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Abstract

A Hindu pilgrimage site where millions of people gather to seek solutions to problems related to everyday life,

the "Kumbh Mela"is recognised as one of India’s intangible cultural heritages. The site of the observance rotates
between four cities, Haridwar, Ujjain, Nashik and Prayagraj. The infrastructure and services in the city that is hosting
such a gathering undergo numerous changes as a result of the sizeable gathering. The goal of the study is to monitor
the changes in Land Use and Land Cover (LULC) in the city of Prayagraj before and after the “Kumbh Mela”and to eval-
uate the effect on infrastructure changes in the citry. Analyzing the changes that such pilgrimages and events bring
about in cities are fascinating. In 2019, the city of Prayagraj hosted the “Kumbh’, hence, Pre-Kumbh (2016), Kumbh
(2019), and Post-Kumbh (2022) phases were taken under consideration for LULC change assessment. Supervised clas-
sification was conducted using Maximum Likelihood Classifier to prepare LULC maps. It was observed that urbanisa-
tion has significantly increased at the expense of vegetation, fallow land, and agricultural land. The success of the local
agroforestry policy and plantation drive is demonstrated by the interesting increase in vegetation that has been
observed. The construction of a civil airport, the widening of existing roads, the installation of new railroad tracks,

and the adornment of roundabouts on existing roads are the major infrastructure changes. The findings offer fresh
insights of increasing urban infrastructure from a cultural perspective. The findings will aid in better planning and pol-
icy development for the resilient and sustainable infrastructure, as well as in the development of a long-term strategy
for the temporary habitation in the “Kumbh”area of such cities.

Keywords ‘Kumbh’, Land use land cover (LULC), Urbanization, City infrastructure, Cultural perspective

1 Introduction

In India, the word “pilgrimage” is occasionally inter-
changed with the term “tirtha-yatra,” which means
“travel to river fords” (Bhardwaj, 1973). It is believed
that participation in the tirtha-yatra will result in
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self-transformation, the “reward of purification of the
soul, and attainment of objectives related to the prob-
lems of mundane existence” (Bhardwaj, 1973). Hindu
pilgrimages frequently take place in India in natural set-
tings like mountains, hills, caves, river banks, and ocean
coasts (Ruback et al. 2008). India’s holy sites have under-
gone numerous changes as a result of pilgrimage and
religious tourism. These types of activities diversify the
social and cultural identities of these places and create
a wealth of opportunities for economic growth (Chadha
& Onkar, 2016). By bringing up the alteration in the
natural environment, religious tourism has an impact
on these pilgrimage sites. Physical effects of pilgrimage
events include overcrowding, stampedes, traffic jams,
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short-term stress on environmental resources, high lev-
els of pollution (air, water, and soil), large amounts of
waste, and clearing land for temporary housing (Table 1)
(Shinde, 2012). The introduction of new modes of trans-
portation (cars, buses, and trains) may result in new visi-
tor flows, and those flows may call for different types of
spaces (bus stops, parking lots, etc.). When new loca-
tions are added, the physical environment is changed.
Cities with a tourism industry thus face urban planning
difficulties.

Combining the idea of socio-spatial dialectic (Brace
et al. 2006) with the historical geography approach facili-
tates an understanding of how contemporary environ-
mental concerns constitute one point in a protracted
trajectory of environmental change related to the crea-
tion and maintenance of a sacred place. With a physi-
cal, economic, institutional, and cultural setting, this
viewpoint helps to explain pilgrimage sites as dynamic
and developing entities (Shinde, 2012). A pilgrimage is a
planned journey focused on a particular goal that is cho-
sen by the heart and carried out with the help of the feet.
Hindu mythology refers to one such pilgrimage event as
the “Kumbh Mela,” which occurs in the cities of Harid-
war, Ujjain, Nashik and Prayagraj (Memish et al. 2019,
Raghav et al. 2020). At each of the four locations, the
Kumbh is held every 3 years (https://www.britannica.
com/topic/Kumbh-Mela). The riverbank and access to
the water are essential to the framework of the “Kumbh”
in these locations. In addition to being the biggest con-
gregation on the planet, it was added to UNESCO’s Rep-
resentative List of the Intangible Cultural Heritage of
Humanity in 2017. The Sanskrit words “Kumbha” and
“Mela,” which both mean “fair” or “gathering,” are the ori-
gins of the phrase “Kumbh Mela” (David and Roy, 2016).
Hindu mythology claims that gods and demons were at
odds over the concoction that gives life, and that this
conflict resulted in the tilting of urns, which fell upon
the four locations of Prayagraj, Nashik, Haridwar, and
Ujjain (http://kumbh.gov.in/en). Since the Gupta era, the
“Kumbh Mela” has taken place in Prayagraj (https://www.
britannica.com/topic/Kumbh-Mela). The first event was

Table 1 The environmental issues faced by 'Kumbh'cities
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recorded sometime between 629 and 645 by the Chinese
Buddhist monk Hsuan Tsang, who had travelled to India
in search of Buddhist sacred texts (https://www.brita
nnica.com/topic/Kumbh-Mela).

