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INTRODUCTION 

Land and water are two most important and basic natural resources in a 

watershed. In fact, good quality land and water is a fundamental requirement 

not only to maintain the existing ecosystem in a watershed but also to endorse 

anthropological changes to suit human needs without causing imbalances to the 

system. In recent times, the advent of climate change induced anomalies such 

as erratic spatial and temporal distribution of rainfall, sudden outbursts of high 

intensity rainfall, flash floods during rainy seasons and prolonged dry spells 

during off seasons has greatly accentuated the necessity for immediate 

planning and adoption of soil and water conservation strategies. Such planning 

and implementation is best achieved by investigating the causes and effects at 

smaller watershed levels. 

  Watershed is a term used to describe an area of land that contains a 

common set of channels, streams or rivers that all drain into a common outlet. 

Surface runoff is the flow of water that occurs when excess storm water or 

other sources of water flow on the land surface after fulfilling all surface and 

sub surface losses. The intensity, duration and distribution of rainstorms 

greatly influence the occurrence and quantity of surface runoff generated in a 

watershed. Runoff is an important hydrologic variable that needs to be assessed 

for various ecological and sustainability purposes. Reliable information on the 

rate and quantity of runoff flowing into streams or rivers is essential for 

addressing many watershed development and management problems. 

However, in ungauged watersheds, generating such vital information/data is 

difficult and time consuming. Extensive meteorological and hydrological data 

are required by conventional methods for prediction of river discharge. 

Collection of these data is a difficult, expensive and time consuming process.  

There are only a few selected sites in India installed with recording and 

automatic hydrologic gauging stations which bottlenecks the availability of 
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accurate information in most parts of the country. Thus, acquiring information 

on surface runoff and sediment yield has become inevitably crucial for 

facilitating watershed management strategies (Zade et al., 2005). Most 

watersheds in India are ungauged and therefore, no past documentations of 

rainfall-runoff processes are available (Sarangi et al., 2005). However, the 

necessity for obtaining runoff information is gaining momentum due to 

advances in natural resource conservation and watershed management 

programmes. The lack of rainfall and runoff records in most watersheds in 

India has instigated the advances in surface runoff estimation techniques from 

ungauged watersheds (Chattopadhyay and Choudhury, 2006). Estimating 

runoff using remote sensing data yields reliable results and is comparatively a 

less exhaustive and less time consuming method. The increasing accessibility 

of spatial data and evolution of computational power have made it feasible for 

accurate prediction of runoff. The capability and versatility of Geographic 

Information System (GIS) in combining different types of data has 

significantly increased its use in hydrological applications. 

Soil erosion echoes multiple environmental concerns threatening natural 

resources and food security. It is difficult to assess the severity of erosion 

because soil erosion often occurs at unnoticeable rates. Besides, the spatial 

distribution of the rates of soil erosion is so scattered and the rate of erosion 

differs from place to place. Cultivation of land without proper conservation 

practices to check erosion may render the land economically unproductive. 

Soil erosion results in decrease of soil fertility and reduction of crop yields. 

The on-site effects of erosion poses severe problems having long-term impacts 

on cultivated lands such as top soil loss, reduction in soil depth and rooting 

volume, disintegration of soil structure, loss of organic matter and an overall 

decline in soil fertility status. Land degradation induced by water erosion is a 

worldwide problem for sustainable agriculture (Wei et al., 2019). Erosion 

reduces the moisture holding capacity of soil thus increasing the 
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susceptibility of the land to drought prone conditions. At initial stages, the loss 

in crop productivity could be negated by using more input of fertilizers to 

maintain crop yields. However, the increase in expenditure on fertilizers and 

simultaneous deterioration of soil properties eventually leads to a severely 

degraded land unsuitable for cultivation. The off-site consequences of soil 

erosion arises due to deposition of sediments in downstream areas, which 

shortens the design life of reservoir dams, reducing capacity of water bodies, 

increase flooding and other related problems. 

A sound knowledge on the processes of erosion is necessary for 

selection and implementation of appropriate soil conservation practices. 

Various scientists have developed models for predicting soil erosion from 

watershed based on parameters such as land use and land cover; soil type, 

drainage characteristics, topographical and climatic information. Investigation 

and observation of these important factors on a spatial scale has been made 

possible through remote sensing techniques, which helps in quick assessment 

and prioritization of the watershed. In most cases, it is not practical to employ 

watershed development activities in the entire watershed area due to limitation 

of resources, including manpower and financial resources. Runoff and erosion 

rates are not constant, but vary throughout the area of a watershed depending 

on the spatial variation of the influential parameters such as amount and 

intensity of rainfall, soil type, vegetation cover, topography etc. Therefore, 

prioritizing and focusing on specific areas more prone to erosion hazards is 

important. Despite being a natural process, the rate of erosion, its spatial and 

temporal variation is greatly influenced by human activities. A very close 

relation exists between land use and erosion such that, mismanagement of land 

could lead to accelerated rates of soil erosion, which in turn would dictate 

changes in land use.  
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moderate drainage texture. High bifurcation ratio indicated a strong structural 

control on the drainage. Logarithm of number of stream vs. stream order 

showed deviation from straight line indicating regional upliftment. In spite of 

mountainous relief, low drainage density values indicated that the area was 

underlain by impermeable sub-surface material. Circulatory and elongation 

ratios showed that both the subwatersheds have elongated shape. 

Javed et al. (2009) carried out prioritization of sub-watersheds (SW) in 

Kanera watershed of Madhya Pradeshbased on morphometric and land use 

analysis using Remote Sensing and GIS techniques. The study demonstrated 

the significant land use changes especially in cultivated lands, open scrub, 

open forest, water bodies and wastelands from 1989 to 2001. Based on 

morphometric and land use/land cover analysis, the sub-watersheds were 

classified into three categories as high, medium and low in terms of priority for 

conservation and management of natural resources. Out of the seven sub-

watersheds, two sub-watersheds viz., SW1 and SW6 qualified for high priority, 

whereas SW7 was categorized as medium priority based on the integration of 

morphometric and land use change analysis. 

Thomas et al. (2010) studied the morphometric aspects of Muthirapuzha 

watershed in Kerala, India. The study revealed that the watershed was 

moderate to well-drained and exhibited a geomorphic maturity in its 

physiographic development. The shape parameters revealed the elongated 

nature and drainage network development in the watershed. The study strongly 

highlighted the tendency of the watershed to soil loss and the hydrological 

makeup of the sub-watersheds, which helped to formulate a comprehensive 

watershed management plan. 

Vincy et al. (2012) used GIS techniques for morphometric 

characterization of Tikovil and Payappara sub-watersheds of Meenachil 

river basin in Kottayam district of Kerala. Drainage density varied between 
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Kaliraj et al. (2015) studied the morphometric parameters of 

Thamirabarani sub-basin in Kanyakumari district of Tamil Nadu using remote 

sensing and GIS techniques. The sub-basin was found to be strongly elongated 

in shape with a length of 42.78 km, circularity ratio of 0.33 and elongation 

ratio as 0.57. The textural dissection of the landforms showed low drainage 

density in the elevated hilly terrains and higher values in the plain areas. The 

morphometric parameters-induced denudation rate of the study area was 65.14 

t-1km-2year and indicated the occurrence of a wide range of denudation 

intensities throughout the sub-basin. Based on the realistic output, it was 

concluded that remote sensing and GIS are effective tools for morphometric 

studies of the drainage basin. 

Da Cunha and Bacani (2016) conducted a morphometric 

characterization of Indaiá watershed in Brazil using SRTM data and GIS 

techniques. Classical morphometric parameters were calculated and specialized 

through spatial analysis in geographic information systems. The integrated 

analysis of the variables (morphometric and relief) revealed that the watershed 

had low susceptibility to flooding but that the morphology of the relief and 

lithological structure favored the development of erosion processes in the 

watershed. 

