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Generalized Skew Coefficients for Flood-Frequency 
Analysis in Minnesota

ByD.L. Lorenz

Abstract

This report presents an evaluation of generalized skew coefficients used in flood-frequency analysis. 
Station skew coefficients were computed for 267 long-term stream-gaging stations in Minnesota and the 
surrounding states of Iowa, North and South Dakota, Wisconsin, and the provinces of Manitoba and Ontario, 
Canada. Generalized skew coefficients were computed from station skew coefficients using a locally weighted 
regression technique. The resulting regression trend surface was the generalized skew coefficient map, except for 
the North Shore area, and has a mean square error of 0.182.

Introduction

Reliable peak streamflow information is needed 
for water-resources regulation, planning, and design of 
dams, bridges, and culverts. In 1995, the U.S. Geological 
Survey, in cooperation with the Minnesota Department of 
Transportation, began to update previous flood investigation 
reports in Minnesota. This report presents an evaluation of 
generalized skew coefficients, which are used in flood- 
frequency analysis to modify the station skew coefficient, 
because station skew coefficients computed for stations 
with short records can have significant error.

The Water Resources Council (WRC), Hydrology 
Committee (1982), recommends the use of weighted skew 
coefficients for the computation of flood-frequency statis­ 
tics. The use of both the generalized skew and the station 
skew results in a better estimate of the skew coefficient 
for a given station. A generalized skew coefficient map 
of the United States, prepared for a previous report (Water 
Resources Council, Hydrology Committee, 1976) and not 
based on the 1982 standards, was included in that report. 
That generalized skew map was intended to be used to 
determine the generalized skew coefficient in the absence 
of a detailed study.

The author thanks Sue Saunders and Carol Walker, 
both of Environment Canada, for their timely assistance in 
providing peak-flow data for this study. George Carlson 
of the U.S. Geological Survey provided assistance in 
computing the peak-flow-frequency statistics.

Methods
Stream-gaging stations used in this analysis were 

selected on the basis of having a minimum of 25 years of 
unregulated peak-flow records and drainage areas less than

6,000 square miles. To reduce redundancy in the data, 
stations in the same river basin were selected if the drainage 
area at least doubled between the two stations, or if they had 
no more than 5 years of concurrent record. The peak-flow 
data were obtained from the files of the U.S. Geological 
Survey or Environment Canada. The analysis used 
267 stations (fig. 1; table 1, at the back of report) selected 
from Minnesota and the surrounding states of Iowa, North 
and South Dakota, Wisconsin, and the provinces of 
Manitoba and Ontario, Canada. In addition to 162 stations 
in Minnesota, 105 stations were selected from the 
surrounding states and Canada to improve estimation of 
skew coefficients near the border of the State. Of these 
stations, the 162 in Minnesota and 2 in South Dakota were 
used to compute statistics for this report. These stations are 
referred to as the 164 Minnesota stations.

The station skew coefficients were computed using 
a computer program that conforms to the WRC (1982) 
guidelines. Adjustments were made for historical data and 
for low-value outliers. A historical peak is the highest 
known streamflow outside the period of record. Other 
historical data include the time period since a previous peak, 
or the time period until present for a discontinued station.

No Canadian stream-gaging records had complete 
instantaneous peak-flow data. Instantaneous and daily 
peak-flow data were correlated, and daily peak-flow data 
were used to compute station skew coefficients if there were 
at least 10 years of data that comprised the same relative 
range in peak flow and the Pearson correlation coefficient 
was at least 0.99. The high correlation coefficient criterion 
was used to ensure that the station skew was valid. Instanta­ 
neous peaks were used to compute station skew if there 
were at least 25 years of data and the correlation did not 
meet the criteria.
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Tasker and Stedinger (1986) discussed the use of a 
bias-correction factor for station skew coefficients. The 
bias in skew coefficients results from two factors  
relatively short-term records and use of the method of 
moments to compute the station skew. The bias-correction 
factor was not used because there is no correction factor in 
the WRC (1982) guidelines.

The WRC (1982) recommended three procedures for 
estimating generalized skew coefficients: (1) compute the 
mean station skew for a region, (2) develop a prediction 
equation based on watershed and climatologic variables, 
and (3) plot station skews and develop an isoline map. The 
mean square error (MSE) was used to compare and evaluate 
each of the methods.

A weighting factor was used to give more weight to 
stations with longer periods of record and historical periods 
than to stations with shorter periods of record (G.D. Tasker, 
U.S. Geological Survey, written commun., 1996). This 
weighting factor was used for all procedures to determine 
the generalized skew coefficients. The period of record for 
stations used in this analysis ranges from 25 to 84 years. 
Historical record, up to 141 years, was available for some 
stations.

The mean station skew was computed using the 
weighted station skew coefficient for the 164 Minnesota 
stations. This value formed the basis for evaluating other 
procedures.

A regression procedure used watershed and climatic 
variables: drainage area, percent storage, percent lake area, 
channel slope, and mean annual runoff determined from 
Gebert and others (1985) to estimate the generalized skew 
coefficient. Linear regression techniques were used for 
untransformed and log-transformed independent variables.

To develop an isoline map, the WRC (1982) 
recommends plotting each station skew coefficient at the 
centroid of each basin and examining the data for areal 
trends. That procedure was modified for this analysis by 
using the gage location, and a locally weighted regression 
technique was used to determine the trend surface. The 
gage location was used instead of the basin centroid because 
those data were available for all stations, and the gage 
location has been used for determining the generalized skew 
coefficient from the WRC (1982) map.