According to their timing within a 144-yearcycle and
the various planetary alignments that take place during
this time, the various “Melas” themselves are divided into
categories. There are four different kinds of Melas. The
most recent “Maha Kumbh” which takes place once every
144 years, was held in Prayagraj in 2001. Every 6years and
12years, Prayagraj hosts the “Ardh Kumbh” and “Purna
Kumbh’, respectively (http://kumbh.gov.in/en).

The effective operation of the “Kumbh” festival depends
on the transportation infrastructure of roads, railways,
and highways, and these large pilgrimage fairs offer the
opportunity for a focused effort to develop the transpor-
tation infrastructure (Greenough, 2013). The enormous
temporary encampments necessary for the “Kumbh”
must also be considered in each city’s urban plan (Buz-
inde et al. 2014). As a result, the city interacts with a
sparsely populated area nearby those doubles as both a
farm and a temporary settlement. The temporary city’s
density and dynamism as well as the extensive stretches
of relatively tranquil agricultural landscapes in between
can both be supported by this fertile and usable soil.

The ability of the Mela to accommodate the tens of mil-
lions of visitors is facilitated by wide roadways, pontoon
bridges, pedestrian traffic control, vehicular restrictions,
surveillance cameras, and a sizeable, noticeable police
presence (Yamin, 2019). This township provides access
to all governmental and administrative services, includ-
ing food, clean water, sanitation, garbage and sewage
disposal, safety, counselling and personal assistance, and
medical care (Quadri and Padala, 2021).

Thus the mass pilgrim gatherings have an effect on the
LULC as the city provides facilities for pilgrims, tour-
ists, and locals. Infrastructure development is the main
driver of such changes. For example, recently, govern-
ment increased temporary settlement area from 1600 ha
to 3200ha in order to make the 2019 “Kumbh” the larg-
est temporary settlement in history. The extent of the

Environmental issue

Examples of academic sources

Water Pollution

Solid waste disposal
Sanitation

Congestion /Health issues
Lack of governance

Patil et al. 2020; Bhadula et al. 2012; Bhutiani et al. 2016; Kanaujiya & Tiwari,
2023; Matta et al. 2017, b; Varma et al. 2022; Yadav K Bhatia, 2020

Bamb Nikita and Bahade, 2024; Bisht et al. 2022; Kanaujiya & Tiwari, 2022
Holman & Shayegan, 2014

Aggrawal et al. 2020; Goel et al. 2020; Mishra et al. 2020; Sharma et al. 2023
Kala & Chaubey, 2023; Mishra et al. 2020
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area and the intensity of land use are two examples of
how LULC changes occur both spatially and temporally
(Houghton, 1994; Matlhodi et al. 2019). In general, nat-
ural and anthropogenic factors are the causes of LULC
changes (Lambin et al. 2001; Veldkamp and Lambin,
2001; Sewnet, 2015; Matlhodi et al. 2019). The impact of
these factors on the terrestrial environment is unprece-
dented. While LULC is one of the main contributors to
global warming and climate change, this does not neces-
sarily mean that it only contributes to the degradation
of lands and forests (Lambin, 1999). Land use has a sig-
nificant impact on the operation of socioeconomic and
environmental systems, leading to crucial trade-offs in
terms of sustainability, food security, biodiversity, and the
socioeconomic vulnerability of people and ecosystems
(Lambin et al. 2003; Mishra et al. 2020; Petit et al. 2001;
Verburg et al. 1999). Growing concerns over the envi-
ronmental impacts of pilgrimage have spurred the
formation of organizations dedicated to promoting sus-
tainable pilgrimage practices. Notable examples include
the Green Pilgrimage Network in Europe, which advo-
cates for eco-friendly approaches to pilgrimage (Project
et al. 2012), and the Green Kumbh Foundation in India,
which undertakes various “green campaigns” during the
Kumbh Melas. In Kerala, India, the state government has
launched the “Mission Green Sabarimala” initiative to
exchange eco-friendly cloth bags for plastic bottles and
distribute postcards reminding pilgrims to protect the
environment. Similarly, religious and government groups
organising the 2013 Kumbh Mela at Haridwar adopted
the moniker “Green Kumbh - Clean Kumbh,” highlight-
ing their commitment to environmental sustainability.
Additionally, the organization Green Ganga focuses on
cleaning the Ganga River during and after pilgrimages
along its various sections. While these efforts demon-
strate a growing awareness of environmental responsi-
bility within the pilgrimage context, the effectiveness of
these organizations remains a subject of debate (Singh
et al. 2021).

