





Hydrologic Classification and Estimation of
Basin and Hydrologic Characteristics of
Subbasins in Central Idaho

By Stephen W. Lipscomb

U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 1604

Prepared in cooperation with the
BUREAU OF INDIAN AFFAIRS

1998



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
CHARLES G. GROAT, Director

Any use of trade, product, or firm names in this publication is for descriptive
purposes only and does not imply endorsement by the U.S. Government. No
warranty, expressed or implied, is made by the U.S. Geological Survey as to
the accuracy and functioning of the program and related program material, nor
shall the fact of distribution constitute any such warranty, and no responsibility
is assumed by the U.S. Geological Survey.

For sale by:

U.S. Geological Survey
Information Services
Box 25286

Denver Federal Center
Denver, CO 80225

Library of Congress Cataloging-in-Publications Data

Lipscomb, Stephen W.

Hydrologic classification and estimation of basin and hydrologic
characteristics of subbasins in central Idaho / by Stephen W.
Lipscomb.

p. cm. -- (U.S. Geological Survey professional paper : 1604)
“Prepared in cooperation with the U.S. Bureau of Indian Affairs”
Includes bibliographical references.
Supt. of Docs. no.: 119.16: 1604
ISBN 0-607-90403-8 (alk. paper)
1. Hydrology--ldaho--Clearwater River Watershed. |. United
States. Bureau of Indian Affairs. Il. Title. Ill. Series.
QE75.P9 no. 1604
[GB705.12]
557.3 s--dc21
[551.48'09796'85] 98-38923
CIp



CONTENTS

ADSITACE . . o . ot e e e e e e e e 1
INrodUCHiOn . . . . .o e e 2
Background . . . .o e e 2
PUIpOSe anid SCOPE . . . . .ottt 2
Description of StUAY area. . . .. ...t e e e e 2
Physiography and tOpOgraphy . . . ... ..o e e e 4
GG . . . oottt e 4
GEOLOgY . . o ottt 4

Land COVET. . . oo 7
Data-base development . . . . ... ...t 7
Geographic Information SYStEIMS. . « . .. vttt ittt ettt et e e e e e 7
Basin delineation. . . ... ..o i 10

Basin charaCteriStiCs . . . . ..ottt ettt et 12

Diata SOUICES . .. oottt et e e e 12
Physiography and topography . . . . ...t 12
PreCipitation . .. ...\ttt ettt e e e 12

GO0y . . o ottt e e 12

Land COVEL. . . ..ot e e 12

Other data SOUICES . . . . o« .t ettt et et e ettt e e e e e e e e e e e e e 13

Hydrologic classification of SUbDasing . . ... ... .. i e 13
Statistical MEthOAS. . . .. ..t e 13
Principal components analysis . . ... ... ettt et e e e e e e 13
Components selection CTiterion. . . .............. e iuneenaon.. e e 15

CIUSEEr ANALYSIS .+« . oot ettt e et e e e e e e e e 17
Presorting by Stream OFder . . ... .. ...ttt et e e e e 18

CIUStering ProCedUIES . . . . . oottt ettt e e et et et e e e 18

Cluster SEleCtion CIILEIIA « . . . v oottt et ettt e e e e et e s e et e s e e e et 18

Cluster TefiNEIMENL. . . . . .. oottt ettt et e e e e 19

Validation of hydrologic classification................. ... ... .. i, e 19
Spatial distribution of CIUStErs. . . . . .. ... e 19
Comparison of mean monthly discharges. ........... ... i 28

Estimation of streamflow parameters . .. .. ... ... ..ttt 30
Mean annual disCharge . . . ... ... 30

Mean monthly discharge......... P 30

Study of Weiser, Payette, and Snake River subbasins ... ...........oo it i 33
SUMMAIY . . oot et ettt e e e et e e e e e 33
References Cited . .. ... .. o i 34

PLATE (in pocket at back of report)

1. Map showing subbasins and corresponding stream network delineated from 1-degree digital elevation
models, central Idaho

Contents iii



FIGURES

1-5.

13-17.

18-22.

23,

24-28.

29-31.

Maps showing:
1. Location of study area, central Idaho. . . ........ ... ... .
2. Mean annual precipitation calculated for each subbasin, central Idaho ................ ... .. ... ...
3. Generalized geology, central Idaho . .. ... ... ... e
4. Landcover,central Idaho ... ...... . ... . ... .. e
5. Mean subbasin elevation, central Idaho. . . ........ .. .. .
Flowchart showing two-step statistical procedure used to classify subbasins, central Idaho. . ...............
Diagram showing steps in a simple clustering problem . .. ...
Graphs showing:
8. Relations among the cubic clustering criterion (CCC), pseudo T2 (PST?), pseudo F (PSF),
and number of clusters (NCL) for first-order subbasins, central Idaho .................. ... ... ...
9. Relations among the cubic clustering criterion (CCC), pseudo T2 (PST?), pseudo F (PSF),
and number of clusters (NCL) for second-order subbasins, central Idaho .. ........................
10. Relations among the cubic clustering criterion (CCC), pseudo T2 (PST2), pseudo F (PSF),
and number of clusters (NCL) for third-order subbasins, central Idaho . . .. ........... ... ... ... ...
11. Relations among the cubic clustering criterion (CCC), pseudo T2 (PST2), pseudo F (PSF),
and number of clusters (NCL) for fourth-order subbasins, central Idaho. .. ............... .. .. .. ..
12.  Relations among the cubic clustering criterion (CCC), pseudo T2 (PST2), pseudo F (PSF),
and number of clusters (NCL) for fifth-order subbasins, central Idaho .. ........... ... .. ... ... ...
Maps showing:
13. Final classification of first-order subbasins, central Idaho ... ......... ... .. .. . i,
14. Final classification of second-order subbasins, central Idaho . .. ........ ... ... .. ... ... ... ...
15. Final classification of third-order subbasins, central Idaho. ........... .. .. ... .. .. ... . ...
16. Final classification of fourth-order subbasins, central Idaho. . . ........ ... .. .. .. .. .. oL

17. Final classification of fifth-order subbasins, central Idaho . . .. ....... ... .. ... . . . ...
Graphs showing:
18. Relation between first three principal components, according to cluster, for first-order subbasins,

central Idaho . . ... ... .
19. Relation between first three principal components, according to cluster, for second-order subbasins,

central Idaho . . .. ... L
20. Relation between first three principal components, according to cluster, for third-order subbasins,

central Idaho . ... ...
21. Relation between first three principal components, according to cluster, for fourth-order subbasins,

central Idaho . . ... ... L
22. Relation between first three principal components, according to cluster, for fifth-order subbasins,

central Idaho . ... ...

