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FACTORS FOR CONVERTING INCH-POUND UNITS TO

INTERNATIONAL SYSTEM (SI) UNITS

Multiply Inch-pound units

inch (din)

foot (ft)

mile (mi)

square mile (mi2)
foot per mile (ft/mi)

cubic foot per second (ft3/s)

I
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2.54 x
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1072
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meter (m) -

meter (m)

kilometer (km)

square kilometer (kmz)
meter per kilometer (m/km)
liter per secondv(L/s)

cubic meter per second

(m3/s)







TECHNIQUES FOR ESTIMATING MAGNITUDE AND FREQUENCY OF
FLOODS ON RURAL UNREGULATED STREAMS IN NEW YORK STATE,

EXCLUDING LONG ISLAND

By

Thomas J. Zembrzuski, Jr. and Bernard Dunn

ABSTRACT

Techniques are presented for estimating the magnitude and frequency
of floods at ungaged sites on unregulated rural streams in New York,
excluding Long Island. The discharge-frequency data and basin charac-
teristics of 220 stream-gaging stations in New York and adjacent States
were used in developing multiple linear regression equations for floods
ranging in recurrence interval from 2 to 100 years. Separate equations
were developed for northern, southeastern, and western New York. Stand-
ard errors of estimate of the 100-year flood range from 32.9 percent in
the southeastern region to 42.8 percent in the western region. Drainage
area is the independent variable needed in all equations; other variables
needed, depending on region, are main-channel slope, storage index, and
mean annual precipitation.

A method is given for obtaining improved discharge-frequency rela-
tionships at gaged sites by weighting log-Pearson Type III and regression
estimates according to their variances.

Basin characteristics, log-Pearson Type III statistics, and regres-
sion and weighted estimates of the frequency~discharge relationship, are
tabulated for the gaging stations used in the regression analyses.







INTRODUCTION

The effective management of flood-prone areas and the design of
structures along rivers and streams require knowledge of the magnitude
and frequency of floods. This report provides methods for estimating
the magnitude and frequency of floods in New York, excluding Long
Island, at ungaged sites on unregulated and rural streams. Methods are
also outlined for (1) obtaining improved estimates of the discharge-
frequency relationship at gaged sites, and (2) using the improved esti-
mates to refine those determined at ungaged sites on gaged streams.

Flood-discharge records for gaged sites at which a minimum of 10
consecutive flood peaks have been observed, throughout New York and in
nearby areas of adjacent States, were used in log-Pearson Type III
analyses to define the flood-frequency curve for each site. A multiple-
regression technique was used in which discharge estimates for floods
of selected frequencies were related to drainage-basin characteristics.
These analyses indicated that the most significant variables for esti-
mating flood discharges of unregulated streams in New York were drainage
area, slope of main channel, storage (percentage of drainage area in
lakes and swamps), and mean annual precipitation. For gaged sites,
improved flood-frequency estimates were obtained by weighting regression
and log~Pearson Type III estimates according to their variances.

Regression equations were developed for three regions in New York
State. The northern region consists of the upper Hudson River basin
(upstream from the Federal Dam at Troy), Mohawk River basin, streams
draining into the St. Lawrence River and Lake Champlain, and the Black
River basin. The southeastern region consists of the Lower Hudson,
Housatonic, Hackensack, Passaic, and Delaware River basins. The western
region includes the Susquehanna, Allegany, and Niagara River basins and
streams draining into Lakes Erie and Ontario.

Information in this report is presented in three sections. The
first, "Application of techniques," gives (1) preferred regression
formulas and instructions for their use, (2) guidelines for obtaining
discharge~frequency information at gaged sites, ungaged sites, and un-
gaged sites on gaged streams, and (3) examples illustrating use of the
methods. The second section, "Analytical techniques,'" provides documen-
tation of methods used in the analyses. The third section, appendices
1-3, presents streamflow and basin characteristics, discharge-frequency
tables, and alternative regression equations.