The city hosted the “Kumbh” festivities from January 15
to March 9 in the year 2019 (Table 2), and various infra-
structural changes were made in order to accommodate
and attract thousands of devotees. For this research, the
entire study period was divided into three segments:
Pre-Kumbh (2016), Kumbh (2019), and Post-Kumbh
(2022), respectively. To create supervised LULC classifi-
cation, Sentinel-2 satellite images were used. Unplanned
changes in land use are currently the main issue. The
two main factors causing land-use changes are a lack of
clear, logical planning and disregard for environmental
impact. During the celebrations, temporary communities
encroached on both sides of the riverbank. Additionally,
many improvised river crossings were built. Kumbh had
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Table 2 The schedule of 'Kumbh'2019

The itinerary of 'Kumbh’2019 Date

1. Makar Sankranti (1st Shahi Snan)
2. Paush Poornima

3. Mauni Amavasya (2nd Shahi Snan)
4. Basant Panchami (3rd Shahi Snan)
5. Maghi Poornima

6. Maha Shivratri

15 January 2019
21 January 2019
04 February 2019
10 February 2019
19 February 2019
04 March 2019

a big impact on Prayagraj’s infrastructure and accessibil-
ity of urban amenities. Hence, the present study intends
to monitor the changes in LULC in the city of Praya-
graj before and after the “Kumbh Mela” and to evalu-
ate the effect on infrastructure changes in the city. This
paper investigates how pilgrimage cities undergo urban
transition, focusing on planning concepts like land use
change, real estate development, infrastructure, and the
planning tools that manage these aspects. The goal is to
understand how these cities can transform sustainably
and inclusively. The concentration of people at religious
tourism destinations during peak seasons intensifies the
environmental impact compared to less crowded peri-
ods (Shinde, 2021). Eco-development programs have
emerged to safeguard the planet and foster a deeper
sense of environmental responsibility among individuals.
Organizations like the Green Pilgrimage Network (GPN)
have played a pivotal role in facilitating this shift towards
environmentally conscious pilgrimage. This study will
explore the challenges faced and help to develop policies
for the urban planning of religious cities incorporating
smart city parameters. The effective solid waste manage-
ment, beautification of cities, broadening and electrifica-
tion of roads, development of traffic junctions, parks and
green zone in the city ROBs (road over bridges) and RUBs
(roads under bridges), sanitation facilities and adequate
amount of drinking water supply to all the identified
places. Also, to analyze the changes that such pilgrimages
and events enrich cultural ecosystem services.

2 Literature review and research gap

Pilgrimage gatherings and festivals are integral to cul-
tural and spiritual practices globally, yet the impacts of
these events on land use remain a relatively understud-
ied area within academic discourse. A comprehensive
review (Table 3) outlining the changes in land use asso-
ciated with pilgrim gatherings or pilgrimage festivals is
essential to position contemporary studies within the
broader context of urban revitalization and intangible
cultural heritage. This study seeks to contribute to this
gap by understanding the intricate relationship between
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urban revitalization and the intangible cultural heritage
of India, focusing on the Kumbh of Prayagraj.

The existing literature provides insightful perspectives
on sustainability, tourism impacts, and urban challenges
in pilgrimage cities, but there are discernible research
gaps in comprehensively understanding the direct cor-
relations between cultural events like ‘Kumbh Mela’ and
urban morphology, particularly in the context of land
use transformations. Previous studies, such as those by
Shinde KA (2017) and Kumar Dutta (2022), focus on
urbanization and sustainability challenges but lack spe-
cific exploration of event-induced urban transformations.
While V.S. & Firoz (2022) and Chadha & Onkar (2016)
highlight the importance of sustainability and land man-
agement challenges, there’s a dearth of detailed analyses
concerning the temporal impact of large-scale cultural
gatherings on land use dynamics. Moreover, studies like
A Forouhar, M Hasankhani (2018) and C Duan et al.
(2019) discuss conservation and heritage policies but
do not directly address the immediate urban changes
induced by cultural events like ‘Kumbh Mela! There-
fore, there’s a pronounced research gap in examining
the direct implications of ‘Kumbh Mela’ on urban mor-
phology, land use transformations, and their subsequent
influence on the city’s infrastructure in pilgrimage cities
like Prayagraj.

3 Study area

Prayagraj is located at the intersection of three rivers
(Fig. 1). Its latitudinal extent is 25° 26°08.88"" N and its
longitudinal extent is 81° 50°46.72"" E. Its rich alluvial
soil was created by the eroding components of the great
Himalaya and the Vindhyan uplands (Yadav et al. 2020).
It experiences a humid subtropical climate, with sum-
mertime highs of up to 48 °C and wintertime lows of up to
9°C. According to the Indian Census of 2011, the city has
a population of 59,54,390 people. The temporary com-
munities are built along the banks of the rivers Ganga
and Yamuna, which are inhabited by numerous “kalpava-
sis,” ascetics, and saints. Up to thirty million people can
be found in these temporary settlements. It was during
the 2019 Ardha Kumbh that infrastructure improvement
on a larger scale—including road widening at important
public locations, historic sites, and the Sangam area—
took place. Prayagraj Development Authority (PDA) has
built over 150km of road as part of the effort to widen
roads and has improved the majority of the squares.
Additionally, it built five overpasses to help with traffic.
As per Press Information Bureau (PIB) (https://pib.gov.
in/PressReleseDetailm.aspx?PRID=1598364), about 3000
encroachments were removed from about 65 locations in
different parts of the town.
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At the confluence of the three rivers Ganga, Yamuna,
and fabled Saraswati, the city of Prayagraj is renowned
for hosting the Hindu religious festival known as the
“Kumbh Mela” Millions of people come to take a “Snan”
(bath) at this point in order to see numerous “sadhus”
(ascetics) who attend this festival. By taking a holy bath
and attending a “Satsang” (a spiritual discourse) hosted
by the godmen, pilgrims who have travelled a great dis-
tance believe that all their sins will be forgiven. The city
hosts the “Maha Kumbh,” which occurs every 144 years
(in 2001), the “Purna Kumbh,” which happens every
12years (in 2013), and the “Ardh Kumbh,” which happens
every 6 years (in 2019). For about 55days, this festival
was in full swing.

