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Small culvert in need of maintenance and inspection
Abstract
Stream flows calculated with the TR-55 method and obtained from USGS empirical data were compared for twenty
stream gauges and their corresponding watersheds in New York State. The overall differences between the
distributions of the two methods were measured using the Kolmogorov-Smirnov statistic, and 1, 10, and 100 year
return period percent differences in flows. The three variables regressed against were average curve number, latitude
and drainage area. Multiple linear regression, and lasso and ridge regression showed that none of the predictor
variables had significant influence on the difference between modeled and the measured values. Area and latitude
have higher correlations with the raw flows for the three return period storms than curve number when analyzed
individually. This was not seen in multiple regression and may be representative of a curve number influence on the
discrepancy between model and empirical data.
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Three Summary Points of Interest
•

The small quantity of watersheds analyzed is an important factor to consider in this analysis. A greater number of
locations, even further diversified in terms of latitude and drainage area, could yield more credible results.

•

The limiting obstacle in this case was processing time in ArcMap due to the size of the 10 meter DEM.

•

The results show that neither curve number, nor latitude or drainage area, heavily affects the discrepancy
between the TR-55 model and the empirical stream flow values recorded by the USGS.
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Introduction
Comparing a model to empirical data is a form of
attaining credibility as well as determining the
parameters that can reflect the dynamic nature of real
world scenarios. When using environmental data, it is
often difficult to discern the individual effects of the
predictors because they tend to be highly correlated.
Thus, statistical methods can help determine which
variables have the greatest influence over the model's
output and if the inputs match the overall effects of
environmental variables seen in nature. Regression
analysis is one method for gauging the discrepancy, and
is used in this report to analyze which out of three
tested variables contribute the most to distribution
differences of stream flow data obtained through two
methods. The three predictors are curve number,
latitude, and drainage area. The dependent variable is
either the Kolmigorov-Smirnov statistic, or 1, 10, and
100 year return period flow percent differences. The
two datasets being compared are one calculated using
the TR-55 and triangular hydrograph method and an
empirical one obtained from the USGS recorded
instantaneous peak flows.
The models compared are relevant to current studies
conducted on culverts within New York State. The
capacity of culverts compared to the flows they must
convey, is an important factor to be studied due to their
purpose in mitigating flooding and other disruptions, as
well as their function as ecological connections.
Culverts that may have the correct capacity at present,
might nevertheless be on the verge of failing and thus
be vulnerable to the increasing intensity of storms seen
to arise from climate change.
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Work by Marjerison et al. (unpublished) suggests that
there are areas in the Lower Hudson River watershed
whose culverts are not able to convey peak flows for
return period storms of 5, 10 or 100 years. A suitability
threshold was placed at a capacity for flows
corresponding to a 5-year storm. The results show that
62 percent of the culverts had at least this capacity. This
was an overall number, however, and the study delved
deeper into what caused differences between suitability
percentages by watershed. They found that median
income and state road ownership were positively
correlated with suitability.
Likewise, the New York State Water Resources Institute
has been working on developing and enhancing a
computer model using Python and ArcMap to
determine the capacity of culverts within the state.
Field data on culvert dimensions, type, maintenance
state, location, ownership and many other
characteristics are collected first, and then used to
calculate capacity. The model also compares the results
to precipitation curves, for 24-hour duration storms for
various return periods, to determine the maximum
intensity that each culvert can bear. This is where the
model evaluation step commences. To ensure that the
method for capacity extraction is accurate, the results
were compared against StreamStats values for the same
return periods. This yielded a sense that the WRI model
mostly overestimates the area of the watersheds and
likewise the runoff that each culvert receives. The
model parameters modified were the percent of
storage that is quantified as the initial abstraction.
Decreasing it from 0.2 to 0.03 increased the ratio
proximity to 1 but still showed a discrepancy. There
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were doubts as to whether the interpolation of the
StreamStats method was influencing results and
whether there were other important factors apart from
initial abstraction. Hence, the goal of this study was to
evaluate the WRI model with empirical data recorded
by the USGS at actual stream gauges. The model steps
were completed manually, rather than through Python ArcGIS modeling tools, and were compared to USGS
values.
Results & Discussion
The Pearson correlation coefficients were calculated
between all predictor variables, and between all
predictor variables and dependent variables. The
variance inflation factor (VIF) values were also extracted
from regression of all the predictor variables against
each other to determine the magnitude of the
multicollinearity. Usually a VIF value equal to or greater
than 10 is considered a problem for model development
because it signifies that the variance of the predictor
estimates are increased by an order of magnitude. That
is not the case here. Table 1 shows that the VIFs are
relatively insignificant and supports the finding that
most of the highest multicollinearity effects occur with
latitude. Table 2 shows that the curve numbers and
both latitude and drainage area are negatively
correlated, while latitude and drainage area are
positively correlated with each other. Table 3 shows
that the sign of the correlation coefficients differs
significantly between the Kolmigorov-Smirnov statistic
(K-S variable) and the percent difference variables for all
return periods. Latitude and area are positively
correlated with the percent differences while they are
both negatively correlated with K-S values. In addition,
latitude is again the greatest in magnitude in all cases.

