reviewed paper

Exploring the Network Accessibility in the Airport Regions of India: Case Study of Bagdogra Airport,
West Bengal

Shalvi Sharma, Sewa Ram

(Research Scholar Shalvi Sharma, Transport Plarbémgrtment, School of Planning and ArchitectureyNdelhi, India,
sshalvisharma@gmail.com)
(Prof. Dr Sewa Ram, Transport Planning Departmestip8l of Planning and Architecture, New Delhi, ladi
drsewaram@gmail.com)

1 ABSTRACT

Transportation network development is consideregetone of the keys to modernization and developmen
Airports are emerging as new hubs of developmempo#t corridors are the upcoming economic corrsdor
being a connection between the airport and the tibgtthrough highways, expressways, and railways,
where infrastructure is planned with more publigoivement. At a regional scale, Aerotropolis is an
extrapolation of the airport city, to the surrourghi, where the reciprocation of the airport city ba seen in
terms of amenities, services, industries, residgraed thematic and logistic spaces. For linkirgahport

for better access, an efficient road network isvitable in the country. Connectivity measures ame a
indicator of the performance of airline networkisparts and regions which allow policymakers andiistry
professionals to benchmark and monitor the netwmiormance against that of other airports, airline
networks and regions and plan the regions accdsdiiifis paper seeks to derive the landside coivict
for the road network of different tiers of airpontstheir influence area and identify the regiomattare most
and least accessible in the Indian scenario. lera explore connectivity and accessibility, thgions are
ranked on the basis of some of the indices suchl@®s, beta, Gama, Konig no. etc. Further, theystud
comprehends the case study of Bagdogra Airporigu8i] being the least accessible region as per the
landside connectivity.

The study of landside connectivity includes a G#sdal analysis of links and nodes with the helpraplgy
theory and centrality indices. Results derived daths the impact of airport connectivity in thenitiféed
influence area of the region, the centrality indiggcrease with a decrease in distance from tip®mirThe
results also indicate the emergence of importardesoand links, probing towards the need for
comprehensive planning for new airport regions better accessibility and induced development of the
region.

Keywords: centrality, Regional Connectivity, Grapeory, Accessibility, Airport Region

2 INTRODUCTION

As they are not silos, airports are essentialdagport hubs working in multilayered local, statational,
and international transport networks. Thereforejlitating airport accessibility is essential fdret whole
value chain. Whether travelling for business oreation, a journey never concludes at the airg&tan,
2010)

Connectivity by air may play an essential part @odting local economic development and supportieg t
long-term growth objectives of the economy at thdamal level. Air connectivity helps the incorptioa of
a nation into the global economy by improving thenf of products and services, as well as peopkasd
expertise, as well as financial investments. Begadghis, air connectivity confers immediate bésedn
those who make use of aviation services and brdaeleefits on the economy as a whole as a restilteof
favourable effects it has on productivity and eaunitoperformance. As a result of these beneficitdats,
governments should make an effort to study the ainphtheir policies on air connectivity and thetfars
that contribute to better air connectivity res@liagoda Egeland International Transport Forum, PA%8&
result, as we respond to the difficulties of detexiing road congestion and its influence on traweé and
travel time reliability, the availability of masgathsportation to connect airports throughout theldvaill
become increasingly vital. (Hambarde, 2018)

For a very considerable time, the size of theramgport industry has doubled every fifteen yegirswing
faster than the bulk of other industries. Since0196e demand for passenger and freight servicegtoavn
along with technological development and correspanéhvestment. This increase in air travel compare
favourably with the global GDP, the broadest measirglobal output, which increased by more thae fi
times in real terms over the same time period.“Asaific continued to be the most active regionking
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up 35% of all revenue-based traffic followed by &ue and North America, each with 26% and 22%"
(Industry High-level Group, 2019). The Internatibrdar Transport Association (IATA) predicts that by
2030, “India would surpass both China and the Wn8eates as the third-largest air passenger markbé
world”. The Indian government has been attemptmguild more airports in order to handle the insezh
aviation traffic. India had 153 operating airpoats of the year 2020. India plans to have betweénat@l
200 operational airports by FY40. (IBEF, 2021)ohder to maximise airport benefits, feeder connégtio
airports must be investigated associated with rainsportation statistics and the requirement fopoat
connectivity.

