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This review looks at the literature regarding the hydrology and the built up environment of South
Chennai as well as the different types of knowledge shaped around them. It examines academic
papers, books and book chapters originating in a wide variety of disciplines (eg. architecture, social
sciences, geography, hydrology) as well as non-academic texts (eg. newspaper articles, official
administrative body websites, NGO reports) and maps (eg. from official agencies, academic papers).
It particularly attempts to understand how the different monsoonal cycles have been playing a role
in shaping the hydrology and the built up environment as well as the different types of knowledge
used to interpret them and act upon them, or else how these cycles failed to be effectively captured
in the knowledge production.
Addressing these themes required to examine a very diverse literature, at times tackling very specific
aspects of the issues at hand. A consistent attempt has been made to coherently extract those bits
of information and build an overall picture of the area while laying out the context and identifying
relevant issues for the Monsoon Assemblages research project. In spite of this, this review does not
claim to be a complete investigation on the elements of the hydrology of South Chennai: the
objective has been rather that of identifying which gaps, pertinent to the Monsoon Assemblages line
of enquiry, will have to be filled as well as scoping the field for the overall research.
This literature review considers a study area in South Chennai roughly comprised between the
overall bending shape of the Adyar River, limiting it to the North and the West, and the Bay of
Bengal to the East. Its southern limit is proposed to be the Kovalam backwaters, a place marking the
separation between two different marshy water systems: the Great Salt Lake to the South and the
Pallikaranai Marsh to the North. This limits the field to an area stretching about 35 km south of
central Chennai and encompassing the bulk of the urban dynamics connected to the development of
the IT corridor and taking place around the Pallikaranai Marsh, which plays the key hydrological role.
The only exception is the part of the review analysing the literature about the Chembarambakkam
lake which, although situated outside of the defined field, still plays a central role in the water
provision to the area and ultimately influences its dynamics.
In general terms the study area this literature review considers is mostly composed of a category of
spaces referred to, by different researchers (eg. Arabindoo 2009; Dahiya 2003; Gajendran 2016), as
“peri-urban”: a definition attempting to capture their rapidly shifting physical, economic and social
characteristics. This adds a layer of complexity to the interplay between city, water and knowledge
and contributes to identifying relevant emerging themes in the current development of the city.
In order to break down such complexity, after a description of the main characteristics of the local
hydrology and of the problems encountered in grasping its manifold aspects, the review identifies
and looks at six families of interconnected elements: 1. the Buckingham Canal, the Okkium Maduvu
and the low lying areas along them; 2. the erys; 3. the temple tanks; 4. the Chembarambakkam lake;
5. the Adyar river; 6. the Veerangal Odai and other storm water drains. The review is organised in a
section for each of them which expounds their role in the hydrology, how each of them has had an
influence on the development of the built up environment and how knowledge has been
constructed around them.
The local hydrology

Many of the of the most comprehensive texts examined in this section have an origin in the raising
interest in climate related urban disasters, in particular floods. The alleviation and prevention of the
damages caused by these events play a big role in the texts and connect them to the overarching
themes of “risk” and “vulnerability”. The information available in these papers and reports has been
confronted with official maps from relevant institutions dealing with watershed management, such
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as the Agricultural Engineering Department of Tamil Nadu (AED) or the Ministry of Agriculture of the
Government of India and its Soil and Land Use Survey of India (SLUSI) in order to build a more
complete picture of what is known about these areas. As a result, the delimitations of watersheds as
drawn in the Macro-Watershed Atlas of India (Ministry of Agriculture, no date) have been found to
be consistent with the scientific hydrological literature (eg. Bharadwaj et al., 2014; Vanaja & Mudgal,
2013) and have been used as the main term of reference.
Accuracy of geographical information is not always to be taken for granted. For instance, the
delimitations of the water basins of the Chennai area produced by the Water Resource Organisation
of the Public Works Department of the Government of Tamil Nadu (PWD, no date) show watershed
borders different to those of the SLUSI atlas which appear to be less scientifically accurate and have
been taken here as a less reliable term of reference. It is interesting to notice, that the difference
between them is very substantial since the two maps show a big difference between the shape of
the “Adyar watershed” (SLUSI Atlas map) –excluding almost all of South Chennai– and that of the
“Adyar sub-basin” (PWD map) –encompassing the Pallikaranai Marsh and a big part South Chennai.
