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CHAPTER – 1 

INTRODUCTION 

 

1.1 General Introduction 

 Soil erosion is defined as the removal of topsoil from the surface and transported 

through the external agencies such as running water, wind, solar energy and tillage (FAO, 

2020). In addition, soil erosion is a natural process that continues depending on natural 

factors and is accelerated by anthropogenic factors (Wischmeier and Smith, 1978). Soil 

erosion can take place under various natural climatic environments and anthropogenic 

activities. Soil erosion occurs naturally when soil particles are disintegrated, transported, 

and deposited at different places by various erosion agents like wind, running water, 

surface run-off and solar energy. On the other hand, various anthropogenic activities such 

as intensive agricultural, practices, deforestation, overgrazing and improper land use 

planning, rapid urbanization which could have led extensive soil erosion (Lawmchullova 

and Rao, 2024). The rate of soil erosion is rigorously higher than the rate of soil formation. 

Soil is the exhaustible resource. The average amount of soil loss in the natural process of 

erosion is estimated at 0.1 – 1ton ha-1yr-1, while the soil loss by anthropogenic factors is 

10-1000 times higher than this value (Bleu, 2003).  

 Soil erosion decreases with agricultural productivity, degrades ecosystem 

functions, increases hydrogeological risk by landslides, floods, significant losses of 

biodiversity and infrastructures, also in severe cases, leads to displacement of human 

populations. Furthermore, soil erosion causes problems such as food security risk, decrease 

in aesthetic landscape beauty, increase in flood risk, decrease in water quality, pollution in 

rivers and lakes, eutrophication, loss of biodiversity, decrease in capacity and lifetime of 

water reservoirs (Uzuner and Dengiz, 2020; Wuepper et al., 2020). Similarly, natural and 

anthropogenic activities further accelerate erosion on both on-site and off-site 

consequences. The on-site effect refers to the extensive removal of valuable topsoil and 
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vital soil nutrients in-situ. Essential soil nutrients like nitrogen, phosphorus, potassium, 

calcium and soil organic matter are carried away by erosion (Pimentel, 2006). For instance, 

soil erosion and land degradation are the major threats to global food security and the 

failure of Sustainable Development Goals (SDGs) (UN, 2015; FAO, 2020). On the other 

hand, the off-site impact mainly arises from sedimentation downstream. Soil removed from 

the upper catchments is deposited in the downstream parts of the river. It gives rise to 

numerous problems, among which sedimentation of reservoirs downstream is reported to 

be the most prominent (Kothyari, 1996). This has remarkably reduced the reservoirs water 

storage and hydroelectric power generation capacity. Furthermore, sedimentation in the 

streams also disrupt the riverine ecosystem and its recreational value, depleting water 

quality and enhancing the chances of floods (Gelagay, 2016). Hence, sedimentation is the 

consequence of accelerated soil erosion on the hillslopes and an increase or decrease in the 

amount of soil loss consequently influence the amount of sedimentation in a drainage basin 

(Dewanjan and Ahmad, 2020).  

 Soil erosion is one of the most important environmental problems because it causes 

soil and land degradation (Dutal and Reis, 2020). Soil loss is common issue faced by 

agricultural land, especially tropical and semi-arid regions of Africa, south America, and 

south east Asia.  Agricultural productivity has decreased by 23% of the global terrestrial 

area due to land degradation and as a result, 3.2 billion people have been directly and 

indirectly affected by it (Scholes et al., 2018). Worldwide, the rate of land degradation due 

to soil erosion is estimated as 70 – 90% (Chalise et al. 2018). In humid sub-tropical region, 

particularly Himalaya region of India soil erosion is highly influenced by surface run-off. 

In addition, the rugged mountainous terrain of these humid climate zones undergoes 

significant impact of soil removal (Markose and Jayappa, 2016; Rajbanshi and 

Bhattacharya, 2020). About 29.77% of the total geographical area experiences land 

degradation of which 36.20 M ha is affected by water-induced soil loss in India (SAC, 

2021). The predicted amount of 5334 million tons of soil loss is induced by surface run-off 

at a rate of 16.35 ton ha-1yr-1, where 61% of the total sediments are deposited in new places, 

29% are deposited at the bottom of sea and the remaining 10% are deposited in reservoirs.  
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 The Eastern Indian Himalayan region as a whole is experiencing serious problem 

of soil erosion and the rivers flowing through this region carries huge quantities of 

sediments and finally discharge into the Bay of Bengal. About 25% of the dissolved load 

is supplied to the World oceans by the Himalayan and Tibetan regions (Raymo and 

Ruddiman, 1992). The foot hills of Himalayas, which extends in the northeastern part of 

Indian states like Arunachal Pradesh, Nagaland, Manipur, Mizoram, Meghalaya and 

Assam and this region, are no exception to huge soil loss. The sediment load in the 

Himalayan rivers is increased due to loss of forest cover, indiscriminate exploitation of 

other natural resources, intense monsoonal precipitations and the fragile river catchments 

of low water retention capacity (Valdiya, 1985; Rawat and Rawat, 1994). Geologically the 

region is very weak and fragile due to its soil structure mostly composed of sandstones, 

siltstones and shales. Erosion worsens the physical, chemical and biological properties of 

soil by removing of natural nutrients, humus and top soil and the soil is left unproductive 

for crop growth. Anthropogenic disturbances such as deforestation, expansion of 

agricultural land from forest cover, shifting cultivation (locally known as Jhum) on steep 

slopes, construction of roads, rapid urbanization and other developmental activities 

coupled with high rainfall, poor soil conservation and high soil erosivity induced by 

shallow soil depths, low structural stability are the main reasons for high rate of soil loss 

(Markose and Jayappa, 2016). High seismicity is yet another factor in the region for high 

soil erosion and sedimentation in river reaches (Jain et al., 2001). Soil erosion is 

nevertheless a major problem which affects the agricultural production (Al-Abadi et al., 

2016), soil fertility (Blanco and Lal, 2008; Verheijen et al., 2009), excessive siltation 

(Wilkinson and McElroy, 2007; Dutta, 2016), and sedimentation in lakes and rivers, water 

quality and recreation. Each year, due to soil erosion, million tons of soil is eroded off 

mostly from agricultural lands in mountainous terrain (Dabral et al., 2008; Pandey et al., 

2009; Adornado et al., 2009; Naqvi et al., 2013; Zonunsanga, 2016; Kisan et al., 2016). 

Recent estimates indicate that nearly 39% of the Indian Himalayas has potential soil 

erosion rate of more than 40 Mg ha−1yr−1 (Mandal and Sharda, 2013). Thus soil erosion is 
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a major setback to the sustainable development of natural resources and environment and 

thus calls for urgent quantification (Barman et al., 2020). 

1.2 Statement of the Problem 

 Soil erosion and siltation are the most problems experiencing in hilly region which 

receives high rainfall like in Mizoram the eastern extension of Himalayas. In addition, this 

problem is expected to be widespread, continued and significant issue on water resource 

planning, shorten of reservoir life span, shallow water, natural ecosystem, sustainable land 

and environment management. Despite knowing the significant issues of soil erosion and 

siltation, there has been lack of adequate comprehensive research on estimate of total soil 

loss at sub-watershed level and silted at reservoir with minimization of the strategic action 

planning. Therefore, a precise and timely assessment is essential for understanding the 

spatial distribution, degree and amount of erosion and siltation with developing effective 

control measures.  

 The conventional methods of determining soil erosion rate and siltation in a 

watershed include field survey and based on experimental plots as well as acquiring run-

off and sediment data from stream gauging stations, which require a lot of equipment, huge 

capital investment, time consuming and involvement of large labourers, also it has a 

limitation in terms of spatial representation for dynamic environments in a wide area (Lu 

et al., 2004; Pradeep et al., 2015; Ganasri and Ramesh, 2015; Kucuker and Giraldo, 2022). 

Moreover, actual field measurements are exceptional to mountainous and agricultural land 

throughout the country, and the recorded data for run-off, and sediment influx is not readily 

available at the watershed level since most of the river basins are still ungauged 

(Prasannakuma et al., 2012; Rajbhanshi and Bhattacharya, 2020). Due to the fact this 

limitation it is difficult to comprehensively evaluate the complex spatial patterns, varying 

magnitude, and temporal dynamics of soil erosion processes within a watershed (Vijith et 

al., 2012; Bhat et al., 2017; Kalambukattu and Kumar, 2017). Considering the absence of 

extensive evaluation in this region and lack of secondary data, coupled with limitations of 
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conventional methods to comprehend this complex phenomenon, the purpose of the present 

study is to fill this knowledge gap, generating synoptic information through the application 

of geospatial technology-based modeling in a watershed.  

1.3 Objectives of the study 

 `The present study aimed at estimation of total soil loss at Tuirial watershed, 

Mizoram using bathymetry survey, soil erosion model with the integration of geo-spatial 

data in geographic information system (GIS) along with the application of other pioneering 

formulae.  The study aims to achieve the following specific objectives: 

1.3.1   To estimate the total soil loss at Tuirial watershed 

1.3.2   To estimate the siltation level at Tuirial dam 

1.3.3   To analyze the morphometry of Tuirial watershed 

1.3.4   To suggest the remedial measures of soil loss and siltation level at watershed 

and dam. 

1.4 Significance of the study 

 The research being undertaken encompasses significant implications for 

sustainable watershed management, soil erosion control and environmental conservation 

recently, the advanced techniques of remote sensing (RS) and GIS has gained universal 

approval as a dominant tool for ecological hazard assessment and for developing effective 

resource conservation and management strategies (Pham et al., 2018; Sujatha and Sridhar, 

2018; Halefom and Teshome, 2019; Makaya et al., 2019; Rashid et al., 2020). This 

advancement in geo-informatics has also successfully ensured an adequate manifestation 

and modelling of various earth phenomena (Anbazhagan et al., 2011). With RS and GIS 

technique-based modelling approaches, the present study attempts to assess soil erosion 

comprehensively. Moreover, this study was intended to provide reliable, cost effective, and 
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spatially explicit information on erosion and siltation in a watershed. This valuable insight 

into the complex processes and problems will be helpful for sustainable watershed 

management that focuses on the formulation of feasible erosion and siltation mitigation 

plans, strategic land use planning, and appropriate land and water management policies. 

 In addition, this research will showcase the potential advantages of RS and GIS 

techniques regarding the problems associated with assessing accelerated erosion rate in a 

hilly watershed. By demonstrating the reliability and applicability of these technologies, 

this study can help promote wider adoption of geospatial modelling techniques and their 

practical implications for motoring and analyzing soil erosion along with its on-site and 

off-site consequences in the future, consequently, this will result in a better understanding 

and improved application of environmental management practices at a watershed scale. 

1.5 Scope and Limitations of the study 

 The most feasible micro-level planning region i.e., a watershed has been selected 

for assessing soil erosion and siltation in this research. This study integrated several soil 

loss modelling approaches to estimate total soil loss with extensive field survey for 

justification of the results. One of the most popular robust techniques for soil loss model is 

revised universal soil loss equation (RUSLE), in this approach various erosion influencing 

factors such as soil texture, steepness of slope, length of the slope, rainfall erosivity, land 

use and land covers were integrated through ArcGIS environment. This study result can be 

used for minimization of action planning and management of watershed.  Beside this, the 

study utilizes various scientific methods related with siltation at reservoir such as dry bulk 

density (dBD), bathymetry survey, sediment yield (SY), specific sediment yield (SSY), 

sediment volume (SV), geo-statistical, Trap efficiency (TE), rate of sediment 

accumulation, estimation of sediment thickness, estimation of storage capacity and 

reservoir economic lifespan are also included. The study encompasses the satellite image 

processing technique with classification of land use and land cover for detecting the erosion 

points like agricultural lands and roads. Digital elevation models (DEM) were also used 
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for the computation of Tuirial river basin morphometry. In this research the morphometric 

linear parameters such as the bifurcation ratio (Rb) drainage density (Dd), stream length 

(Lu) (stream frequency (Sf), texture ratio (Tr) and length of overflow land (Lo) have direct 

influence on erosion in the basin. Similarly, areal aspects such as the circularity ratio (Rc, 

form factor (Rf), elongation ratio (Re) and compactness constant (Cc) also affect soil 

erosion. Additionally, relief parameters such as basin relief (H) relief ratio (Rr), relative 

relief (Rhp) ruggedness number (Rn) (dissection index (Di) and hypsometric integral (HI) 

has varied influences on spatial magnitude of erosion. All the above mentioned 

morphometric parameters were analyzed with respect to empirical pioneering works and 

geographic information systems (GIS). To understand the geometry of landforms is critical 

criteria for erosion points identification along with cycle of erosion.  

 However, the present study has certain limitations on application of digital 

elevation model (DEM) with low resolution 12.5 metres ALOS PALSAR was employed 

to estimate LS factor and steepness of slope analysis, it may lead the distortion of length 

and steepness of slope. Similarly, the topographic map of the year 1987 was found not 

suitable to calculate the initial storage of the Tuirial dam due to the dynamic change in 

elevation induced by the excavation of the landmass at the bottom and utilized for 

embankment fills to dam construction. Again, the landuse land cover of the present study 

also classified it from Sentinel image with 10 metres resolution, which may lead false 

positive error in classification. But in future this issue can be fixed with the help of good 

quality satellite images and DEM. In addition, validation of soil loss, sediment yield and 

siltation at the dam is impossible from the field survey, since Tuirial watershed is un-

gauged and the absence of field based erosion measurement. The previous studies are also 

modeling based which needs field verification.   
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1.6 Organization of the Thesis  

 The whole thesis is divided into eight chapters. Chapter 1 includes the introduction, 

overview of the contextual information, statement of the problems, research objectives, 

significance of the study, and scope and limitations of the thesis.  

