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C2P: Cartographic Techniques Lab 

1. Graphical construction of scales: Plain, comparative, diagonal and vernier.  

2. Construction of projections: Polar Zenithal Stereographic, Simple conic with two standard 

parallels, Bonne’s, Cylindrical Equal Area, and Mercator’s.  

3. Delineation of drainage basin from Survey of India topographical map. Construction and 

interpretation of relief profiles (superimposed, projected and composite), relative relief map, slope 

map (Wentworth), and stream ordering (Strahler) on a drainage basin.  

4. Correlation between physical and cultural features from Survey of India topographical maps using 
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1. Graphical Construction of Scales: Plain, Comparative, Diagonal 

and Vernier.  

 

Graphical Construction of Scale 

1. Simple or Plain Scale 

They read or measure up to two units or a unit and its sub-division, for example centimetres (cm) 

and millimetres (mm). When measurements are required upto first decimal, for example 2.3 m or 

4.6 cm etc. It consists of a line divided into number of equal main parts and the first main part is sub-

divided into smaller parts. Mark zero (O) at the end of the first main part. From zero-mark numbers 

to the main parts or units towards right and give numbers to the sub-divisions or smaller parts 

towards left. Give the names of the units and sub-units below clearly. Indicate below the name of 

the scale and its R.F clearly. 

Example: 

The R.F. of a map is 1:250,000. Construct a plain scale with primary and secondary divisions to read 

up to one km. 

 Solution:  

Before initiating the construction, we have to perform the following calculation to derive the length 

of the scale.  

The given R. F. of the map is 1:250,000 as we want to develop a scale in Kilometre, the given R. F. 

can be expressed as: one cm. represents 250,000 cm.  

If we draw a line of 12 cm, it will represent the number of kms in following way: 1 cm. represents 

250,000 cm or if we express it in km. 1 cm = 2.5 km (1, 00,000/250,000) 

A line of 12 cm will represent 2.5 km x 12 = 30 km. 
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Steps Involved in the Construction 

1. Based on the above calculation, we have to read upto 1 km. in this linear scale for 30 km. 

Therefore, we will divide this scale into six primary divisions. Thus, each primary division will read 5 

km. 

2. As discussed earlier in this section, the extreme left primary division of the scale will be divided 

into five equal divisions. Each secondary division will represent a minimum distance of one km. 

3. While numbering the scale, zero should be marked after one interval from the left, so that the 

left-hand end of the line can be numbered 5 and the primary divisions to the right of zero can have 

numbers 5, 10, 15, 20 and 25. 

This method of numbering enables us to read off directly the whole numbers as well as the fraction 

from the scale. 

 

Plain Scale Depicting Primary and Secondary Divisions 

2. Comparative Scale 

In simpler terms, a comparative scale may be expressed as a pair of scales having a common R.F. but 

graduated to read different units. Some of the examples of comparative scales are (i) different units; 

(ii) time scale; (iii) pace scale; and (iv) revolution scale. Let us discuss each of them and their 

construction with an example each.  

Different Units 

As the name suggests, this type of scale depicts reading in two different units. An example of a 

comparative scale of two different units may be showing distances in meters and yards having 

common zero point. Let us solve the below given example for more clarity. 

Example: 
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A map is on the scale of R.F. 1:100,000. Draw a comparative scale to read the distances in Mile-

Furlong and Kilometre- Hectometre. 

Calculation: 

The given R.F. is 1:100,000  

As we want to develop a scale in miles, the given R. F. can be expressed as: For mile 1 inch 

represents 100,000 inch 6” will represent 100000x6 Miles = 625 Miles = 9.46 miles 63360 66  

For our convenience, let us convert it into a round figure of 10 miles. In this case, we have to 

recalculate the length of the scale.  

Therefore, the length of the scale will be as follows: 625 Miles are shown by a line of 6” 66 1 mile will 

be shown by a line of 6 x 66” 625 10 miles will be shown by 6 x 66 x 10” = 6.3”. 625 Miles for km 1 

cm. represents 100,000 cm or 1 km. Then 15 cm. will represent 1 km.  15 = 15 km.  

Steps Involved in the Construction 

The following steps are followed while constructing comparative scale for depicting two different 

units. We have already calculated the length of the scale.  

1. We will start the construction of comparative scale by drawing two straight lines. The length of 

the line representing mile is 6.3” whereas the second line representing kilometre is 15 cm. 

