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Abstract

It is crucial to have a hindsight evaluation
ORIGINAL ARTICLE of the magnitude and pace of urban expansion for
effective growth management in metropolitan
areas. The objective of this paper is to quantify
the spatial-temporal patterns of urban expansion
in the Lucknow City, Uttar Pradesh, India. The
analysiswascarried out using the Remote Sensing
& Geographical Information System Techniquein
which Landsat satellite images of the years 1980,
2000, and 2020 were used and classified into 5
Authors Land-use & Land-cover classes (Agricultural land,
Built-up, Waterbody, Wasteland and Tree cover)
using supervised maximum likelihood algorithm
to obtain the built up expansion for each respective
years. Further, the city’s municipal area was
divided into 8 concentric multiple ring buffers,
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and each with awidth of 2 km. To estimate the amount

Dr.Anjani Kumar Singh and intensity of expansion over the 40-year study
Professor, Department of Geography period from 1980 to 2020, 3 indices such asAnnual
K.S. Saket P G College urban expansion rate (AUER), Urban expansion
Ayodhya, Uttar Pradesh, India intensity index (UEIl) and Urban expansion

differential index (UEDI) are computed for each
buffer. Results show that middle buffers 4, 5, and 6 have the highest annual urban expansion rate
(AUER) during the study period as compared to other buffers. Buffers 3, 4 and 5 show the highest
value of the Urban Expansion Intensity Index (UEII) during 1980-2020 in contrast to other buffers.
Buffer 5, having the highest value of the Urban expansion differential index (UEDI) (10.31) among all
other buffers, has been the fastest growing region of the Lucknow municipal area during the study
period. The study also revealed that from 1980 to 2020, according to the values of UEDI, buffers4, 5,
6 and 7 arethe fast-growing areas, while buffers 1, 2, 3 and 8 are the slow-growing areas of Lucknow.
Moreover, the metropolitan-core buffers (buffers 1 & 2), which serves as the focal point of urban
development and the historical origins of expansion, show the least built-up expansion over the 40
years due to limited available land. During the study period, urban expansion has spread into the
middle and peripheral buffer areas, with the highest intensity and fastest rate of expansion occurring
in the bufferslocated around the coreregions. A comprehensiveregional growth management strategy
grounded in effective strategic partnerships among the respective administrative districts to curb
unsustainable urban expansion is recommended.
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I ntroduction

In genera, urbani zation refersto the growth of settlementsintermsof popul ation, physical area, and
economic activity over time. According to theagglomeration theory, urbanization isdriven by the concentration
of population and economic activity, which historically led to the emergence and growth of cities and
metropolitan regions. Urbani zation crestes externd economiesof scalethat improve productivity and growth,
making existing cities attractive for further popul ation and activity. In addition to demographic changes,
urbani zation a so affectsthe physical form and structure of settlements by expanding existing built-up areas
into greenfieldland or surrounding rurd settlements, asnoted by unhabitat in 2010. Theragpid and unconstrained
urban expansion isanoticeable manifestation of the ongoing process of urbanizationin Indian cities. The
expansion of urban areasin Indiaisdriven by the demographic factors of natural popul ation growth and the
migration of peoplefrom rural to urban aress.

To classify urban expansion, threerelated processesincluding infilling, expanding, and outlying have
beenidentified by Wilson et d. (2003). Infillingisamore compact form of physi cal development, but in many
deved oping countries, there has been rapid peri-urbanization leading to unconsolidated latera expansionand
gprawl. Thishasresulted in existing built-up areasengulfing smal ler townsontheir outskirts, asseeninvarious
studies (Webster 2002; Kombe 2005; Doan and Oduro 2012). The uncontrolled expansion of urban centers
into their peripheriesisacontemporary form of urbanization driven by the need to accommodate popul ation
growth and space demands of socio-economic activities, often at the expense of greenfield land, as pointed
out in several studies (Acheampong and Anokye 2013; Appiah et al. 2014; Owusu-Ansah and O’Connor
2006).

