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            Abstract

            
               
Objectives: This study focuses on identifying areas of intense soil erosion in Sadiya, a subdivision of Tinsukia district of Assam in
                  India to facilitate appropriate implementation of soil management and conservation schemes in an administrative unit. Methods: A comprehensive methodology of Remote Sensing (RS) and Geographical Information System (GIS) is implemented with an empirical
                  model called the Revised Universal Soil Loss Equation (RUSLE). RUSLE is the best model to assess soil loss creating different
                  raster layers in GIS. Findings: This study estimates about 443865 tons of soil loss occurs in Sadiya region annually. The maximum rate of soil loss recorded
                  in Sadiya region is 888.26 t ha−1 year−1 the average soil loss estimated for the region is 5.45 t ha−1 year−1. In addition, a final soil loss map is also created to show the zones of varied soil erosion rates/intensities. Applications/Improvements: The use of RS and GIS in soil loss estimation gives highly accurate result and can be used for extensive area with low cost.
                  The study reveals that soil loss is a serious issue in the region where agriculture is the main economic activity. The outcome
                  of the study may be used directly to address the hazard through management practices.
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               Introduction

            Every year, in India it is estimated that about 5 billion tons of soil loss occurs annually with an average of 16 ton/ha 1. The soil loss in India is more common in Western-Ghat and Himalayan region 2, 3. Nowadays, the soil loss and erosion due to strong water force are considered as world’s major environmental hazard 4, 5 as it has a great impact on the environment and human economy. Therefore, a detailed and quantitative assessment is required
               to estimate the actual amount and nature of erosion in a region for sustainable land planning and management 6, 7.
            

            Numerous studies have been conducted to understand the soil loss dynamics since last quarter of twentieth-century and many
               empirical and mathematical models for estimating soil loss have been developed 6, 8, 9, 10. In this study, we used the Revised Universal Soil Loss Equation 9 model to estimate soil loss from Sadiya region and prepare soil loss map. The RUSLE is an improved version of the Universal
               Soil Loss Equation (USLE) 10, which includes more diverse enhance methodologies and databases 6. ﻿Due to its reliability and accuracy, several researchers used RUSLE in GIS platform to estimate soil loss in their specific
               regions, especially in India such as 2, 11, 12, 13, 14 and many more. The findings of this research can help land managers and decision-makers to tackle the damages arise due to
               soil loss by providing adequate information on soil loss zones and the rates of soil loss.
            

         

         
               Study Area 

            The region Sadiya is a sub-division of Tinsukia district, located in the north-eastern part of Assam, India. The latitudinal
               and longitudinal extension of the region is 27° 45’N to 27° 59´N and 95° 25´E to 95° 58´E respectively (Figure  1). The total geographical area of the region is 789.95sq km, with a total population of 1,04,948 (2011). The region is characterized
               by alluvial plain which is bisected by river Kundil and surrounded by three major tributaries of river Brahmaputra viz, Dibang
               and Dihang River in the west and Lohit River in the south. The region comprises of three physiographic units old alluvium,
               new alluvium and piedmont zone. The region maintains a very gentle slope, highest elevation records 195 m and lowest elevation
               records 120 m above the mean sea level (MSL). The region experiences tropical monsoon climate where summer seasons are wet
               and winters are dry. The average rainfall of the region is about 275.9 cm in a year.
            

            Agriculture is the primary economic activity of the inhabitants of Sadiya region, about 25.41 % population being directly
               dependent on agriculture 15. Constant soil loss from cropland leads to degradation in soil fertility and therefore, it is essential to know the magnitude
               of soil loss from the region for developing conservation practices
            

            
                  
                  Figure 1

                  Study area.
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               Materials and Methods

            To assess the magnitude of soil loss in Sadiya region, a diverse set of data from authentic sources have been used. The different
               sets of data used for the study with their sources are given in Table  1.
            

