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ABSTRACT 

 
ThestudyhighlightsthesuitabilityofaGIS-

basedapproachforevaluatingmorphometricparameters.Itfocusesonthequantitativeanalysisofmo

rphometriccharacteristics within thirteen sub-watersheds of the Nawagarh watershed, which 

originatesfromtheSeonathrivercatchmentintheMahanadibasininChhattisgarh,India.TheNawag

arhwatershed spans an area of 2647.27 km
2
.Its outlet is located at 21°46'10" N Latitude and 

81°48’43”ELongitude.TheNawagarhwatershedcoversfourdistrictsinChhattisgarh-Kabirdham, 

Bemetara, Baloda Bazar, and Mungeli. The analysis reveals the relative qualitiesof the sub-

watersheds in terms of hydrological response. The Nawagarh watershed features 

adendriticdrainagenetworkwith2760streamsofdifferentorders.Theslopeofthelanddirectlyaffect

s water absorption and drainage. High relief ratio 0.032 in SWD1 and SWD3 indicatesrapid 

concentration, rapid stream flow, and greater susceptibility to erosion than other 

subwatersheds.Thedrainagedensityis0.80km
-1

,whichiscloseto1km
-

1
,indicatingthatthebasinhasanearlyhighdrainagedensity,whichdemonstratethatthelocationwithi

mpermeableweaksubsurface material and has high relief. The elongated shape with the values 

of form 

factor(0.39),circulatoryratio(0.28)andelongationratio(0.69),indicatedthattheNawagarhwatersh

ed is more elongated with lower peak flow of long duration having low permeability.The 

drainage density in the basin is relatively high, suggesting a significant drainage 

network.ThestudyemphasizestheneedforeffectiveerosioncontrolmethodsintheNawagarhwaters

hedto protect theland. 

INTRODUCTION: 

 
Watershed management is the practice of using land and water resources in a way 

thatmaximizes productivity while minimizing harm to the natural environment within a 

specificareacalleda"watershed."Thisinvolvesconservingsoilandwaterwithinthewatershed,base

donrainfall.Therefore,itiscrucialtounderstandthemorphometriccharacteristicsatthe 

watershedorbasinlevelinordertoestimategroundwaterreplenishment.Thesecharacteristicsare 



 

 

influenced by various factors, including structural components, geomorphology, geology,soil, 

and vegetation. Physiographic data, such as the location of the drainage divide, 

channellength, channel network layout, slope, and geomorphology, play a vital role in 

effectivewatershedmanagement. 

Thepreservationofnaturalresourcessuchaslandandwaterareessentialbecausetheseresour

cesplaythesignificantroleinsustaininglifeonearth.Itisimperativetoreducetheever-

increasingdemandfortheseresources,whichcanbeachievedthroughtheirconservation.Thedepleti

on of land is a serious concern with around 146.82 million hectares being affected 

byvariousformsoflanddegradation(NBSS,2005).ThesurgingpopulationofIndiaispressuringthe 

nation's natural resources, which necessitates the careful use and protection of land andwater 

for the survival and prosperity of humans. To ensure sustainable development, it is vitalto 

exploit natural resources wisely. As a result, the management and development of 

landresourcesareessential tools (Pawar,2003; Pawarand Panhalkar, 2011). 

TheDigitalElevationModel(DEM),RS,andGIScanbeusedtoquicklyparameterizerunoff

models.However,indevelopingcountrieswherethereislimitedinformationavailable,DEM-based 

runoff modeling is more challenging.(Garg, 1996) developed a DEM fromtopographic maps 

to calculate slope and catchment area in order to generate flow direction,network flow 

pattern, and drainage network in a watershed, which was then used to developrunoff models. 

Various algorithms for automating the extraction of watershed characteristicsfrom DEM have 

been developed (Jenson and Dominque, 1988; Martz and Garbrecht, 

1992,andAgestinoetal.,1993).IncorporatingG1Sintohydrologicmodelingoffersgreaterevaluatio

n detail and minimizes the user's bias in parameter selection, resulting in significanttime 

savings and cost reduction (Ross and Tara, 1993). "Stream tube" approach and contour-

basedDEMto dividethecatchmentintointerconnected elements(Mooreetal.,1991). 