Map showing location of streamflow-gaging stations used for cluster comparisons, central Idaho ...........
Histograms showing comparison of:
24. Normalized mean monthly discharges at streamflow-gaging stations within class 1, central Idaho ... ...
25. Normalized mean monthly discharges at streamflow-gaging stations within class 2, central Idaho ......
26. Normalized mean monthly discharges at streamflow-gaging stations within class 3, central Idaho .. ....
27. Normalized mean monthly discharges at streamflow-gaging stations within class 4, central Idaho ......
28. Normalized mean monthly discharges at streamflow-gaging stations within class 5, central Idaho . .. ...
Maps showing:
29. Unit mean annual discharge calculated for each subbasin, west-central Idaho. . .....................
30. Location of expanded study area, including parts of the Weiser, Payette, and Snake River Basins,
west-central Idaho . . .. ... L
31. Subbasins and corresponding stream network delineated from 1-degree digital elevation models within
the expanded study area, west-central Idaho. .. ......... ...t

iv  Hydrologic Classification and Estimation of Basin and Hydrologic Characteristics of Subbasins in Central Idaho



TABLES

1. Definitions of subbasin attributes derived for the Salmon and Clearwater River Basins, central Idaho,

calculated by using a geographic information SYSteIM. . . ... ...\ttt ittt 11
2. Selection of principal components by using the rule-N criterion from analysis of all 14 variables for
subbasins incentral Idaho . . . ... ... L e 15
3. Selection of principal components by using the rule-N criterion from analysis of four geology variables for
subbasins in central Idaho . . . . ... . e 15
4. Selection of principal components by using the rule-N criterion from analysis of three land-cover variables for
subbasins incentral Idaho . . . ... ... e 16
5. Selection of principal components by using the rule-N criterion from analysis of area, elevation, precipitation,
basin slope, channel slope, aspect, and basin shape for subbasins in central Idaho . ........................ 16
6. Potential and final number of subbasin clusters by stream order, central Idaho . . . ......................... 19
7. Streamflow-gaging stations in central Idaho for which mean annual and mean monthly discharges were
calculated . . ... e 25
8. Mean annual and mean monthly discharges calculated for selected streamflow-gaging stations within the
Salmon and Clearwater River Basins, central Idaho . . . ... ..ottt e e e 26
9. Initial, adjusted, and final estimates of mean annual discharge for Salmon and Clearwater River subbasins,
centralIdaho  Filename: Table09. . . . . ... .. ... .. ... . . . . . e On diskette
10. Mean monthly discharge estimates and index streamflow-gaging stations for Salmon and Clearwater River
subbasins, central [daho  Filename: Tablel0. .. . ... ... ... i On diskette
11. Initial, adjusted, and final estimates of mean annual discharge for identified subbasins within the Weiser,
Payette, and Snake River Basins, west-central Idaho  Filename: Tablell ...................... On diskette
12.  Mean monthly discharge estimates and index streamflow-gaging stations for identified subbasins within the
Weiser, Payette, and Snake River Basins, west-central Idaho  Filename: Tablel2. . .............. On diskette

DISKETTE (in pocket at back of report)

Size and type of diskette: High-density, double-sided, soft-sectored, 3'/z inch
Format: American International Standard Code for Information Interchange (ASCII)
Operating system used: DOS
Filenames: Table09 (80 characters wide; 71 K)

Tablel0 (132 characters wide; 127 K)

Tablel1 (80 characters wide; 5 K)

Table12 (132 characters wide; 9 K)

CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
cubic foot per second (ft*/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 25.4 millimeter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) by the equation:

°C=5/9 (°F-32)

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929— a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Contents v






Hydrologic Classification and Estimation of
Basin and Hydrologic Characteristics of
Subbasins in Central Idaho

By Stephen W. Lipscomb

Abstract

Hydrologic data for streams and associated sub-
basins within the Salmon and Clearwater River
Basins were analyzed to support instream flow
claims made by the Bureau of Indian Affairs on
behalf of the Nez Perce Indian Tribe. These claims
are part of the adjudication of the Snake River Basin
by the State of Idaho.

Each of the hundreds of streams in the Salmon
and Clearwater River Basins has unique hydrologic
characteristics that are determined in part by the
physiography, topography, geology, land cover, and
other features of the stream’s contributing watershed.
These features, to a large extent, determine the
hydrologic response of a particular watershed or
subbasin to climatological inputs.

Hydrologic classification of streams into homo-
geneous, or similar, groups requires pertinent infor-
mation about each stream and its associated sub-
basin. Historically, obtaining these data required
planimetering areas from topographic, geologic,
climatologic, and land-cover maps for each subbasin.
This approach was labor intensive and, as a result,
generally limited the scope of study to small areas.
Sources of data for regional studies often were lim-
ited to small-scale maps lacking in detail and accu-
racy. Recently, many of these tasks have been auto-
mated by the use of computer techniques, which
have resulted in significant time savings and in-
creased data resolution.

Software developed by the U.S. Geological Sur-
vey’s Earth Resources Observation System Data
Center was used to delineate 1,050 subbasins in the
study area. One-degree digital elevation models were

used as a data source. The delineated subbasins pro-
vided the foundation for developing a geographic
information system (GIS) data base with variables,
including area, elevation, precipitation, geology, land
cover, channel gradient, basin slope, and other attri-
butes that describe the physical characteristics of
each subbasin.

A selected group of the variables was used in a
two-step statistical classification procedure, which
consisted of principal components analysis and clus-
ter analysis. The resulting classification grouped
1,050 subbasins into 34 hydrologically homoge-
neous classes that were designed to be used as the
basis for a data-collection network for quantifying
instream flows. A validation of the classification
scheme indicated that the procedure was successful
in grouping the subbasins.

Estimates of mean annual and mean monthly dis-
charge were required for quantifying the instream
flow claims. These estimates were derived from
regional regression equations previously developed
for the State of Idaho and are provided in this report.
Mean annual and mean monthly discharges for a
selected group of streamflow-gaging stations within
the study area also were calculated.

As the project was nearing completion, the
Bureau of Indian Affairs requested that the study
area be expanded to include 70 subbasins within the
Weiser, Payette, and Snake River Basins. A GIS data
base was developed and estimates of mean annual
and mean monthly discharges were made for these
basins. The data base and estimates of discharge for
the Weiser, Payette, and Snake River Basins were
derived by using the same methods as were used for
the Salmon and Clearwater River Basins.
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INTRODUCTION

Background

The State of 1daho has initiated an adjudication of
all water rights in the Snake River Basin, including the
Salmon and Clearwater River Basins. To protect its
interests, the Federal Government is attempting to
establish and quantify the State appropriative and Fed-
eral reserved water rights held by the United States on
its own behalf and as trustee for affected Indian tribes,
including the Nez Perce Tribe.