The development of techniques for estimating flood magnitude and
frequency on regulated streams, urbanized basins, and streams on Long
Island is beyond the scope of this study. For regulated streams,
regional methods are generally inappropriate, and discharge profiles
are usually defined on a stream-by-stream basis with the aid of flood-
hydrograph-routing techniques.




Regional methods have successfully been used in other States to
develop flood-frequency relationships on streams draining urbanized
basins (Stankowski, 1974; Sauer, 1974). Streams of this type respond
to precipitation differently from those in rural areas because much of
an urbanized basin is covered by impervious material and(or) is drained
by storm sewers. Floodflow data for these basins in New York are too
few to quantify the effect of urbanization on flood-frequency relation-
ships.

Likewise, flood data on Long Island streams are insufficient to
define the unique relationships between floodflow and basin character-
istics here. Flooding on many parts of Long Island is affected by
urbanization, and flooding in nonurbanized areas is affected by high
infiltration and storage capacities of the soils.

Previous Studies

This report should be used in preference to previous U.S. Geological
Survey reports that provide techniques for estimation of flood magnitude
and frequency in New York. Robison (1961) used the index-flood method
as outlined by Dalrymple (1960). Later analyses by the same method are
given in U.S. Geological Survey Water~Supply Papers by Speer and Gamble

,(1965), Tice (1968), and Wiitala (1965). Darmer (1970) used a multiple
regression technique with the frequency curves prepared as described by
the U.S. Water Resources Council (1967).

The addition of 7 years of data and new guidelines, as outlined in
U.S. Water Resources Council Bulletin 17A (1977) for computing station
flood~frequency curves, warrants this update of methods given in pre-
vious reports.
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of Engineers, the U.S. Soil Conservation Service, and several municipal
and county governments. Data on basin storage and forest cover were
obtained from the New York State Economic Development Board Land Use
and Natural Resources Inventory (LUNR).




APPLICATION OF TECHNIQUES .
The following methods are suggested for determining discharge-

frequency relationships for sites on unregulated, rural streams in

New York. Locations of gaging stations and boundaries of corresponding

flood-frequency regions are given in figure 1; areal distribution of

mean annual precipitation is given in figure 2,

Gaged Sites

If the gaged site is given in figure 1, obtain its identification
number and refer to its discharge~frequency relationship in appendix
1. It is suggested that the weighted discharges be used as: the best
estimate.

Caution should be exercised when using the information from some
of the gaging stations listed in appendix 1. Several gaging stations
used in this regression analysis are on currently regulated streams.
All data entries for these streams reflect preregulation conditions
and are not generally applicable to present conditions.

The procedure for computing weighted discharge estimates is de-
scribed in section "Improved flood-frequency estimates at gaged sites."
In the future, acquisition of new historic flood information, or the
occurrence of a rare flood at a gaged site, may warrant recomputation
of log-Pearson estimates. The procedure could then be used to refine
the weighted, discharge estimates given in appendix 1. In addition, the
methods could be applied to recently established gaged sites that have
accrued the recommended minimum of 10 years of annual peak-discharge
record for log-—Pearson Type III analyses.

Ungaged Sites

For sites on ungaged streams, determine from figure 1 the region in
which the stream is located and apply the appropriate regional regression
equation given in tables 1-3. (Standard errors of the estimating equa-
tions are also given in tables 1-3.) Formal definitions, abbreviations,
and units of the basin characteristics required for application of the
estimating equations given throughout this report are as follows:

Drainage area (A), in square miles.--The area of a basin (water-
shed) upstream from the site of interest is delineated on 7.5- or 15-
minute U.S. Geological Survey topographic maps and then determined by
planimetering the basin outline.

Mean annual precipitation (P), in inches.-~The basin of interest
is located on the rainfall map in figure 2 (Hunt, 1969), and the value

of mean annual precipitation is interpolated from the lines of equal
precipitation.
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Main-channel slope (8), in feet per mile.--The difference in eleva-
tion (ft) between points 10 percent and 85 percent of the distance up the
channel from the site of interest to the basin divide, divided by the
distance (mi) between the two points. It is determined from 7.5~ or 15-
minute maps.

