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Dynamic land-use changes in peri-urban areas in the Global South are often characterized by &eceived 28 August 2017
juxtaposition of planned and unplanned, formal and informal, legal and illegal developments. Revised 11 December 2017
India faces rapid (peri-)urbanization and great challenges to govern these sprawling, spatiallyccepted 26 December 2017
fragmented, and socially uneven developments at the fringe of cities. Under these

circumstances, up-to-date maps of (peri-)urban development processes are essential fo{;an development; peri-
effective governance. However, mapping therocessef urbanization is a challenging  yrpan change: land-use
exercise. The developed map visualizes the heterogeneous spatio-temporal reality of perichange; contextual spatial
urban India using the case study of the dynamically growing city of Faridabad, a satellite city knowledge; India

of Delhi. The multi-temporal map is based on field mapping and the interpretation of Google

Earth imagery. These spatial data sources have been triangulated with findings from

qualitative semi-structured interviews with different stakeholders, expert interviews, and

secondary data in order to incorporate and visualize contextual spatial knowledge in the map.

Peri-urban areas are known for complex configurationgarge-scale housing complexes at the urban fringe
of dynamic population growth, shifting economic (Kennedy & Sood, 2016Shatkin, 2016 However,
activities, and a complex juxtaposition of formal andthis inherently entrepreneurial development path of
informal land conversion. They are hybrid and multi- urban expansion often reproduces existing spatial
functional spaces, which pose great challenges for gomequalities of Indian cities in their periphery. While
ernance as they often collide with non-matchingofficially following pro-poor and integrative develop-
administrative boundaries, widespread institutionalment strategies, the regional statesban Develop-
multiplicity, and fragmentation, as well as legal plural-ment Authorities (UDAs) — generally the main
ism (Allen, 2014Ros-Tonen, Pouw, & Bavinck, 2015 authorities in charge of urban development in India
A critical analysis of peri-urban dynamics is, therefore;- in cooperation with private investors almost exclu-
in great need dfcontextual spatial knowledg@feffer, sively implement housing for the middle and upper
Martinez, OSullivan, & Scott, 20)5We argue that classesTiwari, 2019. Large-scal@lannedaffordable
a processual, contextual mapping of these multihousing for the economically weaker sections is
layered peri-urban dynamics is key to detect, analyz@bsent. By contrasplanneddevelopment is predomi-
and—in the optimal case bettergovern processes of nantly reserved for a minority, while the majority of
(peri-)urbanization for sustainable and inclusivelndids new urban and peri-urban dwellers depends
development. on informally developed housing, scattered around
In India, natural population increase, economic‘planned cities. These mostly sub-standard settle-
growth, and ruralurban migration result in rapid ments (in terms of inadequate housing conditions
urbanization and a dynamic transformation of peri- and infrastructure provision compared to planning
urban areas Qikshit, 201). In this process, Indian norms) at the fringe of Indian cities are often termed
cities face serious challenges in providing sufficieninauthorized colonie¢Bhan, 2013 Dupont, 2005
and affordable housingR@o, 2013 Zhang, 201y  Zimmer, 2012 In contrast tosquatter settlements
Overall, the countr\s urban growth is characterized slumson public land, these scattered developments
by a juxtaposition of planned and unplanned, formalare built on private land either beyond the planned
and informal, legal and illegal developmenEolf- area of a city orwithin the developmental area but
mann, 2015Roy, 2009Sridharan, 2001 Across the not yet zoned for residential usgBhan, 2013
country, publieprivate partnerships are developing p. 61). Therefore, theaformalunauthorizedstatus of
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these colonies differs and, in turn, depends on théreasand issuingDevelopment Plar{g short: DPs),
pace and extent of the processes of planning andhich provide detailed land-use regulations. For the
development, which can be only made visible throughealization ofplannedurban development, the DTCP
a comparison of multi-temporal land-use data with has far-reaching powers in terms of land-use (re-)zon-
consecutive urban development plans. In order to visuing, land acquisition and development, the setting of
alize these heterogeneous peri-urban developments, Wwailding and architectural standards, and the demoli-
triangulated high-resolign satellite imagery, own tion of non-confirming land uses (e.g. informal
field mappings with findings from qualitative semi- settlements).
structured interviews, andxpert interviews using the In order to regulate the future urban development
case study of Faridabad, Haryana. of Faridabad, the DTCP has gradually declared
approximately 50,000 ha of land as Controlled Area
since 1964 and issued two consecutive DBsH-
DTCP, 1991p2014bH. The Development Plan 2011
The city of Faridabad is part of tH¢ational Capital ~ (in short: DP-2011) covered the period from 1991
Region Territory of Dellind belongs to the state of to 2011 and is envisaged to be updated by the
Haryana. With a population of about 46 million, the Draft Development Plan 2031 (DP-2031) covering
capital region faces dynamic urban growth and sprawthe period until 2031. While the DP-2031 had
(Jain & Pallagst, 2015As one of Dellis satellite cities, already been notified by the GoH in July 2014, the
Faridabats population more than doubled to about 1.4 final approval of the DP-2031 was stayed by the
million from 1991 to 2011. Rapid urban growth is statés High Court in August 2014 and, as of writing,
expected to continue and Faridabad is projected téhe DP-2031 has not been finally approved. In com-
host almost 4 million residents by 203&qH-DTCP,  parison to the DP-2011, the GoH envisages consider-
2014p. To facilitate planned urban development, theably enlarging both the Controlled Area (to up to
Department of Town and Country Planning (DTCP) 65,000 ha) and the area of the DP in an easterly
of the Government of Haryana (GoH) uses differentdirection (seeFigure J.
spatial planning instruments and policies based on In order to facilitate urban development in the
the Punjab Scheduled Roads and Controlled Areadifferent sectors of the DP-2011, the Haryana Urban
Restriction of Unregulated Development Act, 1963Development Authority (HUDA)- backed by Indias
The act is a powerful legal provision with the dim  Land Acquisition Actrom 1894 and (claiming) public
prevent haphazard and sub-standard developiiant interest-acquired former agricultural land from farm-
and around urban areasTCP, 196} It serves the ers, consolidated the land in larger plots, and then sold
state government to promote fast and regularizedhe plots to large private developers to realize mainly
urban development by declaring so-cal@dntrolled  residential projectsINNURM, 2005

