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Determination of Upstream Boundary Points on Northeastern 

Washington Streams and Rivers Under the Requirements of the 

Shoreline Management Act of 1971

By David L. Kresch

ABSTRACT

Certain regulations affecting the shorelines of the 
State of Washington, as mandated by the Shoreline 
Management Act of 1971, are applicable to streams and 
rivers downstream from the points where the mean annual 
discharge or the size of the drainage basin equals specified 
amounts. The U.S. Geological Survey originally con­ 
ducted a study in 1971 to determine these upstream 
boundary points for many of the State's streams. In this 
current study, boundary points were determined for 168 
streams and rivers in northeastern Washington that come 
under the jurisdiction of the Shoreline Management Act of 
1971. This includes 146 streams where the mean annual 
discharge exceeds 20 cubic feet per second and 22 rivers 
of statewide significance where either the mean annual 
discharge exceeds 200 cubic feet per second or the drain­ 
age area exceeds 300 square miles.

Boundary point locations were determined using a 
log-linear regression equation that relates mean annual 
discharge to drainage area and mean annual precipitation. 
The regression equation is based on data from 33 gaging 
stations with at least 10 years of record. The coefficient of 
determination, R2, of the regression equation is 0.984, and 
the standard error of estimate of the equation is ± 0.0916 
log units. The latter corresponds to an error of -3.8 to 
+4.7 cubic feet per second for a mean annual discharge of 
20 cubic feet per second and an error of -38 to +47 cubic 
feet per second for a mean annual discharge of 200 cubic 
feet per second.

INTRODUCTION

The Washington State legislature, in 1971, identified 
the shorelines of the State as "among the most valuable 
and fragile of its natural resources" and expressed great 
concern regarding their utilization, protection, restoration, 
and preservation. Therefore, the legislature enacted the 
Shoreline Management Act of 1971 (hereafter referred to 
either as the Shoreline Management Act or as the Act) and 
designated the Washington State Department of Ecology 
(Ecology) as the agency responsible for regulating the 
State's shorelines (State of Washington, 1971). The 
stream and river reaches under the jurisdiction of the 
Shoreline Management Act are those where specified reg­ 
ulatory discharges or drainage basin sizes are exceeded. 
Thus, Ecology needs to know the locations on streams and 
rivers where the regulatory criteria are reached (upstream 
boundary points) to properly carry out the provisions of 
the Act.

The Act designates separate regulatory criteria for 
streams and rivers. For northeastern Washington, the 
study area of this report (fig. 1), the Act defines "shore­ 
lines" as stream reaches where the mean annual discharge 
exceeds 20 cubic feet per second (ft /s) and "shorelines of 
statewide significance" as river reaches where either the 
mean annual discharge exceeds 200 ft3/s or the drainage 
area exceeds 300 square miles. The location of the 
upstream boundary for a stream or river is defined as the 
point where one of these criteria is met.
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Previous Investigations

The U.S. Geological Survey (USGS), in cooperation 
with Ecology, conducted a study in 1971 to determine the 
upstream boundary points on many streams throughout the 
State for which Ecology had regulatory responsibility 
(David H. Appel, U.S. Geological Survey, written com- 
mun., 1971). However, in 1990, Ecology decided that the 
boundary points determined in the 1971 study needed to 
be updated for the following reasons.

1. The 1971 study did not include all streams that met 
the regulatory criteria.

2. The 1971 study did not determine upstream boundary 
points for shorelines of statewide significance.

3. In the 1971 study, if the regulatory discharge occurred 
upstream of certain political or jurisdictional 
boundaries, such as those for national forests, Indian 
reservations, and national parks, the Shoreline 
Management Act upstream boundary point was 
placed at the political or jurisdictional boundary.

4. The 1971 study determined upstream boundary points 
for the regulatory discharge of 20 ft /s plus the 
standard error of the determining regression equations 
rather than for just the regulatory discharge itself.

5. Over two additional decades of streamflow data 
collected since 1971 could provide improved 
estimates of long-term mean annual discharges.

From 1990 through 1995, the USGS, in cooperation 
with Ecology, determined updated upstream boundary 
points for all western Washington streams and rivers for 
which Ecology has regulatory responsibility. Those 
updated boundary point locations were published in USGS 
Water-Resources Investigations Report 96-4208 (Kresch, 
1998).

