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INTRODUCTION/ABSTRACT

The Natural Resources Conservation Service curve number equation (Eq.1) estimates runoff 

volume based on precipitation depth and watershed-averaged storage, and an initial abstraction 

ratio, l. This study compares two methods used to calibrate the storage parameter in this equation 

under varying values of l. The primary purpose of this study is to examine the role of l on the 

“goodness-of-fit” between model estimates and actual observations. The two methods used are 1)

least-squares, and 2) median method. This study uses an Agricultural Research Service rainfall-

runoff database (USDA 2019) of approximately 12,700 individual storm events drawn from 31 

watersheds in 11 locations across the United States. 

METHODS (Continued)

CONCLUSIONS/ RESULTS
Results show that the calibrated storage for 

individual runoff events vary, that calibrated 

storage differs depending on the calibration 

method used, and that goodness-of-fit is both a 

function of the calibration method and l. 

Goodness-of-fit measured by standard error is 

almost universally stronger when using the least-

squares calibration method. Two values of l were 

explored, (0.05 and 0.20) with 0.05 producing 

better goodness-of-fit in 8 out of 31 instances 

using least-squares method and 6 out of 31 

instances using median method.

METHODS

Identify the 31 watershed files being used for observation. The 31 watersheds are in 11 locations 

across the United States and are provided by USDA. Each file contains hundreds of rainfall-runoff 

events (specific numbers appear in Table 1 below). With every event in the files there is a date, total 

precipitation depth measurement, and total runoff depth measurement. 

FINDINGS

Table 1. Research watersheds used in this 

study.
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Least-Squares Method (Numerical Optimization 

Program)

The relevant equation is provided by the Natural Resources 

Conservation Service (NRCS) rainfall-runoff 

equation(Mockus 1949; SCS 1975) shown below:

Q is runoff (in inches), P is precipitation (in inches) and S is 

storage (in inches). P is the 24-hour rainfall depth. Curve 

number (CN) and S are related by Eq.2.

Use a Numerical Optimization program to explore the 

rainfall-runoff S values. This program finds a storage(S)

value that allows for the smallest “Z” as calculated in Eq.3.

Qobs,i is the observed runoff from precipitation event, i, and 

Qi are the modeled runoff for this same event.

Vary l values (0.05 and 0.2) to assess differences in the 

goodness-of-fit with changing l.

if P > lS

Median Curve Number Method (NEH Program)

Use a root-finding algorithm that reads as input a watershed file along with 

additional input parameters (rainfall threshold, l value), and returns a 

median Curve Number value across all the rainfall-runoff observations 

where P exceeds the rainfall threshold in that watershed by solving for 

each individual storage(S) in Eq.1(Rallison and Cronshey 1979; SCS 

1985).

Repeat for all watershed events while changing l values(0.05 and 0.20)

Calculate Se/Sy for both calibration methods and values of l to identify 

which method and l value performs best.

Figure 1. Se/Sy formula and example graph.

Table 2. Curve number and Standard 

Error (Se/Sy) values corresponding to 

l=0.20.

Table 3. Curve number and Standard 

Error (Se/Sy) values corresponding to 

l=0.05.

APPLICATIONS

An accurate curve number(CN) calibration is 

important because the CN is used to estimate 

discharges which are used for hydrologic and 

hydraulic designs. Bridges, dams, and drainage 

pipes/culverts are examples of hydrologic and 

hydraulic designs.
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Tables 2&3. Red values indicate the lower Se/Sy calculation corresponding to the l

value. The circled values in the l=0.05 chart were the only calculation where the 

median approach was better than the least-squares approach.

“Standard Error”

𝐶𝑁 =
1,000

𝑠 + 10