Expansion of Controlled Area and Development Plan from DP-2011 to DP-203bHsDIIC®. (19920143, USGS.
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land uses and photos as ground truth data) from a
field survey in October 2016.

As fieldwork resources were limited, an 18-km-long
transect stretching across representative stages of the
expansion of Faridabad was defined for visual image
interpretation and manual mapping as well as for the
collection of qualitative data. Transect approaches
most commonly used for the analysis of ecosystems

A map is a powerful and well-known medium to pre-
sent urban structures and inform urban policy. While
mapping is considered as mocesgPerkins, 2010
mapping theprocessed urbanization is a challenging
exercise. Engaging with thepistemological and onto-
logical problem stressed biarvey (1996)of whether

to focus on thée" thing” we call & city” or the process and vegetation analysisgrman, 201 follow a gra-

of urbanization, we created théain Mapwith the aim . ) 2 7
. : . .. dient paradigm, which is based on the assumption that
to visualize current spatially fragmented and socially . L .
environmental variation is ordered in spa@@cDon-

uneven processes of rapid urbanization in pen-urbanneII & Pickett, 109D Based on the understanding that

Faridabad. This section elaborates our methodological

. : . é)eri-urban areas show ordered spatial variation, several
approach of mapping these highly fluid and conteste . . . .
spaces studies use transect approaches to identify the spatial

: . . L orders and trends of (peri-)urbanization in a practic-
Multi-temporal, high-resolution satellite images, . . .
. . L2 ble manner Gianotti, Getson, Hutyra, & Kittredge,
and geo-information systems have revolutionize

cartographic opportunities Longley, 2002 Pfeffer 016 Schlesinger, 201:2hu, zhang, Li, & Zhu,
. ; 2019. In the case of Faridabad, the land-use regu-
et al.,, 201p allowing peri-urban land-use changes

to be detected over shorter intervals and with highe}atlons of the two DPs and the Controlled Area clearly

L define a spatial order. We have chosen a transect
accuracy. However, it is widely acknowledged that . . . .
. ollowing a main road (called Kheri Road) which
sole detection of land-use or land-cover changes . ) . .
cannot_exolain the reasons for change or Certainencompasses different land-use regulations, including
P : . . 9 different sectors of the DP-2011 and DP-2031 as well
development trajectories Ldmbin et al., 2001 :
N as the surrounding Controlled Area. The transect
Rashed & Jirgens, 20101t can rather be the . )
. . . stretches from densely built-up urban areas of Farida-
starting point for a better understanding of the pro-

, : bad to the rural fringe ending at the river Yamuna. To
cesses, generating awareness and posing new questltcgg(s:e back the development of the transect so far, we
to be answered with using social science research on . ! . s .

