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Abstract  

The North Fars watershed is one of the major sources of irrigation and drinking water 

supplies for the Fars province in Iran. The major sources of water for this watershed are rain 

and snow. Morphometric analysis of the study area, consisting of 14 subwatersheds (W1 to 

W14), was carried out. It is found that that the entire watershed has uniform lithology and is 

structurally permeable. The results show that the maximum mean bifurcation ratio (𝑅 bm) is 

seen for W5 (388.10) and thus, it will show early hydrograph peak (shorter watershed lag 

times), which also indicates strong structural control on the drainage development for this 

subwatershed. All the subwatersheds have low values of drainage density (D), indicating that 

they are composed of permeable subsurface material, good vegetation cover and low relief. 

Shape factor (Rs) is found to be minimum for W7, indicating that it has longest watershed lag 

time. The ruggedness number (Rn) is minimum for W14 (0.16) and maximum for W5 (0.98). 

Low values of constant channel maintenance (C) for W11 and W9 show that among all the 

subwatersheds, these two are associated with the weakest or very low-resistance soils, sparse 

vegetation, and mountainous terrain. The maximum values of relief ratio (Rh) for W6, W10, 

W12, W13 and W14 indicate that intense erosion processes are taking place. The watersheds 

also have lower form factor, indicating elongated shape and suggesting a flat hydrograph 

peak for longer duration. Flood flows of such elongated subwatersheds are easier to manage 

than those of circular subwatersheds. Low values of length of overland flow (Lg) for W2, W3 

and W11 indicate steep slopes and shorter flow paths, while high values of Lg for the other 

subwatersheds indicate gentle slopes and longer flow paths. Using multiple linear regression 

(MLR), it is shown that there are positive and highly significant correlations between 

stream length, and Sw and Rt (0.933 and 0.926 respectively). The correlation between stream 

length and Rf (-0.910) is found to be negatively significant. 
 

Keywords: North Fars watershed; hydrological processes; morphometric analysis; watershed lag 

time; multiple linear regression (MLR) 

1. INTRODUCTION 

The study of the geomorphic and hydrologic processes that happen within watersheds reveals 

information regarding the formation and development of land surface processes (Singh 1992; 

Dar et al. 2013). To this end, the development of quantitative physiographic methods to 
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investigate the evolution and behavior of surface drainage networks has become a major 

emphasis in geomorphology in the past decades (Horton, 1945; Leopold and Maddock, 1953; 

Abrahams, 1984; Pidwirny, 2006; Melelli et al., 2014). Among these methods include 

morphometry, which is the mathematical analysis of the form of the earth's surface and 

dimensions of its landforms (Agarwal 1998). Morphometric analysis requires measurement 

of linear features, gradient of channel network and contributing ground slopes of the 

watershed (Nag and Chakraborty, 2003). 

 Watershed morphologies show different geological and geomorphological processes over 

time, as indicated by various morphometric studies (Horton 1945; Strahler 1957, 1964). With 

the availability of terrain data in digital format, traditional methods have been replaced by 

automated approaches (Kuchay and Bhat, 2013), with advantages of process reliability and 

cost-effectiveness (Akram et al, 2012). 

Geographical information system (GIS) based evaluation using satellite image data, such 

as Shuttle Radar Topographic Mission (SRTM), and Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER), has allowed for fast and precise analysis of 

hydrological systems (Grohmann 2004). The processed digital elevation models (DEMs) are 

used for generating stream networks (Mesa 2006; Magesh et al. 2011), which are then used to 

deduce morphometric parameters such as stream order, stream length, stream bifurcation 

ratio, mean bifurcation ratio, relief ratio, drainage density, stream frequency, drainage 

texture, form factor, elongation ratio, length of overland flow, constant channel maintenance, 

ruggedness number and shape factor (Altaf et al., 2013).  

The present study is aimed at using remote sensing and GIS technologies to analyze 

different parameters of morphometric characteristics of the 14 subwatersheds in the North 

Fars watershed, which is one of the major sources of irrigation and drinking water supplies 

for the Fars province in Iran. The computed morphometric characteristics are used to predict 

characteristics such as geomorphology, topography and existing vegetation conditions in 

order to improve watershed management. In addition, multiple regression models (MLR) is 

used to determine the correlation between all the morphometric parameters 

2. MATERIAL AND METHODS 

2.1 MATERIAL 

The study area consists of 14 subwatersheds (W1 to W14) (Figure 1), which are shown in 

Table 1. The data used for the case study was a SRTM DEM with resolution of 30 m (Figure 

2). The major land use categories of the watershed are agriculture, range land and forests. The 

altitude of the study area ranges from its lowest of 1,530 m to the highest of 3,851 m. 