Decades of rapid urbanization haveled to significant challengesin India, including climate change,
environmental degradation, and resource depletion. Such challenges posethreatsto public health, essentia
ecosystem services, and food security. To manage urban growth and avoid unsustainable expansion and its
negative consequences, it isessential to understand the spatiotemporal dynamicsof urban land-useand the
driving forcesbehind them. Thispaper usesLandsat remote sensingimagery from 1980, 2000, and 2020, as
well as Gl Stechniquesand spatial metricsto assessthe patterns of urban expansionwithin the2 km buffer of
Lucknow Municipa Area. Lucknow, arapidly urbanizing metropolitan regionin Uttar Pradesh, India, has
been designated for thisstudy.

Theextent of the urban expansion or urban sprawl can be appropriately anaysed throughthe multiple
ring buffer analys sand zona andysis. Inboth theanayssmethods, the study areaisdivided into many zones.
Inthe case of concentric multiple buffer analysis, the study areaisdivided into many concentricringsof a
definitewidth. After analysing the expansion of urban areasbased on these concentric ringsinteresting results
canbefound. Inthecaseof Lucknow Municipal Region, thistypeof study will providevery useful results. On
looking at the urban areaof Lucknow it isfound that the growth of the city wasin every direction so here
multiplering buffer analysiswill bevery useful to identify thezone-wisesprawling character of thecity area. In
thismultiplering buffer andys's, many indices are used to characterisethe urban sprawl character of Lucknow
city such asLand consumptionratio (LCR), Land absorption coefficient (LAC), Urban expansonrate (UER),
Annua urbanexpansonrate (AUER), Urban expang onintensity index (UEII) and Urban expanson differentid
index (UEDI). Theseindiceshave been successfully used by many researchersworldwide. Kamlesh et. a.
(2021) has applied theseindicesin concentric multiple-ring buffer anaysisaswell aszonal anaysisinthe
study of Jhans city of Uttar Pradesh. Acheampong et. d. (2017) has computed three complementary growth
indexesnamey; AverageAnnua Urban Expang on Rate, Urban Expans on Intensity Index and Urban Expansion
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Differentiation Index to estimate the amount and intensity of expansion over the 28-year period in Greater
Kumasi Sub-Region (GKSR)—a functional region comprising eight administrative districts in Ghana, West
Africa

Sudy Area

Lucknow, acity in Uttar Pradesh, isthemost populous statein Indiaas per the Censusof 2011. Itisa
city withrich historical and cultura significanceandisthefifth-largest city in termsof population in Uttar
Pradesh with apopulation of 4,589,838 according to the Census of 2011. The popul ation density of thecity
i 1816 persons per sg. km. Lucknow is centrally located in Uttar Pradesh and is situated on the fertile
Gangeticplain. Thecity isdividedinto two partsby the Gomti River, atributary of the GangaRiver. Thesetwo
partsare Trans-Gomti and Sis-Gomti. Thelatitudina and longitudinal extent of Lucknow digtrictisfrom 26°
30’ N to 27° 09’ N and from 80° 33’ E to 81°13’ E respectively. The district covers an area of 2528 square
kilometres, bordered by Hardoi and Sitapur inthe north, Barabanki inthe East, Ragbareli in the south and
Unnaointhewest. Thenorth-south and east-west extentsof Lucknow district are gpproximately 65 kilometres
and 51 kilometresrespectively. The average el evation of the district from the mean sealevel is123 meters.
Lucknow isasignificant political, commercial, and economic center of Uttar Pradesh, well-connected to the
surrounding magjor citiesthrough highways and expressways. In recent years, tourism, economic activities,
and infrastructure devel opment have grown significantly, attracting migrantsfrom neighbouring townsand
villagesin pursuit of higher education, busi nesses, and services. Thestudy areaisshowninthefigure 1.