            
                  
                  Table 1

                  Details of various data sets used in the present study

               

               
                     
                        
                           	
                              Type of data
                        
                        	
                              Year
                        
                        	
                              Author/Source
                        
                        	
                              Title
                        
                     

                  
                  
                        
                           	
                              Topographical map
                        
                        	
                              1963
                        
                        	
                              Survey of India (SOI)
                        
                        	
                              83M-5,6,9,10, 13and 14 (1:50,000)
                        
                     

                     
                           	
                              Thematic maps
                        
                        	
                              1999
                        
                        	
                              National Bureau of Soil Survey and Land Use Planning (NBSS & LUP), Nagpur
                        
                        	
                              Soil map of Assam
                        
                     

                     
                           	
                              Rainfall Data
                        
                        	
                              2016
                        
                        	
                              India Meteorological Department
                        
                        	
                              Daily rainfall data
                        
                     

                     
                           	
                              Topography Data
                        
                        	
                              2014
                        
                        	
                              United States Geological Survey, EarthExplorer’ website
                        
                        	
                              Shuttle radar topographic mission 30m DEM
                        
                     

                     
                           	
                              Remote Sensing data
                        
                        	
                              2016
                        
                        	
                              United States Geological Survey, EarthExplorer’ website
                        
                        	
                              LANDSAT OLI-TIRS
                        
                     

                  
               

            

            The RUSLE developed by United States Department of Natural resource conservation service 9 is the principal method used in this study. It is an empirical model used worldwide to estimate soil loss from per unit land
               on an annual basis 14. Here, using RUSLE we made an assessment of soil loss from the Sadiya region in a GIS platform. Various datasets required
               for this study were collected from several sources, as mentioned inTable  1. Later on, the obtained data (Table  1) were processed in Arc GIS 10.2.1 and generate separate GIS layers for each factor of RUSLE in raster format to estimate
               soil loss from Sadiya Region. The overall schematic flow chart of the RUSLE method is illustrated in the Figure  2.
            

            The RUSLE can assess soil loss from a given unit of land on a pixel-by-pixel basis, which is effective while attempting to
               identify the spatial soil erosion pattern present in a region 14. The derivative equation of RUSLE is suggested by 10, 16 
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            Where: A is soil loss in t ha−1 year−1; R is the rainfall erosivity factor in MJmm/ha/yr; K is the soil erodibility factor in t/MJmm/ha; L is the slope length factor
               (dimensionless); S is the slope steepness factor (dimensionless); C is the cover and management factor (dimensionless); P
               is the conservation practices factor (dimensionless).
            

            
                  
                  Figure 2

                  RUSLE method in flow chart
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                  Methodology

               
                     Factor or rainfall erosivity factor

                  The rainfall and runoff erosivity factor (R) computes the impact of a raindrop. It is a numerical representation of the rainfall
                     ability to erode the soil 10. It is estimated that a raindrop with a speed of 20-30 feet per sec has enough capacity to erode or detached the soil particles
                     as high as 2 feet vertically 17. In the RUSLE model, the rainfall erosivity is generally computed using the EI30 measurement with continuous and daily data 9. Moreover, many researchers find out the R-factor using the average annual rainfall of longer periods as it includes the
                     moderate cumulative effect 9. However, it can be also applied at a time scale shorter than the year 18 although it has some constraint such as single year data does not include the severe cumulative effect 9. Thus the R factor is calculated by the following equation suggested by 10 and 14:
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                  Here, pi is the monthly precipitation (mm) and p is the annual precipitation (mm).