 

Mokarram M. & Sathyamoorthy D. / European Journal of Geography 6 4 88–106 (2015) 

 
 

European Journal of Geography-ISSN 1792-1341 © All rights reserved                                                                                   90      
 

 

Figure 1. Location of the study area. 

 

Figure 2. The SRTM DEM of the study area 

Table 1. Characteristics of the subwatersheds in the study area 

Subwatershed Lot Long Area (km2) 

W1 30º 38′ 24′′ to 30º 59′ 24′′ N 51º 45′ 36′′ to 52º 12′ 00′′ E 625 

W2 30º 48′ 36′′ to 30º 19′ 42′′ N 52º 39′ 36′′ to 53º 24′ 36′′ E 1,890 

W3 30º 34′ 48′′ to 30º 01′ 00′′ N 52º 47′ 24′′ to 53º 45′ 36′′ E 2908 

W4 30º 46′ 12′′ to 30º 14′ 24′′ N 52º 04′ 00′′ to 52º 36′ 00′′ E 1,623 

W5 30º 42′ 00′′ to 30º 08′ 04′′ N 51º 42′ 00′′ to 52º 25′ 42′′ E 2,094 

W6 30º 34′ 42′′ to 30º 21′ 00′′ N 52º 09′ 00′′ to 52º 27′ 36′′ E 344 

W7 29º 18′ 36′′ to 30º 25′ 12′′ N 52º 16′ 12′′ to 53º 26′ 24′′ E 3,941 

W8 29º 36′ 36′′ to 30º 13′ 12′′ N 52º 04′ 48′′ to 52º 42′ 00′′ E 1,738 

W9 30º 26′ 24′′ to 31º 14′ 24′′ N 51º 54′ 00′′ to 52º 55′ 12′′ E 2,803 

W10 29º 55′ 12′′ to 30º 15′ 00′′ N 52º 44′ 24′′ to 53º 15′ 00′′ E 723 

W11 29º 55′ 48′′ to 30º 08′ 24′′ N 53º 09′ 36′′ to 53º 31′ 48′′ E 446 

W12 29º 45′ 36′′ to 30º 03′ 00′′ N 53º 07′ 42′′ to 53º 44′ 24′′ E 879 

W13 29º 48′ 00′′ to 30º 01′ 48′′ N 52º 54′ 00′′ to 48º 14′ 24′′ E 369 

W14 29º 37′ 48′′ to 29º 49′ 48′′ N 53º 03′ 00′′ to 53º 26′ 24′′ E 275 
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2.2. Methodology 

The study was carried out in two phases; 

1.Extraction of drainage networks from the DEM using the flow direction method, which 

consists of the following steps (O’Callaghan and Mark, 1984) : 

i. Fill Sinks: A sink is an uncompleted value lower than the values of its neighborhood. To 

ensure proper drainage mapping, these sinks were filled by increasing elevations of sink 

points to their lowest outflow point. 

ii. Calculate Flow Direction: Using the filled DEM produced in the Step 1, the flow 

directions were calculated using the eight-direction flow model, which assigns flow from 

each grid cell to one of its eight adjacent cells in the direction with the steepest downward 

slope. 

iii. Calculate Flow Accumulation: Using the output flow direction raster created in Step 2, 

the number of upslope cells flowing to a location was computed. 

iv. Define Stream Network: The next step is to determine a critical support area that 

defines the minimum drainage area that is required to initiate a channel using a threshold 

value.  

v. Stream Segmentation: After the extraction of drainage networks, a unique value was 

given for each section of the network associated with a flow direction. 

 

2.Morphometric Analysis using Strahler’s classification method (Strahler, 1964):  

Strahler’s system of stream analysis is probably the simplest and most used system, and 

hence, was used for this study. According to this method, each finger-tip drainage network is 

designated as a segment of the first order. At the connection of any two first-order segments, 

a network of the second order is produced, which extends down to the point where it joins 

another second order river, where upon a segment of the third order results. The different 

morphometric parameters were computed using the methods and formula defined in Table 2. 

Table 2. The morphometric parameters computed in this study 

No. Morphometric parameters Formula Description Reference 

1 Stream order (𝑈) Hierarchical ank - Strahler (1964) 

2 Stream length (𝐿𝑢) Length of the stream 

 

 

- Horton (1945) 

3 Mean stream length (𝐿𝑠𝑚) 𝐿𝑠𝑚 = 𝐿𝑢/𝑁𝑢 𝑁𝑢 =Total number of stream segments 

of order 𝑢 

 

Strahler (1964) 

4 Stream length ratio (𝑅𝐿) RL=Lu/ L(u-1) L(u-1)=Total stream length of the next 

lower order 

Horton (1945) 

5 Bifurcation ratio (𝑅𝑏) Rb=Nu/N(u+1) N(u+1)=Number of segments of next 

higher order 

Schumms (1956) 