Table 2

Table 3
The coefficient estimates from linear multiple
regression further support the correlation values. The
signs of the estimates in Table 4 reflect those of Table 3.
The fact that the variables were centered and scaled
before analysis helps reduce the absolute standard
error. The p values for all coefficient estimates are all
greater than 0.25. P values are usually not the best
measure of each predictor because multicollinearity
affects how much each variable contributes to the total
variance of the dependent variable. When two variables
are correlated, their contribution is divided and
reflected in increased p values. However, in this case
the multicollinearity was shown to be low.
One thing to note is that as the return period used for
percent difference increases, the effect of latitude
seems to decrease. The correlation is lower and the p
value is higher. These 100-year return period values
were also those that were extrapolated the most from
fitting the data to the Log Pearson III distribution.

Table 1
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Table 5

Table 4
Table 5 holds the lasso and ridge regression coefficients
for the same set of centered and scaled data. These
methods are used when multicollinearity increases the
variance of the estimators to a point in which
interpretation of the results is difficult. With addition of
a parameter lambda the magnitude of the covariance
matrix values are controlled using penalties on the
constraints. When two variables are correlated, the
lasso method chooses one and maximizes its coefficient
while reducing the other coefficient to zero. Ridge
regression splits the contribution of two correlated
variables and reduces the magnitude of both
coefficients. The K-S case reflects the linear regression
coefficients. This is likely due to how the statistic
measures a broader discrepancy between both
distributions of stream flows. The ridge regression
coefficients are very low for the percent difference
cases and only slightly reduced, compared to the linear
and lasso results, in the K-S case. For lasso regression,
the 10 and 100-year percent difference cases suggest
that none of the variables significantly contribute to the
variance. Only latitude has a role in the one year
percent difference case.

The plots of the scaled variables are not easily
interpretable. Figure 1 thus presents all twenty points,
of the predictor and dependent variables and their
individual relationships, using unscaled values. The
regression lines are shown in some of them - these are
the cases in which the intercepts were not too large to
be out of range of the axes as shown. Their near zero
slope nevertheless represents what most of the plots
are showing, no relationship between the predictors
and their dependent variables.