Yadav et al. (2016) carried out prioritization of sub-watersheds (SW) in 

Upper Tons River Basin of North India based on morphometric parameters 

with respect to groundwater derived from topographic sheets and CARTOSAT 

data. 10 SWs were delineated in the region, of which SWs 1, 2, 3, 5 and 9 were 

identified as areas with poor groundwater potentialities. SW-2 has been 

identified as poorest groundwater potential zone; whereas SWs 4, 6, 7 and 8 

were identified as areas possibly having good ground water potential. Further, 

the areal parameters indicated elongated shape of the basin, hilly region has
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median and average of 0.048 and 0.053, respectively. Their study also revealed 

that the standard NRCS-CN method underestimated large runoff events, 

yielded a slope of the regression line of 0.559 and an intercept of 0.301. The 

modified Ia/S value was about 0.05 that better predicted runoff depths with an 

R2 of 0.804 and a linear regression slope of 0.834. The model efficiency 

coefficient (E) was also improved from 0.482 for traditional Ia/S value to 

0.768. They concluded that the Ia/S-adjusted NRCS-CN method was better 

suited for runoff prediction in the Three Gorges Area of China. 

Garg et al. (2013) investigated the efficiency of slope adjustment and 

modification of NRCS-CN method for runoff estimation in Solani watershed of 

Uttarakhand and concluded that slope factor affects runoff estimation 

significantly. 

Tirkey et al., (2013) demonstrated the use of NRCS-CN technique for 

runoff estimation using high resolution satellite data in Daltonganj watershed 

of Jharkhand. Their study revealed strong correlation between both rainfall and 

runoff as well as between observed and estimated runoff indicating high 

accuracy of runoff estimation by the NRCS CN technique. 

Gitika and Ranjan (2014) demonstrated the successful integration of 

remote sensing and GIS based methodology for estimation of runoff in 

Buriganga watershed, Assam. Their study reported relatively low recharge 

capacity in the northern part of the watershed due to dissected, hilly and hard 

rock terrain with moderate to high degree of slope whereas the southern part of 

the watershed produced high surface runoff covered due to exposed bare 

surface and crop land in gentle slopes. 

Akbari et al. (2016) investigated the effect of slope on CN in Kuantan 

river basin of Malaysia using Huang and Sharply-Williams methods to 

examine the changes in CN values. Their study revealed that both the methods 

resulted in expanding the CN value domain in the lower and upper limits of the 
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standard CN value range. It was also observed that the range of the upper limit 

exceeded well beyond the maximum possible value for CN in both methods. 

The slope adjustment of CN also resulted in decrease of CN values in flat and 

mild slopes while CN values increased in areas with relatively steep slopes. 

Bartlett et al. (2016) highlighted the limitations of the SCS-CN method 

of runoff estimation mentioning that the method is restricted to certain 

geographic regions and land use types and does not describe the spatial 

variability of runoff. To overcome these limitations, they presented a new 

theoretical framework for spatially lumped, event-based rainfall-runoff 

modeling. They demonstrated the concept in four forested watersheds and 

suggested the resulting model which could better represent geographic regions 

and site types that previously have been beyond the scope of the traditional 

SCS-CN method. 

Oliveira et al. (2016) used experimental plots to measure natural runoff 

rates under undisturbed Brazilian savanna (Cerrado) conditions. Their study 

confirmed the suitability of CN values obtained from the USDA Natural 

Resources Conservation Service (NRCS) standard table for estimating runoff 

from bare soil, soybeans and sugarcane cultivated lands. However, CN values 

calibrated from measured rainfall-runoff data provided better runoff estimates 

than the CN values from the standard table. They also observed that the 

standard CN method was not satisfactory in estimating runoff from undisturbed 

Cerrado, bare soil with hydrologic soil group A, millet cultivated areas and 

pasture lands. 

Abraham et al. (2017) estimated surface runoff from as sub-basin of the 

Periyar river basin in Kerala using the SCS-CN method integrated with GIS 

techniques. Their results showed good correlation between rainfall and runoff. 

The correlation coefficient (R2) for yearly, monthly and daily runoff was 

observed to be 0.993, 0.957 and 0.901, respectively. 
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MATERIALS AND METHODS 

The details of the materials and methods used in the present 

investigation are given in this chapter under the following sections: 

3.1 About the study area 

The Dzumah watershed selected for the study is located in 

Medziphema, under Dimapur district of Nagaland. The watershed is located 

between 93° 51' 33" to 94° 00' 16" E longitude and 25° 40' 45" to 25° 47' 01" 

N latitude occupying an area of 6555 ha (65.55 sq km). The elevation of the 

watershed is at a height of 328 m above mean sea level at the confluence and 

increases up to a height of 2345 m above mean sea level. The watershed area 

has a typical humid sub-tropical and associated agro-ecological setup. The 

watershed exhibits a dendritic drainage pattern. The location and spatial extent 

of the study area is as shown in Fig. 3.1. 

3.2 Collection of data 

The present investigation requires data on rainfall, soil, land use/land 

cover, relief and topography of the study area. Collection of relevant data was 

performed as follows: 

3.2.1 Remote sensing data 

Cloud-free high resolution multispectral satellite data (Sentinel-2A) 

downloaded from the USGS website (earthexplorer.usgs.gov) had been used in 

the present study for classification of land use and land cover. The details of 

the satellite dataset are as given in Table 3.1. 

3.2.2 Rainfall data 

Monthly rainfall data of 23 years (1998-2020) and daily rainfall data of 

two years (2019-2020) was collected from ICAR, Jharnapani, Medziphema, 



 

 

Fig. 3.1: Spatial extent of Dzumah watershed 





20 
 

 

Table 3.1: Details of satellite dataset 

Sl.No. Satellite Product 

level 

Tile ID Absolute 

Orbit 

Number 

Acquisition 

time 

Resolution 

1. Sentinel-

2A 

L1C T46REP A022967 15/11/2019 10 m 

 

Table 3.2: Soil sampling location coordinates 

Sample Number 

Coordinates 

 (Decimal degrees) 

Longitude Latitude 

1 93.8720862 25.7497276 

2 93.8811345 25.7364345 

3 93.8945354 25.7281952 

4 93.8936231 25.748924 

5 93.900196 25.7605496 

6 93.9104677 25.7648868 

7 93.9310979 25.7656707 

8 93.9197039 25.7605732 

9 93.9390183 25.7725566 

10 93.9431405 25.7503422 

11 93.9435515 25.7396345 

12 93.9192593 25.7261942 

13 93.9155765 25.7460998 

14 93.926405 25.7506485 

15 93.9703183 25.727786 

16 93.9369824 25.7283717 

17 93.9895084 25.7223661 

18 93.9856627 25.7100644 

19 93.9074576 25.7367460 
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3.3 Methodology 

3.3.1 Watershed characterization 

Watershed characterization describes the very nature of the watershed 

and its components. Morphometric parameters of a watershed influence the 

rate and quantity of water flowing out of a watershed. These physical features 

determine the reaction of a watershed to rainfall events and its vulnerability to 

natural calamity like floods and erosion. These parameters describe the 

physical features of a watershed in terms of its overall shape, ruggedness, 

dissection and drainage qualities. 

Watershed delineation, relief/slope aspects, drainage pattern and stream 

network generation was carried out using SRTM DEM of 30m resolution in 

QGIS. Stream ordering scheme proposed by Strahler was adopted for assigning 

orders to drainage. All the thematic layers generated were projected to a 

common spatial reference system (WGS-84/UTM) for overlay in GIS 

environment. Based on this dataset, the morphometric analysis of the Dzumah 

watershed was carried out. Important linear, areal and relief parameters were 

computed using respective formula and interpreted with reference to the 

watershed as given in Table 3.3a, 3.3b and 3.3c. 

3.3.2 Estimation of surface runoff and water yield potential 

3.3.2.1 The NRCS-CN method 

The Soil Conservation Service Curve Number (SCS-CN) method, now 

called as Natural Resource Conservation Service Curve Number (NRCS-CN) 

was developed by the U.S. Department of Agriculture in 1969 for estimation of 

direct runoff volume based on storm rainfall depth. Due to its simplicity and 

versatility, it has become a widely used procedure for predicting runoff. The 

curve number method has been adopted and used in models to simulate runoff 

behavior and flow response of watershed to ordinary as well as heavy rainfall 
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S = maximum recharge capacity of watershed after 5 days antecedent rainfall 

(mm) 

Ia = 0.2S (Initial abstraction of rainfall by soil and vegetation, mm) 

 Subsequently, the water yield potential of the watershed was estimated 

by converting runoff depth in millimeter (mm) to cubic meter (m-3). The 

formula used for this conversion is given as follows: 

              (3.6) 

Where, 

W = Water yield potential (m-3) 

A = Area of catchment (ha) 

Q = Total runoff depth (mm) 

3.3.2.2 Development of model database for NRCS-CN method 

3.3.2.2.1 Rainfall parameter (P) 

Daily rainfall data for the year 2019 and 2020 was collected from 

ICAR, Jharnapani, Medziphema, Nagaland. Most of the annual rainfall in the 

study area is received during the month of June to October. Therefore, the 

rainfall events from the month of June to October were considered for 

estimating the rainfall (P) parameter. 

