
 

VN J. Hydrometeorol. 2022, 11, 43-56; doi:10.36335/VNJHM.2022(11).43-56 http://vnjhm.vn/ 

VIETNAM JOURNAL OF 

HYDROMETEOROLOGY

Research Article 

Soil topography index and SCS ï curve number approach in 

identifying hot spots of runoff potential areas 

Anh Bui Khanh Van1*  

1 Faculty of Environmental Department ï Ho Chi Minh City University of Natural 

Resources and Environment; bkvanh2020@gmail.com, bkvanh@hcmunre.edu.vn 

*Corresponding author: bkvanh2020@gmail.com; bkvanh@hcmunre.edu.vn; Tel.: +84ς
908836115 

Received: 05 May 2022; Accepted: 21 June 2022; Published: 25 June 2022 

Abstract: Runoff reduction is the goal of soil and water conservation in agricultural 

watersheds. Through the runoff, many substances of soil such as sediment, nutrients have 

been eroded to end up in streams, rivers, and lakes. In decades, studies have revealed various 

mitigation, including structure and nonïstructure conservation ranging from field scale to 

watershed scale. However, the challenges for effectiveness improvement have increased in 

recent years within the impacts of anthropogenic activities such as land use land cover 

change and fluctuation in weather conditions. As a result, the runoff generation has been 

changing in both terms of quantitative and variable sources areas of runoff generation. From 

the understanding of runoff generation mechanisms, including infiltration excess and 

saturation excess, this study was conducted with the objective to propose an application of 

the Soil Topographic Index (STI) and the Soil Conservation Service Curve Number (SCSï

CN) in identifying the areas with high runoff propensity. The method utilized GISïbased 

indices to indicate the high runoff potential areas. The ranking maps were evaluated by 

Wilcoxon rank sum test and GetisïOrd Gi* spatial statistics. Results demonstrated that there 

was a statistical significance of the greater STI in inundated cultivation than STI in 

cultivation areas. However, STI values were not statistically significant in pasture areas. 

Alternatively, the combination of STI and SCSïCN detected the statistical significance 

between calculated indices and inundated observed areas. In conclusion, the combination 

between STI and SCSïCN values is a potential method in redefining runoff generation hot 

spots.  

Keywords: Runoff generation mechanism; SCSïCurve number; Soil topographic index; 

Ranking approaches; Hot spots and cold spots. 
 

1. Introduction  

Runoff and agricultural best management practices (Agricultural BMPs) in soil and 

water conservation has been a research topic for decades. In 1979, agricultural BMPs    

controlling runoff resulted in effectiveness of agricultural BMPs was pointed out [1]. 

Accordingly, the appropriate agricultural BMPs is the lining up between types and purposes 

of BMPs, which is relevant to the term of targeted conservation, recently. For this reason, the 

misleading in runoff generation which may cause inaccuracy in identifying high runoff areas 

has been mentioned in some researches. Since then, many of researches with the purposes to 

fill the deficiency between BMPs design and the runoff generation mechanisms have been 

conducted [2ï3]. Most recently, 7Rs ï Right product, right conservation practices, right 
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place, right scale, right rate, right method, and right time ï again plays an important role in 

precision of soil and water conservation [4].  

Subsequently, there has been many studies concerning either differentiation or 

combination between infiltration excess and/or saturation excess in runoff generation 

mechanisms, which influence the results of runoff generation in term of temporal scales and 

variable sources areas of runoff proneness [2, 5ï10]. Importantly, the implication that the 

Soil Conservation Service Curve Number approach (SCSïCN method) should not be applied 

in the manner of only infiltration excess and excluding of saturation excess amongst many 

debates about the application of SCSïCN in rainfallïrunoff model [8, 11].  

Therefore, in this study, quantitative indices inferring qualitative rank of runoff 

generation were proposed with the approach of hot spots emergence mechanisms. Hot spot 

definition was initially  proposed in 2003 [12]. The concept of hot spots are areas that show 

disproportionately high reaction rates related to the surrounding area (or matrix). Hot 

moments are short periods of time that show disproportionately high rates relative to longer 

intervention time periods. Emergence of hot spot hot moments highlighted the heterogeneity 

characteristics of the phenomenon. Hot spot means the spatial intensive concentration of 

phenomenon at high rate, and hot moment refers to the temporal dimension, during periods 

of time the phenomenon was enhanced. Hot spots and hot moments may overlap or separate. 

Most importantly, hot spots identification strongly depends on generating mechanisms. In 

other word, the meaning of understanding the mechanism is that it can be utilized to predict 

hot spots in the future [12].  