Morphometry refers to the examination of the size and structure of Earth's 

landformsusingmathematicalmethods.Analyzingbasinsinhydrology,includinglinear,areal,andr

eliefaspects. Morphometric data is valuable for a variety of applications, including 

determiningregionalfloodfrequency,modelinghydrologicalprocesses,prioritizingwatersheds,m

anagingnatural resources, evaluating drainage basins, and more (Horton,1945 and Strahler, 

1968).Morphometric studies assess streams through the examination of various stream 

parameters.Multiple drainage metrics are analyzed, which include stream ordering, perimeter, 

basin area,drainage frequency, bifurcation ratio, circulation ratio, and texturing ratio, 

alongside drainagedensityandfrequency.The drainagefeaturesof severalriverbasinsandsub-

basinsacross the 



 

 

globe have been studied through conventional techniques by (Horton, 1945; Strahler, 

1957,1964;Krishnamurthy et al., 1996). 

Many studies have utilized remote sensing and GIS in the morphometric analysis 

ofriverbasins.Theseanalyseshavedemonstratedtheeffectivenessofthesetoolsinunderstanding 

the geomorphology of the study area and analyzing drainage patterns 

(Nag,1998;Biswasetal.,1999,andParetaandPareta,2011)provideevidenceforthecomprehensivek

nowledgethatcanbeobtainedthroughthesetechniques.Theobjectiveofthepresentstudyisto 

determine morphometric parameters (linear, areal and relief aspects) of the 

Nawagarhwatershedusing theremote sensing and GIS technology. 

MATERIALSAND METHODS: 

DescriptionofStudyarea 

The Nawagarh watershed originated from Seonath river catchment in Mahanadi 

basinat Chhattisgarh state in India. This watershed covers the four districts (Kabirdham, 

Bemetara,BalodaBazarandMungeli)ofChhattisgarh.However,themajorpartcoversunderKabird

hamdistrictofChhattisgarh.Thestudywatershedliesbetween21°43’to22°30’Nlatitudeto81°00’to 

81°48’ E longitude. The Nawagarh watershed has its outlet at 21° 46' 10" N Latitude and81° 

48’43” E Longitude. The location of Nawagarh watershed in India and Chhattisgarh isshown 

in fig. 1. The drainage outlet situated in Nandghat (Nawagarh block) of Bemetaradistrict, it is 

the part of Seonath river Sub-basin of Mahanadi basin, Seonath is the majortributary of 

Mahanadi River. Study watershed covers 2647.27 Km
2
 geographical area. Theannual average 

rainfall of the area is 1035.9 mm. The overall climate of the area can beclassifiedassub-

tropical.NawagarhwatershedhastwomajorriversSakriandHamp,theybothare tributaries of 

Seonath river. The general elevation of the area ranges from 262 to 277 

mabovemeansealevel(MSL).LocationmapofNawagarh watershed wasshownin theFig 1. 



 

 

 

 
 

Fig.1:LocationofNawagarhWatershed 

 
DatabaseandMethodology 

 
ThetopographyfeaturesoftheNawagarhWatershedwereanalyzedusingthetopographic 

sheet of the Indian survey. Nawagarh watershed is covered by topographic 

mapNo.(64G/1,64G/5,64G/9,64G/10,64G/13,64G/14,64F/3,64F/4,64F/7,64F/8,64F/12)of 

1: 50,000 scale having 10 m contour interval. These topographic maps were collected 

fromSurveyofIndia,Raipur,Chhattisgarh(www.surveyofindia.gov.in).ArcGIS10.5softwarewas

used to georeferenced the topographical maps. Arc-GIS 10.5 was used to delineate the 

entirestudy region while assigning the projection coordinate system (WGS 1984, UTM zone 

44 N).The Digital Elevation Model (DEM) shown in Fig. 2 was created using information 

from theShuttle Radar Topography Mission (SRTM). The DEM, which had a ground 

resolution of 

30mandwasintheTaggedInformationFileFormat(TIFF)format,wasdownloadedfromthe 



 

 

UnitedStatesGeologicalSurvey(USGS)website.DrainagechannelswereextractedusingtheArcGI

S 10.5 Hydrology tool, which is part of the Spatial Analyst Tools section, the drainagemap of 

Nawagarh watershed shown in Fig. 3. These procedures included DEM, fill, 

flowaccumulation,streamorder,anddrainagenetwork.Inmorphometricanalysis,thedeterminatio

n of the stream order is the first step based on the hierarchical stream 

renderingsuggestedbyStrahler(1964),whichwasusedinthepresentstudy.Thefundamentalmorph

ometricparameters,includingstreamlength,numberofstreams,area,andbasinlength,were 

calculated using the ArcGIS 10.5. Morphometric study was performed on each of 

thethirteensub-watershedsseparatelyFig.4showsthesub-

watershedmapofNawagarhWatershed.Table 1shows theformulas for calculating 

themorphometric parameters. 

