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Abstract Road connectivity is among the few fac-
tors which trigger the urbanisation and development 
process in a region. It facilitates trade, transport, 
social integration, economic development, socio-
economic interaction and cultural assimilation. The 
present paper aims at analyzing the road infrastruc-
ture of Assam with special focus on the Central Brah-
maputra Valley. The significance of the study area lies 
in providing smooth accessibility to the East Asian 
countries, especially in terms of Act East Policy. 
The study constitutes an investigation of the growth 
of road length, road density and connectivity in the 
study area in spatio-temporal context. Here, growth 
in road infrastructure has been compared with the 
growth in urban population and towns. Spatial vari-
ation in terms of growth can clearly be seen while 
discussing the growth of road connectivity and urban 
growth. Morigaon district has experienced the highest 
growth in terms of both road connectivity and urban 
population which clearly reveals that a strong positive 
relationship exists between the growth of road infra-
structure and urban growth. The study has the poten-
tial of becoming a guideline for the policy makers to 

implement action plans for increasing the degree of 
accessibility in the region.
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Introduction

Urbanisation is an inevitable human phenomenon 
involving population clustering along with rapidly 
growing non-agricultural economies across the globe. 
According to the United Nations (2018), over 4.2 bil-
lion people live in urban areas, which is estimated to 
increase to 6.5 billion by 2050 (Aljoufie et al., 2013). 
This estimate implies that more and more urban cent-
ers will emerge worldwide, and the existing ones will 
have their dimensions increased in the upcoming 
years. A variety of underlying forces influences the 
urbanization process. These forces include socio-eco-
nomic factors such as transport and communication 
(Hall & Pfeiffer, 2000; Hart, 2001), internal and inter-
national migration, public policies and urban ameni-
ties (Clark et al., 2002).

Transport plays a crucial role in determining the 
evolution and growth of urban centers across space. 
The development of transport infrastructure facilitates 
smooth accessibility and provides a location with 
farms and laborers, leading to an industrial core’s 
evolution (Acharya et al. 2021). The regions with less 
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accessibility hinder development and become less 
productive. Thus, a core-periphery emerges within a 
country, leading to regional income disparity (Krug-
man, 1996).

The relationship between transport network and 
urban growth has been analyzed by several scholars. 
In this context, Griibler and Nakicenovic (1991) and 
Levinson (2012)studied the evolution of transport 
networks and nodal characteristics across regions. 
Watts (1999) stated that these physical networks 
complement land use studies, traffic flows, and social 
networks. Kansky (1963) made his first attempt to 
modify the works of Garrison (1960) and analyzed 
the structure of transport networks by propound-
ing connectivity indices, i.e. beta, alpha and gamma 
index, cyclomatic number, etc. Shimbel (1953) intro-
duced his most popular measure of transport acces-
sibility, i.e. Shimbel Index. It indicates the accessibil-
ity between nodes (Istrate, 2015). The detour index is 
another measure of transport accessibility that reflects 
the transport network’s efficiency in overcoming the 
friction of distance (Guze, 2019). Guze (2019), Xie 
and Levinson (2007) and Gogoi (2013) also contrib-
uted to the study of structural aspects of the road net-
works. Jayasinghe and Munasinghe (2013) attempted 
to analyze the relationship between the trends of 
urban agglomeration and the patterns of connectiv-
ity of the urban centers in the Kegalle district in Sri 
Lanka by correlating the relative connectivity val-
ues with the urban agglomeration values to test the 
relationship between the two. Lu and Tang (2004) 
investigated the fractal dimension of the transport 
network and its relationship with urban growth in the 
Dallas-Fort area. The study analyzed the relationship 
between the mass size of cities and the complexity of 
their road systems. Duranton and Turner (2012) ana-
lyzed the effects of interstate highways on the growth 
of US cities between 1983 and 2003. They had to 
rely on an instrumental variables estimation that used 
maps of transport systems of various periods. Rawat 
and Sharma (1997) analyzed the temporal develop-
ment of road networks and their impact on infrastruc-
ture development in remote areas of Central Hima-
laya. Pokharel et al. (2021) attempted to examine the 
role of transport infrastructure in the growth of urban 
centers in Kathmandu Valley of Nepal. They devised 
some research expectations and later tried to answer 
these questions with the help of some empirical 
measures like the hubness index and urban primacy 

ratio. A significant contribution in this field has been 
made by Krugman (1991) since he propounded the 
New Economic Geography (NEG) theory. In this the-
ory, he mentioned about the “tug of war” (Krugman, 
1991) between centripetal and centrifugal forces that 
eventually lead to a core and periphery formation. He 
revealed that transport cost and infrastructure play a 
significant role in forming an urban area and indus-
trial cores.