Storage (St), in percent.--The percentage of total drainage area 4
shown as lakes, ponds, and swamps is determined from (1) 7.5- or 15-
minute topographic maps by grid sampling or planimetering, or (2) the
New York State Land Use and Natural Resources (LUNR) Inventory. Infor-
mation regarding use and applications of the LUNR inventory can be
obtained from:

LUNR User Service or New York State Economic
Resources Information Laboratory Development Board

Box 22 - Roberts Hall 17th Floor

Cornell University Alfred E. Smith Building
Ithaca, N.Y. 14853 Albany, N.Y. 12225

Sometimes estimates of floods are needed for recurrence intervals
other than those for which equations are provided in this report. - These
estimates can be obtained from a frequency curve drawn from values com-
puted from the equations. Values of at least the 2-, 10-, and 100-year
floods should be computed to define the shape of the curve. An example
of a flood-frequency curve is provided in the section 'Discharge-
frequency relationship."

Alternative regression equations for each of the three flood-
frequency regions are given in appendix 3. These equations contain only
the most significant basin characteristic (drainage area) and are in-
tended to provide rough estimates. The more reliable flood-frequency
estimates are obtained from equations in tables 1, 2, or 3.

Ungaged Sites on Gaged Streams

If the ungaged site for which flood-frequency estimates are needed
is on a gaged stream and if the site has a drainage area within one~half 4
to twice the drainage area of the stream at the gage, the following pro- i
cedure (Hannum, 1976) 1s suggested:

i

(1) TFor the ungaged site, compute the flood magnitude (Qr) from the
appropriate regression equations in table 1, 2, or 3.

(2) From the values given in appendix 1 for the gaging station, compute
the ratio (Kg) of the weighted discharge to the regression discharge.

14




(3) Compute the weighted ratio for the ungaged éite as follows:
a. for a site downstream from the gaging séation:
Kg = (Kg-1) (2Ag-Ag) +1
Ag
b. for a site upstream from the gaging station:

Kg = (Kg-1) (2Ag-Ag) +1
A

where:
Kg is the ratio of the weighted discharge to the regression
discharge at the ungaged site.
Ag is the drainage area at the ungaged site.

Ag is the drainage area at the gage.

(4) From Qp obtained in step 1 and Kg obtained in step 3, compute
the weighted discharge (QW) at the ungaged site, by:

Qv = Kg x Qg

Table 1.-~-Regression equations and standard errors of estimate for

northern flood~frequency region, New York

Recurrence Standard error
interval of estimate
(years) Estimating equation (percent)
2 59:7 A<735(S.+10)"+770(p-20).707 32.4
5 151  A-781(5.+10)7.909(p-20).66% 33.7
10 1250 A-773(S+10)71-00(p-20) 855 35.0
25 433 A-787(s.+10)71.11(p-20).65" 37.0
50 620  A-763(5.410)71.19(p_20).66! 38.6
100 864  A+759(s,+10)"1-27(p-20)-870 40.2

15




Table 2.--Regression equations and standard errors of estimate for

southeastern flood~frequency region, New York

Recurrence Standard error
interval of estimate
(yvears) Estimating equation (percent)
2 0.104 Al.00g.32k(p_ 20y 1. 43 ' 30.3
5 .107 A1.025.370(p_20)1. 19 27.6
10 .111 A.08g5.393(p_20)1.52 27.6
25 .120 Al.0kg. 418 (p_20)1.55 28.9
50 .129 Al.05g.433(p_p(p)t.56 30.6

100 .138 Al.06g. 447 (p_20)1.57 32.9

Table 3.~-Regression equations and standard errors of estimate for

the western flood-freguency region, New York

Recurremnce Standard error
interval of estimate
(years) Estimating equation (percent)
2 2,120 A-809(s,+10)71.39 39.5
5 6,100 A-780(s,+10)~1.59 37.2
10 10,900 A-763(5,+10)71.70 37.4
25 21,200 A-750(5 +10)~1.8% 39.0
50 33,000 A-741(s +10)71.%% 40.8
100 49,900 A+733(5.+10)72.03 42.8

16




Limitations of Procedure

The estimating equations given in this report should be used only
for unregulated, rural streams. In addition, caution should be exer-
cised when applying the equations to sites downstream from natural
lakes or swampy areas. On small streams, field reconnaissance may
be helpful in identifying temporary impoundment areas such as behind
roadway embankments with small culverts that could store floodwaters.

