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Fig. 1a: Maharashtra: Map of geomorphology without graticule
Source: Geological Survey of India

Fig. 1b: Maharashtra: Map of geomorphology with graticule
Source: Geological Survey of India
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Fig. 3: Graphical method of scale at the same zooming level.

Fig. 2: Percentage of shaded area within the squares
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creation, they are frequently disregarded in 
the rush of quickness. 

Most researchers extract information 
at different spatial resolutions using 
geospatial techniques for preparing thematic 
classification and map layout whereby default 
components of the map as provided by various 
GIS software are generally utilized. The 
default scale does not necessarily match the 
original scale at which the information was 
extracted. For example, a given classification 
is carried out on a 1:250,000 scale where 
it is necessary that this numerical scale is 
appropriately represented by the graphical 
method of scale on the final map layout. 
However, much often this does not happen, as 
demonstrated by Figure 3 that shows various 
forms of linear scales at the same zooming 
level, and researchers are easily misled by 
using such a graphical representation of the 
scale.

As depicted in Figure 3, the study was 
carried out on a 1: 250,000 scale, where 
originally the verbal scale (1cm = 2.5 km) was 
the same as the graphical scale representation. 
But as the user selects a particular graphical 
format provided by the software, the default 
graphical scale displays varying values, such 
as 1cm = 50 km (2 cm = 100 km), 1cm = 43 
km, 1 cm = 40 km (2 cm = 80 km), 1cm = 35 
km (2 cm = 70 km) and 1cm = 37.5 km (2 cm 
= 75 km). If these verbal statements were to 
be converted into RF, the value would be 1: 
5000000, 1: 4300000, 1: 4000000, 1: 3500000 
and 1: 3750000 respectively. All of these are 
smaller scales as compared to the original 
1:250,000 scale which implies that the default 
scale covers a larger area and shows less 
details. Such a graphical representation of 

scale cannot justify the relationship between 
the level of classification and the graphical 
scale represented. This study suggests caring 
for the accurate representation of the scale, 
as the idea about the level of classification 
through the scale should be clear while 
reading any type of map. This forms the 
crux of the present study where the objective 
is to establish an appropriate relationship 
between scale and spatial resolution, level of 
classification, contour interval and graticule 
extent.

Scale and its relationship

In the era of analog cartography, the scale was 
congruous with other parameters that were 
helpful in creating maps. The knowledge of 
using scale was very clear, but in the age of 
geospatial technology (digital cartography), a 
balanced relationship between scale and its co-
factors is seldom achieved.  The present paper 
tries to express the relationship between the 
representation of graphical scale and spatial 
resolution, level of classification, contour 
interval and graticule extent on a single 
cuboid diagram (Fig. 4). Before generating 
a map, the scale must be determined first to 
extract information from remotely sensed 
data at different spatial resolutions, as the 
level of details can be estimated depending 
on the scale.

Spatial resolution

The scale plays a crucial role in determining 
the appropriate spatial resolution for acquiring 
earth surface information from satellite data 
within a GIS environment. In the cuboid 
diagram (Fig. 4), ∆ACD illustrates the 
relationship of spatial resolution with scale, 
where line AC represents spatial resolution 
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ranging from fine (<3) to coarse resolution 
(>1000) and line AD shows the scale (ranging 
from large to small scale as we move from 
right to left). Figure 4 also illustrates a 
significant correlation between scale and 
spatial resolution, thereby influencing the level 
of classification as depicted in Figure 5A. For 
example, at a 1: 1000000 scale, a large area 
is covered (such as an entire nation or entire 
world), but it becomes difficult to identify 
individual objects of the earth’s surface. On 
the contrary, at a large scale (e.g., 1:2000), 
the individual objects are easily discernible, 
but the area is comparatively much smaller. In 
other words, small features can be detected in 
fine spatial resolution at a large scale and large 
features on the earth’s surface can be detected 
in low or coarse resolution at a smaller scale. 
These relationships are very well exemplified 
in Figure 4 where as ∆ACD gradually increases 
from right to left, simultaneously both scale 
and spatial resolution decreases. As the height 
of each smaller triangle embedded in ∆ACD 
increases (or decreases), areal coverage 
becomes wider (or narrower), thereby making 
the resolution coarser (or finer), which allows 
the user to extract fewer (or more) details from 

the remotely sensed data, thus, facilitating the 
researcher to adopt an appropriate level of 
classification for his study. 

