snake River was also found to be preferable for juvenile salmon rearing compared to 

right-bank habitat.  The results from the case study suggest that the GIS framework is a capable 

tool when used to diagnose flow-ecology relationships.   Additionally, an alternative hydrologic 

classification system is explored that couples well with the geographically independent nature of 

this GIS framework.  Future applications of this framework are to utilize it in other large river 

systems throughout the contiguous United States.  The framework also allows for the 

organization of large river data to be quickly accessed and used for multi-river comparison and 

analysis.  Future development of a backend database within an interactive web platform would 

be highly beneficial to create a readily available and standardized mechanism to facilitate 

classification efforts conducted at the national scale. 
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1.0 Introduction 

Assessing the environmental benefits of proposed flow modifications to large rivers provides 

invaluable insight into future hydropower project operations and relicensing activities.  Providing 

a means to quantitatively define flow-ecology relationships is integral in establishing flow 

regimes that are mutually beneficial to power production and ecological needs.  To compliment 

this effort an opportunity to create versatile tools that can be applied to broad geographic areas 

has been presented.  In particular, integration with efforts standardized within the ecological 

limits of hydrologic alteration (ELOHA) is highly advantageous (Poff et al. 2010).  This paper 

presents a geographic information system (GIS) framework for large river classification that 

houses a base geomorphic classification that is both flexible and accurate, allowing for full 

integration with other hydrologic and hydraulic models focused on addressing ELOHA efforts.   

The GIS framework is demonstrated through a case study that integrates publically available 

National Hydrography Dataset Plus Version 2 (NHDPlusV2) data, Modular Aquatic Simulation 

System two-dimensional (MASS2) hydraulic model data, and field collected data into the 

framework to produce a suite of flow-ecology related outputs.  The case study objective was to 

establish areas of optimal juvenile salmonid rearing habitat under varying flow regimes 

throughout an impounded portion of the lower Snake River, USA (Figure 1) as an indicator to 

determine sites where the potential exists to create additional shallow water habitat.  

Additionally, an alternative hydrologic classification useable throughout the contiguous United 

States which can be coupled with the geomorphic aspect of this framework is also presented. 

This framework provides the user with the ability to integrate hydrologic and ecologic data into 

the base geomorphic aspect of this framework within a geographic information system (GIS) to 

output spatiotemporally variable flow-ecology relationship scenarios. 



 

 

 
Figure 1. Site map of the hydroelectric dams and field sample locations along the lower Snake 

River, USA. 

1.1 Literature Review 

The majority of literature considered in this research was limited to methods that focused on 

large river classification systems where impoundments were present.  Seminal works that 

heavily influenced the selected literature were also reviewed.  The general trend in the literature 

specified most classification methodologies as either hierarchical or based on various types of 

statistical clustering.  Among the more complex studies were those that sought to classify rivers 

while considering spatio-temporal variation.  Studies that addressed data accessibility and the 

use of current GIS data were also reviewed. 

Hierarchical classification models are based on the principle that watershed-scale physical 

characteristics provide the template and constraints within which point-scale characteristics 

develop.  Foundational work contributed by Kellerhals, Church, and Bray (1976) and Frissell et 

al. (1986) focus on creating a systematic approach to understanding diversity and variability in 

stream systems and their surrounding watersheds.  Rosgen (1996) also introduced a 

fundamental stream classification system that provides diagnostics for stream type at three 

different levels that consider a variety of stream characteristics such as valley morphology, 



 

 

channel form, cross-sectional attributes, and others.  Modern variations on the principles 

presented in these three works are found throughout the literature. 

Other hierarchical approaches, such as Brierley and Fryirs (2000), use a classification method 

based on the concept of “river styles,” account for certain gaps in Rosgen’s (1996) framework 

by explaining river behavior and placing it in a spatio-temporal context.  The inclusion of varying 

spatiotemporal scales within a classification system provides the user with the capability to 

account for the full scope of flow-ecology relationships within a study area (Brandt 2000; 

Rowntree and Wadeson 1998).  Approaches to capture spatiotemporal variation in rivers can 

also be seen in studies that attempt to classify catchments under varying hydrologic periods as 

a means to provide predictions to determine how environmental impacts in one system could 

influence another similar system (Wagener et al. 2007; Snelder, Biggs, and Weatherhead 2004; 

Reidy Liermann et al. 2011).   