 

 
Fig.2:DEMofNawagarhWatershed 



 

 

  
 

Fig.3: Drainagemap ofthe Fig. 4: Sub-watershed map 

ofNawagarhwatershed  Nawagarhwatershed 
 

Table1Formulaeforcomputationofmorphometricparameters 
 

 

Categoryo

fparamete

r 

 

 
Linearpara

meters 

 
Nameand Notationof 

Equation
 ReferencesMorphometricParameter
s 

StreamOrder HierarchicalRank Strahler(1964) 

Streamnumber(Nu) Nu= N1 + N2 + …+Nn Horton(1945) 

TotalstreamLength(Km) ObtainedfromArcMap 

Basinlength (Km) ObtainedfromArcMap 
MeanBifurcationRatio (Rbm) 

Rbm=Averageof
 

bifurcation 
Strahler(1957) 

 

 

 

 

 

 
Arealpara

meters 

Bifurcationratio(Rb) Rb=Nu/Nu+ 1 Schumm 

(1956)Areaof thebasin (A) (Km
2
) Obtained from ArcMap 

BasinPerimeter(P)(Km) ObtainedfromArcMap 

DrainageDensity (Dd) (km/Km
2
)       Dd= Lu/A Horton 

(1945)StreamFrequency (Fu) Fu= Nu/ A Horton 

(1945)CircularityRatio(Rc) Rc= 4π* A / P
2
 Strahler(1964) 

ElongationRatio(Re) Re= (2/Lb)*2√(A/π) Schumm(1956) 

FormfactorRatio (Ff) Ff= A/Lb
2 Horton(1945) 

Textureratio(T) T = Nu/P Horton(1945) 

Shapeindex(Sw) Sw =Lb
2/A Horton(1945) 

Constantofchannelmaintenance(

C) 
C =1/Dd Horton(1945) 

Lengthofoverlandflow (Lo) Lo =½ Dd Horton(1945) 



 

 

 Compactnessconstant(Cc) Cc= 0.2824 * p/√A Horton(1945) 
 Drainagefactor(Df) Df=Fu/Dd

2
 KeshriandRao(2018) 

 MaximumBasinHeight(m) GISsoftwareanalysis  

 MinimumBasinHeight(m) GISsoftwareanalysis  

Reliefpara

meters 

ReliefRatio(Rr) Rr= R/Lb Schumm(1956) 

BasinRelief(R)(m R= MaxH–MinH Schumm(1956) 

 RelativeReliefRatio(Rhp) Rhp= H* 100/P Schumm(1956) 

 
RuggednessNumber(Rn) Rn= Dd* (H/ 1000) 

Patton and 

Baker(1976) 

 

RESULTSANDDISCUSSION: 

 
The geographical area of Nawagarh watershed covers 2647.27 km

2
. The 

drainagenetwork and topography of the research region were used to create the sub watershed 

maps.Sub-watershed wise area and perimeter are given in Table.2. This table shows that 

SWD7 hasthe largest area (332.94 km
2
) while SWD10 has the 54 smallest area (114.62 km

2
). 

Theelevations of the sub-watersheds vary from 230 m to 975 m above mean sea level (MSL). 

Theslopewasdividedintoseveralcategories.TheslopemapoftheNawagarhwatershedshowninFig. 

5. The watershed features a section with strong to severe slope, which does not allowsurface 

water to penetrate through the soil surface. The various morphometric parameters 

oftheNawagarh watershedweredeterminedand are reported in Tables2-6. 

Table2:Sub-watershedwiseareaandperimeter 

 
S.no. Sub-watershed Area (km

2
) Perimeter(P)(km) Area(%) 

1 SWD1 205.11 77.77 7.75 

2 SWD2 289.40 110.76 10.93 

3 SWD3 171.95 72.77 6.50 

4 SWD4 212.06 96.88 8.01 

5 SWD5 237.29 113.98 8.96 

6 SWD6 227.57 112.48 8.60 

7 SWD7 332.94 130.91 12.58 

8 SWD8 179.65 104.96 6.79 

9 SWD9 187.77 87.78 7.09 

10 SWD10 114.62 66.78 4.33 

11 SWD11 197.92 95.35 7.48 

12 SWD12 147.56 84.26 5.57 

13 SWD13 143.42 120.48 5.42 

14 Nawagarhwatershed 2647.27 1274.96 100 

 

Linearaspects 

Thelinear aspectsparameterswerecomputed,andtheresultsaregiveninTable4. 



