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CONVERSION FACTORS AND SYMBOLS

Factors for converting English units to the International System of Units
(SI) are given bhelow to four significant figures. ITowever, in the text the metrie
equivalents are shown only to the number of significant figures cousistent with
the values for the English units.

English Multiply by Metric (SI)
inches (in.) 25.40 millimeters (mm)
miles (mi) 1.609 kilometers (km)
square miles (mi®) 2.590 square kilometers (km?)
cubic feet per second (ft¥/s) 02832 cubic meters per second
(m®/s)
cubic feet per second per square cubic meters per second
mile [ (ft*/s)mi®] .01093 per square kilometer
[(m®/s) /km?*]
Q4 Mean annual discharge, in ft*/s.
Q4(30) Mean annual discharge, in ft*/s, for the 30-year reference period
1941-70 (October 1940 through September 1970),
Q4 (PR) Mean annual discharge, in ft*/s, for the period of record.
Qmea (30) Median annual discharge, in ft*/s, for the 30-year reference period
1941-70.
R4 (30) Mean annual runoff, in inches, for the 30-year reference period

1941-70.




MEAN ANNUAL RUNOFF IN THE
UPPER OHIO RIVER BASIN, 1941-70,
AND ITS HISTORICAL VARIATION

By RoBERT M. BEALL

ABSTRACT

A map of the Ohio River basin above the Muskingum River shows patterns
of mean annual runoff for the new climatologic and hydrologic reference period,
1941-70, and provides an up-to-date, cousistent basis for consideration of this
streamflow characteristic. The primary data base consisted of 98 long-term
gaging-station records collected within this 27,800-square-mile (70,700-square-
kilometer) headwater area of the Ohio River hasin. Supplemental information
was derived from 83 short-term records.

Mean aunual runoff is at a regional minimum of less than 12 inches (300 mil-
limeters) in an area extending from the northern West Virginia panhandle to
the headwaters of the Mahoning River in Ohio. Mean annual runoff of more
than 32 inches (&10 millimeters) occurs in parts of the upper Cheat River basin
in West Virginia. The zone of high runoff trends northeastward along the west-
ern slopes of the Allegheny Mountains; magnitudes diminish to about 25 inches
(630 millimeters) at the eastern basin boundary near Ebensburg, Pa. Runoff
of this magnitude occurs alco in a band across the upper Allegheny River basin
in Pennsylvania.

Ratios of mean annual discharge to the 30-year reference-period average were
computed for each year of record for all loug-term gaging stations. Annual
discharges have ranged from about 30 percent to 200 percent of the 30-year
mean. Graphed summaries of the annual ratios document the relative duration
and magnitude of wet and dry periods during the past 65 years in the upper
Ohio River basin.

INTRODUCTION
Mean annual runoff is the average flow of a stream during a par-

Note.—Throughout this report. yvears should he understood to mean water
years (October 1 through September 30), the annual period for which gaging-
station records are customarily published.
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ticular period of vears: its long-term value closely approximates
the amount of streamflow potentially available for development. As
such, it is a useful quantitative measure of an indispensable, renew-
able resource. Unlike a static mineral resource, runoff is always in
a state of flux, varying principally in response to temporal and
arcal changes in precipitation and temperature. Climatically induced
variations are influenced by the effects of topography, geology, vege-
tation, and, to a lesser degree, man's modification of the land.

The mean annual runoff of an area is a common and fundamental
numeric, descriptive clement. Needed values are generally extra-
polated from or referenced to published data for the period of record
at some conveniently located gaging station; they may or may not
include a specification of the period and the area of representation.

THE PROBLEM

Many strcamflow records are available for the upper Ohio River
basin, but their periods of record are largely noncoincident ; further-
more, available information canuot always be applied readily to a
particular site or area of interest. Existing maps showing patterns
of runofl are too small in size and too large in runoff-value intervals
to be of use except for determining gross estimates for large basins
or areas.

The credibility of the quantification in all resource appraisals in-
creases with the number of data values used in the assessment, until
some point of diminishing return is reached in terms of the value of
or necessity for the improved information. The irregular, cyclic
occurrence of wet and dry years is such that a specific time frame
is desirable when considering this dynamic resource.