Much of the area included in historical treaties
between the Nez Perce Tribe and the United States lies
within the Snake River Basin. Although some of the
tribal water rights claims for parts of the Snake River
Basin have been settled, the claims in the Salmon and
Clearwater River Basins have yet to be resolved.

The focus of the tribal claims is the quantification
of water rights necessary to maintain or restore produc-
tive fish habitat. Hundreds of streams within the
Salmon and Clearwater River Basins either are, or his-
torically have been, capable of providing habitat for
large populations of resident and anadromous fish spe-
cies. The Bureau of Indian Affairs (BIA), acting as
trustee for the tribe, has made water rights claims
designed to protect these fish species by ensuring ade-
quate instream flows.

In 1988, the BIA entered into a cooperative agree-
ment with the U.S. Geological Survey (USGS) to pro-
vide hydrologic data and analysis in support of the
instream flow studies. This report describes methods
used to classify subbasins and make estimates of mean
annual and mean monthly discharges for subbasins
within the study area. Another study was done concur-
rently with this study. The objective of the concurrent
study was to estimate flow-duration values for sub-
basins within the study area. Results and methods used
are described in a companion report (Kjelstrom, 1998).

Purpose and Scope

The objectives of the study were to (1) identify all
subbasins with drainage areas of 10 mi® or greater with-
in the Salmon and Clearwater River Basins; (2) classify
the identified subbasins into hydrologically homoge-
neous groups; and (3) provide the BIA with estimates
of mean annual and mean monthly discharge for each

of the subbasins. Classification of subbasins was
required for the design of the data-collection program
needed to provide hydrologic inputs for fish habitat
models. The estimated streamflow statistics provide
boundary conditions for these models.

A data base of basin characteristics was developed
for 1,050 subbasins in the Salmon and Clearwater
River Basins. The data base included physiographic,
climatologic, geologic, and land-cover data, as well as
numerous other variables related to, or influencing, the
hydrologic characteristics of each subbasin. The sub-
basins were classified into homogeneous groups by
using principal components and cluster analyses. Esti-
mates of mean annual and mean monthly discharges
were made for each subbasin.

This report describes methods used to develop the
data base of basin characteristics, classify subbasins,
and estimate streamflow parameters. The report also
includes results of the subbasin classification and
streamflow parameter estimates, as well as mean
annual and mean monthly discharges for a selected
group of sites where streamflow-gaging stations have
been operated.

As the study was nearing completion, the BIA
requested delineation of additional subbasins within
the Weiser, Payette, and Snake River Basins, construc-
tion of a hydrologic data base, and estimation of mean
annual and mean monthly discharges for these sub-
basins in a fashion similar to that done for the Salmon
and Clearwater River Basins. Results of this work are
provided at the end of this report.

DESCRIPTION OF STUDY AREA

The Salmon and Clearwater River Basins (fig. 1)
contain large, pristine wilderness areas. Within the two
basins are parts of seven national forests, one national
historical park, one national recreation area, four wil-
derness areas, and five designated wild and scenic riv-
ers. The four wilderness areas have a combined area of
more than 6,000 mi2, or about 25 percent of the study
area. Access to these areas is restricted to foot or pack
animal, and road access to much of the remainder of
the Salmon and Clearwater River Basins is limited or
nonexistent.

The headwaters of the Salmon River are in the
Sawtooth Range of central Idaho. The river is 425 mi
long and drains an area of about 14,025 mi?. Principal
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Table 1.

Definitions of subbasin attributes derived for the Salmon and Clearwater River Basins, central Idaho, calculated

by using a geographic information system

Attribute
name Definition
BASIN.NUM Unique number for subbasin identification.
HUC U.S. Geological Survey hydrologic unit code number.
REGION Region code for mean annual discharge computation, derived by using U.S. Geological Survey regional regression
equations.
STNID U.S. Geological Survey downstream order number for streamflow-gaging station located within subbasin.
ORDER Strahler (1957) stream order index.
TO Downstream subbasin linkage.
LAT Latitude of subbasin centroid.
LONG Longitude of subbasin centroid.
SQMAREA Subbasin drainage area, in square miles.
CUMAREA Cumulative contributing drainage area, in square miles.
EMEAN Mean subbasin elevation, in meters above sea level.
CUMEMEAN Mean elevation of contributing drainage area, in meters above sea level.
EMIN Minimum subbasin elevation, in meters above sea level.
EMAX Maximum subbasin elevation, in meters above sea level.
PRECIP Mean annual subbasin precipitation, in inches.
CUMPRECIP Mean annual precipitation for contributing drainage area, in inches.
GEO1 Percentage of subbasin area consisting of granitic rocks.
GEO2 Percentage of subbasin area consisting of basaltic and other volcanic rocks.
GEO3 Percentage of subbasin area consisting of alluvium.
GEO4 Percentage of subbasin area consisting of metamorphic and sedimentary rocks.
CUMGEO1-4 Percentage of contributing drainage area consisting of each of the four rock types.
STR1 Percentage of subbasin area consisting of agricultural land.
STR2 Percentage of subbasin area consisting of rangeland.
STR3 Percentage of subbasin area consisting of forest land.
STR4 Percentage of subbasin area consisting of riparian land.
STRS Percentage of subbasin area consisting of bare rock.
STR6 Percentage of subbasin area consisting of water bodies.
STR7 Percentage of subbasin area consisting of tundra.
STRS Percentage of subbasin area consisting of urban areas.
CUMSTRI1-8 Percentage of contributing drainage area consisting of each of the eight land-cover types.
SMEAN Mean subbasin slope, in percent (average of all grid-cell slopes from DEM).
CHSLOPE Mean channel slope, in percent.
ASPECT Percentage of subbasin area within eight 45° ranges of azimuth (NW, N, NE, E, SE, S, SW, W).
NFACE Combined percentage of subbasin area with north-facing aspect (NW, N, and NE).
SFACE Combined percentage of subbasin area with south-facing aspect (SW, S, and SE).
CUMNFACE Percentage of north-facing aspect for contributing drainage area.
SHAPE Subbasin shape function (ratio of the area to the perimeter squared, A/Pz)‘
QAFINAL Estimated mean annual discharge for contributing drainage area, in cubic feet per second.
UNITQA Unit mean annual discharge (QAFINAL/CUMAREA), in cubic feet per second per square mile.
QJAN-QDEC Estimated mean monthly discharge, in cubic feet per second, for contributing drainage area.
QPJAN-QPDEC Estimated mean monthly discharge as a percentage of mean annual discharge for contributing drainage area.

sufficient relief is encountered to define the basin
boundary correctly. Extensive areas of low relief can
result in erroneous boundary delineation. Only a small
percentage of the subbasins were affected by this data
limitation and required manual editing. A digital line

graph of the Salmon and Clearwater stream network
and 1:100,000-scale topographic maps were used to
check overall accuracy of the subbasin boundaries
and to facilitate basin boundary adjustment where
required.