Road connectivity and its management have been a 
vital issue in the field of planning and regional devel-
opment. It plays a significant role in the economy 
and demography of a region. All dimensions of road 
connectivity and its associated factors must be ana-
lyzed for the planning and welfare of society. Thus, 
an analysis of the relationship between transport and 
the urbanization process must be considered. Out of 
all the modes of transport, roads are the most wide-
spread and popular mode. So, roads have always been 
the key determinant of the development process. The 
Central Brahmaputra Valley situated in the middle 
part of Assam has been considered for understanding 
the prevailing relationship between these two vari-
ables. The legacy of the British Empire is still evident 
in the road patterns and other modes of transport, 
although these were built in order to exploit the peo-
ple and resources of the region (Desai, 2005; Foreign 
& Commonwealth Office, 2015; Hurd & Kerr, 2012; 
Marx, 1974; Srikanth, 2018). The location of the val-
ley plays a significant role in the geopolitical scene 
of the country. It provides accessibility to Indian 
mainland and the East Asian countries for regional 
co-operation (Act East Policy). In the Indo-Chinese 
conflict (1962), the Chinese army reached Tezpur, an 
important urban center of the valley. It has emerged 
as a crucial defense strategic location in the later 
period.

Das (2008) analyzed the trend of road infra-
structure development in the region which exhib-
its a remarkable growth during the last 17  years 
(1980–1997). Srikanth (2018), Ziipao (2018), Ziipao 
(2020), De (2014) and Nambier (2018) attempted to 
analyse the pattern of road infrastructure develop-
ment in North-East India and its prospects in connect-
ing Indian mainland to ASEAN countries. Khakha, 
(2019), Ganguly (1995) and Saitluanga (2013) have 
analysed the pattern of urbanisation level of the 
states of North-East India and aptly pointed out that 
this part of India is still lagging behind in terms of 
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urbanisation. Notably there has still been limited 
research in this part of the country, which convinc-
ingly deals with road connectivity development in 
spatio-temporal context and its correlation with urban 
growth. The study fills this research gap and tries to 
deal the issue through quantitative approach. Such 
type of research by applying quantitative analysis 
has not been conducted so far. The study therefore 
pays attention to the spatial and temporal pattern of 
distribution of road infrastructure and urban popu-
lation growth in the region. This venture will pro-
vide greater scope in formulating better strategies 
for regional development and planning in the valley. 
Thus, the objective of the study is to establish the 
relationship between road infrastructure and urban 
growth by analyzing the spatio-temporal pattern of 
road infrastructure development and urban growth in 
Central Brahmaputra Valley, Assam.

Materials and methods

Study area

The Brahmaputra River is the lifeline of the people of 
Assam. It has created a picturesque valley in its both 
banks. The valley (Brahmaputra Valley) is a fertile 
levelled lowland with diverse natural and ethnic ele-
ments. The valley is situated amidst hills and moun-
tains. The Bengal plain forms the western boundary 
of the valley. Based on its alignment, the valley has 
been further divided into three divisions, i.e., Upper 
Brahmaputra Valley, Central Brahmaputra Valley 
and Lower Brahmaputra Valley. In this study, Central 
Brahmaputra Valley has been considered as the study 
area. It is divided into two parts by the Brahmaputra 
River, as it flows through the middle of the region. 
Kaliabhumura Bridge connects these two parts of 
the region. Seven districts of Assam viz. Biswanath, 
Darrang, Hojai, Morigaon, Nagaon, Sonitpur, and 
Udalguri constitute the Central Brahmaputra valley. 
The valley is situated in the central part of Assam, 
bounded by mountains and valleys. The northern 
boundary is covered by the Bhutan Himalaya and 
Arunachal Pradesh (Assam Himalaya). The Karbi 
plateau (Karbi Anglong and Dima Hasao district) 
and a small part of the Meghalaya plateau are in the 
south. The Upper Brahmaputra Valley covers the 
northeastern boundary part, and Karbi hills cover the 

southeastern part. Lower Brahmaputra Valley covers 
the western boundary.