3.3.2.2.2 Potential maximum retention (S) 

Potential maximum retention (S) was calculated for all the three 

antecedent moisture conditions i.e., normal, dry and wet conditions for the 

study area using the equation as follows: 

         (3.7) 

          (3.8)
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Where, 

 S = Maximum recharge capacity of watershed after 5 days rainfall antecedent 

(mm) 

CN = Curve Number 

3.3.2.2.3 Curve number (CN) 

The curve number (CN) is dimensionless with values varying from 0 to 

100. The curve number is derived from a number of collective factors which 

influences runoff generation in a watershed i.e., antecedent moisture condition, 

land use/land cover and treatments, soil type and surface condition of the 

watershed. As defined by NRCS soil scientists, soils are classified into four 

Hydrologic Groups as A, B, C, and D (USDA, 2009) depending on the soil 

physical characteristics that influence infiltration and drainage capacities of the 

soil. Group A soils have the highest infiltration rates, thus producing the least 

runoff, whereas Group D soils have lowest infiltration rate and produces the 

highest runoff. Soil texture data obtained from laboratory analysis and 

classification method as described by Ross et al. (2018) was used to derive the 

hydrological soil groups of the study area. The hydrological soil-cover 

complex was generated using land use/land cover map. 

Antecedent Moisture Condition (AMC) is the relative wetness or 

dryness of a watershed and has a significant effect on amount of runoff 

generated in a watershed. Recognizing its significance, SCS developed a guide 

for adjusting CN according to AMC based on the total rainfall in the 5-day 

period preceding a storm. Three levels of AMC are used in the CN method: 

AMC-I for dry, AMC-II for normal, and AMC-III for wet conditions. Table 3.4 

gives seasonal rainfall limits for these three antecedent moisture conditions. 

The CN values are always documented for the case of AMC-II (USDA, 

1985). Rainfall data is required to determine the most appropriate AMC related 
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Table 3.4: Classification of Antecedent Moisture Condition 

AMC 5-days Antecedent Rainfall (mm) 

Active growing season Dormant season 

I Dry ( < 35 ) Dry ( < 12.5 ) 

II Medium ( 35 to 52.5 ) Medium ( 12.5 to 27.5 ) 

III Wet ( > 52.5 ) Wet ( > 27.5 ) 
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Nagaland University. The mechanical composition of the soil was analyzed 

using International Pipette Method (Piper, 1996) and thereafter, soil textural 

classes were assigned using the soil texture triangle. This information on soil 

texture was used for calculating the function of the primary particle size 

fraction (M) using the following equation:  

M = (% silt + % sand) × (100 - % clay)      (3.19) 

The soil structure and permeability codes of different soil types were 

assigned according to their particle size as suggested by Wischmeier and 

Mannering (1969). Organic carbon was determined using Walkley and Black 

method (1934) and the organic matter content was derived by multiplying the 

organic carbon content with the van Bemmelen factor. The K values thus 

obtained were interpolated using Inverse Distance Weight (IDW) technique in 

ArcGIS to derive the K-factor map. 

3.3.3.3 Slope length and steepness factor (LS)  

The slope length factor (L) and slope steepness factor (S) accounts for 

the effect of topography on erosion in the USLE method. Slope length (L) and 

slope steepness (S) and were determined and combined to form a single factor 

known as the topographic factor (LS). In the present study, the LS factor was 

computed in Spatial Analyst module of ArcGIS using SRTM DEM of 30 m 

resolution. The slope length factor (L) is calculated using following equation 

              (3.20) 

Where,  

22.13 = the USLE unit plot length (m) 

m = a variable slope-length exponent. 
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of land cover, remote sensing satellite datasets are used for estimation of C 

factor (Karydas et al., 2009; Tian et al., 2009). The Normalized Difference 

Vegetation Index (NDVI) is an indicator of the vegetation health and is 

expressed as follows: 

                 (3.25) 

 

Where, 

NDVI = Normalized Difference Vegetation Index 

NIR = Near Infrared Band 

R = Red Band 

The C-factor of the study area was calculated based on the works of Durigon et 

al. (2014) and is given as follows: 

        (3.26)  

Where, 

C = Crop management factor 

3.3.3.5 Conservation practice factor (P) 

The P-factor reflects the effects of conservation practices to decrease the 

runoff and erosion (Renard et al., 1997; Yue-Qing et al., 2008). The P-factor 

values range from 0.25 to 1. Higher P-factor values correspond to areas with 

no conservation practices (forest/natural vegetation) whereas lower values 

correspond to crop land with strip and contour cropping. The P-factor values 

for different management practices in the study area were adopted as suggested 

by Rao (1981). 
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RESULTS AND DISCUSSION 

 In the present study, an attempt has been made to characterize the 

Dzumah watershed, estimate surface runoff following a rainfall event and 

consequently estimate soil loss from the watershed. The NRCS-CN method 

and USLE equation has been used to estimate surface runoff and soil loss as 

described in different sections of the previous chapter. The results of the 

present investigations are presented and discussed in the following sections: 

4.1 Watershed characterization 

4.1.1 Linear aspects 

The linear aspects of the Dzumah watershed are discussed below: 

4.1.1.1Stream order (Su) 

Stream order refers to the hierarchical position of streams within a 

drainage basin. All the tiny unbranched stream segments are referred to as the 

first order streams. The shape and dimensions of a watershed and its relief 

characteristics influences the stream order of that watershed (Haghipour and 

Burg, 2014). The Dzumah watershed is a 5th order basin and a representation of 

its drainage network map is depicted in Fig. 4.1. Many studies have reported 

the higher increase in stream orders in humid environments of mountain-plain 

settings as compared to plateau-plain topographical settings under sub-humid 

conditions (Wakode et al., 2013).  

4.1.1.2 Stream number (Nu) 

Stream number refers to the total count of stream segments in each 

order. The Dzumah watershed consisted of 184, 36, 5, 2 and 1 stream segments 

of 1st, 2nd, 3rd, 4th and 5th stream order, respectively (Table 4.1). The total 

number of stream segments of all the order in the watershed was 228. It was 

observed that the number of stream segments decreased as the stream order 

increase to higher orders. The hilly, uneven and dissected terrain of the 

watershed is responsible for the higher count of lower stream orders. The 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1: Drainage network map of Dzumah watershed 
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Table 4.1: Linear aspects of Dzumah watershed 

Stream 
Order 
(Su) 

Stream 
Number 

(Nu) 

Stream 
Length 

(Lu) 
(Km) 

Mean 
stream 
length 
(Lsm) 
(Km) 

Stream 
Length 
ratio 
(Rl) 

Bifurcation 
ratio (Rb) 

Mean 
Bifurcation 
ratio (Rbm) 

Basin 
length 
(Lb) 
(Km) 

Length of 
overland flow 

((Lg) (Km) 

1st 184 66.20 0.36 - - - 

4.20 14.74 0.25 

2nd 36 34.40 0.96 0.52 1:2 5.1 

3rd 5 19.84 3.97 0.58 2:3 7.2 

4th 2 6.35 3.18 0.32 3:4 2.5 

5th 1 3.92 3.92 0.62 4:5 2.0 

Total 228 130.71    
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The bifurcation ratio of the Dzumah watershed was found to be 5.1 for 

1st to 2nd stream order; 7.2 for 2nd to 3rd stream order; 2.5 for 3rd to 4th stream 

order and 2.0 for the 4th to 5th stream order (Table 4.1). The average bifurcation 

ratio of the watershed was 4.2.  It was observed that the lower stream orders 

had greater values of bifurcation ratio as compared to the streams of higher 

order. Thus, it could be inferred that the drainage pattern of lower order 

streams, which occupy higher reaches of the basin are influenced by geologic 

structures whereas the drainage pattern of the higher order streams occupying 

flatter and plain areas of the basin are independent of geologic structures.  