 Chapter 2 deals with a rigorous review of a wide range of relevant existing literature 

such as sedimentation processes factors and affecting along with siltation at dam and total 

soil loss at watershed from various international, national and regional levels.  

 In the chapter 3 presented the details research methodology which deals with data 

collection, data mining, analyzing and generation of geo-spatial modeling framework.  

 Chapter 4 highlighted the geo-environmental setting of Tuirial watershed which 

consists of physical characteristics of slope, elevation, geomorphology, lithology, geology, 

climate, drainage, and vegetation.  

 Chapter 5 deals with erosion susceptibility of Tuirial watershed by revised universal 

soil loss (RUSLE). In addition, interpretation of various prone to soil loss and comparing 

with other works.  

 Chapter 6 focusing assessment of siltation in Tuirial dam with the help of 

bathymetry survey and various scientific techniques. 

 In chapter 7 the morphometric characteristics such linear, areal and relief 

parameters of the Tuirial watershed were analyzed and describe the intensity of erosion at 

various sub-watersheds.  

 In Chapter 8, conclusion with findings and recommendations to minimize further 

erosion risk are presented.  
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CHAPTER – 2 

REVIEW OF LITERATURE 

 

 

2.1 Introduction 

 This chapter provides the valuable information of research methodologies of the 

conducted studies on soil erosion, siltation and drainage morphometry on the basis of 

international, national and regional level findings and critics. A number of studies have 

been carried out on various aspects of drainage morphometry characteristics to understand 

nature of landforms, hydrological cycle and associated erosion and siltation at the 

reservoirs. The following sections examined different aspects of the multifaceted 

approaches, at international, national and regional levels constituting an extensive 

exploration of soil loss and siltation estimation studies. Generally, the present review 

focuses on contemporary research approaches accomplished through the collaboration of 

advanced techniques encompassing remote sensing and geographic information system 

(GIS). 

2.2 General  

 Kothari (1996) examined soil erosion and sedimentation condition in different parts 

of India after extensive literature review on soil and sedimentation. The study found out 

that Himalaya region which is the most affected by severe soil loss due to fragile geological 

setting and anthropogenic activities. The study identified more erosion in upper catchment 

while huge volume of siltation in reservoirs. The study recommended the detailed 

examination of the catchment to address soil loss and siltation in affected regions and 

effective conservation techniques.  

 Recently, Chilika Lake was studied by Rajan (2019), substituting multiple 

equations like Pine biomass volume b(t) (Nautiyal and Babor, 1985), the stock abundance, 

x (t) (Clark, 1985), species ‘ρx’ and carrying capacity kx(t), variable hx(t) and l(t) 

(Newcombe and Jensen,1996) etc., by evaluating the PES and estimation of erosion. 
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General algebraic modelling systems (GAMS 24.7.4) software, which revealed that the 

encompassing forest reduces the speed of sedimentation influx within the lake. During the 

monsoon, the rate of sedimentation is higher than in the winter season. The 

common annual rate of sediment load is 85.77 mg/l and the rate of sedimentation 

depends on the existing land use pattern. But this study incorporates number of model 

algebraic equations which is not universally accepted.  

 Diaz-Gonzalez et al., (2022) performed a review on “Machine learning and remote 

sensing techniques applied to estimate soil indicators.” The prediction of crop production 

based on the approximation of chemical, physical, and biological soil quality indicators 

(SQI), which includes different machine learning (ML) techniques to exercise data from 

remote sensing (RS) systems. Machine Learning technique is useful for adjustment of crop 

management application and as a result to boost crop yield.  

 By focusing on land use/land cover (LU/LC) change inter link with ecosystem 

service was examined for more than three decades at Fincha watershed due to government 

implemented Hydroelectric Dam and Sugarcane Plantation. ArcGIS software for land 

use/land cover dataset, Estimation of ecosystem service values and Elasticity of ESV 

change in relation to LU/LC were the methods employed for the study. The study reveals 

that cultivated land, water body, settlement and sugar cane plantation were increased per 

year, whereas wetland, forest land and bare land were reduced per year and the total values 

of the natural capital were also decreased (Tolessa et al., 2021). The limitation of the study 

is based on single data set which is Landsat-5 TM 1987 and Landsat-8 OLI–TIRS 2015. 

Notable and ground verification is indispensable to clarify the genuine character of land 

use and land cover change. 

 Tsai et al., (2021) attempting to set up the watershed health indicator and health 

check of reservoirs on 95 public water supply, irrigation reservoir and watershed in Taiwan. 

The methodology which incorporates health indicators of the watershed identified are 

forest coverage rate, soil erosion depth, sediment accumulation rate, and suspended solids 

(SS) concentration. The three wellbeing markers identified with water quality 
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improvement are river pollution index (RPI), point source contamination decrease, and 

non-point source contamination potential. In this study it was found that the water supply 

reservoirs have high forest coverage and a low soil disintegration profundity; be that as, 

these reservoirs have a low water quality because of a depressed spot source contamination 

was dealt with (9.1%–17.7%) and 44–65.8 kg non-point source contamination per sq.km. 

Most irrigation reservoirs are situated in the flat plains, which have forest coverage (50.5%) 

and high sediment gathering (36.7%). However, this observation does not specify the time 

of test taken, where it very well may be fluctuated water quality as far as seasons.  

 On the basis of water pollution, water quality and land use in the  central Nepal 

Himalayan watershed study performed by applying Eigenvector model, Watershed 

delineation and predictor variables extraction, Exploratory data analysis, Regression 

analysis, Spatial regression models were the methods they used  to explore the connection 

between water quality and different social, segment, and geological components in an 

urbanizing watershed of Nepal with an examine of various availability frameworks to 

conceptualize spatial interrelationships (Mainali and Chang, 2021). But, this analysis does 

not specify accurate water quality level and the water quality inspecting like-wise took 

uniquely in winter, it very well may be differed on during monsoon season.  

Osman et al., (2021) carried out Flood modeling of Sungai Pinang Watershed under 

the impact of urbanization based on Liuxihe modelling and Support Vector Machine 

(SVM). Resulting of Urbanization extraordinarily impacted land use/land cover including 

increased overflow volumes, peak discharges and flow concentrations. Liuxihe model can 

give specialized reference to flood control and fiasco decrease. Yet, it doesn't specify where 

flood control and Liuxihe model is just reference of flood admonitions. 

 To highlight hydrological analysis in watersheds based on variable-resolution 

global climate model (VR-CESM), which discovered that effects of environmental change 

on hydrology fluctuate in snow-ruled diminishing snowpack and early snowmelt shifts 

overflow tops prior and decreases their size. While in rain-dominated watersheds 

increasing precipitation in the projection period, peak runoff increases in the wet season. 
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In regional-scale watersheds in the western United States and China, VRCESM generally, 

projects increasing precipitation and runoff through the middle of this century, particularly 

in the coastal watersheds that receive more moisture from the ocean. A bigger variation 

between yearly changeability and higher recurrence of wet and dry years are anticipated 

for the future for most of the watersheds, showing that environmental change could 

influence the event of outrageous hydrological occasions consequently conceivably 

expanding the dangers of emerging Geo_hazards. Variable Resolution Global Climate 

Model (VR-CESM), Community Land Model (CLM), Global Climate Model (GCM), 

National Water Model (NWM) are the models applied to fulfill the study (Xu and Di, 

2021). Be that as it may, impediment of these models were it require loads of cycle and 

phases of refinement of satellite picture to fit in it, so it lessen the actual satellite resolution 

like in VR-CESM. 

 Lin et al., (2021) creating lake nutrient enrichment (SLRs) based on Chaohu Lake 

Basin. Understanding that both TN and TP in watershed yield is expanding throughout the 

previous ten years. The SLRs for TN are essentially situated in metropolitan development 

regions while SLRs for TP primarily found in major influent streams. An ideal time of 

SLRs identification of TP and TN is Spring and Summer respectively. SWAT and Arc-

SWAT model is the primary programming to recognize the significant substance change 

in watersheds. Other measurable information’s were determined and assembled dependent 

on the co-efficient of correlation strategy. Impediments of the review; green growth and 

lake biomass is the important index of SLRs. SWAT model is generally utilized for 

distinguishing a substance change in agriculture dominated watershed, while they applied 

for Chaohu Lake which encompassed by the city.  

 Nemunas river watershed, river course, hydrologic regime, sediment (SS), Total 

Nitrogen (TN) and Total Phosphorus (TP) stack from the stream to the Curonian Lagoon 

under the influence of climate change using SWAT model. Watershed become drier in long 

run, TN increase in winter while loss of phosphorus. Predicted nutrient stack changes 

during winter season show a two-fold multiple rise of residue. The theoretical framework 

used to evaluate future climate change indicators were precipitation, temperature and 
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carbon dioxide (Cerkasova et al., 2021). However, significant side stone anthropogenic 

activities impact is excluded. 

 Zhu et al., (2021) analyze the interlinking between ecological standard and 

ecosystem services in a red soil high terrain watershed. The methodological framework 

which employs for achieving in this research were; The remote sensing ecological index 

and the ecosystem service index, were utilized to show Ecological Quality (EQ) and 

Ecosystem Services (ESs), i.e., water yield, soil conservation, carbon storage and food 

supply. The outcome shows that the relationship between EQ and ES by applying 

Spearmen correlation, while EQ was diminishing at the watershed. Limitations of the study 

includes several indicators like vegetation cover, soil, parameters, including 

evapotranspiration correlation coefficient, and management factor, soil, carbon thickness 

and so on, were taken from the literature review, which might emerge future possible 

mistakes. Multi-dimensional and spatial tempo scales observation are expected to 

additionally discover the relationship between EQ and ESs, and work on the precision and 

enduring nature of the findings.  

2.3 Morphometry  

 The analysis of landforms, shape and earth’s surface configuration with a 

quantitative and mathematical approach is known as morphometry (Clarke, 1996). The 

morphometric study reveals the characteristics of the river catchment, hydrological and 

geomorphic processes, including the drainage system. In addition, it plays a significant role 

in the studies of hydrologic modeling, prioritization of subwatersheds, and soil and water 

degradation management (Fallah et al., 2016; Choudhari et al., 2018). A number of 

environmental factors directly affect soil loss, and those controlling factors should be 

checked to minimize erosion-vulnerable zones and undesirable effects on the environment 

(Kumar et al., 2011). Similarly, it is essential to comprehend the morphometric 

characteristics of hydrological regimes, terrain features, and soil erosion (Patel et al., 

2013). Additionally, it also helps to understand the interactions between humans and the 

environment through economic activity leading to soil erosion (Patel et al., 2013; Gajbhiye 
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et al., 2014; Arulbalaji and Padmalal, 2020). Morphometric parameters have a significant 

influence on examining erosion-susceptible zones (Horton, 1945; Schumm, 1963; Yadav 

et al., 2014; Kadam et al., 2019). It includes linear, aerial and relief features, which show 

one- and two-dimensional properties of the basin, respectively (Chauhan et al., 2016; 

Sharma and Mahajan, 2020). These morphometric parameters are associated with different 

physical and geomorphological aspects of a river basin that have significant impacts either 

by indirect or direct erosion, which is essential to identify soil loss-prone areas (Abboud 

and Nofal, 2017; Umrikar, 2017; Sarkar et al., 2020). 

 Horton (1932, 1945) introduced the quantitative measurement of drainage basin to 

analyze drainage system. Later, adjustment and further analysis were performed by Strahler 

(1952, 1964). Pioneering Horton (1932, 1945) works concentrated on stream number, 

stream length, drainage density, channel frequency. Strahler (1952, 1964) adjusted the 

Horton works to perform further analysis like stream order, form factor ratio, bifurcation 

ratio, relief basin, circularity ratio, stream length ratio. Likewise, other various researchers 

developed the new parameters such as elongated ratio, relief ratio (Schumm, 1956), relative 

relief ratio (Melton, 1958), hypsometric integration (Pike and Wilson, 1971), ruggness 

number (Patton and Baker, 1976), hypsometric curve (Kouli et al, 2007), gradient ratio 

(Sreedevi et al. 2009). 

 Earlier, the river basin and sub-watershed level of the drainage characteristics were 

performed by conventional methods at global scale. The advancement of information 

technologies in geographic information system and spatial remote sensing data (RS and 

GIS) provides a powerful tool for computation and assessment of various hydrological 

characteristics at global level. Systematically using geo-spatial approach to perform 

morphometric analysis of drainage basin has been conducted by various researchers (Rao, 

2015; Sreedevi et al. 2009). Their result revealed that, morphometric analysis using remote 

sensing and geographic information system provides the principle information of 

landforms, hydrogeological features of the watershed. The advantage of geo-spatial 

approach has low in capital investment, expenditure and time saved. In this study of the 

Middle Tuirial river basin the linear, areal and relief morphometric parameters were 
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computed by applying pioneering works and equations with geospatial data and GIS 

techniques. Because no significant study was found in this area with an attempt of the 

relationship of relief and hydrological aspect. This study aims to highlight the quantitative 

analysis of Middle Tuirial watershed for proper soil and water conservation. In addition, to 

understanding landscape evolution and hydrological characteristics of the river basin.  

