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Computation of Inflows and Outflows of Eight 

Regulated Lakes in the Oswego River Basin, 

New York, 1930-79

By Richard Lumia and Richard B. Moore

ABSTRACT

Estimates of daily inflows and outflows of eight regulated lakes in the 
Oswego River basin and discharges of three rivers draining these lakes were 
computed and compiled for use in evaluating lake-regulation procedures in the 
basin's stream and reservoir system and are stored on computer. This report 
includes a table of monthly flows at these sites from 1930-79.

Computations were based on records from the 1930-79 water years. Daily 
net inflow estimates (lake inflow minus evaporation and possible ground-water 
seepage) were computed from the outflows and changes in lake storage. Lake 
storage was estimated from lake-level data and elevation-capacity curves for 
each lake. A smoothing technique was applied to plots of daily lake levels 
before net inflows were computed. Where lake-level or outflow data were 
missing, net inflows were estimated from linear-regression equations.

Analysis of results indicates that (1) smoothing the plots of daily lake 
levels significantly reduces random fluctuations resulting from seiche or wind 
action; (2) continuous lake-stage recorders provide a more reliable record 
than staff gages (once-daily, lake-level readings) for computing daily changes 
in lake storage; and (3) the effect of smoothing decreases as the computation­ 
al period is increased.

INTRODUCTION

Most regulated lakes and rivers in the Oswego River basin serve multiple 
purposes, including flood control, low-flow augmentation, water supply, Barge 
Canal use, hydroelectric power, and recreation. Sound management of these 
resources depends on an extensive and reliable data base of flows. In 
1980-81, the U.S. Geological Survey compiled and computed estimates of daily 
inflows and outflows of eight regulated lakes in the Oswego River basin and 
discharges of three rivers draining the lakes for the 1930-79 water years. 
Several approximating procedures were used to obtain best estimates of daily 
flows. The resulting data are on file at the office of the U.S. Geological 
Survey in Albany, N.Y., and are available for inspection.

Purpose and Scope

This report describes (1) methods of computation used to obtain the daily 
lake inflows and outflows and river discharges; (2) sources of error and their 
implications for reliability of the computed values; and (3) a technique for 
smoothing lake-level hydrographs that minimizes the effect of random fluc­ 
tuations in daily lake-levels resulting from seiche or wind action.
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Terminology

Water year. a continuous 12-month period from October 1 to September 30, 
arbitrarily selected for the presentation of data relative to hydrologic or 
meteorologic trends. For example, October 1, 1929 to September 30, 1930 is 
the 1930 water year. All periods referred to in this report are water years.

NGVD. most elevation data in this report are referenced to National 
Geodetic Vertical Datum of 1929, which is a geodetic datum derived from a 
general adjustment of the first order level nets of both the United States and 
Canada, formerly called mean sea level. NGVD of 1929 is referred to as sea 
level in this report.

OSWEGO RIVER BASIN

The Oswego River basin, in west-central New York (fig. 1), has a maximum 
width of 100 mi and a maximum length (north-south) of 75 mi. The basin drains 
5,100 mi2 (Greeson and Williams, 1970). The Oneida and Seneca Rivers join to 
form the Oswego River, which flows northwestward into Lake Ontario at Oswego.

The New York State Barge Canal, maintained and operated by the New York 
State Department of Transportation, traverses the basin from west to east. 
The Cayuga-Seneca Canal connects Seneca and Cayuga Lakes to the canal system, 
and the Oswego Canal permits access to Lake Ontario.

The basin extends across three major physiographic provinces the nearly 
level Ontario Plain in the northern part; the steep, hilly Allegheny Plateau 
in the southern part; and the southern slope of the Tug Hill Plateau in the 
northeastern part (fig. 1).

The Ontario Plain area is characterized by low relief, meandering 
streams, and extensive swampy areas. Land-surface elevation ranges from 500 
to 600 ft above sea level.

The Allegheny Plateau is characterized by rolling uplands, deep north- 
south oriented lakes (the Finger Lakes), and short, steep, east-west trending 
valleys containing streams tributary to the lakes. The Finger Lakes occupy 
former stream valleys that were deepened by southward-moving glacial ice. 
Streams draining the southern part of these valleys, which are now blocked by 
glacial debris, have sustained flow derived from ground water within the 
coarse glacial sediments.
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Figure 1. Major geographic features of Oswego River basin and 
location of selected hydrologic monitoring sites.



The Tug Hill Plateau reaches elevations of more than 2,000 ft above sea 
level within the basin. Below about 1,800 ft, major streams are well 
entrenched in shallow, northwest-southeast trending valleys.

The climate of the Oswego River basin is continental but modified 
somewhat by its proximity to the Great Lakes. The principal storms affecting 
the area are associated with eastward-moving air masses whose northward shift 
during summer allows moisture-laden air to move in from the south. Average 
annual precipitation ranges from 32 in/yr on the western lowlands to almost 
60 in/yr on Tug Hill; distribution is fairly uniform throughout the year 
(Dethier, 1966).