A PRELIMINARY SOLUTION

The principal purpose of this study is to produce a reasonably
detailed but preliminary map of mean annual runoff for the upper
Ohio River basin, representing conditions during an appropriate
reference period—1941-70. This is the reference period presently
used by the Invironmental Data Service and National Weather
Service, National Oceanic and Atmospheric Administration, for re-
porting of climatological-standard-normal temperature and precipi-
tation data, and by the U.S. Geological Survey in its monthly analy-
ses of nationwide streamflow and ground-water conditions. The 30-
year reference period is a useful standard but has no particular hy-
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drologic significance, as it is representative of recent experience but

does not necessarily occupy a significant position in some climatic
cycle.

AREA OF INTEREST AND LIMITS OF DEFINITION

The initial area of interest for definition of mean-runoff character-
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——--—— Upper Ohio River basin
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Q 25 50 75 KILOMETERS —

Part of Appalachian region

Base from US Geological Survey Appalachian Region 1967

Fieure 1.—The upper Ohio River basin study area and the Greater Pittsburgh
region within it.
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istics was the Greater Pittsburgh region—for present purposes de-
fined as including the six southwestern Pennsylvania counties of
Allegheny, Armstrong, Beaver. Butler, Washington, and Westmore-
Jand—an area of about 4,500 mi* (11,650 km 2). See figure 1.

The prineipal rvivers of this region are Allegheny, Kiskiminetas,
Monongahela, Youghiogheny, Beaver, and Ohio. All of these rivers
have been gaged at sites within the region for many years, and
documentation of the varying guantity of water available in these
major arteries has been beneficial in innumerable ways. However,
these large rivers ave extraregional in origin, and their records do
not define the pattern of runoff originating within the Greater Pitts-
burgh region. Continuous daily discharge records of streams whose
drainage are wholly within the region have been collected at 14 gage
sites, half of which are no longer in operation or which have been
established m recent years.

Improved definition of runoff in the Greater Pittsburgh region
can be achieved by using streamflow records for contiguous areas in
the data analysis. To this end. the upper Ohio River basin was
adopted as the study avea. The upper Ohio River basin referred to
here includes all of the basin area upstream from the Muskingum
River basin in Ohio and the Little Ianawha River basin in West
Virginia. This area is shown also in figure 1. This part of the Ohio
River system comprises an area of about 27,300 mi* (70,700 km?)
in parts of Maryland, New York, Ohio, Pennsylvania, and West
Virginia.

The extension of the study area was considerably greater than
that required for examination of the six-county region. However, the
map and data are expected to be useful for other studies. The ex-
tended study area approximates the avea of respousibility of the
Pittsburgh District, U.S. Army Corps of Engineers; and the Pitts-
burgh River Forecast Center, National Weather Service. The distri-
bution of drainage areas among the several states and principal sub-
basins is as follows:

Drainage-urca subdivision, in squarc miles

Subbasin

Upper Ohio

Allegheny Monongahela Ohio River basin
Pennsylvania o _______ 9,765 2,654 3,023 15442
West Virginia ________________  ___.__ *4,305 #1,620 5,925
Ohio ol e el 8,525 8,525
Mavybad o _____  _____ 2495  _____ 2425
New York o ___ 1,98 - . 1,983
Total . __ 11,748 7,384 * 8,168 227,300

1 Ax defined in text above.
2 Approximate.
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The Ohio subbasin, as used herein. consists of all of the area
tributary to the Ohio River from Pittsburgh. Pa.. to Marietta, Ohio.
The principal tributary within the subbasin is Beaver River.

SOURCES OF DATA

Annual discharge records were obtained from the following re-
ports:

.8, Geological Survey, 1957, Compilation of vecords of surface waters of the
TUnited States through September 1950: part 3-\, Ohio River basin except
Cumberland and 'lennessee River basins: U.S. Geol. Survey Water-Supply
Paper 1305, 652 p.

, 1964, Compilation of records of surface waters of the United States,

October 1950 to September 1960: part 3-.A. Ohio River hasin except (‘umber-

land and Tennessee River basins: U.S. Geol. Survey Water-Supply Paper

1725, 560 p.

. 1971, Surface water supply of the United States 1961-65: part 3. volume

1, Ohio River basin above Kanawha River: U.S. Geol. Survey Water-Supply

Paper 1907, 621 p.

