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Akampat, Imphal, Manipur, India 
 
ABSTRACT 

Imphal being the capital of Manipur is the centre of administration, political and cultural activities, innovation works etc and 
attracts people from rural and urban (other than Imphal city) areas of plain and hill areas. Thus, population of Imphal is increasing 
very fast. As the increasing population needs accommodation, the scarcity of urban land arises. People who reside at the overcrowded 
municipal areas also prefers to live at less crowded areas or other areas within the Greater Imphal. Since old residential areas and 
newly occupied land packed with modern storied building and GCI sheet roofted houses, there is need for searching new suitable land 
for future urban expansion in and around Greater Imphal. Present paper seeks to find out new suitable land for housing for future 
urban expansion in view of the influx of population. Because, housing is an unavoidable one when we really plan equitable and 
unstainable city. In this aspect, geomorphic features and morphometric attributes of the city areas (Greater Imphal) will be the key 
factors to determine the suitable land on the available urban space. 

 
KEYWORDS:  Suitable Land, Urban Expansion, Morpho-Units, Morphometric Attributes, and Geomorphological Map. 
 
INTRODUCTION 

Imphal (Greater Imphal) is the capital city of Manipur State of Indian Union. It is centrally located (exactly at northern half) 
at Imphal Plain or Imphal Valley (Fig. 1). Being a capital city, Imphal is the most important centre of all aspects of anything thus, 
people reside at rural areas as well as small towns prefer to live in and around Imphal and consequently they migrated permanently to 
Imphal. Since, there is no space for new settlement in Imphal municipality areas, migrated people try to settle at outside the 
municipality areas but within the Greater Imphal areas. Now, people who reside at the overcrowded municipal areas also prefer to live 
at the less crowded areas of Greater Imphal. As a result, Greater Imphal has experiencing unpredictable growth of population. Now, 
there is a need of searching new suitable land for urban expansion to cope the increasing population. 

 
Greater Imphal has an area of 13,529 ha (135.29 sq.km) and comprises municipality area and 77 villages of Imphal east and 

Imphal West districts (Manipur Gazette No. 198 (A), Sept 5, 1994). In 2001, the population of greater Imphal was 3,33,940. It rose to 
4,80,242 in 2011. The population will increase to 6,90,684 in the year 2021 (personal calculation based on increasing trends; 2021 
census yet to be started due to Covid-19 pandemic). With this increasing population more land will require not only for residential 
cum recreational development but also for commercial use, industrial use, and public and semi-public uses. So, there is need to search 
suitable land for urban expansion. Municipal areas and parts of greater Imphal are already packed with modern storied building and 
GCI sheet roofted houses. Searching of new suitable land for urban expansion in and around Greater Imphal is of utmost need. 

 
In the present paper an attempt is made to select new suitable land for urban expansion in simple way based on existing 

geomorphic features and morphometric attributes. In other words, the present paper seeks to find land for housing for future expansion 
in view of the influx of population. Because housing is an unavoidable one when we really plan equitable and sustainable city. 

 
In this aspect, geomorphic features and morphometric attributes of city areas will be the key factors to determine the suitable 

lands on the available urban space. Suitable land selection had been done by earlier workers (Malczewski, 2004; Chinglianmawi and 
Singh, 2016; Kerebeh, 2020 etc.) but present work is different in term of method. 

 
CONCEPTUAL BACKGROUND 

In the developing countries uncontrolled growth of urban population is the most challenging problem to the government and 
urban planners. In the future also it will happen. More and more residential areas are needed to match the uncontrolled growth of 
urban population. Supply of suitable land for urban expansion (expansion of residential areas) is an endless problem in the urban areas 
and the menace is more in the region where there is urban primacy. Moreover, selection of new suitable land is inseparable from urban 
planning. In the selection of new suitable land for urban expansion geomorphological aspects cannot be ruled out because of the 
following facts: 

 Swampy and low-lying areas, steep slope, areas having higher value of morphometric attributes are not suited for urban 
expansion. Swampy and low-lying areas always prone to inundation.  
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 Areas having lower value of morphometric attributes and flat land are most suited for urban expansion. Lower the value of 
morphometric attributes, more suited for human settlement (Singh, 2002). 