In this research, runoff occurrence was considered a hot spotïhot moment approach due 

to similarity in disproportionately insightful emerged mechanism. Therefore, utilizing the hot 

spots emergence mechanism to contribute the research methodology is a potential approach. 

Also, hot spot theory can apply to emerge the hot spots of critical source areas of sediment, 

nitrogen and phosphorus. The second condition is the spatial scale and temporal scale which 

are the considerable factors in hot spots identification. For instance, the forming of surface 

runoff depends on the integrated impacts of topology, rainfall, soil profile and cropïscape in 

agricultural watersheds. The high runoff propensity area is the area that satisfies all the high 

conditions of four features. Therefore, the ultimate distribution of high runoff areas is defined 

as the areas within the overlapping of these characteristics. 

GIS ï based indices application has not been a new approach but there is still a lack of 

using GIS ï based indices to propose the hot spots of runoff generation mechanisms in 

combination of SCS ï Curve number approach and the Soil Topographic Index (STI). From 

the perspective of runoff generation mechanisms, including infiltration excess and saturation 

excess, this study is conducted with the objective to propose an application of GIS ï based 

indices in identifying the areas with high runoff tendency. The study focuses on answering 

the question of how to precisely define the high runoff areas in order to propose a suitable 

soil and water conservation practices and explicit placement of agricultural BMPs. In order 

to answer the research question, the analogy of combination SCSïCN and STI was proposed.  

2. Methodology  

Study area was Callahan Creek watershed in Boone County in Missouri with the area 

approximately 21,960 acres (89 km2). Location of the basin was as in figure 1. The land use 

land cover (LULC) types mainly comprise forestry and agricultural areas such as corn, 

soybean, winter wheat, hay, grass, pasture, and deciduous forest. Also, this area is one of PLï

566 watershed projects ï The Watershed Protection and Flood Prevention Act.  

The Digital Elevation Model (DEM) was downloaded from the U.S. Geological Survey 

(USGS) database and soil survey data, land use land cover from the U.S. Department of 

Agriculture (USDA) cropland database at 30m × 30m resolution. The record of inundated 

areas for Missouri and Illinois in May and June 2019 from National Agricultural Statistic 
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Services (USDAïNASS) was employed as observed data. The observed inundated 

cultivation and inundated pasture in this area was extracted; afterward, this observed data 

was converted to point vector data by GIS toolboxes in order to analyze attribute data and 

execute statistical hypotheses test by R packages.  

 

Figure 1. Location of Callahan basin (on the left) and inundated map of Callahan basin (on the right), 

Boone County, Missouri. 

In this study, a proposed approach is that the curve number method can contribute to 

qualitative evaluation in the linkage of hydrologic soil groups, landïuse types, and the 

condition of land cover. SCSïCN method was applied by the U.S. Department of Agriculture 

(USDA) in 1972, SCSïCN values indicate the linkage of soil types, antecedent moisture 

condition, land use types, and surface conditions [13]. Employing SCSïCN to produce runoff 

map was mentioned in previous study [14]. Subsequently, the STI was originally developed 

based on the Topographic Wetness Index (TWI) which was respectively published in 1979, 

2000 and 2002 [9, 10, 15]. This index demonstrated interaction between topography and soil 

physical features such as depth of soil and saturated hydraulic conductivity. Applying TWI 

to produce runoff ranking map was proposed in studies [3] and other indexes for targeted 

agricultural BMPs was also mentioned [16]. Most significant, the Soil Topographic index 

(STI) was explained and applied in previous studies [9, 17, 18]. According to, STI was 

calculated as in formulation (1): 

                                                    34)ÌÎ                        (1) 

where STI is soil topography index; ɻ is upslope contributing area per unit contour 

length (m); tanɼ  is the local surface topographic slope; Ë is the mean saturated hydraulic 

conductivity of the soil (m/day); and D is the soil depth to restrictive layer (m). 

After that, the calculated raster data was executed spatial join with the SCSïCN and 

converted to point vector data, employing the explanation and the guidelines from USDA in 

1986 to identify suitable curve number values [13]. Accordingly, there are four different 

types of SCSïCN values depending on Hydrologic Soil Group (HSGs) in drained conditions 

and LULC conditions. The first letter in the dual HSGs applies to the drained condition, the 

second letter in the dual HSG applies to the undrained condition. As a result, there were four 

different scenarios of SCSïCN values according to the combination of draining conditions 

and LULC conditions. However, the study compared the observed inundated maps at the 

time in which the extreme inundated event occurred in May of 2019. Therefore, the others 