These equations were developed for streams in New York State. If
flood~frequency estimates are required for sites near or on the other
side of the State border, estimating techniques applicable in the adja-
cent State should also be considered. Generally, a discharge estimate
for each site should be computed by both techniques, and the result
should be weighted according to their variances (U.S. Water Resources
Council, 1977). Flood-frequency reports for adjacent states are listed
in the references.

The relationship between floodflow and basin characteristics (ac-
tually, between the logarithms of these variables) given by a multiple
linear-regression equation is assumed to be linear only within the range
of characteristics that define that relationship. The ranges in values
of drainage area, percent storage, mean annual precipitation, and slope
are given by region in table 4. (Although the final estimating equations
for the three regions did not include all four variables, the variables
were all statistically significant at the 95-percent confidence level
for the experimental statewide equations discussed in the section '"Regional
regression analyses.') The suitability of the regional equations is un-—
defined for streams having values beyond the ranges given in table 4.

Table 4 lists additional sample statistics for each region, including
the number of gdging stations, and the average periods of systematic and
historic record of the gaging stations, used in the analysis. Also given
are the mean and limits of one standard deviation of the mean of sample
values of drainage area, percent storage, mean annual precipitation, and
slope. These statistics, computed from logarithmically transformed values,
are presented in natural units. They are provided to give an indication
of the statistical nature of each sample. For a particular region and
variable, the indicated limits of one standard deviation include approxi-
mately two-thirds of the sample.

Separate regional analyses of the relationships between residuals
(difference between observed and computed flood discharge values) and
percent storage, mean annual precipitation, and slope indicate a random
distribution of errors throughout the ranges of each of these variables.
Plots of residuals versus drainage area for the western and southeastern
regions indicate the same. However, these plots suggest that the regres-
sion relations developed for the northern region are not as well defined
for streams draining areas of less than 10 mi? as for larger streams.

17




Table 4.--Statistical properties of

three flood-frequency regions of New York

Average Average
Number period of period of Properties of sample basin characteristics
Region of gaging systematic  historic Precipi-
stations record record Area (&) Storage (St) tation (P) Slope (S)
(years) (years) (mi<) (percent) (inches) (£t./mi)
Northern 59 24 27 Mean 118 .60 40.8 33.8
Standard 28.8 - 486 .58 - 12.2 34.8 - 47.0 14.5 - 78.6
deviation
Range 3.7 - 4500 00 - 2107 31.8 - 55.1 3.2 - 250
South- 65 23 24 Mean 57.4 .38 43.8 33.4
eastern
Standard 14.7 - 223 .58 ~ 6.22  40.1 ~ 48,2 13.4 - 83.0
deviation
Range 1.51-» 783 .0 - 10.3 38.2 - 55.1 3.9 -~ 326
Western 96 23 25 Mean 101 .90 36.9 21.3
Standard 18.2 - 556 J46 - 4,78 33.8 - 40.8 7.50- 60.6
deviation
Range 0.70~ 4773 .0 - 12.8 30.3 ~ 49.6 2.10- 318

The poorer definition for small streams results from the small number
of sites in this drainage-area size category available for analysis.
Accordingly, flood~frequency estimates computed for streams with drainage

areas of less than 10 mi

in the northern region should be carefully

examined and modified with any other pertinent hydroclogic information.

Examples of Computations

Determine the magnitude of the 25-year flood on Cayadutta Creek at
the mouth, near Fonda, Montgomery County.

a.
regiorn.

drainage area, percent storage,

b.

topographic sheets, is 63.3 miZ.
LUNR inventory, is 3.39 percent.

Ce.

(table 1) is

Q25

1

The storage, obtained from the
The average mean annual precipi-
tation over the basin, as determined from figure 2, is 42.0 inches.