DATA COMPILATION AND PRELIMINARY COMPUTATIONS

The data computed and compiled during this study include outflows (flows 
leaving lake-outlet structures), net inflows (all inflow to the lakes upstream 
from outlet structures and the effects of precipitation on the lakes, evapora­ 
tion from the lakes, and possible ground-water seepage), and diversions to or 
from the lake basins. Also given are flows of three rivers draining the 
lakes. Locations of hydrologic-monitoring sites are given in fig. 1; drainage 
areas and lake-surface areas are given in table 1. Data available from files 
of the Geological Survey or obtained from State and local agencies and private 
companies include lake levels, outflows, diversions into or out of each lake 
basin, rating curves for outlet structures, and lake elevation-storage curves. 
The sources and types of data used are summarized in table 2.

Only minor adjustments were needed to standardize discharge units and to 
convert lake levels to sea level. Outflow records from Seneca and Otisco 
Lakes were incomplete, however, and it was necessary to compute the discharges 
from several sources of related data, as outlined below.

Seneca Lake

Daily outflows from January 1969 through September 1979 were computed as 
the sum of the flow through the electric powerplant, locks, and tainter gate 
at Waterloo. Flow through the powerplant was computed from (1) daily power- 
output records supplied by New York Electric and Gas Corporation, (2) records 
of water-surface elevations upstream and downstream from the powerplant, 
supplied by New York State Department of Transportation (Division of Canals 
and Waterways), and (3) a set of rating curves supplied by New York Electric 
and Gas Corporation relating items (1) and (2) to discharge. Flow through the 
locks was computed from the size of each lock and the number of lockages per 
day; this value was significant only for periods of low flow. Flow through 
the tainter gate was computed from records of daily gate openings, lake levels, 
and a rating curve supplied by New York State Department of Transportation.



Otisco Lake

Records of gate openings and lake levels were supplied by Onondaga County 
Water Authority. Rating curves relating lake level to discharge over the 
spillway or through the gate openings, and outflow to downstream pool eleva­ 
tion, were furnished by the Corps of Engineers. From daily lake levels, the 
discharge over the spillway was computed through a direct application of the 
supplied rating curve, but computation of daily discharges through the gates 
was more complicated because these flows were a function of gate openings, 
lake levels, and downstream pool elevations. The downstream pool elevations 
were not provided, although a curve relating them to total discharge was 
available. Downstream pool elevation is a function of total discharge, and 
conversely, the part of this discharge passing through the gates is a function 
of the downstream pool elevation. An iterative procedure was thus required 
and developed whereby solutions for daily outflows were determined within 5 
percent of the unique solution.

Table 1. Drainage area and surface areas of lakes and river-monitoring 
sites j Oswego River basin^ New York

[Site locations are given in fig. 1.]

Drainage area* Surface area
Site

Oneida Lake

Otisco Lake

Skaneateles Lake

Owasco Lake

Cayuga Lake

Seneca Lake

Keuka Lake

Canandaigua Lake

Clyde River at Lock 26, Clyde

Seneca River at Baldwinsville

Oswego River at Lock 7, Oswego

(mi*)

1,382

42.7

72.7

206

2 1,564

3 742

207

195

845

3,138

5,100

(mi z )

79.8

3.46

13.6

10.6

66.9

67.6

18.3

16.6

 

 

 

* Drainage areas above point of gaged outflow.
Includes drainage area of Keuka and Seneca Lakes 

^ Includes drainage area of Keuka Lake.
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A 50-year (1930-79) daily outflow record, excluding 5 months when repair 
work was being done on the dam, was calculated by the iterative procedure. 
The 1965-79 part of this computed record was highly correlated (r2 = 0.88) 
with outflows recorded at gaging station 04240180 near Marietta, 1.8 mi 
downstream from Otisco Lake. The coefficient of determination (r^) gives an 
indication of the strength of the relationship (Haan, 1977). The 15 years of 
gaged flows at station 04240180 were used as lake outflow for 1965-79. A 
regression of computed daily outflows on gaged daily outflows for the 15-year 
period had a standard error of estimate of +_ 24 ft3/s, which is equivalent to 
about +_ 0.02 ft in daily lake-level change for Otisco Lake. The standard 
error of estimate for a regression of monthly outflows (1965-79) is +_ 20 ft3/s, 
or +^ 0.02 ft change in lake level.

The strength of the correlation between the computed and gaged daily 
outflows for the 15-year period provides confidence in the computed outflows 
for the other 35 years.

LAKE-INFLOW COMPUTATIONS

The following equation was used for computing daily net inflows to the 
lakes studied:

xi = Oi + (Si - St-i) + Diout - Diin (1) 

where: 1^ is net inflow on the ith day

0-^ is outflow on the ith day 

S-£ - Si_i is change in lake storage from the ith to the ith-1 day

D± is water diverted into or out of the basin on the ith day.

Daily diversions for municipal supplies, power generation, etc. were 
applied in computing net inflows to each lake as follows:

Oneida Lake. Inflow computations include addition of diversions 
out of the basin for the city of Rome.

Otisco Lake. Inflow computations include addition of diversions 
out of the basin for the city of Syracuse.

Skaneateles Lake. Inflow computations include addition of diversions
out of the basin for the city of Syracuse and the 
village of Skaneateles.

Owasco Lake. Inflow computations included no diversions.

Cayuga Lake. Inflow computations include addition of outflows 
from Seneca Lake.

Seneca Lake. Inflow computations include addition of outflows 
from Keuka Lake.

8



Keuka Lake. Inflow computations include subtraction of diversions 
into the basin from Waneta and Lamoka Lakes.