, 196674, Water resources data for (state), part 1, Surface water rec-

ords: annual reports published for year indicated by distriet offices of the

Water Resources Division in Maryland, New York, Ohio, Pennsylvania, and

West Virginia.

These reports should be consulted to obtain detailed information
about the gaging stations for which data have been used in this
study. Such information includes location, drainage area, period of
record. type and history of gages. extremes of discharge, gencral re-
marks, and notations of revisions of previously published records.

Additional records of stage and(or) discharge are collected by the
U.S. Army Corps of Engineers and by the Nattonal Weather Service
at a few sites in the region. These unpublished records were not ob-
tained for the study, becanse most document the discharge of prin-
cipal streams at points intermediate to those published in the reports
noted above. Most of these record sites have been catalogued by the
U.S. Geological Swrvey, Office of Water Data Coordination (1973).

ACKNOWLEDGMENTS

A study such as this is founded on the efforts of generations of
hydrographers and hydraulic engineers who measured the streams,
maintained the gaging stations. and prepared the data for publi-
cation. Many records were collected before 1932 by the (then) Penn-
sylvania Department of IFforests and Waters. Similarly, a number of
records were obtained between 1921 and 1942 by the West Virginia
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Power and Transmission Company. Most data-collection activity by
the Geological Survey has been accomplished through financial co-
operation with state and local agencies and in collaboration with the
U.S. Army Corps of Engineers.

Reservoir records used to adjust annual-runoff data were provided
by the Corps of Ingineers, private companies, and public agencies
that operate storage facilities.

The present study effort was made possible by the valued assist-
ance of Pauline F. Silsley, U.S. Geological Survey, who performed
or checked many of the data compilatious and computations.

COMPUTATIONS AND ANALYSIS

LONG-TERM STATIONS

A few gaging stations in the upper Ohio region have been main-
tained continuously since the carly 1900’s. However, the 1930’ and
1940’s were periods of considerable expansion in the stream-gaging
program here, as well as nationwide. Many of the stations established
during that time are still in operation, because of the varied and
continued use of the data. The resultant data accumulations are the
primary source of information for preparation of the map of mean
annual runofl for the 1941-70 reference period.

A sample compilation of annual discharge data for one station,
taken from the reports previously listed, is shown in figure 2. Mean
and median annual discharges for the 30-year reference period were
computed from these data. The results of similar computations for
98 long-term stations are listed in table 1. To complete computations
for the reference period, the mean annual discharge was divided by
the drainage area above the gaging station (column headed @4(30)
(ft*/s) /mi®), and that unit discharge was multiplied by the factor
13.583 1 to obtain the equivalent runoft (Z’430) in inches. The sum-
mary of station information in table 1 includes drainage area, period
of record, and mean annual discharge for that period.

The natural flow regimen of many streams has been altered by con-
struction and operation of storage reservoirs and by diversion of
water for various purposes. The six principal rivers in the Greater
Pittsburgh region, as well as many tributaries throughout the upper
Ohio River basin, are so altered. Reservoir operations usually follow
an annual cycle such that year-to-year difference in year-end storages

1 Derivation ot this factor is shown on the explanation for table 2.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
Mean annual discharges for period of record and annual ratios to the average for

water|Qa  (£t3/s)patio to| Water] Qu  |Ratio tg Water| Q4  Ratio tq
Adj. [91-70 1941-70 1941-70
Year | obs. [for d.a.javerage| Y®3T |¢¢3/s javerag Year (fe3/gyhverage
1941 | 634 |0.70 1971 | 971 1.07
1159 |1.28 | wersf1.e3 | |
1361 |1.50 1048 | 1.16 )
o 713 | .79 1150 | 1.27 .
1945 | 1278 |1.41 1975
1101 |1.21
1089 |1.20
957 |1.06 o
) 703 | .78 | | _ o
1950 | 905 [1.00
1921 | 678| 705 |0.78 1298 |1.43
B e 1104 |1.22
ceme| e=e= | amma 878 | .97
[ I [ 730 | .80 _ _
1925 | <ceo| cooo | ooo- I 1955] 677 | .75
732| 761 | .84 1284 [1,42 |
1010 1050 [1.16 822 | .91
1100 | 1144 |1.26 812 | .90 B
918| 955 |1.05 906 [1.00 | |
1930 | 894 930 |1.03 | 1960] 978 |1.08 B
582| 605 | .67 789 | .87 -
768 799 | .88 631 | .70 |
767 798 | .88 683 | .75 .
530 551 | .61 852 | .94 )
1935 | 710] 738 | .81 | 1965 669 | .74
806| 838 | .92 768 | .85 B N [ A
1031 1072 [1.18 | 851 .9 . N
894 | 930 [1.03 959 (1,06 | | - ]
668 695 | .77 704 | 78 | __l_ N ]
1940 | 913 1,01 | 1970 916 |1.01
$0Ql41-70 27,211
Qg(30)] 907