Figure 1: Map showing the study area.
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M ethodology

The methodol ogy section of the present study isdivided into 3 sections. dataused, multi ring buffer
analysisand spatid metrics. Detallsof eachisprovidesasfollows.
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Data Used

The current research employs Remote Sensing and GIS methodol ogy by utilizing Landsat satellite
imagery with multi-spectrd moderate resol ution to gain acomprehens ve understanding of thestudy area. The
Landsat program, which hasbeen collecting land cover datasince 1972, isthelongest-running remote sensing
satellite programmeintheworld. These satelliteimages are extensively used for various purposessuch as
agriculturd, geologicd, forestry, regional and urban planning, natural resource mapping, education, research,
and global land cover changeandysis.

Free LANDSAT satellite datawas downl oaded from the United States Geol ogical Survey (USGS)
website (https://earthexpl orer.usgs.gov/) to achieve the goal s of thisstudy. In order to achievethe objectives
of theresearch, satelliteimageswith a10-year interval wereutilized. Theimages correspond to the years
1980, 2000, and 2020. All of theimages arefree of cloudsto ensure the maximum exposure of featuresand
weretaken during the winter season (December to February), namely Ravi, for maximum similarity of the
surfacecondition. Table 1 providesadetail ed description of theimage characteristics. Survey of IndiaToposheets
wered so used. High-resol ution imagesfrom Googl e Earth were used for accuracy assessment. Digital image
processing softwarelike ENVI and ERDASIMAGIN, aswell as Geographic Information System (GIS)
softwarelikeARC GIS, were used to process and classify the satel liteimages.

Table1: Detailed description of Landsat Remote Sensing Satellite Dataused in the study.

AMOGHVARTA

Landsat Sensor | Acquisition | Path /| Spatial Radiometric | Projection Source
Mission Date Row Resolution | Resolution & Datum
Landsat 3 | MSS 09/02/1980 | 154/041 | 60 meters | 8 hit UTM Zone | USGS Earth
154/042 44N explorer
155/041 WGS1984
Landsat 7 | ETM+ | 29/02/2000 | 144/041 | 30 meters | 8 hit UTM Zone | USGS Earth
144/042 44N explorer
WGS1984
Landsat 8 | OLI /| 12/02/2020 | 144/041 | 30 meters | 16 bit UTM Zone | USGS Earth
TIRS 44N explorer
WGS1984

The satd liteimageswere subjected to atmospheric correction and then classified intofivedistinct land
use and land cover categories, including agricultural land, forest cover, water bodies, built-up areas, and
wasteland. The classification processwas carried out using supervised image classification techniques. The
built-up classwasextracted from each dassifiedimage, with aparticular emphas son a2 km buffer surrounding
themunicipa boundariesof Lucknow.

Multi Ring Buffer Analysis

To anayse and examine urban expans on multiplering buffer analysisisanimportant method. Inthis
method, concentric multiplering buffersare created inthe study area. For thismultiplering buffer anaysis,
Lucknow municipal boundary is chosen asthe study area. The bufferswere overlayed on the classified
images of 1980, 1990, 2000, 2010 and 2020. Through thisoverlay zond statisticsarecaculated andthearea
under each buffer isyear wisetabulated. Herein thisstudy, 8 concentric ring buffers (CRB) of 2kmwidth
from the centre of the city (Hazratgan] Chauraha) to theoutskirtsof thecity were created (figure2). Thename
of each buffer ringisgiven asBuffer 1 (0-2km), Buffer 2 (2-4 km), Buffer 3 (4-8 km), Buffer 4 (8-10 km),
Buffer 5(10-12 km), Buffer 6 (12-14 km), Buffer 7 (14-16 km) and Buffer 8 (16-18 km).
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Figure2: Map showing buffers (2 km width) in Lucknow Nagar Nigam.
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Spatial Metrices
To quantify urbani sation and to understand the nature of urban expansion following 6 spatial metrics
were calcul ated.