Canandaigua Lake. Inflow computations include addition of diversions
out of the basin for the city of Canadaigua and 
villages of Newark, Palmyra, Gorham, and Rushville.

All terms in equation 1 are in units of volume. To compute lake storage 
for a given day, the authors developed lake elevation-storage curves for each 
of the eight lakes being studied. The relationships were determined from 
Geological Survey 7.5-minute topographic maps. A detailed analysis of the 
inflow computations is presented in the following sections.

Sources and Magnitude of Errors

Each term in equation 1 has an associated error, and net inflow is the 
residual terra in which errors in the measured components are reflected. 
Because measured inflows to each lake are not available, direct statistical 
analyses of lake-inflow errors are not possible. To provide an indication of 
the possible errors involved in estimating the net inflows to the lakes, an 
estimate of errors for each measured component in equation 1 is needed.

Computed inflows are approximate at best but are considered the most 
accurate that could be determined from the data. Also, the inflows and 
outflows are not intended for use in daily computations but are to be combined 
into longer duration periods. The inherent errors are minimized as the period 
of application increases.

For lakes having continuous-record gaging stations at or near their 
outlets, the computed outflows are generally considered to have errors of 5 to 
10 percent, as inferred from several studies made on current-meter discharge 
measurements and stage-discharge relationships (Winter, 1981). For lakes 
without gaged outlets, outflows were computed from theoretical ratings based 
on either the dimensions of the outlet structure and (or) power-generation 
output records. These theoretical rating curves are verified by current-meter 
discharge measurements; therefore, the resulting errors should not be 
excessive.

Errors associated with computation of flow diversion into or out of the 
lake basins are generally insignificant. Measurement errors are similar in 
magnitude to those for theoretically derived outflows. However, the diver­ 
sions are a minor component of the total water budget for all lakes studied 
except Skaneateles Lake, from which the diversions to the city of Syracuse 
form a significant "outflow."

Most errors associated with calculation of changes in lake storage can be 
attributed to two sources. First, a minor error results from the lake 
elevation-storage curve determined from the topographic maps. The error 
results from the large contour interval and the placement of contour lines on 
the maps. The flood-plain area of the lakes ranges from 1 to 16 percent of



the total water-surface area (as determined from the topographic maps); there­ 
fore, errors in computed lake-surface area at high stages are small compared 
with the total surface area of the lake. Thus, the lake elevation-storage 
curves are reliable for this study.

The second source of error results from use of observed lake levels as a 
measure of changes in lake volume. This is the most significant source of 
error in the computation of lake inflows, as is evident in the plots of the 
lake-level records described later. For example, during periods of once-daily 
lake-level readings, Oneida Lake indicates maximum random fluctuations of 
about + 0.07 ft and Keuka Lake about + 0.05 ft, whereas the random fluctuation 
for periods of daily mean lake stage (computed from hourly recorded readings) 
is generally less than half these values. Available data indicate that the 
random fluctuations, for the most part, cannot be attributed to erratic regu­ 
lation of the outflows nor to evaporation or precipitation because the fluc­ 
tuations are evident even when outflows and estimated evaporation are nearly 
constant and precipitation is insignificant or zero. Figure 2 illustrates 
that random lake-level fluctuations of approximately the same magnitude as 
described above are apparent in recorded hourly data. Because these fluc­ 
tuations are too rapid and large to be attributed to changes in hourly inflow 
or outflow, an individual lake-level measurement cannot be directly used as an 
indicator of the volume of water in lake storage. Lake-level observations are 
subject to error from waves and seiches, which are common in the eight lakes 
studied, and, for once-daily measurements, human error is also a factor. 
Errors from lake-level fluctuations become significant when translated to 
daily net inflows. When weekly or monthly inflows are calculated, however, 
the effect is minimized. Table 3 gives two examples to illustrate this point.

8.75

8.70

8.65

Lu 8.60
LU

8.55 . I

ONEIDA LAKE 
October 12, 1978

12 
HOURS

18 24

4.80

4.75

4.70

4.65

4.60

T ' ' ' ' I ' ' ' ' ' I ' ' ' ' ' I

KEUKA LAKE
March 25, 1979 

. I . . . . . I . . . . .
12 

HOURS
18 24

Figure 2. Example of random fluctuations in plot 
of hourly recorded lake levels.
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Table 3. Effect of random lake-level fluctuations on computed 
net inflows to two representative lakes.

Maximum random 
Lake fluctuation (ft) 1

Resultant maximum error in computed 
net inflow for indicated period

Oneida + 0.07

Keuka +0.05

Period

Daily
Weekly 
Monthly

Daily 
Weekly 
Monthly

Maximum Maximum error as 
error percentage of mean 
(ft3/s ) net inflow (1930-79) 2

+ 1,810
+ 258 
+ 60

+ 295 
+ 42 
+ 10

74
11 
2

160 
23 
5

Estimated from plots of daily lake-level readings. 
Percentages for Oneida Lake are less than those 
primarily because once-daily lake-levels for Oneida Lake are 
average of three lake gages.