Cleveland and Devlin (1988) described a locally 
weighted regression technique, a procedure for estimating 
regression surfaces by the local fitting of linear or quadratic 
functions of the independent variables in a moving fashion. 
That technique was chosen for this analysis because it is a 
robust method for interpolating a trend surface without 
distortion in data containing a large amount of scatter.

This technique basically required only the selection 
of either a first-order or second-order (quadratic) regression 
model and the number of data points, expressed as the

proportion of the data, used at each location. The second- 
order model is selected if there are local minima or maxima 
in the regression surface. The selection of the proportion of 
the data requires some judgment, but is based on finding an 
acceptable variance with minimal bias. That is, by choosing 
the proportion too small, we introduce bias by having too 
great an influence from each observation and, by choosing 
the proportion too large, we can introduce bias by inducing 
too much smoothing.

Generalized Skew Coefficients
The MSE for the 164 Minnesota stations (0.233), 

computed using the mean skew coefficient for the State 
(-0.170), was the basis for evaluating WRC (1982) 
procedures 2 and 3. The WRC (1982) generalized skew 
map had a MSE of 0.254 for the 164 Minnesota stations. 
Because the MSE of the WRC (1982) generalized skew 
map was larger than 0.233, that map was considered not 
adequate for the State of Minnesota.

The regression analyses of the skew data and 
watershed and climatic variables were based on 159 stations 
in Minnesota. Two equations were derived; both had a 
MSE of 0.205, and the significant independent variables 
were runoff and channel slope in one equation and runoff 
and the logarithm of channel slope in the other. The regres­ 
sion equations were

G = -0.461 + 0.040l*runoff+ 0.00352 *slope, 

and

G = -0.621 + 0.0404 *runoff + 0.953 *log(slope),

where
G is the estimated generalized skew coefficient.

This procedure was not pursued because the MSE 
was substantially larger than the isoline map and because 
both runoff and slope vary regionally across Minnesota, 
implying that generalized skew is dependent on the 
general factors at a location rather than specific basin 
characteristics.

The second-order model was appropriate for the 
locally weighted regression analysis because the surface 
appears to have several undulations. There were no rules 
to select the proportion of data; however, Cleveland and 
Devlin (1988) imply that the proportion should be near the 
largest value in the acceptable range of proportions. Using 
too small a proportion would allow the interpolated surface 
to fluctuate too much in response to the data; using all 
of the data could make the regression ignore real local 
trends. A proportion of 0.562, or 150 stations, was used for



this analysis because an analysis of variance indicated that 
the model was significantly different from the full data 
model, and an analysis of the residuals indicated that the 
residuals were well distributed (fig. 2), except in the North 
Shore area (fig. 3). Figure 2 shows a coplot of the residuals 
in a north-south swath that includes the North Shore area of 
Minnesota. Superimposed on figure 2 is a locally weighted 
scatterplot smoothing (LOWESS) (Cleveland, 1979) curve 
that indicates the amount of bias in the North Shore area. 
The generalized skew coefficient for the North Shore area 
was computed separately from the rest of the State rather 
than reduce the proportion of data and possibly introduce 
local bias.

An F-test statistic based only on the 164 Minnesota 
stations indicated that the locally weighted regression 
trend surface was significant at the 0.0002 level. The 
MSE of the regression trend surface was 0.182, which is 
22 percent lower than the MSE computed from the mean of 
the 164 Minnesota stations. Because of the relatively low 
MSE of this technique, this method was chosen as the 
procedure to estimate the generalized skew coefficient for 
Minnesota.

Figure 3 shows the generalized skew coefficient map 
developed by locally weighted regression. The North Shore 
area was treated separately from the rest of the State. The 
weighted mean station skew of the eight stations in the 
North Shore area (0.500) was considered applicable to that 
area. Although treating that area differently reduced the 
actual MSE for the State, the value of the MSE for general­ 
ized skew coefficients used to determine the WRC (1982)

weighted skew coefficient remained 0.182. The generalized 
skew coefficient for any specific station of interest is 
available from the U.S. Geological Survey, Mounds View, 
Minnesota.

Summary

This report presents an evaluation of generalized 
skew coefficients, which are used in flood-frequency 
analysis. Skew coefficients are used to estimate peak- 
flood-frequency statistics. The Water Resources Council, 
Hydrology Committee, recommended using a weighted 
skew coefficient based on the generalized skew coefficient 
because station skew coefficients computed for stations 
with short records can have significant error. However, a 
statistical analysis of the original generalized skew coeffi­ 
cient map indicated that it was not adequate for use in 
Minnesota.

Station skew coefficients were computed for 
267 long-term stream-gaging stations in Minnesota and 
the surrounding states of Iowa, North and South Dakota, 
Wisconsin, and the provinces of Manitoba and Ontario, 
Canada. Generalized skew coefficients were estimated 
using a locally weighted regression technique. The regres­ 
sion trend surface had a mean square error of 0.182. The 
North Shore area of Minnesota was treated separately from 
the rest of the State for the purpose of determining the 
generalized skew. That area is considered to have a general­ 
ized skew coefficient of 0.500.
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Figure 2. Residual coplot in the north-south swath that includes the North Shore area of Minnesota.
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