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Abstract

Estimating the amount of surface runoff and studying the relationship
between rainfall and runoff is the most important issue in surface water
hydrology studies. Using simple methods to estimate runoff in
hydrological applications, especially in ungauged watersheds, is of
particular importance. Probably the simplest conceptual method for
predicting runoff depth is the use of the curve number rainfall-runoff
model, which was originally developed to model the depth of runoff
caused by rainstorms in small agricultural and rangeland catchments, but
so far it has been applied in applications other than those originally
intended. Various studies show that this method is still growing and
improving and it needs to improve. In the present study, firstly, a review
of the studies that investigated the factors involved in the curve number
method to estimate the runoff value was done, and one of the main results
of these studies is to suggest changing the value of the standard initial loss
ratio (that is, changing the value of A from 0.2 to 0.05) based on extensive
field measurements and also considering rainfall-runoff response classes
when using the curve number method. Secondly, some remaining
challenges and future perspectives regarding this method are mentioned.
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1. Introduction

Rain-runoff modeling is one of the most important applications of hydrology. Correct and accurate

rainfall-runoff modeling is important for effective and optimal planning and management of water
resources and prediction and prevention of natural disasters (floods and droughts). In general, there are
different methods for classifying rainfall-runoff models. For example, classification of models based on
computational structure are experimental model, conceptual model, and theoretical or physical model,
and classification based on spatial structure of hydrological processes are lumped model, semi-
distributed model, and distributed model (Sitterson et al., 2018). Rainfall-runoff models are selected
according to the project objective, data availability, study dimensions, required output, and desired
simplicity or complexity. Therefore, each type of model has advantages and disadvantages that should
be considered in their selection.
The curve number model of the United States Soil Conservation Organization (SCS-CN) is an
interesting model that, due to reasons such as the initial development of the model, the assumptions
considered and its characteristics, in some references it is considered an experimental model (Beven,
2012), in others it is a semi-experimental model. (Chin, 2021) and some other conceptual models
(Mishra and Singh, 2003; Soulis, 2021) or conceptual/experimental models (Mishra et al., 2019) have
been mentioned.

Due to its simplicity and extensive documentation, the curve number model soon became a
ubiquitous technique that is now used worldwide by many engineers and professionals in numerous
hydrological applications. As an example, most of the commercial watershed models such as CREAMS,
AGNPS, EPIC and SWAT, as well as free non-commercial models such as HEC-HMS and SWMM,
due to their simplicity, ease of use, the need for less input data, the use of the main characteristics of
runoff production, wide acceptance and the existence Substantial infrastructure at the Natural Resources
Conservation Service (NRCS) and the institutional movement underway to use the curve number
method in this organization (Mishra et al, 2019). There have been many review studies about this
method, among them Ponce & Hawkins (1996), Mishra & Singh (2003), Hawkins et al. (2009) and
Soulis (2021). The latest research conducted between the years 2021 Until 2023, it is available in the
ASCE library in the form of 8 articles under the title "Special Collection of Curve Number Method in
the 21st Century" (Chin, 2023). In this research, an attempt has been made to review the most important
findings about the factors involved in this method and some new applications along with some
suggestions, perspectives and remaining challenges regarding this method.

2. Materials and Methods

The curve number model is based on the continuity equation and two basic hypotheses. The first
hypothesis equates the ratio of the actual amount of direct surface runoff (Q) to the total rainfall (P) (in
other words, the maximum potential surface runoff) with the ratio of the amount of actual infiltration
(F) to the maximum amount of potential retention (S). The second hypothesis relates initial losses (la)
to maximum potential maintenance; Therefore, the curve number model includes

(a) Continuity equation:

P=I+F+Q @
(b) Hypothesis of equality of ratios of two real quantities to two potential quantities:
F Q
S P-1, )
(c) Ila-S hypothesis:
I, =AS 3)