6 Mean bifurcation ratio (𝑅𝑏𝑚) 𝑅𝑏𝑚 =Average Rb of 

all orders 

 Strahler (1957) 

7 Relief ratio (𝑅h) 𝑅h = 𝐻/𝐿 H = Total relief (relative relief) of the 

watershed in km; 𝐿𝑏 =Watershed length 

Schumms (1956) 

8 Drainage density (𝐷) D= 𝐿𝑢 /A A=Watershed area (km2) Horton (1932) 

9 Stream frequency (𝐹𝑠) 𝐹𝑠 = 𝑁𝑢/𝐴  Horton (1932) 

10 Drainage texture (𝑅𝑡) 𝑅𝑡 =Nu/P P= Watershed perimeter (km) Horton (1945) 

11 Form factor (𝑅𝑓) Rf=A/Lb
2

 
  Horton (1932) 

12 Circularity ratio (𝑅𝑐) Rc=4π*A/P
2
 

  Miller (1953) 

13 Elongation ratio (𝑅𝑒) Re=(2/Lb)*(A/π)
0.5

 
π=Pi Schumms (1956) 
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14 Length of overland flow (𝐿𝑔) 𝐿𝑔 =1/D*2  Horton (1945) 

15 Constant channel maintenance (𝐶) 𝐶=1/𝐷   Schumms (1956) 

16 Shape index (𝑆𝑤) 𝑆𝑤 = 𝐿𝑏/𝐴  Horton (1945) 

17 Ruggedness number (𝑅𝑛) 𝑅𝑛 = 𝐵h*𝐷 𝐵h = Watershed relief; D = Drainage 

density 

Pareta and Pareta 

(2011) 

18 Shape factor (𝑅𝑠) 𝑅𝑠 = 𝑃𝑢/𝑃𝑐 

 

Where 𝑃𝑢 = Perimeter of circle of 

watershed area; 𝑃𝑐 = Perimeter of 

watershed 

Sameena et al. 

(2009) 

19 Compactness coefficient (𝐶𝑐) Cc= 0.2821P/A 
0.5

 
 Suresh et al. 

(2004) 

 

 
 

Finally, MLR was used to determine the correlation between the morphometric parameters. 

The general purpose of multiple regressions is to learn more about the relationship between 

several independent or predictor variables, and a dependent or criterion variable. The general 

form of the regression equations is: 

 

Y=A0 + A1X1 + A2X2 + … + bnXn          

 (1) 
 

where Y is the dependent variable, A0 is the intercept, A1 and bn are regression coefficients, 

and X1– Xn are independent variables referring to basic soil properties. 

3. RESULTS 

The extracted drainage networks for the subwatersheds are shown in Figure 3. Minimum 

elevation, maximum elevation, relative relief, and subwatershed area (A), perimeter (P) and 

length, which are important parameters in quantitative morphology, were computed for each 

subwatershed (Table 3). Subwatershed area is hydrologically important because it directly 

affects the size of the magnitudes of peak and mean runoff, whereby the maximum flood 

discharge per unit area is inversely related to size (Chorley et al., 1957).  

  
(1) (2) 
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(3) (4) 

  
(5) (6) 

  
(7) (8) 
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(9) (10) 

  
(11) (12) 

  
(13) (14) 

Figure 3. The extracted drainage networks for the subwatersheds. (1): Subwatershed 1, (2): Subwatershed 2, 

(3): Subwatershed 3, (4): Subwatershed 4, (5): Subwatershed 5, (6): Subwatershed 6, (7): Subwatershed 7, (8): 

Subwatershed 8, (9): Subwatershed 9, (10): Subwatershed 10, (11): Subwatershed 11, (12): Subwatershed 12, 

(13): Subwatershed 13, (14): Subwatershed 14 

Table 3. Basic characteristics of the subwatersheds. 

Subwatershed Minimum 

elevation 

(km) 

Maximum 

elevation 

Relative 

relief 

Area 

(km2) 

Perimeter 

(km) 

Length 

(km) 

W1 2.06 3.17 1.11 624.65 141.40 50.80 

W2 2.09 3.92 1.83 1,890.00 240.65 95.27 

W3 1.82 3.39 1.57 2,907.72 273.88 121.68 
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W4 2.06 3.50 1.44 1,623.08 240.56 87.38 

W5 1.63 3.71 2.08 2,094.42 255.73 100.99 

W6 2.15 3.13 0.98 343.67 90.08 36.18 

W7 1.54 3.10 1.56 3941.44 475.14 144.63 

W8 1.57 2.89 1.32 1,737.63 229.99 90.83 

W9 2.29 3.48 1.19 2,803.31 318.82 119.18 

W10 1.66 3.13 1.47 723.30 152.48 55.21 

W11 1.80 2.56 0.76 446.31 104.08 41.97 

W12 1.57 3.25 1.68 878.72 178.33 61.67 

W13 1.60 2.83 1.23 369.19 93.80 37.68 

W14 1.53 2.52 0.99 275.21 100.08 31.89 

 

