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Abstract: Morphometric analysis of major watersheds based on satellite images using hydrological module of ARC GIS 

software in the drought prone Barind Tract in the north-western part of Bangladesh has been carried out for its relevance in the 

water resource management. Here meteorological and hydrological drought effects increase day by day along with demand for 

groundwater irrigation, turning the area into acute agricultural drought condition. The studied watersheds have stream orders 

ranging from 1
st
 to 6

th
, show dendritic drainage pattern, and represent homogeneity of soil texture; possibility of flash flood 

after heavy rainfall with low discharge of runoff; and not largely affected by structural disturbance. The moderate drainage 

density indicates semi-permeable soil lithology with moderate vegetation. Elongated shape watersheds are with low to 

moderate relief and are bounded in the east by land area of the Barind Tract of moderate to steep slope. It reveals a flatter peak 

of runoff flow for longer duration and gravity flow of water. Flat to gentle but undulating slope of the watersheds represent 

good category for water resource management owing to favorable site for infiltration due to maximum time of runoff water 

percolation. The east facing slopes of the watersheds show higher moisture contents and higher vegetation. The major part of 

the watersheds comes under cultivated land which supports the future basin development and management for water resource. 

Finally, present study would be useful in categorization of watersheds for future water resource development and management, 

and selection of suitable sites for water conservation structures like check dam, percolation tank etc., and artificial recharge of 

groundwater through MAR technique. 
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1. Introduction 

Bangladesh is one of the most disaster-prone countries in 

the world. Almost every year, the country experiences 

disasters of one kind, another or a cruel combination of more 

extremes such as floods, droughts, tropical cyclones, etc. 

causing heavy loss of life and property and jeopardizing the 

country’s development activities. The extreme weather 

events along with high population density, poverty level and 

social inequity, inadequate financial resources etc. have made 

Bangladesh highly vulnerable to disaster. Since 

independence in 1971, the country has suffered from nine 

droughts of major magnitude, but its devastating nature has 

attracted far less scientific attention than floods or cyclones, 

because the losses from drought are likely to be more severe 

than those of floods. Moreover, drought has impact on water 

resources; hence understanding the drought phenomena have 

implication in this resources management. Water resource 

management is indicated to remain at the core of sustainable 
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development in the 1992 Rio World Summit on the United 

Nation Conference on Environment and Development 

(UNCED) and thus, they are to be managed and developed 

on a sustainable basis. The National Water Management Plan 

(NWMP) in Bangladesh considers drought as a major water 

deficiency issue in the agro-based northwest part popularly 

known as Barind area (Figure 1) - the granary where 

livelihood is at risk due to loss of food production, scarcity of 

drinking water etc. more severely when monsoon is curtailed 

[1, 2].  

 

Figure 1. Location map of the Barind Tract, Bangladesh. 

 

Figure 2. Physiographic map of the Barind area [1, 5]. 
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Physiography of the Barind area is characterized by two 

distinct landforms: the Barind Tract and the floodplains. 

According to [3] the Barind Tract is one of the oldest 

Pleistocene terraces, north-south dome shaped area (20-25 

km wide in east-west direction) and covered by older 

Pleistocene sediments, popularly known as ‘Barind Clay’. 

The elevation of the Tract varies from 47.0 m above MSL in 

its central part to 11.0 m in the southeastern floodplain area. 

Khandoker [4] shows that the Tract was elevated as horst 

block at the close of Pleistocene. The physiographic map of 

the Barind area is shown in Figure 2. 

The Barind area enjoys mainly three seasons: winter (Nov-

Feb) - cool and dry with almost no rainfall; pre-monsoon 

(Mar-May) - hot and dry; and monsoon (Jun-Oct) - rainy. 

The average annual rainfall for the period of 1980-2012 in 

the area is 1525 mm (much less than the national average of 

2550 mm), where the magnitude of change of annual rainfall 

shows a significantly decreasing trend (20-23 mm/year) [6]. 