QAmed(30) B6>

+ Combined with "at Larabee" (03010000) prior to 1940; QA adfusted by dramggg__g_,t:g:q
ratio of 1.04 (550/530).

Ficure 2.—Sample station compilation of mean annual discharges and annual
ratios.
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are small in comparison with total annual flows. Monthly and annual
streamflow-data summaries for most stations significantly affected
by storage or diversion are adjusted for those effects. Adjusted rather
than observed annual data were used where available and have been
noted under Remarks in table 1. No adjustments were made for
evaporation from reservoirs or other losses.

Reference-period data were complete for 80 of the 98 listed stations.
The remainder had records beginning in the 1940’s or were discon-
tinued prior to 1970 after a long period of operation. Annual dis-
charges for the missing years were estimated from logarithmic re-
gressions with concurrent annual data from nearby stations. The
estimated periods, most of which were less than 5 years, are noted
in station remarks.

The long-term stations are identified on plate 1. Detailed location
descriptions are in the reports previously listed in the section on
“Sources of Data.” For illustrative convenience and for conforma-
tton with a subbasion designation system adopted by the Common-
wealth of Pennsylvania, subdivisions of the Allegheny River basin
are shown on plate 1 and limits of the Pennsylvania subbasins are
noted.

Parts of plate 1 of Water-Supply Paper 1907 were used, after
some modification, as the base for location of gaging stations. A few
erroneously drawn stream segments and mislocated station symbols
were corrected, and some station symbols were added. The map scale
of 1:1,000,000 appears to be appropriate in relation to the density
of data available for analysis.

Many of the larger streams of the area are gaged at two or more
sites. The primary data selected for map preparation were the run-
off values calculated for the gaged sites farthest upstream. A total
of 53 of the 98 long-term records met this requirement. Because the
basins represented occupy 40 percent of the study area, this data
base was considered more than adequate for defining lines of equal
annual runoff.

Data summaries for the remaining 45 long-term stations provided
a secondary data base. After subtracting the flow at one or more up-
stream stations from that at a downstream station, runoff for inter-
vening areas was computed. These data are subject to considerable
error because they commonly represent a difference between com-
paratively large quantities that inherently are subject to some errors
of measurement ; consequently, they were not included in this report.
However, the information was useful in developing or confirming the
runoff patterns in ungaged tributary areas, particularly in the main-
stream valleys.
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SHORT-TERM STATIONS

Streamflow records have been collected at many sites for relatively
short periods where stations are no longer operated. Many other sta-
tions have been established relatively recently. Records for a total
of 83 such stations were used in this study. They are identified on
plate 1 and are considered to be a tertiary data source. Because many
of these records are for gages on small drainages, they are useful in
defining the arcal variation in runoff within the long-term-station
basins, most of which are of comparatively large areas. A few rec-
ords of significant length, not coincident with the present reference
period, were analysed in the same manner as short-term stations.

Runoff values for the period of record at the short-term stations
were adjusted to represent the 1941-70 reference period by means of
a factor expressing the ratio of reference-period discharge to short-
term-period discharge at a nearby long-term station. The computa-
tion procedure is detailed at the head of table 2, which shows the
summary results of calculations for the 83 short-term stations. This
adjustment to the 30-year reference period should not be confused
with the adjustment for storage or diversion described earlier.

A few intervening-area runoff computations were made from the
adjusted short-term-station data or from a combination of long- and
short-term data. Including those mentioned previously, a total of 48
such computations were made, providing supplemental information
for a total area of about 11,700 mi? (30,300 km?), or 43 percent of
the upper Ohio River basin.