433 x A+787 (5.+10)71.11 (p-20).65H4

433 x 63.3+767 x 13,3971.11 ¢ 92.65k

4,420 ft3/s

18

The equation for the 25-year flood in the northern region

Cayadutta Creek drains into the Mohawk River, in the northern
The required basin characteristics (from table 1) are
and mean annual precipitation.

The drainage area, as planimetered from U.S. Geological Survey




Determine the magnitude of the 100-year flood on the Beaver XKill,
Sullivan County, upstream from its junction with Willowemoc Creek.
The site is in the southeastern region, 5 miles downstream from the

gaging station on Beaver
The drainage area at the

Kill at Craigie Clair (station 01418500).
site is 98.3 mi?, less than twice the

drainage area at the gaging station (82.0 miz). Therefore, pro—
cedures for determining discharge-frequency estimates for ungaged
sites on gaged streams will be used.

a. The variables needed

in the estimating equations for the south-

eastern region are drainage area, slope, and mean annual

precipitation.

Drainage area = 98.3
precipitation 49.0

it

From table 2:

@100 =

b. From appendix 1, the

is 17,300 ft3/s, the

Kg = 15

miZ2; slope = 36.8 ft/mi; and mean annual
inches. '

.138 Al.0Bg. b7 (P-20) 1,57
.138 x 98.31.06 » 36,8.447 x 291.57

17,700 ft3/s

regression discharge for station 01418500
weighted discharge is 15,700 ft3/s, and

, /00

17,300

.908

c. For a site downstream from a gaging station,

Ks = (Kg - 1) (24 -

Ag

I

Ag) + 1

(.908 - 1) (J2 x 82.0] - 98.3) + 1

= ,926

82.0

d. The final, adjusted estimate of Qipg for the site is

Q100 = Kg x Qr100

.926 x 17,700

H

i

16,400 ft3/s
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ANALYTICAL TECHNIQUES

Annual Peak-~Discharge Data

The flood-frequency analyses in this report are based on annual
peak-discharge data collected through September 1975 from 220 continuous-
record and partial-record gaging stations. Of these sites, 198 are in
New York and are shown in figure 1. Also included are 22 gaging stations
on streams flowing directly into or out of New York; of these, 1l are in
Pennsylvania, 4 in New Jersey, 4 in Massachusetts, 2 in Vermont, and 1
in Connecticut.

Annual peaks from gaging stations having at least 10 consecutive
vears of unregulated, nonurbanized record were selected for the analysis.
Generally, if more than 25 percent of the drainage area at a gaging
station was upstream from a controlled reservoir (or within a densely
populated area), the stream was considered regulated (or urbanized).
However, these criteria were not adhered to in all cases. For example,
if a reservoir was judged to not significantly affect the flood peaks
at a particular gaging station, that station's annual peak record was
included for analysis. Conversely, gaging stations close to natural
lake outlets were mot included if their records showed that the lakes
had attenuated flood peaks to a significant degree.

The drainage areas of the gaging stations selected for the analysis
ranged from 0.70 mi2 to 4,773 mi2, A histogram showing the distribution
of sites, by drainage-area size, is given in figure 3. Approximately
70 percent have drainage areas within the 20- to 500-mi“ range, and
their distribution within this range is fairly even (fig. 3).

The distribution of gaging statidns, by length of period of oper-

ating (systematic) record, is shown in figure 4. The time intervals are
given in 5-year increments.

Discharge-Frequency Relationships

The discharge-frequency relationship of a streamflow-measurement
site is usually expressed in terms of exceedance probability, or re-
currence interval. Exceedance probability is the probability that a
flood of specified magnitude will be equaled or exceeded in any 1 year.
Recurrence interval, the reciprocal of exceedance probability, is the
average time interval between actual occurrences of a flood of equal or
greater magnitude. The representation of a discharge-frequency relation-
ship on a graph is known as a flood-frequency curve. An example is
depicted in figure 5.
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Figure 5.--Flood-fregquency curve for Ausable River near Ausable Forks,
N.Y. (station 04275500).