Another prominent classification technique is to develop classes based upon statistical similarity 

in a process called clustering.  Clustering is often a function of adjacency and other affinity 

variables (Brenden et al. 2008).  Clustering can be applied to classifications of both large and 

small spatial scales.  For instance, Hersh and Maidment (2007) developed a cluster-based 

stream classification system for the state of Texas, USA that was a direct response to the need 

to determine environmental flow requirements. Jacobson, Elliot, and Huhmann (2010) used 

multivariate statistical clustering to create a multi-scale river classification that could take the 

potential effects of dams, significant tributaries, and other channel constraints into consideration 

when classifying both segments and reaches of the Missouri River, USA. 

Many studies have taken advantage of the capability of a GIS to spatially organize and find 

similarity in data for use in river classification (Dauble et al. 2003; Hersh and Maidment 2007; 

Higgins et al. 2005; Jacobson, Elliot, and Huhmann 2010; Snelder, Biggs, and Weatherhead 

2004; Wang et al. 2011; Whited, Stanford, and Kimball 2002).  The integration of readily 

available, current GIS data is vital to the success of any newer GIS river classification approach 

that is to be spatially transferable.  The incorporation of NHDPlus data in river classification 

methodologies has proven to be valuable and effective (Hersh and Maidment 2007, NHDPlus 

Version 2, 2012).  Other ancillary data provided by remote sensing analysis within a GIS also 

can potentially produce useable data for an otherwise data-poor region (Whited, Stanford, and 

Kimball 2002; Wyrick and Klingeman 2011). 

 

2.0 Methods 

After conducting a literature review of available river classification methods generally for large 

rivers, the methods described in this chapter were developed to enable the user to have access 

to a framework that would be flexible, repeatable, and accurate.  The basis of this approach was 

derived from a river addressing system conceived by Elliott and Jacobson (2006) that used 

defined metrics at prescribed locations along a river that both describe the locations and are 

used as a means of comparison for areas that have similar traits.   



 

 

NHDPlusV2 data were used to provide a platform by which any user can access the base data 

required to create the geomorphic aspect of this framework.  NHDPlusV2 data is also one of the 

most up-to-date open-source GIS resources and is maintained for easy download.  The base 

geomorphic aspect of the framework utilizes waterbody, river area, river flowlines, and the 

National Elevation Dataset (NED) 10-meter Digital Elevation Model (DEM) housed within the 

NHDPlusV2 archive.   

The addressing system houses points that are evenly distributed along a river route ( 

Figure 2).  Point spacing was chosen to be close enough to capture smaller variation within a 

specified reach as well as encompass the entire study area through aggregation.  The address 

locations were derived from the NHDPlusV2 flowline data for the intended river.  Flowlines 

contain attributes that show the direction of flow and are derived from elevation models (McKay 

et al. 2012).  Smoothing was applied to the flowline to ensure that the sinuosity of the river was 

accurately captured.  The smoothed flowline was then validated by visually comparing the 

planform to National Agriculture Imagery Program (NAIP) aerial imagery (National Agriculture 

Imagery Program 2012).  A route was then created from the flowline to permit linear referencing.  

Hatches, or markers along a line at a defined interval, as points and transecting lines 

perpendicular to the flowline were then created and extracted from the route (Figures 2 and 4). 

The following four metrics were considered to define the geomorphic characteristics needed to 

create a base framework:  valley floor width, active channel width, river sinuosity, and a braiding 

index. Each metric was then calculated and added as an attribute for each address location 

point.   

 



 

 

Figure 2.  An example address location points generated from a smoothed NHDPlusV2 flowline 

route. The area shown is Chief Timothy State Park, Clarkston, WA (46.416754, -117.188725). 

Valley floor width was delineated from the NED 10-meter DEM.  This was completed by 

digitizing the border of the valley floor encompassing the channel (Figure 3).  Alternatively, an 

object-oriented feature classification software, such as Overwatch’s Feature Analyst, could be 

set up to automate the delineation of the valley floor (Overwatch Systems 2012).  Transects for 

each address location were clipped to the valley floor width polygon and each width was joined 

to the address location points.  Active channel width measurements were taken from the 

NHDPlusV2 river area and waterbody data.  The address location transects were clipped to the 

river area polygon and their measurements determined and transferred to the address location 

points (Figure 4).  Sinuosity was calculated by determining a distance threshold around each 

address location by which the sinuosity would be calculated for each location.  Sinuosity is 

relative to scale; therefore, the distance threshold may be different for each project.  A braiding 

index representing how many channels exist within the full active channel was calculated from 

the NHDPlusV2 river area data.  A negative of the river area polygon was created to be able to 

extract islands that were present in the river system.  These islands were then intersected with 

the address location transects to create a value for the number of channels existing in the river 

at each address location point (Figure 5).   