Figure 1
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The purpose of this study was to help define or
eliminate the predictor variables as contributors to the
discrepancy between the TR-55 based WRI model and
empirical USGS data. However, to better understand
the lack of correlation between the variables and their
effect on the model differences it is important to
analyse their individual relationships with the raw flows.
The correlation between the predictor variables is the
same as in previous results. However , Table 6 shows
the correlation between the variables and the raw flows
for the 1, 10 and 100 year return period storms. The top
of the chart represents the values calculated between
the variables and the stream flows from the TR-55
method. The bottom portion uses the same variable
values but the stream flow variable represents the USGS
Log Pearson III fitted values. The results show that the
TR-55 method reflects the signs found by using the K-S
statistic, and the USGS values reflect the percent
difference correlation values discussed above. The main
source of inconsistency between the two stream flows
would be the curve number which was calculated using
the shape file. However, the latitude and area are
equivalent. This suggests that the curve number may be
the worthwhile variable to explore further.

The statistical research in this report will hopefully allow
for the continuing improvement of the WRI culvert
capacity model. Once it has been proven to be the most
accurate it can be, it will be able to serve communities
by indicating the culverts capable of facilitating
flooding. This knowledge may then be used by local
governments and organizations to improve the design
of, replace, or transfer management of the culverts to
the appropriate party .
Methods
To have consistent locations for comparison between
the two methods, twenty stream flow gauge sites were
chosen from the USGS online database. These points
were chosen based on a significant amount of recording
history, at least thirty years, varying drainage area size,
and dispersion over the whole state. Table 7 lists the
locations and their main attributes, and Figure 2
displays them on a map of the state.

Table 7
Table 6
Policy/Management Implications
The preliminary data collection of the culvert
characteristics involved field work throughout nearby
communities. The recorded information on culvert
dimensions, maintenance and current structural state,
potential clogging, and other observations were not
only inputted into the WRI model discussed above but
also shared with the NAACC. Thus, the data helps in
both determining the adequacy of culvert capacity and
its role in inhibiting or aiding aquatic connectivity for
organisms.

Figure 2
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Once the locations were finalized, ArcMap Spatial
Analyst-Hydrology tools were used to delineate the
watershed, find its longest flow path, and calculate the
mean slope. A 10 meter DEM from the NYGIS
Clearinghouse was used for the base extraction. A land
use-land cover layer from the same site was used to
calculate the average curve number for the watershed .
From the mean slope (degrees) the average velocity
was estimated using Figure 3-1 in the TR-55 (1986)
documentation. Storage, initial abstraction (assuming it
is 0.2*Storage), and time of concentration were
subsequently calculated to yield discharge values, Q, for
each return period (NOAA Atlas 14 point precipitation).
The USGS stream flow values were calculated by return
period using frequency analysis. The annual peak flows
were ranked, the exceedance probability, P, was
calculated using rank / years on record, and the
corresponding return period was found using 1/ P .
The frequency analysis on the USGS peak flows did not
yield precise return period stream flows that could be
directly compared to those calculated using the TR-55
method. Therefore, before starting the analysis the
USGS data was fit to a Log Pearson III distribution using
the method of moments.
Regression Analysis
The three predictors found from the ArcGIS data and
used as independent variables were average curve
number, latitude (of the gauge point), and drainage
area . There were four dependent variables on which
regression was used: a Kolmigorov-Smirnov statistic and
percent differences between the flows of 1, 10 and 100
year return periods for both methods.

Student Training
One Master of Engineering student completed the
analysis and write up for this study.
Additional final reports related to water resource
infrastructure
research
are
available
at
http://wri.cals.cornell.edu/grants-funding
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Appendices
The average curve numbers for each watershed were
calculated by equating the land use-land cover (2006)
shapefile metadata descriptions to those in the USDA
TR-55 (1986) documentation. The results are shown in
the table below.
Note: Only the curve number for the first gauge site
(Fall Creek) was found by calibration through SWAT, and
not the method described here.

Correlation analysis and VIF values were used on all the
variables as a preliminary definition of the relationships.
Then, linear regression was performed using each
dependent variable listed above. Ridge and lasso
regressions with the appropriate lambdas (those with
the smallest cross validation error) were also
preformed.
The best regression method was determined by
evaluating which yielded the least variance when
\textit{predicting} out of sample values (in this case the
test data set consisted of half of the actual data
collected).
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