Data-Base Development 11



Basin Characteristics

The basin characteristics data base was con-
structed by assigning physiographic, climatologic,
geologic, land cover, and other attributes that influ-
ence the hydrologic response of each of the delineated
subbasins. Most of the information was derived either
from the DEM’s or from coverages that contain infor-
mation related to specific themes such as geology or
land-cover type (figs. 3 and 4). The derivation was
accomplished by using the GIS intersect function,
wherein the coverage containing subbasin polygons
was intersected with each of the thematic coverages,
or the DEM. The percentage of subbasin areas com-
posed of a specific basin characteristic was calculated.
The information subsequently was transferred to the
data base associated with the subbasin coverage (pl. 1).

The data base contains many attributes that
describe characteristic features of the small local sub-
basins. These attributes were denoted as “local”
attributes. In many cases, counterparts of the local
attributes were calculated to describe the same feature
for the entire contributing watershed upstream from a
specific subbasin. These attributes were denoted as
“cumulative” attributes. A computer program was
written to automate their derivation by using down-
stream linkage information resident in the data base. A
listing of the attributes and a brief definition of each
are given in table 1.

Data Sources

PHYSIOGRAPHY AND TOPOGRAPHY

Much information, in addition to the subbasin
boundaries, was calculated from individual grid eleva-
tions from the 1-degree DEM’s by using the raster
processing capabilities of the EROS Data Center.
Extracted information included values for minimum,
maximum, and mean elevation and slope for each of
the subbasins and the percentage of the subbasin’s
area within specified bands of elevation and slope.
Subbasin aspect, in percentage of subbasin area within
specified azimuth ranges, also was calculated.

Elevation data are referenced in the horizontal
plane by using the geographic (latitude/longitude)
coordinate system of the 1972 World Geodetic System
datum. Elevations are in meters referenced to sea level

(U.S. Geological Survey, 1987). The DEM’s were pro-
duced by the Defense Mapping Agency and distrib-
uted by the USGS after being reformatted. The
primary source of elevation data is 1:250,000-scale
topographic maps; secondary sources are 1:100,000-
and 1:24,000-scale topographic maps.

PRECIPITATION

Mean annual precipitation values for subbasins of
the Salmon and Clearwater River Basins were
obtained from an isohyetal map of the Snake River
Basin (Thomas and others, 1963). This map is a modi-
fication of the original produced by the U.S. Weather
Bureau and the U.S. Army Corps of Engineers that
was based on precipitation records from 1930 to 1957.

An initial attempt to scan a mylar copy of the pre-
cipitation map was unsuccessful because of the
amount of followup editing required. The lines of
equal precipitation were instead digitized and con-
verted to an arc coverage.

GEOLOGY

Geology of the study area (fig. 3) was obtained
from a digitized geology map of Idaho that was
clipped from a 1:2,500,000-scale geology map of the
United States (King and Beikman, 1974). A more
detailed geology map would have been desirable but
was unavailable in a digital format. Because of the
areal extent of this study and the need to reduce the
classification variables to a manageable number, the
geology map that was used was determined to be ade-
quate.

LAND COVER

A coverage of Idaho land cover was obtained
from the Idaho Department of Water Resources. They
generated the coverage from 1976 Landsat images of
the State. These images, in turn, were classified statis-
tically into eight land-cover categories: forest, agricul-
tural, rangeland, riparian, bare rock, water, tundra, and
urban (Mike Sissel, Idaho Department of Water
Resources, oral commun., 1988). The Salmon and
Clearwater River Basins consist almost entirely of
three land-cover categories: forest, agricultural, and
rangeland (fig. 4).
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OTHER DATA SOURCES

Other attributes were added manually to the data
base or were calculated internally on the basis of
existing attributes. Examples of manually derived
attributes include stream name, stream order, and
channel slope. Channel slope was derived for streams
associated with each subbasin by EA Engineering,
who were under contract with the BIA. The channel
slope values were derived by digitizing the stream
length between contours on 7.5-minute topographic
maps and dividing the length by the change in eleva-
tion. Examples of internally calculated attributes
include subbasin shape and subbasin area in square
miles.

HYDROLOGIC CLASSIFICATION OF
SUBBASINS

A primary objective of the study was classifica-
tion of subbasins into hydrologically homogeneous
groups. The classification was designed to serve as the
basis for a data-collection program needed to provide
input for fish habitat models.

Statistical Methods

The completed basin characteristics data base
consisted of 1,050 subbasins along with associated
stream names and descriptive variables. Multivariate
analysis of a selected group of these variables was
used to classify the subbasins into hydrologically
homogeneous groups. Selection of variables deter-
mined to have the most influence on the hydrologic
response of the subbasins was based on previous stud-
ies, multivariate regression analysis, and professional
judgment. Previous studies used to aid in the selection
of variables were those of Strahler (1957), Emmett
(1975), Hedman and Osterkamp (1982), Quillian and
Harenberg (1982), and Horn (1988). The 14 variables
included in the analysis were area (CUMAREA),
mean elevation (CUMEMEAN), mean annual precipi-
tation (CUMPRECIP), geology types (CUMGEO1-4),
three land-cover types (CUMSTR1-3), mean basin
slope (SMEAN), channel slope (CHSLOPE), north-
facing aspect (CUMNFACE), and shape (SHAPE).

The statistical classification of subbasins con-
sisted of two primary analytical steps— principal
components analysis, followed by cluster analysis.
The steps are illustrated by the flowchart in figure 6. A
similar procedure has been used to classify sites for
land-use planning (Radloff and Betters, 1978; Omi
and others, 1979), plant and animal communities
(Poole, 1971), and drainage basins (Mather and
Doornkamp, 1970).