 

 

Table3:Stream order and Streamlength(km)accordingtostream order 
 

StreamNumber(Nu)   StreamLength (km)  

 
Watershed 

Area(

Km
2
) 

 
I 

 
II 

 
III 

 
IV 

 
V 

 
I 

 
II 

 
III 

 
IV 

 
V 

SWD1 205.114 81 58 28 19 - 75.97 49.10 38.66 6.13 - 

SWD2 289.4012 139 80 63 57 - 107.22 62.15 42.93 24.23 - 

SWD3 171.9455 98 48 21 13 - 71.48 42.74 13.78 11.95 - 

SWD4 212.059 93 55 23 19 - 80.34 46.75 17.30 18.38 - 

SWD5 237.2914 103 56 33 - - 113.93 55.70 39.56 - - 

SWD6 227.5704 130 51 17 22 - 99.44 62.47 23.24 19.68 - 

SWD7 332.9373 153 101 49 21 - 120.99 85.80 42.83 26.57 - 

SWD8 179.6532 118 53 22 27 - 72.12 22.60 15.98 24.23 - 

SWD9 187.7716 65 24 41 1 - 73.95 36.59 36.92 0.23 - 

SWD10 114.6188 40 27 10 10 - 50.26 29.00 9.95 11.18 - 

SWD11 197.9239 162 78 60 3 19 78.13 42.77 32.43 2.09 6.52 

SWD12 147.562 68 31 34 - - 45.90 29.61 30.09 - - 

SWD13 143.4217 174 18 44 - - 44.94 18.06 25.10 - - 

Total 2647.27 1424 680 445 192 19 1034.68 583.35 368.77 144.66 6.52 

 

Streamorder(u) 

The initial step in studying the geomorphology of a drainage basin is to establish 

thestream order, which was done in this study by utilizing the stream ordering method 

proposedbyStrahlerin1964.ThedrainagemaprevealedthattheNawagarhwatershedisclassifiedasa

5thorderbasin,characterizedbyadrainagepatternthatrangesfromdendritictosub-

dendritic.Whenevertwofirstorderstreamscombine,theyformastreamofsecondorder,andthispatte

rncontinues. In terms of stream frequency, first order streams have the highest occurrence 

rate,followed by second order streams. The stream orders of the Nawagarh watershed 

presented inFig.6. 

 

Streamnumber(Nu) 

The number of streams of different orders is directly related to stream order. 

Whenstreamorderincreases,thenumberofstreamsinthatorderdecreases,indicatinglowerpermeab

ility and infiltration. In the ArcGIS platform, the total number of streams and 

streamsegmentsinthebasinisdeterminedbycountingandcalculatingthenumberofstreamsofeacho

rder. The total number of streams in the Nawagarh watershed was determined to be 

2760.Table 4 provides the total number of streams, which is the sum of stream numbers for 

eachorder in the respective sub-watershed. The highest number of streams, 324, was found 

inSWD7,whilethe lowest,87, was found in SWD10. 



 

 

  

Fig.5: Slope mapofthe Fig. 6: Stream order map of 

theNawagarhWatershed  NawagarhWatershed 

Totalstream length(Lu) 

The stream length characteristics observed in these sub basins provide 

supportforHorton'ssecondlaw(1945),whichsuggeststhattheaveragelengthofstreamsinadrainage

basintendstofollowadirectgeometricratio.To calculatethelengthsofdifferentsegmentsofstreams, 

GIS software is utilized. Across all 13 sub-watersheds, the overall stream length ishighest for 

first-order streams and decreases as the stream orders increase. The total streamlength shown 

in Table 4 represents the combined length of streams for each order in theirrespective sub-

watershed. The largest stream length was recorded in sub-watershed SWD7,measuring 

276.20 km, while the shortest stream length was found in sub-watershed 

SWD13,measuring88.10 km. 

Basin length(Lb) 

The length of the basin is calculated by measuring the distance from where 

thewater flows out of the catchment to a distant point on the catchment's boundary. 

Movingupstream from the mouth of the basin allows us to determine the location of the main 

stream.If there is a point where the stream splits into two streams of the same order, the 

stream 

withthelargercatchmentareaisconsideredtobethemainstream.Thelongestbasinlengthof33.89km

was discovered in sub watershed SWD7. 