The monthly average temperature for the same period ranges 

from 10°C (January) to 33°C (May) with increasing rate of 

0.0208°C/year. The moderate to high meteorological drought 

risk conditions prevail here that creeps towards semi-aridity 

in recent years [7]. As the area is characteristically recipient 

of less amount of rainfall; low infiltration capacity of soil 

insufficient for groundwater recharge; limited scope to 

conserve rainwater in canals, swamps (beels) and existence 

of potential aquifer at greater depth for large scale 

groundwater development makes water scarce zone [8, 9]. 

The Barind Integrated Area Development Project (BIADP) 

and later the Barind Multipurpose Development Authority 

(BMDA) was launched during late eighties of the last century 

in the Barind area in order to achieve sustainable agricultural 

growth and to maintain ecological balance. Here the 

groundwater is the main source of irrigation, with 

exploitation through Deep Tube Wells (DTWs) and Shallow 

Tube Wells (STWs) [9]. The area has a scope for 

groundwater withdrawal by 8,728 DTWs of 2-cusec capacity, 

but at present groundwater is withdrawing through almost 

15,000 DTWs by BMDA and another nearly 8,000 by private 

owners [10]. As the demand of groundwater irrigation 

increases day by day along with drought intensity, the stress 

on this resource increases and becoming acute due to over-

exploitation of groundwater with the extension of irrigated 

agriculture. The recent declining trend of the groundwater 

table (GWT) is at higher rate than earlier and after 2002-2004 

GWT did not return to its original level [6]. Moreover, the 

changing climatic scenario along with yearly irregular 

frequency and intensity of rainfall makes it difficult for 

planed management of water resource [11]. So there is an 

urgent need of management of water resources in the area for 

the sustainability of livelihood and ecosystem. 

There is a huge scope to study water resource management 

issues especially in developing countries where water 

resources for agriculture is at risk due to unplanned 

development, low economic capacity to solving the problems, 

and lack of adaptation measure. As a result the ecosystems 

are falling at fragile condition that would become 

irrecoverable without taking action at right time. In this 

context, water resource management based on morphometric 

analysis play an important role to understand the 

physiographic status of the area using remote sensing (RS) 

and geographical information system (GIS). But 

unfortunately till now no such studies have been carried out 

in the study area. So the aim of the present study is to 

identify prevailing morphometric parameters of the major 

watersheds in the drought prone Barind Tract with a view for 

water resource management in the sustainable way. There are 

several watershed or drainage basins of different stream order 

in the Tract. But for the present study only two major 

watersheds (watershed-I and II) (Figure 1) have taken into 

consideration as they have the highest number of stream 

orders i.e. 1
st
 to 6

th
 order because here the watersheds or 

drainage basins have the highest number of stream order (i. e. 

up to 6
th

 order). At large the ultimate goal of the present 

study will help to create scientific basis for water resource 

managers to rain water/ runoff water harvesting in this water 

scarce area through the potentiality study of construction of 

water conservation structures like check dam, storage tanks, 

recharge shaft etc. 

2. Methodology 

The development of drainage network in a watershed 

depends on the surface and near surface geology that controls 

the flow and storage management of run-off water; rainfall 

availability as a source of water; drainage characteristics for 

the distribution of runoff; infiltration behavior both vertically 

and horizontally; slope of the area influences water flow 

energy etc. [12-17]. The morphometric analysis of the 

studied watersheds in the Barind Tract needs detail 

information of morphometric parameters like topography, 

drainage network, channel length etc., geomorphologic, and 

geological setup for watershed management and plan for 

water conservation measures based on satellite images and 

GIS technique. The storage capacity of surface clay in the 

study area for rain and runoff water flow are obtained from 

morphometric analysis which provides the yielding capacity 

of the watersheds to increase its holding capacity of water at 

drainage basin level [18-20] for water resource management 

plan. 

The Digital Elevation Models (DEMs) obtained from the 

Shuttle Radar Topography Mission (SRTM) [21, 22] [US 

Geological Survey website (www. earthexplorar.usgs.gov 

update 2014 with 30 m resolution)] is used to extract 

different morphometric parameters of the studied watersheds 

i.e. watershed-I and II. Here, an integrated approach of 

multispectral satellite data, DEM and topographical sheets of 

the Survey of Bangladesh (SoB) are used for database 

preparation and analyze morphometric parameters of the 

watersheds. The data type and their source along with 

software used in present study are given in Table 1. 
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Table 1. Type of data and software used in present study. 