 Additionally, some authors have minimized morphometric parameters using 

principal component analysis (PCA), which is closely associated with a significant impact 

on erosion (Meshram and Sharma, 2018; Arefin et al., 2020; Pathare and Pathare, 2021). 

Furthermore, some of the studies compared morphometric parameters are based on 

hierarchical cluster analysis (HCA) (Meshram and Sharma, 2017; Chauhan et al., 2022). 

However, the PCA and HCA techniques remove the less effective parameters, which are 

also included in the erosion susceptibility criteria. Additionally, usage of single criteria to 

identify erosion proneness yields low accuracy because erosion was led by multiple driver 

agents that require inclusive examination. Drainage system, surface runoff, land use/land 

cover, soil texture, and physical setting are considered as factors that influence vulnerable 

to soil loss at the river basins and are also useful for the identification and prioritization of 

sub-watersheds (Harsha et, al., 2020; Sutradhar, 2020; Haokip et al., 2022; Hembram and 

Saha, 2020). These studies reveal a positive relation between the all-inclusive approach 

and soil loss prone zone within the watershed. However, they exclude the soil texture and 

rainfall, which are critical parameters and agents of erosion. Furthermore, comprehending 

topsoil instability is essential due to variations in soil properties with different amounts of 

soil (Kulimushi et al., 2021). Likewise, a clay soil texture with high solidity resist 

infiltration resulted in a high intensity of surface runoff and low permeability but less 

erosion, while a silt soil texture with high permeability but limited holding capacity led to 

more erosion (Bhattacharya et al., 2019; Kadam et al., 2022). Geology and geomorphology 

also influence the hydrological system because the landform patterns and structure affect 

the drainage system with erodibility of the basin (Nookaratnam et al., 2005; Sreedevi et 

al., 2009). Similarly, the terrain, slope, elevation, rainfall characteristics and land use and 

land cover patterns of the basin accelerate the surface run-off with enormous fragile topsoil 
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wash away (Sutradhar, 2020; Haokip et al., 2022; Ebrahimi and Sadeghi, 2023). However, 

the above studies are ignoring the total soil loss and its area coverage which are crucial 

factors for determining susceptible of soil loss in geo-environment parameter. As best of 

the conducted literature studied, it is revealed that no authors have employed the integrated 

geo-environment parameters such as morphometric, average annual soil loss (AASL), 

sediment transport index (STI) and sediment production rate (SPR) approach to identify 

prioritization of watershed. But, in this study the new parameter of average annual soil loss 

(AASL) was included for determining the prioritization of watershed. The analytical 

hierarchy process (AHP) technique permits the determination of the weight of each 

erosional parameter based on their significant level (Chitsaz and Malekian, 2016; Siddiqui 

et al., 2009; Shelar et al., 2022; Hailu et al., 2023). It also efficient and simplicity with 

reducing the chances of bias in decision making (Saaty, 1980). This method is widely 

utilized worldwide for the identification of priority zones to initiate measures of soil and 

water conservation with minimized risk. 

 Morphometry of drainage network in volcanic landforms (Altın and Altın, 2011) 

was done by applying morphometric parameters (Strahler, 1964) like drainage map; 

ordering streams; and measuring the catchment area and perimeter, the length of drainage 

channels, drainage density and frequency, and bifurcation ratio (Kumar et al., 2000). Also 

applying Concavity Index (Langbein, 1964; Larue, 2008), deviations from a line (Phillips 

and Lutz, 2008; Larue, 2008) uncovers that vary in parameter of values implies the volcanic 

mountains weren't elevated on a similar period and were exposed to various morphologic 

cycles. However, landform development is long-term process, here during this study 

neglecting the span of the landform cycle.  

 The morphometric analysis of alluvial drainage provides understanding into its 

dynamics, erosion capacity, susceptibility to floods and conceivable genetic relations to 

tectonic faulting. The results indicate a vulnerability to erosion and flooding events, and 

these intense phenomena concentrate mostly on third-order catchments. Two dissimilar 

drainage network systems are shown: an older drainage network system with a main NW-

SE direction, which includes fourth- and fifth-order branches, and a recent drainage 
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network system, which includes new, smaller order branches with a main NE-SW 

direction. The major tectonic fault orientations are NNW-SSE. The study reveals that the 

hydrographic network and faults present different directions, which shows that the 

hydrographic pattern is not impacted by tectonics (Charizopoulos et al., 2019). 

 Delineation of the drainage basin is largely performed based on the GIS approach; 

the main purpose of delineation is prioritization for the management of sub-watershed. 

Recently many researchers made an attempt to figure out morphometry, permeability 

within sub-soil, aerial and relief parameters of every sub-watershed based on their 

influences of soil erosion and other degradation. Based on the result, the authority 

implemented immediate action to formulate conservation of sub-watershed (Bharath et al., 

2021; Shrivatra et al., 2021). However, how to formulate conservation of the watershed is 

neglected. 

 An attempt was made on morphometric drainage and its influence on landforms 

using the conventional method (for eg: Horton, 1945; Strahler, 1952, 1957, 1964; Leopold 

and Miller, 1956; Krishnamurthy et al., 1996) and Remote Sensing data and Geographic 

Information Systems (GIS) technique (for eg: Srinivasan, 1988; Biswas et al., 1999; Jain 

et al., 1995). Remote Sensing and Geographic Information System techniques are more 

accurate rather than the conventional approaches (Reddy et al., 2004; Bharath et al., 2021). 

Because remote sensing data and GIS approach were convenient for delineation of drainage 

morphometry of distinct geological units, landforms, properties of soil and eroded lands.  

 Reddy et al., 2004 examined the drainage morphometry and its influence on 

landform processes, soil physical and land erosion characteristics in Vena river basin of 

basaltic terrain (Deccan traps), Nagpur district, Maharashtra, Central India. Indian Remote 

Sensing Satellite (IRS)-ID Linear Image Self Scanning (LISS)-III sensor with Survey of 

India (SOI) topographical sheets (1:50,000 scale) were used for systematic analysis of 

various morphometric, lithological and landform characteristics of the river basin. 

Morphometric analysis was carried out at sub basin level using Spatial Analysis System 

steepness of slope (SPANS ver. 7.0). GIS system to analyze the influence of drainage 
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morphometry on landforms, soil depth, drainage, available water holding capacity (AWC) 

and land erosion characteristics. They identified ten distinct landforms in the basin based 

on visual interpretation of satellite image such are dissected ridges, isolated mounds, linear 

ridges, escarpments, plateau spurs, subdued plateau, rolling plains, foot slopes, narrow 

valleys and main valley floor. Very shallow soils exist on dissected ridges, isolated 

mounds, linear ridges, escarpments and plateau spurs are associated with high drainage 

density (Dd), impermeable geology and high runoff conditions. High drainage density, 

high bifurcation ratio (Rb) and steep slopes are the main causative factors for the 

development of well- drained soils. The AWC is low in the soils of higher elevations 

whereas, it is very high at lower elevation in the sub basins. On the other hands, high 

drainage density, stream frequency (Fu) and texture ratio (T) are associated with severe 

erosion. The analysis reveals that the influence of drainage morphometry is very significant 

in understanding the landform processes, soil physical properties and erosional 

characteristics. The study demonstrates that remotely sensed data and GIS based approach 

is found to be more appropriate than the conventional methods in evaluation and analysis 

of drainage morphometry, landforms and land resources and to understand their inter-

relationships for planning and management at river basin level. 

 Krishnan and Ramasamy, (2022) conducted a research on morphometric 

assessment and prioritization of watershed through the morphometric parameter 

characteristics of the Moyar river basin, Nilgiris district of Tamil Nadu in Southern India. 

The morphometric appraisal was carried out based on DEM and GIS. The drainage patterns 

clearly exposed effective regional tectonics, and the stream orders of the basin are primarily 

controlled by physiographic and tectonic structure in the study area. The bifurcation ratio 

was recorded from 3.8 to 6.2, and the higher values of the mean bifurcation of the all stream 

orders revealed that the geological and tectonic control of the river basin. Furthermore, the 

novelty of the study revealed that the three SWS (SWS3, SWS7, and SWS6) are highly 

susceptible and it requires appropriate sustainable soil and water conservation. 

 Hema et al., 2021 performed prioritization of sub-watersheds in the Kanakapura 

watershed, of Ramanagara district, Karnataka, using multi-criteria ranking method. 
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Priorities indexing of each of the parameters such as rainfall, lithology, drainage density, 

slope, lineament, hydro geomorphology, land-use, and land-cover are done, based on their 

impact significance, and overlay analysis was performed to identify critical sub-

watersheds. They found out that the priority needs to be given to the Bannimukudlu and 

Kodihalli sub-watersheds followed by remaining sub-watersheds to regulate surface water 

flow thereby improving water table level. Some of the strategies proposed for effective 

conservation and management of water resources are the construction of a check dam, 

implementation of water harvesting methods, identification of artificial recharge sites. 

 Govarthanambikai and Sridhar (2024) carried out prioritization of sub-watersheds 

in Noyyal river basin using the geospatial technique with to recommend control soil erosion 

and water conservation measures. Thirteen fundamental morphometric parameters 

classified as linear, areal, and relief aspects were considered for the Noyyal river basin. 

Principal component analysis (PCA) was performed to correlate the morphometric 

parameters along with more significance impact on erosion. PCA analysis is appropriate 

and robust technique with widely employed in selecting more significant parameters 

(correlated parameters) that are responsible for watershed prioritization. The sub-

watershed with the lowest compound value is ranked first in priority. They found out that 

the sub-watershed SW-8 was the highest priority due to high risk to soil loss, while sub-

watershed SW-17 is low priority.  

 AgnihotriI et al., 2020 examined the current study, the geospatial technique was 

utilized to prioritize the sub-watershed of the Noyyal River Basin to control soil erosion 

and propose water conservation measures. The study describes the importance of using a 

digital elevation model to evaluate the drainage pattern and to extract relevant parameters. 

The river basin was categorized into 17 sub-watersheds, designated as SW1–SW17. The 

stream order of watershed ranges first to fifth order and possesses a dendritic drainage 

pattern. Thirteen fundamental morphometric parameters classified as linear, areal, and 

relief aspects were considered for the Noyyal River Basin. Principal component analysis 

(PCA) was performed in the current study for categorization and the morphometric 

parameters were correlated. PCA analysis is a more appropriate, well-known, commonly 
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used method for having versatility in selecting more significant parameters (correlated 

parameters) that are responsible for watershed prioritization. The sub-watershed with the 

lowest compound value is ranked first in priority. It reveals that sub-watershed SW8 has a 

high priority while low priority is given to sub-watershed SW17. According to the results, 

more water and soil-conserving measures are suggested in the respective sub-watersheds. 

2.4 Estimation of Soil loss  

 Kovac et al., (2012) examined erosion and reservoir siltation in ungauged 

Mediterranean catchments by the Phosphate model (Stone et al., 1995; de Vicente et al., 

2010). Soil loss was estimated using Universal Soil Loss Equation (USLE) (Wischmeier 

and Smith, 1965, 1978; Wang et al., 2001; Bagarello et al., 2012; Zhang et al., 2008; Addis 

et al., 2015; Pham et al., 2018). Parameters of USLE are associated with meteorological 

data (rainfall intensities and heights within the simulation period) and various maps it 

regards catchment properties (topography, slope, physical soil type, topsoil humus content, 

land use classes, land management practices). Area-specific annual soil loss values were 

calculated for each cell. Sediment suspended (SS) is evaluated by joining the individual 

cells in keeping with the flow tree. High sediment concentration hot pot is merely focused 

the land use management zone viz., Source controls (land use conversions, nutrient 

management, cultivation method changes) are planned to scale back emissions at their 

source by reducing the soil contamination or the quantity of the runoff and soil loss. 

Transport-controlling measures (buffer zones, swales and constructed wetlands) are 

implemented to retain SS and particulate P during their transport within the field and also 

along the riverbed. But, the phosphate model is restricted for estimation of erosion risk.  

 Erosion susceptibility indicators like soil loss factor (USLE-K) (Römkens et al., 

1997; Vaezi et al., 2010; Alaboz et al., 2021) dispersion ratio, and aggregate stability by 

applying various algorithms CHAID (Chi-Squared Automatic Interaction Detector), 

Exhaustive CHAID, CRT (Classification and Regression Trees), and MARS (Multivariate 

Adaptive Regression Splines) in decision trees and assessing the spatial distribution of 

those properties using multiple interpolation methods (Albayrak and Yilmaz, 2009). 
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However, it does not seem to be many estimation studies of erosion susceptibility 

parameters using the choice tree estimation approach. 

 Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST) Sediment 

Delivery Ratio (SDR) (Gashaw et al., 2021) model are used for estimating soil loss and 

sediment export. They discovered that InVEST SDR can be used for identifying high risk 

erosion zone and prioritizations of sub-watersheds for soil and water conservation (SWC) 

planning.  