 



 

 

 
Figure 3.  Valley floor polygon delineation. 

 

 



 

 

 
Figure 4.  Active channel transects for each address location. 

 



 

 

 
Figure 5.  Address location transects intersecting islands within the active channel. 



 

 

Multiple ways of grouping or clustering the measurements are possible within this framework.  

Using address locations along the river that house specific metric values allow the user to either 

hierarchically arrange or statistically cluster the metric data producing an output that either 

describes the river as it relates to certain standards and other rivers or as the river is described 

by its own characteristics.  For this work, the values for each metric were made comparable by 

being placed on a common scale with the intention of showing the amount of geomorphic 

complexity at each address location.  For instance, an address location with a high value for 

braiding would have a larger value for complexity.  Each metric was combined into either four or 

seven classes that represented natural statistical breaks within their respective values using 

Jenks optimization method (Jenks 1967).  Often a user will need to classify a river system at 

different scales representing generalization or increased specificity.  The number of classes in 

this framework can be adjusted to represent multiple spatial scales to properly describe or 

compare an intended study area.  Based on the metric class outputs, a final representation for 

complexity at each address location was then calculated by weighting each class value for each 

metric based upon the metrics influence upon the overall study area.  The outputs were then 

displayed in a GIS to show the similar and dissimilar river complexity based on geomorphic 

attributes (Figure 6). 

 
Figure 6.  Base geomorphic aspect of the framework showing similitude in complexity along the 

Snake River, USA. 



 

 

 

3.0 Case Study 

3.1 Case Study Background 

To explore the capabilities of the framework, a case study was conducted that coupled the 

output of a hydraulic model with the base geomorphic aspect of the framework.  The framework 

was coupled with the two-dimensional MASS2 hydraulic model (Richmond, et al 1999; Perkins 

and Richmond 2007; Rakowski, et al 2010) to output a series of flow scenarios to determine 

optimal locations where habitat augmentation could benefit rearing salmonids when subjected to 

a varying flow regime.  Data that were previously collected by Arntzen et al. (2012) were used to 

calibrate the classification which set a baseline for comparison.  The previous data were 

collected in order to describe the fish community structure, habitat quality, and biological 

integrity of a select group of habitat complexes in the lower Snake River from fall 2010 through 

summer 2011.   

Study locations represented areas where sediment may be removed during channel 

maintenance dredging operations, sites where additional shallow-water rearing habitat has 

previously been or could potentially be created in the future, or locations that represent 

reference sites where high-quality rearing habitat for juvenile Chinook salmon is thought to 

currently exist.  The overall purpose of describing the locations was to gain a better 

understanding of existing high-quality shallow-water rearing habitat so that like habitat can be 

created using in-water disposal of upriver sediments following removal and relocation.  Eleven 

locations from throughout the four lower Snake River reservoirs were selected for the evaluation 

(Arntzen et al. 2012).   Sampling locations included areas where sediment could be removed in 

the future (i.e., Clarkston) and where in-water disposal of dredged sediment has been 

previously used to create shallow-water habitat (i.e., Knoxway Bench Lower).  However, the 

majority of the sampling locations are areas that are thought to represent existing high-quality 

shallow-water habitat.  High quality shallow-water habitat was previously characterized as areas 

with low riverbed gradient, low velocity, and sandy substrates (USACE 2002).  This 

determination was made based on research that showed subyearling Chinook salmon were 

consistently captured within areas that shared these characteristics on the Snake River (Bennett 

and Shrier 1986; Bennett et al. 1988a, 1990, 1991, 1993a, 1993b; Arntzen et al. 2012).  The 

final flow scenarios displayed in our case study are grouped by their similarity to habitat metric 

values that are indicative of optimal juvenile salmonid rearing habitat based on previous 

salmonid habitat research. 