4.1.2 Areal aspects 

The areal aspects include watershed area, watershed perimeter, form 

factor, elongation ratio, texture ratio, circulatory ratio and drainage density 

which are discussed as follows: 

4.1.2.1 Watershed area (A) and perimeter (P) 

Watershed area is important for hydrological studies as the area 

coverage determines the amount of rainfall received by the watershed and the 

amount of runoff that would be generated. The Dzumah watershed has an area 

of 6555 hectares. The perimeter of the watershed was calculated from the 

delineated watershed layer and was found to be 59.58 km.  

4.1.2.2 Form factor (Rf) 

The value of Rf for a perfectly circular watershed is always less than 

0.7854 (Bali et al., 2011), which implies that under natural geographical 

conditions, the value of Rf of a watershed cannot be more than 0.7854. 

Elongated basins tend to have lower values of Rf. A circular-shaped basin will 

have greater values of Rf and is often characterized by having high peak flows 

in shorter duration of time, whereas elongated basins generally have lower Rf 

values with comparatively lower peak flow but for a longer duration (Bali et 

al., 2011). In the present study, the Rf value of the Dzumah watershed was 
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watershed. High drainage density facilitates rapid removal of excess runoff, 

effectively minimizing the basin lag time and increasing the peak flow 

(Chorley, 1969). Several studies have reported that areas with permeable soil, 

healthy vegetation cover and flat terrains have low drainage density whereas, 

those regions with comparatively less permeable surfaces, thin vegetation and 

high relief showed higher values of drainage density (Asfaw and Workineh, 

2019; Babu et al., 2016; Gizachew and  Berhan, 2018; Kaur et al., 2014; 

Magesh and Chandrasekhar, 2014; Prasad et al., 2008). Studies have also 

confirmed that drainage density has close correlation with rainfall intensity, 

rock resistivity and an inverse relationship with the developmental extent of 

drainage network, infiltration capacity, vegetation cover, landscape dissection 

and spacing of streams (Prabhakaran and Jawahar, 2018). The overall drainage 

density value of Dzumah watershed was found to be 1.99, indicating that it has 

a coarse drainage texture (Table 4.2). 

4.1.3 Relief aspects 

Relief characteristics of a watershed play a significant role in 

controlling the velocity of water draining through the basin. Surface runoff 

usually flows with greater velocity in steeper slopes, producing higher 

discharge with greater erosive power. The relief aspects of the Dzumah 

watershed are discussed below: 

4.1.3.1 Basin relief (Bh) 

In the present study, it was observed that the lowest and the highest 

elevation points in the Dzumah watershed was located at elevations of 328 m 

and 2345 m above mean sea level, resulting in a basin relief of 2017 m for the 

watershed. An elevation map of the Dzumah watershed is depicted in Fig. 4.2. 

4.1.3.2 Relief ratio (Rr) 

It refers to the ratio between basin relief and basin length. It is an 

indicator of the general steepness or flatness of a watershed (Babu et al., 2016). 
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Table 4.2: Areal and relief aspects of Dzumah watershed 

 

Areal aspects 

Basin Area (A) km2 65.55 

Basin Perimeter (P) km 59.58 

Form factor (Rf) 0.30 

Elongation ratio (Re) 0.62 

Circulatory ratio (Rc) 0.23 

Drainage Density (Dd) km.km-2 1.99 

Relief aspects 

Basin relief (Bh) (m) 2017 

Relief ratio (Rh) 0.14 

Ruggedness number (Rn) 4.02 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Fig. 4.2: Elevation map of the Dzumah watershed 
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There is no mention about the value range of relief ratio and research workers 

performed relative classification based on the values of relief ratio observed in 

their respective study area (Sukristiyanti et al., 2018). Generally, the low 

values of relief ratio indicate low relief whereas high values indicate steep 

slope and high relief. Considering the values of relief ratio reported by other 

research workers, it was observed that the Rr values varied from as low as 

0.0028 (Mahala, 2020) to as high as 0.19 (Adhikari, 2020), with the latter 

indicating high relief and steep slopes. In the present study, it was observed 

that the Dzumah watershed has a relief ratio value of 0.14 (Table 4.2). Based 

on relative assessment and comparison with the findings of other researchers, it 

can be inferred that the Dzumah watershed has a high relief ratio, indicating 

the presence of strong relief and steep slopes in the watershed. 

4.1.3.3 Ruggedness number (Rn) 

The Rn merges the effects of slope length and steepness representing 

the degree of instability of the land surface (Strahler, 1957). It is a measure of 

the smoothness or unevenness of the watershed terrain and its susceptibility to 

erosion (Asfaw and Workineh, 2019). Low Rn values indicate less 

vulnerability to erosion (Pareta and Pareta, 2011) and vice- versa. The Rn 

value of the Dzumah watershed was found to be 4.02, which is high, indicating 

that the watershed has a rough and dissected terrain thus rendering the area 

susceptible to erosion hazards. 

4.2 Runoff estimation 

In the present study, the NRCS-CN model was used for surface runoff 

estimation. The various watershed parameters required in the model and the 

resultant rainfall-runoff relationship are discussed as follows: 

4.2.1 Land use land cover 





 
 

 

      Fig. 4.3: Land use/land cover map of the Dzumah watershed 
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Table 4.3: Land use/land cover classes of Dzumah watershed 

Sl.No. Land use class Area (ha) % of total geographical area 

1 Cultivated area 322.50 4.92 

2 Dense forest 3998.55 61 

3 Open forest 1553.54 23.70 

4 Buildup area 392.65 5.99 

5 Water body 287.76 4.39 

Total 6555.00 100.00 

Table 4.4: Soil texture of Dzumah watershed 

Sample 

Number 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 
Textural Class 

HSG 

1 35.80 42.50 20.10 Loam C 

2 19.70 46.20 32.50 
Silty Clay 

Loam 

C 

3 27.70 38.80 32.50 Clay Loam C 

4 33.80 41.20 22.70 Loam C 

5 18.80 46.70 33.30 
Silty Clay 

Loam 

C 

6 19.00 51.40 28.30 
Silty Clay 

Loam 

C 

7 34.70 29.80 34.10 Clay Loam C 

8 35.50 33.40 28.60 Clay Loam C 

9 30.00 34.50 32.80 Clay Loam C 

10 32.40 34.20 29.40 Clay Loam C 

11 20.00 44.30 33.80 
Silty Clay 

Loam 

C 

12 21.00 52.30 24.20 Silt Loam C/D 

13 35.00 28.00 35.20 Clay Loam C 

14 35.80 28.40 33.50 Clay Loam C 

15 19.40 36.50 42.60 
Silty Clay 

Loam 

C 

16 27.30 33.10 38.20 Clay Loam C 

17 19.30 47.70 31.80 
Silty Clay 

Loam 

C 

18 24.60 38.50 35.50 Clay Loam C 

19 27.10 33.50 37.80 Clay Loam C 







49 
 

estimations aggregated on monthly basis for the year 2019 and 2020 are 

presented in Tables 4.6 and 4.7, respectively. Despite the lack of proper 

hydrological station and stream gauging data, it was validated through field 

survey and visual observation that the runoff depth computation using the 

standard CN values clearly underestimated the actual discharge occurring at 

the confluence of the watershed. The runoff values estimated using the 

standard CN for the years 2019 and 2020 were only 109.95 mm and 33.25 mm, 

respectively; accounting for a mere 9.49 and 3.78% of the total rainfall 

received in each year (Table 4.6 and 4.7). Runoff estimation using the 

modified CN value gave a better representation of the actual discharge and the 

findings are described below. 

In the year 2019, the total rainfall received in the watershed during the 

month of June to October was 1159 mm with a mean average rainfall of 231.80 

mm. The surface runoff estimation using the NRCS-CN method showed a 

runoff depth of 505.34 mm implying that 43.60% of the total rainfall received 

was converted to surface runoff. This gave an effective water yield potential of 

3,31,24,912.66 m3 for the watershed. The lowest rainfall as well as the lowest 

estimated runoff was observed in the month of September with 173.4 mm and 

57.64 mm, respectively. The highest estimated runoff with a value of 132.98 

mm was observed in the month of October which had a total monthly rainfall 

of 244.80 mm. It was observed that the months of July and August had higher 

monthly rainfall as compared to the month of October with values 271.30 mm 

and 274.50 mm, respectively. However, the frequency and temporal 

distribution of rainfall events coupled with wide variations in the amount of 

rainfall received during rainfall events in those months affected the AMC 

condition of the watershed which resulted in lower rainfall-runoff conversion.  