Lake-Level Hydrograph-Smoothing Technique

A lake-level hydrograph smoothing technique was developed in this study 
to reduce the errors introduced into the net inflows from the observed lake- 
level data. The main consideration in developing the smoothing technique was 
to distinguish random fluctuations from real changes in lake volume. As a 
guide in smoothing the observed lake-level hydrographs, "theoretical" lake 
levels were computed and were plotted concurrently (offset by 2 ft) with the 
observed lake levels. To determine the theoretical levels, daily changes in 
lake storage were computed from the rearranged equation 1 as follows:

- Oi - Diln (2)

Daily changes in lake storage were converted to daily changes in lake-surface 
elevation through the lake elevation-storage curves. Daily inflows (1^) were 
approximated by multiplying gaged daily discharges at a nearby unregulated 
stream by a drainage-area factor. These flows (I±) were estimated from 
streamflows from Cohocton River near Campbell (for Canandaigua Lake), East 
Branch Fish Creek at Taberg (for Oneida Lake) and Fall Creek near Ithaca (for 
the remaining six lakes). These unregulated streams were three of the few in 
the study area that had daily streamflow records for 1930-79.

A major assumption in applying the foregoing procedure is that variations 
in flow from a nearby unregulated stream are representative of variations in 
total inflow to the lake in question. The validity of this assumption depends 
on the similarity of the hydrologic characteristics of a lake basin and a 
nearby stream basin. Most of the study area is underlain by shale bedrock

11



covered by till, both of which probably yield little ground water to the 
system. The total area of unregulated inflow to the eight lakes studied is 
about 3,100 mi2. of this total, about 70 percent is carried by unregulated 
streams having drainage areas at their mouths (lake inlet) greater than 25 mi 2 
Streams draining areas greater than 5 mi2 represent 80 percent of the area of 
unregulated inflow. These factors suggest that surface runoff controls day- 
to-day fluctuations of lake levels and that correlation of daily lake inflow 
with concurrent daily streamflow at a nearby stream is reasonable.

Weather patterns are also uniform throughout the area, except in the Tug 
Hill area and during local thunderstorms in summer. Because a detailed analy­ 
sis of daily rainfall over the basin for 1930-79 was not feasible, an analysis 
of correlations between daily streamflows from unregulated streams in the 
study area was made. Results are presented in table 4. The table indicates 
strong correlations except for East Branch Fish Creek at Taberg, an area of 
anomalous hydrologic characteristics. The strength of the other correlations 
suggests that use of Fall Creek and Cohocton River as index streams to develop 
the theoretical lake levels is reasonable.

Using the shape of the theoretical lake-level trace as a guide, the 
authors manually smoothed plots of the observed daily lake levels. The result 
for 6 months of once-daily measurements on Cayuga Lake is illustrated in 
figure 3. In general, very little smoothing was needed for periods of signif­ 
icant runoff because the random errors during high lake inflows become small 
in relation to total lake inflow. Therefore, smoothing was done mainly for

387

Theoretical Lake levels + 2feet

^Observed Lake levels 
/ (Solid line)

Questionable reading

Smoothed Lake levels 
(Dashed line)

JULY AUGUST SEPTEMBER OCTOBER 
1952

NOVEMBER DECEMBER

Figure 3. Example of lake-level hydrograph-smoothing technique, 
Cayuga Lake, July to December* 1952 .
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recession periods, when rainfall is insignificant or zero. Because 
0± (observed lake outflow) is used in equation 2, lake-level fluctuations 
resulting from regulation of the lake outlet are also reflected in the theoret­ 
ical lake-level trace. Where significant fluctuations were indicated in one 
trace but not the other, rainfall records were inspected for those days, and 
the smoothing procedure was applied or omitted accordingly.

The purpose of the lake-level hydrograph smoothing technique is not to 
predict daily lake inflows from concurrent streamflows but to reduce error in 
interpretation of the observed lake levels, thus providing a better estimate 
of daily net inflows.

Table 4. Correlations of daily etrearrflows,
October 1, 1959, to September 30, 1980. 
[Locations are shown in fig. 1.]

Drainage Value of
area r^

Stream (mi 2 ) (percent) 1

2 13 - Fall Creek near Ithaca 126 
correlated with:

18 - Flint Creek at Phelps 102 66

17 - Cayuga Inlet near Ithaca 35.2 78

15 - Harbor Brook at Syracuse 10.0 67

16 - Butternut Creek near Jamesville 32.2 76

19 - Otselic River at Cincinnatus 147 81

12 - East Branch Fish Creek at Taberg 188 29

14 - Cohocton River near Campbell 470 
correlated with:

13 - Fall Creek near Ithaca 126 74

18 - Flint Creek at Phelps 102 74

12 - East Branch Fish Creek at Taberg 188 24

1 Coefficient of determination (r 2 ) x 100 (percent of variance 
explained by the correlation).

2 Site numbers refer to those shown in fig. 1.
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Evaluation of Smoothing Technique

Because inflows to the lakes are unknown, direct statistical evaluation 
of the computed inflows and the lake-level hydrograph-smoothing technique is 
impossible. To evaluate the technique, the authors made several statistical 
correlations between streamflows at nearby unregulated streams and the com­ 
puted net inflows to the lake in question. The degree of correlation between 
streamflows and inflows is expressed by the coefficient of determination, r^.

Daily streamflows at gaging statipns on nearby unregulated streams were 
correlated with concurrent daily net inflows computed from both the original 
(unsmoothed) lake-level data and the smoothed lake-level data. Results of the 
correlations for four of the lakes are presented in table 5. Canandaigua Lake 
was equipped with a recording gage (daily-mean lake levels) during 85 percent 
of its period of record; Otisco and Skaneateles Lakes were equipped with a 
nonrecording staff gage (once-daily lake level readings) for their entire

Table 5. Effects of smoothing daily lake-level data on computed 
daily net inflows to four selected lakes. 