                  
                        
                        Table 2

                        Calculated R-factor of the region

                     

                     
                           
                              
                                 	
                                    Station (District)
                              
                              	
                                    Rainfall in mm
                              
                              	
                                    R-factor
                              
                           

                        
                        
                              
                                 	
                                    Tinsukia (Tinsukia)
                              
                              	
                                    2552
                              
                              	
                                    307.74
                              
                           

                           
                                 	
                                    Dhemaji (Dhemaji)
                              
                              	
                                    2268
                              
                              	
                                    351.36
                              
                           

                           
                                 	
                                    Roing (Lower Dibang Valley)
                              
                              	
                                    5928
                              
                              	
                                    2054.25
                              
                           

                           
                                 	
                                    Tezu (Lohit Valley)
                              
                              	
                                    2936
                              
                              	
                                    424.78
                              
                           

                        
                     

                     

                  

                  The R-factor i.e. average rainfall erosivity factor is computed from rainfall data of four stations (2016) located in and
                     around the region. The rainfall erosivity factor of Sadiya region varies from 1506.06 MJ.mm ha−1 year−1 year to 653.75 MJ.mm ha−1 year−1 (Table  2 and Figure  3). The north-eastern part of the region is more prone to soil erosion due to high rainfall.
                  

                  
                        
                        Figure 3

                        Rainfall erosivity map of Sadiya (R factor)
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                     Factor or soil erodibility

                  The Soil erosion generally depends on the characteristics of soils, such as parent material, texture, structure, organic matter
                     content, hydraulic properties of the soil 19, 20. The soil erosion is more if it contains more sand 21. Soil erodibility of the region is computed by nomograph of soil prepared by National Bureau of Soil Survey and Land Use
                     Planning based on soil texture and contents of the soil. The K-factor values were estimated using the following equation suggested
                     by 22 as EPIC (Erosion productivity impact calculator)
                  

                     
                     
                           
                           K
                           =
                           {
                           0
                           .
                           2
                           +
                           e
                           x
                           p
                           [
                           -
                           0
                           .
                           0256
                           S
                           A
                           N
                           (
                           1
                           -
                           S
                           I
                           L
                           /
                           100
                           ]
                           }
                           *
                           [
                           S
                           I
                           L
                           /
                           (
                           C
                           L
                           A
                           +
                           S
                           I
                           L
                           )
                           ]
                            
                           0
                           .
                           3
                           *
                           {
                           1
                           .
                           0
                           -
                           0
                           .
                           025
                            
                           C
                           /
                           [
                           C
                           +
                            
                           e
                           x
                           p
                           (
                           3
                           .
                           72
                           -
                           2
                           .
                           95
                           C
                           )
                           ]
                           }
                            
                            
                            
                            
                           *
                           {
                           1
                           .
                           0
                           -
                           0
                           .
                           7
                           S
                           N
                           1
                           /
                            
                           [
                           S
                           N
                           1
                            
                           +
                           e
                           x
                           p
                           (
                           -
                           5
                           .
                           51
                           +
                           22
                           .
                           9
                           S
                           N
                           1
                            
                           )
                           ]
                           }
                           .
                            
                            
                            
                            
                            
                            
                        
                           (3)

                     

                  

                   Where SAN is the sand content in %, SIL is the silt content in %, CLA is clay content in %, C is the organic carbon in %
                     and SN1 =1-SAN/ 100.
                  

                  
                        
                        Table 3

                        Computed K values.

                     

                     
                           
                              
                                 	
                                    Soil code
                              
                              	
                                    Soil Textural Class
                              
                              	
                                    K values
                              
                           

                        
                        
                              
                                 	
                                    AS 34 (Aeric Fluvaquent)
                              
                              	
                                    Sandy loamy soil
                              
                              	
                                    0.049
                              
                           

                           
                                 	
                                    AS 42 (Typic Dystocrept)
                              
                              	
                                    Sandy loamy soil
                              
                              	
                                    0.037
                              
                           

                           
                                 	
                                    AS 58 (Aquic Udifluviate)
                              
                              	
                                    Sandy loamy soil
                              
                              	
                                    0.032
                              
                           

                           
                                 	
                                    AS 63 (Aquic Udifluviate)
                              
                              	
                                    Sandy Soil
                              
                              	
                                    0.020
                              
                           

                        
                     

                     

                  

                  The K-factor of Sadiya region is computed based on the soil texture of the region The K-value varies from 0.02 t/ha/ (MJ.mm)
                     to 0.049 t/ha/ (MJ.mm) in the region (Table  3 andFigure  4). The Aeric Fluvaquent, a category of sandy loamy soil is more prone to the erosion as compared to the other category which
                     is found in the riverine areas. 
                  