3 NEED FOR STUDY

The National Civil Aviation Policy 2016 was publesh by the Ministry of Civil Aviation (MoCA),
Government of India, in order to improve regionadneectivity through financial assistance and
infrastructure development (NCAP 2016). The Redio@annectivity Scheme (RCS) for improving
underserved air connections includes the Regioitab& Development Scheme for India (UDAN), whiah i

a regional airport development programme. To eragmirinclusive national economic development,
employment creation, and the development of anspart infrastructure in all areas and states dialnthe
mission is to make air travel more accessible andenmexpensive. The possible RCS airports have bee
chosen based on the following characteristics, Wwisice, first and foremost, a distance of at le&f 1
kilometres from the closest operating airport (vétfew exceptions), The demographic profile, trdustrial
profile, the passenger demand, and the market fpaltaii play a role. Potential for tourism at thieport and

in the surrounding area, The quality of the airgocurrent runway and terminal, The requirementniew
land purchases as well as financial expendituresess to other means of transport, such as highaays
trains, as well as competition from these other es¢finon., 2022). The rationale behind keeping the
distance from operational airports at 150 kilometeethat there are very few airports in India @&t closer
together than 150 kilometres, and for a distancel®® kilometres, travelling by road is much more
advantageous in terms of time, cost, and conveai¢nan flying, with the exception of areas thatéhav
topographical challenges such as hilly regionsrt(fer, 2004)

To better support the infrastructure of airports,isi necessary to improve other network connection
infrastructures, which serve as the airports' prynmsupport system. These shifts in the connectigftyhe
road network have led to the development of cigaarsurrounding airports. Authors such as Kasaaga h
placed an emphasis on airport-linked productiwatyiation-oriented agglomeration economies, and gbsan
in connectivity indices. It is necessary to idgntifie changes in various factors related to coiwigcand
accessibility in the emerging airport-oriented oggi in India, following the UDAN scheme that hagre
proposed and is currently being implemented indndhis is necessary in order to include such ifiedt
phenomena in policies that are linked to upcomiingoat regions. Because air travel serves timeifeas
markets, ground access to airports must be efficiam airport-related criteria must be updateé oegular
basis. As a result, there is an urgent need taifsmthe integration of specialised transportagervices in
many additional Indian cities in order to estableshong-term solution(Gaonkar, 2013) (De Jong et al
2008).

4 LITERATURE REVIEW

Such analysis is crucial to examine since it presithe insights required to develop measures tease
airport competitiveness. For example, these metacsshow how well an airport serves as a conrgebtiry

in a certain origin-destination market in contressicompetitor hubs. Furthermore, connectivity parters
enable governments, terminals, and flights to traelwork performance over time and evaluate theaghp
of different policies to maintain or improve netkomperformance. Because of this, connectivity
measurements are frequently utilised as input dogdr strategic airport and airline planning. Reglo
economic connectivity indicators can assist poliakars by analysing travel times to reach a specific
proportion of global GDP or population from a presimined location.(Matsumoto et. Al.2008).