The Central Brahmaputra Valley is a flat fertile 
lowland with a gentle slope from the northeast to the 
southwest. It covers around 14,325 sq. km area of the 
total geographical area of Assam (78,438 sq. km). 
The region covers 18.26 per cent of the total area of 
Assam. Around 90 per cent of the region is covered 
by the flat plain with relief up to 150 m. Small por-
tions in its northern, southern, and western parts are 
covered by the foothills of the Himalayas and the 
Karbi Plateau. The height of these foothills extends 
up to 600 m. Brahmaputra River flows in the middle 
of the study area. The flat alluvial plain has originated 
due to the fluvial processes of the Brahmaputra River 
and its tributaries. The major tributaries of the Brah-
maputra River flowing in this region include Kolong, 
Kapili, Jiabharali, Bogang, Nanoi, Jia Dhansiri, Gab-
horu, Belsiri, Dikrai, Ghiladhari, Buroi, Borapani, 
etc. These rivers except Kolong have originated from 
the Mountains and Hills situated around the val-
ley and fallen to the Brahmaputra River. Kalong has 
its origin in the Brahmaputra River. Many wetlands 
and swamps are also found in this region. The region 
experiences a tropical monsoon climate characterized 
by hot and humid summers and cool and dry winters. 
The average annual rainfall for the region is about 
440 mm. The maximum and minimum temperatures 
in the last three years are 37.8 °C and 9 °C, respec-
tively. Fertile alluvial soil, heavy rainfall during 
winters, high humidity and a high temperature have 
helped in the luxuriant growth of vegetation in this 
region. Out of the total geographical area (14,240 sq. 
km), 2359 sq. km of area is covered by forests which 
accounts for 16.56 per cent of the total area. The 
dominant vegetation types found in this region are the 
semi-evergreen, deciduous forest, riverine and mixed 
deciduous bamboo.

Data collection

Road connectivity and urban growth are two distinct 
human phenomena. The study, which covers the con-
nectivity and urbanization pattern across the Central 
Brahmaputra Valley, has been completed with the 
help of secondary data collected from various online 
sources for the period 1971–2011. National High-
ways, State Highways, and Major District roads of 
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the study area have been considered for the analysis 
of transport connectivity, and 18 urban centers, iden-
tified by the Census of India, 2011, have been consid-
ered for assessing the urban growth process.

The study is largely based on secondary data, 
which have been collected from various online 
sources, government gadgets, census publications 
etc. The recent base map for road networks has been 
extracted from the GIS portal of Assam Public Work 
Department (Fig.  1). Road map for 1971 has been 
traced out from the road maps of Darrang and Now-
gong district published by the Census of India in 1971 
(Fig.  2). The base maps are further digitized in Arc 
Map 10.8 to create separate shape files for National 
Highways, State Highways, and major district roads. 
Data of road length and density for each district have 
been calculated using the calculate geometry tool in 
the GIS environment. For the assessment of road net-
works through connectivity indices, the followings 
have been considered as nodes:

a. All municipal towns and town committees

b. District Headquarters
c. Road intersections and
d. Road terminus before entering a district or state.

The following categories of roads have been con-
sidered as arcs:

a. National Highway
b. State Highway
c. Major District Roads and
d. Roads connecting towns.

For the analysis of population growth, data regard-
ing urban population have been collected from the 
official website of the Census of India. Town Direc-
tories and District Census Handbooks for 1971, 1991 
and 2011 have been browsed for obtaining population 
and area data of the region and the state. For compre-
hensive population data of the study area, i.e., popu-
lation distribution, population growth, and population 
composition and various socio-economic data, the 
District Census Handbook (census years 2001 and 

Fig. 1  Road map of Central Brahmaputra Valley (2011). Source: The Authors
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2011) and Statistical Handbook of Assam for the year 
2018–2019 have been used (Fig. 3).