The second map is shown in the report on the 2015 floods (Narasimhan et al, 2016) and is officially
produced and used by the PWD, one of the main government agencies dealing with flood-related
issues. This raises questions and requires further investigation on the origin and type of knowledge
used in order to deal with urban planning and disaster management on the part of Tamil Nadu State
agencies and the city of Chennai.
Anyway, due to the low-lying character of the landscape, it is likely that the division between the
Adyar watershed and the rest of South Chennai does not necessarily impair run-off flowing across
their borders in case of floods. The low gradient of the land might explain also why both previously
mentioned maps do not necessarily overlap with those of the city’s Drainage Catchment Areas map
(Narasimhan et al, 2016 after CMDA), suggesting that man-made drainage infrastructure may at
times ignore the way in which the water would naturally flow downstream.
Relative flatness plays indeed a major role in the spatial character of the city: Chennai lies at an
average elevation of 6.7 mean from the mean sea level (Lavanya, 2012), and is characterised by the
presence of alluvial soil and the local emergence of different rock formations - mainly charnockite, a
granite-like stone (Packialakshmi et al, 2010). This notably marks the southern bank of the Adyar
river and separates it from the next watershed, named Kovalam in the maps of the Agricultural
Engineering Department of Tamil Nadu (AED, no date).
The Kovalam watershed, just like most of the rest of the territory of the city, is characterised by
small inclinations and is divided into three different sub-watersheds or mini-watersheds
(Mambakkam, Sengadu and Kazhanipakkam) (AED, no date). Out of these three, the Mambakkam
sub-watershed encompasses the bulk of the Pallikaranai Marsh and of the ongoing peri-urban
dynamics of change in land uses shaping contemporary South Chennai (Packialakshmi et al. 2010).
The Mambakkam sub-watershed and the other ones are in turn divided in multiple micro-sheds
(Ministry of Agriculture, no date), lacking a typical tree shaped structure of river based watersheds.
The abundance of subdivisions with no immediately apparent main drain is consistent a landscape
characterised by a small gradient forming vast interconnected low lying areas, at slightly different
heights. This configuration, seems to purport the idea that the general behaviour of this watershed
would be naturally characterised by filling of low-lying areas with run-off water and the consequent
waterlogging, evaporation, infiltration into the ground and slow flow into the sea. These
characteristics are explained by the description of the stretch of coast between the Adyar and Palar
as a palaeo-lagoon or palaeo-tidal-flats system, characterised by an ongoing and long term process
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of gradual formation of sand bars and filling of coastal brackish and freshwater bodies with
sediments (Srinivasalu et al., 2007). The yearly changes in beach coastal sedimentation, which
influence the functioning of this type of systems, have been associated with seasonal monsoonal
cycle manifestations (Chauhan 1995).
In historical times, human intervention has altered the development of this spontaneous process
and the Mambakkam subwatershed low-lying areas have now a constant presence of salt-water and
a direct connection to the sea through the Adyar estuary and the Kovalam Creek. This seems to have
happened in connection with the construction of the Buckingham Canal in colonial times, the more
recent works concerning the Okkium Maduvu water body (which will be discussed in a specific
section), as well as the efforts to keep the Kovalam Creek outlet to the sea open, opposing the
tendencies of coastal sedimentation (Patnaik & Srihari, 2004).
Human modification of the landscape, in order to harvest rain water and control run-off, is a defining
characteristic of the area and of the wider region, at state level and beyond. As a result, the local
hydrology is composed of recurring elements which are often the result of a series of intricate
actions imposing man-made structures on natural features; particularly in the case of the ery system
(which will be discussed in a specific section). The defining aspects of these processes are more
clearly traceable in non-urbanised contexts and for this reason, much information about the original
functioning and behaviour of some of the elements of the hydrology can be understood looking at
literature relating to rural settings (eg. Mukundan, 2005; Mosse 1997). On the other hand, the way
in which these elements have changed and have been taking new roles when incorporated into
urban settings is a relatively new process in South Chennai, and has been analysed looking at current
academic production (eg. on changes in land uses) and at newspaper articles reporting on social
processes and physical changes involving elements of the hydrology.
Each of the elements, or families of elements, are presented and discussed one by one in the
remainder of the review, unpacking relevant aspects relating to the three categories of hydrology,
built up environment and knowledge production.