4 Material and methods

4.1 Data acquisition

For the entire study period, which was divided into three
parts, namely pre-Kumbh (2016), Kumbh (2019), and
Post-Kumbh (2022), urban dynamics of the city as well
as of temporary settlements of Kumbh were calculated
using satellite data acquired from Sentinel-2 which was
downloaded from the United States Geological Sur-
vey (USGS) Earth Explorer website (https://earthexplo
rer.usgs.gov/). The features of the database are listed in
Table 4.

4.2 LULC classification

Image classification is the process of extracting classes
of information from a multispectral raster image (Yed-
age et al. 2015a, b). The Sentinel 2 satellite has a total
of thirteen bands in its multi-spectral raster image. To
accurately classify the satellite image used in this study,
2, 3, and 4 bands were combined. Unsupervised and
supervised image classification are the two most com-
mon image classification methods used in remote sens-
ing image analysis. For supervised image analysis, a full
LULC classification outline was prepared based on the
field knowledge and characteristics (Fig. 2). The post-
classification change approach is currently the most
widely used change detection technique (Sarif and
Gupta, 2022). Post-classification changes are the changes
in land cover that occur after a thorough classification
of land uses. Other change detection techniques include
image rationing, image differencing, image regression,
and post-classification comparison. All of the methods
are pixel-based, so they are constrained by pixel count
and precision (Lu et al. 2004).

4.3 Accuracy assessment

The receiver operating characteristics (ROC) was used
to calculate the area under the curve (AUC) of the ROC
curves for accuracy assessment of the LULC maps and


https://pib.gov.in/PressReleseDetailm.aspx?PRID=1598364
https://pib.gov.in/PressReleseDetailm.aspx?PRID=1598364
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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Fig. 1 Location of the study area

Table 4 Sentinel 2 image characteristics for the study

Acquisition date  Spatial Band use Source
Resolution
Pre-'Kumbh’ 09 February 2016 10m 234 USGS
‘Kumbh' 13 February 2019 10m 234 USGS
Post-'Kumbh" 07 February 2022 10m 234 USGS

Band 2 - Green, Band 3 - Red, Band 4 - Near-Infrared

comparability in terms of specificity to portraying the
situation on the ground (Pontius & Schneider, 2001).
The exchange between false-positive levels (1-specific-
ity) and genuine positive levels (sensitivity) is represented
graphically by the ROC curve and is shown on the X and
Y axes, respectively (Pourghasemi et al. 2013; Mahato
et al. 2021). The study took into account 80 locations

that showed the particular land use. The ROC curve was
finally created using the SPSS software platform (v-22).
In this study, the precision of the anticipated number is
shown by the area under the curve (AUC).

4.4 Change detection

There are several methods for detecting changes,
including post-classification comparison, image ration-
ing, image differencing, image regression, etc. All of
the methods have accuracy and pixel count restric-
tions because they are pixel-based. For evaluating LU
change, a lot of people use the maximum likelihood
classification (MLC) method. In this study, supervised
MLC, a maximum likelihood algorithm was used for
the classification of multispectral images. Water body,
river sediment, fallow land, vegetation, built-up, and
agricultural land are the six LULC classes (Table 5)
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Fig. 2 Methodological framework for LULC change

Table 5 Land cover classification scheme used in this study that were categorized and mapped in the study. The
earlier change and the current change were compared

using image differencing, post-classification compari-

Land cover outline Description

Waterbody Area covered by perennial rivers, streams, ponds, son techniques, and transition matrices. The LULC

dams transformation separates multi-temporal images into
River sediment River sands thematic maps and then implements a pixel-by-pixel
Fallow land Uncultivated agricultural land, open and bare land, comparison of the classified images. This is known as

degraded forested area, exposed soils the post classification comparison technique. On mul-

titemporal images, it lessens the effects of atmospheric,
sensor, and environmental differences and provides a
thorough change matrix (Lu et al. 2004; Mahato and
Pal, 2018). The magnitude change for each land-use
class was calculated by deducting the area coverage
from the second and first years (Eq. 1).

Vegetation Shrubs, dense evergreen trees, wetland forest,
open forest

Built-up Settlements and roads
Agricultural land Irrigated, harvested and cultivated crop field

Magnitude change = Magnitude of the new year — Magnitude of the previous year (1)
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Percentage change (trend) for each land use type was
then calculated by dividing magnitude change by the base
year (the initial year) and multiplied by 100 as shown in
the Equation (Eq. 2) below (Hossain and Moniruzzaman,
2021; Yedage et al. 2015a, b).