Land Consumption Ratio (L CR)

Itisavery smpleindex. Itistheratio betweentheared extent in hectare of Land useand Land cover
class (here built-up class) to the population of that area. According to Singh et a. (2015), it measures
compactnessand showsthe progressive spatia expansion of theurban area. It iscd culated from theformula:

A
LCR= —
p

Here, Aisthebuilt-up areal extent of the city (Ha) and Pis population.

L and Absor ption Coefficient (LAC)

Itisaratio-based index. It isaratio between thedifferenceintheared extent of the built-up classof the
current year to the previousyear by the differencein the population of thecurrent year to thepreviousyear. It
measuresthe popul ation pressure on built-up class. Accordingto Singh et.d. (2015) LA C suggeststhat how
changein consumptionin urbanland by each unit of increasein population. It iscomputed fromthefollowing
formula

A: it f'lj_
LAC =
F'2 — F1

Where, A, andA, aretheareal extentsin haof current and previousyears, and P, and P, popul ation of
thecurrent and previous yearsrespectively.

Urban Expansion Rate (UER)

Therateof urban expansgonisavery important index asit talks about the speed of change betweentwo
periodsrather than the absol ute values of the changes. The UER index quantifiesthechangeinabuilt-up area
asapercentageof total urban growthineachinterva.
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UER = ——— | — | =100

Where, B, and B, arethebuilt-up areaat timet+1 andt respectively, and T isatimeinterval between
t+1andt (inyears).
Annual Urban Expanson Rate(AUER)

AccordingtoAcheamponget d. (2017), theannua urban expans onrate providesdetailedinformation
about the built-up expansion in an urban area. It iscal culated from the equation asfollows:

1

ULA!\r2-11
AUERi = = —1|=100
ULA

WhereAUERI istheAnnual Urban Expansion Rate of uniti, and 7 A5 andiyz A5t arethe areaof
built-up land at timet2 (ending year) and t1 (base year).
Urban Expansion I ntensity Index (UEI )

AccordingtoHuet d. (2007) and Li et d. (2010), the urban expansion intensity index istheaverage
growth areastandardized by thetotal areaof aspatial unit and showsthefuturedirection and potential of
urban expansion. Renet a. (2013) categorised UEII into many classesasfollows: very high-speed expansion
(>1.92), high-speed expansion (1.05-1.92), medium-speed expansion (0.5-1.05), slow expansion (0.28—
0.59), and very dow expansion (<0.28). Theformulato calculate UEII isgiven as:

ULAT® — UL}I?)
=100

o

UEIIL = (

TLAD = At

whererj 11 isthe Urban Expansion Intengity Index of uniti; |ULA§2 and aretheareaof built-upland
at timet2 and t1 respectively; isthetota land areawithinthe study areai and At isthe study time period.

Ur ban Expansion Differential Index (UEDI)

Urban Expansion Differential Index isaratio between the urban expansionrate of aspatia unit to the
urban expansion rate of thetota study area. Itsformulaisasfollows:

|uLa? — vLa®
ULAT

(‘lULAff - ULAfil)
ULA®

UEDI =

Where UEDI indicatesthe urban expans ondifferentiation index of uniti; andindicatetheareaof urban
land of uniti at timet2 and t1, respectively; and and indicatethetotal areaof urbanlandinthe study areaat
timet2andtl, respectively.