Bifurcationratio(Rb) 



 

 

The bifurcation ratio, which is a dimensionless quantity, represents the ratio of 

thenumber of streams at a particular order "u" to the sum of the streams at the next higher 

order"u+1" (Schumn 1956). A lower value of Rb indicates a watershed that has experienced 

slightdisturbanceswithoutcausingadistortioninthedrainagepattern(Nag1998).Ontheotherhand,a 

high Rb value implies a sub-watershed with limited recharge and excessive overland 

flow.TheshapeofthebasinalsoinfluencestheRbvalue.Exceptforareaswithsignificantgeologicalef

fects, the bifurcation ratio suggests a relatively narrow range of variation across 

differentlocations or ecosystems. The average bifurcation ratio of each watershed is referred 

to as 

themeanbifurcationratio(Rbm).Table4inthestudyindicatesvariationsinthemeanbifurcationratio. 

Usually, when the 'Rb' value is low, the basin produces a rapid discharge peak, 

whereaswhentheRbvalueishigh,thebasinproducesaslowbutcontinuouspeakflow.Circularbasins

have a low Rbm means SWD2, SWD12, and SWD11 have rapid discharge peak, 

whileelongated basins have a high Rbm means SWD9, SWD11, and SWD13 have slow 

continuousdischarge peak. The range of Rbm values in the study watershed is between 1.37 

and 14.76Table4 

Table4:LinearaspectsofNawagarhwatershed 
 

 
SubWa

tershed 

Totalno.ofs

tream(Nu) 

Totalstreaml

ength(Lu

) 

 
Basin 

Length(

Lb) 

Bifurcation 

Ratio(R

bm) 

SWD1 186 169.87 17.62 1.65 

SWD2 339 236.52 23.38 1.37 

SWD3 180 139.95 16.87 1.98 

SWD4 190 162.77 21.54 1.76 

SWD5 192 209.19 28.86 1.77 

SWD6 220 204.83 29.52 2.11 

SWD7 324 276.20 33.89 1.97 

SWD8 220 134.94 29.69 1.82 

SWD9 131 147.69 21.70 14.76 

SWD10 87 100.39 18.84 1.73 

SWD11 322 161.93 23.45 5.88 

SWD12 133 105.60 21.88 1.55 

SWD13 236 88.10 19.82 5.04 

 

Arealaspect 

The values of the areal parameters were calculated, and the results for all 13 sub-

watershedsaregiven in Table 5. 



 

 

Streamfrequency/Drainagefrequency(Fu) 

The stream frequency, also known as drainage frequency (Fu), refers to the 

collectivenumber of stream segments per unit area as stated by Horton (1932). It serves as an 

indicatorofthetextureandpatternsofthedrainagenetworkandisprimarilyinfluencedbythegeologic

alcharacteristics of the basin. A higher value of drainage frequency suggests a greater runoff. 

Inthisparticularstudy,SWD13demonstratedahigherrunoffcomparedtoothersub-

watersheds.Nevertheless,theFu valuesrangedfrom 0.69 (SWD9)to 1.64 (SWD13). 

Drainagedensity(Dd) 

Drainage density refers to the measure of total stream length in relation to the 

areacoveredbyadrainagebasin.Itisinfluencedbyboththeclimateandphysicalcharacteristicsofthe 

basins. Various factors contribute to drainage density, including the resistance of rocks 

toerosion, the capacity of land to absorb water, and climate conditions. Regions with a 

highdrainagedensitytypicallyhaveweakandimpermeablesub-

surfacematerial,sparsevegetation,and significant relief. On the other hand, areas with low 

drainage density tend to have densevegetation,gentlerelief,andresistantandpermeablesub-

soilmaterials.Thedensityofdrainage is controlled by several elements, such as relief, rainfall, 

terrain infiltration capacity,and land erosion resistance. In the specific research area, the sub-

watershed SWD6 has thehighest drainage density of 0.90, while the sub-watershed SWD13 

has the lowest drainagedensityof 0.61. 

Formfactor(Ff) 

Theformfactor,asdefinedbyHorton(1932),isadimensionlessratioofthebasinareato the 

square of the basin length. It serves as a numerical representation of the shape of acatchment 

area. A higher form factor value indicates that the basin is more elongated. Inpractical terms, 

a high form factor value indicates that peak flows occur quickly or in a shortamount of time, 

while catchments with lower form factor values tend to have smaller peakflows that last 

longer. The form factor values range from 0.20 to 0.66, and Table 5 shows theformfactor 

values for various sub-watersheds. 