A (%) = [(A2— Al)/A 1] x 100 @)

Where, A (%)=a relative change of LULC class
between earlier period Al, and later period A2 in (ha).
To obtain the annual rate of change for each land-use
type, the different rates and magnitude of change for two
periods that is 2016 to 2019 (3years), and 2019 to 2022
(3years), respectively were calculated.

5 Results

5.1 LULC analysis (2016-2022)

For this study LULC for 2016 (Pre-Kumbh), 2019
(Kumbh), 2022 (Post-Kumbh) were classified (Fig. 3).
During pre ‘Kumbh’' period, fallow land covered the
major area by 131.24km? (30.12%) which is subsequently
followed by the agricultural land cover of 116.65km?
(26.77%), built-up cover of 84.47km? (19.39%), vegeta-
tion cover of 54.39km? (12.48%), river sediment cover
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of 30.01km? (6.89%) and waterbody cover of 18.92km?
(4.34%). As shown in Table 6 for the ‘Kumbh’ period,
Agricultural land covered the major area of LULC cat-
egories by 125.68km? (28.85%) which is subsequently
followed by fallow land cover area of about 98.22km?
(22.54%), built-up area cover of about 98.04km? (22.50%),
vegetation cover area of about 47.92km? (11%), river
sediment cover area of about 37.91km? (8.70%) and
waterbody cover area of about 27.91 km? (6.41%). In Post-
Kumbh period, agricultural land covered 147.72km?
(33.91%) which is subsequently followed by the built-
up cover area of about 109.43km? (25.12%), fallow land
area cover of about 72.02km? (16.53%), vegetation cover
area of about 63.61km? (14.60%), waterbody cover area
of about 22.65km? (5.20%) and the river sediment cover
area of about 4.64 km? (4.65%).

5.2 Validation of LULC analysis

To determine the accuracy of the three LULC maps used
in this study, the ROC and frequency ratio plot, were
used. ROC curve analysis is a common method to assess
the accuracy of a diagnostic test (Berbaum et al. 2002).
The ROC curve is a graphical representation of the

81°550°E

Fig. 3 Land use land cover during 2016, 2019 and 2022

Land use/ cover types

B vaterbody [ Fallow land [ Built-up
[ IRiversediment [Jlll Vegetation [ ] Agricultural land

0o 1 2 4 6

Kilometers



Yadav et al. Frontiers of Urban and Rural Planning (2024) 2:8

Table 6 Aerial distribution of LULC cover over Prayagraj
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Year Area Waterbody River sediment Fallow land Vegetation Built-up Agricultural land
2016 km? 1892 30.01 131.24 54.39 84.47 116.65
% 434 6.89 30.12 1248 19.39 26.77
2019 km? 2791 3791 98.22 47.92 98.04 125.68
% 6.41 8.70 22.54 11.00 22.50 28.85
2022 km? 22.65 20.26 72.02 63.61 109.43 147.72
% 520 4.65 16.53 14.60 2512 3391

trade-off between the false-negative and false-positive
rates for every possible cutoff value. By tradition, the plot
shows the false-positive rate (FPR) on the X-axis and the
true-positive rate (TPR) on the Y-axis. The area under the
ROC curve (AUC) characterizes the quality of a forecast
system by describing its ability to anticipate the correct
occurrence or non-occurrence of pre-defined ‘events.
The best method has a curve with the largest AUC; the
AUC varies from 0.5 to 1.0 (Fig. 4). If the model does
not predict the occurrence of the landslide any better
than chance, the AUC would equal 0.5. A ROC curve
of 1 represents the perfect prediction. The quantitative-
qualitative relationship between AUC and prediction
accuracy can be classified as follows: 0.9-1, excellent;
0.8-0.9, very good; 0.7-0.8, good; 0.6-0.7, average; and
0.5-0.6, poor (Berbaum et al. 2002). The AUC value for
the built-up, vegetation and agricultural land falls in the
range of 0.848-0.948 (Table 7) which means these classes
showed excellent accuracy for all the three periods of the
study area. Hence, it is concluded that the binary logis-
tic regression model employed in this study showed good
accuracy for the three LULC maps of the study area.

5.3 LULC changes
The study period is divided into three stages i.e. pre —
Kumbh (2016), Kumbh (2019) and post-Kumbh’'(2022) to
examine the effect of development that happened due to
the ‘Kumbh Mela’ This was studied through LULC maps
of a particular year and change detection of two peri-
ods i.e., 2016-2019 and 2019-2022 (Fig. 5). Additionally,
to comprehend the pattern of land changes brought on
by the city’s infrastructure development in response to
the ‘Kumbh’ festival. The area of built-up land increased
by 5.81% between 2016 and 2019 and was derived from
fallow land, then vegetation (1.61%). According to this,
vegetation and fallow land were converted in extensive
urbanization. 4.3% of the fallow land area and 1.83% of
the vegetation area were turned into agricultural land
(Table 8).