DATA DISTRIBUTION

A summary of the numbers of available records by drainage-area
category and by major subbasins of the study area is given in the
following table:

Distribution of records

Subbasin

Upper Ohio

Allegheny Monongahela Ohio River basin
Long term > 1000 mi? (2590 km2) ___ 10 9 3 22
Long term 500-1000 mi® ______________ 6 4 3 13
Long term < 500 mi® (1295 km3) ___ 20 23 20 63
Total long termy —_ o _____ 36 36 26 98
Short term > 1000 mi® ____________ 2 1 0 3
Short term 500-1000 mi2 ____________ 1 0 1 2
Short term <« 500 miz .~ 28 29 21 78
Total short term __ . 31 30 22 83

Total records - ccccmmmcem— 67 66 48 181
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Considering only those records for stations having drainage areas
of less than 500 mi2, the overall data density is 1 record per 194 mi?
(502 km?).

PREPARATION OF THE MAP

Plate 1 shows the mean annual runoff for the upper Ohio River
basin for the 30-year reference period, 1941-70.

The base for plate 1 is a part of the station-location map base used
in U.S. Geological Survey Water-Supply Paper 1907.

Three overlays to this base map were prepared showing areas of:
1. Drainage basins above long-term, upstream gaged sites.
2. Intervening drainage between gaged sites.
3. Drainage basins above short-term gaged sites.
Values of average runoff for the reference period were entered near
the centroid of the described basins. Three overlays were used so that
different weights could be given, subjectively, to the three data
sources while drawing the lines of equal runoff. The objective was to
draw the lines so that the average runoff in each basin or inter-

TABLE 2.—Summary of runoff estimatcs for the 30-year reference period, 1941~
70, for short-term gaging stations in the upper Ohio River basin

Ezxplanation of computation procedure

STS Short-term station.

LTS Long-term station used in ratio computation.

N Number of water years of short-term record used in computation

QA(N)S or Mean annual discharge in cubic feet per second, for indicated period of

QA(N)L N concurrent years at the STS or the LTS.

QA(30)L Mean annual discharge, in cubic feet per second, for the period 1941-70
at the LTS.

QA(BO)S Computed mean annual discharge, in cubic feet per second, for the period
1941-70 at the STS; averaged if two or more computations made; an
estimate.

cfsm(30)S Computed mean annual discharge, in cubic feet per second per square mile,
for the period 1941-70 at the STS; an estimate,

RA(BO)S Computed mean annual runoff, in inches, for the period 1941-70 at the
STS ; an estimate,

QA(30)S QA(30)L

Q A(N)S X —
Q n (N)L
86,400 f£t3 X 12 in./ft
1 ft3/s for 1 day = = 0.03719 inch depth on 1 mij?

27,878,400 ft2/mi?
Reference period 1941-70 = 7 years at 366 days + 23 years at 365 days = 10957 days
= average of 365.233 days per year.
RA(3O)S in inches per year — cfsm(30)S X 365.233 X 0.03719

= ecfsm(30)8 X 13.583.
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TABLE 2.—Summary of runoff estimates for the J0-year reference period, 1941
70, for short-term gaging stations in the upper Ohio River basin—Continued

USGS > USGS
Station Drainage Number £,(30) Station Drainage Number RA (30)
No. area of years (inches) I‘{0~ area of years (inches)
03— (mi2) record 03— (mi?) record
Allegheny Monongahela
008000 7.79 8 21.3 050800 29.2 5 26.8
011000 137 17 23.2 030900 2.86 5 37.7
011800 46.4 8 20.8 051500 122 27 30.4
012000 171 7 25.7 0952500 14.5 27 23.6
015280 12.8 11 24.1 054000 6.19 4 19.4
016500 128 5 24.4 057500 25.7 15 20.9
017000 85.3 5 23.1 058000 102 27 21.2
021700 3.60 13 28.4 059500 84.6 27 18.8
022000 397 8 25.6 060000 .29 7 18.5
023000 90.2 28 21.0 060100 .92 5 211
025200 5.69 9 19.9 060500 8.32 18 18.6
026500 7.84 22 24.3 062400 10.9 8 20.9
027500 73.2 25 24.5 062500 63.2 23 21.5
028000 63.0 20 26.2 063500 36 2 25.5
029400 12.6 14 20.5 063600 6.57 4 18.1
031000 1,246 12 24.3 064000 46.3 2 25.0
031950 7.38 10 21.1 064500 41 2 28.8
032000 458 2 20.8 065500 58.7 2 29.4
033000 8,389 7 23.0 066500 17.9 2 39.9
033500 221 4 28.2 067000 140 3 31.2
037000 67.6 4 20.3 069880 12.2 6 30.8
037500 30.0 5 20.0 071000 1,354 31 29.6
039200 3.68 9 21.2 072590 16.3 10 14.7
039500 244 3 19.9 072840 133 5 12.3
042000 192 21 24.1 074000 33.1 9 15.3
042200 7.36 13 23.4 074300 3.80 7 22.3
042250 50.4 4 23.6 076600 48.9 9 21.7
042280 59.5 6 21.5 078000 62.5 23 24.4
042500 171 22 21.3 082200 9.27 12 26.9
044500 13.0 2 26.2 084500 55.9 32 16.8
049800 5.78 11 15.1
Ohio