Principal Components Analysis

Principal components (PC) analysis is a basic
form of the more general category of statistical proce-
dures known as factor analysis. PC analysis is used to
examine correlations between descriptive variables
and to reduce the dimensions of a raw data set by
eliminating redundant information. PC analysis was
employed to consolidate descriptive information
within the 14 (variables)-by-1,050 (subbasins) data
matrix into a reduced number of new composite vari-
ables or components. The desired result of this reduc-
tion was to streamline the subsequent cluster analysis
and thus improve subbasin classification.

The derivation of principal components is accom-
plished by extracting m (mutually orthogonal) eigen-
vectors and eigenvalues from a data set of m variables.
The m eigenvectors define the principal axes of the
data matrix; the associated eigenvalues define the mag-
nitude. The eigenvalues are a measure of the variance
explained by each of the eigenvectors, or principal
axes. Of the m principal axes, the first contains the
largest percentage of the total variance in the original
data (see table 2), followed by the second, third, and
so on. Each original observation is converted to a prin-
cipal component score by projecting it onto the princi-
pal axes. The projected score is calculated according
to the appropriate component loadings defined by the
eigenvectors (Davis, 1986). A subset of the m principal
components is retained with the objective of capturing
the maximum information (variance) in the original
data with as few components as possible. The compo-
nent scores for the retained principal components,
rather than the original data, are employed in the sub-
sequent cluster analysis.

Because of the sensitivity of PC analysis to a
given variable’s units of measurement, the data were
standardized by computing the components from the

Hydrologic Classification of Subbasins 13



[ AREA (logy) BASIN SLOPE
ELEVATION CHANNEL SLOPE
PRECIPITATION  ASPECT
GEOLOGY (4) SHAPE

LAND COVER (3)

Y
<Standardize 0 mean, unit variance>

oTm-W®w

Y
(Principal component analysis)

Y

Select principal components
L- based on rule-N criterion

Y
( (Presort subbasins by stream order>

( Cluster analysis by stream order )

oTm-0w

Y
Identify number of clusters on the basis
of CCC, pseudo T2, and pseudo F
Y
Assign outliers to
appropriate clusters
Y
L FINAL CLASSIFICATION

N

Figure 6. Two-step statistical procedure used to classify subbasins, central Idaho. (CCC, cubic clustering criterion)
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correlation matrix of the data. Without this approach, a
variable with units measured in centimeters, for exam-
ple, would have 100 times the influence as would the
same variable measured in meters.

Derivation of appropriate principal components
from the 14 variables can be approached in several
ways. In this study, two approaches were taken and a
comparison made of their individual strengths and
weaknesses.

The first approach involved performing the PC
analysis on all 14 variables and selecting the “most
appropriate” number of components to be retained for
the subsequent cluster analysis. The second approach
involved grouping variables into categories of “like
characteristics,” such as the four geology variables or
the three land-cover variables. PC analysis then was
performed on these subsets of the original data, and a
selected number of components was retained for clus-
tering from each group. Both approaches required a
criterion for selecting the optimum number of compo-
nents to be retained.

COMPONENTS SELECTION CRITERION

The rule-N criterion was proposed for determining
which components to retain from each PC analysis
(Preisendorfer and others, 1981). This criterion is
designed to determine at what level the eigenvalues
(variance) from a PC analysis of actual data are distin-

Table 2. Selection of principal components by using the
rule-N criterion from analysis of all 14 variables for subbasins
in central Idaho

[PC, principal component; underlined ratio indicates the level of
retained components]

Eigenvalues

Percent

Real data Random data Ratio variance

PC (%) » (x/y) explained
1........... 3.80 1.20 3.17 27.16
20 2.08 1.13 1.84 14.86
3. 1.64 1.10 1.49 11.68
4. 1.53 1.07 1.43 10.96
S 1.26 1.06 1.19 9.01
6........... .84 1.02 .82 5.96
T, .81 1.02 .79 5.80
8. .58 .98 .59 4.12
9. 48 .96 .50 3.47
10.......... 41 .95 43 291
11 .......... .38 92 41 2.71
12 .......... .18 .90 .20 1.29
13.......... .01 .85 .01 .07
14 ........ .. .001 .83 .001 .01

Table 3. Selection of principal components by using the rule-
N criterion from analysis of four geology variables for
subbasins in central Idaho

[PC, principal component; underlined ratio indicates the level of
retained components]

Eigenvalues Percent
Real data Random data Ratio variance
PC (x) (1) (x/y) explained
) S 1.67 1.07 1.56 41.78
2 1.34 1.00 1.34 33.57
3 98 .97 1.01 24.63
4........... .001 .96 .001 .02

guishable from those derived from an analysis of a ran-
dom data matrix of the same size.

To apply rule-N, PC analysis is performed on the
correlation matrix of the real data and then on the ran-
dom data set. The ratio of the eigenvalues from the real
data analysis to those from the random data analysis is
calculated, and the components are retained where this
ratio exceeds 1.0.

Results from various PC analyses, including both
grouped and ungrouped variables, are summarized in
tables 2—5. The ratio of real to random eigenvalues
underlined in each table indicates the level of principal
components that would be retained by using the rule-N
criterion. The last column gives the percentage of the
total variance explained by each of the components.
The cumulative percentage of variance explained by
the retained components is calculated by totaling these
values.

The results of PC analysis on all 14 variables are
summarized in table 2. Application of the rule-N crite-
rion led to the retention of 5 of the 14 components
because the ratio of real to random eigenvalues for the
fifth component is 1.19, whereas the ratio for the sixth
component is 0.82. The variance explained by these
five components equals 73.7 percent and is calculated
by summing the values of the first five principal com-
ponents in the “Percent variance explained” column.
The remaining variance is attributed to random noise in
the data according to the rule-N criterion.

The second approach involved performing PC
analysis separately on groups of the original 14 vari-
ables. Some subjectivity is required to determine the
group to which each variable belongs. A reasonable
approach, and the one that was used for this analysis,
was to place the four geology variables into one group,
the three land-cover variables into a second group, and
the remaining seven variables into a third group.
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Table 4. Selection of principal components by using the rule-
N criterion from analysis of three land-cover variables for
subbasins in central Idaho

[PC, principal component; underlined ratio indicates the level of
retained components)

Eigenvalues

P t
Real data Random data Ratio v:,{gﬁge
PC (x) (47} (x/y) explained
oo 1.96 1.06 1.85 65.37
2. 1.03 97 1.06 34.23
3. .01 97 01 40

This alternative leads to three separate PC analy-
ses, one for each of the groups. The results from these
analyses are summarized in tables 3—5. About 100 per-
cent of the variance of the four geology variables can
be explained by the first three principal components of
the data, as determined by the rule-N criterion (table 3).
Similarly, PC analysis of the land-cover group results
in the selection of two components that explain 99.6
percent of the variance in this group (table 4). Finally,
PC analysis of group three, composed of the remaining
variables, results in the selection of three components
that explain 67.3 percent of the group’s variance
(table 5).