A large portion of the land, both developed and unde-
veloped, was acquired from agricultural land. A different
trend of vegetation gain by built-up was seen as a result of

the city’s plantation drive’s beautification of squares and
walking lanes. and Temporary housing was constructed
in the “Kumbh” area at the expense of 1.93% of river sedi-
ment and 1.03% of fallow land, respectively (Table 8). The
overall shift from 2016 to 2019 explains how urbanization
took place at the expense of vegetation and fallow land.
Since it couldn’t be kept fertile, the majority of the agri-
cultural land was converted to fallow land. These lands
were used to build highways on the outskirts of the city,
which explains the increase in economic benefit. This
was done to enable the proper operation of the ‘Kumbh’
by providing transportation services, which explains the
increase in economic gain.

From 2019 to 2022, the built-up area showed the same
trend, with an increase in fallow land (4.55%) and vegeta-
tion (2.12%), indicating that LULC classes of fallow land
and vegetation were suffering as a result of urbaniza-
tion. This transition was unusual from the previous one
in that vegetation grew on fallow land and agricultural
land, respectively, by 3.80% and 1.97% of their respective
areas. Agroforestry and afforestation policies may have
been implemented as a result of this transition. Given
that much of the development and construction has been
delayed for a longer period of time, Covid-19 may also be
one of the causes of the growth in vegetation.

The three-time windows demonstrate the temporary
settlement brought on by the 2019 Kumbh festival had
accumulated built-up class from the other classes. This
suggests that the majority of agricultural land (1.03%),
followed by fallow land (0.65%), and river sediment
(0.31%), has been used to develop the built-up class. This
is the fertile and practical terrain that can support the
density and dynamism of the temporary city as well as
the long stretches of largely stable agricultural landscapes
in between.

In the year pre- ‘Kumbh’ period, the majority of land
was occupied by the fallow land followed by agricultural
land, built-up and vegetation. This means some of the
agricultural land was left uncultivated because of less
availability of resources which could hamper the food
supplies. While change of trend was seen in the ‘Kumbh’
time the agricultural land was the major LULC class
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Fig. 4 Validation of LULC classes

because many of the uncultivated fallow lands were used
to cultivate crops and some of the fallow land was used
for new built-up areas (Fig. 6). There was a small decrease
in the vegetation class due to the urbanization induced
by the ‘Kumbh’ festival. In the post-‘Kumbh’ period the
same trend was noticed regarding the increase in agri-
cultural land (Fig. 6). While there is a significant increase
in the vegetation due to the shift towards agroforestry,
afforestation and plantation drive happened because
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of the ‘Kumbh’ festival to beautify squares and divid-
ers. COVID-19 could also be one of the factors for the
increase in vegetation as much of the construction and
development has been laid back for a longer duration
of time. There was a significant increase in the built-up
LULC class since 2016 because of the development of a
new civil airport, 6 new over bridges, new railway sta-
tions and road widening. Land-use change can have
significant implications for food security, in addition to
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Table 7 Values of the AUC for each LULC class

Test Result Variable(s) Area Under the Curve

2016 2019 2022
Built-up 0.898 0.86 0.899
Vegetation 0.848 0.903 0.882
Waterbody 0.896 0.958 0.905
Agricultural land 0.909 0.948 0.927
Fallow land 0.929 0915 093
River sediment 0.901 0.878 0.94

its environmental repercussions (Xiao et al. 2006). Con-
version of farmed land to non-farm purposes includ-
ing housing, manufacturing, and infrastructure, along
with an increasing population, is seen as a severe dan-
ger to future food supplies in several countries (Paar-
lberg, 1997). The LULC change in Prayagraj may have
been brought on by human activities such as clearing
encroachments, enlarging roads, building overbridges,
and constructing railway lines. This infrastructure
improvement was carried out to facilitate the Kumbh
Mela, a massive pilgrimage gathering that takes place in
the study area.

5.4 City infrastructural changes

About five over bridges have been constructed during the
Kumbh at different places and it has smoothened road traffic
at railway crossings and places like Allahabad High Court.
To facilitate the upcoming pilgrims and tourists a new civil
airport named Bamrauli airport has been constructed which
connects to several important cities including Kolkata, Nag-
pur, Indore, Lucknow, New Delhi, Bengaluru, Ahmadabad,
Dehradun and Patna with Air services.

The roads in Sangam, as well as those leading to pub-
lic areas like Civil Lines, Katra, and Chowk, as well as
those leading to historical structures like the Allahabad
High Court, Akbar Fort, and Khushro Bagh, have all
been widened. As part of the effort to widen roads, about
150Km of new road have been built in the city. Due to
removal of encroachments, vehicular transportation has
improved and congestion on the roads has decreased.
Sixty-five roads in various locations throughout the town
of Prayagraj have had about 3000 encroachments cleared.
The Jhalwa region, which is on the outskirts of the city, is
where residential plotting is done because the land prices
are lower than in other areas (Fig. 7). The pace of medi-
cal school and bypass road construction has increased.
This location is closer to the recently constructed civil
airport. This area may be a developing peri-urban area
that is displacing agricultural land that has been left fal-
low. Infrastructure growth brought about by pilgrimage
contributed to urbanisation. For better connectivity to
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the domestic and international airports, the civil airport
in Bamrauli was constructed (Fig. 7). Traveling pilgrims
and tourists from around the world will find this to be
more convenient.