Data analysis

Data collected from various sources have been scru-
tinized, classified, processed, tabulated, and analyzed 
using various statistical techniques. For the analysis 
of connectivity, several connectivity indices have 
been considered. Alpha, Beta and Gamma index 
values have been calculated to analyze the degree of 
road connectivity in the study area. A growth index 
has been used to understand the pattern of growth of 
road connectivity and urban population. The relation-
ship between different variables has been analyzed 
using simple linear regression.

Road density refers to the length of roads in 
a unit area. It can be expressed in km per square 

km (Rodrigue, Comtois, & Slack, 2006). Higher 
road density refers to a high degree of connectivity 
among places. It can be found out using the following 
formula:

A growth index has been applied for analyzing 
the growth in connectivity indices and urban popu-
lation. A higher value of the growth index indicates 
a higher degree of growth in connectivity and urban 
population. The formula for analyzing growth index 
is as follows:

(1)RoadDensity =
Length of roads

Area of the particular region

(2)

Growth Index of urban population =

UrbanPopulation in 2011

UrbanPopulation in 1971

Fig. 2  Road map of Central Brahmaputra Valley (1971). Source: The Authors
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Fig. 3  Location map of the study area. Source: The Authors
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The degree of connectivity is essential for road 
network analysis. “The connectivity of a network 
may be defined as the degree of completeness of the 
links between nodes” (Robinson, 1978). The degree 
of connectivity and transport efficiency are directly 
proportional to each other.

Here, e represents number of edges, and v repre-
sents number of vertices.

Maps and charts are an integral part of this analy-
sis. Maps are prepared using Arc GIS 10.8 version. 
For the analysis of the relationship between connec-
tivity and urban growth, correlation analysis has been 
done in Microsoft excel 2013.

Results and discussion

Pattern of road connectivity and development

The Central Brahmaputra Valley, situated in the mid-
dle part of Assam, works as the connectivity zone 
between the Lower Brahmaputra Valley and Upper 
Brahmaputra Valley. Most importantly, it is the zone 
of association between India and East Asian coun-
tries. Better connectivity and high standard of roads 
in this region can give more potentials of develop-
ment to the region as well as the whole state. This 
region has the potential to be a key location for the 
development of trade relation between India and 

South-east Asian countries. National Highway 36, 37, 
37A, and 52 passes through this region. State high-
ways include SH 3, 3A, 4, 9, 10, 11, 13, 15, 16, 17, 
18 and 47.Several major district roads are there in the 
region for the smooth movement of goods and peo-
ple. Major towns like Nagaon, Tezpur, and Hojai have 
complex network of urban roads.

Growth in road length and road density

Assam has experienced considerable growth in 
National Highways since 1971. It has increased from 
1211  km in 1971 to 3069.22  km in 2011. National 
Highways in the Central Brahmaputra Valley has 
increased from 164  km in 1971 to 567.28  km in 
2011 which is about 18.48 per cent of the state’s total 
National Highways. State Highway has also seen 
grown during this period. It has increased from 2640 
to 3134 km in the state and 619–693 km in the Cen-
tral Brahmaputra Valley. Total Road length of Assam 
has increased from 17,892 km in 1971 to 45,500 km 
in 2011 and in the Central Brahmaputra Valley, it has 
increased from 4015 km in 1971 to 9812 km in 2011 
(Table 1).

Road density of an area defines the level of con-
nectivity among the places. The road density of the 
Central Brahmaputra has risen rapidly in the past few 
decades (Table 2). In 1971 the road density per 100 
sq. km was 28.07  km, and in 2011, it increased to 

Table 1  Analysis of road 
network connectivity

Source: Statistical Methods 
in Geographical Studies, 
Aslam Mahmood (1998)

Connectivity index Formula Interpretation

Alpha Index e−v+1

2v−5
A higher value indicates more connectivity

Beta Index Arcs

Nodes

A higher value indicates more connectivity

Gamma Index e

3(v−2)
A higher value indicates more connectivity

Table 2  Growth of 
Road Length in Central 
Brahmaputra Valley and 
Assam, 1971–2011

Source: Statistical 
Handbook Assam, 1973, 
1982, 1992, 2002 and 2012

Region Category of roads Road Length (in km)