The total variance explained by the eight selected
components is calculated by using the following equa-
tion:

[0.673 (7) + 1.00 (4) + 0.996 (3)]
14

= 0.836, or 83.6 percent.

The percent variance explained within the three groups
thus is weighted according to the number of original
variables within the group.

A comparison of the two approaches indicates that
the PC analysis of ungrouped variables results in the
selection of five components that explain 73.7 percent
of the total variance, whereas the analysis of grouped
variables results in the selection of eight components
that explain 83.6 percent of the total variance. Hence,
the first alternative has the advantage of fewer compo-
nents (five), whereas the second alternative explains 9.9
percent more variance but requires eight components to
do so. Another look at the results of the first alternative
(table 2) reveals that retaining eight of its components
would result in the explanation of 89.6 percent of the
total variance.

Another factor to consider in comparing the two
approaches is the way in which the components are dis-
tributed among the variables. The first approach has the

advantage of equal distribution, whereas the second
approach allocates its retained components within
groups of similar variables. This allocation results in
three geology components, two land-cover compo-
nents, and three components to describe the six remain-
ing variables. The result of this allocation is an undue
weighting of the geology and land-cover information
within the eight retained components, which would
have significant influence on the subsequent cluster
analysis.

Another problem with the second approach is that
it limits the possible interrelations that might be
detected by the PC analysis. For example, a strong cor-
relation might be possible between the forested area
variable and the precipitation variable that would go
undetected if the grouped approach were used. The
relation is not lost, because cluster analysis would be
performed on components retained from each group.
However, the advantage of explaining the variance of
these two variables with a single component, thereby
further streamlining the clustering problem, is lost.

These results indicate that a single PC analysis of
all variables is the better approach, followed by a selec-
tion of components on the basis of rule-N. Application
of this approach resulted in the retention of five princi-
pal components (table 2). The original data then were
converted to principal component scores by projecting
each observation onto the five component axes. At this
point, the 1,050 subbasins no longer are described by
14 variables; rather, each subbasin now is described by
scores on the five principal components axes. Thus, the
clustering problem has been distilled from a 1,050-by-
14 matrix to a 1,050-by-5 matrix and most of the sig-
nificant information has been retained.

Table 5. Selection of principal components by using the rule-
N criterion from analysis of area, elevation, precipitation,
basin slope, channel siope, aspect, and basin shape for
subbasins in central Idaho

[PC, principal component; underlined ratio indicates the level of
retained components]

Eigenvalues

Percent

Real data Random data Ratio variance

PC (%) (y) (x/y) explained
... 1.74 1.08 1.61 24.79
2. 1.65 1.06 1.56 23.51
3. 1.33 1.02 1.09 19.00
4. ... .86 1.00 .86 12.34
S 72 .97 74 10.32
6.... .. 48 .95 51 6.81
T, .23 93 25 3.22
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Figure 7. Steps in a simple clustering problem.

Cluster Analysis

Cluster analysis was developed as a means of clas-
sifying objects into homogeneous groups on the basis
of some measure or set of measures describing the
objects. Cluster analysis was advanced by taxonomists
endeavoring to develop objective ways to classify liv-
ing organisms. Several approaches have been taken to
accomplish these and similar goals; the one applied in
this study was the “hierarchical clustering” type (Harti-
gan, 1975; Davis, 1986).

Hierarchical clustering begins by a search of the
entire data set for the two most similar observations,
which then are grouped into a cluster. After the initial
grouping, the procedure iterates, looking for the next
closest pair. The initial cluster then is represented as a
single unit for comparison with the other observations,
and the procedure continues until all the observations
have been grouped into a single cluster (fig. 7). A com-
plete history of cluster membership is maintained as
the observations are assigned sequentially to groups
with similar characteristics. This history of cluster
membership is referenced following the analysis to aid
in determining the optimum level of clustering.

Several methods can be used to determine similar-
ity between observations, including the correlation
coefficient r and m-dimensional Euclidean (squared)
distance between points, where m is equal to the num-
ber of variables describing each observation. Other

variations in hierarchical clustering algorithms center
around the choice of what is used as a measurement
point for each newly formed cluster. The centroid
method (Sokal and Michener, 1958) was selected
because of its robustness to outliers. In the centroid
method, distance is calculated as the Euclidean dis-
tance between each cluster’s centroid. As new members
are added to a cluster, the centroid location is recalcu-
lated and used to define that cluster’s location in space
for the next iteration.

Cluster analysis is the primary step in assigning
membership of each subbasin to a characteristic group
or stratum. Before the analysis could be undertaken,
some subjective decisions were necessary. As in the PC
analysis, alternative approaches exist. One approach is
to perform the cluster analysis on all observations. This
approach has the advantage of providing the broadest
basis for linking any two or more subbasins. In other
words, no restrictions are imposed on the analysis by
assuming some prior knowledge of the data. Con-
versely, if some knowledge is available and its imposi-
tion would result in an improved analysis of the data,
further examination is warranted.

A second approach involves presorting the sub-
basins by stream order prior to the cluster analysis.
Stream order is defined as the hierarchical position of
a stream within the overall stream network. First-order
streams are unbranched headwater streams with no
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tributaries, second-order streams have tributaries of
second or lower order only, third-order streams have
tributaries of third or lower order, and so on. This pat-
tern begins at the headwaters of every basin with first-
order streams and continues until the primary stream
reaches tidewater. Stream order is sensitive to map
scale; consequently, a first-order stream identified on a
1:100,000-scale map might be given a third-order des-
ignation on a 1:24,000-scale map. For the purpose of
this study, first-order streams were defined indirectly
by the imposition of the 10-mi?> minimum drainage area
during the basin delineation analysis. This level of
stream order designation would approximately coin-
cide with the designations derived from a 1:250,000-
scale topographic map.

PRESORTING BY STREAM ORDER

Presorting by stream order assumes that stream
order is a reasonable initial index for grouping the
subbasins. Therefore, first-order streams should be
grouped only with other first-order streams, second-
order with second-order, and so on for all stream
orders. Presorting subbasins on the basis of stream
order is a primary sorting criterion in other classifica-
tion schemes (Horton, 1945; Strahler, 1957) and corre-
lates well with many other elements of watershed
hydrology (Emmett, 1975; Platts, 1979). In this report,
stream order and subbasin order are used interchange-
ably because both terms have the same connotation.