Municipal solid waste management like collection,
storage, transportation, recycling, and disposal con-
sume a sizeable portion of municipal budgets. As such,
a solid-liquid and biowaste plant has been set up as part
of a Smart City plan (Fig. 8). The city’s revitalization for
the 2019 ‘Kumbh’ was made possible by this pioneer-
ing manufacturing facility, which creates tiles and bricks
from construction waste. By recovering energy from
waste, municipalities can lessen this burden. Municipali-
ties can either use energy they salvage for their every-
day operations or sell it to the power grid. East of Sasur
Khaderi Nadi and south of Kakaria Ghat work is cur-
rently being done on a brand-new railroad bridge known
as the GMR (Gandhi Mallikarjuna Rao) Yamuna Railway
bridge (Fig. 8). It is designed to accommodate the major-
ity of goods trains so they can clear the way for passenger
trains. The ‘Alopi Bagh’ flyover and the Allahabad High
Court flyover have both been built. Because there are
so many lawyers working here and there are no parking
facilities, they park their cars on the road, which increases
traffic. The ‘Alopi Bagh’ flyover, which connects to the
main civil lines area, the old city, and leads to Naini, was
built to alleviate the worst traffic congestion because this
is the common junction for buses arriving from Varanasi
via Jhusi (New industrial area).

The Yamuna River divides Naini from the city center.
It is an industrial area that has grown to include residen-
tial areas over the past few years. Currently, the Naini
railway station has grown to become a junction (Fig. 9).
The majority of the railway stations in Prayagraj City,
including Allahabad Junction, Allahabad City, Jhunsi,
Prayag, Prayag ghat, Naini, Daraganj, and Subedarganj,
have not only undergone significant cosmetic improve-
ments but have also received impressive civic amenities.
It involves building new platforms, installing lifts, con-
structing stepped platforms, connecting all platforms
with footbridges, and more. Due to ‘Kumbh Mela, Alla-
habad Junction was unable to handle rush-hour traffic,
so other railway lines, including Naini, Daraganj, Jhunsi,
and Prayag, were renovated and developed in order to
prevent the influx of passengers, including pilgrims and
tourists, which, if not managed, could cause stampedes.

6 Discussion

6.1 Kumbh- cultural and ecosystem importance

Kumbh mela brings millions of people together and
plays a central role in building cultural importance (Saha
and Khare, 2020). It involves various social and cultural
activities and it has been labelled as intangible cultural



Yadav et al. Frontiers of Urban and Rural Planning (2024) 2:8 Page 15 of 22

81°45'0"E 81°50'0"E
A

81°50° 81°55'0"E
0o 1 2 4 6 2019

_— Kilometers : River Fallow Agricultural

Waterbody Sediment  land  Vegetation Built-up  Land

waerbody [l N B [ [ B9

River Sediment :l ‘:’ - ‘:] - -

© Faowtand ] [ 0 B BN [

3 Vegetation L] [] [ HE BN BN

mico [l N I BN BN [

Agricultural Land - - - - - :’

81°45'0"
>

e £ Woste oF ¢ NG
81°45'0"E 81°50'0"E 81°55'0"E
2 4 2022

Kilometers River Fallow Agricultural
Waterbody Sediment  land ~ Vegetation Built-up ~ Land
waterbody [l [ /| £ e
Riversediment ] [ | [l [ HE B
e Falowtend 0] [ 0 HE BE [
g Vegetation ] [] [l HE BN BN
Agricuhu:"i::i = = = = = % Land use/ cover transformation (2019 - 2022)

Fig. 5 Land use/cover transition (2016-2019 and 2019-2022)



Yadav et al. Frontiers of Urban and Rural Planning (2024) 2:8

Page 16 of 22

Table 8 Change detection/transformation matrix (2016-2019 and 2019-2022)

2019

2016 Waterbody River sediment
Waterbody 2.86 1.14
River sediment 1.93 363
Fallow land 1.03 249
Vegetation 0.16 0.15
Built-up 0.16 0.2
Agricultural land 0.27 1.1
2022

2019 Waterbody River

sediment

Waterbody 35 1.86
River sediment 1.14 2.1
Fallow land 0.05 0.08
Vegetation 0.06 0.02
Built-up 0.22 041
Agricultural land 0.23 0.18

Fallow land Vegetation Built-up Agricultural land
0.04 0.05 0.2 0.05

017 0.11 0.65 04

15.22 1.26 5.81 43

1.85 6.89 161 1.83

321 1.72 1343 0.66

2.05 0.96 0.8 216

Fallow Vegetation Built-up Agricultural
land land

0.18 0.21 0.25 041

1.78 057 031 2.79

10.58 38 455 347

0.64 6.86 212 13

237 118 16.91 14

0.97 197 0.96 24.52

heritage of humanity by the United Nations Educational,
Scientific and Cultural Organization (UNESCO) in 2017
(Saha and Khare, 2020). This cultural and religious amal-
gamation not only sustains tourism but also provide live-
lihood to millions of people (Silva, 2020). It is essential
to conserve cultural heritage to promote tolerance and
strengthen solidarity and inclusiveness in the society.
It also promotes cultural Ecosystem Services (CES) of
aesthetics, spiritual and recreational experiences on a
mass scale, and requires spatial planning and sustainable
development of the event. CES are considered essential
for general awareness and conservation programs. There-
fore, it is important to incorporate CES into decision
making and planning (Daniel et al. 2012). Remote sens-
ing and GIS have been widely used to plan developmental
activities; however, their applications are limited when it
comes to conserve cultural heritage events like Kumbh.
It is important to understand the cultural importance of
religious gatherings like Kumbh and motivate people to
promote sustainable practices and ecosystem protection.