 Flat lands coincide with lower value of morphometric attributes. 
 Human settlements are generally spread over the flat land or areas having lower values of morphometric attributes not over the 

hills, hillocks, swampy and low-lying areas. 
 Parts of swampy and low-lying areas are now using as paddy fields in Greater Imphal. 

 
So, suitable land for urban expansion means either flat land or areas having lower value of morphometric attributes. Present 

paper seeks to identify flat land and areas having lower value of morphometric attributes in and around greater Imphal. Because 
geomorphic features and morphometric attributes of city areas are the key factors to determine the suitable lands on the available 
urban space. 

 
METHODOLOGY 

Geomorphic features and morphometric attributes (absolute relief, relative relief, dissection index, average relief, ruggedness 
index, average slope, drainage density, drainage texture, stream frequency etc.) are the key determinants to determine the suitable land 
for urban expansion. These morphometric attributes are all equally important and at the same time they are all interrelated. For the 
present study only three morphometric attributes - absolute relief, average slope and stream frequency, have been chosen. Absolute 
relief determines other relief attributes (relative relief, dissection index, average relief etc.); slope is the prime morphometric attribute 
and it is unavoidable one; and stream frequency also determines other attributes such as drainage density and drainage texture.  

 
In the selection of suitable land, identification of lakes, swampy and low-lying areas, steep slope areas, and area having 

higher values of morphometric attributes is the prime importance since these areas are not suited for urban expansion (human 
settlement). The areas characterized by lower value of morphometric attributes are suited for human habitation. Lower the value of 
morphometric attributes more suited for human settlement. In the present study identification and demarcation of areas having lower 
values of three selected morphometric attributes (absolute relief, average slope and stream frequency) will be done first and then 
identification of water body, swampy and low-lying areas will also be done (since these features are not suited for human settlement) 
for determining suitable lands for urban expansion in and around Greater Imphal. It is also mentioned that in the selection of suitable 
land for urban expansion future socio-economic condition will also be considered. 

 
Geomorphological Map (Fig.2) and Morpho-Unit Map (Fig.3) are the based maps for the identification and demarcation of 

suitable land for urban expansion. In the present study, the Geomorphological Map has been prepared based on four topo sheets of 

1:50,000 bearing nos. 83  , 83  , 83  and 83  and Google Earth Map with extensive fieldwork. Polish Legend System (St- Onge, 

1968) has also been adopted with modification. The Morpho-Unit Map has also been prepared after overlapping the isopleth maps of 
absolute relief, average slope and stream frequency which are prepared after overlapping the isopleth maps of absolute relief, average 
slope and stream frequency which are prepared based on above mentioned four topo sheets. The generalized boundary lines of 
Morpho-units have been interpolated. Finally, a map depicting suitable land categories and available suitable lands for urban 
expansion (Fig.4) has been prepared with due care based on Geomorphological Map, Morpho-Unit Map and Google Earth Map. Field 
check has also been done for a clear picture and accuracy. The areas covered by suitable land categories and available suitable land 
have been measured by digital planimeter.  

 
The isopleth maps have been prepared using 157 square grids having an area of 1 (one) sq.km. each and respective equations. 

The equations are narrated below (Monkhouse and Wilkinson, 1989; Sinha and Singh, 1994; and Singh, 2018). 
 

Absolute Relief (AR) 
AR=Maximum (highest) elevation of a unit area (in the present study a unit area equal to one sq.km. grid).  