Presorting subbasins within the Salmon and Clear-
water River Basins by stream order resulted in the defi-
nition of 541 first-order, 219 second-order, 123 third-
order, 98 fourth-order, and 69 fifth-order subbasins. A
separate cluster analysis was performed on each of
these groups.

CLUSTERING PROCEDURES

Prior to clustering, scores computed from the PC
analysis were standardized to a mean of zero and unit
variance to eliminate undue weighting of variables be-
cause of arbitrary units of measurement.

As described earlier, the clustering procedure iter-
ates through the data set, grouping observations into
clusters until each observation has been placed into a
single final group. The history of each of these groups
is stored in memory so that any level of grouping, from
1,050 clusters to 1 cluster, can be recalled. Often, illus-
tration of that history in the form of a tree diagram is

useful. The tree diagram then can be used to determine
the optimum level of clustering for a given set of data.
The large size of the Salmon and Clearwater data set
did not lend itself well to that type of graphical analysis
or presentation, so other more suitable means were
investigated.

Although the centroid clustering method used in
this analysis was less sensitive to outliers than other
methods were, subbasins with low estimated probabil-
ity densities were eliminated from the analysis because
of their potential for causing cluster distortion (SAS
Institute, Inc., 1985). Thus, 5 percent of the outliers
were omitted from each of the five data sets prior to
clustering.

CLUSTER SELECTION CRITERIA

The determination of optimum cluster number
often is difficult, especially if there is no prior knowl-
edge as to expected numbers. Various techniques have
been suggested to enable the detection of the optimum
number of clusters. These techniques include the
cophenetic correlation coefficient (Davis, 1986) and
the cubic clustering criterion (Sarle, 1983; SAS Insti-
tute, Inc., 1985). The latter technique was used in this
analysis because it is well documented and is included
with the statistical package used to perform the cluster
analysis.

The cubic clustering criterion (CCC) can be used
as a tool for selecting the optimum cluster number
when algorithms that minimize the within-cluster sum
of squares are used. Pseudo T2 (PST?) and pseudo F
(PSF) statistics are used to corroborate the findings of
the CCC (SAS Institute, Inc., 1985). The CCC, PST?,
and PSF values are plotted against the number of clus-
ters (NCL). An optimum grouping of observations is
indicated by a well-defined peak (steep leading and
trailing limb) on the CCC plot. These peaks can be cor-
roborated by a corresponding peak on the PSF plot and
a sharp drop on the PST? plot at the same level (NCL)
as the CCC plot. Suboptimum groupings often are indi-
cated by nondistinctive or less well-defined peaks.

CCC plots are shown in figures 8—12 (back of
report), along with their associated combined PST? and
PSF plots. The CCC versus NCL plot for first-order
subbasins (fig. 8) indicates peaks at 7, 10, 14, 17, and
21 clusters; peaks at 27 and 29 clusters are less well
defined on their trailing end. The combined plot of
PST? and PSF for first-order subbasins shows strong
corroboration of peaks at 7, 10, and 17; CCC peaks at
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Furthermore, small clumps of neighboring subbasins
are grouped with other similar clumps in a loosely
regional manner, which indicates that the analysis also
is capable of recognizing broader, more regional simi-
larities and differences between the subbasins.

Plots of third-, fourth-, and fifth-order subbasins
indicate a well-defined classification according to
main-stem river reaches. The grouping of subbasins
along complete main-stem reaches is an indication
of the ability of cluster analysis to recognize similari-
ties among adjacent reaches of the same stream. An
example is the classification of fifth-order subbasins
(fig. 17). Cluster analysis correctly distinguished main-
stem reaches of the Clearwater and Salmon Rivers by
placing them into appropriate groups.

In some cases, primarily third- and fourth-order
subbasins, main-stem stream segments from different
river systems were placed in the same class, or cross
classified. For example, third-order subbasins of the
Lemhi and Pahsimeroi Rivers (fig. 15) were grouped
together, which indicates similarities. The Lemhi and
Pahsimeroi River Basins are similar and are unique to
the study area. Both have broad, alluvial valleys and
trellis stream patterns in contrast to the deep, V-shaped
valleys and dendritic stream patterns characteristic of
many of the other basins. Another example of cross
classification of main-stem reaches is illustrated in fig-
ure 16, where a fourth-order subbasin of the South Fork
Salmon River was placed in the same class as sub-
basins of the Lochsa and Selway Rivers in the Clearwa-
ter River Basin. The South Fork Salmon, Lochsa, and
Selway River Basins have similar characteristics of
mean elevation, annual precipitation, and land-cover
type.

Another way to illustrate the spatial distribution of
clusters is to plot the five component scores of each
subbasin according to their class membership and
observe how well the clusters group. Five-dimensional
data are difficult to plot and even more difficult to inter-
pret. Therefore, scores on only the first three compo-
nents were plotted because they represent a large
percentage of the total variance in the data (figs. 18—
22, back of report). Because of the number of first- and
second-order subbasins, distinguishing between clus-
ters for these two groups was difficult. The quasi-three-
dimensional plots of third-, fourth-, and fifth-order sub-
basins, however, provide a clearer picture of the shape
and compactness of the individual clusters, as well as
their spatial relations. In most instances, where clusters
overlap, rotation of the xy and z axes provides a differ-

Table 7. Streamflow-gaging stations in central Idaho for
which mean annual and mean monthly discharges were
calculated

[Locations of gaging stations shown in figure 23; No., number]

Gaging

station No. Gaging station name

13295500
13296000
13296500
13297330
13297355
13297450
13297597
13298500
13302000
13302005
13302500
13305000
13305500
13306000
13307000
13308500
13309000
13309220