Purpose and Scope

This report presents the results of a study to determine 
the upstream boundary points for the streams and rivers in 
northeastern Washington that come under the jurisdiction 
of the Shoreline Management Act. The study was con­ 
ducted by the USGS in 1995, in cooperation with Ecology. 
The study area (figure 1) includes most of Chelan County, 
all of Okanogan, Pend Oreille, Ferry, and Stevens 
Counties, and the portion of Spokane County located north 
of the Spokane River. The study area boundary near the

southeast corner of Chelan County follows the drainage 
divide between the Yakima and Wenatchee River Basins 
rather than the county boundary.

APPROACH

Most of the streams and rivers of interest in tMs study 
are not gaged. Thus, a direct-measurement approach for 
determining upstream boundary points could not feasibly 
be used because (1) the use of stream-gaging records to 
determine mean annual discharges would require continu­ 
ous operation of a number of new gages on each stream 
over a period of years, (2) the locations at which to gage 
the streams would not be known beforehand, and (3) the 
cost of operating the large number of gages requi-ed 
would be economically impractical.

The most practical way to determine streamf ow at 
ungaged sites is by transfer of information develcoed for 
gaged sites. A widely accepted approach uses multiple- 
log-linear-regression equations that relate streamflow to 
physical and climatic characteristics. The previous USGS 
study (David H. Appel, U.S. Geological Survey, written 
commun., 1971) concluded that only drainage area and 
mean annual precipitation were needed in order to deter­ 
mine mean annual discharge at ungaged sites. The form of 
the regression equations developed for that study was

2 = V (1)

where Q is mean annual discharge, A is basin drainage 
area, P is mean annual precipitation averaged over the 
basin, and a, b , and c are constants. The basin area (A ) 
and precipitation (P ) are those for the drainage b^sin 
upstream of the point on the stream or river at which mean 
annual discharge ( Q) is desired. The use of only drainage 
area and mean annual precipitation as independer* vari­ 
ables in the 1971 study was partially compensated for by 
splitting the State into 13 hydrologically distinct regions. 
Specifying different constants in equation 1 for each 
region implied different hydrologic responses for the same 
basin area and precipitation among the different regions.

The inclusion of additional independent variables 
into equation 1, namely percentage of forest cover, mean 
drainage basin elevation, and January minimum tempera­ 
ture, was considered in the 1971 study. However, that 
study found that these additional variables did no* signifi­ 
cantly improve the accuracy of the equation in de^rmin- 
ing the boundary points. Including additional independent 
variables in equation 1 also would make applying the 
equation more difficult and impractical because values for



each additional variable, many of which are not readily 
available, would have to be known for the drainage basins 
upstream of the boundary points. Thus, only basin drain­ 
age area and mean annual precipitation were used as inde­ 
pendent variables for both the 1971 study and this current 
study.

Basin areas for selected points along streams in east­ 
ern Washington have been published (Williams, 1964). 
Basin areas needed for other points in this study were 
determined using ARC/INFO, a geographic information 
system (GIS) software package. Drainage basin bound­ 
aries were manually delineated on 7.5-minute topographic 
quadrangle maps and digitized into ARC/INFO coverages. 
Automatic delineation of drainage basin boundaries by 
using an ARC/INFO procedure had been investigated pre­ 
viously when boundary point locations were determined 
for western Washington streams and rivers. When the 
automatic procedure was tested by applying it to 33 stream 
basins that had previously been manually delineated and 
then digitized, it was found not to be reliable enough to 
use for this study. Although 17 of the automatically delin­ 
eated basins differed from the manually delineated basins 
by less than 10 percent, 7 of the remaining 16 differed by 
between 10 and 20 percent, 4 differed by between 20 and 
50 percent, and 5 differed by more than 50 percent.

The mean annual precipitation for each basin area was 
approximated from an ARC/INFO coverage of mean 
annual precipitation for Washington that was developed 
and used previously in the determination of boundary 
points on western Washington streams and rivers (Kresch, 
1998). That coverage was generated by digitizing all the 
lines of equal mean annual precipitation on a U.S. Weather 
Bureau precipitation map of Washington (1965) and then 
converting that arc coverage into a grid coverage of point 
values. The precipitation map was developed using data 
for the period 1930 to 1957. Data needed for a meaningful 
update of that map probably are not available, because 
most precipitation gages are at low elevations rather than 
in the mountainous areas where the positioning of the lines 
of equal precipitation is the least well defined. It should be 
noted, however, that the regression itself (equation 1) 
compensates for any linear adjustment one might make in 
the logarithms of precipitation values. The mean annual 
precipitation over a basin is calculated as the average of all 
the grid point values that lie within the basin.