                  
                        
                        Figure 4

                        Soilerodibility factor (K factor)
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                     Slope length and slope steepness or LS factor

                  LS is the dimensionless factor of the RUSLE, its computation is the most complex aspects for relatively large areas 14. The impact of slope length and steepness reflects on the degree of soil erosion 23. To calculate the LS factor, the equation used by 14 and 24 are employed in this study.
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                  Where AS = Upslope contributing area per unit width of pixel spacing, l=slope angle (degrees), m and n are exponent parameters
                     of slope for slope length and gradient and the typical values of m and n are 0.4 - 0.6 and 1.0 - 1.4, respectively. 
                  

                  The variation of LS-factor in the region ranges from 46.87 to 0.07 (Figure  5). The north-eastern part of the region shows higher LS value and the south-eastern part of the region shows lower LS-values
                     due to variation in elevation. The higher LS values also recorded in areas near the river due to the higher slope length and
                     steepness.
                  

                  
                        
                        Figure 5

                        Topographic factor (LS factor).

                     
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/2e28033d-ce40-4992-9e6f-471cbf62c43dimage5.png]

               

               
                     Vegetation cover management or C factor

                  It is one of the important factors of RUSLE which is a determinant to reduce the erodibility of the soil 16. The vegetation cover is one of the most sensitive factors of soil loss 25. The vegetation cover also acts as a defensive force to raindrops to reach the soil layer 26. The satellite remote sensing data is used to calculate the C factor values. The NDVI and the following equation is used
                     to generate the C factor 27 value in the region after 25 using Landsat OLI imagery (2016) in GIS environment.
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                  Where the value of  
                        
                           α
                           =
                           -
                           2
                         and  
                        
                           β
                           =
                           1
                        

                  The computed C-factor value ranges from 0.034 to 0.99 (Figure  6). The equation generally shows the opposite relationship between the C-factor and soil erodibility 28. The higher C values are observed in the forest areas and lower values are observed in the agricultural fields or low vegetation
                     cover. 
                  

                  
                        
                        Figure 6

                        Crop cover management (C-factor)
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                     Support practice or P factor

                  The P factor represents the pattern of practices on the amount and rate of erosion and soil loss 29. The P values are very difficult to establish and are the least reliable of all the components of RUSLE 16. The value of P-factor ranges from 0 to 1; where 0 stand for very good manmade erosion resistance and 1 stand for no man
                     made erosion resistance facility or no known conservative practice 4. In the study region, no supporting manmade erosion resistance or conservative practices observed hence the P-value is considered
                     as 1.
                  

               

            

         

         
               Results and Discussion

            The annual soil loss of Sadiya region has been estimated for the year 2016, using RUSLE. Based on the integrated variables
               of RUSLE the annual soil loss of the region estimated; where it has been found that the region observed about 443865 tons
               soil loss annually, with an average annual soil loss in the region is 5.45 t ha−1 year−1. The similar observation was also made in different river system of the Brahmaputra river basin such as Belsiri River 4, Panchnoi River 16, and Dhansiri River 28. The average soil loss in Sadiya region is 5.45 t ha−1 year−1 found to be lower than Dhansiri river basin (34.6015 t ha−1 year−1) and Panchnoi river basin (5.63 t ha−1 year−1) for the year 2015) but higher than the Panchnoi river basin (3.64, 4.35 and 4.94 t ha−1 year−1 for the year 1990, 2000 and 2008 respectively) and Belsiri river basin (0.05 t ha−1 year−1). To estimate the magnitude of soil loss from different parts of the region we divide the region into six zones based on
               soil loss sensitivity, ranging from slight to very severe soil loss zones (Table  4 and Figure  7). The class range of soil loss has been determined following suggested by 1, 3 and 30 for Indian condition. 
            