Level of classification

In the cuboid diagram (Fig. 4), ∆ABD shows 
the relationship between scale and level of 
classification. Hypotenuse BD, shown as a red 
solid line, represents the level of classification 
from L-1 to L-8 at different scales. In ∆ABD, 
the level of classification increases from right 
to left as the scale transits from small to large. 
Figure 5A portrays the relationship between 
spatial resolution and level of classification at 
various scales. The levels of classification are 
coded as L-1, L-2, L-3, L-4, L-5, L-6, L-7 and 
L-8 that are decided by the areal coverage, 
wherein these codes represent global, country, 
state, biome, district, block, village and plot 
area, respectively at different resolutions 
and scales (Table 1, Fig. 4 and 5A). Thus, 
as the scale becomes larger (smaller areal 
coverage) and spatial resolution becomes 
finer (narrower swath), a higher level of 
classification (more details) can be extracted. 
This combination of scale, spatial resolution 
and level of classification can be an ideal 

Scale Resolution (m) Calculated area (hectares)

1:10000000 > 1000 Point

1:1000000 250 – 1000 Point

1:250000 50 – 250 181.525

1:100000 30 – 50 199.534

1:50000 10 – 30 208.565

1:25000 5 – 10 203.888

1:10000 3 – 5 206.077

1:2000 < 3 207.430

Table 4: Calculated area of the outer boundary of the lake at different scales and spatial resolutions
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Fig. 4: Relationship between the Scale and Graticule Extent, Contour Interval,  
Spatial Resolution and Level of Classification

Fig. 5(A): Showing the relationship between spatial resolution and level of classification at 
different scale, (B) Showing digitized outer boundary and changes in the area of lake or pond 
at different scales, and (C) Showing distortion of the outer boundary of lake or pond which is 
digitized at different scale.
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platform for extraction of information from 
the earth’s surface. Figure 5A elucidates this 
blending, whereby the identification of lake 
at different scales and spatial resolutions is 
shown. It can be seen from the figure that the 
outer boundary of the lake can be identified 
clearly on a 1:2000 scale and thus, can be 
digitized accurately, whereas the lake is just 
a point at smaller scales (e.g., 1: 1000000). 
Figure 5B and 5C show the distortion in the 
outer boundary when the lake is digitized at 
different scales and spatial resolutions, thus 
affecting the area of the digitized feature. 

Table 4 elucidates the difference in the 
area calculated for the same lake feature, 
projected at UTM Zone 43, at different 
scales. For example, the actual area of the 
lake is very well represented on 1: 2000, 
1:10000 and 1: 25000 scales, but as the scale 
becomes larger, inaccurate representation of 
the area begins from 1:50000 to 1:1000000 
scale as the area gets affected by the spatial 
resolution. Using the default settings provided 
by geospatial techniques, such mistakes 
can easily occur due to a lack of software 
knowledge or incorrect selection of scale and 
spatial resolution. This paper helps the user to 
decide the appropriate level of classification 
for more accuracy based on scale and spatial 
resolution and accordingly set the zooming 
level to avoid such kind of errors.

Contour interval

Contour interval is the difference in elevation 
between successive contour lines and exhibits 
a gradient of slopes of hills and valleys. 
However, contour interval is affected by 
varying spatial resolution and varying scale. 
In Figure 4, the contour interval is shown 
as vertical line EF and is connected with 

spatial resolution at different scales through 
thin orange lines. It is observed that contour 
interval changes from bottom to top with 
changes in both spatial resolution and scale, 
wherein the distance between two contours 
increases as the scale decreases from larger to 
smaller and spatial resolution metamorphoses 
from finer to coarser. Appropriate selection 
of contour interval at the specified scale and 
spatial resolution is the best way to represent 
different elevations. For example, when 
using coarser spatial resolution (> 1000 m) 
and smaller scale (1:10000000), the distance 
between contour lines should be 800 meters, 
while at finer spatial resolution (<3 m) and 
larger scale (1:2000), the contour interval 
should be 3 meters (Table 1 and Fig. 4).