Type of data/software Details of data Source 

SoB topographical sheets Topographical sheets 78D/5, 6, 9, 10, 13 (Scale: 1:50000) Survey of Bangladesh 

Landsat 8 satellite imagery  Path/row: 138/42, 138/43, 139/42, 139/43 (December, 2014) https:/landsat.usgs.gov  

SRTM DEM 1-ArcSecond Global, 23 Sept. 2014 USGS website 

 

For morphometric analysis, topographical sheets are 

geometrically rectified and then geo-referenced using the 

Universal Transverse Mercator (UTM) coordinates system 

projection and the World Geodetic System (WGS84) datum 

considering the Ground Control Points (GCPs). The 

watershed area is delineated from SRTM DEM and 

topographical sheets of SoB using data preparation option of 

Erdas Imagine Software for marking the area of interest 

(AoI). Accordingly, Landsat 8 Satellite (December, 2014) 

image is used to produce and update the drainage maps, slope, 

land use/land cover etc. of watersheds using Spatial Analyst 

Tool of ARC GIS 10.2. 

Quantitative analysis of the studied watersheds have been 

carried out for calculation and topology building of different 

morphometric parameters like basin area, perimeter, basin 

length, stream numbers, orders, frequency and bifurcation 

ratio; drainage density and texture; elongation and circularity 

ratio; form factor; relief and relief ratio; slope gradient; 

aspect; land use etc. The formulae used for calculation of 

morphometric parameters in the present study are given in 

Table 2. The calculated morphometric parameters of the 

watershed-I and II in the Barind Tract are given in Tables 3-6. 

The calculated area of the studied watershed-I and II of 1
st
 to 

6
th

 order are 115 and 130 km
2
 respectively with respective 

perimeter values of 87 and 103 km. 

Table 2. Methodology adopted for computations of morphometric 

parameters. 

Parameter Formulae References 

Stream order (U)  Hierarchical rank [23] 

Stream length (Lu)  Length of the stream [24] 

Mean stream length (Lsm)  Lsm = Lu/Nu [23] 

Stream length ratio (RL)  RL = Lu/(Lu_1) [24] 

Bifurcation ration (Rb)  Rb = Nu/Nu+1 [25] 

Mean bifurcation ratio 

(Rbm)  

Rbm = average of 

bifurcation ratios of all 

orders 

[23] 

Drainage density (Dd)  Dd = Lu/A [24] 

Drainage texture (T)  T = Dd × Fs [26] 

Stream frequency (Fs)  Fs = Nu/A [24] 

Elongation ratio (Re)  Re = D/L [25] 

Circularity ratio (Rc)  Rc = 4πA/P2 [23] 

Form factor (Ff)  Ff = A/L2 [24] 

Relief  R = H-h  [27] 

Relief ratio  Rr = R/L  [25] 

3. Results and Discussions 

3.1. Morphometric Parameters 

3.1.1. Stream Number (Nu) and Stream Orders (W) 

The stream ordering from the digitized streams of topo 

sheets and satellite images has been computed and ranked 

according to [23, 24]. The order wise stream numbers (Nu) 

and their linear characteristics are shown in Table 3. The 

studied watersheds show dendritic drainage pattern indicating 

homogenous subsurface strata. The W values vary from 1
st
 to 

6
th

 orders stream and found that the total length of stream 

segment is maximum in 1
st
 order streams and decreases as 

the stream order increases. Drainage map along with stream 

order of the studied watersheds is shown in Figure 3. 