6.2 Implications and policy takeaways

The implications and policy takeaways derived from
the study emphasize the critical need for comprehen-
sive and sustainable approaches to address the multi-
faceted challenges arising from land transformation
in pilgrimage centers, particularly as influenced by
events like the ‘Kumbh’ Efforts aimed at balancing the
preservation of cultural heritage, environmental con-
servation, and community well-being are paramount
for these centers to continue attracting visitors while

safeguarding their unique identity. Sustainable infra-
structure development emerges as a pivotal strategy,
necessitating careful planning to accommodate pil-
grim influx without compromising local resources or
ecosystems. Integrated waste management systems,
encompassing waste segregation and recycling, stand
imperative to curbing the environmental impact of
pilgrim activities. Prioritizing cultural heritage man-
agement through visitor management plans and
sustainable tourism practices becomes crucial for pre-
serving these sites amid developmental changes. Addi-
tionally, conducting thorough environmental impact
assessments before new developments is vital to iden-
tify and mitigate potential ecological ramifications.
Engaging local communities in decision-making pro-
cesses further ensures their perspectives and needs are
considered, fostering more inclusive and community-
centered development.

7 Conclusion

The LULC of the city may change as a result of a pil-
grimage festival like ‘Kumbh! Through infrastructure
development, such as road enlargement, road, railway,
and airport construction, as well as the erection of
industries and hotels, the ‘Kumbh’ has the potential to
alter the physical, social, economic, and ecological envi-
ronments. This study was chosen to examine the effects
of the LULC change as influenced by urban develop-
ment. By providing pilgrims and tourists with the bare
necessities and facilities they need, as well as the citi-
zens of the city with a sustainable urban infrastructure,
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Fig. 7 City infrastructural change 1. Urban development in Jhalwa region; 2. A new civil airport at Bamrauli

these developments were made to ensure that the
‘Kumbh’ could operate successfully. In order to learn
about the LULC for 6 years, which has been divided into
Pre-Kumbh (2016), ‘Kumbh’ (2019), and Post-"Kumbh’
phases, the study has used the MLC supervised classi-
fication (2022). Up until 2022, there was an increase in
the built-up area trend, which went from 19.39 to 25%
of the total area (Table 2). Urbanization is happening at
the expense of vegetation, fallow land, and agricultural
land, and it is increasing significantly. The success of
the agroforestry policy and the plantation drive is also
demonstrated by an eye-catching increase in vegetation.
For the ecological setting of such urban centers, the
COVID-19 is a blessing in disguise.

The ROC curve and AUC method were used to assess
accuracy and provide the accuracy level for each class
across the various periods. The main LULC classes, such
as built-up, vegetation, and agricultural land, have AUC
values close to 0.9, indicating excellent data accuracy. The
change matrix of the study area was investigated using
the post-classification change detection technique. When
10million people live there on auspicious days, it func-
tions as a mini-city and is built on agricultural land and
river sediment. The successful movement of the crowds
inside this miniature city was made possible by the pon-
toon bridges that were constructed across the river. They
were also a crucial component in the rapid relocation of
the river system. The Solid-liquid Biogas Plant is the first



Yadav et al. Frontiers of Urban and Rural Planning (2024) 2:8 Page 19 of 22

Land use/cover types

5
B & - - 3 - Waterbody I:l Fallow land - Built-up
e e ———

Kilometers :] River sediment - Vegetation E Agricultural land

Fig. 8 City infrastructural change 1. GMR Yamuna Railway bridge; 2. Solid-Liquid biogas plant



Yadav et al. Frontiers of Urban and Rural Planning (2024) 2:8

Page 20 of 22

Land use/ cover types

0 05 1 2 3

Kilometers
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facility to turn construction waste into bricks and tiles.
This method of managing solid waste in the city is effi-
cient. Environmental deterioration might be partially
controlled if the developments are planned carefully. It
can be assumed that both positive and negative effects
resulted from it. Examining the LULC changes brought
on by pilgrimage could help with resilient and sustainable
urban planning. This study discovered that the ‘Kumbh’
not only brought together a sizable number of people, but
it also increased the capacity of this holy city for accom-
modating people by developing its infrastructure. It also
helped us understand how the Kumbh affected the eco-
system services provided by the cultural sector. It encour-
ages geospatial technologies to comprehend how this
level of pilgrim gathering affects developmental activities
and planning.
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