In fact, academic studies have proposed a wideerahgonnectivity indicators that account for bdtrect
and indirect connection in airline networks. Some based on network topology and complex network
theory, while others are based on the operationatacteristics of airline hub-and-spoke networkwor
findings from social science studies.(Burghouwt &d@ndi, 2013)
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4.1 Defining Airport regions

Dr. John Kasarda, an American urban economist aomlsgist, emphasizes the significance of airports
transforming urban form in the twenty-first centunguch as motorways, railways, and seaports ditien
twentieth. He believes that the fourth revolutignamave of transportation and communication will éake
greatest impact on business location and the nealgnation of survival of the fastest with supphain
logistics and other time-sensitive economic agtivémphasising airport proximity as gateways and fo
movements of capital, materials, and informatiosatda defines an Aerotropolis as a metropolitar sub
region centred on an airport. A typical metropblis a core business district and commuter-linkbdirbs,

he argues. (Perera & Development, 2019)

Airport-related theories have been defined by sdvauthors, including Airport Region, Airport Catar,
Aerotropolis, and Airea. An airport area is a depélg aerotropolis in which the airport is linkexdthe host
city and other industrial and logistical centresrbgd and rail networks. While other authors haspsed
the development of an airport corridor between #wport and the host city. Airport corridors are
characterised as a connection between the airpalittlae host city via motorways, expressways, and
railways, with increased public engagement in sthacture planning. Aerotropolis is a reproductain
airport city in terms of services, industry, homiemed and logistic areas.(Correia & De Abreu [EaSi
2015)

4.2 Connectivity Measures

Sociological importance of connectivity measureragatobvious, as is the need for suitable conniggctiv
metrics that account for both types of connectivibdicators of connectivity are applied to evatuéte
performance of airline networks, airports, and @agi They enable policymakers and industry profesds
to analyse and monitor network performance reldtivether airports, airline networks, and regicas to
create regions accordingly.(Burghouwt & Redondil20

Accessibility has been a crucial criteria for meagua network's spatial interconnectivity and eaing
travel prospects in transportation network develeptn Accessibility incorporates network metricselik
connection and node accessibility. Several way$ligigt a transportation network's connectedness and
nodal accessibility. Hansen (1959) defined accésgilas "the potential for interaction and provile
potential-based approach to evaluate accessibilitgities". Garrison (1960) presented "graph thgore
principles to study the topological accessibilitiyaotransportation network utilising accessibilitydices
(beta index, association number, alpha index, ganmuex) and node accessibility indices (i.e., Shéinb
index and nodal degree)". Transportation researsks ugraph theory-based network accessibility
measurements. The objective of graph-based evahsais to statistically evaluate the spatial disttion of
travel opportunities based on travel times, disartbeoretical accessibility model, or structuraséd
approaches including spatial syntactic researdheri@t al., 2014)

Some sites are more accessible than others, ingpthiat there are disparities across the localesrefore,
accessibility represents geographical inequaligné¢, the concept and idea of accessibility ischagsetwo
fundamentals: The first is the location, in whible trelativity of areas/zones is assessed in relatith the
transport infrastructures, which provide the metmdacilitate movement. Each area/zone has a set of
peculiar characteristics, such as its populatioexbent of economic activities. The second factatistance,
which is determined by the physical or geographsegregation among various areas/zones. Trangdpartat
must exist between two areas in order for therbe@ distance between them. A network is a strectur
comprised of interconnected links. Several netwmaked indicators have been established to andigse t
transport network, and these indicators may begoaitteed as measures of connectedness, cyclic pyoper
and efficiency. Understanding the network structuas traditionally been of interest only to geotyexs,
who consider the spatial form of the road netwarlé a crucial factor in regional development. doemt
years, there has been a great deal of interesbrimpiehending the topology of transport networkg tha
connect places in geographic space and contributestcreation of new settlements as a result bheced
connectivity (Sreelekha.M.G, 2016).

There are two linked geographical categories traagplicable to accessibility issues. The firdegary is
topological accessibility, which deals with quayitify accessibility in a network of nodes and lires
transportation network). It is considered that astslity is a quantitative property that only appl to
specific components of a transportation system.seoend form is contiguous accessibility, whicHudes
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assessing accessibility throughout a surface. Aduéis/, also known as isochrone accessibility, as
measure of how well-connected various locations aness a given distance, given that geography is
considered continuous. (Rodrigue, 2020).