) considered two dates in the mapping process: the situ-
the ground. To create and interpret a map of

(peri)urbanization procses in Faridabar, we, there- ation in 2008 is set as the reference base for the devel-

fore, chose to apply a mixed-method approach 0]ppment, as it marked the beginning of major land-use
' changes according to the analysis of Landsat-5 satellite

remote sensing to identify and map land-use changes

and explain them based on qualitative interviews aném agery. The second date is S_eptemp er 2016, thus
depicting what we call todag/ spatial reality.
secondary data.

Summarizing the mapping approach, we argue that
by incorporating field data (GPS, photos, interviews) to
support the visual interpretation and manual mapping,
whilst focusing on a representative transect, our
approach enables a fast, but reliable, multi-temporal,
Due to the highly heterogeneous landscapes of percontextual mapping. This mapping goes far beyond
urban areas, we decided against (semi-)automatetie quantification of land uses and provides the foun-
classification algorithms for the identification of land dation to analyze the underlying processes and drivers
uses. Instead, we followed an approach of visualf peri-urban development.
image interpretation and manual mapping, which For further interpretation of the spatio-temporal
‘offers an efficient method to classify complex and hetdata, we conducted 15 extensive, semi-structured inter-
erogeneous landscapesuch as peri-urban areas views with key actors involved in the development pro-
(Antrop & Van Eetvelde, 200(. 56). Even with the cess (including landowners, investors, farmers, and
available advanced remote sensing technolBgyd, planners, who were selected in close collaboration
Kuffer, Pfeffer, Sliuzas, & Karuppannan, 2(@ffer  with local resource persons based on the criteria to
et al., 201p ‘[v]isual interpretation is better suited include representatives of all relevant stakeholders)
for delimiting patches that incorporate built and non- and analyzed secondary data (socio-economic data,
built components of the landscape, compared to digitalirban development plans). These informations were
image processing approache&hou, Cadenasso, used to develop the contextual land-use categories.
Schwarz, & Pickett, 2014. 3370). Therefore, we By triangulating our findings from mappings with
used multi-temporal Google Earth imagery (chosergualitative data collection, our approach enables us to
scenes dated 26 February 2008 and 9 Septembauickly generate contextual land-use classification
2016) and the visual interpretation was guided by referand detect land-use changes (Sexble ). This is
ence data (GPS-based field mapping of the differentecessary to follow current and future peri-urban
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Categories for the contextual land-use classification.
Villages

Existing villages have been identified in the map. In India, the area of rural villages contains residential and agricultural land.Eadg &sidential a

asvillage abadind, in the process of urbanization land uses within the village abadi generally remain under the full cqarahalydieillage

assembly), while the agricultural land is rezoned based on development plans. Due to their extraordinary governance structure, theasillage abadi ar
are therefore not directly affected by state-led development plans. Generally, the village abadi area is densely-bexitem &dfurther

densification and increased vertical developmetitsnot show major changes. The village boundaries formulate a distinct border between densely
built-up areas and mainly agricultural use. In most cases, existing villages were easy to identify based on satellite imagery. For theaé reasons, we t
the villages as a separate land-use category in the map and decided against further identifying individual buildings in these areas. The reference
point for the village boundaries is 2008 and in the 2016 classification these boundaries are kept constant. It is, thus, important to note that the
identified village boundaries must not be equated with the officially recognized village abadi and their extensions in the DPs.