3.2 Case Study Methods 

Multiple hydrologic metric values were calculated for dates May through June 2011.  These 

dates were chosen to coincide with the field data collection period when juvenile Chinook 

salmon were present within the system. Mean forebay elevation and mean discharge values 

were derived from hydroelectric dam operation data (USACE 2011) for Ice Harbor Dam, Lower 

Monumental Dam, Little Goose Dam, and Lower Granite Dam along the lower Snake River, 

USA. The values were then processed by the MASS2 hydraulic model and a series of metrics 



 

 

for several percent flow exceedence levels were output.  The percent exceedence values of 1, 

25, 50, 75, and 99 for river discharge were output to quantify the optimal juvenile salmonid 

rearing habitat at each flow scenario for the given test period.  Flow scenarios were created for 

both the right and left bank due to the bedform morphology of the lower Snake River and the 

importance of depth as a driver in describing optimal juvenile salmonid rearing habitat.  The 

right bank of the river is often confined by the valley floor wall which offers little shallow water 

habitat.  In contrast, left bank conditions have a much lower lateral bed gradient and a 

substantially higher amount of depth locations conducive to optimal habitat.  Isolating the bank-

side differences enhanced the comparability of the address locations to provide more detailed 

outputs. 

Depth and velocity were selected for use in the classification from the suite of metrics produced 

by the MASS2 hydraulic model.  Metric values were deemed to be optimal or not optimal based 

on calibration from the field data.  Depth was considered optimal if the value was less than five 

meters (Arntzen et al. 2012).  Average velocity at each address location was considered optimal 

for the range of 0.5 to 2.0 cfs.  Lateral bed gradient was also calculated from the underlying 

bathymetry used by the MASS2 model and was considered optimal from five to 15 percent.  

Optimal average velocity and lateral bed gradient were derived from the field sites at which 

juvenile salmonid abundance was high during the time of sampling. 

Geomorphic metrics were derived from the NHDPlusV2 data and the NED DEM data.  The 

geomorphic metrics evaluated for each address location included:  valley floor width, sinuosity, 

and active channel width.  Optimal valley floor width was considered to be 600 to 1050 meters 

based on extracted values at optimal field data collection sites.  Optimal values were also 

calculated from field data collection sites for active channel width and sinuosity at 500 to 750 

meters and 1 to 1.35, respectively.  Geomorphic metrics for optimal range were established by 

using the values from the field sites where juvenile salmonid abundance was high during the 

time of sampling. 

Address location separation values were set at 40 meters to enable the user to interpret the 

classification on a fine or aggregated, coarse scale.  For each address location a weighted 

score was created for the geomorphic and hydraulic model outputs which were combined to 

generate an overall score that defined each class.  Class scores were based upon whether or 

not metric values were optimal in relation to their weight in the calculation.  There were 14 final 

classes generated from the combination of the geomorphic and hydrologic metrics.  Classes 

were then grouped into four descriptive elements representing the following:  low similarity, low-

mid similarity, mid-high similarity, or high similarity between reference field site values and 

observed address locations (Table 1). 

3.3 Case Study Results 

Flow scenario outputs were created for the following: left-bank at one percent exceedence 

(LB01, Figure 7); left-bank at 25 percent exceedence (LB25, Figure 8); left-bank at 50 percent 

exceedence (LB50, Figure 9); left-bank at 75 percent exceedence (LB75, Figure 10); left-bank 

at 99 percent exceedence (LB01, Figure 11); right-bank at one percent exceedence (RB01, 

Figure 12); right-bank at 25 percent exceedence (RB25, Figure 13); right-bank at 50 percent 



 

 

exceedence (RB50, Figure 14); right-bank at 75 percent exceedence (RB75, Figure 15); and 

right-bank at 99 percent exceedence (RB99, Figure 16).  Ultimately, flow scenarios for the left-

bank percent exceedence levels displayed much higher similarity to optimal juvenile salmonid 

rearing habitat derived from the field sites data than the right-bank scenarios (Table 2).  In 

particular, the flow scenario for the left-bank at a 25 percent exceedence level showed a slightly 

higher frequency of high similarity classes than the other flow scenarios (Figure 8, Table 1).  

The majority of class occurrences ranked in the low-mid similarity classes for the left-bank 

scenarios and the low similarity classes for the right-bank flow scenarios (Table 3).  

 
Figure 7.  Left-bank flow scenario for a one percent exceedence level. 

 



 

 

 
Figure 8.  Left-bank flow scenario for a 25 percent exceedence level. 

 
 



 

 

 
Figure 9.  Left-bank flow scenario for a 50 percent exceedence level. 

 



 

 

 
Figure 10.  Left-bank flow scenario for a 75 percent exceedence level. 

 



 

 

 
Figure 11.  Left-bank flow scenario for a 99 percent exceedence level. 