2. Divide 6.3” line into 10 equal parts to show the primary division of one mile distance. Similarly, 

divide the line of 15 cm. into 15 equal parts to show the primary division of 1 km.  

3. The first primary division in the extreme left will be divided into two equal parts. Thus, one 

secondary division will represent 4 furlongs. Similarly, to measure distance in hectometre, divide left 

primary division into two equal parts. Thus, one secondary division will measure the distance of 5 

hectometre.  

4. Now draw the comparative scale where the zero of both the scales should coincide with each 

other. 
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Comparative Scale Depicting Two Different Scales 

3. Diagonal Scale 

Diagonal scales are drawn for greater precision or higher degree of accuracy. Can you imagine how is 

this precision achieved? Yes, you’re right. We achieve this precision because this scale is specifically 

used to measure up to three units. For example, in a metric system you can measure kilometres 

(km), meters (m) and centimetres (cm). Similarly, in British system of measurement you can measure 

miles, furlongs and yards etc. If you observe closely the previous two scales, they are best suited for 

measuring up to two units. This scale is used when very small distances such as 0.1 mm are to be 

accurately measured or when measurements are required up to second decimal. The below given 

figure depicts micro-distance in a diagonal scale.  

 

Reading of Micro-Distance in a Diagonal Scale 
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Example 1: 

To read the distance of one hundredth part of a mile, draw a diagonal scale on R.F. 1:63,360 and also 

show the distance of 1.56 mile on the scale.  

Solution:  

Steps involved in the Construction  

1. As per the given exercise, 1" represents 1 mile, as 1 mile is equal to 63,360". Draw a line of 6", and 

divide it into 6 primary divisions. Thus, one primary division will represent one mile. 

2. Divide the first primary division of the left side into ten secondary divisions. Thus, the one 

secondary division will represent 0.1-mile distance.  

3. To read the distance of 0.01 mile draw 10 parallel lines to the main scale. On the left side of 

primary division mark 10 points of equal distances on the upper most line of the scale. Join these 10 

small distances with the diagonals. 

 

Diagonal Scale Showing the Distance of 1.56 Mile 

Example 2: 

Draw a diagonal scale to read 3.47 inches. R. F= 1:1. 

Calculation: Reading to be shown: 3.47 inches 

                    = (3.00 + 0.40 + 0.07) inches 

                    = (3 x 1.00 + 4 x 0.10 + 7 x 0.01)) inches 

Therefore, a primary division is to be divided into 10 equal parts (1 inch/ 0.1 inch) and a secondary 

division also in 10 equal parts (0.1 inch/ 0.01 inch) with the following readings: 
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Division 

Primary Secondary Tertiary 

Value No Value No Value No 

1.00 inch 3 0.10 inch 4 0.01 inch 7 

Since the R.F is 1:1 the length of a primary division will be 1 inch. 

 

                                                                 Diagonal scale 

4. Vernier Scale 

Do you know why this scale is named so? This scale is named after its inventor Pierre Vernier, a 

French Mathematician in 1631. Vernier scales are drawn to achieve greater accuracy in the form of 

fraction of a division in both linear and angular measurements. This scale consists of a small moving 

scale. This small moving scale has the graduated edge which slides along the graduated edge of a 

larger sale. The larger scale is known as primary scale and as mentioned above the small graduated 

scale is known as Vernier scale. 

Example: 

Draw a vernier scale to read 65°39ˈ when the value of one division of vernier scale and vernier 

constant are 5ˈ24ˈˈ and 0.6ˈ respectively. 

Solution 

Step 1 

Least count of Main Scale (d) 
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= (VC + Length of one small vernier scale division) 

= (0.6ˈ or 0ˈ36ˈˈ + 5ˈ24ˈˈ) =  6ˈˈ          ∗ {0.6ˈ = 0.6ˈ × 60ˈˈ = 0ˈ36ˈˈ} 

No. of Vernier Scale Division (n) =  
d

vc
=  

6ˈ

0ˈ36ˈˈ
= 10 

Vernier Constant (V. C. ) =  0.6ˈ or {0.6ˈ = 0.6ˈ × 60ˈˈ = 0ˈ36ˈˈ} 

Step 2 

Total Scale Reading (T.S.R.) = 65°39ˈ 

Main Scale Reading (M.S.R.) = 65°36ˈ 

Vernier Scale Reading (V.S.R.) = (T.S.R. – M.S.R.) = (65°39ˈ - 65°36ˈ) = 3ˈ 

Step 3 

Coincident point of Vernier Scale Division with the any foreword division of main scale 

=
Total Scale Reading − Main Scale Reading

Vernier Constant
 

=
65°39ˈ − 65°36ˈ

36ˈˈ
 

= 5 th Division 
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2. Construction of Projections: Polar Zenithal Stereographic, Simple 

Conic with Two Standard Parallels, Bonne’s, Cylindrical Equal Area, 

and Mercator’s Projection.  