The terminology used in this context does not imply that floods of
a given frequency will recur at regular intervals. On the contrary, an
uncommonly large flood may recur during a short time period--even within
the same year. The relationship of recurrence interval to probability of
exceedance during time periods greater than 1 year is given in table 5
and by the following equation:

P=1-(1-1/t)"
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where

P is probability of at least one exceedance within the speci-
fied time interval.

n is the time period, in years.
t is the recurrence interval, in years.
(Multiply P by 100 to obtain percent chance of exceedance.)

For example, the 100~year flood has a l-percent chance of occurring
in any l-year period, a 1lO-percent chance of occurring in any 10-year

period, and a 39-percent chance of occurring during any 50-year period.
(See table 5.) ‘

Annual peak-discharge data at each gaging station were fitted to a
log-Pearson Type III distribution according to guidelines given in U.S.
Water Resources Council Bulletin 17A (1977). Specifically, generalized
skew values were obtained from the map given therein (plate 1-WRC), and
adjustments to frequency curves were made for historical information
and low outliers. Discharge-frequency relationships for the stations
used in this analysis are tabulated in appendix 1; log-Pearson Type III
statistics are given in appendix 2.

Table 5.-—-Probability that a flood of given recurrence interval will be
exceeded during indicated time period.i/

Time periods, in years

Recurrence

interval

(years) 5 10 25 50 100

5 0.67 0.89 * * *

10 A1 .65 ‘.93 * *
25 .18 .34 .64 .87 .98
50 .10 .18 .40 .64 .87
100 - .05 .10 .22 .39 .63

l/ To obtain percent chance of exceedence, multiply
probability wvalues by 100

* Probability greater than .99 but less than 1.00
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Regional Regression Analysis

The direct transfer of flood-frequency information from a gaged
site to an ungaged site, even on a nearby stream, is generally of un-
known reliability. However, the floodflow characteristics of a stream
are related to the physical and climatic characteristics of its drainage
basin. Multiple regression techniques can be used to formulate mathe-
matical relationships between the observed floodflow characteristics
and easily measured basin characteristics of a sample of gaged sites.

By analogy, the relationships are assumed to be statistically valid
for ungaged sites on streams whose basin characteristics are similar
to those in the gaged-site sample.

The multiple regression analyses done for this study assumed a
linear relationship between the logarithms of the floodflow and basin
characteristics. The equation is expressed in the form:

log Q; = log ¢ + a log A+ b log B +... + n log N,

or transformed:

Qp = c A2Bb,. . ND
where

Qt is the flood discharge of a given (t-year) recurrence interval.

¢ is the regression constant.

A, B,...N are values for the physical and climatic characteristics
of the basin.

a, b,... n are the regression coefficients.

, The standard error of estimate, usually expressed in percent, is

one measure of how well the sample data fit the relationship derived by
a regression analysis. Approximately 2 out of 3 sample values of Q¢ fall
within the limits of one standard error of estimate, and about 19 out of
20 fall within twice these limits. '

Equations were developed for floods of 2-, 5-, 10-, 25-, 50-, and
100-year recurrence intervals. Basin characteristics that were tested
for significance in explaining the stream-to-stream variation in flood-
flow characteristics were drainage area, main-channel slope, main-channel
length, mean basin elevation, storage in lakes and swamps, forest cover,
mean annual precipitation, 2-year 24-hour precipitation intensity, mean
minimum January temperature, and average water equivalent of snow on
March 2. Selected basin characteristics are given in appendix 2 by
individual station.

A statewide equation, and several equations derived from samples of
various combinations of gaging stations, were investigated. The sample
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combinations were based on either areal consideration or drainage-area-—
size categories. Only equations for Q10 and Q100 were developed for .
evaluating the different combinations. The suitability of each equation
was assessed according to (1) any exhibited bias (either areal or within
a certain range of basin characteristics), (2) its standard error of
estimate, (3) whether it was hydrologically reasonable, and (4) its ease
of application. Only those basin characteristics that were significant
at the 95-percent confidence limit were retained for possible use in an
equation. The least significant of the remaining variables were also
removed if their elimination did not interject any new bias into the
relationship or appreciably worsen the standard error of estimate. The
minimum sample of gaging stations used in an analysis was 25.