 
Average Slope (AS): 

As = Slope Angle = tan θ
×

 

= 
       ×   (  )

 (Wentworth, 1930) 
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Here, the constant 3361 is the product of 5,280 (feet in a mile) × 0.6366 (mean of all possible values of sin θ), where θ is the angle 
between the contours and the grid lines. Since the topo sheets used in the present study is of metric system (1:50,000) so, the formula 
has been modified as follows. 
 

Slope Angle = tan θ
×

.
  

= 
       ×   (  )

.
 

 
Here, 636.6 is a constant value derived from the original Wentworth’s formula to convert from mile to Km., i.e., 1000 

(metres in a kilometre) × 0.6366 (mean of all possible values of sin θ, where θ is the angle between the contours and grid lines).  
 

Stream frequency (SF) 

SF=
∑

 

Where ‘∑ N’ is the total number of stream segments and ‘A’ is the areal unit (1 sq.km.). 
 
WEIGHING SCORE AND FUZZY VALUE 

In the present work weighing score inversely corresponded to the values of category of morphometric attributes. In other 
words, higher weighing scores are given to the lower values of morphometric attributes and vice versa. The areas fall under the lower 
values are suited for human habitation; thus, higher weighing score are given to the lower categories. Lower the category higher the 
weighing score. The areas characterized by lower categories and higher weighing scores are suited for human habitation. It is also 
mentioned that flat land, and level of gently sloping lands are corresponded with the lower values of morphometric attributes. Wet 
lands, marshy land and low-lying areas are not suited for human habitation because they never free from the inundation. Water bodies 
(lakes) are not also suited for human habitation. The lowest category of each three selected morphometric attributes (absolute relief, 
average slope and stream frequency) has been given a maximum value ‘10’ and the value is decreasing with higher the category 
(Table – 1). The lowest value ‘0’ is given to the water bodies (lakes), wet lands, marshy lands and low-lying areas and hill top. 

 
The scale of Fuzzy membership value is range from ‘1’ for full membership to ‘0’ for full non-membership (Shinghal, 2013). 

The lowest category of each morphometric attributes is the full member (membership value of 1); middle categories are part members 
(membership value below 1 to higher 0); and higher categories are not member (membership value of 0). Swampy and marshy lands 
are not members (membership value of 0). 

 
Settlements are well concentrated in the areas characterized by the lower and middle values of morphometric attributes at the 

same time we have seen no settlement in the areas having higher values of morphometric attributes. Swampy and marshy lands never 
attract men to settle there, so there is no (or few) settlement in the swampy and marshy lands. Thus, the fuzzy membership values are 
chosen on the basis of degree of membership based on subjective judgement. Table-1 shows the fuzzy values given to each category 
of morphometric attributes and other geomorphic features. 

 
TABLE 1: Values of Weighing Score and Fuzzy Membership Values for Categories of Morphometric Attributes and Geomorphic 
Features for Land Suitability Demarcation. 
 
Sl.No. Morphometric Attributes Category Weighing Score     Fuzzy Membership 
and Geomorphic Feature                                                                           Value 

Low   10   1.0 
1. Absolute Releif            Moderate Low  9.5   0.9 

Moderate  9   0.8 
Level   10   1.0 
Gentle   9   0.9 

2. Average Slope  Moderately Low               8.5   0.8 
Moderate  8   0.7 
Moderately High 7   0.6 
Steep   6   0.5 
Very Poor  10   1.0 

3. Stream Frequency poor   9   0.9 
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Moderate   8   0.8 
4. Swampy & Marshy Land ………………..           0   0 
5. Hill Top   ………………..                  0   0 

 
 