The Buckingham Canal and the Okkium Maduvu

The way in which the Kovalam watershed hydrology, and the Mambakkam sub-watershed hydrology
within it, act according to mere local conditions of topography and geology in ways that precede
human presence and intervention, has been modified over time by the superimposition of several
man-made structures. From the perspective of the overall study area, one of the main features
which brought radical hydrological modifications has been the construction of the canal known
today by the name of Buckingham. The canal, whose construction started in 1806, was meant as a
navigation waterway to move goods along the coast, and particularly salt. Its construction was
marked by a complex engineering and economic history: the canal was built in different moments
along different sections and called different names as a result of a long and fragmented process of
construction (Russell, 1898). In general terms, the canal has been laid out parallel to the coast
stretching about 800 km, using natural depressions and connecting existing outlets to the sea and
estuaries through the low-lying areas and wetlands characterising this part of the coast (Janakarajan
et al, 2007).
In the study area, its design integrated many “local streams, backwaters, artificial and natural river
channels” and measured an average width of 25 metres (Seenivasan, 2016). Furthermore, it
envisaged a rather complex set of devices meant to control the level of the waters feeding it, coming
from the Adyar estuary and the Kovalam Creek, as well as side bunds meant to separate it from the
run-off water of the Kovalam watershed and from the flood-prone, low-lying areas it stretched
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across. By the end of the 19th century (Russell, 1898), within the study area, the canal had two
systems of locks that controlled the inflow and outflow of water at the outlets to the sea, whose
traces are still visible today (Narasimhan et al, 2016). Other mechanisms of water control were also
present: three “flush escapes” and one “drop inlet” (Russell, 1898). Although there is no reference to
these devices in more recent literature, they were likely to be used in order to let excess water flow
out of the canal when needed, or to partially drain the canal for desilting and maintenance.
Nevertheless, newspaper articles refer to the desilting of the canal as being carried out today using
mechanical dredges (The Hindu Chennai editorial staff, 2011), hinting at the fact that those devices
are not in use or have also fallen into disrepair, along with the locks.
All these engineering features originally made the canal a salt water one (Appasamy & Lundqvist,
1993; Murali, 1994) due to the pervious connection with the Adyar estuary and the Kovalam Creek,
and to the control devices separating it from the hydrology of the Kovalam watershed. But despite
these separations, once introduced, the waters of the Buckingham Canal started playing an
increasingly relevant role in the hydrological system. For instance, the Buckingham Canal was dug
between 10 to 12 metres below the average ground level, at a depth where the ground can bear
potable water, while approximately below that level the water becomes brackish (Ganesan, 2008).
The positioning of the canal parallel to the coast and at that depth, surely interacted with the ground
water hydrology of the coastal low-lying areas.
But the canal had also other effects on the vaster hydrology. In the northern part of the
Mambakkam sub-watershed, for instance, run-off is collected in the Pallikaranai Marsh and, through
the water body known as the Okkium Maduvu, would flow into the low-lying areas where the
Buckingham Canal was built. These are described as naturally prone to flooding, namely in the area
of Semmencherri (Jothilakshmy & Malar, 2010), and historical maps (Survey Office of Madras, 1905)
do not show clear or permanent outlets connecting them directly to the ocean, hinting at the
variable nature of these low-lying areas and confirming the shifting character of the landscape of this
trait of coast, in line with the nature of a palaeo-lagoon or a palaeo-tidal flats system. The
construction of canal bunds cutting across them, led necessarily to an alteration of their crucial role
in the hydrology and altered their capacity to accommodate run-off. The consequences of these
alterations became increasingly evident as the canal fell in disrepair, its water control devices and
bunds became non-functional or were altered, and the waterway became an integral element of the
Kovalam watershed hydrology.
Particularly, as the Buckingham Canal stopped being used for navigation in 1954 (Gupta & Nair,
2011), it increasingly started playing a major role as a drainage infrastructure (Seenivasan, 2016), a
role that extended to that of a “flood buffer” (Roumeau et al., 2015) and was observed in connection
with a series of floods that hit the city in the years 1943, 1976, 1985, 1996, 1998, 2005, 2010 (Gupta
& Nair, 2011), and more recently in 2015 (Narasimhan et al., 2016). This new role led to new
challenges, such as, for instance, the presence of larger amounts of silt in its bed (Krishnakumari et
al., 2016), , not foreseen inn tis original design. High level of pollution, which make the Buckingham
Canal along with the Cooum river the “widely recognised” most polluted waterways in the city
(Gupta & Nair, 2011), along with observations of anaerobic waters and of the presence of sewage,
featured in the 2015 Flood Assessment Report (Narasimhan et al., 2016), indicate that the
Buckingham Canal is currently used not just as a drain, but as part of the sewerage system, too
(Steinbruch & Hörmann, 2015).