 

CONSTRUCTION OF MAP PROJECTION 

A. Polar Zenithal Stereographic Projection 

The projection which is obtained by projecting graticule of latitudes and longitudes on a plane 

tangent to the globe, it is called a zenithal projection. 

Properties Common to Zenithal Projections 

1. One important property of zenithal projection is that they have true bearings from the 

centre or we can say that directions of all points from the centre are correct. That is why 

they are also called azimuthal projections. 

2. The projecting surface is tangent to the globe.  

3. Shape is distorted away from the centre. 

Types of Zenithal Projections 

 Zenithal projections are divided into two broad types, that is, perspective and non-perspective 

projections. 

1. If light is used as a source for projecting the graticule of parallels and meridians, then it 

is called perspective zenithal projection.  

2. Those which do not involve the use of light for projecting the graticule of parallels and 

meridians are called non-perspective zenithal projections.  

 

 Perspective zenithal projections are further divided into three types on the basis of position of 

this light source. 



 

12 

 

1. If the source of light is placed at the centre of the projecting globe, it is called a 

gnomonic zenithal projection. 

2. If the source of light is placed diametrically opposite to the point of contact of the 

tangential plane, it is called a stereographic zenithal projection.  

3. Now when the light source is at infinity, so that the rays of light are parallel, the 

resultant projection is called an orthographic zenithal projection. 

 In the figure you can see the different position of light sources in the projecting globe (in gnomonic, 

stereographic and orthographic cases) in the lower portion and the respective projected graticule of 

parallels and meridians in the upper portion. 

 

Example:  

Draw the graticules of polar zenithal stereographic projection for the map of Northern Hemisphere 

at an interval of 15⁰ on a scale of 1:225,000,000. 

Step I: Radius of the generating globe (R): Actual radius of the earth / denominator of R.F. 

Step II: parallels to be drawn: 0⁰, 150 N, 300 N, 450 N, 600 N, 750 N, 900N. 

Step III: Radius of any parallel (rꝋ) = 2R tan (900- ꝋ / 2) 

                                                        = 2 x 1.11 tan (900- ꝋ / 2) inch 

                                                        = 2.22 tan (900- ꝋ / 2) inch 
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Step-IV: calculation for graphical scale 

             1 inch on the map distance represents 225,000,000 inch on the ground 

             1 inch on the map distance represents 225,000,000/63360 mile on the ground 

              = 3551.136364 mile 

POLAR ZENITHAL STERIOGRAPHIC PROJECTION 
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B. Simple Conic with Two Standard Parallels 

In this projection, a simple right circular cone is taken as the projection plane. Two circles of the 

cone correspond to two different parallels on the generating globe and form an ordinary cone in-

dependent of the globe. These are the standard parallels which are so selected as to cover two-

thirds of the latitudinal extent of the area to be mapped. The parallels appear as concentric arcs of 

circle while meridians appear as straight lines converging at the vertex of the cone. 

Construction 

1. A straight line is drawn vertically through the centre of the paper to represent the Central 

Meridian. 

2. It is then divided by d for spacing the parallels. 

3. An arc of circle of r1 radius centred on the Central Meridian is drawn passing through the Φ1, 

division-mark on the Central Meridian to represent the first Standard Parallel. 

4. Similarly, with r2 radius the Standard Parallel Φ2 is drawn. 

5. From the centre of the Standard Parallels, concentric arcs of circles are drawn through the 

remaining division-marks to represent the other parallels. 

6. By d1, the Standard Parallel, Φ2 is divided for spacing the meridians. 

7. Similarly by d2, the Standard Parallel, Φ2, is divided for spacing the meridians. 

8. Straight lines are drawn through the corresponding division points on the Standard Parallels 

to represent the meridians. 