From the combination of equations (1) and (2) and the assumption of the initial loss ratio (A=1_a/S=0.2),
in equation (3), the model number of the direct runoff depth curve Q (in inches), caused by the depth of
the rainfall event , describes P (in inches) in the dominant runoff equation below:

. Multi-objective optimization of stepped spillways using Harris Hawks Optimization algorithm (Case study: Down Siah
Bisheh Dam)
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P —0.25)2
= (P—025)" (4)
(P +0.89)
This equation is true for P>0.2S and Q=0 otherwise. S is a measure of the hydrological state of the land,

which depends on the maximum possible difference between P and Q. S is related to CN by the relation:

1000
N= 5
10+ S ®)
where S is expressed in inches. S may range from zero to o, so CN ranges inversely from 100 to zero,

respectively.

3. Results

By analyzing several hundred sets of rainfall-runoff data, mainly conducted by the Agricultural
Research Service, the Forest Service, and the United States Geological Survey, to understand the CN
method, several distinct classes of rainfall-runoff response corresponding to the runoff equation,
Equation (4) It was diagnosed that they did not have.

- Complacent: This is the simplest model of active response, i.e. a linear relationship in the form
of Q = CP (similar to the logical method formula). In such cases, with the increase of P, the
value of CN decreases without approaching a constant value. Rainfall on active water surfaces
such as channel flow can be one of the sources of such a situation.

- Violent: This type of response starts from a passive or self-righteous state. There is a Pt
threshold (typically 1.5 to 3 inches) in some large, continuous rainfalls above which (extremely
high runoff-to-precipitation ratios of about 0.6 to 1) the hydrologically active upland. be. Such
events are rarer but can be quite consequential.

- Inactive: This is a default mode, i.e. no response to rainfall in a long-term monitoring that is
rarely represented in rainfall and runoff datasets. In such a response, the land surface shows no
evidence of upland flow contributions, drainage density is low or absent, vegetation is abundant,
and soil absorption capacities are high.

4, Discussion and Conclusion

- The curve number method is still growing and needs improvement. This method helps to understand
general hydrology (not related to CN).

- The curve number method does not correspond well with all rainfall-runoff classes in the basins.
This method should not be used in "Inactive"”, "Complacent" and "Violent" runoff classes. It is one
of the priorities of future studies in this field.

- In some studies, the effects of previous rainfall or the wetness of the basin have been taken into
account, but it is not comprehensive and universal.

- Moving towards a universally accepted and unique method to determine CN from rainfall-runoff
data according to the dominant soil type and vegetation variability in natural watersheds (Psomiadis
et al., 2020; Soulis & Valiantzas, 2013).

- Extending the documentation of CN values to a wider range of regions, land uses and weather
conditions, including emerging uses such as rooftop gardens, solar farms (power plants) or porous
pavements, and considering the impact of gradual and sudden changes in land cover such as
urbanization and fire (Ling et al., 2020; Kang & Yoo, 2020; Soulis, 2018; Soulis et al., 2017).

5. Six important reference
1) Chin, D. A. (2021a). Application of the curve-number method for varying rainfall amounts. J.
Irrig. Drain. Eng. 147(7): 06021003.
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2) Chin, D. A. (2021b). Deficiencies in the curve number method. J. Irrig. Drain. Eng. 147(5):
04021008.

3) Chin, D. A. (2022a). Essential considerations in applying the curve-number method. J. Irrig.
Drain. Eng. 148(2): 04021071.

4) Chin, D. A. 2022b. Minimum rainfall for applying the curve-number method. J. Irrig. Drain.
Eng. 148(8): 06022003.

5) Chin, D. A. 2023. “An improved curve-number method.” J. Irrig. Drain. Eng. 149(2): 06022009.

6) Kang M. & Yoo C. (2020). Application of the SCS—CN Method to the Hancheon Basin on the
Volcanic Jeju Island, Korea. Water, 12(12): 3350-3381.
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pattern in coordinates (P-CN) (Hawkins et al.,
2020).
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