 Revised Universal Soil Loss Equation (RUSLE) (Renard, 1997; Römkens et al., 

1997; Wang et al., 2001; Zhang et al., 2008; Parras-Alcántara et al., 2016; Zerihun et al., 

2018; Kayet et al., 2018) model and Geographic information system (GIS) approach (Pham 

et al., 2018; Mohammed et al., 2020) and SCS-CN (Soil Conservation Service - Curve 

Number) estimates soil loss by applying rainfall passivity and runoff erosivity (R), soil 

erodibility (K), slope length and steepness (LS), cover management (C) and conservation 

practice (P) factors. Clearly drawn out that the RULSE method is one of the most widely 

applied models for the estimation of soil – water erosion. 

 The Universal Soil Loss Equation (USLE) and also the Revised USLE 

(RUSLE) the initial USLE nomograph (Knomo) and EPIC (KEPIC) (Wischmeier and 

Smith, 1978; Renard,1997) were employed to evaluate the following soil properties, 

organic matter content, soil texture, soil structure, and permeability for estimating soil loss 

by the entire country of Brazil. With this result, the rate of soil loss is 

extremely found within the western Amazon (de Faria Godoi, et al. 2021). However, 

RUSLE/USLE models are the foremost widely used method for soil loss and erodibility 

estimation and prediction, data acquisition which is critical for determining 

prediction relies on secondary, ground verification or field survey is necessary for 

proving the rate of erosion whether it's correct or wrong. 

 Many researchers emphasize to substitute multiples of techniques for finding a new 

model to carry out better result, which want to clarify. Like, specific sediment yield (SSY) 

(Bussi et al., 2013; Jolly, 1982) involves the determination of the volume (Vs) and dry bulk 
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density (dBD) (Verstraeten and Poesen, 2001), of reservoir deposits that accumulated 

throughout a specific period of time (TR) (Rowan et al., 1995) deposited in the reservoir 

basin defines the reservoir sediment trap efficiency (TE) (Brown, 1944), the size of the 

reservoir catchment is (A) (Verstraeten and Poesen, 2002). The then, a new equation is 

ready for substituting all these formulae by evaluating the specific sediment yield (SSY), 

hence SSY = Vs* dBD/TR*TE*A, (Bussi et al., 2013; Reinwarth et al., 2018). The sediment 

delivery ratio (SDR) (USDA-SCS, 1983) describes the interrelationship between erosion 

by water and fluvial sediment delivery and is defined as the ratio of SSY to the catchment-

area average gross soil loss rate (E) (Glymph, 1954; Roehl, 1962). By substituting the 

formula, it enables to figure out catchment-area average gross erosion rate (E), therefore, 

E = SSY/SDR, (Walling, 1983).  

 Erosion risk analysis was performed by Gürtekin and Gökçe (2021) at Harebakayış 

sub-watershed of Elazig, Turkey using RUSLE model based on GIS. GIS integration at 

raster calculator was utilized in order to estimate total soil loss and rate of soil erosion. 

They found out that the high erosion risk was estimated as 68% in grasslands with 70% in 

sparse forest. Similarly, the results depicted that 43.2% of TGA was high in erosion risk, 

while the erosion risk was low and normal level in 56.8% of the TGA of sub-watershed. 

Furthermore, the regions with high erosion are relatively distributed in the western part of 

the sub-watershed. The study concludes that the high risk of erosion in Harebakayış sub-

watershed of Elazig is due to steepness of slope and sparse vegetation cover. 

 Kumar et al., 2022 has been conducted prediction of soil erosion and prioritization 

of sub-watersheds in Nainital district Uttarakhand, India using the combination of revised 

universal soil loss equation (RUSLE) with remote sensing (RS) and geographical 

information system (GIS) techniques. The parameters influencing soil loss such as rainfall-

runoff erosivity (R) factor, soil erodibility (K) factor, slope length steepness (LS) factor, 

cover management (C) factor, and the erosion control practices (P) factor are integrated 

using GIS environment. Similarly, the geo-spatial aspects such as land use/land cover 

(LU/LC), the digital elevation model (DEM), slope, contours, drainage network, soil 

texture, organic matter, and rainfall were integrated using raster calculator. They found out 
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that the annual average soil loss ranges between 20 to 80 t ha−1 yr−1 in the Nainital. 

Furthermore, 7 out of 50 sub-watersheds were required immediate action for conserving 

natural resources, while only 4 sub-watersheds of the total were given lowest priority. 

Moreover, the major portions of Nainital district falls under the severe prone category of 

soil erosion, and therefore required immediate action plans to check soil erosion and evade 

the possibility of landslides. 

 The universal soil loss equation (USLE), modified universal soil loss equation 

(MUSLE) (Wischmeier and Smith, 1978), revised universal soil loss equation (RUSLE) 

(Renard et al., 1997), soil and water assessment tool (SWAT) (Arnold et al., 1998), and 

European soil erosion model (EUROSEM) (Morgan et al., 1998) are the most popular 

empirical methods available for predicting soil erosion. The utmost extensively used 

models to assess soil loss among empirical approaches are RUSLE and USLE. The 

empirical approaches, RUSLE and USLE techniques are the same (Vanlalchhuanga et al. 

2021). However, RUSLE has a few advantages over USLE. The RUSLE empirical 

approach is modified and upgraded, such as monthly rainfall factors (R), slope length and 

steepness of slope (LS) factor (Renard et al., 1997). 

 In this study, RUSLE (Renard et al., 1997) empirical approach was employed to 

compute soil loss in the Tuirial basin of Mizoram by incorporating five parameters, such 

as soil erodibility factor (K), rainfall erosivity factor (R), cover management factor (C), 

conservation practice (P) factor, slope length and steepness factor (LS) (Renard et al., 

1997). The advantage of RULSE model is it can accurately estimate annual soil loss 

(Tessema, 2020). A number of scientific investigations have been performed to estimate 

annual soil loss using RUSLE and geospatial techniques globally, such as the upper Tuirial 

watershed (Barman et al., 2020), in the northeastern part of India, at Mahadevpur block 

(Vanlalchhuanga et al., 2021), the western Ghats of Kerala (Thomas et al., 2018), the lower 

Kulsi basin of Northeast India (Thakuriah, 2023) and also  in other countries, like Sri 

Lanka, at the Sabaragamuwa basin (Senanayake et al., 2020), and in Malaysia, at the 

Pansoon sub-basin (Yusof et al., 2019). Thus, this method is commonly used to estimate 

and prediction of future soil loss. The present study includes the details of thematic layer 
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to compute LS factor like flow accumulation (λ), variable length-slope exponent (m), factor 

that varies with slope gradient (β), slope angle (θ), slope length (L), and the steepness of 

slope (S). These parameters give the accurate result of LS factor.  

2.5 Estimation of siltation 

 Rãdoane and Radoane (2005), examined 138 dam the sediment sources and 

reservoir siltation in Romania. They found out that the 15 dams are in very serious 

condition with average sediment accumulation of 8 million m3 during the initial 2 to 10 

years. Again, 30 dams are experiencing serious siltation issue with about 35 million mc 

sediment accumulation during 10 to 50 years of dam function. In addition, all these severe 

siltation dams are situated in Carpathian mountain range. Besides that, the specific 

sediment yield is over 250 tons/km2/yr-1. This study suggests that the controlling factors 

and sources of sediments are the composition of the lithological structure and the size of 

the basin.   

 Endalew and Mulu (2022) investigate the rreservoir sedimentation during 2016 – 

2021 at Shumburit earth dam of Ethopia by employing bathymetry survey technique and 

remote sensing data. They reveal that the total deposited sediment during 5 years is over 

0.364 M tons, which reduces about 7.52% of the dam gross storage capacity. In addition, 

the siltation rate is estimated as 49500 m3/yr and thereby reduced 1.25% of dam storage. 

Furthermore, this research also identifies Shumburit dam specific sediment yield of 45.46 

tons/ha/yr-1, which exhibits average sediment production is higher than global and African 

countries. They also discover that the reservoir will not function more than 15 years if the 

siltation rate is continued as the previous six years. Sediment accumulation is a major factor 

in reducing the useful life of irrigation reservoirs. This study also highlighted the key 

source of extreme sedimentation in the Shumburit reservoir is agricultural areas, no 

implementation of buffer zone and improper watershed management. Apart from that 

during the construction of dam, the designer and authority must pay more attention on 

sediment pit at the bottom of dam for flushing out the accumulated sediment to sustain 

economic useful lifespan of dam.  
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 Several studies were performed with the approaches of bathymetry survey 

technique, remote sensing and geographic information system to determine the amount of 

sediment accumulation, the rate of siltation, trap efficiency, and storage capacity loss at 

dam site across the globe. The bottom topography changes were estimated by spatio-

temporal image analysis and bathymetric survey at Sakuma Dam in Japan (Bilal et al., 

2017) and Aswan high dam in Egypt (El-Sersawy, 2005). Geographic information system 

and remote sensing techniques are useful to determine the storage loss and sediment 

accumulation (Dadoria et al., 2017). Similarly, by analytical method with the integration 

of bathymetric survey data of Koyna reservoir in the Western Maharashtra (Patil and 

Shetkar, 2015) and Wonogiri reservoir in Central Java Province (Wulandari et al., 2015) 

the sedimentation was monitored. Moreover, other groups used to estimate sediment 

accumulation at the bottom of dam by normalized difference water index (NDWI) (Shukla 

et al., 2017; Jagannathan and Krishnaveni, 2021), water ratio index (WRI) and normalized 

difference vegetation index (NDVI) (Rokni et al., 2014; Gautam et al., 2015), modified 

NDWI (Ali et al., 2019) and combination of all other above methods (Acharya et al., 2017) 

yielded positive results. However, those methods were applicable only for the estimation 

of surface volume. Thus, all the above methods were successfully performed at the global 

level, although remote sensing techniques are found to be more advantageous, even in case 

of non-availability of ground data (Bhavsar and Gohil, 2015). However, bathymetry survey 

is useful to validate trap efficiency and other techniques of sedimentation estimation (Issa 

et al., 2015). Besides that, hydrographic surveys and grab sampling methods also useful to 

estimate siltation level during the rainy season (Godwin et al., 2011). This area is 

witnessing severe erosion due to fragile steep slopes and unconsolidated sedimentary rocks 

with high intensity of rainfall during monsoon period. So far, no proper scientific 

investigations were carried out in this area on siltation estimation. The present study is first 

of its kind to estimate the rate of siltation, sediment thickness and its distribution along 

with useful life span of Tuirial dam by bathymetry survey, remote sensing and geographic 

information system. 
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 Kumar et al., 2022 conducted estimation of sediment yield assessment, 

prioritization and control practices in Chambal river basin using SYI model. The Sediment 

yield index (SYI) method is employed using soil texture, topography, rainfall erosivity, 

geomorphology and landuse-landcover parameters to compute the spatial distribution of 

sediment yield rate and plan soil conservation and prioritize watershed in the Chambal river 

basin. The model does not provide absolute sediment yield value and can be used only for 

qualitative purposes. The present study estimated the sediment yield rate between 560-

2625 ton/ha/yr with an average value of 1608.89 ton/ha/yr and severe, very high, high, 

moderate, and low priority zones. The priority levels are determined based on average 

sediment yield values and conservation approaches are proposed for all the catchments. 

 Darama et al., 2019 examined sediment deposition of Hasanlar Dam using 

bathymetric and remote sensing. The study found out that the analysis of the bathymetry 

along with RS and GIS technique indicated that storage loss in reservoir active volume 

between 1974 and 1999 was 24% and between 1974 and 2014 storage loss was 26%. The 

study reveals dam storage was reduced due to huge volume of sediment deposition.  The 

bathymetry survey depicted dam storage capacity was decreased by 26% of the total dam 

storage capacity. The sediment accumulation is more close to entrance of the reservoir 

along with the deepest part of the dam bottom. Besides that, severely deposited sediment 

is found nearby the spillway. The specific sediment yield during 40 years is estimated as 

1.12 ton/m3 and sediment yield is about 1347.5 ton/km2/yr-1. Furthermore, the remote 

sensing data enabled to estimate surface area and volume of water at the dam. Thus it was 

depicted as time saving and low financial investment to carry out this type of research using 

bathymetry and remote sensing technique.  

 Shiferaw and Abebe, 2021 studied siltation and economic lifespan of the reservoir 

at Abrajit reservoir in east Gojjam, Amhara region, Ethiopia using bathymetry and 

toposheets survey. The accumulated sediment volume was estimated by subtracting the 

TIN raster layer of the initial from the currently measured bed level. They have revealed 

that 343700.1 m3 bulk of sediment was accumulated which reduces 20% of the total 

reservoir storage capacity. Similarly, they found out that the amount of sediment 
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28,641.675 m3yr−1 is the catchments contribution, so that reduces 1.66% of annual 

reservoir volume. They estimated the economic life span of reservoir is less than 12 years. 

The estimated specific sediment yield (SSy) was found to be 4733.38 ton/km−2/yr−1. For 

the durability and proper functioning, the dam it is recommended for regular monitoring of 

sediment accumulation in the reservoir. 