9. The graticules are then accurately and properly labelled. 

 

Simple Conical Projection (with Two Standard Parallel) 
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Properties 

1. This is a non-perspective projection. 

2. The parallels are concentric arcs of circles truly spaced on the Central Meridian. 

3. The Pole is represented by an arc of circle. 

4. Radial scale is true along the Central Meridian. 

5. The parallels are equidistant from one another. 

6. The meridians are straight lines truly spaced on the Standard Parallels. 

7. The meridians converge at the vertex of the cone. 

8. Tangential scale is true along the Standard Parallels. 

9. Deformation is negative within the inter-standard parallel area while it is positive beyond 

the Standard Parallels. 

10. It is the most suitable projection for mid-latitude countries with latitudinal extent relatively 

smaller than the longitudinal extent. 

Example  

Draw graticules of Simple Conical Projection with Two Standard Parallels for extension, 20°N to 80°N 

and 140°E to 140°W at 10° interval. Scale is 1 : 50 X 106. 

Calculation 

Step 1 

Radius of the generating globe, R = Actual Radius of the Earth / Denominator of R.F. 

Radius of the reduced earth is, R =
250,000,000 inches

50,000,000
 = 5 inches. 

Step 2 

The division along the Central Meridian for spacing the parallel at interval 10°,  

d =
πR

180°
× i° = 0.8727 inch 

Step 3 

For 20°N to 80°N parallels at 10° interval, Standard Parallels chosen are: 

Φ1  = 20°N +
(80°−20°)N

3
= 20°N + 20°N = 40°N 
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And 

Φ2  = 80°N −
(80°−20°)N

3
= 80°N − 20°N = 60°N 

Step 4 

Parallels to be drawn – 20N, 30N, 40N, 50N, 60N, 70N and 80N 

Meridians to be drawn – 140E, 150E, 160E, 170E, 180E, 170W, 150W, and 140W 

Step 5 

The radius of the Standard Parallel, Φ1, 

r∅1
= R(∅1 − ∅2)c ×

Cos∅1

Cos∅1
−  Cos∅2

 

r40 = 5. (60° − 40°)c ×
Cos40°

Cos40° −  Cos60°
= 5.0255 inches 

r60 = 5. (60° − 40°)c ×
Cos60°

Cos40° −  Cos60°
= 3.2801 inches 

Step 6 

The division on the Standard Parallel, Φ1, for spacing the meridian at 10° interval, 

d1 =
2πRCos∅1

180°
× i° 

d1 =
2πRCos40°

360°
× 10° = 0.6685 inch 

d2 =
2πRCos60°

360°
× 10° = 0.4363 inch 

C. Cylindrical Equal Area 

This projection is also known as Lambert’s Cylindrical Projection in which the distance between 

latitude decreases towards the higher latitudes. In this projection, the pole is shown with the parallel 

equal to the equator; hence the shape of the area gets highly distorted at the higher latitudes. 

Therefore, the projection is non-orthomorphic. The parallels of latitude and the meridians of 

longitude intersect each other at the right angle. Area lying between 45° N and S latitudes can be 
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suitably shown on this projection. The projection is also suitable to show the distribution of tropical 

crops such as coffee, rice, and rubber, etc.  

Properties of Cylindrical Equal-Area Projection 

Properties of cylindrical equal area projection are more or less similar to simple cylindrical 

projection. Following are the main properties of this projection: 

Shape of Parallels and Meridians:  

Parallels are represented by a set of parallel straight lines and are of same length as like that of the 

equator. Parallels are variably spaced on the meridians. Inter-parallel spacing decreases rapidly 

toward the pole. The tangential scale rapidly increases pole-ward and is infinity at the poles. 

Meridians are parallel straight lines truly spaced on the equator. Meridians are of same length equal 

to the diameter of the globe. The inter-meridian spacing is uniform on all the parallels. The pole is 

represented by a straight line equal to the length of 2R. 

Intersection of Parallels and Meridians:  

Like other cylindrical projections, the parallels and meridians intersect each other at right angles in 

all parts of the projection. 

Scale along Parallels and Meridians:  

The scale along the standard parallel i.e., the equator is true. Along other parallel and all meridians 

scale is not true. The amount of exaggeration in scales increases in both parallels and meridians as 

we move from the equator towards the pole. The exaggerations in scales are so much that it leads to 

distortion of shape in the political map of the countries located in the sub-polar and polar areas.  

Uses and Limitations of Cylindrical Equal-Area Projection 

1. This projection is most suitable for the area lying between 45º N and S latitudes.  

2. It is most appropriate to show the distribution of tropical crops like rice, tea, coffee, rubber 

and sugarcane, etc. 