Societies

The most prominent feature of the peri-urban development is the construction of soetetileglithin the DP-2011 area. In various interviews, the
terminologysocietywas attributed to high-rise estates on large plots of land. The construction of societies is a direct outcome-qiritratepublic
partnership between real-estate developers and HUDA. During fieldwork, we identified 10 more or less consolidated areas where societies have bee
constructed or were close to completion. The mid- to high-income residential areas are characterized by their strictly planned design of high-rise
apartment complexes, security measures like gates and watchmen, and integrated, private green spaces and playgrounds. Planned gi@v-income housin
non-existent. On the satellite imagery, societies are also clearly distinguishable based on the regular, large-scale building formiesions and the ¢
boundaries of walls and fences.

Colonies

Colonieaggregate built-up structures that are mainly residential. They are identified by small plots and sub-standard housing structuress aheir boundari
fuzzy and their identification was most challenging. In particular, as often only a few houses along a street were built and neighborifig plots were sti
unoccupied, they were hard to distinguish from land under development or even barren land. Based on reference data from fieldwork, we have identified

(Continued
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Continued.

only major scattered developments (developed between 2008 and 2016) as colonies in the map and interpret them as the two types of the afore-mentionec
unauthorized colon@ther within or beyond the developmental area of the DP-2011. According to interviews with residents, especially low-income families
buy these plots of land (either from farmers or middlemen) and build their houses in these colonies, while knowingly or unknowingly a@fepting the risk
conflicts with the official development agenda.

Under development

Plots beinginder developmeantt prepared for development exist all along the transect. Developers level the sites and build walls to demarcate the
plots. The fieldwork showed that some plots are or have just recently been prepared to be sold or built-up, while other plots seem to be abandoned,
mainly indicated by the state of vegetation (e.g. scrub) and no indicators of any development activities. In the field as well as in the satellite
imagery, areas under development are characterized by a homogeneous coverage of barren or bushy land and indicators of demarcation anc
access roads in mainly rectangular patterns. During the fieldwork, some plots were further identified by billboards advertising the proposed
projects. Further, the size and shape of the subdivision of land and the demarcations of single plots (e.g. boundary walls) are indicators for the
designated use. Many of the areas classifiaddas developmebéeyond the DP-2011 area will develop into dense residential- aneady

unauthorized colonies.

Agriculture

Arable land (and a few pastures) dominates along the transect. Farmers mostly cultivate staple crops (rice and other cereals) and Wegetables. While t
areas close to the Yamuna are almost entirely used for agriculture, farm land is increasingly perforated by non-agricultural useseimityct@asing pr
Faridabad urban areas. Rectangular plot patterns and characteristic crop formations made identification of agricultural land easy and reliable. In cases c
uncertainty, the multi-temporal images (Google Earth timeline) were checked for seasonal variations based on crop patterns.

Brick kiln

(Continued
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Continued.

Brick kilns are typical land uses for alluvial lands in Northern India. Utilizing the clay soil for brick burning usually prohibits asg afieouticnial u

Land owners lease out or sell their land to brick kiln operators. Based on the DP-2011 regulations, brick kilns are generally allowethingsgricultural z
(GoH-DTCP, 19920614). Their individual legal status is based on obtaining a license, which requires a No Objection Certificate (NOC) from the DTCP and
other state authorities. Brick kilns are easy to identify based on the chimneys, the stockpiling of bricks, and the red-coloured soil.

Barren land

The category tfarren lands the vaguest in the map and must be understood as a residual category. It consists of land between built-up spaces, along roads as
well as abandoned agricultural land. We have distinguished these barren lands from land under development, due to the fact that on these no actual
development activity could be detected both during fieldwork and from multi-temporal satellite imagery. Typically, this implies almbatrenahanged

bushy land cover for 26@816. The transition between barren land and land under development s fluid and should be interpreted as a rather loose distinction.