086100 15.6 6 14.0 104500 792 22 14.7
087000 174 9 13.3 104580 13.0 7 18.2
088000 33.2 10 12.2 104760 2.26 5 18.8
088500 175 8 12.3 105000 228 5 17.4
092090 21.8 8 14.8

106300 51.2 10 17.9
093500 32.3 8 10.8 109000 6.19 16 11.6
096000 138 14 11.5 111150 10.3 13 119
097500 84.3 19 11.6 113700 4.97 4 14.9
098500 66.3 28 11.8 114000 134 15 15.2
101000 9.34 21 14.9

114650 4.21 4 16.2
102950 96.7 8 15.7 115400 210 15 16.0

vening area would conform to the plotted value. Full weight was
given to data for the long-term sites. In some cases, little or no
weight could be given to anomalous values for intervening areas or
for runoff estimates for very short-term stations. These amounted to
about 25 percent of the data points of these two source classes.
Major topographic features of the region were given some weight
in shaping the general pattern of runoff interpreted from the plotted
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values. Runoff patterns are tenuously defined at the boundary of the
upper Ohio River basin, because records beyond that boundary were
not used in the analysis.

A map of a dynamic resource is subject to revision. The present
map for the 1941-70 refercnce period should be expected to be dif-
ferent in detail, if not in general pattern, from maps for earlier
reference periods, such as 1921-45 (Langbein and others, 1949) or
1931-60 (Busby, 1966). However, the present definition did not exist
for earlier periods when significantly fewer long-term records were
available for analysis. Mean annual runoff for the 1941-70 reference
period, as defined by plate 1, conforms to recorded or computed run-
off data within 1 inch (25 mm) at more than 80 percent of the data
points used.

This map is considered a preliminary version owing to the fact
that it is subject to modification when additional factors are con-
sidered. A more detailed method of analysis was used by Rantz
(1974) in constructing a map of mean annual runoff in the San
Francisco Bay region.

MEAN ANNUAL RUNOFF

UPPER OHIO RIVER BASIN

The distribution of runoff depicted on plate 1 is primarily a func-
tion of the pattern of long-term precipitation distribution, although
that is but one of several influential factors. The effects of climate,
geology, topography, size of area, and vegetation were discussed by
Langbein and others (1949) in a report accompanying a map of
annual runoff in the United States for the 1921-45 reference period.
Langbein’s map was updated by Busby (1966) to the reference
period 1931-60.

The combined effects of topography and prevailing storm direc-
tion are evident in the runoff gradients found along the southeastern
side of the basin, which includes the upper reaches of the Kiskimi-
netas, Youghiogheny, Cheat. and Tvgart Rivers. ITere both the mean
and variability of annual runoff are at their regional maxima. Mean
annual runoff exceeds 32 inches (810 mm) in parts of the upper
Cheat River basin, but it decreases to about 18 inches (460 mm) in
lower tributary basins.

The effects of topography are reflected also by a gradual increase
in mean annual runoff in a northeastward direction across the north-
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west side of the basin. From a regional minimum of less than 12
inches (300 mm) in an area extending from the northern West Vir-
ginia panhandle to the headwaters of the Mahoning River basin,
runoff increases in a northeasterly direction, to about 25 inches (630
mm) across the upper Allegheny River basin from French Creek to
East Branch Clarion River. The character of bedrock and regolith
changes also in this direction; the changes in properties may have
a significant bearing on the distribution of runoff.