3. Distortion increases as we move towards the pole. 

4. The projection is non-orthomorphic.  

5. Equality of area is maintained at the cost of distortion in shape. 

Example: 



 

18 

 

Draw a neat graticules of Cylindrical Equal area projection for an area extending 400 N to 400 S & 200 

W to 60 0 E at an interval of 100 on a scale 1: 75000000. 

Step I:  

Radius of the generating globe (R): Actual radius of the earth / denominator of R.F. 

                                                                  = 250,000,000 inch/ 75,000,000 

                                                                  = 3.33 inch 

Step II:  

Divisions along the equator for spacing the meridians at i0 interval (d) = 2ΠR/3600  x 100 

= 2 Π x 3.33 inch / 360 0 x 100 

    = 0.58 inch 

Step III:  

Parallels to be drawn: 400 N, 300 N, 200 N, 100 N, 00, 100 S, 200 S, 300 S, 400 S  

Meridians to be drawn: 200 W, 100 W, 00, 100E, 200E, 300E, 400E, 500E, 600E 

Step IV:  

The height of any parallel above the equator (yꝋ)  = R Sin ꝋ 

= 3.33 sin ꝋ (inch) 

 

Step V: 

Calculation for graphical scale 

             1 inch on the map distance represents 75,000,000 inches on the ground 
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             1 inch on the map distance represents 75,000,000/63360 mile on the ground 

                                                                         = 1183.712121 mile 
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D. Bonne’s Projection 

It is a special case of conical projection named after a French cartographer Rigobert Bonne, who 

designed this projection. It is different from the former two projections because in this all the 

parallels are drawn true to scale. However, only one parallel is considered as standard parallel and 

hence its radius is determined. The curvature of other parallels depends on the standard parallel. For 

drawing the meridians, all the parallels are divided separately and truly and the points so obtained 

are joined by smooth curves. 

Properties of Bonne’s Projection 

1. All parallels are concentric curves. However, their curvature depends on the curvature of the 

selected standard parallel for construction. 

2. All meridians are smooth curves except the central meridian which is a straight line. 

3. The scale is true along all the parallels as all of them are drawn true to scale. 

4. The scale is correct along the central meridian only. This is the reason why shape gets 

distorted away from the central meridian. 

5. This is an equal area projection as in this, the area of each quadrangle is made equal to the 

corresponding quadrangle on the globe. Both height and base are true to scale. 

6. As this is an equal area projection, it is suitable for maps of Europe, North America, and 

Australia etc.  

Use 

It is used for maps of all continents except Africa. Sinusoidal projection is suitable for drawing maps 

of Africa, which is a special case of Conical projection, but you will study about sinusoidal projection 

at higher levels. Bonne’s projection is also used for topographical maps of countries like 

Netherlands, Belgium, and Switzerland etc. 

Example: 

Draw a neat graticule of Bonne’ s projection for the map of Europe extending from 350N to 750N & 

100 W to 500 E at an interval of 100 on a scale of 1:60,000,000. 

Step I 

Radius of the generating globe (R): Actual radius of the earth / denominator of R.F. 
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              = 250, 000000/ 60000000 = 4.17 inch 

Step II 

Parallels to be drawn: 350 N, 450 N, 550 N, 650 N, 750N (Standard parallel is 550N) 

Meridians to be drawn: 100 W, 00, 100 E, 200 E, 300 E, 400 E, 500 E (central meridian is 200 E) 

Step III 

Division along the central meridian for spacing the parallels at i0 interval (d)  

= ΠR/1800 x i0 

= Π x 4.17 inch / 180⁰ x100 

= 0.73 inch 

Step IV 

Radius of the standard parallel (r ꝋ)  = R cotꝋ 

= 4.17 cot 550 (inch) 

= 2.92 inch 

Step -V 

The division on the parallel for spacing the Meridians at i0 interval (dꝋ)  

= 2ΠR Cos ꝋ / 3600 x i 0 

= 2 x Π x 4.17 inch x Cos ꝋ / 360 0 x 10 0 

= 0.73 Cos ꝋ 

 

Step VI 
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Calculation for graphical scale 

             1 inch on the map distance represents 60,000,000 inches on the ground 

             1 inch on the map distance represents 60,000,000/63360 mile on the ground 

                                                                         = 946.969697mile 

 

E. Mercator’s Projection 

This is a cylindrical orthomorphic projection designed by Flemish, Mercator and Wright. In this, a 

simple right circular cylinder touches the globe along the equator. All the parallels are of the same 

length equal to that of the equator and the meridians are equispaced on the parallels. Therefore, the 

tangential scale increases infinitely toward the pole. To maintain the property of orthomorphism, 
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the radial scale is made equal to the tangential scale at any point. Hence parallels are variably 

spaced on the meridians and the poles can never be represented. The parallels and meridians are 

represented by sets of straight lines intersecting at right angles.  