Following these conditions, the indicators suggedt® computing landside connectivity in the airpor
region are distance-based and topology-based gistans of nodes and linkages. According to various
studies, the airport is related to changes in cctivity indices in the region served by that aitp&@everal
research on discovering airside connectivity inslicgilising the hub and spoke paradigm have been
conducted(Jose & Ram, 2018).

5 OBJECTIVES OF THE PAPER

This research work attempts to determine the laledsonnectivity in the influence area of airporiotigh
nodal perspectives. The objectives of the papeetbee are —

(1) To formulate the methodology for computing Isideé regional connectivity of different tier of parts.
(2) To identify the regions on the basis of regla@ieside and landside connectivity in airport eyi

(3) To delineate a region on the basis of chang®mmectivity for the selected airport region.

(4) To determine the change in degree of centrafithe selected nodes in the identified region.

6 FORMULATION OF METHODOLOGY

In order to identify the change in connectivity iteb in regions of India, India has been divided
geographically into four regions firstly based anside connectivity indices using the hub and spoke
concept. (Amal Jose, 2019) The author has alreldgiied and ranked the 36 airports based on hdb a
spoke concept following the air connectivity indiceuch as Ranking based on Different tier of aigpor
Participation Coefficient, Z-ScoreHubbing Potential Index (H. P. 1) and Inter Community
Coefficient (I. C. C.). to evaluate airside connectivity at sub comityusis well as inter community level.
(Amal Jose, 2019). Further to explore the landsidenectivity, the categorized four regions havenbee
chosen in order to rank airports on the basis afenand link-based connectivity parameters. In otder
compute landside connectivity indices region wibke, extent of region has been buffered for radius50
km, 70km, 46 km for catchment area for differenérbrchy of airports (Tier I, Tier Il, Tier IIl). Teh
indicators chosen for the analysis are, settlemi#muisiding census towns and statutory towns actiag
nodes in the airport region, and links are natidmglhway, state highway and major district roadstiter in
order to rank, the indices computed are Alpha Iri8leta Index, Gama Index, Konig Number using ArcGIS
software.

6.1 Identification of regions on the basis of landsidairport connectivity- Discussion

In order to identify the airport region on the 3asf connectivity, the study area selection has liEme on
the basis of airside connectivity as well as lagelsionnectivity. In order to compute landside catinity,

36 airports of different tier of airports and 4fdient regions have been identified using the ramkiased on
Different tier of airports, Participation Coefficie Z-Score, Hubbing Potential, Potential Indexietn
community coefficient. In Region 1 that is the Nantn Region, New Delhi, Jaipur and Lucknow havimg t
highest ranking among all the eight airports. Iigige2, that is the central India, Mumbai, Ahmedabad
Pune has the highest-ranking airports. In Regidhad is the North east region, Kolkata, Guwahatl an
Bagdogra ranks the highest. In Region 4, Bangaldyderabad and Chennai ranks the highest. (Ama&, Jos
2019)

In order to further examine the connectivity indiée the 4 airport regions, some of the measureefised

in the Graph theory has been applied. Graph theasically converts the transport networks into #&iman
which Edges are defined as Line segment (link) eetwiocations, for example: roads, rail lines, atw
Vertex are defined as impostant locales on thesprantation network that is of interest (node), dgample:
cities, towns,public places, etc. The connectivitgasures that are applied are Alpha Index, Betaxind
Gamma Index and Koenig No. These measures havedoeeputed using QGIS, network analysis tool to
convert the road network into Planar Graph. Thedees have been defined as:
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(a) “Beta Index. Measures the level of connectiuitya graph and is expressed by the relationshipwemn
the number of links (e) over the number of nodésTkees and simple networks have Beta value sftlean
one”. (Arlinghaus, 2001)