1971 1981 1991 2001 2011

Central Brahma-
putra Valley

National highway 164 207 506 544 567.28
State highway 619 487 405 422 693
Other roads 3232 3385 5552 6216 8557.72
Total 4015 4079 6463 7181 9812

Assam National Highway 1211 1339 2033 2070 3069.22
State Highway 2640 2166 1804 2177 3134
Other Roads 14,041 17,188 26,670 28,861 39,296.78
Total 17,892 20,693 30,537 33,110 45,500
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68.49 km, which is indicative of growth in the level 
of connectivity between places. On the other hand, 
the state road density increased from 22.81  km per 
100 sq. km in 1971 to 58 km per 100 sq. km in 2011. 
It is worth mentioning that the road density of the 
Central Brahmaputra Valley has remained higher than 
the state’s average road density in the period between 
1971 and 2011 (Table 3).

Pattern of connectivity and its growth

Alpha index (α) is the ratio between an actual num-
ber of circuits in a network and a maximum number 
of possible circuits for the given number of nodes 
(Mahmood, 1977). Its value ranges from 0 to 1, and a 
value of 1 denotes that the network is completely con-
nected. Sonitpur possessed the highest value of the 
alpha index (0.20) in 1971, which means that Sonit-
pur had better connectivity in terms of the alpha index 
than other districts. Nagaon had a moderate value of 
0.12, and Darrang and Morigaon had low (0.09 and 
0.05, respectively). In the year 2011, Sonitpur and 
Nagaon have 0.13. Darrang and Morigaon have low 
values of 0.06 and 0.04 respectively. The valley has a 
value of 0.09 in both the years (Table 4).

Beta index (β) is one of the simplest measures of 
connectivity. It is calculated by simply dividing the 
number of arcs by nodes in each network. Discon-
nected graphs with no circuits will have a β value less 
than 1.0, a network with only one circuit will have a 

value of 1, and a complex network will have a β value 
more than 1 (Mahmood, 1977). In the study area, the 
Morigaon district had a value of 0.5 in 1971, which 
means no circuit was there up to 1971. On the other 
hand, all other districts and the valley had values 
greater than 1. Sonitpur district had the most com-
plex network with a β value of 1.34. In the year 2011, 
a change in the Beta index has been observed in the 
valley. All the districts have a value greater than 1, 
which refers to a reasonably complex road network 
in the valley. Nagaon and Sonitpur districts have the 
highest value of 1.24, and the Morigaon district has 
the lowest value of 1.24. Overall, the region has a 
beta index of 1.21 (Table 4).

Gamma index (γ) is the ratio of the actual number 
of edges to the maximum possible number of edges 
in a network (Mahmood, 1977). Sonitpur possessed 
the highest gamma index value (0.47 and 0.43) in 
both periods, which means good connectivity in the 
district. The Gamma value of Darrang has decreased 
from 0.42 to 0.37 in 2011. Gamma index value has 
increased in Nagaon (0.41–0.42) and Morigaon 
(0.31–0.37). The overall gamma index of the region 
has decreased from 0.41 to 0.40. This change is due 
to the evolution of new nodes in the transport net-
work and the increase in the number of possible edges 
(Table  4). Sonitpur district has a relatively higher 
degree of connectivity than other districts followed by 
Nagaon. Darrang and Morigaon districts still have a 
lot to improve in terms of road connectivity (Table 5).

Table 3  Trend of growth 
of road density in Central 
Brahmaputra Valley and 
Assam

Source: The Authors

Region/State Area (in sq. km) Road Density per ʹ00 sq. km area

1971 1981 1991 2001 2011

Central Brahma-
putra Valley

14,325 28.07 28.47 45.11 50.12 68.49

Assam 78,438 22.81 26.38 38.93 42.21 58.00

Table 4  No. of arcs & 
nodes and connectivity 
indices in the years 1971 
and 2011

Source: The Authors

Districts 1971 2011

Arcs Nodes Alpha Beta Gamma Arcs Nodes Alpha Beta Gamma

Darrang 14 13 0.09 1.07 0.42 75 68 0.06 1.10 0.37
Morigaon 22 22 0.02 0.90 0.33 27 26 0.04 1.03 0.37
Nagaon 40 34 0.12 1.17 0.41 106 85 0.13 1.24 0.42
Sonitpur 43 32 0.20 1.34 0.47 62 50 0.13 1.24 0.43
Central Brahmaputra Valley 110 90 0.09 1.22 0.41 228 188 0.09 1.21 0.40
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Morigaon has witnessed the highest growth in 
terms of road connectivity between 1971 and 2011 
(Table 5). The Sonitpur district has witnessed nomi-
nal growth. Nagaon district saw a moderate growth 
rate in its connectivity indices. However, the growth 
index varies among the districts.