Construction 

1. A straight line is drawn horizontally through the centre of the paper to represent the 

Equator. 

2. It is then divided by d for spacing the meridians. 

3. Through each of these division points, straight lines are drawn perpendicular to the 

Equator to represent the meridians. 

4. On the Central Meridian, heights of different parallels (YΦ) from the Equator are marked. 

5. Through each of these points straight lines are drawn perpendicular to the Central 

Meridian to represent the parallels. 

6. The graticules are then accurately and properly labelled. 

 

Properties 

1. All parallels and meridians are straight lines and they intersect each other at right angles. 

2. All parallels have the same length which is equal to the length of equator. 

3. All meridians have the same length and equal spacing. 
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4. Spacing between parallels increases towards the pole. 

5. Scale along the equator is correct as it is equal to the length of the equator on the globe; 

For example, the 30º parallel is 1.154 times longer than the corresponding parallel on 

the globe. 

6. Shape of the area is maintained, but at the higher latitude’s distortion takes place. 

7. The shape of small countries near the equator is truly preserved while it increases 

towards poles. 

8. It is an azimuthal projection. 

9. This is an orthomorphic projection as scale along the meridian is equal to the scale along 

the parallel. 

Uses 

1. More suitable for a world map and widely used in preparing atlas maps. 

2. Very useful for navigation purposes showing sea routes and air routes. 

3. Drainage pattern, ocean currents, temperature, winds and their directions, distribution 

of worldwide rainfall and other weather. 

Example 

Draw a Mercator’s projection for the map of India with extension of 60°E to 100°E and 4°N to 40°N 

on the scale of 1:25 Χ 106 at 4° intervals. 

Calculation 

Step 1 

Radius of the generating globe, R = Actual Radius of the Earth / Denominator of R.F. 

Radius of the reduced earth is, R =
250,000,000 inches

250,000,00
 = 10 inches. 

Step 2 

Division along the equator for spacing the meridians at 4° interval, d =
2πR

360°
× 4° = 0.678 inch.  

Step 3 

Height of any parallel above the equator, YΦ = 23.026 R log tan (
90°+∅

2
) 
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Φ 4°N 8°N 12°N 16°N 20°N 24°N 28°N 32°N 36°N 40°N 

(
90° + ∅

2
) 47° 49° 51° 53° 55° 57° 59° 61° 63° 65° 

Y Φ 0.70 1.40 2.11 2.33 3.56 4.32 5.09 5.90 6.74 7.63 
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3. Delineation of Drainage Basin from Survey of India Topographical 

Map. Construction and Interpretation of Relief Profiles 

(Superimposed, Projected and Composite), Relative Relief Map, 

Slope Map (Wentworth), and Stream Ordering (Strahler) on a 

Drainage Basin.  

 

1. Delineation of Drainage Basin 

Watershed is a basic hydrologic unit based on the natural boundary. Watershed is defined by all 

points enclosed within an area from which rain falling at these points will contribute water to the 

outlet (watershed outlet).  

To delineate the micro-watersheds or sub-watersheds in a watershed, we need to remember the 

following two basic principles:  

(1) Choose the point of the micro-watershed outlet. This is generally our point of interest for 

designing a structure or monitoring location or any water body or a tributary merging to a bigger 

stream. 

(2) Contours (contour lines) that point upstream denote valleys and form the drainage line in a 

watershed. The contours that point downstream denote ridges and are termed as the boundary 

of a watershed, sub-watershed or a micro watershed. Therefore, one should remember that a 

watershed boundary always runs perpendicular to the contour lines. 

Procedure 

Watershed delineation Following steps are used for watershed delineation:  

Step 1: Take a topographical map and mark the location of the water body or tributary joining the 

main stream. 