UEDI comparesthe urban expansion of aconstituent unit to the overall study area. According to
Akubiaand Bruns (2019), Three possiblecategories of UEDI areas: (1) congtituent spatia unit having UEDI
>1, inthiscase, it will be categorised asafast-growing areacompared to other sub-regions, (2) when UEDI
<1, then spatia unit will be categorised asaslow-growing area, and (3) when UEDI =1, it will categorisea
sub-areaasamoderate growing concerning the other sub-regions (Kushwahaet a ., 2021).
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Results and Discussion

Vauesof LCRand LAC aregiveninthetables2 and 3and aregraphically represented infigures3and
4. Both of theindices depend upon the popul ation of the study area. Thevadueof LCR dightly increasesfrom
198010 1990, it isbecausetheratio of increasein population wasamost the sameastheratio of theincrease
of built-up areain both years. From 1990 to 2000 the value of LCR decreases because the population
growth was higher than the built-up areagrowth. From 2000 the value of LCR increases continuoudly. In
2000, 2010 and 2020 itsvauesare 0.0047, 0.0050 and 0.0055. Theincreasing value of LCR showsthat the
built-up areahas been expanding morethan the popul ation growth during this period from 2000 to 2020. Due
to thisexpans on, the urban areashowsthe characteristics of urban sprawl.

Table 2: Tableshowing areaunder built up class, population of LM C and land consumption ratio in 1980,
1990, 2000, 2010 and 2020

Year | Areaof Built-up classinhectarein LMC | Populationof LMC | Land Consumption Ratio(LCR)
1980 04804.41 Ha 0947990 0.0050
1990 08309.88 Ha 1619116 0.0051
2000 10451.52 Ha 2185927 0.0047
2010 14102.28 Ha 2817105 0.0050
2020 18340.49 Ha 3286420 0.0055

Table 3: Table showing land absorption coefficient during 1980 - 1990, 1990 - 2000, 2000 - 2010 and

2010 - 2020
Period Land Absorption Coefficient (LAC)
1980 - 1990 0.0052
1990 - 2000 0.0037
2000 - 2010 0.0057
2010 - 2020 0.0090

Figure3: Line Graph showingthevalues
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The value of LAC is 0.0052 from 1980 to 1990 but in the period 1990 — 2000, its value decreases to
0.0037. From the period of 1990 — 2000 to 2010 — 2020 the value of LAC continuously increases. In the
period of 2000 — 2010 and 2010 — 2020 values of LAC are 0.0057 and 0.0090 respectively. LAC measure
how the built-up areaincreases asthe popul ation increases. Doan et al. (2012) and Kushwahaet al. (2021)
found that the decreasing trend of LAC awaysindicatesinternal city growth whichisacompact type of
growthin anurban area. When LA C decreasestheinternd city growth ismore prevalent than the externa
expansion of the built-up area as sprawl. During the period of 1990 — 2000, the lower value of LAC suggests
that during thisperiod compactness of thecity increased. New built-up areesweredevel opedin the previously
open spacesintheinner part of Lucknow city. Dueto theincreaseinthe compactnessof thecity thedevel opment
and management of the city intheform of transportation, green space, solid waste management, sewerage,
water, energy, etc. affected. That’s why people moved towards the outer areas of the city for residential
purposesin search of better living conditions. Dueto thisoutward movement, thevalueof LAC increases
continuously. Its value of 0.0090 is very high in 2010 — 2020 which shows much urban sprawl in this period.
Both themetricsLCR and LA C show that the population rise had triggered the buil t-up sprawl inaregion.

8 concentric ring buffershaving 2 km width were created and numbered from 1 to 8 from the centreto
outer areasas showninfigure 2. The areacorresponding to each buffer isgiveninthetable 4. The areaof
buffer number 4ismaximum, succeeded by buffers5, 3,6, 2, 1, 7 and 8. For the years 1980, 2000 and 2020
theareaof the built-up classaccording to the buffer isprovided in table 4 and represented through the maps
of 8 buffersinLMC inthefigures5and 6.