 Skariah and Suriyakala, 2021 investigated the amount of sediment deposition in 

Idukki reservoir using satellite remote sensing method. LANDSAT 8 OLI/TIRS satellite 

images for the period 2017–2019 were used to assess the water spread area using 

Normalized Difference Water Index (NDWI), determine the sediment deposition and 

evaluate the revised capacity of the reservoir. They have revealed a reduction of 11.6% 

between the original base year (1974) and current year (2019). The loss in live storage 

capacity between the years 1974 and 2019 was 0.10 km3 which is equivalent to 100 hm3. 

They mentioned the conventional method like bathymetry survey required huge financial 

investment, similarly time-consuming. Therefore, the satellite image is recommended for 

accumulation of siltation in reservoir. However, estimation of silted sediment without 

conducting bathymetry survey the possibility of error is high. For instance, to perform 

siltation at dam bathymetry survey is a must. 

 Mekonnen et al., 2022 evaluated the rate of sedimentation and storage capacity of 

Adebra night storage reservoir (NSR) by bathymetric survey. A comparison of original and 

current reservoir capacity was used to evaluate the quantity of sediment deposition in the 

reservoir. The Adebra NSR reservoir capacity was decreased by the accumulation of 

sedimentation from 36,902 m3 in 2012 to 27,722 m3 in 2020. The results of this study 

showed that the Adebra night storage reservoir had lost on an average 24.8% of its capacity 

due to sedimentation, during 8 years of operation. The average deposition rate of 

sedimentation in Adebra NSR was estimated to be 1147.5 m3/yr-1, with a loss rate of 3.1% 

per year. The value of sedimentation rates found in live storage of the reservoir area was 

1147.5 m3/yr-1. In general, the study findings showed that the capacity of NSR was reduced 

by the accumulation of sedimentation year to year throughout the design period. Therefore, 

to improve the capacity of NSR should be planned and implemented different techniques 
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of sediment control and removal, depending on the estimation of sediment production from 

watersheds of inlets and outlets of reservoirs. 

 Tesfaye et al., 2022 carried out temporal change of dam storage in three reservoirs 

situated at Nile river basin using toposheets, remote sensing data and bathymetry survey. 

The Normalized Difference Water Index (NDWI) was used to estimate surface volume 

temporal change. Again, toposheet was used for initial dam bottom survey and the recent 

year is performed bathymetry survey. Percentage Difference Area Index (PDAI), Normal 

Difference Area Index (NDAI) techniques also informed the deviation of storage dam from 

toposheet bottom elevation, satellite image and bathymetry field survey. This research 

found out that the 0.33%, 2.53% and 2.13% dam storage loss in Koga, Shina and Selamko 

reservoirs during 2009-2016. In a span of 9 and 11 Mm3 Koga reservoir storage capacity 

has reduced from, showing an annual storage loss of (2009–2016), which exhibits the rate 

of siltation is exceeding global average by 1%. Similarly, this indicates sedimentation issue 

in these three reservoirs suggests that relatively higher than other reservoir in Ethiopia. To 

improve the sustainable useful life span of reservoir the implementation of proper water 

management strategic plan is immediately required. Additionally, to sustain the dam 

storage capacity adoption of manual and mechanical sediment pit construction is essential 

for flushing.  

2.6 Conclusion 

 The existing literature give more knowledge on research methods, along with the 

region to region and global research conducted system for the estimation of siltation and 

erosion at watershed level. In this thesis I have reviewed 89 articles international, 55 

national and 4 regional articles regards on estimation of soil loss and siltation at the 

reservoir.  

 

 

 



29 

 

CHAPTER – 3 

RESEARCH METHODOLOGY 

 

3.1 Introduction 

 This chapter comprises an extensive collection of materials and a methodological 

design for the accomplishment of this thesis. However, the study is primarily focused on 

quantitative approaches to understanding watershed status. This chapter discusses the 

assessment of soil loss in the Tuirial watershed and siltation in the Tuirial dam. In addition, 

the study involves an investigation of drainage morphometry to determine the importance 

of erosion using morphometry parameters. Furthermore, innovative remote sensing and 

geographic information systems technology has been used with various models to offer 

useful insights into the processes of soil erosion and siltation in the Tuirial watershed, since 

this approach is a powerful tool for spatial analysis. 

3.2 Data Acquisition 

 The data consists of primary and secondary are employed in the present research. 

The secondary data are acquired from various geo-spatial website, published articles and 

extensive field survey. The primary data was obtained from field survey. The topographical 

maps provided by the survey of India at 1: 50,000 were utilized to generate watershed 

boundary. Geology, lithology and Geomorphic landforms with tectonics were obtained 

from geological survey of India (GSI) online data portal, Bhukosh-GSI to generate 

thematic layers. Advanced land observing satellite (ALOS) phased array type L-band 

synthetic aperture radar (PALSAR) Dem at 12.5m x 12.5m resolution (Copernicus), soil 

texture data acquired from Mizoram state remote sensing application centre (MIRSAC) 

and daily rainfall data (Table 1) from NASA Power at seventeen rain gauge stations 

(NASA power). Sentinel 2B MSI2C at 10 m resolution was downloaded from Copernicus 

European Space Agency (ESA). 
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 A number of field surveys were conducted for erosion inventory, and various 

locations of erosional and non-erosional characteristics were identified and recorded using 

a Garmin 550 GPS device. The height of the Tuirial River's sources in Chawilung was 

determined by a GPS survey. Ground truthing was widely utilized in visual observation 

and verification to establish the validity of theme layers like Lulc. Throughout the study, 

smart phones were utilized to gather extensive field photographs with high resolution. 

3.3 Generation of geo-environment thematic layers 

 The Tuirial watershed is covering large area of about 1414.26 km2 characterised by 

elongated shape, as it is falling in five topographical sheets. The topographical sheets are 

scanned using Ao size scanner. Geo-referencing was performed at Qgis software using 

online base map as a reference. The rectified toposheets are mosaiced as one Toposheet 

using merge tool. The mosaic Toposheet was projected at WGS 1984 UTM Zone 46N 

coordinate system. Then, important features such as roads, streams, spot heights, settlement 

and dam location are digitized using the digitizing tools of point, line, and polygon. Qgis 

and ArcGIS are the two softwares utilized for generation of thematic layers.  

 The elevation map was divided into five classes using manual classified symbol. 

Slope was generated from ALOS PALSAR DEM using spatial analyst tool. Slope and 

elevation was divided into five classes manually. Then, the raster was done reclassification 

with conversion into polygon. Again, polygon was dissolved at grid-code. Thus, the area 

calculation was performed in the attribute table using calculate geometry.  

 Geology, geomorphic features, lineament features and lithological units were 

obtained from Bhukosh-GIS. Those features were extracted from the downloaded geo-

spatial data through the vector clipping tool. Then, polygon dissolve execution was 

performed by dissolve algorithm at their specific features. The area calculation was done 

using calculate geometry. Thus, each of the final thematic layers were generated separately 

using Qgis 3.22.  
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 Daily rainfall data was acquired from NASA Power at seventeen villages located 

across the Tuirial basin. The daily rainfall data was converted to monthly rainfall. The 

yearly rainfall was then approximated using Microsoft Excel by adding all the monthly 

rainfall data. Similarly, the x and y coordinates of all the village wise rainfall data were 

used for interpolation. The inverse distance weighted (IDW) method was used to generate 

the thematic layer representing the spatial distribution of rainfall. 

3.4 Land use and land cover classification  

 Satellite imagery, Sentinel 2B MSI2C, featuring 10 m resolution, was downloaded 

from the Copernicus European Space Agency (ESA). The selection of satellite image-

captured date is a crucial task because of cloud cover and atmospheric distortion of the 

image quality. To avoid this issue, we opted for the image captured date is March 3rd, 2020. 

Ranganath et al., (2000) stated the best months for studying forest and vegetation types in 

north-east India's wet evergreen and semi-evergreen areas are February and March. The 

vegetation of the Tuirial watershed was estimated using normalized vegetation index 

(NDVI) values through the raster calculator in Arc-GIS. The NDVI formula was expressed 

as under (Eq.) (Rouse et al., 1974). The NDVI output was again classified into five classes 

based on its distinctive pixel value and existing literature. 

𝑁𝐷𝑉𝐼 =  
(𝑁𝐼𝑅 − 𝑅)

(𝑁𝐼𝑅 +  𝑅)
 

3.1 

 

Where, NIR indicate near-infrared red, and R signify the red band of the sentinel-2 satellite 

image.  

3.4.1 Layer stacking and sub-setting 

 For this study, all the band sets of sentinel (4, 5, 7, 8, 9, 10, 11, 12, 13) were merged 

into a single layer in Qgis 3.22. Each composite layer was assigned a different band (Red, 

Green, and Blue) with an output of two composite layers of true-color and false-color. 
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3.4.2 Image correction and enhancement 

 Geometric and radiometric corrections are essential for improving the visibility of 

satellite images for proper interpretation. The technique of filtering haze and dust reflection 

to adjust the brightness level of a satellite image is called radiometric correction. This 

correction helps to enhance the overall precision and makes it easier to contrast, identify, 

and properly interpret the image features. Geometric correction is another important step 

in satellite image interpretation. It involves rectification of distortions caused by the 

satellite's sensor tilt and terrain relief. By precisely aligning the image with its 

corresponding geographic coordinate system through geometric correction, which permits 

a more accurate analysis of the image. The present study used only the level 2 satellite 

images because all the data were corrected to remove geometric distortions (Srivastava et 

al., 2012; Ha et al., 2020). 

3.4.3 Land use and land cover classification using the Orfeo tool box 

 The false color composite image makes it easier to distinguish different LULC 

patterns in the study area. This technique is more accurate for the identification of land 

features based on their tone, texture, shape, and other characteristics. Fifty (50) training 

samples were taken from different LULC patterns. After the selection of SVM and 

maximum likelihood, these training samples were input into the Orfeo toolbox, and later 

the algorithm was performed. The accuracy of the classified output was then assessed by 

means of comparing ground truth data and the results obtained (Bayarsaikhan et al., 2009; 

Brahmabhatt et al., 2000). Fallow land, built-up area, agricultural land, dense forest, and 

open forest are identified from natural color composite images. 

3.4.4 Accuracy assessment 

 Evaluation of the accuracy of the image classified is an essential task in post-image 

classification. This evaluation helps in the performance of the classification model and the 

identification of any misclassification errors. Further, the accuracy assessment allows the 

comparison of different classification algorithms to determine the better image. The Orfeo 
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Tool Box (OTB) vector machine on the GIS platform and the confusion matrix function 

are used in this study for accuracy assessment. The confusion matrix function helps in 

evaluating the performance of the classification algorithm by providing information about 

the true negative and false positive classifications (Foody, 2002). The generated training 

samples were overlaid on the classified temporal image. These points represent the 

locations where the classification algorithm made predictions. By comparing the ground-

truth data and the performance of the classification algorithm, potential areas are to be 

corrected. Additionally, this overlay process helps in visualizing the spatial distribution of 

different classes within the thematic layer to understand patterns and trends in the data. The 

"Confusion Matrix" function in Qgis is used to determine the Kappa coefficient for 

accuracy evaluation. The confusion matrix is used to compare referenced data to classified 

data and counts the number of observations that fall into each category. Based on the 

numbers in this confusion matrix, the Kappa coefficient is calculated (Eq. 3.2 - 3.5). 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟′𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 (%) = (
𝑥𝑘𝑘

𝑥+𝑘
) × 100                        (3.2) 

𝑈𝑠𝑒𝑟′𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  (
𝑥𝑘𝑘

𝑥+𝑘
) × 100%  (3.3) 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
1

𝑁
∑ 𝑛𝑖

𝑟

𝑘=1

 (3.4) 

𝐾𝑎𝑝𝑝𝑎 𝑐𝑜 − 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 (𝐾𝑐) =
𝑁 ∑ 𝑥𝑘𝑘

𝑟
𝑘=1 − ∑  (𝑥𝑘+ ∙𝑥+𝑘)

𝑟
𝑘=1

𝑁2 ∑  (𝑥𝑘+ ∙𝑥+𝑘)
𝑟
𝑘=1

  (3.5) 

Where N is total number of pixels count, r is number of LULC classes, xkk is total pixels 

from row “k” and column “k,” xk+ is total training samples in a row “k,” and x+k is total 

training samples in column “k” from the error matrix. 
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3.5 Estimation of total soil loss in Tuirial watershed 

 Tuirial river basin is prone to soil erosion due to high intensity of rainfall, high 

surface run-off on the hill slopes, in addition to the human intervention in the thick forest 

cover to satisfy economic needs. It is extremely crucial to assess soil erosion prone zone at 

the river basin for suitable enactment of water and land resource controlling and 

preservation programme. This study aims to estimate the susceptible soil loss zones at the 

Tuirial river basin. As the majority of the land use and cover patterns were settlement, 

forest, water bodies, highways, fallow land, present cultivation, and settled cultivation, are 

associated with undulating topography in this fragile terrain, which promotes accelerated 

erosion. 

 The universal soil loss equation (USLE), modified universal soil loss equation 

(MUSLE) (Wischmeier and Smith, 1978), revised universal soil loss equation (RUSLE) 

(Renard et al., 1997), soil and water assessment tool (SWAT) (Arnold et al., 1998), and 

European soil erosion model (EUROSEM) (Morgan et al., 1998) are the most popular 

empirical methods for predicting soil erosion. The utmost extensively used models to 

assess soil loss among empirical approaches are RUSLE and USLE. The empirical 

approaches, RUSLE and USLE techniques are the same (Vanlalchhuanga et al., 2021). 