Step 2: Study the contour lines (lines connecting points of equal elevation above mean sea level or 

GTS Benchmark) on the toposheet for the area. Contours (contour lines) that point upstream denote 
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valleys and form the drainage line in a watershed. The contours that point downstream denote 

ridges. Contours spaced far apart indicate that the landscape is more or less flat and have gentle 

sloping land. Contour lines spaced very close together indicate sudden changes (rise or fall) in 

elevation over a short distance; i.e. the area with steep slopes. 

Step 3: Trace the drainage line or waterway from its catchment source to its outlet, including the 

tributaries. This step helps in determining the beginning and ending boundaries of the draining area.  

Step 4: A valley line or drainage line is represented by a series of contour lines "pointing" towards 

the highest elevation. Determine the direction of drainage in the area by drawing arrows 

perpendicular to a series of contour lines that decrease in elevation. Runoff water travels the path of 

least resistance while going down slope. The runoff travel path is the perpendicular route between 

contours. 

Step 5: A higher area or ridge line is represented by a series of contour lines "pointing" towards the 

lowest elevation.  

Step 6: Identify and mark the divide points /highest elevations where part of the runoff would drain 

towards one body of water and the rest part would drain towards another body of water. 

Step 7: Connect the divide points to form the line of highest elevations in the area which is called as 

watershed boundary. 

Step 8: Thus, the process of watershed delineation through topo-sheet is complete. 

 

Drainage Basin 
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2. Construction of Relief Profiles 

In a continuous landscape one may be interested to visualize the general sky line for an area along a 

selected path. Profile or a section is a method which helps to visualize the relief feature for a larger 

area drawn along a selected base line. 

Types of Profiles 

Profiles drawn for three or four selected individual base line are called Serial profiles. When profile 

sections of all serial profiles are drawn on a same vertical baseline it is named 

as superimposed profile. When one of the serial profile is kept as a base and the elevated portions 

of successive profiles are drawn it is known as projected profile. The line joining the topmost 

elevated portions of all the serial profiles drawn on a same base line gives the sky line or summit line 

for that region. This is termed as composite profile. 

Steps to Draw Profiles 

Step 1: Trace the contours in the toposheet for a size of 10 cm by 10 cm with the contour height. 

Step 2: Select four base lines at a distance of 2.5 cm each. Name them as AB, CD and EF. 

Step 3: Draw the horizontal lines to represent contour with suitable vertical exaggeration. 

Step 4: On this vertically exaggerated figure carefully draw cross sections separately for all the 

selected lines (AB, CD and EF) as described in the previous section. They are named as serial profile. 

Draw each section in different colour for better visualisation. 

Step 5: For super imposed profile draw the sections of each line on one vertically exaggerated line 

with the same colours used as before. 

Step 6: Draw a common vertically exaggerated base line. First draw the cross section of AB line. Next 

while drawing the cross section of CD line draw only those parts which are the higher than AB line. 

Next draw the cross section of line EF which lies above the CD line.  
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3. Relative Relief 

It is defined as the difference between the highest and the lowest heights of a unit area. 

Procedure: 

i) For convenience a small portion (10cm X 10 cm) has been selected from the 

topographical map. And the area has been divided into 2cm X 2cm grids. 
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ii) The relative relief of all the grids will be calculated by using smith’s formula: 

Relative Relief = Highest Altitude – Lowest Altitude 

iii) Isopleths will be drawn to demarcate relative relies zones. 

WORKSHEET FOR RELATIVE RELIEF 

Cell No. Highest Altitude Lowest Altitude Relative Relief (m)/Km2 

A1 590 390 200 

A2 605 450 155 

A3 580 563 17 

A4 580 535 45 

A5 605 505 100 

B1 550 465 85 

B2 590 475 115 

B3 605 535 70 

B4 565 500 65 

B5 595 500 95 

C1 565 515 50 

C2 555 515 40 

C3 560 535 25 

C4 565 475 90 

C5 545 475 70 

D1 585 425 160 

D2 570 463 107 

D3 565 490 75 

D4 575 425 150 

D5 530 425 105 

E1 530 425 105 

E2 550 420 130 

E3 550 455 95 

E4 490 410 140 

E5 490 375 115 
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4. Average Slope: 

Slope is the angular inclination of terrain. The most widely used formula for determination of 

average slope is – 

             Average slopeᶿ= tan-1N X 1/K 

Where,  

     N= average number of contours crossing per km or mile 

     I= contour interval 

     K = constant (636.6 for km map, 3361 for mile map) 

Procedure:  

i) For convenience a small portion (10 cm X 10 cm) has been selected from the 

topographical map and the area has been divided into 2cm X 2cm grids. 
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ii) Apply Wentworth formula to determine the average slope of all grids. 

iii) Isopleths have been drawn to show the spatial variation in average slope. 