Table4: Table showing the buffer areaand buffer wise areaof built-up classin hectarein 1980, 2000 and

2020

Buffer Buffer | Areaof Built-up | Areaof Built-up | Areacf Built-up
Number Area | classinha(1980) | classinha(2000) | classinha(2020)

1 1174.28 836.28 1058.40 1058.60

2 2896.83 1650.09 2090.61 2200.05

3 4838.73 1406.16 3090.15 4108.95

4 7182.27 481.68 2479.05 5536.35

5 5477.81 123.12 1065.87 3699.99

6 2936.43 201.24 496.89 1351.89

7 1085.32 75.60 125.01 291.96

8 553.641 30.24 45.54 92.70

Totd area | 26145.31 4804.41 10451.52 18340.49
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Figure5: Mapsshowing the changesin built up areain buffers 1, 2, 3 and 4 during 1980, 2000 and 2020.
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Buffer wise expansion in the built-up areaand annua expansioninthebuilt-up areaof LM Cfor the
periods 1980 — 2000, 2000 — 2020 and 1980 — 2020 are given in table 5 and graphically presented in the
figures 7 and 8. The highest expansion in the built-up areaduring 1980 - 2000 isseen in buffer 4. While
highest expans oninthe built-up areaduring 2000 - 2020isseenin buffer 5. During the 40 yearsof the period
from 1980 to 2020 highest expansionin built-up isseenin buffer 4 succeeded by buffers5and 3 (figure5 &
6). In buffer 1 during the period 2000 — 2020 minimum expansion of only 0.2 hectares was seen. Buffer 1 is
found inthe centre of thecity around the Hazratganj chauraha. During the period 1980 - 2000 agrowth of
222.12 hawastherein buffer 1. Buffer 1isknown for itsmarket and offices so no land wasl eft for further
growth that’s why it shows minimum growth during 2000- 2020.

M aximum annual expansionin built-up during 1980 - 2000 was seenin buffer 4 followed by buffers 3
and 5 while the minimum expansion was observed in buffers 8 and 7. During 2000 — 2020 maximum annual
expansion was seen again in buffer 4 followed by buffers 5, 3 and 6 while the minimum expansion was
observed in buffers 1, 8 and 7. During 1980 — 2020 maximum annual expansion was seen in buffer 4 followed
by buffers5, 3 and 6 while the minimum expansion was observed in buffers8, 7 and 1. Mgjor dominated
growthisseeninbuffers4, 5and 3 duringall time. Thesemiddlebuffer areasarethefastest-devel oping area
of Lucknow city.

Table5: Tableshowing thebuffer wiseexpans onin abuilt-up areaand annual expansioninabuilt-up area
in LM C during 1980 - 2000, 2000 - 2020 and 1980 - 2020.

Expansionin | Expansionin | Expansionin Annual Annual Annual
Buffer built-up area | built-up area | built-up area | Expansion Expansion Expansion
(1980-2000) | (2000-2020) | (1980-2020) in built-up in built-up | in built-up

Number
area area (2000- area

(1980-2000) 2020) (1980-2020)

1 22212 0.20 222.32 11.110 0.01 5.56

2 440.52 109.44 549.96 22.030 5.472 13.75

3 1683.99 1018.80 2702.79 84.200 50.94 67.57

4 1997.37 3057.30 5054.67 99.870 152.86 126.37

5 942.75 2634.12 3576.87 47.140 131.71 89.43

6 295.65 855.00 1150.65 14.790 42.75 28.77

7 49.41 166.95 216.36 2.480 8.35 541

8 15.30 47.16 62.46 0.765 2.36 157

Figure7: Bar graph showing the buffer wise expansion in built-up areas in hectare in 1980 — 2000,
2000 — 2020 and 1980 - 2020
: 11980 - 2000
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Figure8: Bar graph showing the buffer wise annual expansion in built-up areas in hectare in 1980 — 2000,
2000 — 2020 and 1980 — 2020
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The Urban Expansion Rate (UER) data, shownintable 6, hasbeen computed and it is observed that
buffer 5 has the highest percentage of expansion rate for the periods of 1980-2000 (38.29%) and 2000 -
2020 (12.36%). During the 40 years of study period i.e., from 1980 to 2020 buffer 5, with a UER of
72.63%, isthefastest growing region of the LM C. Theanaysisshowsthat buffer 1 hasthed|-timeminimum
UER with 1.33in 1980 — 2000 and 0.0009 in 2000 — 2020. For the period of 1980 — 2020 UER for buffer
lisonly 0.66%.