 
RELIEF AND GEOMORPHOLOGY 

Greater Imphal is the part and parcel of Imphal Valley (also Manipur Valley), a pull-apart basin. It is flat land sloping from 
north to south and drained by Imphal, Iril, Kongba, Nambul and Naga Rivers. There are, however, denudo-tectono hills and hillocks 
(Meitei, 2010, P.39), mound, low lying and swampy areas. Langol-Cheiraoching, Heibok Ching (Ching means hill), Langthabal 
Ching, Langjing Ching, Nura Chama Shiraga Pakhang Chamana Ngainashi Ching and Chinga hills and hillocks scattered in and 
around Greater Imphal; and Chinga Macha, Lalambung and Nongmeibung are mounds. The hills and hillocks, and one mound Chinga 
Macha are made up of Upper Disang rocks. At their upper portions developed feralsic soils due to weathering. Disang is one of the 
stratigraphic units of Manipur and characterized by dark grey splintery shale intercalated with siltstone, fine sandstone and the shales 
are arenaceous and laminated (Meitei, 2010, P.26). Piedmonts are well developed around the Langol Ching and Heibok Ching. There 
are also numerous dried-up lakes (during rainy season they became swampy land) in and around Greater Imphal. Some of them are 
tectonic in origin and some are backswamps. Lamphel Pat (pat means lake) is the once prominent tectonic lake but now becomes a 
swampy land only during the rainy season. Sangai Pat, Porompat, Kakwa Pat, Ganga Pat, Pangal Loubuk (Loubuk means paddy field) 
are dried-up backswamps now converted to built-up areas, paddy fields and fish farms. These dried-up lakes are not free from the 
inundation during rainy season. 

 
Imphal, iril, Nambul, Kongba and Naga rivers drain the Greater Imphal. There are also short intermittent streams at Langol-

Cheiraoching. Iril and Kongba are the tributaries of Imphal River. Imphal, these two tributaries (Kongba and Iril) drain the nearly 
eastern half of the Greater Imphal and flow in parallel position from north-eastern towards the south-western till near the confluence 
points. Iril River is the eastern boundary line of Greater Imphal and joins to the Imphal River at Lilong just beyond the boundary line 
of Greater Imphal. Kongba River flows in between the Imphal and Iril rivers and is the boundary line of some section of south-eastern 
side of Greater Imphal. Kongba River joins to the Imphal at Kongba Irong. Imphal River drains the area lying between Kongba and 
Naga rivers in northern side and Nambul and Kongba rivers in southern side of greater Imphal. Imphal River is the south-eastern 
boundary line from Kongba Irong to Lilong, the southernmost point of the Greater Imphal and also eastern boundary line. Nambul 
River flows easterly direction upto a point where Naga River joins and from this point the river sharply turn into the south-western 
direction. Naga River is a short tributary which joins to the Nambul River at the heart of the Imphal city at Shamu Makhong, 
Khwairamband Bazar (the main market centre of the Imphal city). There are also abandoned river channels locally called Turel 
Amanbi (Turel Amanbi means old river) of Imphal river. The channel presently seen at Luwangsangbam (northern one), Kakwa, 
Singjamei and, Thongju (centre); and Kyamgei (southern one); (Fig.2). Waishel Maril is the temporary stream draining the south-
western part of the Greater Imphal. Imphal River is the one of the upstreams of Irrawady River System and Nambul River empties to 
the Loktak Lake. 

 
The flat areas are made up of alluviums brought down by the rivers draining the Greater Imphal and these rivers still 

depositing alluviums during flood at low lying areas. Bog soil occurs at swampy areas particularly at Lamphel Pat area. There are also 
natural levees along the Imphal, Kongba, Iril, Nambul and abandoned channels of Imphal River. 

 
MORPHO-UNITS AND SUITABLE LANDS 

Six morpho units have been identified (Fig.3). Morpho-Unit-I has been characterised by low absolute relief, level and gentle 
slope, and very poor stream frequency. This morpho-unit covers a vast area. Central, eastern, western, southern and northern parts fall 
in this morpho-unit. Low absolute relief, gentle slope and moderately low slope and very poor stream frequency are the categories of 
morphometric attributes which characterised Morpho-Unit-II. This morpho-unit covers only small areas of southern part of Greater 
Imphal just within and outside the M.U. Campus. 