Although no official maps of the drainage system appear to be available, city officials have declared
that a major producer of water discharge such as the Perungudi Sewage Treatment Plant discharges
into the Buckingham Canal (Roumeau et al., 2015) confirming the crucial role of this waterway in the
4

current city drainage system. This information, though, should be questioned, as other sources
report the non-functionality of the treatment plant and report that it might be discharging directly
into the Pallikaranai Marsh rather than in the Buckingham Canal (Patnaik & Srihari, 2004). Steinbruch
& Hörmann (2015) attach further importance to the construction of that sewage treatment plant in
2006: they attribute to it a crucial role in discharging a continuous flow of water into the Pallikaranai
Marsh converting its northern part into a perennial shallow water body feeding the already
perennial water body Okkium Maduvu. The introduction of this inflow of water, in connection with
the digging of a permanent connection between the Okkium Maduvu and the Buckingham Canal
(which will be discussed later) have, according to these authors, switched the “surface flow” from a
South-North to a North-South direction in an area roughly overlapping with the Mambakkam subwatershed (Steinbruch & Hörmann, 2015).
Further modifications were brought to the canal when vast stretches of its path were earmarked for
the development of the Chennai MRTS system, an urban elevated railway system conceived in the
1970s (Madras Area Transportation Study Unit 1973) and implemented starting from 1990s
(Seenivasan, 2016). In the northern part of the study area the MRTS line is superimposed to the
canal, with huge concrete pillars built in its bed: a choice made due to the public ownership of the
canal, which circumvented the acquisition of private lands for the implementation of the project. As
a result, in the affected areas the Buckingham Canal have been reduced in width from an original
average 25 metres, to 10 metres, particularly where MRTS train stations have been built (Stephen,
2016). Not only, then, the Buckingham Canal was not meant to serve as a water drain or eventually
as a sewer, but subsequent planning decisions connected with the MRTS project brought into play
“legal encroachments” which hindered its role as a flood buffer, too (Jameson & Baud, 2015).
In spite of the active interest on the part of academics, activists and city official in the canal, its
actual current role in the hydrology does not seem to be fully understood, both because of a lack of
data and proper monitoring (Narasimhan et al., 2016) and because of the fragmentary fashion in
which the canal is looked at, analysed and included into decision-making processes by the judiciary,
different state agencies and local administrative bodies. The Madras High Court pronunciation in the
case Exnora vs The Government of Tamil Nadu (2006), for instance, represents a crucial moment in
which the demand on the part of an NGO for a more comprehensive understanding of the hydrology
and the ecology of the area in order to inform effective and coherent planning, was overruled by
circumstantial considerations on the larger public interest of the MRTS project, as well as by a
narrow interpretation of the legal definition of “natural” water bodies, instead of considering the
complex relationship between the city, the hydrology an the role of man-made infrastructure
(Seenivasan, 2016).
But the most important modification of the Buckingham Canal which had large scale consequences
on the hydrology at large, involving the Pallikaranai Marsh and especially the permanent water body
known as Okkium Maduvu, is rather recent and even though it has previously been mentioned in
relation with the construction of the Perungudi Sewage Treatment Plant (Steinbruch & Hörmann,
2015) needs further clarifications.
The Okkium Maduvu is the only permanent water body which is not an ery (see related section)
within the study area and is already marked in the Survey Map of 1905 (Survey Office of Madras,
1905). Its curved and dendritic shape is consistent with that of a creek discharging excess water from
the marsh and allowing tidal flows in it, a role supported by the description of its cyclical –
respiratory– functioning made by Coelho and Raman, who describe it with the metaphor of an
“aorta” or “pulmonary vein” (Coelho & Raman, 2013).
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The interest in the Okkium Maduvu started making an appearance in the early 2000s, when a series
of massive interventions were initiated on it. The Tamil Nadu Slum Clearance Board, in accordance
with the Corporation of Chennai, decided to transform a vast stretch of it, along with a substantial
chunk of wetlands along its course, into what was meant to become one of the biggest slum
resettlement colonies in India: Kannagi Nagar. The entire operation happened by reclaiming the
wetlands with landfills, altering the shape of the Okkium Maduvu main course and deepening it, and
finally directly connecting it with the Buckingham Canal by breaching its bunds. All these measures
were meant to possibly guarantee the safety of Kannagi Nagar in case of floods, compensating for
the loss of wetlands it was built upon, while providing a more efficient drainage to the wider area
(Housing and Land Rights Network, 2014). Coelho & Raman (2013) report that the very Okkium
Maduvu had completely been transformed in such way, and permanently connected to the
Buckingham Canal by the early 2000s.