(b) “Alpha Index. A measure of connectivity whichaduates the number of cycles in a graph in corspari
with the maximum number of cycles. The higher tigha index, the more a network is connected”.
(Arlinghaus, 2001)

(c) “Gamma Index. A measure of connectivity thansiders the relationship between the number of
observed links and the number of possible linke Value of gamma is between 0 and 1 where a véllie o
indicates a completely connected network and woeléxtremely unlikely. Gamma is an efficient valae
measure the progression of a network in time”.i(dgthaus, 2001)

(d) “Koenig number (or associated number, eccatyyicA measure of farness based on the numbénksd |
needed to reach the most distant node in the grépHinghaus, 2001)

Passengers FY
- Airports 2019-20

Ranking based
path length of

on passenger | Tier of

- Airports Beta Index farthest node)
New Delhi 67,301,016 | | 1.93 0.48 0.65 178 1
I salpur 5,031,561 i I 1.58 0.30 0.54 9% |
I & Lucknow 5,433,757 I I 1.60 0.37 0.59 78 |
I © chandigarh 2,445,202 v Il 1.65 0.41 0.62 51 |
1 89 Patna 4,525,765 % Il 153 0.36 0.59 52 |
| & Varanasi 3,010,702 v Il 1.43 0.30 0.56 69
| Ranchi 2,485,293 viI Il 133 0.24 0.51 45 |
| Allahabad 414,064 Vil Il 131 0.24 0.52 52 1
= =Mumbai = = — =453875329 — — — = === —pgg— = = = g3y — —OWY— — — TET — =
™' Ahmedabad 11,432,996 I I 1.42 0.27 0.53 83
S Pune 8,085,607 i I 1.54 0.33 0.56 63
‘& Raipur 2,119,417 VI I 133 0.31 0.57 48
Q' Goa 8,356,240 % I 1.48 0.41 0.62 93
 |ndore 2,918,971 v Il 136 0.23 0.50 77
Nagpur 3,061,548 viI Il 1.14 0.13 0.44 48
Surat 1,515,557 Vil i 133 0.23 0.50 72
I— TKolkata_ 22015391 1C T T i T T T T T3 T T T TozT T 0ag T T Tl T T
™ Guwahati 5,457,449 I I 1.20 0.13 0.43 120 |
! § Bagdogra 3,197,168 I Il 0.94 0.00 0.36 78 .
I'-g, imphal 1,506,435 v Il 0.88 0.04 0.33 51 "
1 Q Agartala 1,285,860 1% Il 0.67 0.14 0.33 53
I = Dimapur 192,899 Vi Il 0.50 -0.29 0.25 60 !
L _Shllone — — — 30502 — — — Mo — — Ul — — — 067 — — — =044 033 _ — 75 _ !
< Bangalore 32,361,666 I | 1.59 0.31 0.47 214
& Hyderabad 21,651,878 i | 1.41 0.25 0.51 200
O Chennai 22,266,722 i [ 138 0.19 0.47 168
80 Cochin 9,624,334 % I 1.23 0.13 0.46 89
o Vizag 2,681,283 Vil Il 1.19 0.69 0.81 59
Vijayawada 1,130,583 vill I 1.18 0.71 0.83 41
Trivandrum 3,919,193 v I 112 0.12 0.33 54
Bhubaneswar 3,672,246 VI I 1.28 0.39 0.60 56

Figure 2 Landside Connectivity Indices, (computeabthor)

As per the connectivity indices for landside corivity in various airport regions it is found thRegion 1
As a metro hub, New Delhi ranks first in landsidenmectivity followed by Lucknow in Tier Il and
Chandigarh in tier Ill type of airports. In Regidhas a metro hub, Mumbai ranks first in landside
connectivity followed by Ahmedabad in Tier Il andir&t, Raipur in tier Ill. In Region As a metro hub,
Kolkata ranks first in landside connectivity folleal by Guwahati in Tier Il and Siliguri in tier llln Region

4, as a metro hub, Bangalore ranks first in larelgidnnectivity followed by Cochin in Tier Il and
Vijayawada in tier Ill type of Airport. For the idéfied four regions, Region 1 has the highest $ael and
airside connectivity values followed by region &gion 4 and region 3.