The highest stream order among the 14 subwatersheds is 4, which is shown by seven 

subwatersheds; W2, W5, W7, W8, W9, W11 and W12. The lowest stream order is 3, which 

is shown by the remaining subwatersheds; W1, W3, W4, W6, W10, W13 and W14. A perusal 

of Table 4 indicates that the 14 subwatersheds drain into the north of the Fars province, 

contributing surface runoff and sediment loads due to variations in their physical 

characteristics. Higher stream order is associated with greater discharge and higher velocity 

(Costa, 1987). The west of the study area clearly contributes more discharge and since higher 

velocity enhances erosion rates, this side also contributes higher sediment loads into the study 

area.  

Furthermore, the total number of stream segments decrease with stream order. This is 

referred to as Horton’s law of stream numbers. Any deviation indicates that the terrain is 

typified with high relief and/or moderately steep slopes, underlain by varying lithology and 

probable uplift across the watershed (Singh and Singh, 1997). In practice, when logarithms of 

the number of streams of a given order are plotted against the order, the points lie on a 

straight line (Horton, 1945). A similar geometric relationship was also found between stream 

order and stream numbers for all the subwatersheds (Figure 4). This indicates that the whole 

area has uniform underlying lithology, and geologically, there has been no probable uplift in 

the watershed. 

Table 4. Stream order, stream number and stream length of the subwatersheds. 

Sub-

watershed 

Stream 

order 

Stream number Stream length (km) 

I II III IV I II III IV 

W1 3 184 78 9 - 195.53 72.14 6.27 - 

W2 4 518 207 63 3 715.24 202.380 47.04 0.996 

W3 3 643 277 80 - 1000.42 411.13 98.693 - 

W4 3 395 145 28 - 584.93 174.196 34.173 - 

W5 4 457 250 49 13 696.37 234.82 45.565 9.230 

W6 3 92 28 1 - 140.599 30.865 0.040 - 

W7 4 986 363 81 9 770.733 249.243 60.176 11.972 

W8 4 442 178 61 13 316.91 181.067 82.672 6.271 

W9 4 704 277 67 6 827.25 326.92 58.35 5.973 

W10 3 170 57 12 - 209.108 54.840 7.874 - 

W11 4 99 51 8 10 157.231 63.56 9.373 5.672 

W12 4 238 93 20 5 317.47 97.727 14.245 2.114 

W13 3 85 27 3 - 98.011 23.191 2.414 - 

W14 3 90 16 1 - 33.836 9.231 2.251 - 
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Figure 4. The relationship between stream order and stream number for the subwatersheds 

Analysis of the results of stream length and mean stream length are shown in Tables 4 and 

5. The total length of stream segments is the maximum in the case of first order streams. This 

decreases with decreasing stream order. The results reiterate that the area is underlain with 

uniform lithology with no probable watershed upliftment and movement of water area 

depends only on the drainage characteristics. In addition, there are more number of 

watersheds in the West of the study as compared to the East, indicating the watersheds are 

very active with longer travel times (Luo and Harlin, 2003). From this observation, it is 

deduced that during a storm event of uniform intensity over whole of the study area (Harlin, 

1980), the drainage networks in the East will gave shorter watershed lag times as compared to 

the West under similar soil moisture and vegetation cover (Harlin, 1984; Romshoo et al., 

2002; Romshoo, 2004). Lag time is defined as the time difference from the centroid of the net 

rainfall to the peak discharge at the watershed outlet, which affects erosion, soil moisture and 

vegetation (McEnroe et al., 1999). 

Table 5 shows that the mean stream length (Lsm) of the subwatersheds range from a 

maximum of 2.25 km for stream order 3 of W14 to a minimum of 0.04 km for stream order 3 

of W6. The mean stream length of any given order is greater than that of lower order (Horton, 

1945). This geometric relationship can be seen in Figure 5. 
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Figure 5. The relationship between stream order and stream length for the subwatersheds 