[Locations are shown in fig. 1.]

Lake

Number of
Stream years and 
used for type of lake 
correlation level data 1

Improvement
Value of (r smoothed 

p pType of net r minus r 
inflow data (percent) 2 unsmoothed)

Canandaigua

Otisco

Skaneateles

Cayuga

Cohocton
River near
Campbell

Fall Creek
near Ithaca

Fall Creek
near Ithaca

Fall Creek
near Ithaca

40

6
34

50

50

50

27

23

(C)

(NR)
(R)

(NR)

(NR)

(0

(NR)

(R)

Smoothed
Unsmoothed

(not

Smoothed
Unsmoothed

Smoothed
Unsmoothed

Smoothed
Unsmoothed

Smoothed
Unsmoothed

Smoothed
Unsmoothed

76
64

run separately)

69
49

68
32

65
42

63
32

68
62

12

20

36

23

31

6

C, combined periods of nonrecording and recording gages; 
NR, nonrecording gage (once-daily lake-level readings); 
R, recording gage (daily mean lake-level values). 
Coefficient of determination (r 2 ) x 100 (percentage of 
variance explained by correlation).
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period of record; and Cayuga Lake was equipped with a recording gage during 
46 percent of its period of record. The daily net inflows were also corre­ 
lated with daily streamflows from other nearby gaging stations with shorter 
periods of record. Results were similar. For example, correlation of daily 
net inflows to Otisco Lake with concurrent daily streamflows at Harbor Brook 
at Syracuse for 1959-79 gave r2 values of 0.44 and 0.70 for unsmoothed and 
smoothed inflows, respectively.

The r2 values for the unsmoothed net inflows indicate that a significant 
amount of the variance is explained by the correlation. This is despite the 
large amount of random error in the observed lake levels and measurement 
errors in the remaining components of the lake's mass-balance equation. If 
random "noise" (the major source of error in the mass balance equation) in 
observed lake-level fluctuations is minimized by smoothing, the correlation 
between daily net inflows and daily streamflows at a nearby unregulated stream 
should improve. The r2 values in table 5 indicate significant improvement. 
In most cases, much more of the variance is explained by the correlation with 
smoothed inflows. The greatest improvement is in daily net inflows computed 
from once-daily (nonrecording) lake-level data. Daily inflows computed from 
daily-mean (recording) lake-level data would be expected to show less improve­ 
ment because the random fluctuations (from time sampling and human error) are 
substantially reduced.

Similar correlations were done for three of the lakes on a monthly basis; 
results are presented in table 6. Here smoothing produces little improvement, 
primarily because the effects of waves and seiches are nearly equalized over 
the longer computation interval.

Table 6. Effects of smooth-ing daily lake-level data on computed 
monthly net inflows to three selected lakes. 

[Locations are shown in fig. 1.]

Lake

Canandaigua

Stream
used for 
correlation

Cohocton 
River near
Campbell

Number 
of years

40

Type of net 
inflow data

Smoothed 
Unsmoothed

Value of

(percent)

89 
89

Improvement
(r smoothed

minus 
r unsmoothed)

0

Otisco

Skaneateles

Fall Creek
near Ithaca

Fall Creek
near Ithaca

50

50

Smoothed
Unsmoothed

Smoothed
Unsraoothed

84
83

88
87

1

1

Coefficient of determination (r ) x 100 (percentage of variance 
explained by the correlation).
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To illustrate the effectiveness of the smoothing procedure, a 6-month 
period (July-December 1952) was chosen for Cayuga Lake; inflow computations 
with and without smoothing are plotted in figure 4, which includes related 
factors for comparison. The computation period (July-December 1952) corres­ 
ponds to the period used to illustrate the hydrograph-smoothing technique for 
Cayuga Lake (fig. 3). The observed lake levels were once-daily (nonrecording) 
readings. The regulated daily outflows from Seneca Lake and the daily 
streamflows at Fall Creek near Ithaca are both part of the total inflow to 
Cayuga Lake. The daily rainfall record is from the Ithaca-Cornell University 
Weather Bureau station (fig. 1), near the southeast end of Cayuga Lake.

Random fluctuations are prominent in the plot (fig. 4) of "unsmoothed" 
daily net inflows. The extreme fluctuation in mid-July is a result of an 
erroneous lake-level measurement, and most fluctuations in the "unsmoothed" 
plot have no apparent relation to water entering or leaving the lake.

Daily changes in lake levels are measured to the nearest 0.01 ft. For a 
large lake such as Cayuga, a 0.01-ft change in lake level represents a change 
in lake storage of 428 acre-ft, which means that a computed daily net inflow 
value for Cayuga Lake is accurate, at best, to within +_ 216 ft^/s and, for a 
small lake such as Otisco Lake, to within +_ 11 ft^/s. In contrast, the errors 
in monthly mean net inflow values are much less for a 0.01-ft error in lake- 
level measurement. Even if monthly lake-level data were accurate to only +_ 
0.05 ft, the error in monthly mean net inflow values would be only 36 ft^/g 
and 2 ft^/s for Cayuga and Otisco Lakes, respectively. This improvement 
reflects the preservation of total mass balance as errors in computed daily 
net inflows offset each other through time.