Various researches have stated that airport infleethe landside connectivity in a region over @gogeof
time and in order to explore the same, measuresertfality has been computed. In order to investigiae
most accessible and connected settlements as imotesairport region, the decadal change in adaiéiss
parameters have been assessed with respect tonebadrk. For the study, Bagdogra airport has been
selected from the north east region, which is #ggon 3 as categorized in the Figure 2. In ordeartalyze
the impact of airport on landside connectivity lre region, North-east has been considered in ¢odeiok

at the change in connectivity parameters impactedhle provision of airport connectivity to the leas
accessible regions. Since road and rail faciliaes inadequate in the region, therefore viable ezn
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transportation in the North-Eastern states is bbylai UDAN scheme as well, impetus has been giwen t
North-east Region for improving the regional aingectivity in the region.

7 CASE STUDY: BAGDOGRA AIRPORT, SILIGURI

The Bagdogra region of Siliguri in northern WestnBal, India, is site to Bagdogra Airport, a customs
airport. Siliguri is the city that the airport sesr At the Indian Air Force's AFS Bagdogra, itlis as a civil
enclave. Additionally, it serves as a gateway airpor other North Bengal area hill stations, irdihg
Darjeeling, Gangtok, Kurseong, Kalimpong, and Midach year, thousands of visitors use this airgdre
airport serves as a significant transportationreefur the area, and in 2002, the Indian centrakgument
granted it restricted international airport staiith limited international operations. The airpedrved 3.2
million passengers in 2019-20, a rise of 11.2% fthenprior year, ranking it as India's 17th busagtort.
(Anon., n.d.)

Siliguri is strategically located with easy acctsdlepal, Bangladesh and China. That is not ak giitical
Siliguri Corridor marks the 60 km long and 22 kmhi€ken Neck” connecting the rest of India with the
north eastern states.

Conferring to the airport serving the North Bengalion, in order to compute the change in accditgibi

the Bagdogra airport region, the study area idedti€onsists of 4 districts which has been deliexbdty
applying Voronoi polygon tool in QGIS, then applyiimtersection tool so as to demarcate the arela wit
respect to district boundary. The demarcated aoeaists of districts namely Uttar Dinajpur, Jalpsaig
Koch Bihar, Darjeeling.

1%

—~ 4 { E¥oE ‘:'?“i‘; 77
AN ol il AT
Ry : A b -/»"’#:-"//A/
{? e e N .'f."f'.l""]'""“‘“ A SN ; /
L g S PPN
Y4 : kY - x
M :“\) . ".—"E Koch biftar 1‘5‘:
: > Wurshiatad ':-‘{Legend
I mamn{.\l - -gm - “' Bagdogra airport
;o g B, rd’dhiml& \;_ . '.“ .'l t== Influence area boundary
CPurniim F" . \ & \_r“ "T \ Influence area
it A [ ’ i77¢ District Boundary
< 3 f“’f {t :ﬁ?.“; edf
Nmr*!‘-- (3 u-L

Figure 3 Study Area: Location of Bagdogra Airportlats region (Not to scale)

District Population = Population =~ Area of the No. of census No. of census No. of statutory No. of statutory
2001 2011 district towns 2001 towns 2011 towns 2001 towns 2011

Darjeeling 1609172 1846823 3149sg.km 4 24 4 5

Jalpaiguri 3401173 3872846 6227sqg.km 13 35 3 4

Koch bihar 2479155 2819086 3387sg.km 4 12 6 6

Uttar dinajpur 2441794 3,007,134 3140 3 5 3 4

Figure 4 Study area. Total no. of settlements i12@2, Total no. of settlements in 2011=96