However, RUSLE has a few advantages over USLE. The RUSLE empirical approach is 

modified and upgraded, such as monthly rainfall factors (R), slope length and steepness of 

slope (LS) factor (Renard et al., 1997). 

 In this study, RUSLE (Renard et al., 1997) empirical approach was employed to 

compute soil loss in the Tuirial basin of Mizoram by incorporating five parameters, such 

as soil erodibility factor (K), rainfall erosivity factor (R), cover management factor (C), 

conservation practice (P) factor, slope length and steepness factor (LS) (Renard et al., 

1997). The advantage of RULSE model can accurately estimate annual soil loss (Tessema, 

2020). The number of scientific investigations have been performed to estimate annual soil 

loss using RUSLE and geospatial techniques globally, such as the upper Tuirial watershed 

(Barman et al., 2020), in the northeastern part of India, at Mahadevpur block 



35 

 

(Vanlalchhuanga et al., 2021), the western Ghats of Kerala (Thomas et al., 2018), the lower 

Kulsi basin of Northeast India (Thakuriah, 2023). In other countries, like Sri Lanka, at the 

Sabaragamuwa basin (Senanayake et al., 2020), and in Malaysia, at the Pansoon sub-basin 

(Yusof et al., 2019). Thus, this method is commonly used to estimate and prediction of 

future soil loss. The present study includes the details of thematic layer to compute LS 

factor like flow accumulation (λ), variable length-slope exponent (m), factor that varies 

with slope gradient (β), slope angle (θ), slope length (L), and the steepness of slope (S). 

These parameters give the accurate result of LS factor.  

 The RUSLE approach was used to assess average annual soil loss (A) and erosion 

prone zone at Tuirial river basin which is highlighted in equation 3.6. The detailed 

methodological flow structure is followed in this approach (Figure 3.1) 

A = R × K × L × S × C × P (3.6) 

 

 Where, A is average of   yearly soil erosion per unit area (t ha−1yr−1), R is erosivity 

of precipitation (MJ mm ha−1 yr−1), K is erodibility factor of soil (ha hr. MJ−1 mm), L is 

length of incline factor, S is gradient of incline factor (dimensionless), C is protection 

managing factor (dimensionless), and P is preservation practice factor (dimensionless). 

3.5.1 Precipitation erosivity factor (R) 

 Rainfall erosivity depends on the volume and concentration of precipitation 

(Renard and Foster, 1983), and significant to control soil loss (Thakuriah, 2023). The 

precipitation erosivity factor is governed by two downpour features like kinetic energy (E) 

and precipitation concentration within 30-minute interval (I) (Wischmeier and Smith, 

1978). In the current study, thirty (30) years (1992–2022) of NASA power daily rainfall 

data at 413-metre resolution from seventeen rain gauge stations were taken to figure out R 

factor. The rainfall data was interpolated using the inverse distance weighted (IDW) tool 

due to appropriate intended for smooth rainfall scattering and minimum error (Bakis et al., 

2021). Thus, the precipitation erosivity factor (R) was assessed by applying equation 3.7 

with the help of raster calculator in ArcGIS 10.4, (Vanlalchhuanga et al., 2021). 
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R =  79 +  0.363 x (3.7) 

Where R is the precipitation erosivity factor (MJ.mm ha−1 hr−1 yr-1), x is mean yearly 

precipitation (mm). 

3.5.2 Soil erodibility factor (K) 

 The vulnerability of soil erosion is controlled by texture, size, chemical properties 

of soil, surface run-off, and the quantity and concentration of precipitation (Prasannakumar 

et al. 2011; Vanlalchhuanga et al., 2021; Thakuriah, 2023). Soil texture and the feature 

data were prepared by the data obtained from the Mizoram Remote Sensing and 

Application Centre. The K factors for each soil texture were accredited after obtaining the 

soil erodibility value from Barman et al., (2020). Then, transformed into a raster thematic 

layer using conversion tool from ArcGIS 10.4. 

3.5.3 Steepness and Length of the Slope (LS) Factors 

 Length of the slope (L) is the length of distance between highest and lowest 

elevation the place where deposition started and to end by entering the river passage 

(Wischmeier and Smith, 1978). Angle of Inclination (S) is the angle of leaning of the slope, 

beside it is a dimensionless factor. The higher the slope length and the angle of inclination, 

the higher the possibility to susceptibility to soil erosion (Renard et al., 1997; Wischmeier 

and Smith, 1978). Earlier USLE and RULSE used for computing gentle slopes areas for 

one dimension however, in the rugged terrain region it becomes two-dimensional, to 

estimate LS factor is difficult (Van Remortel et al., 2004). There are various methods of 

LS factor calculation, although, in this study it was adopted LS factor computation after 

Van Remortel et al., (2004) and Moore and Wilson, (1992). The LS factor was generated 

from ALOS PALSAR DEM using equation 3.8 – 3.13. 

𝜆 = [ 
𝐹𝑙𝑜𝑤 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛

3.1416
]

0.5

 (3.8) 
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𝛽 =
sin 𝜃

[3 ∙ (sin 𝜃)0.8 + 0.56]
 (3.9) 

𝑚 =
𝛽

(1 + 𝛽)
 (3.10) 

𝐿 = [ 
𝜆

22.13
]

𝑚

 (3.11) 

𝑆 = 10.8 ∙ sin 𝜃 + 0.03   𝜃 < 9% 

(3.12) 

𝑆 = 16.8 ∙ sin 𝜃 − 0.5   𝜃 ≥ 9% 

𝐿𝑆 = [(
"𝜆"

22.13
)

∧

 "𝑚"] × "𝑆" (3.13) 

 where λ is flow accumulation, m is adjustable slope-length exponent, β is a factor 

differs with slope incline, and θ is the slope angle, L is the slope length (m), S is inclination 

of slope. 

3.5.4 Cover management factor (C) 

 The protection managing factor is defined as the proportion of soil erosion to 

diverse land use/ land cover. The P factor is constant, it ranges from 0 to 1, based on the 

pattern of land cover and landuse system. An area with vegetation cover slows down the 

velocity of rainfall, besides that raindrops indirectly hit soil particles resulted to less 

erosion. On the other hand, an area with bare-land, rocky and cultivation areas have more 

soil loss due to the uninterrupted raindrops hit on the soil surface (Prasannakumar et al., 

2011; Rahaman et al., 2015). LULC thematic layer was generated from Sentinel 2B MSI2C 

at 10 m spatial resolution. Settlement, current cultivation, fallow land, water bodies, 

bamboo, dense, medium, and open forest types were identified as lulc classes in Tuirial 

watershed. The C factors for each lulc classes were accredited after obtaining the C value 
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from Barman et al., (2020). Then, transformed into a raster thematic layer using conversion 

tool from ArcGIS 10.4. 

3.5.5 Practise management factor (P) 

 The preservation managing factor is the degree and volume of soil erosion under 

the conservation of vegetation compared with the up-land and low-land cultivation on the 

hill slope (Dabra et al., 2008; Das et al., 2018; Vanlalchhuanga et al., 2021; Thakuriah, 

2023). Practise management factors such as contouring, terraces, proper drainage, and 

settled agriculture help to reduce the degree and quantity of soil erosion due to decrease 

surface run-off (Renard and Foster, 1983). As per the practise management factor, the P 

value is constant and ranges from 0 to 1. The value close by zero signifies that the 

preservation practise is good, whereas close to 1 refers to poor practise management 

(Chatterjee et al., 2014; El Jazouli et al., 2017; Ozsahin et al., 2018). The P factors for each 

lulc classes were accredited after the P value acquired from Barman et al. 2020). Then, 

transformed into a raster thematic layer using conversion tool from ArcGIS 10.4. 

3.5.6 Thematic layer integration using Spatial Analyst tool 

 The obtained out values of R, K, C, P, and LS factors are transformed into a 

thematic raster layer, which was integrated through a raster calculator using ArcGIS 10.4, 

to derive the soil erosion layer of the Tuirial watershed (Eq.3.6). The thematic layer was 

reclassified into seven erosion risk zones by spatial analyst tools. Then, the raster layer of 

the soil erosion map was converted into a polygon to compute each soil loss area. 
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Figure 3.1: Work flow for estimation of average annual soil loss 

3.6 Estimation of siltation in Tuirial dam 

 Reservoir sediment is transported by running water, deposited at the reservoir 

bottom, which is loaded from upstream (Skariah and Suriyakala, 2021). The reservoir 

sedimentation is a continuous process. It has become a major issue worldwide due to 

improper management of reservoirs and extensive exploitation of natural forest in the 

catchment area (Adongo et al., 2021). However, the measurement of siltation at the dam 

does not include statistical models of erosion (Bombino et al., 2022). The rate of siltation 

at the reservoir and the sediment transport index can be computed by measuring sediment 

pits and using the sediment yield model (Hassan et al., 2017; Maina et al., 2018). However, 

the bathymetry survey is the most precise method of evaluation of accumulated sediment 

at the reservoir than other approaches (Maina et al., 2018). These methods determine the 

sediment thickness at the initial reservoir bed level and the current year of sediment 

accumulated (Hassan et al., 2017). Several studies were performed with the approaches of 

bathymetry survey technique, remote sensing and geographic information system to 

determine the amount of sediment accumulation, the rate of siltation, trap efficiency, and 
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storage capacity loss at dam site across the globe. The bottom topography changes were 

estimated by spatio-temporal image analysis and bathymetric survey at Sakuma Dam in 

Japan (Bilal et al., 2017) and Aswan high dam in Egypt (El-Sersawy, 2005). Geographic 

information system and remote sensing techniques are useful to determine the storage loss 

and sediment accumulation (Dadoria et al., 2017). Similarly, by analytical method with the 

integration of bathymetric survey data of Koyna reservoir in the Western Maharashtra 

(Patil and Shetkar, 2015) and Wonogiri reservoir in Central Java Province (Wulandari et 

al., 2015) the sedimentation was monitored. Moreover, others groups used to estimate 

sediment accumulation at the bottom of dam by normalized difference water index (NDWI) 

(Shukla et al., 2017; Jagannathan and Krishnaveni, 2021), water ratio index (WRI) and 

normalized difference vegetation index (NDVI) (Rokni et al., 2014; Gautam et al., 2015), 

modified NDWI (Ali et al., 2019) and combination of all other above methods (Acharya et 

al., 2017) yielded positive results. However, those methods were applicable only for the 

estimation of surface volume. Thus, all the above methods were successfully performed at 

the global level, although remote sensing techniques are found to be more advantageous, 

even in case of non-availability of ground data (Bhavsar and Gohil, 2015). However, 

bathymetry survey is useful to validate trap efficiency and other techniques of 

sedimentation estimation (Issa et al., 2015). Besides that, hydrographic surveys and grab 

sampling methods also useful to estimate siltation level during the rainy season (Godwin 

et al., 2011). This area is witnessing severe erosion due to fragile steep slopes and 

unconsolidated sedimentary rocks with high intensity rainfall during monsoon period. So 

far, no proper scientific investigations were carried out in this area on siltation estimation. 

The present study is first of its kind to estimate the rate of siltation, sediment thickness and 

its distribution along with useful life span of Tuirial dam by bathymetry survey, remote 

sensing and geographic information system. 

3.6.1 Bathymetry survey  

 Bathymetry survey was conducted to configure dam bottom topography elevation 

at 62 selected points. The surface water level of Tuirial dam is 73.35m above MSL (Neepco 

Bench Mark). The x and y coordinates of all 62 points were obtained by a field survey 
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using hand held GPS (Garmin Oregon 550) instrument. The z values of bottom elevation 

were obtained from the Neepco Bench Mark. Similarly, the dam depth was measured at 

the same points with the help of a timber boat by attaching about 2 kg of stone to the 100 

meters long measuring tape at the end.  

 

Figure 3.2: Flow chart showing methodology adopted 

3.6.2 Extraction of elevation values from DEM 

 By using ALOS PALSAR DEM of the year 2016 at 12.5 × 12.5m resolution, the 

elevation data was extracted at the same bathymetry survey points for the generation of 

triangulated irregular network (TIN) (Eq. 3.14).  

V {‘dem’, 1, make − point (1,1)} (3.14) 

Where, V = raster value; 1 = latitude and longitude 
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3.6.3 Selection of raster interpolation method 

 In order to find out the most appropriate interpolation method, for the observed 

values and the predicted values geo-statistical tools were used. In this approach, the four 

distinct interpolation methods such as Kringing, local polynomial interpolation, radial base 

function and inverse distance weighted cross-validation were performed in order to validate 

the accuracy of each spatial interpolation method. So that each interpolation techniques are 

expected to give root mean square error (RMSE) (Eq. 3.15) and coefficient of correlation 

(r) value by applying both observed and interpolated values.  

𝑅𝑀𝑆𝐸 = √
1

𝑛
∑[𝑜𝑏𝑠 − 𝑖𝑛𝑡]2

𝑛

𝑘=1

 (3.15) 

Where, n is the number of observation points, obs is the observed value and int is the 

interpolated value.  