            
                  
                  Table 4

                  The class range of soil loss

               

               
                     
                        
                           	
                              Soil erosion classes
                        
                        	
                              Average soil erosion rate
                        
                        	
                              Total soil loss (t/h-1/y-1)
                        
                        	
                              Area in ha
                        
                        	
                              Area in %
                        
                        	
                              
                     

                     
                           	
                              
                     

                     
                           	
                              Slight
                        
                        	
                              <5
                        
                        	
                              5190.18
                        
                        	
                              11,786.26
                        
                        	
                              14.48
                        
                        	
                              
                     

                     
                           	
                              Moderate
                        
                        	
                              5 - 10
                        
                        	
                              16736.99
                        
                        	
                              59,808.93
                        
                        	
                              73.48
                        
                        	
                              
                     

                     
                           	
                              High
                        
                        	
                              10 - 20
                        
                        	
                              4990.61
                        
                        	
                              9,00.73
                        
                        	
                              11.06
                        
                        	
                              
                     

                     
                           	
                              Very High
                        
                        	
                              20- 40
                        
                        	
                              4470.84
                        
                        	
                              587.23
                        
                        	
                              0.72
                        
                        	
                              
                     

                     
                           	
                              Severe
                        
                        	
                              40-80
                        
                        	
                              4447.54
                        
                        	
                              166.92
                        
                        	
                              0.2
                        
                        	
                              
                     

                     
                           	
                              Very Severe
                        
                        	
                              >80
                        
                        	
                              4440.42
                        
                        	
                              34.23
                        
                        	
                              0.04
                        
                        	
                              
                     

                  
               

            

            Most of the area of Sadiya region falls under slight soil loss zone (<5 t ha−1 year−1), which comprises about 14.48% of the region. The moderate and high sensitivity zone (5-10 t ha−1 year−1 and 10-20 t ha−1 year−1 respectively) comprises about 84,54% area of Sadiya. Most of this zone lies between Dibang River and Kundil River, which is
               entirely comprised of agricultural fields and rural settlements. Other soil loss zones (very high, Severe and Very Severe)
               comprise about 0.96 % land area. As expected the higher soil loss is observed in the areas of higher slope, high rainfall
               and less vegetation cover. Further, in this study it is observed that the high, very high, severe and very severe soil loss
               zones are mostly situated in the riverine areas and is a result of bank erosion and channel migration of the rivers in the
               region.
            

            
                  
                  Figure 7

                  Soil loss sensitivity in Sadiya.

               
[image: https://s3-us-west-2.amazonaws.com/typeset-media-server/2e28033d-ce40-4992-9e6f-471cbf62c43dimage7.jpeg]

         

         
               Conclusion

            The RUSLE is one of the most reliable models to estimate soil loss throughout the world from a given unit of land. One of
               the most important drawbacks of RUSLE is less involvement of field measurement but it is a cost-effective model for estimating
               soil loss as compared to traditional methods; this model requires less physical effort. In addition, the region is monsoon
               regime where seasonal variation of rainfall and change in seasonal land-use should be made under consideration. Although the
               model has high global acceptance, therefore, the model is used to estimates soil loss from Sadiya region which is located
               in the humid tropical climatic regime. This study estimates about 443865 tons of soil loss occurs annually in the region,
               with an average rate of 5.45 t ha−1 year−1, which is quite high. In the study, it also observed that the quantity of soil loss is higher in the riverine areas and in
               areas of higher elevation with more gradient. Another important finding is that regular moderate soil loss occurs in areas
               of cultivation. The present study attempted to apply the RUSLE model in an administrative unit, although, it has been observed
               that most of the researchers apply this model in a physical unit such as river basin. The results of the study can help in
               formulating management strategies for sustainable land conservation practices.
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