In watershed-I and II the total Nu segments of different 

orders are 525 and 608 respectively with 408 (77.77%) and 

480 (78.9%) of 1
st
 order; 91 (17.3%) and 97 (16.0%) of 2

nd
 

order; 19 (3.6%) and 22 (3.6%) of 3
rd

 order; 4 (0.8%) and 6 

(1.0%) of 4
th

 order; 2 (0.4%) and 2 (0.3%) of 5
th

 order; and 1 

(0.2%) and 1 (0.2%) of 6
th

 order respectively. The highest 

percentage of 1
st
 order stream as 77.77% and 78.9% for 

watershed-I and II respectively indicates the possibility of 

flash flood after heavy rainfall [28] in downstream area of the 

Barind Tract i.e. floodplain area. The total length of streams 

in watershed-I and II area are 300 and 340 km respectively. 

The basin possesses dendritic drainage patterns, despite 

stream lengths and other hydrological properties are 

generally characterized by a treelike branching system with 

homogeneity and uniformity. 

 

Figure 3. Drainage map with stream order of the Barind Tract, Bangladesh. 
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3.1.2. Stream Length (Lu), Mean Stream Length (Lsm) and 

Stream Length Ratio (RL) 

The stream length (Lu), mean stream length (Lsm) and 

stream length ratio (RL) of the watersheds are computed after 

[24] and are given in Table 3. Generally, the total Lu 

segments decreases as the stream order increases indicating 

geometrical similarity between watersheds with increasing 

stream order and also reveals that streams of higher order 

have steep slopes and finer soil texture than that of lower 

order indicating low gradient [23]. 

 

3.1.3. Bifurcation Ratio (Rb) 

The bifurcation ratio (Rb) is the ratio of the number of 

stream segments of a given order to the number of segments 

of the next higher order. The characteristic Rb values of the 

studied watersheds range from 3.0 to 5.0 with mean values of 

3.60 in both watersheds represent geology with reasonable 

homogeneity where the drainage pattern has not affected 

largely by structural disturbances [23]. The observed Rb is 

not the same from one order to its next order which is related 

to the geological and lithological development of the studied 

watersheds (Table 3).  

Table 3. Linear aspect of the watersheds-I and II in the Barind Tract. 

 
Stream order 

(W) 

No. of Streams 

(Nu) 

Bifurcation 

ratio (Rbf) 

Mean bifurcation 

ratio (Rbm) 

Total length of 

streams (km) 

Mean length of 

Streams (km) 

Length ratio 

(Rl) 

Watershed-I 

I 408  

3.60 

163 0.40  

II 91 4.48 69 0.76 1.90 

III 19 4.79 35 1.84 2.43 

IV 4 4.75 24 6.00 3.26 

V 2 2.0 3 1.50 0.25 

VI 1 2.0 6 6.00 4.00 

Total 525 18.02    

Watershed-II 

I 480  

3.60 

177 0.37 2.15 

II 97 4.95 77 0.79 2.40 

III 22 4.41 42 1.91 2.18 

IV 6 3.67 25 4.17 2.16 

V 2 3.0 18 9.00 0.11 

VI 1 2.0 1 1.00  

Total 608 18.03    

 

3.1.4. Drainage Density (Dd) and Drainage Texture (T) 

Drainage density (Dd) is an expression to indicate the 

closeness of channels and is a measure of the total length of 

the stream segment of all orders per unit area which is 

controlled by the slope gradient and relative relief of the 

basin [24]. A low drainage density value indicates permeable 

sub-surface strata and has a characteristic feature of coarse 

drainage, which generally shows values less than 5.0. 

Strahler (1964) [23] noted that low drainage density is 

favored where basin relief is low and vice versa. Smith (1950) 

[26] classified Dd into five drainage texture (T) as: very 

coarse (>2); coarse (2-4); moderate (4-6); fine (6-8); and very 

fine (<8) and is given in Table 4. 

Table 4. Drainage texture classification drainage density value [26]. 

Drainage Density (Dd) Drainage Texture (Rt) 

Less than 2 Very coarse 

2-4 Coarse  

4-6 Moderate  

6-8 Fine  

Greater than 8 Ultra-fine (bad land topography) 

 

Table 5. Areal aspect of the watersheds-I and II in the Barind Tract. 