 



 

 

 
Figure 12.  Right-bank flow scenario for a one percent exceedence level. 

 



 

 

 
Figure 13.  Right-bank flow scenario for a 25 percent exceedence level. 
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Figure 14.  Right-bank flow scenario for a 50 percent exceedence level. 

 



 

 

 
Figure 15.  Right-bank flow scenario for a 75 percent exceedence level. 
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Figure 16.  Right-bank flow scenario for a 99 percent exceedence level. 
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Table 1.  Frequency of class occurrence and where the class ranks in terms of similarity. 

 
 

 
 

Table 2.  Mean, standard deviation, and left-bank (LB) to right-bank (RB) differences for each 
class. 



 

 

 
Table 3.  Sum of frequencies for each flow scenario. 

3.4 Case Study Discussion and Conclusions 

Our geomorphic classification method provides a quantitative tool that can be used to relate 

habitat quality and biological integrity between different locations  Based on our analysis of the 

lower Snake River using this tool, it is apparent that left bank habitat of the lower Snake River is 

preferable for juvenile salmon rearing compared to right bank habitat.  This finding is consistent 

with existing information that suggests many highly suitable rearing areas are located on the left 

bank of the river and also that areas where new shallow water habitat has been created (i.e., 

Knoxway Bench) were located along the left bank(Arntzen et al. 2012).   

Similarly, the classification identified geomorphic differences between locations where juvenile 

salmon have been shown to rear (e.g., at the Ilia Dunes, Offield Landing, Knoxway Bench, and 

Clarkston sites) versus other locations.  Metric value ranges that were considered optimal were 

derived from the sites where juvenile salmonid abundance was high during the time of sampling.  

These findings are consistent with the results of Arntzen et al. (2012), who found that Shallow-

water areas with a gradual lateral bed slope, especially at locations upstream of New York 

Island, harbored the most juvenile Chinook salmon of all sites examined in the lower Snake 

River.  Water depth at these locations was typically less than 5 m, contrasting with depths 

greater than 5 m found in 90% of Lower Granite Reservoir (Seybold and Bennett 2010).  This 

result is generally consistent regardless of flow scenario, indicating that the potential exists to 

create additional shallow water habitat for juvenile salmonid rearing that will remain beneficial 

regardless of flow fluctuation. 

 

4.0 Alternative Hydrologic Classification Coupling  

4.1 Hydrologic Classification Rationale 

Hydrologic classifications provide a means for developing environmental flow standards to 

support ecological management objectives in river systems (Arthington et al. 2006; Poff et al. 

2010).  Hydrologic classes also provide a template to describe ecological patterns, generalize 

hydrologic responses to disturbance, stratify analyses, and prioritize conservation needs.  

Streams that behave similarly hydrologically should share similar patterns in ecology (Arthington 

et al. 2006) and respond similarly to a given anthropogenic stressor (Arthington et al., 2006; Poff 

et al., 2010).  Thus, classifications alleviate some of the complexity of environmental flow 

management by consolidating hydrologic variation into river types and managing for groups of 

rivers rather than for the uniqueness of individual water bodies.   



 

 

In terms of managing flows for regulated river systems, hydrologic classes provide a contextual 

and quantitative basis for developing environmental flow standards by establishing boundaries 

that define unregulated or “natural” conditions (Richter, 2010). By placing regulated rivers into 

hydrologic classes, the degree of departures from the natural flow condition can provide an 

initial template for determining more environmentally friendly flow scenarios.  This is especially 

advantageous in situations where discharge records are not available prior to dam construction 

(i.e. pre-disturbance conditions).  Classes are also convenient in that they provide a range of 

“normal” conditions rather than just one value to support developing environmentally friendly 

flow scenarios.  However, alternative flow scenarios must be developed in conjunction with 

other classifications (e.g. geomorphic classifications) and followed by studies that determine 1) 

the feasibility of implementing such alternatives, 2) the potential gains to ecological integrity, 

and 3) the potential losses to hydropower generation.            