In the year 2020, the watershed received a total rainfall of 879.70 mm 

during the month of June to October with a mean average rainfall of 175.90 





 

 

Fig 4.4a: Rainfall-runoff correlation using standard CN for the year 2019 

 

 

Fig 4.4b: Rainfall-runoff correlation using standard CN for the year 2020 

 



 

  

Fig 4.5a: Rainfall-runoff correlation using modified CN for the year 2019 

 

 

Fig 4.5b: Rainfall-runoff correlation using modified CN for the year 2020 
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Table 4.9: Soil properties and K factor of Dzumah watershed 

Sample 

point 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Textural 

Class 

OC 

(%) 
Permeability 

Soil 
Structure 

Code 

M K 

1 35.80 42.50 20.10 Loam 0.53 3 2 6256.17 0.068 

2 19.70 46.20 32.50 
Silty Clay 

Loam 
1.31 3 2 4448.25 0.043 

3 27.70 38.80 32.50 
Clay 

Loam 
1.74 4 2 4488.75 0.045 

4 33.80 52.20 11.70 Silt Loam 2.03 3 2 7593.8 0.074 

5 18.80 46.70 33.30 
Silty Clay 

Loam 
1.64 3 2 4368.85 0.041 

6 19.00 51.40 28.30 
Silty Clay 

Loam 
1.48 3 2 5047.68 0.049 

7 34.70 29.80 34.10 
Clay 

Loam 
2.57 4 2 4250.55 0.039 

8 35.50 33.40 28.60 
Clay 

Loam 
1.72 4 2 4919.46 0.050 

9 30.00 34.50 32.80 
Clay 

Loam 
2.38 4 2 4334.4 0.041 

10 32.40 34.20 29.40 
Clay 

Loam 
1.35 4 2 4701.96 0.049 

11 20.00 44.30 33.80 
Silty Clay 

Loam 
1.58 3 2 4256.66 0.040 

12 21.00 52.30 24.20 Silt Loam 2.44 3 2 5556.14 0.050 

13 35.00 28.00 35.20 
Clay 
Loam 

1.66 4 2 4082.4 0.041 

14 35.80 28.40 33.50 
Clay 
Loam 

1.79 4 2 4269.3 0.043 

15 19.40 36.50 42.60 
Silty Clay 

Loam 
1.27 3 2 3208.66 0.030 

16 27.30 33.10 38.20 
Clay 

Loam 
2.15 4 2 3732.72 0.036 

17 19.30 47.70 31.80 
Silty Clay 

Loam 
1.87 3 2 4569.4 0.042 

18 24.60 38.50 35.50 
Clay 

Loam 
2.4 4 2 4069.95 0.038 

19 27.10 33.50 37.80 
Clay 

Loam 
2.36 4 2 3769.32 0.036 

 Average 0.045 

 

 



 
 

 

Fig. 4.6: Soil erodibility factor (K) map of Dzumah watershed 
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Table 4.10: Slope classes of Dzumah watershed based on USDA classification 

 

Description 
Slope Area 

(ha) 

Percent 

Area Percent Degree 

Flat 0-3 <2 208.40 3.18 

Undulating 3-8 2-5 616.68 9.40 

Moderately Sloping 8-15 5-8 495.14 7.55 

Hilly 15-30 8-17 1606.78 24.51 

Moderately Steep 30-45 17-24 1802.54 27.50 

Steep 45-65 24-33 1292.3 19.72 

Very Steep >65 >33 533.57 8.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Fig. 4.7: Slope map of Dzumah watershed 



 
 

 

 

Fig. 4.8: Slope length and steepness factor (LS) map of Dzumah watershed





 
 

 

Fig. 4.9: NDVI map of Dzumah watershed 



 
 

 

Fig. 4.10: Crop management factor (C) map of Dzumah watershed  



 
 

 

 

Fig. 4.11: Conservation practice factor (P) map of Dzumah watershed







 
 

 

                 Fig. 4.12: Average annual soil erosion map of Dzumah watershed 
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Table 4.12: Mean area under different classes of erosion in Dzumah watershed 

 

 

Table 4.13: Area under different classes of erosion in Dzumah watershed for 

the year 2019 

 

 

 

Table 4.14: Area under different classes of erosion in Dzumah watershed for 

the year 2020 

 

Soil loss (t ha-1 yr-1) Area (ha) % Area Soil erosion class 

0-3 3900.23 59.5 Light 

3-10 2409.62 36.76 Moderate 

10-25 239.92 3.66 High 

25-50 5.26 0.08 Severe 

>50 - - Extreme 
 

 

 

 

Soil loss (t ha-1 yr-1) Area (ha) % Area Soil erosion class 

0-3 1777.34 27.11 Light 

3-10 4089.67 62.39 Moderate 

10-25 588.82 8.98 High 

25-50 98.33 1.50 Severe 

>50 0.84 0.01 Extreme 

Soil loss (t ha-1 yr-1) Area (ha) % Area Soil erosion class 

0-3 2862.16 43.66 Light 

3-10 3367.95 51.38 Moderate 

10-25 294.55 4.49 High 

25-50 31.07 0.47 Severe 

>50 - - Extreme 



 
 

 

Fig. 4.13: Average annual soil loss map of Dzumah watershed for the year 

2019 



 
 

 

Fig. 4.14: Average annual soil loss map of Dzumah watershed for the year 

2020 

 



 
 

 

Fig. 4.15: Correlation between rainfall erosivity factor (R) and average annual 

soil loss 
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SUMMARY AND CONCLUSION 

5.1 Summary 

The present research work was undertaken to study the morphometric 

characteristics of Dzumah watershed of Upper Dhansiri, Nagaland and 

estimate surface runoff and average annual soil loss from the watershed. The 

watershed boundary was delineated using SRTM DEM of 30 m resolution. 

QGIS software was used for generation of stream network and digitization of 

drainage map of the watershed area. Rainfall data collected from ICAR, 

Jharnapani, Medziphema, Nagaland was used for calculation of all rainfall 

related parameters. Soil samples from 19 pre-defined coordinates were 

collected and analyzed to fulfill all soil related parameters required in the 

study. Remotely sensed satellite data was used for preparing land use land 

cover map. The NRCS-CN method and USLE method were used to estimate 

surface runoff and average soil loss of the watershed. The salient findings of 

this study are summarized below: 

5.1.1 Watershed characterization 

1. The Dzumah watershed is a 5th order basin with an area and perimeter 

of 6555 ha and 59.58 km, respectively. 

2. The1st, 2nd, 3rd, 4th and 5th order streams consisted of 184, 36, 5, 2 and 1 

stream segments, respectively. The higher number of lower order 

streams indicated its hilly and undulating terrain, suggesting less 

infiltration and high runoff.  

3. The value of length of overland flow (Lg) was 0.25, suggesting that the 

watershed is prone to moderate risks of runoff and erosion. 

4. The values of all the areal aspects observed in the study suggested that 

the Dzumah watershed is elongated in shape. The value of form factor 

(Rf) suggested that the discharge from the watershed should have flatter 

peak flows for longer period. The value of drainage density (Dd) 
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value in initial abstraction and slope-adjusted CN gave better results. The 

prediction accuracy of the model could not be validated due to the absence of 

hydrologic gauging stations and daily flow records. However, the model 

presented a fair simulation of the hydrologic response of the watershed to 

rainfall events and the results can be used for conservation and management 

purposes, but not for computation of flood design structures. The Dzumah 

watershed is considered stable since almost 90% of the watershed area has 

light to moderate levels of erosion. Severe erosion is observed only in extreme 

steep slopes and disturbed sites caused by construction activities. These 

findings can serve as vital information for implementing precautionary 

measures in future developmental activities or efforts to alter the present land 

use system in the watershed. The GIS platform has proved to be a very 

effective, time and cost saving tool for computation and analysis of various 

morphometric characteristics of the watershed, estimation of surface runoff and 

soil erosion. 