Table 5. Mean stream length and stream length ratio for the subwatersheds 

Subwatershed Mean stream length (Lsm) (km) Stream length ratio 

I II III IV II/1 III/II IV/III 

W1 1.06 0.92 0.70 - 0.37 0.09 - 

W2 1.38 0.98 0.75 0.33 0.28 0.23 0.02 

W3 1.56 1.48 1.23 - 0.41 0.24 - 

W4 1.48 1.20 1.22 - 0.30 0.20 - 

W5 1.52 0.94 0.93 0.71 0.34 0.19 0.20 

W6 1.53 1.10 0.04 - 0.22 0.00 - 

W7 0.78 0.69 0.74 1.33 0.32 0.24 0.20 

W8 0.72 1.02 1.36 0.48 0.57 0.46 0.08 

W9 1.18 1.18 0.87 1.00 0.40 0.18 0.10 

W10 1.23 0.96 0.66 - 0.26 0.14 - 

W11 1.59 1.25 1.17 0.57 0.40 0.15 0.61 

W12 1.33 1.05 0.71 0.42 0.31 0.15 0.15 

W13 1.15 0.86 0.80 - 0.24 0.10 - 

W14 0.38 0.58 2.25 - 0.27 0.24 - 

 

Bifurcation ratio (Rb) is used to express the ratio of the number of streams of any given 

order to the number of streams in next order (Schumn, 1956). Analysis of the results of Rb are 

shown in Table 6. High mean bifurcation ratio (Rbm) shows early hydrograph peak with a 

potential for flash flooding during storm events (Howard, 1990; Rakesh, et al., 2000). The 

minimum Rbm is seen for W2 (3.30), indicating delayed hydrograph peak. The maximum Rbm 

is seen for W5 (388.10), and thus it will show early hydrograph peak (smaller watershed lag 

time), which also indicates strong structural control on the drainage development for this 

watershed. 
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Table 6. Bifurcation ratio, drainage density and stream frequency of the subwatersheds 

Subwatershed Bifurcation ratio (Rb) Mean 

bifurcation 

ratio (Rbm) 

Drainage 

density 

(D) 

Stream 

frequency 

(Fs)  

 

I/II II/III III/IV 

W1 2.71 11.51 - 7.11 0.44 0.43 

W2 3.53 4.30 47.23 18.35 0.51 0.42 

W3 2.43 4.17 - 3.30 0.52 0.34 

W4 3.36 5.10 - 4.23 0.49 0.35 

W5 2.97 5.15 4.94 4.35 0.47 0.37 

W6 4.56 771.63 - 388.10 0.50 0.35 

W7 3.09 4.14 5.03 4.09 0.28 0.37 

W8 1.75 2.19 13.18 5.71 0.34 0.40 

W9 2.53 5.60 9.77 5.97 0.43 0.38 

W10 3.81 6.96 - 5.39 0.38 0.33 

W11 2.47 6.78 1.65 3.63 0.53 0.38 

W12 3.25 6.86 6.74 5.62 0.49 0.41 

W13 4.23 9.61 - 6.92 0.33 0.31 

W14 3.67 4.10 - 3.89 0.16 0.39 

 

The travel time by water within the watershed is controlled by drainage density (D) (Gardiner 

and Park, 1978; Dodov and Foufoula-Georgiou, 2006). Generally, D varies between 0.55 and 

2.09 km/km2. High values of D are observed in regions of weak and impermeable subsurface 

material, sparse vegetation, and mountainous relief. On the other hand, regions with low 

values of D are underlain with highly resistant permeable material with dense vegetative 

cover and low relief. Table 6 indicates that all the watersheds have low values of D (below 

2.0 km/km2). This indicates that they are composed of permeable subsurface material, good 

vegetation cover and low relief, which results in more infiltration capacity and are good sites 

for ground water recharge as compared to watersheds with high values of high D. 

Stream frequency (Fs) is the total number of streams of all orders per unit area. The low 

values of Fs for all the subwatersheds indicate that the study area is comparably covered with 

a good amount of vegetation and has very good infiltration capacity. Overall, the discharge 

from all the subwatersheds takes long time to peak because of low runoff rates due to lesser 

number of streams (Patton and Baker, 1976; Montgomery and Dietrich, 1989; Montgomery 

and Dietrich, 1992; Ghoneim et al., 2002).  

Drainage texture (Rt) is influenced by infiltration capacity (Horton, 1945). There are five 

different texture classes: very coarse (<2), coarse (2–4), moderate (4–6), fine (6–8), and very 

fine (>8) (Smith, 1950). According to this classification, W1, W6, W10, W11, W13 and W14 

have very coarse drainage texture, while W2, W3, W4, W5, W7, W8, W9 and W12 have 

coarse drainage texture (Table 7). Hydrologically, very coarse texture subwatersheds have 

large watershed lag time periods (Esper Angillieri, 2008) followed by coarse, fine, and very 

fine texture classes. This indicates that W1, W6, W10, W11, W13 and W14 (Rt <2) have 

longer durations to peak flow, while the other subwatersheds (2<Rt<4) have shorter durations 

to peak flow. 