Salmon River below Valley Creek, at Stanley

Yankee Fork Salmon River near Clayton

Salmon River below Yankee Fork, near Clayton

Thompson Creek near Clayton

Squaw Creek below Bruno Creek, near Clayton

Little Boulder Creek near Clayton

Herd Creek below Trail Gulch, near Clayton

Salmon River near Challis

Pahsimeroi River near May

Pahsimeroi River at Ellis

Salmon River at Salmon

Lembhi River near Lemhi

Lemhi River at Salmon

North Fork Sailmon River at North Fork

Salmon River near Shoup

Middle Fork Salmon River near Cape Horn

Bear Valley Creek near Cape Horn

Middle Fork Salmon River at Middle Fork Lodge,
near Yellow Pine

South Fork Salmon River near Knox

South Fork Salmon River near Krassel Ranger Station

East Fork South Fork Salmon River near Stibnite

East Fork South Fork Salmon River near Yellow Pine

Johnson Creek at Yellow Pine

Secesh River near Burgdorf

South Fork Salmon River near Warren

Salmon River near French Creek

Mud Creek near Tamarack

Little Salmon River at Riggins

North Fork Skookumchuck Creek near White Bird

Salmon River at White Bird

Deer Creek near Winchester

Selway River near Lowell

Fish Creek near Lowell

Lochsa River near Lowell

South Fork Clearwater River near Elk City

South Fork Clearwater River at Stites

Lolo Creek near Greer

Clearwater River at Orofino

North Fork Clearwater River at Bungalow Ranger Station

North Fork Clearwater River near Canyon Ranger Station

Beaver Creek near Canyon Ranger Station

North Fork Clearwater River at Ahsahka

Clearwater River near Peck

East Fork Potlatch River near Bovill

Potlatch River at Kendrick

Lapwai Creck near Lapwai

Clearwater River at Spalding

13310500
13310700
13311500
13312000
13313000
13313500
13314000
13315000
13315500
13316500
13316800
13317000
13317500
13336500
13336900
13337000
13337500
13338500
13339500
13340000
13340500
13340600
13340615
13341000
13341050
13341400
13341500
13342450
13342500

ent perspective, one that better illustrates the distinc-
tion between clusters. Because the plots include only
three of the five total components, inclusion of the
remaining components would further discretize neigh-
boring clusters.
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STUDY OF WEISER, PAYETTE, AND
SNAKE RIVER SUBBASINS

In January 1991, as the study of the Salmon and
Clearwater River Basins was nearing completion, the
BIA requested that the scope of the study be expanded
to include a selected group of subbasins within the
Weiser, Payette, and Snake River Basins north of lati-
tude 44°40'. These subbasins cover an area of 2,290
mi?, or roughly one-tenth the area of the original study.
The expanded study area is adjacent to and west of the
Salmon and Clearwater River Basins (fig. 30).

Objectives of the expanded study were identical to
those for the Salmon and Clearwater River Basins
study, with the exception that subbasin classification
was not to be done. The objectives were to identify and
delineate subbasins and develop a GIS data base simi-
lar to the Salmon and Clearwater Rivers data base for
use in estimating mean annual and mean monthly dis-
charges for the subbasins. The approaches used to meet
these objectives were identical to those used for the
original study area.

Within the expanded study area, 70 subbasins were
identified by using the basin delineation software (fig.
31). These subbasins included 47 first-order, 17 sec-
ond-order, and 6 third-order streams. The study area
included only Idaho tributaries to the Snake River and
did not include main-stem Snake River segments.
Main-stem segments are shown in figure 31 only to
provide continuity among the other subbasins. Esti-
mates of mean annual and mean monthly discharge
were calculated by using the appropriate regional
regression equations developed by Quillian and Har-
enberg (1982) and were adjusted by using a similar
approach described for the Salmon and Clearwater Riv-
ers study area. Results from these analyses are given in
tables 11 and 12 (on diskette, back of report).

SUMMARY

Adjudication of water rights by the State of Idaho
within the Snake River Basin prompted various Federal
agencies to establish and quantify State appropriative
and Federal reserved water rights. The Bureau of
Indian Affairs (BIA), acting on behalf of the Nez Perce
Tribe, entered into a cooperative agreement with the
U.S. Geological Survey (USGS) in 1988 to provide
hydrologic data and analysis for streams within the

Salmon and Clearwater River Basins. Results of the
study are needed to support future water rights claims
made by the BIA.

Study objectives included delineation of subbasins
within the Salmon and Clearwater River Basins, devel-
opment of a data base of subbasin characteristics for
use in the classification of the subbasins into homoge-
neous groups, and estimation of mean annual and mean
monthly discharges for the identified subbasins.

Specialized software developed by the Earth
Resources Observation System Data Center was used
to delineate more than 1,000 subbasins within the study
area. One-degree digital elevation models were used as
a data source. The software performed well in areas
with high relief and well-defined drainage basin bound-
aries; little or no additional editing was required. Sub-
basins within areas of flatter terrain required additional
editing; however, editing was limited to a small per-
centage of the total study area.

The identified subbasins were used as the founda-
tion for a geographic information system data base that
included more than 30 variables that describe physical
characteristics of each subbasin. The sources of data
used to derive the variables included 1-degree digital
elevation models and various thematic layers.

A selected group of the variables was used in a
two-step statistical classification procedure, which con-
sisted of principal components analysis and cluster
analysis. The resulting classification grouped 1,050
subbasins into 34 hydrologically homogeneous classes,
which were to be used as a basis for the design of a
data-collection network for quantifying instream flows.
To evaluate the effectiveness of the classification
scheme, clusters were validated by visually inspecting
their spatial distribution and by comparing the hydro-
logic similarity of gaging stations within clusters on the
basis of mean monthly discharge.

Validation indicated that the method of classifica-
tion was successful in grouping subbasins with similar
hydrologic characteristics. Similar procedures could be
used in the analysis of existing data-collection net-
works and as an optimization tool for the design of new
sampling programs. By identifying stream reaches,
aquifers, and basins with similar characteristics, data-
collection efforts could be optimally distributed to pro-
vide maximum return on resources expended.

Estimates of mean annual and mean monthly dis-
charges were made for each of the subbasins. These
statistics were calculated by using regionalized regres-
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sion equations previously developed by the USGS for
Idaho.

The study area was ultimately expanded to include
parts of the Weiser, Payette, and Snake River Basins. In
these basins, 70 subbasins were delineated, a hydro-
logic data base was created, and estimates of mean
annual and mean monthly discharges were made using
methods similar to those used for the Salmon and
Clearwater River Basins.
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Figure 8. Relations among the cubic clustering criterion
(CCC), pseudo T2 (PST2), pseudo F (PSF), and number
of clusters (NCL) for first-order subbasins, central Idaho.
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Figure 9. Relations among the cubic clustering criterion
(CCC), pseudo T2 (PST?), pseudo F (PSF), and number
of clusters (NCL) for second-order subbasins, central
Idaho.
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Figure 10. Relations among the cubic clustering
criterion (CCC), pseudo T2 (PST2), pseudo F (PSF),
and number of clusters (NCL) for third-order subbasins,
central Idaho.
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Figure 11. Relations among the cubic clustering
criterion (CCC), pseudo T2 (PST2), pseudo F (PSF),

and number of clusters (NCL) for fourth-order subbasins,
central Idaho.
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and number of clusters (NCL) for fifth-order subbasins,
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Figure 18. Relation between first three principal components, according to cluster, for first-order subbasins,
central Idaho.
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