3.6.4 TIN Interpolation 

 The z values of the bottom topography were obtained by bathymetry survey and 

the values were interpolated for the generation of TIN by using TIN interpolation 

technique. It is essential for the computation of the area and storage capacity of the 

reservoir. The TIN layer is characterized by three dimensions (x, y, and z) with a set of 

distinct triangles, signifies a computerized model of the dam bottom area consisting of 

randomly distributed vertices obtained from contour lines and point extents (Iradukunda et 

al., 2020; Arabkhedri et al., 2021; Stoner et al., 2022; Mekonnen et al., 2022). TIN surface 

obtained from the topographic survey, and the bathymetry survey was converted into raster 

layer (DEM). Contours with 1 metre interval were extracted from DEM and also elevation 

profile was generated by profile tools. Similarly, raster layer was converted into vector 

format to obtain the area of dam surface and bottom.  
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3.6.5 Estimation of dam storage capacity 

 The depth of dam and coordinates were measured by a measuring tape and GPS 

instrument (Garmin Oregon 550) respectively. The surface water level was measured 

taking Neepco Bench Mark as reference. The measured depth was subtracted from the 

surface water level (Neepco bench BM) to get the bottom topography. Then, Spatial 

Analyst tool was used to generate bottom topography using local polynomial function 

(LPF) interpolation. The interpolated DEM was converted into TIN. Thus, Tuirial surface 

area and dam storage capacity were computed by bathymetry data using 3D Analyst tools 

of surface volume in ArcGIS 10.4. This method was used to estimate storage capacity and 

sediment volume (Eq. 3.16). 

SV = S1 – S2 (3.16) 

Where, SV = Sediment Volume (m3), S1 = Surface volume in the initial year (m3), S2 = 

Surface Volume of in the current year (m3) 

3.6.6 Estimation of sediment volume in Tuirial dam 

 The sediment volume was computed from the difference between the initial and 

current storage using the 3D Analyst surface volume tool. The topographic map of the year 

1987 was found not suitable to calculate the initial storage of the Tuirial dam due to the 

dynamic change in elevation induced by the excavation of the landmass at the bottom and 

utilized for embankment fills to dam construction. In order to extract the elevation data 

from the ALOS PALSAR DEM the Equation (() was adopted. A local polynomial function 

was then adopted to interpolate the elevation points between the initial year 2016 and the 

bathymetry survey year 2023. To determine the surface area and storage capacity of Tuirial 

Dam, the interpolated raster data was converted into TIN layer using the spatial analyst 

tool in ArcGIS 10.4. This method is widely used for the estimation of sediment volume 

(Shiferaw and Abebe, 2021; Mekonnen et al., 2022). By using raster calculator minus tool, 

the initial (2016) reservoir bed elevation was subtracted from the current (2023) reservoir 

bed elevation to compute the total sediment accumulated during the course of time. 
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3.6.7 Trap efficiency of Tuirial dam 

 The quantity of inflow sediment that is deposited at the dam is known as trap 

efficiency (TE) (Brune, 1953; Verstraeten and Poesen, 2001). For the virtue of the reservoir 

sediment trap, the weight of sediment must be modified in order to find out sediment 

deposited at the reservoir. Again, to avoid underrate of sediment deposited at the reservoir, 

the discharge of sediment from the dam must be adjusted, which is common in any 

reservoir unless the water level is constant (Verstraeten and Poesen, 2001). There are 

various methods available for computing the TE of a reservoir. However, inflow capacity 

of reservoir was employed to compute trap efficiency as there is no universally accepted 

scientific method for TE (Moges et al., 2018).  While in Brown model, ratio of the 

watershed area to capacity of reservoir was used to compute TE. This method is one of the 

most commonly used empirical approaches for small reservoirs when the river is ungauged 

(Verstraeten and Poesen, 2001). Assuming that the incoming flow equivalent to discharge 

in large reservoirs, disregarding evaporation and leakage prompt the water level shrinkage 

would lead to disparity in the amount of sediment estimation in reservoirs (Brown, 1943). 

In this study, the estimation of trap efficiency was performed by applying Brown's 

approach as illustrated in Equation 3.17.  

TE (%) = 100 [1 −
(1)

(1 + 0.0021𝐷 ×
(𝐶)
(𝐴)

)
] (3.17) 

 Where, TE (%) is trap efficiency, C is Tuirial Dam storage capacity (m3) and A is 

watershed area (km2). D is a constant value depending on the soil texture size ranges from 

0.046 to 1. The soil texture was identified using the Indian Society of Soil Science (ISSS) 

soil mixture classification system. The soil texture confine to more than 70 per cent is 

considered as fine sediment. Hence, D = 0.046 is fine sediment (Gill, 1979). 
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3.6.8 Dry bulk density 

 Computation of dry bulk density is necessary in order to find out the sediment yield 

at the Tuirial reservoir. The undisturbed soil samples were collected from the basin, and 

dried for two days as per the standard procedure to measure the dry bulk density. The 

weight of sediment sample was measured and the weight of instrument was subtracted from 

the total weight. Then the dry bulk density was computed using the Equation 3.18.  

dBD =
NW[SW − IW]

IC
 (3.18) 

Where, dBD is dry bulk density, NW is net weight (kg), SW is sediment weight (kg), IW is 

instrument weight (kg) and IC is instrument capacity (litre) 

3.6.9 Estimation of sediment yield (Sy) and specific sediment yield (SSy) 

 The sediment yield (Sy) was computed using Equation 3.19. The specific sediment 

yield (SSy), was computed using Equation 3.19. The average dry bulk density (dBD) and 

trap efficiency (TE) of Tuirial dam was estimated as 1397 kg/m3 and 57.50% respectively.  

SY =  
SV ×  dBD 

𝑇𝐸 × T
 (3.19) 

Where, SY is Sediment Yield (ton/km2/yr-1), SV is Silt Volume (ton/m3), dBD is dry Bulk 

Density (ton/m3), TE is Trap Efficiency (%), T is duration of Tuirial dam operation 

SSY =
SY

A
 (3.20) 

Where, SSY is Specific Sediment Yield (ton/km2/yr-1), SY is Sediment Yield (ton/yr-1), A is 

Watershed area (km2) 

3.6.10 Rate of sediment accumulation 

To compute the rate of sediment accumulation in Tuirial dam Equation 3.21 was used.  
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RS =
𝑆𝑉

T
 (3.21) 

Where RS is rate of sediment (m3/yr-1), SV is Silt Volume (ton/m3), T is duration of Tuirial 

dam function (yr) 

3.6.11 Estimation of sediment thickness  

 The distribution of sediment thickness in the Tuirial reservoir was computed from 

Bathymetry survey elevation point data and extracted DEM elevation points data. It was 

interpolated using local polynomial function (LPF). Again, the interpolated data was 

converted into raster and reclassified using conversion tools and spatial analyst tools. From 

the initial bed level in the year 2016 to the bed level of 2023 the interpolated raster layer 

was subtracted using raster minus tools, to obtain the sediment deposited at the reservoir 

bed. Finally, at the same points of bathymetry survey, the elevation raster data of sediment 

deposited was extracted using Equation 3.16.  

3.6.12 Economic life time of Tuirial dam 

 The rate of siltation at the Tuirial dam was assumed to be constant due to ungauged 

river channel and without control measure of sediment within the watershed (Haregeweyn 

et al., 2012; Shiferaw and Abebe, 2021). The Tuirial dam functional lifespan was computed 

using the Equation 3.22 as illustrated by various scientific investigations (Moges et al., 

2018; Haregeweyn et al., 2012; Shiferaw and Abebe, 2021; Mekonnen et al., 2022).  

LE =
RSC

RS
 (3.22) 

Where, LE is Economic life time (yr), RSC is Current Reservoir Storage Capacity (m3), 

RS is Rate of sediment (m3/yr-1). 

3.7 Analysis of morphometry in Tuirial watershed 

 Pioneering Horton (1932, 1945) works concentrated in stream number, stream 

length, drainage density, and channel frequency. Strahler (1952, 1964) adjusted the Horton 

works to perform further analysis like stream order, form factor ratio, bifurcation ratio, 



47 

 

relief basin, circularity ratio, stream length ratio. Likewise, other various researchers 

developed the new parameters like elongated ratio, relief ratio (Schumm, 1956), relative 

relief ratio (Melton, 1958), hypsometric integration (Pike and Wilson, 1971), ruggedness 

number (Patton and Baker, 1976), hypsometric curve (Kouli et al, 2007), and gradient ratio 

(Sreedevi et al. 2009). 

 Earlier, the river basin and sub-watershed level of the drainage characteristics were 

performed by conventional methods at global scale. The advancement of information 

technologies in geographic information system and spatial remote sensing data (RS and 

GIS) provide a powerful tool for computation and assessment of various hydrological 

characteristics at global level. Systematically using geo-spatial approach to perform 

morphometric analysis of drainage basin has been conducted by various researchers (Rao, 

2015; Sreedevi et al. 2009). Their result revealed that, morphometric analysis using remote 

sensing and geographic information system provides the principle information of landform, 

hydrogeological features of the watershed. The advantage of geo-spatial approach has low 

in capital investment, expenditure and time saving. In this study, the Tuirial river basin, the 

linear, areal and relief morphometric parameters were computed by applying pioneering 

worked out equations with geospatial data and GIS techniques (Table 3.1).  

Table 3.1 Details of morphometric parameters and their equations 

Category Morphometric Parameter Formula References 

Linear 

features 

Stream order (U) Hierarchical rank Horton (1945) 

Stream number (Nu) 
Nu = 

N1+N2+…+Nn 
Horton (1945) 

Stream length (Lu) 
Lu = 

L1+L2+…+Ln 
Horton (1945) 

Mean stream length (Lsm) Lsm = Lu/Nu Horton (1945) 
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Stream length ratio (Lur) Lur = Lu/Lu - 1 Horton (1945) 

Bifurcation ratio (Rb) Rb = Nu/Nu + 1 Schumm (1956) 

Bifurcation ratio (Rbm) Rbm = average Horton (1945) 

Basin length (km) ArcGIS  

Relief 

features 

Maximum basin height (m) (H) ArcGIS  

Minimum basin height (m) (h) ArcGIS  

Basin relief (m) (R) R = (H - h) Schumm (1956) 

Relief ratio (Rr) Rr = R/Lb Schumm (1956) 

Relative relief (Rhp) Rhp = R/A Smith (1935) 

Dissection index (Di) Di = Rhp/Ra 

Dove Nir, (1957); 

Singh and Dubey 

(1994) 

Gradient ratio (Gr) Gr = (a - b)/Ls Sreedevi et al., (2005) 

Ruggedness number (Rn) Rn = R × Dd Schumm (1956) 

Hypsometric integration (HI) 

Elmean-

Elmin/Elmax-

Elmin 

Pike and Wilson 

(1971) 

Areal 

features 

Basin area (A) (km²) ArcGIS  

Basin perimeter (P) (km) ArcGIS  

Drainage density (Dd) Dd = Lu/A  Horton (1945) 

Stream frequency (Fs) Fs = Nu/A  Horton (1945) 

Length of overland flow (Lo) Lo = Dd/2 Horton (1945) 
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Constant channel Maintenance 

(Cm) 
Cm = 1/Dd Schumm (1956) 

Form factor (Ff) Ff =A/Lb
2 Horton (1932) 

Circulatory ratio (Rc) Rc = 4ℼA/P2  Miller (1953) 

 

 Where, Nu = number of stream segments, Lu = total stream length of order (u), Lu - 

1 = the total stream length of its next lower order, Nu + 1 = number of segments of the next 

higher order, Rl = stream length ratio, Rb =bifurcation ratio, H = highest elevation, h = 

lowest elevation, Bh = basin relief, Lb = basin length, R = basin relief, A = basin area, Rhp 

= relative relief, Ra = absolute relief, a = the elevation at the source of the river, b = is the 

elevation at mouth of the river, L= is the length of main stream, Dd = Drainage density, P 

= perimeter of basin. 

3.8 Conclusion 

 To fulfill this thesis a numbers of robust research methods were incorporated. For 

the estimation of total soil loss, revised universal soil loss equation (RUSLE) is employed. 

Secondly, siltation volume at Tuirial dam is estimated by bathymetry survey for the initial 

2016 year and the present year 2023. In addition, to identify highly erosion influencing 

factor among the linear, areal and relief aspects were computed by pioneering works of 

morphometry parameters. 
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CHAPTER – 4 

GEO-ENVIRONMENTAL SETTINGS 

 

4.1 Geographical background of Tuirial watershed 

 Tuirial river basin covers an area of 1414.26 km2 of land and lies between 

longitudes 92°42′ E – 92°52′ E and latitudes 23°26′ N – 23°52′ N. Tuirial watershed falls 

in the topographical sheets 83H/3, 83D/14A, 83D/14B, 83D/15, 83D/16, 84A/12, 84A/13, 

84A/14, 84A/15, 84E/1, 84E/2, and 84E/3 generated by Survey of India such at 1: 50,000 

scale. Tuirial River basin is divided into three watersheds such as upper Tuirial, middle 

Tuirial and lower Tuirial. The highest elevation of the area is about 1690 m above MSL 

and 23 m above MSL at the lowest. The different spot heights of the topography are 

highlighted in figure 4.1. It also forms the district boundary between Kolasib and Aizawl 

districts in the eastern side. In the lower course of the river, the biggest Tuirial hydel project 

in Mizoram was constructed. Tuirial Hydro Power Station is medium head storage scheme 

to harness the hydro power of Tuirial River and located at Saipum village of Kolasib 

Districts of Mizoram. The installed capacity of the Station is 60 MW and design head of 

53 meters (https://neepco.co.in/power-generation/hydro-power/tuirial-hydro-power-

station). In Tuirial watershed widely found four types of soil such as Loamy soil, Fine 

loamy, Fine loamy to loamy skeletal, Loamy skeletal, Coarse loamy (Barman et al., 2020; 

Lawmchullova and Rao, 2024). Within the watershed, there are 68 settlements with one 

city being existed, of which 33 and 35 settlements are in the western and eastern sides of 

the Tuirial river, respectively (Figure 4.2). 