Circulatoryratio(Rc) 

In 1953, Miller introduced the concept of the dimensionless circularity ratio (Rc) as 

ameanstodescribetheshapeofacatchmentarea.Rcisdeterminedbycomparingthecatchmentareatot

heareaofacirclewiththesameperimeter.NumerousfactorsplayaroleininfluencingthevalueofRc,su

chasstreamlength,drainagefrequency,geology,landuse,landcover,relief,basinclimate,andslope.

AlowRcvaluesuggestsanelongatedcatchment,whileavaluecloseto1indicatesacircularshapewher

ewaterisevenlyabsorbed.Consequently,excesswater 



 

 

takes a longer time to reach the basin's outlet. In Table 5, the circulatory ratio is provided 

forallsub-watersheds,withsub-

watershedSWD13havingthesmallestRcvalueof0.12,contrastingsub-watershed SWD1 with the 

highest valueof 0.42. 

Elongationratio(Re) 

The Re, represented by the elongation ratio, calculates the relationship between 

thediameter of a circle with the same area as the catchment and the average length of the 

basin.This parameter typically falls within the range of 0.6 to 1.0 under various climatic 

andgeological conditions. Re values close to 1.0 indicate areas with low relief, while 

valuesranging from 0.6 to 0.8 suggest high relief and steep slopes. Re values can be 

categorized intothree types: circular (Re > 0.9), oval (0.9–0.8), and elongated (Re < 0.8). The 

analysis 

ofcatchmentshapeheavilyreliesonthisindex,asitprovidesvaluableinformationregardingthehydro

logicalcharacteristicsofadrainagebasin.Circular-shapedcatchmentsaremoreefficientin 

discharging runoff compared to elongated ones. Among all sub-watersheds, SWD1 standsout 

with the highest elongation ratio at 0.92. The Re values for 13 sub-watersheds are detailedin 

Table5. 

Lengthofoverland flow(Lo) 

Theterm"Lo"isusedtodescribethemovementofwaterfromapointontheboundaryof a 

catchment to a nearby stream. This movement is roughly half of the inverse of the Ddvalue, 

according to Horton (1945). Lo is a variable that has an impact on the hydrological 

andphysiographic development of a watershed, affecting both the runoff process and 

flooding.Overland flow refers to water that flows over the surface of the earth and reaches the 

streams,while surface runoff refers to water that reaches the outlet of the catchment. In 

smallerwatersheds, overland flow is more significant, whereas in larger watersheds, surface 

runoff isdominant.TheLovaluesarelowerinthesub-

watershedsSWD13,whichhavealengthof0.30km. On the other hand, among the 13 sub-

watersheds, sub-watersheds SWD6 have higher Lovalueswith alength of0.45 km, as indicated 

in Table 5. 

Constantofchannelmaintenance(C) 

The constant inversely related to Dd is utilized to upkeep channels, as mentioned 

byHorton in 1945. This constant calculates the surface area of a river catchment necessary 

tosustain a single section of a stream channel. In regions with flat terrain, a larger basin 

surfacearea is required to maintain an equivalent channel compared to regions with hilly 

terrain. Thesub-watershed area of lower-order streams is greater in sub-watersheds where C 



 

 

values arehigher,withthehighestCvaluebeing0.020insub-watershedSWD1andthelowestbeing 

0.009insub-watershedSWD11,accordingtoTable5.Sub-watershedswithlowerCvalues 



 

 

exhibit rapid water discharge due to the presence of minimal vegetative cover and 

facilitatechannelflow, thereby minimizing Lo. 

Textureratio (T) 

The texture ratio plays a significant role in evaluating the characteristics of the 

terrainand is influenced by various factors like the lithology properties of the basin, soil 

infiltrationcapacity,underlyinggeology,andreliefaspectsofthecatchment.Thismeasurementisdet

ermined by dividing the total number of streams by the perimeter of the catchment. 

Thetexture ratios differ among the sub-watersheds, with SWD11 having the highest value of 

1.69andSWD10havingthelowestvalueof0.60.Table5providesthevaluesforallsub-

watersheds.Compactnessconstant (Cc) 

Thecompactnesscoefficientsinthesub-watershedsvaried,withthehighestvalueof 

2.13 found in SWS-5 and the lowest value of 3.10 found in SWS-9. Table 5 provides 

anoverviewofthesignificantvariancesincompactnesscoefficientthroughoutthesub-watersheds. 

Shapeindex(Sw) 

The shape index of the catchment is determined using Horton's method from 

1932,where the basin length is squared and divided by the catchment area. The flow of water 

andsediment yield in a drainage basin is influenced by its Sw, which is determined by the 

lengthand relief of the basin. Among the sub-watersheds, SWD8 has the highest Sw value of 

4.90,while SWD1 has the lowest value of 1.51. Table 5 provides the shape index values for 

allthirteensub-watersheds. 