developments in Faridabad and give up-to-date policgasy comparison next to each other rather than pro-
recommendations for sustainable and inclusive periducing an overlay map. This allows general patterns
development in India and beyond (sBannenberg, of land-use change to be studied indicating that agri-
Follmann, & Hartmann, 2037 cultural land loss has been immense, in particular in
Our approach addresses three main points: first, théhe western part. Additionally, it allows us to com-
major contextual land-use categories are mapped fgrare the different land uses with the different zoning
2008 and 2016. Second, the comparison of the landkgulations. Therefore and in order to identify
uses for 2008 and 2016 highlights major urban develplanned and unplanned, formal and informal devel-
opment pathways in peri-urban Faridabad. Third, byopments, we reproduced the land-use regulations of
providing the zoning regulations of the DP-2011 andthe DP-2011 and DP-2031GfH-DTCP, 1991a
DP-2031, theMain Map provides a juxtaposition of 20143 The comparison of the zoning regulations
the planned land usewith the actually developing of the DPs with the actual land uses indicates several
land useswhich allows quick comparison and the non-conformities with the DP-2011 and even more
identification of non-conformities between the multi- conflicting land uses in the Controlled Area and
temporal spatial realities and the planned vision. the drafted zoning of the DP-2031. Non-conformities
of land uses are especially present in the central part
of the transect, where land has been developed
despite agricultural zoning and scattered develop-
Our contextual land-use classification resulted in thenents are proliferating. This means, that even though
identification of seven major land-use categories (vilthe DP-2031 is not yet approved, a conversion of
lages, societies, colonies, under development, barréand uses has already taken place.
land, brick kilns, and agriculture) for the chosen trans- Here, our contextual approach helps to visualize the
ect. These mapped categories are describ@dbie 1  spatio-temporal juxtaposition of two development
and jointly constitute the main narratives of Farida- pathways: thelannedand theunplannedievelopment
bads rapidly transforming peri-urban areas. pathway. As the development of residential uses dom-
inates in the transect, we outline the development path-
ways for these in an exemplary way. While the final
stage of th@planneddevelopment pathway is the com-
pletion of a society, the final stage of tiweplanned
In order to show the dynamic land-use changes alonglevelopment pathway is marked by the existence of a
the transect in the period 2008016, we present the colony. Based on satellite imagery and even in the
2008 and 2016 contextual land-use classification fdiield, the gradual land-use change from agriculture to
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narrative for the Controlled Area. With the drafted
expansion of developmental area (DP-2031), the com-
plex spatial realities of Faridabadunplanned peri-
urban areas will collide with the envisiongdanned
city’. This idiom of (peri-)urban planning is documen-
ted for other case studies in India and beyoRdl
mann, 2016Kennedy & Sood, 201&umbach, 2017
Shatkin, 2016 where urban development plans have
failed to provide a framework of inclusive development
and resulted in wide lacunabetween thele jureand

de factodevelopment(Pethe, Nallathiga, Gandhi, &
Typical land-use changes of the development path—qel 201}

ways. Source: Authors. Within the complex configuration of a peri-urban

area, our mixed-method transect approach producing
societies or colonies (as indicated Bygure 2and  contextual land-use classification generates spatial
explained in more detail iTable ), appearsisually  knowledge far beyond the sole examination of land
almost identical. A society or a colony under developuse. Rather the produced map visualizes the hetero-
ment often looks very similar. Using remote sensinggeneous spatio-temporal forms of planned and
we are only able to distinguish colonies and societiesnplanned developments in and around Faridabad
in a later stage of development, when single plots arend allows urbanization as a process to be reviewed
demarcated or large-scale buildings are constructe@Harvey, 1996by comparingplanned land usesith
However, based on our contextual knowledge fronthe actually developing land useather than ex-post
qualitative fieldwork, which has detected theisible  analyzing the hybrid planned/unplanned city. Hence-
governance structures, the two development pathwaysrth, this map will be updated by further periods of
can be identified. It is important to note here that the fieldwork as well as additional data sets and, thus, sup-
depiction of the pathways @annedvs.unplanneds  ports subsequent field research to examine Faridabad
based on the interpretation of conducted interviewsambiguous development in more detail.
and fieldwork data; whether a certain development is
legal or illegal needs to be analyzed by individual
case. The two pathways need to be understood as
dominant spatio-temporal narratives of urban develop-
ment, which help us to evaluate ongoing and foreseBata processing and map design were performed with
future developments. Thi&lain Map produced will  open-source GISQGIS 2.18.2 QGIS Development
guide our future research exploring the different gov-Team, 201y
ernance structures of the two development pathways,
which we aim to outline in detail elsewhere.
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t'Ve_' We_ extrgcted two majqr development pathwaysNo potential conflict of interest was reported by the authors.
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