4.2 US Hydrologic Classification and Predictive Models 

Hydrologic classes for the continental US were created using discharge information from 2,618 

USGS gaging stations, which included gages with reference condition, semi-reference 

condition, and pre-dam regulation information (McManamay et al. in review).  Discharge 

information for each USGS gage was downloaded and summarized into 171 hydrologic 

statistics (Olden and Poff 2003) using software from the USGS.  Statistics were reduced to 110 

metrics, standardized, and then used in a clustering procedure, which isolated 15 different 

hydrologic classes ranging from intermittent to highly stable flows.  Random forests (i.e. 

multivariate predictive models) were used to predict hydrologic class membership based on 

landscape and climate variables (McManamay et al., in review).  The random forests classified 

76% of gages to their correct hydrologic classes.  Thus, random forests can be used to classify 

locations without discharge information or disturbed gages to an unregulated hydrologic class. 

Extrapolating hydrologic class membership to unclassified locations can be highly 

advantageous in determining the degree of hydrologic alterations, especially in situations where 

natural flow information is missing (e.g. regulated systems lacking pre-dam data). 

4.3 Application of Hydrologic Classification in Determining 
Environmental Flows 

The degree of hydrologic alteration in regulated gages can be determined by 1) assigning 

disturbed gages to appropriate unregulated hydrologic classes based on landscape/climate 

predictive models and 2) assessing deviation in hydrologic metrics from each regulated gage to 

class median or inter-quantile ranges. By assembling landscape or climate information, 

regulated river systems can be assigned to hydrologic classes anywhere in the continental US 

using the random forest model.  Once regulated rivers are assigned to an unregulated 

hydrologic class, current flow conditions can be compared to the range of values found within 

the class to assess the degree of hydrologic alteration.  Based on degrees of hydrologic 

alterations and geomorphic context (e.g. geomorphic classifications), relationships between flow 

levels and ecological targets (e.g. species of concern) can be used to create alternative flow 

scenarios.  Alternative flow scenarios might include re-establishing flood flows, changing 

seasonal baseflow magnitudes, or changing the frequency/duration of flows.  



 

 

While hydrologic classifications provide information on flow patterns, geomorphic classifications 

provide a reach-specific context to predicting physical habitat responses to changes in flow.  For 

example, increasing flood flows may influence substrate conditions, and in turn, river 

communities, differently depending on geomorphic class membership.  High gradient 

geomorphic classes may show losses in fish spawning habitats relative to lower-gradient 

classes.  Hydrologic classes can be applied to regulated river systems across the US to provide 

alternatives for environmental flows; however, information on geomorphology is required to 

determine relationships between hydrology and river communities.  Furthermore, alternative 

flow scenarios, when used in conjunction with geomorphic classes, can support modeling to 

determine the feasibility of implementing new flows.  Feasibility assessments would include 

determining ecological benefits of instituting environmentally friendly flows relative to less 

economic return. 

 

5.0 Discussion and Conclusions 

The GIS framework for geomorphic classification of large rivers presented in this paper provides 

a method to evaluate flow-ecology relationships for large rivers within a flexible and accurate 

platform.  The literature review of classification methods indicated that a framework that 

supported multiple analysis techniques would be the best choice to achieve the desired 

objective to have a geographically independent classification system.  A diverse range of spatial 

scales was also important to capture variability within the area of analysis.  This framework 

provides the user with the ability to classify a river system from reach to entire system scale by 

using the concept of address locations to store locally prescribed attribute values.  River 

systems can also be compared using baseline data or statistically derived metrics.   

An important addition to the framework was the ability to combine ecologic and hydraulic data 

with the base geomorphic aspect of the framework.  Combining geomorphic, hydraulic, and 

ecologic metrics is easily calibrated using ecologic field data.  A main motivation for using a river 

classification framework is to maximize understanding about a river system based upon data 

that is present for some smaller areas that may not be prevalent for the entire system.  The 

lower Snake River case study represented in this paper gives one example of how to 

accomplish an interpretive effort using minimal field data.   

Hydraulic metrics of interest were generated using the MASS2 model for the case study 

presented.  However, other hydraulic models and classification systems could easily be 

combined with this GIS framework.  In particular, hydrologic classifications that can be used 

throughout the contiguous United States are an excellent complement to this particular 

framework. The US Hydrologic Classification (McManamay et al. in review) presented in this 

paper as an alternative coupling to the base geomorphic aspect of this framework provides an 

example of a geographically independent classification system that could easily be coupled with 

this framework. 

Future applications of this classification framework are to utilize it in other large river systems 

throughout the contiguous United States.  The framework also allows for the organization of 

large river data to be quickly accessed and used for multi-river comparison and analysis.  The 



 

 

development of a backend database accompaniment within an interactive web platform would 

be highly beneficial to create a readily available and standardized mechanism to facilitate 

nationally spread classification efforts. 
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