DEVELOPMENT OF THE REGIONAL 
REGRESSION EQUATION

Thirty-three gaging station records with at least 
10 years of record were used in the development of the 
regional regression equation for determining the mean 
annual discharge of northeastern Washington streams and 
rivers. The values of mean annual discharge, me-rn annual 
precipitation, and basin drainage area for each of these 
records are given in table 1 (at end of report).

In the 1971 study, the State was divided into 13 
hydrologically distinct regions such that streamf ow 
response was similar throughout each region. This 
allowed unique constants a , b , and c to be determined 
for and applied throughout each region. The current study 
area contains only 2 of those 13 regions   the Cc'ville to 
Wenatchee and the Pend Oreille regions. The major drain­ 
age basins located within the Colville to Wenatchee region 
are the Colville, Columbia, Sanpoil, Okanogan, Methow, 
and the Wenatchee River Basins. The only major drainage 
basin in the Pend Oreille region is the Pend Oreille River 
Basin. Although separate regression equations vere 
developed for the Colville to Wenatchee and the Pend 
Oreille regions in the 1971 study, the data for these two 
regions were combined into a single equation frr use in 
the current study because there are only five gaging sta­ 
tions in the Pend Oreille region (station number? 
12396000, 12396900, 12397100, 12397500, and 
12398000); because the mean annual discharges (69.8 to 
222 ft3/s) at those gages are all significantly greyer than 
the 20 ft3/s regulatory discharge; and because regression 
residuals for the five Pend Oreille region gages rre within 
the same range of magnitudes as those for many of the 
gages in the Colville to Wenatchee region. The mean 
annual discharges for the 28 gages located withi^ 
the Colville to Wenatchee region range from 7.37 to 
3,059 ft3/s.

Base- 10 logarithmic transformations of the mean 
annual discharge ( Q ), basin drainage area (A ), and mean 
annual precipitation (P ) from each of the 33 gajring-sta- 
tion records in the study area were used in a linear regres­ 
sion analysis to determine the values of the constants a , 
b , and c in equation 1. The regression equation thus 
determined is

(2)



Expressed in the format of equation 1, this equation 
becomes

Q = 0.00103 (P) L81 (A) L°4 (3)

The coefficient of determination, R2 , of the regres­ 
sion equation is 0.984, which indicates that about 98.4 per­ 
cent of the variation in the base-10 logarithm of Q is 
explained by the regression equation. The standard error 
of estimate of the equation is ± 0.0916 log units. The stan­ 
dard error expressed in terms of discharge ranges from 
-3.8 ft3/s (- 19.0 percent) to +4.7 ft3/s (+23.5 percent) for 
a mean annual discharge of 20 ft3/s and from -38 to 
+47 ft3/s for a mean annual discharge of 200 ft3/s.

The approximate error in a boundary point location 
can be obtained from equation 3 and the estimated errors 
in discharge. All that is required is to replace the variable 
Q by Q , the standard error of estimate of regression 
equation 3 in cubic feet per second, and the variable A by 
W*L , where W is the average basin width in miles
in the vicinity of the boundary point and L is the J J r error
error in the boundary point location. When solved for 
L ., the result (equation 4) will give only a rough esti­ 
mate of the error because of the uncertainty in the dis­ 
tance to use for average basin width.

L = 745- 
error

(a.
W(P)

1.74
(4)

For example, if the mean annual precipitation (P) in 
the vicinity of a boundary point is 60 inches and the aver­ 
age basin width (W) is 2 miles, then the estimated possible 
error in the location of the boundary point would range 
from 1.1 miles upstream, corresponding to an error in dis­ 
charge of-3.8 ft3/s, to 1.3 miles downstream, correspond­ 
ing to an error in discharge of +4.7 ft3/s.

Equation 4 is applicable only to those locations where 
inflow in the vicinity of the boundary point increases 
approximately linearly along the stream reach. Actual 
possible errors for boundary points that are located at the 
confluence of two or more streams will normally be less 
than those calculated by equation 4.

During the process of selecting gaging station records 
for use in the regional regression analysis, station records 
that predominantly span only especially wet or dry peri­ 
ods, such as the period of drought from the mid-1930's to 
the mid-1940's, were not used because the regressions are 
intended to represent average rather than extreme condi­ 
tions. In order to provide good representation in the

regression for the conditions in the entire region, stream- 
flow records for all remaining stations, except those oper­ 
ated less than 10 years and those significantly affected by 
regulation or diversion, were used.

The use of a common base period, such as 1937-76, 
for determining the mean annual discharge of all gag- 
ing-station records used in the regression analyst would 
be desirable because it would place all mean annual dis­ 
charges on a common footing. However, using a common 
base period would greatly complicate the analysis because 
few station records span 1937-76, or any other suitably 
long, representative period of hydrologic conditions, so 
synthetic records would have to be generated for most sta­ 
tions. Therefore, it was decided to use just the actual 
period of record available at each station.