Recommendations: 

During monsoon, the watershed generates amply excessive surface 

runoff while it experiences drought-like conditions during months of 

December to May. Given the high water yield potential of the catchment, it is 

recommended that suitable water harvesting structures or in-situ conservation 

techniques be employed so as to store water for domestic and agricultural use 

during the lean period. Construction of check dams at suitable sites is also 

recommended so as to arrest the uncontrolled flow, minimize flow turbulence 

and facilitate ground water recharge. 

Despite the rugged and steep topographical settings of the Dzumah 

watershed, it was found that the area is fairly stable.  However, given the 

fragile mountainous environment of the watershed, maintaining the existing
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Year/Month 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

January 12.1 25.3 0.0 0.0 24.2 30.5 0.7 23.0 0.0 18.5 

February 3.0 14.4 7.8 26.0 26.3 8.3 0.7 6.7 27.6 9.7 

March 77.6 14.6 66.1 33.9 32.0 34.0 127.9 31.8 79.2 22.5 

April 91.8 112.6 106.9 41.2 178.2 108.5 226.0 71.4 73.3 153.9 

May 195.5 44.1 316.2 137.6 89.4 214.8 111.7 135.5 185.8 134.2 

June 474.2 240.2 198.0 114.5 188.8 203.0 278.7 354.7 195.0 266.2 

July 259.8 366.6 249.5 311.5 322.9 264.2 485.6 240.0 271.3 199.9 

August 287.6 197.0 476.7 269.9 177.9 398.9 492.5 302.8 274.5 80.3 

September 223.4 183.9 119.6 149.5 232.8 283.7 235.9 115.7 173.4 157.6 

October 54.8 109.3 143.9 89.4 61.3 33.6 130.0 64.0 244.8 175.7 

November 0.0 19.1 0.0 0.0 20.7 130.7 16.4 13.3 52.9 35.2 

December 0.0 0.0 0.0 4.8 9.6 5.8 31.8 50.0 0.9 0.0 

Total 

Rainfall 
(mm) 1679.8 1327.1 1684.7 1178.3 1364.1 1716.0 2137.9 1408.9 1578.7 1253.7 
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Date Rainfall(mm) 
Sum of 

previous 5 

days rainfall 

AMC CN S(mm) Q(mm) 

01-Jul-19 0.8 19.8 1 83.86 48.88 0.00 

02-Jul-19 28.5 20.2 1 83.86 48.88 10.04 

03-Jul-19 22.5 39.1 2 92.22 21.43 11.58 

04-Jul-19 0.0 57.5 3 96.52 9.15 0.00 

05-Jul-19 5.1 57.4 3 96.52 9.15 1.74 

06-Jul-19 0.3 56.9 3 96.52 9.15 0.00 

07-Jul-19 4.4 56.4 3 96.52 9.15 1.33 

08-Jul-19 2.9 32.3 1 83.86 48.88 0.00 

09-Jul-19 0.0 12.7 1 83.86 48.88 0.00 

10-Jul-19 0.7 12.7 1 83.86 48.88 0.00 

11-Jul-19 26.6 8.3 1 83.86 48.88 8.88 

12-Jul-19 2.6 34.6 1 83.86 48.88 0.00 

13-Jul-19 1.9 32.8 1 83.86 48.88 0.00 

14-Jul-19 0.0 31.8 1 83.86 48.88 0.00 

15-Jul-19 2.3 31.8 1 83.86 48.88 0.00 

16-Jul-19 0.2 33.4 1 83.86 48.88 0.00 

17-Jul-19 0.0 7.0 1 83.86 48.88 0.00 

18-Jul-19 0.0 4.4 1 83.86 48.88 0.00 

19-Jul-19 0.0 2.5 1 83.86 48.88 0.00 

20-Jul-19 56.0 2.5 1 83.86 48.88 30.16 

21-Jul-19 1.2 56.2 3 96.52 9.15 0.06 

22-Jul-19 0.0 57.2 3 96.52 9.15 0.00 

23-Jul-19 0.0 57.2 3 96.52 9.15 0.00 

24-Jul-19 10.2 57.2 3 96.52 9.15 5.42 

25-Jul-19 3.8 67.4 3 96.52 9.15 1.00 

26-Jul-19 4.5 15.2 1 83.86 48.88 0.10 

27-Jul-19 10.4 18.5 1 83.86 48.88 1.28 

28-Jul-19 81.4 28.9 1 83.86 48.88 51.73 

29-Jul-19 1.2 110.3 3 96.52 9.15 0.06 

30-Jul-19 0.0 101.3 3 96.52 9.15 0.00 

31-Jul-19 3.8 97.5 3 96.52 9.15 1.00 
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Date Rainfall(mm) 
Sum of 

previous 5 

days rainfall 

AMC CN S(mm) Q(mm) 

01-Aug-19 1.1 96.8 3 96.52 9.15 0.05 

02-Aug-19 7.8 87.5 3 96.52 9.15 3.57 

03-Aug-19 11.2 13.9 1 83.86 48.88 1.52 

04-Aug-19 5.2 23.9 1 83.86 48.88 0.17 

05-Aug-19 0.0 29.1 1 83.86 48.88 0.00 

06-Aug-19 1.0 25.3 1 83.86 48.88 0.00 

07-Aug-19 6.4 25.2 1 83.86 48.88 0.34 

08-Aug-19 0.5 23.8 1 83.86 48.88 0.00 

09-Aug-19 24.2 13.1 1 83.86 48.88 7.48 

10-Aug-19 10.4 32.1 1 83.86 48.88 1.28 

11-Aug-19 0.0 42.5 2 92.22 21.43 0.00 

12-Aug-19 0.0 41.5 2 92.22 21.43 0.00 

13-Aug-19 40.2 35.1 1 83.86 48.88 17.98 

14-Aug-19 4.9 74.8 3 96.52 9.15 1.62 

15-Aug-19 2.2 55.5 3 96.52 9.15 0.32 

16-Aug-19 0.8 47.3 2 92.22 21.43 0.00 

17-Aug-19 15.4 48.1 2 92.22 21.43 6.31 

18-Aug-19 56.0 63.5 3 96.52 9.15 48.72 

19-Aug-19 2.1 79.3 3 96.52 9.15 0.29 

20-Aug-19 0.0 76.5 3 96.52 9.15 0.00 

21-Aug-19 0.1 74.3 3 96.52 9.15 0.00 

22-Aug-19 12.2 73.6 3 96.52 9.15 7.06 

23-Aug-19 0.5 70.4 3 96.52 9.15 0.00 

24-Aug-19 8.9 14.9 1 83.86 48.88 0.87 

25-Aug-19 0.0 21.7 1 83.86 48.88 0.00 

26-Aug-19 2.8 21.7 1 83.86 48.88 0.00 

27-Aug-19 12.2 24.4 1 83.86 48.88 1.86 

28-Aug-19 43.7 24.4 1 83.86 48.88 20.56 

29-Aug-19 1.8 67.6 3 96.52 9.15 0.20 

30-Aug-19 2.9 60.5 3 96.52 9.15 0.58 

31-Aug-19 0.0 63.4 3 96.52 9.15 0.00 
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Date Rainfall(mm) 
Sum of 

previous 5 

days rainfall 

AMC CN S(mm) Q(mm) 