The errors incurred through daily net inflow computations are not crit­ 
ical to most hydrologic applications. For example, in simulating responses to 
lake regulation, the amount of water available is the primary concern. The 
216 ft^/s error in computed daily net inflows for Cayuga Lake would translate 
into only 0.01-ft error in lake level; thus, lake levels simulated from the 
flow values should be sufficiently accurate for most purposes.

Estimation of Net Inflows for Periods of Missing Record

Net inflow values could not be computed directly from equation 1 when 
either daily outflows or daily lake levels were unknown. Inflow values during 
periods of missing record were estimated from a regression of lake inflows 
against concurrent flows at other sites. This technique produces a straight 
line representing the "best fit" to the two sets of values. Several regres­ 
sions were made for each lake having missing periods of record to determine 
which station's flows correlated best with inflows to the lake in question. 
The coefficient of determination (r2) was used to evaluate the strength of 
each correlation. For two lakes (Otisco and Seneca), the best correlation 
resulted from relating net inflows to the sum of net inflows to nearby lakes.

Results of the regression analyses are given in table 7. The slope of the 
regression line (X-coefficient in each equation) is approximately equal to the 
drainage-area ratio, as expected. The standard error of estimate (SEy ) is 
given in ft^/s and converted to change in lake level, in feet, for daily and 
monthly computations.

16



o o
UJ 
C/3
oc
UJ 
Q_

tD

15,000

10,000

5000

0

-5000

-10,000

-15,000 

10,000

5000

0

I I ' " I | ! '   I I | I I I I I | I I I I ' I 

Cayuga Lake- "Unsmoothed" daily net inflows

l l I l I l i I I I I I I I I

^ -5000
CO
D 
U

l I I I | I I I I I | I I I I I I I T I 1 1 1 I I I I 

Cayuga Lake- "Smoothed" daily net inflows

I l I I I I I I I I I I i I l I I l

5000

UJ 

QC

I
O
<2 5000

-5000

1 1 1 1 1 1 1 1 1 1 1 1 
Cayuga Lake-

1 1 I i i 1 1 l 1 1 l 1

i 1 I 1 l | 
Regulated daily

i l 1 i I 1

1 l 1 i 1 | 1 1 1 I 1 | 1 1 1 1 l
outflows

i 1 I 1 i 1 1 1 1 i 1 i I 1 l I

-5000 

3000

2000

1000

l i i l i

_/V^
i i i l i

| i i i
Seneca

^^" V*-^

1 1 1 1

1 ' 1
Lake -

-x/"**x.

1 1 1

1 i i i I | l i i 
Regulated daily outflows

1 1 1 1 1 1 I 1

i l
(Part

| I i l 
of inflow to

1 1 1 1

1 ' 1
Cayuga

1 1 1

l 1 l 1 l
Lake)

1 1 1 I 1

-ioooL_i

I i i i i T | i i i i i | i i i i i | i i r i i \ i i i i i
Fall Creek near Ithaca - Daily stream discharges (Part of inflow to Cayuga Lake)

LJL.
I i 1 1 I I I I I I I l I_I

-Jffl

U-O 
ZZ

4

3

2

0

i i i i i | l i i

 ,,
Ithaca

1 id .1 1 . 1 1 u III

1 ' 1
-Cornell

l,, .LI

1 l 1 1 l | i
University weather

1 1 1 ili 1 Ll.ll

1 1 i
station

1 U ..

l | I 1 l 1
  Daily rainfall

,.!.,.... ,.,L

1 1 '

I, Lil

1 1 1 1

ill 1. 1.1. 1

~

-

5 10152025 5 10152025 5 10152025 5 10152025 5 10152025 5 10152025 
JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

1952

Figure 4. Example of inflow and outflow data used to evaluate lake-level
hydrograph-smoothing technique. [Locations are shown in fig. l.J

17



Ta
bl
e 

? 
 S

um
ma

ry
 
of
 r

eg
re

ss
io

n 
an
al
ys
es
 
to
 e

st
im
at
e 

in
fl

ow
s.

 
[L

oc
at

io
ns

 
ar

e 
sh
ow
n 

in
 
fi

g.
 
1.
]

0
0

La
ke
 
an

d 
pe

ri
od

 
of

 
mi
ss
in
g 

re
co

rd

Ot
is

co
 

7/
61
-1
2/
61

Se
ne
ca
 

10
/2
9-
1/
31
, 

7/
45
-1
2/
45
 

1/
67

-1
2/

68

Ke
uk
a 

10
/2
9-
3/
65

Ca
na

nd
ai

gu
a 

10
/2

9-
11

/3
9

Si
te
(s
) 

Dr
ai

na
ge

- 
pr
ov
id
in
g 

be
st
 

ar
ea

 
co

rr
el

at
io

n 
ra

ti
os

1

Su
m 

of
 
in

fl
ow

s 
to
 

0.
15
 

Ow
as
co
 
an

d 
Sk

an
ea

te
le

s 
La

ke
s

Su
m 

of
 
in

fl
ow

s 
to

 
.3

9 
Ow

as
co

, 
Sk

an
ea

te
le

s,
 

Ca
yu
ga
 
La

ke
s

Di
sc
ha
rg
e 

fo
r 

.4
3 

Co
ho
ct
on
 
Ri

ve
r 

ne
ar
 
Ca
mp
be
ll

Di
sc
ha
rg
e 

fo
r 

.4
0 

Co
ho
ct
on
 
Ri
ve
r 

ne
ar
 
Ca
mp
be
ll

Y-
va

lu
e 

in
 

St
an

da
rd

 
er
ro
r 

re
gr

es
si

on
 

r2
 

of
 
es

ti
ma

te
 
SE

y 
eq
ua
ti
on

2 
(p

er
ce

nt
)
3 

(f
t
3/

s)

0.
14
X 

+ 
2.