Pattern of urban growth

The total number of towns in the Central Brahma-
putra Valley and Assam has increased significantly 
since 1971. In 1971, there were 12 urban centers in 
the valley and 72 urban centers were there in Assam. 
This figure has increased to 37 in the Central Brah-
maputra Valley and 214 in Assam (Table  3). How-
ever, in 1981, Census was not conducted in Assam. 
Growth of population in the study area and the state 
has been quite significant since 1971. Number of 
towns in Assam has increased around three times dur-
ing 197–2011. According to Census of 2011 the total 
urban population is 4398542, which is about 14.09 
per cent of the total population in the state. On the 
other hand, 9.87 per cent of the total population of 

Central Brahmaputra Valley belongs to urban areas. 
The difference between the levels of urbanization of 
the Central Brahmaputra Valley to that of Assam is 
quite significant (Table 6).

If the growth index of urban population in Cen-
tral Brahmaputra Valley is taken into consideration, 
the urban growth scene of the region gets more high-
lighted. Morigaon district has experienced a very 
high growth (8.75) in its urban population between 
1971 and 2011 followed by the Nagaon district with a 
moderate index of 3.01 (Table 7). The index value is 
low in the case of Darrang and Sonitpur district. The 
index value for Darrang is 2.89 and for Sonitpur, it 
is 2.42. On the other hand, the growth index of the 
Central Brahmaputra Valley and the state is almost 
the same. The region has a growth index of 3.18 as 
against the state’s index value of 3.31. Nevertheless, 
the growth index of the Valley is lower than that of 
the state (Table 7).

Table 5  Growth index of connectivity indices in Central 
Brahmaputra Valley (1971–2011)

Source: The Authors

District/region Alpha Index Beta Index Gamma Index

Darrang 0.67 1.02 0.88
Morigaon 2 1.14 1.12
Nagaon 1.08 1.05 1.02
Sonitpur 0.65 0.92 0.91
Central 

Brahmaputra 
Valley

1 0.99 0.97

Table 6  Growth of towns and population in the Central Brahmaputra Valley and Assam (1971–2011)

Source: 1. Census of India, District Census Handbook, Nowgong and Darrang, 1971
2. Census of India, Town Directory, Assam, 1991
3. Census of India, District Census Handbook, Nagaon, Morigaon, Darrang and Sonitpur (2011). *Values for 1981 are calculated 
based on future projection through regression analysis

Region/state Category 1971 1981* 1991 2001 2011

Central Brahmaputra 
Valley

Towns 12 14 15 22 37
Population 231,451 328,026 401,737 566,897 737,493

Assam Towns 72 82 93 125 214
Population 1,326,981 1,960,394 2,487,795 3,439,240 4,398,542

Table 7  Population growth index of the Central Brahmaputra 
Valley (1971–2011)

Source: The Authors

Sl. No District/Region/State Growth Index

1 Darrang 2.89
2 Morigaon 8.75
3 Nagaon 3.01
4 Sonitpur 2.42
5 Central Brahmaputra Valley 3.18
6 Assam 3.31
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Relationship between road connectivity and urban 
growth

Relationship analysis for the variables has been 
done separately for the Central Brahmaputra Val-
ley and Assam. Road density has been taken as 
the independent variable and number of towns and 
urban population have been considered as depend-
ent variables. Number of towns and their population 
have been identified as positively correlated to road 
density. The correlation values fall under the range 
0.935–0.975, which show a strong relationship 
between road density and number of towns and their 
population, with  R2 values ranging from 0.8744 
to 0.9514. This again strongly supports the notion 
that with the increase in road length per sq. km i.e., 
road density, the number of towns and urban popu-
lation in Central Brahmaputra Valley and Assam 
have increased. To verify the significance of this 
relationship, student’s t-test has been conducted. 
It shows that the t-test values are greater than 3.18 
which indicates that the coefficient is significantly 
different from zero (Table 8).