DETERMINATION OF UPSTREAM 
BOUNDARY POINTS

For 146 northeastern Washington streams, upstream 
boundary points were determined where the rneaf annual 
discharge is 20 ft3/s. Latitude-longitude and Universal 
Transverse Mercator (UTM) coordinates for thes?. bound­ 
ary points are given in tables 2-7 (at end of report). Those 
points located west of 120 degrees longitude are given in 
UTM zone 10 coordinates, whereas those points located 
east of 120 degrees longitude are given in UTM zone 11 
coordinates.

For 22 northeastern Washington rivers upstream 
boundary points were determined where either th° mean 
annual discharge is 200 ft3/s or the drainage area is 
300 square miles. Coordinates for these boundary points 
are given in table 8 (at end of report) in the same coordi­ 
nate systems as those used for the stream boundary points.

The following steps were used to determine the loca­ 
tion of each upstream boundary point:

1. A trial point was selected as an initial estimate of the 
location of the boundary point on the stream or river.

2. The drainage-basin boundary upstream of th? trial 
point was manually delineated on a 7.5-minute 
topographic quadrangle map.

3. The basin boundary was digitized into an AFC/INFO 
coverage.

4. ARC/INFO programs were used to determin". the 
basin area contributing streamflow to the trirl point 
and the mean annual precipitation over the basin.



5. The basin area and mean annual precipitation were 
entered into the regional regression equation to 
determine the mean annual discharge at the trial point.

6. Steps 1-5 were repeated at upstream or downstream 
trial points until the calculated discharge was within 
1 percent of either 20 ft3/s (± 0.2 ft3/s) for boundary 
points of shorelines or 200 ft3/s (± 2 ft3/s) for 
boundary points of shorelines of statewide 
significance.

7. The point on a river at which the mean annual
o

discharge was determined to be 200 ft /s was 
designated as the upstream boundary of the shoreline 
of statewide significance for the river unless the 
corresponding drainage area at that point was greater 
than 300 square miles. In the latter case, steps 1-4 
were repeated at upstream trial points until the 
location of the point having a drainage area of 
300 square miles was determined. That point was 
then designated as the upstream boundary for the 
shoreline of statewide significance.

There are two conditions for which the discharge at an 
upstream boundary point may not be equal to a regulatory 
discharge. The first is the occurrence of an upstream 
boundary point at the confluence of two or more streams, 
and the second is the occurrence of an upstream boundary 
point at either the inlet or outlet of a lake.

If the discharge of each of two or more confluent 
streams at their mouths is less than the regulatory dis­ 
charge but their combined discharge at the confluence is 
equal to or greater than the regulatory discharge, then the 
upstream boundary point would be placed at the conflu­ 
ence. For example, if two streams each have discharges of 
19 ft /s at their mouths, then the upstream boundary point 
would be placed at their confluence, and the discharge at 
that point would be 38 ft3/s, the sum of the two discharges. 
Likewise, if three streams having a common confluence 
have discharges of 13, 15, and 18 ft3/s at their mouths, 
then the upstream boundary point would be placed at their 
confluence, and the discharge at that point would be 
46 ft /s, the sum of all three discharges.

If the discharge from a lake's outlet exceeds the regu­ 
latory discharge and the discharge of the lake's largest 
inflow is less than that discharge, then the location of the 
boundary point depends on the nature of the inflow to the 
lake. If the inflow originates from two or more separate 
streams and each stream has a discharge of less than the 
regulatory discharge, then the upstream boundary point 
would be placed at the lake outlet, and the discharge there 
would exceed the regulatory discharge. However, if the 
inflow to the lake is primarily from a single stream with a

discharge of less than the regulatory discharge, then the 
upstream boundary would be placed at the lake i*rlet, and 
the discharge at that point would be less than the regula­ 
tory discharge. For example, the upstream boundary point 
for a lake fed by three inflow streams that have d : scharges 
of 7, 13, and 19 ft3/s would be placed at the outlet of the 
lake, and the stream discharge at that point would be at 
least 39 ft3/s the sum of the three inflow strearrs. How­ 
ever, if a lake is fed primarily by only a single stream with 
a discharge of 17 ft3/s, then the upstream boundary point 
would be placed at the mouth of the inflow stream, and the 
stream discharge at that point would be 17 ft3/s.