ReliefAspects 

The elevations of the sub-watersheds in the present study ranges from 187 m to 

1145m (MSL). The Relief aspects parameters have been computed and results were tabulated 

inTable6. 

Basinrelief(R) 

The Basin relief or R, which refers to the maximum vertical distance between 

thehighest and lowest point of a catchment, plays a crucial role in determining the gradient of 

thestreamchannel.This,inturn,affects thepatternsoffloods andtheamountofsediment carriedby 

the stream. The elevation of the catchment provides the potential energy for the 

drainagesystem, and the R value can range from 57 m to 589 m. An increase in relief leads to 

steeperhill slopes, higher stream gradients, and a shorter time of concentration. As a result, 

the floodpeak is elevated. Patton and Baker suggested this in 1976, and the Table 6 provides 

the subwatershed-wisevalues ofbasin relieffor theNawagarh Watershed. 



 

 

Table5:SubwatershedwisearealaspectofNawagarhwatershed 
 

 
 

SubWa

tershed 

 
Drainage

density(

Dd) 

 
Streamfre

quency(F

u) 

 
Length 

ofoverlan

dflow(Lo

) 

 
 

Texture

ratio(T) 

 
 

Circulatory 

ratio(Rc) 

 
Form

factor

(Rf) 

 
Shape

factor

(Bs) 

 
 

Elongation

ratio(Re) 

Constant 

ofchannel

mainte-

nance 

(C) 

 
Compac-

tnesscon

stant(Cc) 

SWD1 0.83 0.91 0.41 1.04 0.43 0.66 1.51 0.92 1.21 0.01 

SWD2 0.82 1.17 0.41 1.25 0.30 0.53 1.89 0.82 1.22 0.01 

SWD3 0.81 1.05 0.41 1.35 0.41 0.60 1.66 0.88 1.23 0.01 

SWD4 0.77 0.90 0.38 0.96 0.28 0.46 2.19 0.76 1.30 0.01 

SWD5 0.88 0.81 0.44 0.90 0.23 0.28 3.51 0.60 1.13 0.01 

SWD6 0.90 0.97 0.45 1.16 0.23 0.26 3.83 0.58 1.11 0.01 

SWD7 0.83 0.97 0.41 1.17 0.24 0.29 3.45 0.61 1.21 0.01 

SWD8 0.75 1.22 0.38 1.12 0.20 0.20 4.91 0.51 1.33 0.02 

SWD9 0.79 0.70 0.39 0.74 0.31 0.40 2.51 0.71 1.27 0.01 

SWD

10 

 

0.88 
 

0.76 
 

0.44 
 

0.60 
 

0.33 
 

0.32 
 

3.10 
 

0.64 
 

1.14 
 

0.02 

SWD

11 
0.82 1.63 0.41 1.70 0.27 0.36 2.78 0.68 1.22 0.01 

SWD

12 
0.72 0.90 0.36 0.81 0.26 0.31 3.24 0.63 1.40 0.02 

SWD

13 
0.61 1.65 0.31 1.44 0.12 0.36 2.74 0.68 1.63 0.02 

 
Relativerelief(Rhp) 

Schumm (1956) defined Relative Relief as the proportion of the maximum 

elevationdifference within a catchment to its perimeter. Table 6 presents the Rhp values for 

13 sub-watersheds, with sub-watershed SWD13 having the smallest Rhp value of 0.56 and 

sub-watershedSWD2 havingthe highest Rhp value of 8.09. 



 

 

Reliefratio(Rr) 

The relief ratio was defined by Schumm in 1956 and is a measure of the ratio 

betweenthereliefofabasinandthelongestdimensionofthecatchmentthatrunsparalleltotheprimary

drainageline.Incatchmentareas,reliefratiovaluestypicallyrangefrom0.01to0.04.Regionswith 

high relief and steep slopes tend to have higher relief ratio values, while areas with lowrelief 

ratio values are usually attributed to less permeable basement rocks and low 

slopedegrees.Thereliefratioisanimportantindicatoroferosionstrengthresultingfrom 

slope,asitmeasures the overall steepness of the catchment. Sub-watersheds with high relief 

ratios, likesub-

watershedSWD1andSWD3withavalueof0.032,haveshortertimeofconcentrationandhigher 

stream flow rates, making them more susceptible to erosion compared to other sub-

watershedsshownin Table 6. 