01-Sep-19 3.6 60.6 3 96.52 9.15 0.90 

02-Sep-19 0.4 52.0 2 92.22 21.43 0.00 

03-Sep-19 1.2 8.7 1 83.86 48.88 0.00 

04-Sep-19 4.8 8.1 1 83.86 48.88 0.13 

05-Sep-19 12.6 10.0 1 83.86 48.88 2.00 

06-Sep-19 0.8 22.6 1 83.86 48.88 0.00 

07-Sep-19 0.0 19.8 1 83.86 48.88 0.00 

08-Sep-19 0.0 19.4 1 83.86 48.88 0.00 

09-Sep-19 1.8 18.2 1 83.86 48.88 0.00 

10-Sep-19 0.0 15.2 1 83.86 48.88 0.00 

11-Sep-19 0.4 2.6 1 83.86 48.88 0.00 

12-Sep-19 9.2 2.2 1 83.86 48.88 0.94 

13-Sep-19 3.7 11.4 1 83.86 48.88 0.04 

14-Sep-19 1.5 15.1 1 83.86 48.88 0.00 

15-Sep-19 0.0 14.8 1 83.86 48.88 0.00 

16-Sep-19 1.5 14.8 1 83.86 48.88 0.00 

17-Sep-19 5.4 15.9 1 83.86 48.88 0.20 

18-Sep-19 0.6 12.1 1 83.86 48.88 0.00 

19-Sep-19 1.8 9.0 1 83.86 48.88 0.00 

20-Sep-19 0.0 9.3 1 83.86 48.88 0.00 

21-Sep-19 0.0 9.3 1 83.86 48.88 0.00 

22-Sep-19 9.5 7.8 1 83.86 48.88 1.02 

23-Sep-19 20.0 11.9 1 83.86 48.88 5.21 

24-Sep-19 9.0 31.3 1 83.86 48.88 0.89 

25-Sep-19 7.0 38.5 2 92.22 21.43 1.46 

26-Sep-19 1.6 45.5 2 92.22 21.43 0.01 

27-Sep-19 2.3 47.1 2 92.22 21.43 0.08 

28-Sep-19 0.0 39.9 2 92.22 21.43 0.00 

29-Sep-19 1.3 19.9 1 83.86 48.88 0.00 

30-Sep-19 73.4 12.2 1 83.86 48.88 44.75 



xx 
 

 

Date Rainfall(mm) 
Sum of 

previous 5 

days rainfall 

AMC CN S(mm) Q(mm) 

01-Oct-19 7.5 78.6 3 96.52 9.15 3.35 

02-Oct-19 0.1 84.5 3 96.52 9.15 0.00 

03-Oct-19 0.0 82.3 3 96.52 9.15 0.00 

04-Oct-19 2.4 82.3 3 96.52 9.15 0.39 

05-Oct-19 0.0 83.4 3 96.52 9.15 0.00 

06-Oct-19 0.0 10.0 1 83.86 48.88 0.00 

07-Oct-19 12.1 2.5 1 83.86 48.88 1.82 

08-Oct-19 9.0 14.5 1 83.86 48.88 0.89 

09-Oct-19 8.4 23.5 1 83.86 48.88 0.75 

10-Oct-19 7.6 29.5 1 83.86 48.88 0.57 

11-Oct-19 25.8 37.1 2 92.22 21.43 14.24 

12-Oct-19 0.0 62.9 3 96.52 9.15 0.00 

13-Oct-19 0.0 50.8 2 92.22 21.43 0.00 

14-Oct-19 0.0 41.8 2 92.22 21.43 0.00 

15-Oct-19 0.0 33.4 1 83.86 48.88 0.00 

16-Oct-19 15.4 25.8 1 83.86 48.88 3.08 

17-Oct-19 2.9 15.4 1 83.86 48.88 0.00 

18-Oct-19 0.0 18.3 1 83.86 48.88 0.00 

19-Oct-19 0.0 18.3 1 83.86 48.88 0.00 

20-Oct-19 0.0 18.3 1 83.86 48.88 0.00 

21-Oct-19 0.7 18.3 1 83.86 48.88 0.00 

22-Oct-19 0.0 3.6 1 83.86 48.88 0.00 

23-Oct-19 0.0 0.7 1 83.86 48.88 0.00 

24-Oct-19 1.9 0.7 1 83.86 48.88 0.00 

25-Oct-19 31.2 2.6 1 83.86 48.88 11.76 

26-Oct-19 22.6 33.8 1 83.86 48.88 6.58 

27-Oct-19 97.2 55.7 3 96.52 9.15 89.54 

28-Oct-19 0.0 152.9 3 96.52 9.15 0.00 

29-Oct-19 0.0 152.9 3 96.52 9.15 0.00 

30-Oct-19 0.0 151.0 3 96.52 9.15 0.00 

31-Oct-19 0.0 119.8 3 96.52 9.15 0.00 
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Table-2: AMC and runoff calculation of Dzumah watershed for the year 2020 

Date Rainfall(mm) 

Sum of 

previous 

5 days 

rainfall 

AMC CN S(mm) Q(mm) 

01-Jun-20 13.0 56.9 3 96.52 9.15 7.74 

02-Jun-20 4.1 25.1 1 83.86 48.88 0.06 

03-Jun-20 1.0 27.5 1 83.86 48.88 0.00 

04-Jun-20 0.0 18.4 1 83.86 48.88 0.00 

05-Jun-20 0.0 18.1 1 83.86 48.88 0.00 

06-Jun-20 1.8 18.1 1 83.86 48.88 0.00 

07-Jun-20 10.3 6.9 1 83.86 48.88 1.25 

08-Jun-20 3.4 13.1 1 83.86 48.88 0.02 

09-Jun-20 0.0 15.5 1 83.86 48.88 0.00 

10-Jun-20 0.4 15.5 1 83.86 48.88 0.00 

11-Jun-20 0.7 15.9 1 83.86 48.88 0.00 

12-Jun-20 8.1 14.8 1 83.86 48.88 0.68 

13-Jun-20 4.9 12.6 1 83.86 48.88 0.14 

14-Jun-20 11.4 14.1 1 83.86 48.88 1.59 

15-Jun-20 0.0 25.5 1 83.86 48.88 0.00 

16-Jun-20 41.6 25.1 1 83.86 48.88 19.00 

17-Jun-20 34.3 66.0 3 96.52 9.15 27.52 

18-Jun-20 15.4 92.2 3 96.52 9.15 9.83 

19-Jun-20 4.6 102.7 3 96.52 9.15 1.44 

20-Jun-20 30.4 95.9 3 96.52 9.15 23.77 

21-Jun-20 21.4 126.3 3 96.52 9.15 15.27 

22-Jun-20 5.2 106.1 3 96.52 9.15 1.80 

23-Jun-20 0.6 77.0 3 96.52 9.15 0.00 

24-Jun-20 1.3 62.2 3 96.52 9.15 0.08 

25-Jun-20 2.5 58.9 3 96.52 9.15 0.42 

26-Jun-20 2.0 31.0 1 83.86 48.88 0.00 

27-Jun-20 0.6 11.6 1 83.86 48.88 0.00 

28-Jun-20 23.0 7.0 1 83.86 48.88 6.80 

29-Jun-20 0.0 29.4 1 83.86 48.88 0.00 

30-Jun-20 24.2 28.1 1 83.86 48.88 7.48 
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Date Rainfall(mm) 

Sum of 

previous 

5 days 

rainfall 

AMC CN S(mm) Q(mm) 

01-Jul-20 0.0 49.8 2 92.22 21.43 0.00 

02-Jul-20 15.6 47.8 2 92.22 21.43 6.45 

03-Jul-20 4.2 62.8 3 96.52 9.15 1.22 

04-Jul-20 0.0 44.0 2 92.22 21.43 0.00 

05-Jul-20 25.7 44.0 2 92.22 21.43 14.16 

06-Jul-20 24.9 45.5 2 92.22 21.43 13.51 

07-Jul-20 9.1 70.4 3 96.52 9.15 4.55 

08-Jul-20 5.2 63.9 3 96.52 9.15 1.80 

09-Jul-20 1.0 64.9 3 96.52 9.15 0.04 

10-Jul-20 12.8 65.9 3 96.52 9.15 7.57 

11-Jul-20 9.0 53.0 2 92.22 21.43 2.40 

12-Jul-20 1.0 37.1 2 92.22 21.43 0.00 

13-Jul-20 0.0 29.0 1 83.86 48.88 0.00 

14-Jul-20 0.7 23.8 1 83.86 48.88 0.00 

15-Jul-20 6.5 23.5 1 83.86 48.88 0.36 

16-Jul-20 6.6 17.2 1 83.86 48.88 0.38 

17-Jul-20 0.0 14.8 1 83.86 48.88 0.00 

18-Jul-20 0.5 13.8 1 83.86 48.88 0.00 

19-Jul-20 0.0 14.3 1 83.86 48.88 0.00 

20-Jul-20 3.0 13.6 1 83.86 48.88 0.01 

21-Jul-20 1.9 10.1 1 83.86 48.88 0.00 

22-Jul-20 8.2 5.4 1 83.86 48.88 0.70 

23-Jul-20 11.8 13.6 1 83.86 48.88 1.72 

24-Jul-20 18.9 24.9 1 83.86 48.88 4.67 

25-Jul-20 1.8 43.8 2 92.22 21.43 0.03 

26-Jul-20 8.9 42.6 2 92.22 21.43 2.35 

27-Jul-20 5.6 49.6 2 92.22 21.43 0.90 

28-Jul-20 16.2 47.0 2 92.22 21.43 6.86 

29-Jul-20 0.8 51.4 2 92.22 21.43 0.00 

30-Jul-20 0.0 33.3 1 83.86 48.88 0.00 

31-Jul-20 0.0 31.5 1 83.86 48.88 0.00 
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Date Rainfall(mm) 