7 
93
 

Da
il
y 

+ 
37

.8
 

Mo
nt
hl
y 

+_
 

15
.8

.3
5X
 
- 

12
3 

90
 

Da
il
y 

+ 
56

0 
Mo

nt
hl

y 
+ 

21
4

.4
1X
 
- 

23
 

92
 

Da
il
y 

+ 
22
0 

Mo
nt
hl
y 

+ 
60
.7

.3
7X
 
- 

18
 

89
 

Da
il
y 

+ 
17

0 
Mo

nt
hl

y 
+ 

67
.7

SE
 

co
nv
er
te
d 

to
 
la
ke
 
le
ve
l 

(f
t)

Da
il
y 

+ 
Mo

nt
hl

y 
+

Da
il
y 

+ 
Mo

nt
hl

y 
+

Da
il
y 

+ 
Mo

nt
hl

y 
+_

Da
il
y 

+ 
Mo
nt
hl
y 

+_

0.
03

 
.0

1

.0
2 

.0
1

.0
4 

.0
1

.0
3 

.0
1

Dr
ai
na
ge
 
ar
ea
 
of

 
st

at
io

n 
wi

th
 
mi
ss
in
g 

re
co

rd
 
di

vi
de

d 
by

 
dr

ai
na

ge
 
ar
ea
 
(o
r 

su
m 

of
 
dr

ai
na

ge
 
ar

ea
s)

 
of
 
st
at
io
n(
s)
 
pr
ov
id
in
g 

be
st
 
co

rr
el

at
io

n.
2 

Ex
am

pl
e:

 
Y 

» 
0.
14
X 

+ 
2.
7;
 
Y 

is
 
ne

t 
in

fl
ow

 
to

 
la
ke
 
wi

th
 
mi
ss
in
g 

re
co

rd
; 

X 
is

 
fl
ow
 
at
 
st
at
io
n(
s)
 

pr
ov
id
in
g 

be
st

 
co
rr
el
at
io
n.
 

Co
ef

fi
ci

en
t 

of
 
de

te
rm

in
at

io
n 

(r
2
) 
X 

10
0 

(p
er
ce
nt
ag
e 

of
 
va
ri
an
ce
 
ex
pl
ai
ne
d 

by
 
th
e 

co
rr

el
at

io
n)

.



OSWEGO RIVER BASIN RUNOFF COMPUTATIONS

Monthly mean flows of the eight lakes and three rivers were computed 
from the daily values and are presented in table 9 (at end of report). 
Monthly flows are more reliable and are suitable for general use. Monthly 
outflow values were not computed for periods where daily data were missing. 
Negative inflow values occur primarily because the sum of evapotration and 
ground-water seepage from the lake was greater than the total lake inflow.

To check for major inconsistencies in the net inflow computations, the 
monthly values for the eight lakes were converted to (ft3/s)/mi^ and plotted 
together on semilog coordinates. Individual lake-inflow plots were offset two 
log cycles to facilitate comparison. Monthly net inflows of the eight lakes 
and Cohocton River discharges over 10-year intervals from 1930-79 are shown in 
figures 6A-6E (at the end of report); the plot of the easternmost lake (Oneida 
Lake) is at the bottom of each figure, and the westernmost lake (Canandaigua 
Lake) is second from top. Discharge of Cohocton River near Campbell, a nearby 
unregulated stream (top plot)» is included for comparison with lake inflow 
values. Computed flows of 0.1 (ft3/s)/mi2 were used as a lower limit; any 
lesser flows were set to that value to avoid plotting extremely small or even 
negative numbers. No major inconsistencies were found in the 50-year period.

Table 8 lists mean annual runoff values of the eight lakes over a 45-year 
(1935-79) base period; flows at the three river sites and from intervening 
areas are included. The 1935-79 base period was used because no record was 
available for Clyde River for most of 1930-35. The runoff values listed in 
table 8 reflect the general distribution of mean annual precipitation and are 
included in the mean annual precipitation map (fig. 5). As an example, the 
mean annual runoff value for the Oneida Lake basin is significantly higher 
than for the other lake basins. As expected, this basin is within the area of 
highest mean annual precipitation in the Oswego River basin. Mean 'annual 
precipitation values for each subbasin (table 8) were computed by superim­ 
posing individual subbasin drainage divides on a statewide mean annual precip­ 
itation map (Zembrzuski and Dunn, 1979). The precipitation pattern over each 
subbasin is illustrated in figure 5. The difference between mean annual 
runoff and mean annual precipitation (table 8) reflects the large amount of 
evapotranspiration from each subbasin.

Climatic maps for 1946-55 (U.S. Environmental Data Service, 1968) indicate 
that lake-evaporation estimates are consistent with the runoff and precipita­ 
tion values in table 8. These maps also indicate that 80 percent of the 
annual evaporation in the region occurs between May and October, which is con­ 
sistent with the monthly lake-inflow patterns in figure 5.