 
The Morpho-Unit-III occupying only small portion of southern part just beyond the Morpho-Unit-II. This morpho-unit has 

been characterized by low and moderately low absolute relief, moderately low slope, and very poor stream frequency. The Morpho-
Unit-IV has the values of low to moderately low absolute relief, gentle and moderate slope and very poor to poor stream frequency. 
This morpho-unit lies at the north-western part elongately in between Morpho-Unit-I and V. 
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The Morpho-Unit-V has the characteristics of low to moderate absolute relief, moderate and steep slopes, and poor to 
moderate stream frequency. This Morpho-Unit is lying at the north western corner beyond Morpho-Unit-IV. The sixth Morpho-Unit 
(Morpho-Unit-VI) is characterized by moderate absolute relief, moderate and steep slopes and moderate stream frequency. The 
Morpho-Unit-VI lies at the north western part and in all direction encircled by Morpho-Unit-V.   

 
Based on geomorphological map (Fig.2), morpho-unit (Fig.3), weighing scores and fuzzy values, a map depicting suitable 

land for urban expansion has been prepared (Fig.4). Three categories of suitable land have been identified i,e, most suitable land, more 
suitable land and less suitable land. Less suitable land falls in either higher values of morphometric attributes areas or marshylands 
having lowest values of weighing score and fuzzy values; and it coincides with Morpho-Unit-III, V and VI along with parts of 
Morpho-Unit-I (marshy lands are fallen in Morpho-Unit-I). It covers an area of 29.25 sq.km which is 21.62 percent of the total study 
area. 

 
Area characterised by low to moderate values of morphometric attributes having high and higher weighing scores and fuzzy 

values or piedmont zones or areas encircling the marshy land fall into more suitable land. This category has been coincided with 
Morpho-Unit-II and IV. It covers an area of 11.37 sq.km. which is 08.40 percent of the total area. Most suitable land coincides with 
areas characterised by very low to low values of morphometric attributes having highest and high weighing score and fuzzy value or 
flate land of Morpho-Unit-I. Because of maximum area coverage held by flat land or areas having very low to low value of 
morphometric attributes, the study area (Greater Imphal) is mostly covered by most suitable land with 94.67 sq.km; which is about 
69.98 percent of the total area. It means that 69.98 percent of the total area of Greater Imphal is best suited for human settlement. Out 
of this, an area of 62.51 sq.km is already used for settlement and other facilities and 32.16 sq.km is available for urban expansion. An 
area of 3.49 sq.km. of more suitable land is already occupied by human settlement and 07.88 sq.km. has been available for urban 
expansion. In total 40.04 sq.km. is presently available for future urban expansion in Greater Imphal which is 29.59 percent of the total 
area. Table-2 shows all the numerical data mentioned above. In the Fig.4 available suitable land for future urban expansion is bordered 
by dash lines to distinguish from the other lines. 

 
Available suitable land for urban expansion (40.04 sq.km) occurs at every nook and corner of Greater Imphal. At the 

municipality zone it is occurred at the Lamphel and Thangmeiband areas (1.88 sq.km). In the Imphal East district suitable land for 
urban expansion is concentrated at Achanbigei, Kontha Khabam and Kairang areas (5.50 sq.km); Luwangsangbam, Ashiloklen and 
Lamlongei areas (the areas have been added to the foothill of Langol hill); Sajor Leikai and Moirang Kampu (1.68 sq.km); Top 
Dusera, Kshetrigao and Naharup areas (2.27 sq.km); Ganga Pat, Takhok Awang, Loumanbi, Bashikhong and Khongman areas (7.30 
sq.km); and Kiyamgei, Thongju and Kakwa areas (1.38 sq.km). In the Imphal west district it is occurred at Canchipur areas (1.05 
sq.km); Ningombam, Langthabal, Monsangei and Konjeng Leikai areas (4.87 sq.km); Ghari and Sangaiprou areas (3.10 sq.km); 
Langjing and Takyel areas (2.25 sq.km); and along the Langol hills including Luwangsangbam, Ashiloklen and Lamlongei areas of 
Imphal East district (8.76 sq.km).  