7.1 Accessibility in the Region

The airport region tends to create various kindend®& with respect to the areas it serves. Witheti these
links change also tend to change in terms of cipacgets upgraded and at times form new linktmect
more and more places in the region. Similarly i ¢thse area of Bagdogra airport region, throughstoidy

an attempt has been made to ty to figure out tedtof change in connectivity in terms of change in
accessibility in the region. This change has bedentified with respect to time as well as distaforen the
airport, and assessing the most accessible andectmthurban settlements in the region. The question
addressed here was, whether there is any chanlge atcessibility indices in the airport region avitether

the airport has any role to play in the scenara. the study, all the census and statutory towng leeen
taken as nodes, national highways, state highwagsrajor district roads have been taken as the limithe
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region. The topological maps are extracted foryeas 2001 and 2011 to see the change in these wsan
2002 the airport was upgraded into an internatiairgabrt and hence the impacts.

In order to see the change in accessibility dutivgyear 2001 to 2011, centrality and shimbel indag
been applied with respect to the distance fromaingort. For computing the centrality measureshe t
region, the tools applied are spatial design ndtvamralyst tool in QGIS, further the network graphtrix
has been generated for the network by planariziegnetwork into segments and finally the result thesn
shown in terms of heat maps.

7.2 Calculation of Centrality

7.2.1 Centrality Measures

Centrality measurements including degree, betwesnnend closeness could quantify how central or
important each node or link is inside a networkasdo find out the emerging important nodes amkklin

the region. These indices are free from the efééchetwork size road capacities so that cross-ngtwo
comparison is possible.

“Shimbel Index (or Shimbel distance, nodal accel#tsibnodality). “A measure of accessibility regenting
the sum of the length of all shortest paths conngdll other nodes in the graph. The inverse measu
also called closeness centrality or distance clitgtra

N
4-3d,

J=1

“Betweenness centrality measures the extent to lwhigoarticular node lies between other nodes in a
network. A node tends to be more powerful if ibis the shortest paths connecting many node-pairg, a
may be in a position to broker or mediate connestibetween these pairs. The betweenness of a riede i
defined as the ratio of all shortest paths pagsirgugh it and reflects its transitivity”. Thus,

G(i) = > oyli)/oy

k=i=jeN

whereokj is the sum of all shortest paths between no#teand vj, andkj(i) is the number of shortest paths
that pass through vi. Nodes that occur on manytssiopaths between other nodes have higher betesgnn
than those that do not.

“Closeness centrality:

Closeness centrality measures the extent to whiotde is close to all other nodes along the shopith
and reflects its accessibility in a given networktie closeness of node i is written as:

: n-1
Ccl) ==—-
Z!{,-:—V.I#jdff
“In other words, a node’s closeness is the invefd¢be average shortest distance from that nodell tother
nodes in a given network. The larger the i valbe,mhore convenient it is to reach other nodes”.(g\&tral.,
2011)

7.3 Discussion

The measure of betweenness centrality in FigurbuStriates a node's importance by the percentage of
pathways that connect it to other nodes. The cdrisdpat a node that plays a larger role in cotinganore
other nodes is more significant.Hence it can b& seehe Figure 5 that during the year 2001 to 2Qhé
betweenness centrality has been outrightly emergewy the airport and along another city of Jalpaig
which is directly linked to Siliguri through highwa7.
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Darjeeling

lalpaiguri

Airport E b ) .
i ; % ey ﬂ;

Koch bihar

Uttar dinajpur
‘4
X

Figure 5 Betweenness centrality 2001 and 2011 (ld&aliby author)

Further in order to see the emerging nodes withensatges have greater importance, measure of degree
centrality in the region has been computed. Degedrality measures the importance of a node by the
number of edges (degree) the node has. The regm@ fot no. of important nodes spread out in gggon

but as it can be seen in 2011, comparatively thergad nodes are lying in the vicinity of the aitpas in

the Figure 6.
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‘!ll- f‘

KW bm!“

Figure 6 Degree Centrality 2001 and 2011 (calculbteduthor)