Mean annual runoff at sites on the larger rivers can be determined
best by veferencé to data in table 1 if the site or reach where infor-
mation is required is reasonably close to a gage location. If inter-
polation or extrapolation is required, appropriate weighted allow-
ance must be made for the effect of intervening areas where runoff
may differ markedly from that of the basin upstream. For example,
mean annual runoff at the mouth of the Allegheny River at Pitts-
burgh might be estimated at about 0.2 inch (5 mm) less than that at
Natrona (22.4 inches, 569 mm) on the basis of about 16 inches (410
mm) of runoff produced from 338 mi? (875 km?) of tributary area
downstream from Natrona.

The cumulative and progressive effect of changes caused by the
relative influence of tributary runoff is illustrated in figure 3, which
shows an average annual runoff at successive long-term gaged sites
on the Allegheny and Monongahela Rivers.

To estimate the mean annual runoff from smaller rivers or streams,
sketch the basin in question on plate 1. If coincident long-term run-
off data are available, use the information from table 1, modified as
described above for disparity in areas between the gaged basin and
the basin in question. If short-term runoff data or no information are
available for a basin of interest, sketch the basin on plate 1 and
approximate the runoff value by areal weighting with respect to the
lines of equal mean annual runoff.

County boundaries or geographic locations can be sketched on
plate 1 by light-table transfer of that information from the 1:1,000,-
000 version of the U.S. Geological Survey state base map.

An estimate of the annual runoff for a particular geographic area,
when determined from a generalized map such as that presented in
plate 1, should not be used with greater precision than the nearest
inch (25 mm). The nearest 2 inches (50 mm) probably is a more
realistic limit in the southeastern part of the basin, where areal
variability is greatest. As will be shown later, the runoff during
individual years in any long period for which a mean is determined
may range from as little as 30 percent of the mean to as much as
200 percent of the mean,
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MEAN ANNUAL RUNOFF, IN INCHES
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MEAN ANNUAL RUNOFF, IN MILLIMETERS

F1GURE 3.—Progressive variation in mean annual runoff at main stream sites
on the Allegheny and Tygart-Monongahela Rivers.

GREATER PITTSBURGH REGION

Within the confines of the six-county Greater Pittsburgh region,
mean annual runoff for the 1941-70 reference period ranges from
a low of about 12 inches (300 mm) in northwestern Washington
County, to a high of about 25 inches (630 mm) along Laurel Hill,
on the eastern boundary of Westmoreland County.

County runoff approximations derived from plate 1 are as follows:
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Mean annual runof,

in inches

County Range Average
Allegheny __ . _ 14-18 15.5
Armstrong e 17.5-20.5 19
Beaver ____ 12.5-16.5 14
Butler ___ e 15.5-19.5 175
Washington 12-15 13.5
Westmoreland 15-28 19.5

Runoff from the Greater Pittsburgh region averages 17 inches
(430 mm) annually and is produced by an average annual precipi-
tation of about 39 inches (990 mm). The latter value is an arith-
metic average of normal (1941-70 average) annual precipitation for
92 stations in or immediately adjacent to the Greater Pittshurgh
region as computed from data reported by the National Oceanic and
Atmosphierie Administration (1975).

The runofl produced within the region, on the average 1s consider-
ably less than that available 7o the region. which enters by wayv of
the Monongahela. Youghiogheny, Conemaugh. Clarion, Allegheny,
and Beaver Rivers. and other smaller extraregional tributaries. Mean
annual runoft of the Monougahela River at Braddock (11 miles up-
stream from the mouth) is caleulated as 22.12 inches (562 mm, table
1). whereas the mean annual runoff of small streams in the vicinity
of the gage site (as shown on plate 1) is only 15 to 16 inches (380
to 410 mm).