 

 

 

 



 

Mokarram M. & Sathyamoorthy D. / European Journal of Geography 6 4 88–106 (2015) 

 
 

European Journal of Geography-ISSN 1792-1341 © All rights reserved                                                                                   99      
 

Table 7.  Drainage texture, constant channel maintenance, shape index, ruggedness number and shape factor of 

the subwatersheds 

Subwatershed 
Drainage 

texture 

(𝑅𝑡) 

Constant 

channel 

maintenance 
(𝐶) 

Compactness 

coefficient 

(𝐶𝑐) 

Shape 

index 
(𝑆𝑤) 

Ruggedness 

number (𝑅𝑛) 

Shape 

factor 
(𝑅𝑠) 

W1 1.92 2.27 1.60 4.13 0.49 0.18 

W2 3.29 1.96 1.56 4.80 0.93 0.18 

W3 3.65 1.92 1.43 5.09 0.82 0.20 

W4 2.36 2.04 1.68 4.70 0.71 0.17 

W5 3.01 2.13 1.58 4.87 0.98 0.18 

W6 1.34 2.00 1.37 3.81 0.49 0.21 

W7 3.03 3.57 2.13 5.31 0.44 0.13 

W8 3.02 2.94 1.56 4.75 0.45 0.18 

W9 3.31 2.33 1.70 5.07 0.51 0.17 

W10 1.57 2.63 1.60 4.21 0.56 0.18 

W11 1.61 1.89 1.39 3.95 0.40 0.20 

W12 2.00 2.04 1.70 4.33 0.82 0.17 

W13 1.23 3.03 1.38 3.85 0.41 0.20 

W14 1.07 6.25 1.70 3.70 0.16 0.17 

 

The minimum and maximum shape factors (Rs) are for W7 and W6 respectively, as shown 

in Table 7. This parameter is similar in interpretation to circularity ratio, elongation ratio and 

form factor (Tucker and Bras, 1998). It gives an idea about the circular character of the 

subwatershed. The greater the circular character of the subwatershed, the greater is the rapid 

response of the subwatershed after a storm event (Tucker and Bras, 1998). Therefore, in 

terms of only Rs, W7 has the longest watershed lag time. 

The ruggedness number (Rn) shows the structural complexity of the terrain in association 

with relief and drainage density. High values of Rn imply that the area is susceptible to soil 

erosion (Rashid et al., 2011; Zaz and Romshoo, 2012). In the present study, Rn is minimum in 

case of W14 (0.16) and maximum for W5 (0.98), as seen in Table 7.  

Shape index (Sw) shows the rate of water and sediment yield along the length and relief of 

the subwatersheds. The shape index values for the subwatersheds of the study area range 

from 3.70 for W14 to 5.31 for W7 as shown in Table 7. In terms of only Sw, WS7 will have 

the shortest watershed lag time, while WS14 will have the longest watershed lag time. 

The relationship of a subwatershed with that of a circular subwatershed having the same 

area is shown by the compactness coefficient (Cc). A circular subwatershed yields the 

shortest time of concentration before peak flow occurs in the subwatersed. Cc = 1 indicates 

that the subwatershed completely behaves as a circular subwatershed. Cc > 1 indicates more 

deviation from the circular nature of the subwatershed. The values for all the subwatersheds 

range from 1.37 for W6 to 2.13 for W7, as seen in Table 7. Consequently, WS6 has the 

greatest deviation from the circular nature, and on the basis of this parameter alone, it will 

have the longest time of concentration before peak flow occurs as compared to the other 

subwatersheds (Potter and Faulkner, 1987; Tucker and Bras, 1998). 

Constant channel maintenance (C) varies from 1.89 for W11 to 6.25 for W14 as is shown 

in Table 7. Low values of � for W11 and W9 show that among the 14 subwatersheds, these 

two are associated with the weakest or very low-resistance soils, sparse vegetation and 

mountainous terrain, while watershed W14 is associated with high-resistance soils, vegetation 

and comparably plain terrain (Shulits, 1968).  

Relief ratio (Rh) is an indicator of the intensity of erosion processes operating on the 

subwatershed slopes (Dodov and Foufoula-Georgiou, 2005). Rh normally increases with 

decreasing drainage area and size of a given subwatershed (Gottschalk, 1964). In the study 

area, according to in Table 8, Rh ranges from a minimum of 0.01, for W3, W7, W8 and W9, 
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to a maximum of 0.03, for W6, W10, W12, W13 and W14. Higher values of Rh indicate that 

intense erosion processes are taking place.  