Annua urban expansionrate scores (AUER) areshowninthetable 6. In buffers1 and 2AUER values
arevery low for 1980 - 2000 and 2000 - 2020 because these areas are in the centre of the city and are
already highly urbanised. The highest score of AUER for 1980 — 2000 and 2000 — 2020 is for buffer 5.
During the period of 40 yearsfrom 1980 to 2020 buffer 5, 4 and 6 showsthe highest valueof AUER while
buffer 1 and 2 showsthe minimum value. Figure 9 presents the map of buffers of LM C showingAUER
values. Itisevident from the map that regionsincluded inthe buffers4, 5 and 6 arefast growing as compared
toinner aress.

ale 220
o T T
4 5 6 7 "
Buffer Number

Table6: Table showing the buffer wise urban expansion rate and annual urban expansionrateduring
1980 - 2000, 2000 - 2020 and 1980 - 2020

Buffer UER UER UER AUER AUER AUER
Number | 1980-2000| 2000-2020| 1980-2020 | 1980-2000 | 2000-2020 | 1980-2020
1 1.33 0.0009 0.66 1.18 0.001 0.59
2 1.33 0.2600 0.83 1.19 0.260 0.72
3 5.99 1.6500 4.81 4.02 1.430 2.72
4 20.73 6.1700 26.23 8.54 4.100 6.29
5 38.29 12.3600 72.63 11.40 6.420 8.88
6 7.35 8.6000 14.29 4.62 5.130 4.88
7 3.27 6.6800 7.15 2.55 4.330 344
8 2.53 5.1800 5.16 2.07 3.620 2.84
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Figure9: Map showing buffer wise annual urban expans on ratefrom 1980 - 2020
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Scoresof Urban Expaﬁsi on Intensity Index (UEII) and Urban Expansion Differential Index (UEDI) are
providedinthetable 7 arerepresented in thefigures 10 and 11.

Very high-speed expansion (>1.92) was not seen in the period of 1980 — 2000. High-speed expansion
(1.05-1.92) was seen in buffers 3 and 4 for the period of 1980 — 2000. Medium speed expansion (0.5-1.05)
isseeninbuffersl, 2, 6 and 5 and very dow expansion (<0.28) in 1980 — 2000 was seen in buffers 7 and 8.
Similarly, for the period of 2000 — 2020 buffer 4 and 5 show very high-speed expansion, buffer 3 and 6
shows high-speed expansion, buffer 7 shows medium-speed expansion, buffer 8 shows slow expansion
(0.28-0.59), and buffer 2 and 1 shows very slow expansion. For the 40 years period from 1980 to 2020,
neither buffer showsvery high-speed expansion, buffer 3, 4 and 5 shows high-speed expansion, buffer 6 and
7 shows medium speed expansion whilebuffer 1 and 2 shows dow expansion and finally buffer 8 show very
dow expansion.

UEDI valuesfor the period 1980 - 2000 showsthat buffer 3, 4, 5 and 6 were thefast-growing areas
(UEDI > 1) whilebuffer 1, 2, 7 and 8 were slow-growing areas (UEDI < 1). UEDI valuesfor the period
2000 - 2020 showsthat buffer 4, 5, 6, 7 and 8 were thefast-growing areaswhile buffer 1, 2 and 3werethe
sdow-growing areas. From 1980 to 2020 according to thevauesof UEDI buffers4, 5, 6 and 7 arethefast-
growing areaswhilebuffers 1, 2, 3 and 8 arethe d ow-growing areas.