WORKSHEET FOR AVERAGE SLOPE 

CELL NO. 
AVG. NO OF 
CONTOUR 
CROSSING 

CONTOUR 
INTERVAL 

CONSTANT 
(K) 

SLOPEᶿ 

A1 10 20 636.6 l7°26' 27“ 

A2 95 20 636.6 15° 47' 18 

A3 8.25 20 636.6 8° 55' 38" 

A4 7.75 20 636.6 14° 31' 50” 

A5 5 20 636.6 13° 41'3" 

B1 6.75 20 636.6 8° 55'38” 

B2 6 20 636.6 11° 58'22“ 

B3 5.75 20 636.6 10040'33” 

B4 2 20 636.6 10° 14'23” 

B5 3.75 20 636.6 3° 35'43" 

C1 4.5 20 636.6 6° 43'9“ 

C2 6 20 636.6 8° 2'48" 

C3 3.50 20 636.6 10° 40' 30" 

C4 1.75 20 636.6 6° 16' 29" 

C5 1.7 20 636.6 3⁰8’48’’ 

D1 5 20 636.6 2° 41' 53" 

D2 4.5 20 636.6 12O24' 10” 

D3 1 20 636.6 8° 2' 48" 

D4 0.75 20 636.6 1° 47'58" 

D5 3.50 20 636.6 1° 20'59” 

E1 8.25 20 636.6 6° 16'29” 

E2 2.75 20 636.6 14⁰31'29” 

E3 0.5 20 636.6 4⁰16'29” 

E4 0.5 20 636.6 0⁰53'29” 

E5 0 20 636.6 0 
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5. Stream Ordering 

Stream order is a measure of the position of a stream in the hierarchy of tributaries. The main aim of 

stream ordering is to determine the hierarchy of a stream within a drainage basin. 

Procedure 

Stream Ordering by HORTON: 

According to Horton ordering of stream begins from the fingertip tributaries, which don not have 

their own feeders. They are designated as 1st order stream. 

Two stream of 1st order join together to form 2nd order stream. 

Two streams of 2nd order join together to form 3rd order stream. 

Stream Ordering by STRAHLER:  

Each fingertip channel is designated as a segment of 1st order. 

At the junction of any two 1st order segments, a channel of 2nd order is produced. 
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It extends to the point where it joins another 2nd order segment where upon a segment of 3rd order 

results and so forth. 

 

Stream Ordering after Strahler   Stream Ordering after Horton 
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4. Correlation between Physical and Cultural Features from Survey 

of India Topographical Maps using Transect Chart. 

 

Correlation between physical and cultural features from survey of 

India Topographical maps using Transect Chart: 

The marginal information of the given topographical map is: 

            MARGINAL INFORMATION                         WHOLE TOPOSHEET 

Reference No 73 1/6 

Geographical location Lat: 22°30’ N - 22°45’ N   Long- 86°15’E- 86°30’ E 

Administrative location State: Bihar, Dist: Singhbhum, State: W.B. Dist: Puruliya 

Area 708.24 sq.km 

Scale 1:50000 

Contour interval 10 m 

Surveyed 1976-77 

Published 1978 

Published under SOI 

Interpretation 

From the transect chart it is clearly found that the physical and cultural features of the region is 

strongly correlated. 

The highland of this area (plateau) plays a vital role in controlling the flow direction, drainage 

pattern and valley shape of these rivers of this area. Forests are dense over the plateau proper and 

relatively less dense over the erosional plain. In high altitude area of plateau forest are dense 

because of less expansion of agriculture and settlement and on the other hand in plain areas there 

are no forest zones due to more expansion of agriculture and settlement. 

There is a negative relationship between relief and settlement. The number of settlement decrease 

with increasing altitude and vice versa. Dispersed type of settlements is common in plateau region 

and erosional plain areas are densely populated because of the development of agriculture, 

transport and communication system. 



 

36 

 

Developed transport and communication system are found in plain areas compared to plateau area 

due to flat surface and low altitude. In plateau areas footpath, cart tracks, un metaled road etc. are 

found. In plain areas developed transport and communication system like railways and metaled road 

etc. are found. 

 

 

 

 



 

37 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

This self-learning material is based on different books, 

journals and web sources. 

 

 

 

 

 

 

 

 