Watersheds 
Basin Area 

(km2) 

Perimeter 

(km) 

Length 

(km) 

Form 

factor (Ff) 

Elongation 

ratio (Re) 

Circularity 

ratio (Rc) 

Drainage 

density (Dd) 

Stream 

frequency (Fs) 

Drainage 

texture (T) 

I 115 87 19.44 0.304 0.118 0.2 2.61 4.57 6.03 

II 130 103 20.84 0.299 0.108 0.153 2.62 4.68 5.90 

 

The calculated values of Dd of the studied watershed-I and 

II are 2.61 and 2.62 respectively (Table 5) indicating weak 

permeable near surface lithology with moderate drainage and 

moderate relief. The values of T of the watershed-I and II are 

6.03 and 5.90 respectively reveals the presence of resistant 

permeable lithology. The variation in T values depend on 

natural factors like climate, rainfall, vegetation, soil type and 

their infiltration capacity and relief of the watershed. The 

relationship between top soil lithology and hydrological 

analysis of the watersheds reveal moderate drainage density 

and generally represent semi-permeable or poor permeable 

surface soil lithology with moderate vegetation. The drainage 

density map of the watersheds is shown in Figure 4. 
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Figure 4. Drainage density map with stream order of the Barind Tract, 

Bangladesh. 

3.1.5. Stream Frequency (Fs) 

The stream frequency (Fs)/ channel frequency is the ratio 

of the total number of stream segments of all orders in the 

watershed to the total study area [24]. It represents different 

stages of landscape evolution where the occurrence of stream 

segments is related to surface soil nature, vegetation covers, 

rainfall pattern, physiography etc. The Fs values of the 

watershed-I and II are 4.57 and 4.68 respectively (Table 3) 

indicating positive correlation with the drainage density of 

the watersheds which suggest an increasing stream 

population occurring with respect to increase in drainage 

density of the watersheds.  

3.1.6. Elongation Ratio (Re) 

Elongation ratio (Re) is defined as the ratio between the 

diameter of the circle of same area as the drainage basin and 

the maximum length of the watershed [25]. The values of Re 

generally range from 0.6 to 1.0 over a wide variety of 

climatic and geologic conditions where the values close to 

1.0 are typical of very low relief area, and that of 0.6-0.8 are 

usually associated with high relief and steep ground slope 

[23]. These values can be grouped into three categories as: 

circular (>0.9); oval (0.9-0.8); and elongated (<0.7). The Re 

values of the studied watershed-I and II are 0.118 and 0.108 

which reveal that the watersheds have shape of elongated 

nature (Table 5) with low to moderate relief and surrounded 

by the area of moderate to steep slope due to areal 

topography. 

3.1.7. Circularity Ratio (Rc) 

Circularity ratio (Rc) is the ratio of the watershed area to 

the area of circle having the same circumference as the 

perimeter of the watershed, and is influenced by the length 

and frequency of streams, geological structures, land use/land 

cover, climate, relief and slope of the watershed [29]. The 

low, medium and high values of the circulatory ratio are 

indications of respective youth, mature and old stages of the 

life cycle of the drainage basins. The Rc values of the 

watersheds-I and II area 0.20 and 0.15 respectively indicating 

youthful stage of watershed development (Table 5) with 

elongated shape and low discharge capacity of runoff. It also 

reveals the dendritic stage of drainage is mainly due to the 

variation of slope and relief pattern of the studied watersheds. 

3.1.8. Form Factor (Ff) 

Form factor (Ff) defined as the ratio of watershed area to 

square root of the watershed length which indicates the flow 

intensity of a watershed for a particular area [24]. The long 

narrow watershed has larger lengths with smaller form 

factors. On the other hand, the circular shaped watershed has 

intermediate form factors, which are close to one. For 

perfectly circular watershed the Ff value will be greater than 

0.78, but short wide watershed have largest Ff value. The 

watersheds with high Ff values experience larger peak flows 

of shorter duration, whereas elongated watersheds with low 

Ff values experience lower peak flows of longer duration. 

The observed Ff values of the watershed-I and II are 0.30 and 

0.29 respectively (Table 5) indicating elongated shaped 

watersheds along with low Ff values reveal flatter peak of 

runoff water flow for longer duration. 