Sum of 

previous 

5 days 

rainfall 

AMC CN S(mm) Q(mm) 

01-Aug-20 2.4 22.6 1 83.86 48.88 0.00 

02-Aug-20 0.0 19.4 1 83.86 48.88 0.00 

03-Aug-20 0.0 3.2 1 83.86 48.88 0.00 

04-Aug-20 0.3 2.4 1 83.86 48.88 0.00 

05-Aug-20 2.6 2.7 1 83.86 48.88 0.00 

06-Aug-20 0.0 5.3 1 83.86 48.88 0.00 

07-Aug-20 5.3 2.9 1 83.86 48.88 0.18 

08-Aug-20 2.9 8.2 1 83.86 48.88 0.00 

09-Aug-20 0.0 11.1 1 83.86 48.88 0.00 

10-Aug-20 0.0 10.8 1 83.86 48.88 0.00 

11-Aug-20 0.0 8.2 1 83.86 48.88 0.00 

12-Aug-20 0.0 8.2 1 83.86 48.88 0.00 

13-Aug-20 0.0 2.9 1 83.86 48.88 0.00 

14-Aug-20 0.0 0.0 1 83.86 48.88 0.00 

15-Aug-20 6.5 0.0 1 83.86 48.88 0.36 

16-Aug-20 1.6 6.5 1 83.86 48.88 0.00 

17-Aug-20 23.3 8.1 1 83.86 48.88 6.97 

18-Aug-20 0.0 31.4 1 83.86 48.88 0.00 

19-Aug-20 8.7 31.4 1 83.86 48.88 0.82 

20-Aug-20 2.4 40.1 2 92.22 21.43 0.09 

21-Aug-20 2.4 36.0 2 92.22 21.43 0.09 

22-Aug-20 14.0 36.8 2 92.22 21.43 5.37 

23-Aug-20 0.0 27.5 1 83.86 48.88 0.00 

24-Aug-20 0.6 27.5 1 83.86 48.88 0.00 

25-Aug-20 4.2 19.4 1 83.86 48.88 0.07 

26-Aug-20 0.0 21.2 1 83.86 48.88 0.00 

27-Aug-20 0.0 18.8 1 83.86 48.88 0.00 

28-Aug-20 3.1 4.8 1 83.86 48.88 0.01 

29-Aug-20 0.0 7.9 1 83.86 48.88 0.00 

30-Aug-20 0.0 7.3 1 83.86 48.88 0.00 

31-Aug-20 0.0 3.1 1 83.86 48.88 0.00 
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Date Rainfall(mm) 

Sum of 

previous 

5 days 

rainfall 

AMC CN S(mm) Q(mm) 

01-Sep-20 39.8 3.1 1 83.86 48.88 17.69 

02-Sep-20 0.0 42.9 2 92.22 21.43 0.00 

03-Sep-20 0.0 39.8 2 92.22 21.43 0.00 

04-Sep-20 8.4 39.8 2 92.22 21.43 2.10 

05-Sep-20 0.0 48.2 2 92.22 21.43 0.00 

06-Sep-20 0.0 48.2 2 92.22 21.43 0.00 

07-Sep-20 2.3 8.4 1 83.86 48.88 0.00 

08-Sep-20 0.0 10.7 1 83.86 48.88 0.00 

09-Sep-20 0.0 10.7 1 83.86 48.88 0.00 

10-Sep-20 50.6 2.3 1 83.86 48.88 25.85 

11-Sep-20 0.0 52.9 2 92.22 21.43 0.00 

12-Sep-20 1.4 52.9 2 92.22 21.43 0.01 

13-Sep-20 2.4 52.0 2 92.22 21.43 0.09 

14-Sep-20 2.4 54.4 3 96.52 9.15 0.39 

15-Sep-20 1.7 56.8 3 96.52 9.15 0.17 

16-Sep-20 0.0 7.9 1 83.86 48.88 0.00 

17-Sep-20 5.7 7.9 1 83.86 48.88 0.24 

18-Sep-20 0.0 12.2 1 83.86 48.88 0.00 

19-Sep-20 0.0 9.8 1 83.86 48.88 0.00 

20-Sep-20 0.0 7.4 1 83.86 48.88 0.00 

21-Sep-20 0.0 5.7 1 83.86 48.88 0.00 

22-Sep-20 11.6 5.7 1 83.86 48.88 1.65 

23-Sep-20 15.6 11.6 1 83.86 48.88 3.16 

24-Sep-20 5.3 27.2 1 83.86 48.88 0.18 

25-Sep-20 2.0 32.5 1 83.86 48.88 0.00 

26-Sep-20 4.7 34.5 1 83.86 48.88 0.12 

27-Sep-20 3.2 39.2 2 92.22 21.43 0.22 

28-Sep-20 0.0 30.8 1 83.86 48.88 0.00 

29-Sep-20 0.5 15.2 1 83.86 48.88 0.00 

30-Sep-20 0.0 10.4 1 83.86 48.88 0.00 
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Date Rainfall(mm) 

Sum of 

previous 

5 days 

rainfall 

AMC CN S(mm) Q(mm) 

01-Oct-20 0.0 8.4 1 83.86 48.88 0.00 

02-Oct-20 51.0 3.7 1 83.86 48.88 26.17 

03-Oct-20 17.3 51.5 2 92.22 21.43 7.65 

04-Oct-20 0.4 68.8 3 96.52 9.15 0.00 

05-Oct-20 20.6 68.7 3 96.52 9.15 14.53 

06-Oct-20 14.6 89.3 3 96.52 9.15 9.12 

07-Oct-20 0.2 103.9 3 96.52 9.15 0.00 

08-Oct-20 1.1 53.1 3 96.52 9.15 0.05 

09-Oct-20 0.0 36.9 2 92.22 21.43 0.00 

10-Oct-20 0.0 36.5 2 92.22 21.43 0.00 

11-Oct-20 1.2 15.9 1 83.86 48.88 0.00 

12-Oct-20 0.0 2.5 1 83.86 48.88 0.00 

13-Oct-20 0.0 2.3 1 83.86 48.88 0.00 

14-Oct-20 0.0 1.2 1 83.86 48.88 0.00 

15-Oct-20 0.0 1.2 1 83.86 48.88 0.00 

16-Oct-20 0.0 1.2 1 83.86 48.88 0.00 

17-Oct-20 0.0 0.0 1 83.86 48.88 0.00 

18-Oct-20 0.0 0.0 1 83.86 48.88 0.00 

19-Oct-20 0.8 0.0 1 83.86 48.88 0.00 

20-Oct-20 0.3 0.8 1 83.86 48.88 0.00 

21-Oct-20 4.2 1.1 1 83.86 48.88 0.07 

22-Oct-20 18.0 5.3 1 83.86 48.88 4.24 

23-Oct-20 19.1 23.3 1 83.86 48.88 4.77 

24-Oct-20 25.3 42.4 2 92.22 21.43 13.83 

25-Oct-20 1.6 66.9 3 96.52 9.15 0.15 

26-Oct-20 0.0 68.2 3 96.52 9.15 0.00 

27-Oct-20 0.0 64.0 3 96.52 9.15 0.00 

28-Oct-20 0.0 46.0 2 92.22 21.43 0.00 

29-Oct-20 0.0 26.9 1 83.86 48.88 0.00 

30-Oct-20 0.0 1.6 1 83.86 48.88 0.00 

31-Oct-20 0.0 0.0 1 83.86 48.88 0.00 
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