 
TABLE 2 
Land  Area (in   Percentage     Area of  Percentage Already              Percentage 
Category          sq.km.)         to the total             available to the total            settled area  to the total 
                                              area                       Land                  area                      (in sq.km.)           area(in sq.km.)   
                                                 for urban 
         expansion 
        (in. sq.km.) 
Most Suitable 94.67   69.98      32.16  23.77  62.51  46.20 
Land 
 
More Suitable 11.37   08.40      07.88  05.82  03.49  2.58 
Land 
 
Less Suitable 29.25   21.62          -  -  -  - 
Land 
Total  135.29   100.00 40.04          29.59              66.00             49.78 
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CONCLUSION 
Whole Greater Imphal is not a flat land like Patna, Lucknow, Chandigarh etc. there are hills, hillocks, mounds and swampy 

and marshy lands. Most of the suitable lands are already occupied by human settlement and remaining are not so vast enough to cope 
the increasing population in the near future. It is necessary to use available suitable land in maximum level. We should not destruct the 
present topography to increase quantum of resident area. If did that will not be a wise policy because each geomorphic feature 
particularly hills and hillocks bear certain geologic as well as geomorphic history. The land use pattern should be in proper way i.e, 
forestation at hills and hillocks (less suitable land), pisciculture at more depressed marshy areas fall under less suitable land category, 
farming at less depressed areas (more suitable land), and settlement at higher areas (most suitable land) and piedmont zones (foothills) 
fall under more suitable land category. 

Because of providing possibilities from the point of view of geomorphic and other geographic characteristics, piedmont 
zones (foothills) fall under more suitable land category may be taken as an ideal place for urban expansion. The slopes of these land 
areas are of gentle to moderate and thus, not reaching or exceeds the angle of repose which generally varies between 25 degree and 40 
degree (Ward, 2004). So, slopes of these areas well stable and free from the landslides (major landslide yet to occur). Drainage lines 
are widely spaced and in some areas no lines occur. Thin layer of soil covers the areas, thus not suited for large scale agricultural 
practice. These are not far from the heart of the city (CBD). Since piedmont zones are characterized by moderately low absolute relief, 
they are free from the inundation during flood. 

 
Available land for urban expansion (housing and other development works) is 40.04 sq.km. which is 29.59 percent of the 

total area of Greater Imphal. It is necessary to increase administrative area of Greater Imphal by annexing nearby villages for future 
policies and programmes. If it is not done, there will be crisis of acute shortage of suitable land for housing and other development it is 
works in near future. 

 
Modern cities are decorated by high-rise building (or sky – scrapers). Land is limited and there is no enough space for 

necessary horizontal expansion of residential area, ultimately, mushrooming of high-rise buildings. This will prevent fast horizontal 
spreading of settlement with increasing population. Now, Greater Imphal is reaching this stage. Earlier, authorized maximum height of 
buildings in and around Imphal is only 15 metres (G+3 storey). It has been revised to 25 metres or G+7 storey (Manipur Gazatte No. 
58, June 13, 2019). In this regard the then Hon’ble MAHUD (Manipur Municipal Administration, Housing and Urban Development) 
minister, Govt. of Manipur, Th. Shyamkumar Singh made an announcement for the interest of public during a press conference held 
on 6th Oct, 2019 that “as per the amended Imphal Municipal Council (IMC) Bye-Laws (first amendment), 2019, anyone under the 
jurisdiction of IMC can construct multi-storey buildings with a maximum of seven-storey instead of existing three-storey”. 
(Poknapham, October 7, 2019). It is further necessary to revise this height in conjunction with present advancement in engineering 
technology. It is also need to remember in doing so that Manipur falls to Seismic Zone – V of Bureau of Indian Standards (Hemmady, 
1996). 
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