3.1.9. Relief (R) and Relief Ratio (Rh) 

The total relief (R) is defined as the differences in 

elevation between the highest and the lowest points of a 

watershed. On the other hand, the relief ratio (Rh) is the ratio 

of maximum relief to horizontal distance along the longest 

dimension of the watershed parallel to the principal drainage 

distance line [25]. The R and Rh values measure the overall 

steepness of the watershed which is an indicator of the 

intensity of the erosion process operating on the slope of the 

watershed. The R values of watershed-I and II are 32 m in 

both cases and that of Rh are 0.0004 and 0.0003 respectively 

which indicate that the major portion of the watersheds have 

gentle slope where the high relief of the watershed indicates 

the gravity flow of water, low infiltration and high runoff 

conditions (Table 6). 

Table 6. Relief characteristics of the watersheds-I and II in the Barind Tract. 

Watersheds Maximum height of basin (m) Minimum height of basin (m) Total relief (m) Relief ratio 

I 47 15 32 0.0004 

II 47 15 32 0.0003 
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3.2. Aspect Map 

The aspect map represents the slope direction of watershed 

from higher to lower elevation and very much important to 

study the influence of sun light/ heat produced on local 

climatic condition. In the Barind Tract, the east-facing slope 

is comparatively less hot as it gets sun light before noon than 

that of west-facing slope with warmer climatic condition. So 

it has major effects on the distribution of vegetation type in 

the watershed area. The aspect map derived from SRTM 

DEM of the watersheds represents the compass direction of 

the aspect where 0 is true north and 90 aspect is the true east 

(Figure 5). The studied watersheds show east-facing slopes 

and therefore the slopes have higher moisture content along 

with higher vegetation. 

 

Figure 5. Aspect map of the Barind Tract, Bangladesh. 

3.3. Slope Map 

The slope measurement represents the change in surface 

value with respect to distance which can be expressed in 

degrees or percentage. In a raster format, the DEM is a grid 

where each cell is a value referenced to a common datum. 

Any two points on the grid is sufficient to calculate slope 

where the maximum difference is found and the gradient is 

determined [30-32].  

In the study, topographical elevation map for the Barind 

Tract is developed by DEM extracted from the SRTM data. 

Accordingly, the slope map of the watersheds is generated 
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using ARC GIS spatial analyst tools. The slope of the area is 

important to control the run-off and hence the infiltration 

capacity of soil. Higher value of slope causes less infiltration 

of rainwater/ runoff water through top soil to recharge the 

groundwater in the aquifer. 

The slope map is classified as: flat (0-3
o
); gentle (3-<8

o
); 

moderate (8-<15
o
); steep (15-<30

o
); very steep (30-<50

o
); 

and extremely steep (≥50
o
) (Figure 6) [33]. Accordingly, 

most of the area of the watersheds I and II come under flat to 

gentle slope with undulating nature and can be classified as 

‘good’ category for its relevance for water resource 

management. This is favorable for the infiltration capacity 

with maximum time of percolation of runoff water. So the 

watersheds are potential for construction of check dams, 

percolation tank, artificial recharge of groundwater through 

the Managed Aquifer Recharge (MAR) technique etc. 

 

Figure 6. Slope map of the Barind Tract, Bangladesh. 

3.4. Land Use Pattern 

Land use pattern and its changes are most important 

factors for assessment of water resource of the watershed/ 

basin and reveals the utilization of land resource by man-

made activities particularly agriculture and urbanization [34, 

35]. Analyses of land use changes for hydrologic processes 

includes: changes in water demands from changing land use 

practices such as irrigation and urbanization; changes in 

water supply from altered hydrological processes of 

infiltration, groundwater recharge and runoff to understand 

the hydrological conditions of the watershed and their 

management etc. [36-39]. 

Table 7. Land use percent of the watersheds-I and II in the Barind Tract. 