Although the most accurate way to determine a 
stream's boundary point would be to operate several gag­ 
ing stations on the stream, this was not done because it 
would not be economically feasible. However, gag- 
ing-station discharge data already available for a given 
stream, which are inherently more site specific tl an dis­ 
charges determined by the regional regression ec'iation, 
can be used to refine the boundary point location on that 
stream. This can be accomplished by assuming that the 
ratio of the actual to the regression discharge at the bound­ 
ary point is the same as the ratio of the actual to the regres­ 
sion discharge at the gaging station. Applying tl is 
technique to a stream reach consists of the iterative pro­ 
cess of selecting trial boundary points until the discharge 
ratio at the boundary point is equal to the discharge ratio 
determined for the gage. This technique was applied to 
determine the boundary point location on any stream for 
which there was a gaging-station record with a mean 
annual discharge of less than 100 ft3/s. For exanple, data 
for gaging station 12408500 were used in the de*°.rmina- 
tion of the upstream boundary point on Mill Cre?-k in 
Stevens County. The ratio of the actual discharge at the 
gage (47.9 ft3/s) to the regression discharge at the gage 
(37.1 ft3/s) is 1.29. In order to obtain the same discharge 
ratio at the boundary point, where the desired discharge is 
20 ft /s, the regression discharge at the boundary point 
would need to be 15.1 ft3/s. The same technique was 
applied in determining boundary point locations on rivers 
of statewide significance for which there was a gaging-sta­ 
tion record with a mean annual discharge of between 100 
and 1,000 ft3/s. For example, data for gaging station 
12452800 were used in the determination of the upstream 
boundary point on the Entiat River in Chelan CoMnty. The 
ratio of the actual discharge (370 ft3/s) to the recession 
discharge (422 ft3/s) at the gage is 0.88. A regression dis­ 
charge of 227 ft3/s at the boundary point was needed to 
result in a ratio of 0.88 between the desired discharge 
(200 ft3/s) at the boundary point and the regression dis­ 
charge.



After all the boundary points were determined, the 
ARC/INFO coverages of their locations were given to the 
Department of Ecology. If the USGS, Ecology, local gov­ 
ernments, or others had additional data that allowed a 
more accurate determination of streamflow at or near 
some of these locations, those boundary point locations 
were adjusted, if necessary, to reflect the additional infor­ 
mation.

SUMMARY

The State of Washington, Department of Ecology 
(Ecology) is responsible for regulation of the shorelines of 
the State, as mandated by the Shoreline Management Act 
of 1971. Implementation of the portion of the Act that 
deals with stream and river shorelines requires a knowl­ 
edge of the locations of upstream boundary points where 
specific regulatory criteria are satisfied.

The U.S. Geological Survey, in cooperation with 
Ecology, conducted this study to update upstream 
boundary points previously determined on northeastern 
Washington streams during a 1971 statewide study. The 
1971 study needed to be updated because it had not deter­ 
mined boundary points for streams located within certain 
political boundaries and for rivers of statewide signifi­ 
cance, because it had used the regulatory discharge of 
20 cubic feet per second (ft 3/s) plus the standard error of 
the regression to determine boundary point locations, and 
because the additional streamflow data that have been col­ 
lected since 1971 could provide improved estimates of 
long-term mean annual discharges.

For 146 northeastern Washington streams upstream 
boundary points were determined where the mean annual 
discharge is 20 ft 3/s. In addition, for 22 northeastern 
Washington rivers of statewide significance upstream 
boundary points were determined where either the mean 
annual discharge is 200 ft3/s or the drainage area is 
300 square miles. Boundary point locations were deter­ 
mined by application of a multiple-log-linear regression

equation that relates mean annual discharge to basin drain­ 
age area and mean annual precipitation averagec1 over the 
basin. The regression equation is based on data from 33 
gaging stations with at least 10 years of record. The coef­ 
ficient of determination, R2 , of the regression eauation is 
0.984, and the standard error of estimate of the equation is 
± 0.0916 log units. The latter corresponds to an error of 
-3.8 to +4.7 ft3/s for a mean annual discharge of 20 ft3/s 
and an error of -38 to +47 ft3/s for a mean annual dis­ 
charge of 200 ft3/s.

Drainage area sizes were determined by dig ; *izing 
drainage-area boundaries from 7.5-minute topographic 
quadrangle maps into geographic information system 
(GIS) coverages. A GIS coverage of mean annual precipi­ 
tation, created by digitizing lines of mean annual precipi­ 
tation from a 1965 U.S. Weather Bureau map, was used to 
determine the mean annual precipitation within each digi­ 
tized drainage basin.
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