Graticule extent
Graticule of a map acts as an identifier to 
locate things on the face of the earth precisely 
and accurately. Graticule also plays a major 
role in the calculation of area and making the 
final map layout. So, it becomes imperative 
to correlate the graticule extent with scale, 
spatial resolution, level of classification 
and contour interval. In Figure 4, line FG 
(representing various graticule extents) is 
aligned according to scale, spatial resolution 
and level of classification. The distance 
between the two graticules increases when 
the scale transforms from a larger to a smaller 
scale. For example, the graticule extent 
increases from left to right, i.e., 36" x 36",  
3' x 3', 7' 30" x 7' 30", 15' x 15', 30' x 30',  
1° x 1°, 4° x 4° and 15° x 15° (Table 1 and 
Fig. 4) with scales ranging from large to 
small, spatial resolution from finer to coarser 
and level of classification from more-detailed 
to less-details. Using these on the final map 
layout, we can measure the area of an area 
accurately.
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Scale and area measurements

This study proposes the ‘Graticule or Grid 
method’ to calculate area accurately on 
any kind of map projection. As the method 
is completely based on graticules, it is 
nomenclated as the graticule method or grid 
method of area measurements. Graticule 
method, experimental area calculation of 
geomorphological map of Maharashtra state is 
carried out. The steps that were accomplished 
as per the methodology discussed are 
summarised below: 

1)	 Using Table 1, the geomorphological 
map of Maharashtra was prepared on a 
1:250000 scale with a graticule extent of 
10 x 10.

2)	 Using Table 2, measurements of the 
length of a degree of geodetic latitudes 
and longitudes at the same latitudes 
were determined. As the latitudinal 
extent of Maharashtra lies between 100 
to 300 degrees of geodetic latitudes, the 
latitudinal length considered was 110.61 
km, 110.70 km and 110.85 km and the 
longitudinal length was 109.64 km, 
104.65 km and 96.49 km at latitudes of 
100, 200, and 300 respectively.

3)	 The average length of geodetic latitudes 
and longitudes were calculated using 
equation (1) and (2) as follows:

a) 	 Average length of geodetic latitudes 
considered for the measurement of 
area of Maharashtra state

b) 	 Average length of geodetic longitudes 
considered for measurement of area 
of Maharashtra state

4)	 The vertical and horizontal lines were 
drawn on the basis of the graticule extent 
in the final map layout of the state (Refer 
to Figure 1b). 

5)	 Using Table 3, the percentage of the 
shaded area of each square within the state 
was determined and the shaded squares 
were counted (Fig. 2). The number of 
shaded squares for the experimental 
study area is given in Table 5. 

6)	 Using equation (3), the summation of 
squares was computed as shown below 
in Table 6:

7)	 The final area computed for Maharashtra 
was calculated by using Equation (4), 
which is based on Equations (1), (2) and 
(3).
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As per the Directorate of Economics and 
Statistics, Gov. of Maharashtra (MAHADES, 
2020), the actual geographical area of the 
state is 307,713 km2. The area computed 
for the administrative boundary layer and 
geomorphological map layer (both projected 
with Lambert Conformal Conic WGS84) 
in the GIS environment gave a value of 
297458.079 km2, resulting in a huge error 
of 10,254.921 km2. But using the graticule 
method, the area for the geomorphological 
map of Maharashtra state was calculated as 
307,148.69 km2 which is closer to the actual 
area of Maharashtra state with a marginal 
error of only 564.31 km2. 

Conclusion
Through this paper, the authors emphasize the 
importance of establishing the relationship 
between scale and graticule extent, contour 
interval, spatial resolution and level of 
classification in the dynamic age of geospatial 
technology, ignoring which may not sustain 

the value of scale as an important element 
in map-making in the age of geospatial 
technology. Scale reveals the character of a 
map. The graphical representation of scale 
on the final map layout must comply with 
the scale and spatial resolution at which the 
research work was carried out.  However, 
most often, the linear scale of the final layout 
is often misrepresented, thus being unable to 
justify the level of classification used in any 
study. An accurate representation of graphical 
scale not only allows prediction of the level of 
classification and spatial resolution but also 
helps in accurate measurement of area.  In the 
present study, the Graticule or Grid method 
used for area measurement resulted in a value 
that was very close to the actual geographical 
area of the study region, thus proving its 
efficiency in calculating area accurately for 
any type of projection that is available in the 
GIS environment. 

Thus, the study strongly believes that 
“maps without scale are lame and geography 

Shaded area of square Count of shaded squares 
1 18

3/4 4
1/2 6
1/4 7
1/8 8

Shaded area of square (a) Count of shaded squares (b) Total no. of squares 
Sn = ∑ (a ×b)

1 18 18.00
3/4 4 03.00
1/2 6 03.00
1/4 7 01.75
1/8 8 01.00

Sn = 26.75

Table 5: Count of Shaded squares for Maharashtra state

Table 6: Summation of the shaded squares for Maharashtra state



284  |  Transactions  |  Vol. 46, No. 2, 2024

without maps is blind” and suggests 
increasing the use of the graticule method 
for area measurement, particularly when 
future research will be mainly carried out 
using programming codes for automatic 
calculations in the GIS environment. 
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