Watershed-I 

Land use category Area (km2) Percentage (%) 

Settlement 7 6.09 

Cultivated Land 105 91.30 

Water body 3 2.61 

Total 115 100 

Watershed-II 

Settlement 10 7.7 

Cultivated Land 118 90.8 

Water body 2 1.5 

Total 130 100 

In the present study, the land use pattern and their spatial 

variation is assessed from satellite data of Landsat-8 

December, 2014 (30 m spatial resolution). A standard 

approach is applied for classification of the satellite image 

using Erdas Imagine 9.1 software starting from defining of 

the training sites, extraction of signatures from the image and 

then classification is performed. The land use pattern of the 

studied watershed-I and II reveal that major parts come under 

cultivated land (91.30% and 90.8% respectively) which 

supports the need for future development and management 

for water resource (Table 7). Finally, the Maximum 

Likelihood Classification (MLC) method is applied and 

common land use categories are identified with reference to 

their water requirement i.e. cultivated land, settlement and 

water bodies (Figure 7). 

3.5. Relevancy of Water Resource Management with 

Morphometric Analysis  

Water resource management studies from land use pattern 

helps to understand the changing scenario of water demand 

from different activities such as agricultural requirement, 

domestic needs and industrialization. It can also be used to 

understand the infiltration, recharge and runoff rate of the 

watershed. The quantitative analysis of parameters of the 

watersheds based on remote sensing and satellite images 

derived from DEM have important role for water resource 

assessment like basin delineation; soil and water 

conservation and their management. Morphometric analysis 

of the watershed-I and II show elongated area with gentle 

slope. The site selection for rainwater/ runoff water 

harvesting by construction of check dams, percolation tank, 

artificial groundwater recharge structures etc. in the 

watersheds for water resource management have been 

assessed based on small-scale topographic maps using RS 

and GIS-based tools where morphometric analysis plays an 

important role. If this information is integrated with other 

hydrological characteristics of watersheds, the strategy of 

siting recharge and water-harvesting measures provides 

better water resource development and management plan. 

The drainage patterns in the studied watersheds are 

dendritic in nature because of its weak permeable surface or 

near surface lithology with intermediate drainage and 

moderate relief. So the watershed areas are favorable for 

identification of water resource potential zones. The 

topographic elevation of the watersheds induce highest 

amount of rainwater/ runoff water from the elevated Barind 

Tract to the floodplain area with low elevation allows the 
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higher amount of rainfall infiltration to recharge the aquifer 

zone. 

 

Figure 7. Land use/land cover map of the Barind Tract, Bangladesh. 

4. Conclusions and Recommendations 

For water resource management of the agro-based but 

drought prone Barind Tract, the morphometric analysis is 

carried out. The area is characterized by flash flood after 

rainfall in downstream. Here the dendritic drainage pattern 

has not affected largely by structural disturbance, but related 

to geological and lithological development of the area. The 

near surface lithology is characterized by poor permeable 

capacity with moderate drainage, relief and vegetation which 

is supported by the relationship between top soil lithology 

and hydrological analysis of the studied watersheds. 

Topographically the major part of the elongated watersheds 

have flat to gentle slope having long time for infiltration as 

flatter peak of runoff water flow prevail for longer duration. 

The area is bounded in the west by high relief of the Tract 

indicates the gravity flow of runoff water. As the basin is in 

youthful stage of development, it has low discharge capacity 

of runoff water. The dendritic drainage pattern represents 

variation in relief pattern of the watersheds. The east facing 

slopes of the watersheds reveal the higher moisture with 

higher vegetation. The flat to gentle but undulating slope of 

the watersheds are designated as good category for water 

resource management. 

So the morphometric parameters reveal that groundwater 

recharge and surface water augmentation can be adopted for 

water resource management of the studied watersheds in the 

Barind Tract. It helps in better understanding of the drainage 

and basin planning and water resource management and will 

be useful for sustainable natural resource management and 

development at micro level by planners and decision maker. 

Subsequently, the morphometric parameters will be 

integrated with hydrological and hydrogeological data, and 

geophysical information, which will help to make decision 

regarding suitable sites for water conservation structure (e. g. 

check dam, percolation tank etc.) and artificial recharge of 

groundwater through MAR technique for groundwater 

development and management program. This study will 

provide a guideline to water resource managers in the Barind 

Tract by analyzing watershed morphometrically using RS 

and GIS techniques with an aim to improve the management 

approach in sustainable way. 
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