4.2 Road transport 

 Along the water divide line, there is well-developed road network. The Serkhan-

Bagha road extends up to Saipum village, While NH-6 travels from Aizawl to Serkhan 

along the western water division line, the Serkhan-Bagha road continues up to Saipum 

village. NH-306A runs from Saipum to New Vervek, and NH-2 runs from New Vervek to 

Khanpui village along the eastern water division line. From Seling to Baktawng, NH-2 
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runs. Again, the PWD concrete road connects Baktawng and Hmuifang along the southern 

water divide line. The World Bank road connects the village of Hmuifang with Aizawl 

along the side of the national highway. The NH-306 runs perpendicularly from Khanpui to 

Aizawl. The present scenario of the ongoing road construction between Aizawl to Saitual 

district has significant impact of soil erosion due to high surface run-off. Huge volume of 

sediment influx is noticed at the main river due to improper earth spoil dumping site. 

Consequently, this would cause the ecosystem of riparian, shallow water along the river; 

especially siltation accumulation will decrease the reservoir capacity with the useful 

lifespan of Tuirial hydro-power dam. 

 

Figure 4.1: Location of study area 
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4.3 Drainage 

 The river is about 117 kilometers long. It originates from Chawilung hills at an 

elevation of 1080 meters (62 km from Aizawl). It flows northward to join the Barak river 

in Assam. Important perennial streams like Lungdai lui, Tuisen lui, Keitum lui, Tuiritai lui 

and Hachhe lui join Tuirial river before it joins the confluence of Barak river in Cachar 

district of Assam. The river has a total of 51 tributaries, 30 of which confluence on the 

western side and 21 on the eastern side. The sub-watersheds exhibit varying drainage 

pattern like, trellis, dendritic, sub-dendritic and parallel, of which dendritic pattern is 

predominant as the region is controlled by physiographic conditions and the neo-tectonic 

activity (Lawmchullova and Rao, 2024).  

 The Tuirial river has been divided into eight orders as per Horton stream ordering, 

of which the main Tuirial River is classified as 8th order of the hierarchical system of 

streams. The Tuirial watershed was counted for 7273 streams, of which 882 streams fall in 

sw7 and 277 streams found in sw12 sub-watersheds to contribute the highest and lowest 

stream frequency, respectively. The total stream length of the watershed decreases with the 

increase in the stream order as per the law of Strahler (1952). But, in Horton (1932) stream 

ordering, one river is assigned as one order with no segment, because each river has origin 

and outlet, whereas in Strahler stream order it is shortening the main stream length because 

more than one stream confluences form the bigger stream order, then it forms the main 

river. The middle Tuirial watershed stream length constitutes 1st stream order of 47.26 per 

cent, 2nd order 22.85 per cent, 3rd order 13.36, 4th order 6.34 per cent 5th order 4.93 per cent, 

6th order 2.02 per cent and 7th order of 3.24 per cent of the total stream length. The 7th order 

stream length (115.63 km) is higher than that of the 6th (72.01 km) as the similar result 

highlighted by Iqbal and Sajjad due to variation of slope, topographic and lithological 

conditions. 
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Figure 4.2: Distribution of settlements, roads and spot heights in the study area 
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Table 4.1 Stream-order, stream frequency and stream length of Tuirial drainage  

Watersheds Lower Middle Upper Total 

Stream 

order 

Length 

(km) 

Stream 

(no.) 

Length 

(km) 

Stream 

(no.) 

Length 

(km) 

Stream 

(no.) 

Length 

(km) 

Stream 

(no.) 

1 
1506 467.08 1691.52 5286 1660.94 5536 4858.46 11289.08 

2 
355 228.41 816.831 1299 732.54 1107 1904.38 2634.41 

3 
116 136.95 478.516 481 369.03 347 963.54 964.95 

4 
45 78.61 226.362 142 185.53 88 456.89 308.61 

5 
12 23.38 176.168 47 93.11 22 281.28 92.38 

6 
10 60.57 72.0096 10 67.29 11 149.30 81.57 

7 
1 2.44 - - 22.51 3 23.51 5.44 

8 
4 44.93 72.0359 5 75.76 9 151.80 58.93 

  

4.4 Climatic condition in Tuirial watershed 

 Tuirial watershed is not much different from other parts of Mizoram in climate. The 

region experiences warm and humid climate of tropical rain-forest. The climatic condition 

of this region is divided into four seasons as per Indian Meteorological Department (IMD) 

classification viz., winter (December - February), spring (March – April), Monsoon (June-

September), autumn (October – November). The climatic condition is determined by 

climatic variables such as rainfall, temperature, humidity, sunshine, wind, air and 

evaporation of the region. Consequently, this climatic factors are the agents of soil erosion 
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4.4.1 Rainfall  

 The average rainfall received in Tuirial watershed is around 1500 mm annually. 

The rainfall received at Tuirial watershed is influenced by tropical cyclone, thunderstorms 

and convectional rainfall. The season-wise spatial distribution of rainfall at various rainfall 

gauge stations are highlighted in figure 4.4. The least rainfall occurred in winter season is 

about 14 mm/month. The temperature starts rising at the onset of spring and also 

thunderstorms and cyclones which bring more rainfall during the pre-monsoon season of 

around 133 mm/month. The southwest monsoon is the main source of rainfall in this 

region. The area receives most of the rainfall during the monsoon season in early months 

of June. The highest rainfall occurred in monsoon season in a year, is around 237 

mm/month (Fig 4.3). During the retreating monsoon, it receives about 70 mm/month of 

rainfall. The figure 4.5 indicates the spatial distribution of rainfall throughout the year in 

Tuirial watershed. The western highland and southern part of the watershed are relatively 

higher rainfall than the north-eastern and low valley.  

 Among the climatic factors, rainfall has significant impact on soil erosion. 

Raindrops detach loose soil particles and absorb soil mass due to limitation of infiltration, 

thus it transports them from origin to new places by surface run-off. When run-off occurs, 

the soil surface is susceptible to water erosion, i.e. erosion due to running water. The 

erosion process includes three primary stages: detachment, transport, and deposition. At 

the soil surface, detachment of soil particles from the bulk of the soil body can occur due 

to raindrop impact. The breakdown of soil aggregates upon wetting, and the scouring force 

of surface runoff. The rate of detachment during water erosion depends on the degree to 

which the soil surface is covered by vegetation, plant residues, or other protective covers, 

(i) the soil strength, (ii) the rainfall intensity, and (iii) the velocity of the surface runoff. 
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Figure 4.3: Village-wise rainfall received in Tuirial watershed (Source: NASA POWER) 

 

Figure 4.4: Season-wise rainfall distribution in Tuirial watershed (Source: NASA 

POWER) 
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Figure 4.5: Spatial distribution of rainfall in Tuirial watershed 
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4.4.2 Temperature 

 The Tuirial watershed falls under humid tropical and mild climatic region. The 

upper parts of the hills are relatively cool during the summer, while the lower reaches are 

relatively warm and humid. Storms break out during March-April, just before or around 

the summer. The maximum average temperature in the summer is 26.43 ⁰C while in the 

winter the minimum average temperature is below 10 degree ⁰C. The four months between 

November and February are winter in Mizoram which is followed by the spring. The storms 

come in the middle of April to indicate the beginning of the summer. The four months from 

June to September are known as the rainy season.  

 

Figure 4.6: Mean monthly temperature in Tuirial watershed (Source: NASA POWER) 

 

Figure 4.7: Season-wise average temperature experience in Tuirial watershed (Source: NASA 

POWER). 
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The climate as at its moderate best in the two autumnal months i.e. October and November 

the temperature is about 22.78 ⁰C. The month-wise and season-wise temperature of Tuirial 

watershed is presented in the figures 4.7 and 4.8. 

4.4.3 Wind direction 

 Wind is the horizontal movement of air caused by the uneven heating of the earth 

by the solar energy. Wind is one of the most influencing factors of climatic condition in a 

particular region. Wind is the critical significant agent of erosion in semi-arid and arid 

region, where it does not have significant impact in tropical humid region. However, it is 

one of the significant determinants of temperature and rainfall in this region. Temperature 

and rainfall of the Tuirial watershed is determined by the prevailing wind circulation along 

with the direction. Generally, it is blown from the south to north direction as depicted in 

the figure 4.8. The average wind speed of the region is 1.50 – 2.50 m/s.  

 

Figure 4.8: Wind direction in Tuirial watershed (Source: NASA POWER) 
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4.5 Elevation  

 Elevation is the height of land with respect to mean sea level. Generally, at higher 

elevation is expected more significant run-off and less infiltration (Vijith and Dodge Wan, 

2019). Thus, there will be an increase in soil erosion in areas where elevation is higher 

(Aslam et al., 2021). In fact, the higher elevation not always influence erosion, it must be 

coherent with rainfall intensity and inclination of slope of the region. As the study area is 

a mountainous terrain, the highest point within the watershed is 1690 metres, located in the 

south eastern side of the watershed. Similarly, the steepness of slope with the high intensity 

rainfall trigger soil erosion at higher elevation and vice versa.  

Table 4.2 The elevation of Tuirial watershed along with area and percentage 

Classes Elevation (metres) Area (km2) Area (%) 

Very low < 325 534.56 37.80 

Low 325 - 630 532.92 37.68 

Moderate 630 - 935 265.87 18.80 

High 935 - 1240 71.24 5.04 

Very High 1240 - 1543 9.61 0.68 

Total 1414.19 100 

 

 The elevation of the study area is classified into five equal intervals such as very 

low, low, moderate, high and very high elevation as depicted in table 4.2. The elevation is 

low at lower section of the river valley below 325 m is considered as very low, and covers 

an area of 534.56 km2 which occupies 37.80% of the total geographical area (TGA). The 

elevation ranges between 325 to 630 m is low which covers an area of 532.92 km2 accounts 

for 37.68%. Similarly, the elevation ranges between 630 to 935 m is regarded as moderate 

it extends 265.87 km2 consists of 18.80% of TGA. Again, the elevation ranges from 935 to 

1240 m is considered as high class of elevation, which covers an area of 71.24 km2 with 

5.04% of TGA. The elevation between 1240 to 1543 m is the very high class which covers 

an area of 9.16 km2 with 0.68% of TGA. Generally, the higher elevation with steep slope 
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occurs on both sides of western and eastern water divide line. Then, gradually decreases 

the steepness of slope with the elevation towards the Tuirial river (Fig 4.9). 

 

Figure 4.9: The elevation map of Tuirial watershed 
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4.6 Geology 

 Tuirial river basin consists of sedimentary rocks like sandstone, mudstone, shale-

siltstone, clayey, gravel, sand and silt, shale with fossiliferous limestone units which fall 

under the Bhuban and Bokabil formations of Surma group of the Miocene age (La-

Touche,1891; GSI, 2011) (Fig 4.10). The intermixture of varying small to large sized 

particles which might result in low permeability and high infiltration of the rocks types 

with excessive surface run-off triggering extreme soil loss. In addition to these major litho-

units, the basin is dominated by structural hills with low (<500 m), medium (500-1000 m) 

and high altitude (>1000 m) which exhibit v-shaped and u-shaped valleys (MIRSAC, 

2006). From the analysis of lithological units at Tuirial watershed obtained from 

Geological Survey of India, Kolkata is presented in Table 4.3 and their spatial distribution 

in figure 4.11. Only two geological formations found in Tuirial watershed are Bokabil and 

Bhuban. The Bokabil formation of geology was found in northern part of the watershed 

covering an area of about 20% of TGA. On the other hand, the Bhuban formation of 

geology was found in the whole watershed except in the northern part covering 80.5% of 

the TGA. 

Table 4.3 The details of geology and lithological units 

Age Group 

Name 

Forma 

tion 

Lithologic units Area 

(km2) 

Area 

(%) 

Miocene Surma Bhuban Sandstone, shale, siltstone and conglomerate 258.84 18.24 

Miocene Surma Bhuban SST with subordinate siltstone, mudstone, shale 366.17 25.80 

Miocene Surma Bhuban Splintery shale with siltstone and conglomerate 235.84 16.97 

Miocene Surma Bhuban Sandstone, shale with fossiliferous limestone 56.742 4.00 

Miocene Surma Bhuban Grey sandy splintery shale, siltstone and mudstone 353.68 24.92 

Miocene Surma Bokabil Thinly bedded shale intercalated SST, siltstone 110.81 7.81 

Miocene Surma Bokabil Shale, siltstone and mudstone with sandstone 31.92 2.25 

Total 1414.03 100 
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Figure 4.10: The geological formations in Tuirial watershed. 
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Figure 4.11: The lithological units and geomorphic features map of Tuirial watershed  
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