Also shown in table 8 are mean annual runoff values for intervening 
areas (areas between gaged river sites). Runoff from these areas was calcu­ 
lated by subtracting the runoff values at the upstream station(s) from that at 
the gaged river site. The mean annual runoff values from intervening areas 
seem consistent with the computed runoff and precipitation patterns.

The distribution of mean annual precipitation is reflected in the inflow 
plots in figure 6. The lowest mean annual precipitation is in the western 
part of the Oswego basin and gradually increases eastward. In general, the 
mean annual runoff values also increase from west to east.
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This report presents only monthly inflows and outflows (table 9); the 
daily flow values are stored as card images on magnetic tape (10 values per 
card) and are available at the Albany, N.Y. office of the Geological Survey. 
Some of the data (as indicated in table 2) are accessible through the 
Geological Survey's WATSTORE (National Water Data Storage and Retrievel 
System) daily-values computer file in Reston, Va.

Table 8. Mean annual runoff values in selected subbasins of 
Oewego River basin, 1935-79.

Drainage 
Subassin number and name area 1 
(Locations shown in fig. 5) (mi 2 )

1

2

3

4

5

5A

6

6A

7

8

9

10

11

Oneida Lake

Otisco lake

Skaneateles Lake

Owasco Lake

Cayuga Lake

Cayuga Lake minus
Seneca Lake

Seneca Lake

Seneca Lake minus
Keuka Lake

Keuka Lake

Canandaigua Lake

Clyde River
at Lock 26

Seneca River at
Baldwinsville

Oswego River at

1,382

42.7

72.7

206

1,564

822

742

535

207

195

845

3,138

5,100

Mean Mean Mean Mean annual 
annual annual annual precipitation 
runoff runoff runoff over subbasin 

(ft 3 /s) [(ft 3 /s)/mi2 )] (in) (in)

2,500

60.0

110

296

1,560

993

567

389

178

164

889

3,380

6,850

1.81

1.41

1.51

1.44

1.00

1.21

.76

.73

.86

.84

1.05

1.08

1.34

24.6

19.2

20.5

19.6

13.6

16.4

10.3

9.9

11.7

11.4

14.3

14.7

18.2

45

38

37

37

34

35

33

33

34

34

34

34

37
Lock 7

12 Subbasin 9 minus 
subbasin 8

13 Subbasin 10 minus
subbasins 3, 4, 5, 
and 9

14 Subbasins 11 minus 
subbasins 1, 2, 
and 10

Intervening Areas of River Sites 

650 720 1.11

450

537

530

910

1.18

1.69

15.1

16.0

23.0

34

35

38

1 Drainage area of lake subbasin is determined at point of gaged outflow.
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Figure 5. Distribution of mean annual precipitation and
mean annual runoff ioithin Oswego River subbasins.
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SUMMARY AND CONCLUSIONS

This report presents inflows and outflows of eight regulated lakes and 
discharges at three river sites in the Oswego River basin. These data were 
computed and compiled by the Geological Survey from records collected during 
the 1930-79 water years.

Daily lake outflows were compiled from data available in files of the U.S. 
Geological Survey and of State, local, and private agencies. Some were com­ 
puted from rating curves supplied by these agencies. Daily net inflows to 
lakes (lake inflow minus evaporation and possible ground-water seepage) were 
computed from daily outflows (flows leaving the outlet structure), daily lake 
levels, daily diversions into or out of the lake basin, and lake elevation- 
storage curves. Much of the lake-level and diversion data were obtained from 
various agencies; the lake elevation-storage curves were developed from U.S. 
Geological Survey 71/2-minute topographic maps.

Major sources of error in the observed lake levels are waves, seiches, 
and human judgment (where once-daily lake level readings are being taken). To 
reduce these errors and obtain more accurate estimates of daily lake levels, a 
technique for smoothing lake-level hydrographs was developed and applied. The 
smoothed lake-level hydrographs, together with lake elevation-storage curves, 
outflows, and diversions, were applied to the basic mass balance equation to 
compute daily net inflows to each lake. Analysis of the lake-level hydrograph 
smoothing technique indicates that the procedure reduces the random lake-level 
errors inherent in observed daily lake-level readings. Effects of measurement 
errors are significantly reduced as the computational period is increased.

For periods when either daily outflows or changes in daily lake levels 
were unknown, linear regression analyses were used to develop an equation from 
which daily net inflows could be computed. Strong correlations between net 
lake inflows and gaged streamflows at an index station were indicated, and the 
net inflows were computed accordingly.

Plots of monthly net inflow to the eight lakes reveal no major incon­ 
sistencies. Inflow values correspond well with one another and with con­ 
current gaged streamflows from unregulated stations within hydrologically 
similar areas.

The data from this study provide a base for assessing lake-regulation 
procedures within the Oswego River basin's stream-reservoir system. Lake 
levels (water available for management) simulated from the given inflows 
and outflows should be sufficiently accurate for most hydrologic purposes.
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Table 9. Monthly mean flows at selected sites 
in Oswego River basin, New York.

A. Mean outflows of eight lakes                    28

B. Mean inflows of eight lakes                     36

C. Diversions from five lakes                      44

D. Mean flow in three rivers                       49
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