Connectivity indices play a major role in the analy-
sis of topology of a road network graph. Therefore, 
the growth in road connectivity indices between 1971 
and 2011 is scatter plotted with growth index of urban 
population between 1971 and 2011 in the spatial units 
of the Central Brahmaputra Valley. The growth index 

of urban population is plotted against connectivity 
indices i.e., Alpha, Beta and Gamma where the con-
nectivity indices are considered as the explanatory 
variables and the population growth index is consid-
ered as the dependent variable.

The connectivity indices are positively correlated 
to the growth index of urban population. The coef-
ficient values fall under the range 0.8393–0.9644. 
All the three indices have an  R2 value range of 
0.7323–0.9301, which indicates a strong positive 
relationship between the connectivity indices and 
the growth index of urban population of various dis-
tricts in the Central Brahmaputra Valley. The districts 
where the growth in connectivity is higher, those 
districts have witnessed a higher growth index of 
urban population. To verify its significance, student’s 
t-tests have been conducted and those values come 
under the range 2.1–4.84. It is worth mentioning that 
Alpha index shows stronger relationship with the 
growth index of urban population than that of Beta 
and Gamma index. The t-test value for Alpha index is 
4.84 which is greater than the tabulated value of 4.30 
at 95 per cent significance level. Beta and Gamma 
index values are found to be lower, and their t-test 
values (2.1 and 2.28 respectively) are greater than 
0.816 at significance level 50 per cent (Table 9).

Table 8  Correlation 
analysis between Growth of 
road density and number of 
towns and their population

Source: The Authors

Region/State Explanatory variable: road density

Dependent Variable Model Correlation 
coefficient

R2 value t-stats

Central 
Brahmaputra 
Valley

Number of towns 0.5679x–5.0169 0.935 0.874 4.38
Urban population 11538x–55,172 0.967 0.935 5.93

Assam Number of towns 3.8811x–28.984 0.942 0.887 4.77
Urban population 84683x–467,078 0.975 0.951 6.19

Table 9  Correlation 
analysis between 
Connectivity indices and 
growth of urban population

Source: The Authors

Independent variable Explanatory variable: growth index of urban population

Model Correlation coef-
ficient

R2 value t-stats

Alpha Index 4.5776x–0.7679 0.9644 0.9301 4.84
Beta Index 27.758x–24.392 0.8393 0.7045 2.1
Gamma Index 23.405x–18.728 0.8557 0.7323 2.28
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Conclusion

Urbanization, being an inevitable human phenome-
non, it influences various facets of human and natural 
environment. It is a continuous process and is influ-
enced by several factors. Among them, road connec-
tivity is considered a dominant factor. Better connec-
tivity invites better amenities which ultimately help in 
the evolution of new urban centers and the growth of 
the existing ones. In this analysis, it is proved that the 
process of urban growth is influenced by the status of 
road connectivity. Assam is a landlocked state with 
comparatively rugged topography for which there is 
less scope for the development of alternative means 
of communication other than roadways. Therefore, 
growth in road connectivity has very strong impacts 
on the growth of urban centers in the region. The 
status of road infrastructure in the region can be 
improved with the construction of a new bridge over 
the Brahmaputra River for connecting Dhing and 
Mangaldoi towns.

From the foregoing analysis that have been car-
ried out in this work the following major findings 
are derived:

(a) Growth in road density and growth in number 
of towns and their population have witnessed a 
strong positive correlation which enunciates that 
with the increase in road density in the study area 
there has been increase in the number of towns 
and urban population.

(b) Growth in road connectivity indices and growth 
indices of urban population also have a positive 
correlation. But high values of accessibility index 
show negative correlation with population poten-
tial values. It means, high accessibility invites 
high spatial interaction.

Thus, considering the case of the Central Brah-
maputra Valley, one can arrive at a conclusion that 
road connectivity on a large scale affect the pattern 
of urban growth in a region. Growth in road connec-
tivity can contribute to the emergence of new urban 
centres to serve the nearby rural areas and it also 
helps in the improvement of the existing urban cen-
tres of the region.
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