Comparison of runoff estimates for the Greater Pittsburgh region
to mean annual precipitation for the 1941-70 veference period, sug-
gests that mean annual evapotranspiration losses are in the range of
22 to 26 inches (560 to 660 mm). Iivapotranspiration losses are a
function of temperature. wind., pressure, vegetal cover, availability
of moisture, and other factors, and have less annual varviability than
precipitation or runoff. One aspeet of the geoeraphic variation in
evapotranspiration across the Greater Pittsburgh region is shown in
a map of mean-annual lake evaporation by Rahn (1973), wherein
the highest values are shown for Washington County and the lowest
are for Butler, Armstrong, and Westmoreland Counties.

YEARLY VARIATIONS

There is a propensity to place extremes of natural phenomena in
some frame of reference. To some, the dronght period of (he 1930
is a climatological landmark. To a succeeding generation, and in
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some areas, the dry mid-1960’s is a more clearly remembered time.
Wet years generally result from the accumulated effect of many
individual storm events that are less well remembered.

To place each water year in perspective for the upper Ohio River
basin, ratios of annual mean discharge to the average for the 30-
year reference period (1941-70) were computed as illustrated in
figure 2. These ratios have been compiled in table 3 (in pocket) for
each yvear of record for all long-term stations. They might be termed
modular or normalized values of discharge or annual runoff. for they
are percentages of average divided by 100. For example, the 1.19
ratio for the 1973 water year at station 1145 means that the dis-
charge for that year was 119 percent of the 1941-70 average.

Tn order to extend the series of annual ratios, annual mean dis-
charges for former gage sites on some streams were adjusted by a
drainage-area ratio to approximate discharge of the drainage area

at the current site. Records thus combined were noted in remarks on
table 1.

The ratios for many individual years. particularly the drier years,
are remarkably consistent over a considerable part of the basin,
which gives evidence to the relative climatic homogeneity of the
region.

Observations of stage and discharge were made at a few sites in
the basin before the turn of the century. Systematic and continuous
collection of records having some semblance of basinwide coverage
began in about 1910. Figure 4.1 shows the historic variation in
number of stations in operation. considering only those stations
which were continued in operation for more than about 25 years.

The basinwide average of the annual ratios for all stations in oper-
ation after 1910 is shown in fignre 2. The seqnence of average
vearly ratios for the four principal subdivisions of the upper Ohio
River basin is illustrated in figure 5 by plotting data given in table
4. Busby (1963) showed similar graphs of yearly variations in run-
off for nine regions of the conterminous United States for the period
1931-60.

Two drought periods are evident in the record since 1910, that of
the early 1930°s and that of the mid-1960’s. The duration and in-
tensity of the deviation from average during those periods is demon-
strated in figure + by 3- and d-vear moving averages of the data
shown in figure 42. The carly 1910%. late 1920°s, and carly 1950
show up here as sustained wet periods. The 1950’s would have been
a prominent wet period were it not for much-below-average runoff
in 1954. After beginning near average, the 1970’s have been years of
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NOTE—Numbers at decade points are the number of
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F1cURE 5.—Subbasin variations in yearly discharge.
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Example.—During the period 1908-73 the mean annual discharge
of Youghiogheny River at Connetigvilie has varied from 0.48 to
1.45 when expressed as a ratio to the average (1.00) for the
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Ficure 6.—Range of ratios of annual mean discharge to the average for the
1941-70 reference period for 98 long-term gaging stations in the upper Ohio
River basin,
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above-normal runoff in the upper Ohio River basin (fig. 4B). The
sequence of basinwide averages shows that 1972 was a moderately
high runoff year; partly the result of “extra” runoff generated by
Tropical Storm Agnes in June. Records for selected index stations
indicate that above-normal runoff has persisted through the 1975
water year (U.S. Geological Survey and others, 1975, p. 20).

The cyclic trends of moving averages (fig. 4C') are interesting,
but the; .ould not be considered as a forecasting mechanism.

Annual mean discharge differs considerably from year to year, as
amply demonstrated by data for individual stations. Within table 3,
ratios indicate a total range from about 30 percent of average (sta-
tion 0980 in 1934) to 200 percent of average (station 0855 in 1928).
Distribution of the range in ratios for individual stations is sum-
marized in figure 6.

In general, total annual variability is greatest in Ohio River
tributary basins below Pittsburgh, but there is no evident correlative
characteristic. The range in ratios is least among some sites that
seem to reflect attenuating effects of reservoir storage or large drain-
age area, but this observation is not consistently demonstrable.
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