Table6:ReliefAspectofNawagarhwatershed 
 

 

SubWa

tershed 

Max

Basin

height 

MinB

asinh

eight 

Basin

relief

(R) 

 

Ruggdness

No.(Rn) 

Relative

relief(R

hp) 

Relief

ratio(

Rr) 

 

Drainage

Factor(Df) 

SWD1 975 406 569 0.47 5.14 0.032 1.32 

SWD2 942 353 589 0.48 8.09 0.025 1.75 

SWD3 924 376 548 0.45 5.66 0.032 1.58 

SWD4 908 327 581 0.45 5.10 0.027 1.52 

SWD5 694 293 401 0.35 3.56 0.014 1.04 

SWD6 509 290 219 0.20 1.67 0.007 1.19 

SWD7 622 284 338 0.28 3.22 0.010 1.41 

SWD8 325 253 72 0.05 0.82 0.002 2.17 

SWD9 316 259 57 0.04 0.86 0.003 1.13 

SWD10 335 270 65 0.06 0.68 0.003 0.99 

SWD11 315 237 78 0.06 0.93 0.003 2.43 

SWD12 310 240 70 0.05 0.58 0.003 1.76 

SWD13 298 230 68 0.04 0.56 0.003 4.36 



 

 

Ruggednessnumber(Rn) 

The ruggedness number is a dimensionless value that can be calculated by 

multiplyingR and Dd, both of which have the same unit (Patton and Baker, 1976). A high 

ruggednessnumberindicatesasteepandlongslope,suggestingacomplexlandscapestructurethatisp

ronetoerosion.RoughareaswithhighreliefandlowDdvaluesareassociatedwithhighruggednessnu

mbers,whilesmoothareaswithlowreliefandhighDdvalueshavelowruggednessnumbers.A high 

ruggedness number can lead to a sudden increase in the hydrograph. In the 

Nawagarhwatershed area, the ruggedness number ranges from 0.04 to 0.48, as shown in 

Table 6. Sub-watersheds 9 and 13 have low ruggedness numbers, while the other sub-

watersheds have highvalues. 

Drainagefactor(Df) 

Drainage factor (Df) refers to the relationship between Fu and the square of Dd. In 

thecurrent study area, the Df value ranges from 0.99 to 4.36. The Table 6 presents the 

specificvaluesofthe Drainagefactor foreach sub-watershedwithin theNawagarhwatershed. 

CONCLUSIONS: 

The studydemonstrated thatutilizinga GIS-basedapproachismore suitable 

forevaluating morphometric parameters. The research conducted for quantitative analysis 

ofmorphometric characteristics within thirteen sub-watersheds of the Nawagarh watershed. 

Themorphometric analysis of several sub-watersheds shows their relative qualities in terms of 

thewatershed's hydrological response. The Nawagarh watershed contains a dendritic 

drainagenetwork consisting of a total of 2760 streams of different orders, ranging from the 

first to thefifth order. The slope of the land is an analytical factor that directly impacts the rate 

at whichthe ground absorbs water and the speed at which it drains. As the slope increases, the 

amountof water runoff also increases, while the rate of water infiltration decreases. The 

Nawagarhwatershed exhibits an almost flat and undulating landscape, ranging from mild (0-

2) to severe(>15) slopes. The elongated shape of the catchment is indicated by various values, 

such as theform factor (0.39), circulatory ratio (0.28), and elongation ratio (0.69). These 

values suggestthat the Nawagarh watershed has a more elongated shape, with lower peak 

flow durations anda lower permeability. Sub watersheds SWD1 and SWD3, which have a 

relief ratio of 0.032,indicates the rapid concentration, rapid stream flow, and a greater 

vulnerability to erosioncompared to other sub watersheds. The basin has a reasonably high 

drainage density, as seenby the drainage density of approximately 0.80 km-1, or close to one 

km-1. which show 

thelocation'ssteepreliefandpoor,impermeableunderlyingmaterial.TheNawagarhwatershed, 



 

 

whichhasanelongatedshapeandaloweredpeakflowwithpoorpermeabilityoveranextendedperiod 

of time, was discovered to have a dendritic drainage network. Soil erosion must 

bestoppedinthesesub-watershedsbyusingefficienttechniques;onlythenwillthelandbesparedfrom 

further erosion. This research is important for managing watersheds, planning for 

landandwaterresources,preventingerosion,andinvestigatingpossibleusesinrunoffstudiesinthefu

ture. 
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