Residuals were plotted on a State map to detect any areal bias in
a regression equation. Plots of residuals versus drainage area, slope,

storage, etc. were also made to identify biases associated with these
variables.

No substantial areal biases were detected with the statewide re-
gression relationships, but the computed (regression) values for streams
draining more than 700 mi2 tended to be higher than the observed (log-
Pearson type III) values. In addition, the statewide equations were not
well defined for small streams (those having drainage areas less than
10 mi2), For small streams, about half of the computed values of Q10 and
Q100 fell outside the standard error of estimate for those equations.

The samples of sites in both size categories mentioned above were
too small to permit development of their own separate regression equa-
tions. Attempts to divide the statewide sample into other drainage-area-
size categories were not uniformly successful. TFor example, one set of
equations developed for all streams in the State having drainage areas
over 25 miZ had an unwieldy number of significant basin characteristics
but showed no areal or other biases. However, although the set of equa-
tions for drainage basins less than 25 mi2 had a sample size of 48 stations,
and had relatively low standard errors of estimate, it left northern
New York largely unrepresented and the central part of the state only
sparsely represented.

A regional division of the statewide sample showed the most promise
in removing the biases associated with large streams and in yielding
manageable regression equations at minimum expense to the standard error
of estimate. The closeness of fit for small streams in the westerm and
southeastern regions was also acceptable. As mentioned in a previous
section, the lack of data for small streams in the northern region pre-
cludes good definition of estimates of Qt for streams of this size in
this part of the state.

For ease of application, and to eliminate intrabasin discrepancies
in flood-frequency estimations, the regional boundaries were drawn along
major drainage-basin divides. The estimating equations and their stan-
dard errors of estimate are given in tables 1-3.
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Improved Flood-Frequency Estimates At Gaged Sites

The regional regression models can be used to improve gaging-station -
estimates by various averaging techniques. U.S. Water Resources Council
Bulletin 17A (1977) suggests "if two independent estimates are weighted
inversely proportional to their variance, the variance of the weighted
average...is less than the variance of either estimate.'" (Variance is
a measure of the amount of dispersion of a set of values around their
mean, and is equivalent to the square of the standard deviation.)

+

The variance-weighting technique was applied to the flood-frequency
relationships of gaging stations in this report. It has the form:

log Qu = log Qg (VR) + log Qg(vg)
(VR + VG)

where

Qw is the weighted flood-discharge estimate for the station

Qg is the log-Pearson Type III estimate for the station

Qr is the regional regression estimate for the station

Ve is the variance of the log Pearson Type III estimate, in log units
Vg is the variance of the regression estimate, in log units

The variances of the estimating equations (VR) are given for each
region in table 6; the figures are in log units.

Table 6.--Variances of flood-flow-estimating equations

for New York, by region.

Recurrence Variance (VR), in log units +
interval Northern Southeastern Western
(years) region region region
2 0.0191 0.0168 0.0280
5 .0206 0141 .0250
10 .0223 .0140 .0253
25 .0247 L0153 0274
50 .0268 L0172 .0298
100 .0289 . 0197 .0327
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The variance of log-Pearson Type III estimates (V) is computed
rding to a formula given by Hardison (1971):

acco
Vg = (RIp?
N
where
R is skew dependent, and is interpolated from values given in table 7

(Hardison, 1971) .1/

is the standard deviation, in log units, of the sample of annual

I
v peaks recorded at a gaging station

N  is the number of years of record at the gaging station.

1f historical adjustments were made to the gaging-station log-Pearson
Type III relationship, historically adjusted values of skew, Iy, and N
should be used in the variance (Vg) calculationms.

Weighted discharge estimates are given in appendix 1 for all gaged
sites in New York used in the regional regression analyses. These values
are considered to be more accurate than either the log-Pearson Type III
estimates or the regression estimates.