Table7: Tableshowingthe buffer wise urban expans onintensity index and urban expansion differential
index during 1980 - 2000, 2000 - 2020 and 1980 - 2020

Buffer UHII UHII UEI UEDI UEDI UEDI
Number | 1980-2000| 2000-2020| 1980-2020 | 1980-2000| 2000-2020| 1980-2020
1 0.95 0.0009 0.47 0.23 0.0003 0.09
2 0.76 0.19 0.47 0.23 0.07 0.12
3 1.74 1.05 1.40 1.02 0.44 0.68
4 1.39 2.13 1.76 3.53 1.63 3.72
5 0.86 2.40 1.63 6.51 3.27 10.31
6 0.50 1.46 0.98 1.25 2.28 2.03
7 0.23 0.77 0.50 0.56 177 1.02
8 0.14 0.43 0.28 0.43 1.37 0.73
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Figure10: Map showing buffer wise urban expansion intensity index from 1980 — 2020
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Figure11: Map showing buffer wise urban expans on differential index from 1980 - 2020
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Conclusion

Thefocusof thisstudy ison utilizing Landsat dataand urban metricsto measurethe extent and annual
rate of urbanization. To understand the magnitude of urbanization, Landsat satellite datafrom 1980, 2000,
and 2020 were utilized to quantify the changein urban expansion over the decadesin Lucknow, India. The
satd liteimageswered assified us ng themaximum ikeihood dassifier and urban growth metricswerecomputed
to measuretheextent of built-up areasby intengty, rate, and amount. Theresultsof amulti-ring buffer analyss,
which analyzed the changesin urbanization from thecity center to the periphery inincrementsof 2 kilometers,
indicatethat the pressure of urban expans onishigher onthe periphery (urban-rurd fringe). Thefindingswill
beuseful indeveloping apractica strategy for theregion by providing information about the urban footprints.
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Thevauesof LCR increase from 1980 to 2020 indi cating that the built up areaincreasesmorein
comparison to popul ation during these 40 years of study period. Inthesameway vauesof LAC dsoincresase
from 1980 to 2020, whi ch evidenced theouter or externa expansionin thebuilt upland. Highest expansion
inthebuilt up areaand highest annua expansionin built up areaduring the period 1980- 2020 isfoundinthe
buffers4 and 5 whilelowest values of both the metricsarefound in theouter most buffer number 8. Thedata
of Urban Expans on Rateindicatesthat during the 40 yearsof study periodi.e., from 1980 to 2020 buffer 5,
with aUrban Expansion Rate of 72.63%, isthefastest growing region of theLMC. Buffer 5and 4 showsthe
maximum vauesof Annua Urban Expansion Rate during 1980 to 2020. Scoresof Urban Expansion Intensity
Index (UEII) suggeste the highest expansioninthe buffers 3, 4 and 5. From 1980 to 2020 according to the
vauesof Urban Expansion Differentid Index buffers4, 5, 6 and 7 arethefast-growing aresswhilebuffers 1,
2, 3 and 8 are the slow-growing areas. Hence it can be said that the outer regions of LM C shows the
pronounced growth in the built up areaswhich indicated the urban expansion.

The term “urban footprints” refers to the physical expansion of urban areas, which results in an increasing
demand for land for built-up areas, often at the expense of agricultural land. In addition, socio-economic
factors such as access to education, employment opportunities, and improved infrastructure can drive
urbani zation. Migration from surrounding areasto aspecific location can a so contributeto the urbani zation
process.

Thisstudy servesasa case study to assessthevulnerability of socio-environmental resourcesto the
encroachment of urbanization in the absence of adequate planning and management tools. It highlightsthe
potentia negativeimpactsof uncontrolled urban expans on on natural resources, such asland and water, as
well as on the socio-economic well-being of local communities. The findings of this study can beused to
devel op effective strategiesto manage urban expans on and promote sustai nable development in similar
urbanizing aress.
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