Table 8: Relief ratio, circularity ratio, form factor and length of overland flow of the subwatersheds 

Subwatershed Relief ratio 

(𝑅h) 

Circularity 

ratio (𝑅𝑐) 

Form factor 

(𝑅𝑓) 

Length of overland 

flow (𝐿𝑔) 
W1 0.02 0.39 0.24 1.14 

W2 0.02 0.41 0.21 0.98 

W3 0.01 0.49 0.20 0.96 

W4 0.02 0.35 0.21 1.02 

W5 0.02 0.40 0.21 1.06 

W6 0.03 0.53 0.26 1.00 

W7 0.01 0.22 0.19 1.79 

W8 0.01 0.41 0.21 1.47 

W9 0.01 0.35 0.20 1.16 

W10 0.03 0.39 0.24 1.32 

W11 0.02 0.52 0.25 0.94 

W12 0.03 0.35 0.23 1.02 

W13 0.03 0.53 0.26 1.52 

W14 0.03 0.35 0.27 3.13 

 

Circulatory ratio (Rc) is the ratio of the area of the watershed to the area of circle having 

the same circumference as the perimeter of the watershed (Miller, 1953). In this study, Rc for 

W8, W2, W6 and W13 is in the range from 0.53 to 0.62 (Table 8), indicating that the area is 

characterized by high relief and permeable surface, resulting in greater watershed lag times. 

W1, W2, W3, W4, W5, W7, W8, W9, W10, W11, W12 and W14 have lower circularity 

ratios, indicating low relief and impermeable surface, resulting in lower watershed lag times. 

This indicates that W8, W2, W6 and W13 will have delayed time to peak flow, while the 

other subwatersheds will have shorter time to peak (Ward and Robinson, 2000). 

Subwatersheds with high form factor (Rf) have high peak flows of shorter duration, 

whereas elongated subwatersheds with low form factor have lower peak flow of longer 

duration (Kochel, 1988; Youssef, 2011). In this study, all of the subwatersheds have low form 

factor (Table 8), indicating elongated shape and suggesting a flat hydrograph peak of longer 

duration. Flood flows of such elongated subwatersheds are easier to manage than those of 

circular subwatersheds (Tucker and Bras, 1998) 

Length of overland flow (Lg) is one of the most important independent variables affecting 

both hydrologic and hydrographic development of watersheds (Horton, 1932). Low values of 

Lg for W2, W3 and W11 indicate steep slopes and shorter flow paths, while high values of Lg 

for the other subwatershed indicate gentle slopes and longer flow paths. 

Finally, the relationship between all the parameters was investigated. The calculated 

simple linear correlation coefficients (r) between stream length (L) (as the simplest 

morphometric parameter in terms of measurement) and the other morphometric parameters as 

independent variables are summarized in Table 9. It was found that there is a positive and 

highly significant correlation between stream length, and shape index (Sw) and drainage 

texture (Rt) (0.933 and 0.926 respectively) content. It is also observed that correlation 

between stream length and form factor (Rf) (-0.910) was negatively significant. Positive 

correlation implies that as stream length decreases, Sw and Rt also decrease and vice versa. On 

the other hand, negative correlation implies that as stream length decreases, as the Rf 

increases. 
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Table 9. Simple linear coefficient correlations (r) hydrological parametric 

Parameter  L D Rr A P Rb Fs Rt C Cc Sw Rn Rs Rh Rc Rf Lg 

L 1 .329 .616* .909** .830** -.259 -.001 .926** -.352 .332 .933** .616* -.329 -.740** -.331 -.910** -.353 

D .329 1 .203 .030 -.050 .222 .064 .303 -.932** -.461 .177 .690** .467 -.111 .424 -.245 -.932** 

Rr .616* .203 1 .516 .521 -.302 .046 .601* -.269 .290 .631* .838** -.330 -.170 -.352 -.626* -.268 

A .909** .030 .516 1 .973** -.284 .011 .878** -.136 .586* .962** .347 -.573* -.829** -.531 -.926** -.137 

P .830** -.050 .521 .973** 1 -.312 .079 .802** -.081 .737** .936** .296 -.729** -.767** -.683** -.911** -.081 

Rb -.259 .222 -.302 -.284 -.312 1 -.179 -.309 -.168 -.341 -.351 -.102 .442 .325 .411 .358 -.168 

Fs -.001 .064 .046 .011 .079 -.179 1 .211 .026 .260 .090 .091 -.303 -.195 -.357 -.139 .025 

Rt .926** .303 .601* .878** .802** -.309 .211 1 -.366 .280 .947** .587* -.305 -.850** -.306 -.943** -.367 

C -.352 -.932** -.269 -.136 -.081 -.168 .026 -.366 1 .370 -.290 -.668** -.368 .205 -.352 .361 1.000** 

Cc .332 -.461 .290 .586* .737** -.341 .260 .280 .370 1 .509 -.085 -.989** -.318 -.969** -.489 .370 

Sw .933** .177 .631* .962** .936** -.351 .090 .947** -.290 .509 1 .517 -.522 -.829** -.508 -.991** -.291 

Rn .616* .690** .838** .347 .296 -.102 .091 .587* -.668** -.085 .517 1 .055 -.144 .001 -.550* -.668** 