An example of the variance-weighting computations is given for the
50-year flood at the gaging station on Oatka Creek at Warsaw, Wyoming
County (station 04235150).

a. From appendix 1, the log Pearson estimate of the 50-year flood,
(Qg) is 3,050 ft3/s, and the regression estimate (Qr) is 5,250 ft3/s.

b. From table 6, the variance (VR) of the western region equation for
the 50-year flood is 0.0298.

c. TFrom appendix 2, values of Iy, N, and skew are:
Iy = 0.181
N = 16 years (historic record)

skew = -0.02

1/ Since the "true' skewness (population skew) of the logarithms of the
annual peak discharges is not known, adjustments should be made to the
R values given in this table for the 50- and 100-year floods. For 50-

year floods, increase the R value by 10 percent; for 100~year floods
by 20 percent. ’
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From table 7, the 50-year flood R value for an array of annual peaks
having a skew of ~0.02 is interpolated as 1.75. Since this is not the
population skew, 10 percent is added to this value to give 1.93. The
variance (V) of the 50-year log Pearson estimate is:

]

(RIy)*
N

Vg

(1.93 x .181)%
16

.0076

d. The weighted 50-year flood estimate (Qy) is computed as

log Qy

log Qz(Vg) + log Qp(Vg)
VR + VG

10g(3050) x (0.0298) + log(5250) x (.0076)
(.0298 + .0076)

L]

3.5322

3410 £t3/s

Qw

This is the weighted estimate that appears in appendix 1.

Table 7.--Values of (R) for appraising accuracy of a T-year flood discharge estimated from
observed annual peaks from a log-Pearson Type III population of known ske

[Data from Hardison, 1971]

reziggi;ce R for indicated logarithmic skew coefficient of population of annual peaks
interval -1.5 -1.0 -0.5 -0.2 0 +0.2 +0.5 1.0 1.5

(years) .
2 .845 .933 .983 .997  1.000 .997 .983 .933 .845 |
5 .819 .916 1.020 1.020  1.164  1.229 1.328 1.486 1.638 é

10 .926 1.029 1.148 1.258 1.350 1.454 1.629 1.956  2.325

25 1.026 1.163 1.316 1.500 1.591  1.747 2,013  2.560 3.228

50 1.075 1.246 1.433 1.608 1.763  1.950 2.288 3.006 3.903

100 1.107 1.313 1.538 1.742  1.925 2.146 2.554  3.438 4.574

1 For a 50-year peak computed from sample skew, indicated value of R should be increased
10 percent; for a 100-year peak, 20 percent.
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SUMMARY AND SUGGESTIONS FOR FUTURE STUDY

Techniques presented in this report provide a means for estimating
flood-frequency relationships on rural, unregulated streams in New York,
exluding Long Island. Regression methods were used to relate floodflow
characteristics to basin and climatic characteristics. As a result, the
State was divided into three hydrologic regions. Estimating equations
were developed for floods ranging from 2-year to 100-year recurrence
intervals in each region. Drainage area is an independent variable
needed in all equations. Other variables required are: northern re~
gion, storage index and mean annual precipitation; southeastern region,
slope and mean annual precipitation; and western region, storage index.

The regional relationships can also be used to improve flood-
frequency estimates at gaged sites by weighting regression and log-
Pearson Type III estimates according to their variances. Weighted
frequency-discharge estimates are given for all gaging stations used
in the regression. The method for computing such estimates is also
presented,

The equations are uniformly defined throughout the range of appli-
cable basin characteristics in the southeastern and western regionms.
However, the definition for small streams (those draining less than
about 10 miz) in the northern region is inadequate. Peak-flow data
from additional small-stream gaging stations in this region are still
needed to develop improved estimating equations for streams in this
size category.

General flood-frequency relationships for streams draining urbanized
areas in New York have not been developed. However, studies made in other
States show promise in identifying and quantifying urban basin character-
istics that have an effect on the magnitude and frequency of floods.

Regional methods are generally inappropriate in defining peak-flow-
frequency relationships on regulated streams. Sophisticated flow models
that route flood hydrographs can be used to define discharge profiles
along the length of a stream. Some of the streamflow characteristics
required by these models could be estimated by regression techniques.
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