Further, in order to measure accessibility on th&dof shortest paths, another measure of shiimtex has
been computed that is shimbel index. Shimbel iridgke measure of accessibility representing time st
the length of all shortest paths connecting aléotiodes in the graph. The inverse measure of S&himtex

is also called closeness centrality or distancdraly. It is calculated as the reciprocal of them of
geodesic distances to all other nodes. The idealofilating this measure is that the closer a i®t® other
nodes, the important the node is. The measuresisdban the topological distance between the nddes,
which if the value is high then it has lesser asitdlgty. As it can be seen in the figure 7 thehliggreen
patches show the reduction in values in the regiecially in the nearby areas to the airport shgwin

increase in accessibility in the region.
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Figure 7 Shimbel Index 2001 and 2011 (calculateduiior)
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The centrality measures computed for the airpaioreshows the change in the accessibility in #gan
during 2001 to 2011, it is important to look inteetchange in settlement pattern in the region ¢éotke
emerging nodes based on the demographic changt®e trelineated area, using the QGIS softwarehall
census and statutory towns have been mapped tofyddre change, along the radius of 50km,100km and
150km. The buffer zones have been mapped, usingutfier tool in QGIS. Further, for the same dis&s)c
isochrones have also been mapped, using the netamak/st tools for getting the exact geographical
distance that can be covered via roads. As inithed 8 given below, it can be inferred that Emamgeof
urban settlements in the airport region can alsede® being concentrated more in the vicinity efdhport
within a distance of 50 to 100km. Also in the regithere has been a prominent change in clas®bire
towns. It can be seen that settlements have begradgd which are concentrated in the proximityhsf t
airport.

Figure 8 Settlement Pattern- 2001 and 2011, cordputeauthor

Based on Change in Class size of the Settlemef1(202011)

Distance Buffer(km) Rural to Urban Change in Clsige
50 Out of 54 settlements, 28 23
100 16 8
150 6 3
200 4 2

Figure 9 Settlement class size

Visualizing the two different aspects, it can bfeired that, as per the change in hierarchy ofess¢ints in
terms of urbanization with respect to the linksesgt in the region, the impact is concentrated nmotbe
radius of 50 to 120km of radius from airport.

8 CONCLUSION

Airport Connectivity and Accessibility not only eariice connectivity to other regions but also heips i
improvising the intraregional linkages. Airportsdmegion are envisioned for providing better cahegness
at domestic as well as international levels, besities they are also associated with an emergehnevo
nodes, edges and links around the airport.

This study has applied the Graph Theory to exarttieeoverall landside structure of road network atbu
the airport in the region and the centrality of tlework. This paper has examined the landside or&tof

36 airport regions, which consequently shows thattier-1 airports dominate the ranking in termsefter
connectivity in the region. Further to specificadiyplore the impact of airport on connectivity iretregion,
North East region having the lowest ranking haslmemsidered. Major findings in the study areptild be
inferred that in a period of time, the accessipilitas increased more in the vicinity of the airpas
compared to other parts of the delineated regidhe airport is playing a major role in developirg t
network and giving rise to emergence of variousesoith the region. The findings confirm previouskén
between the airport landside network and underlygeggraphical settlement patterns.Therefore, with
upcoming airports, it is a necessity to considerréggional linkages of the airport as they arectlydinked

to emerging cities and towns and thereby links agritem. Airports cannot be planned as isolated;silo
they also require a comprehensive planning to atvedl profound potentials of airport as a transport
infrastructure. Further the study should also beedo analyze the impact on development of theoregs

it has been inferred from this study that, in th®pat region there lies an emergence of variousanr
settlements as well as many towns and cities tengtirade due to better connectivity and acceiyibib

an implication of airports.
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