Rs -.329 .467 -.330 -.573* -.729** .442 -.303 -.305 -.368 -.989** -.522 .055 1 .331 .978** .510 -.369 

Rh -.740** -.111 -.170 -.829** -.767** .325 -.195 -.850** .205 -.318 -.829** -.144 .331 1 .292 .827** .206 

Rc -.331 .424 -.352 -.531 -.683** .411 -.357 -.306 -.352 -.969** -.508 .001 .978** .292 1 .502 -.353 

Rf -.910** -.245 -.626* -.926** -.911** .358 -.139 -.943** .361 -.489 -.991** -.550* .510 .827** .502 1 .362 

Lg -.353 -.932** -.268 -.137 -.081 -.168 .025 -.367 1.000** .370 -.291 -.668** -.369 .206 -.353 .362 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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The prediction of shape index (Sw) and drainage texture (Rt) was done using MLR. The scatter 

plots of the measured against predicted values of shape index (Sw) and drainage texture (Rt) 

obtained from the MLR model are shown in Figures 6 and 7 respectively. The regression equations 

for Sw and Rt are as follows: 

 

Sw= 0.0015 * L + 3.79          (2) 

Rt=0.0025 * L + 1.20           (3) 

 

These equations can be used to predict the value of Sw and Rt using stream length  

 
 

Figure 6. The scatter plot of the measured versus predicted Sw using MLR 

 

Figure 7. The scatter plot of the measured versus predicted Rt using MLR 
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4. CONCLUSION 

The results obtained show that the 14 subwatersheds in study area have uniform underlying 

lithology, making the hydrological response in these subwatersheds a direct function of only the 

geomorphology, topography and existing vegetation conditions. The spatial variability of the 

morphometric parameters analyzed in this study is quite significant. Since, the hydrology of the 

subwatersheds changes significantly due to the spatial variations of the morphometric parameters, 

and therefore, the subwatersheds also exhibit different hydrological behaviors.  

Overall, the results indicated that the highest stream order among the 14 subwatersheds is 4. Lsm 

for the subwatersheds range from a maximum of 1.59 km for stream order 1 of W11 to a minimum 

of 0.04 km for stream order 3 of WS6. The maximum Rbm is seen for W5 (388.10), and thus, it will 

show early hydrograph peak (smaller water lag time), which also indicates strong structural control 

on the drainage development for this subwatershed. All the subwatersheds have low value of 𝐷, 

indicating that they are composed of permeable subsurface material, good vegetation cover and low 

relief.  

In addition, for all the subwatershed, the low values of Fs show that the study area is comparably 

covered with a good amount of vegetation and has very good infiltration capacity. W1, W6, W10, 

W11, W13 and W14 (Rt <2) have longer duration to peak flow, while the other subwatersheds 

(2<Rt<4) have shorter duration to peak flow. Rs is found to be maximum for all the subwatersheds, 

indicating that none of these subwatershed have long water lag times. 𝑅𝑛 is minimum for W14 (0.16) 

and maximum for W5 (0.98).  

The values of Sw for the subwatersheds range from 3.70 for W14 to 5.31 for W7. In terms of only 

Sw, W7 will have the shorter watershed lag time, while W14 will have longer watershed lag time. C 

varies from 1.89 for W11 to 6.25 for W14. Low values of 𝐶 for W11 and WS9 show that among all 

the subwatersheds, these two are associated with the weakest or very low-resistance soils, sparse 

vegetation, and mountainous terrain; while W14 is associated with high-resistance soils, dense 

vegetation and comparably plain terrain. High values of Rh in WS6, WS10, WS12, WS13 and WS14 

indicate that intense erosion processes are taking place. Rc for WS8, WS2, WS6 and WS13 is in the 

range from 0.53 to 0.62, indicating that the area is characterized by high relief and permeable 

surface, resulting in longer water lag times. 

 WS1, WS2, WS3, WS4, WS5, WS7, WS8, WS 9, WS10, WS11, WS12 and WS14 have lower 

Rc, indicating low relief and impermeable surface, resulting in lower watershed lag times. All the 

subwatersheds have low Rf, indicating elongated shape and suggesting a flat hydrograph peak of 

longer duration. Flood flows of such elongated subwatersheds are easier to manage than those of 

circular watersheds. Low values of Lg for W2, W3 and W11 indicate steep slopes and shorter flow 

paths, while high values of Lg for the other subwatersheds indicate gentle slopes and longer flow 

paths. Using MLR, it was shown that there are positive and highly significant correlations 

between stream length, and Sw and Rt (0.933 and 0.926 respectively). The correlation between stream 

length and Rf (-0.910) was found to be negatively significant. The information collected on the 

subwatersheds can be used for planning and decision-making for flood disaster risk reduction. 
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