Shortly after, and in connection with those interventions on the Okkium Maduvu, the 13.5 km long
trait of the Buckingham Canal comprised between the Okkium Maduvu itself and the Kovalam Creek
got widened. The widening was the result of engineering works financed under the Jawaharlal Nehru
Urban Renewal Mission (JNNURM) and carried out around 2014 (Lakshmi, 2016) which enlarged the
section of the canal to up to 100m in order to encompass the wetlands present on its two sides and
turn them into parts of the canal. The enlargement was conducted by breaching regularly the bunds
of the Buckingham Canal and deepening the wetlands along it. Although some of these breaches
might have come into existence due to a lack of maintenance, this project conducted under JNNURM
was the first intervention showing an active will to do away with the separation of the canal from
the rest of the hydrology, and turn the connections between the Pallikaranai Marsh, the Okkium
Maduvu, the coastal low-lying areas and the Buckingham canal into a single waterway as pervious
and permanent as possible. All these works were carried out with the purpose of mitigating flood
risk The Hindu Chennai editorial staff, 2010), in connection with the works at Kannagi Nagar and
were meant to be further progressed by digging out a permanent connection between the Okkium
Maduvu and the ocean, which was never realised. The improved efficiency in preventing or
mitigating floods of the current configuration remains to be assessed.
The appearance of landfills emerge has one of the major elements both shaping the built up
environment and modifying the hydrology. Three major landfills (the two main phases of the
Kannagi Nagar resettlement colony and the so-called Secretariat Colony), have been described in
detail in Coelho & Raman (2013), but many more are likely to be present even if not covered in the
literature.
It is also important to notice the role attributed to the Buckingham as a storm water drain in semiofficial documents, hinting at its role in the development of the physical form of the city: in a paper
presented in a seminar organised by the Corporation of Chennai, the Buckingham Canal is said to
drain 29% of the city’s storm water (in Seenivasan, 2016). If this must be interpreted, as it is likely,
that actual storm water piped connections have been laid out linking the road side drains to the
canal, it is likely that the presence of the canal has significantly driven the spatial patterns of
development of the city, providing a ready-made infrastructure.
At least two themes regarding how knowledge has been produced and used in order to capture the
complex monsoonal hydrology in the study area and act on it. The first theme is the difference
between the construction of the Buckingham Canal on one hand -taking advantage of the palaeolagoon configuration of the area and controlling its interferences with the watershed behaviour; and
the enlargement of the Buckingham Canal on the other hand -an active attempt to modify the
functioning of the hydrology in order to carry out land reclamation for purposes of public interest
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(eg. implementing an efficient drainage system). The second theme is the fragmentation of
knowledge into piecemeal, sectorial approaches applied in planning decision-making and
implementation processes, corresponding to a fragmentary and partial knowledge held by the
institutions acting on the Buckingham Canal and the Okkium Maduvu themselves. This emerged in
the process of construction of the Kannagi Nagar slum resettlement colony, initiated around the
year 2000 by the Tamil Nadu Slum Clearance Board, not in accordance with the urban plan or to a
city-wide hydrological map and financed by a set of diverse, circumstantial, non-coordinated
programmes, such as the JNNURM and the Emergency Tsunami Reconstruction Project (ETRP)
(Housing and Land Rights Network, 2014). These served emergency purposes and supported the
clearance of the Buckingham Canal, rather than long term objectives and visions.
In this framework, the knowledge produced by NGOs, activists, academics, plays a vital role in order
to overcome the fragmentation and understand how old and new major modifications to the local
hydrology have been stacked onto each other, resulting in whole new configurations that bear major
consequences. This type of knowledge is produced in several ways: in researches reconstructing the
tortuous development of big urban transformations (Coeho & Raman, 2013), or city-wide
development trends (Gajendran, 2016); in studies analysing the spatial and social results of localised
changes in the social and physical fabric of the city (eg. Arabindoo, 2011), but also in fieldwork
studies collecting primary data with the urban poor (Jothilakshmy & Malar, 2010; Housing and Land
Rights Network, 2014; Gajendran, 2015). Particularly these populations, reasonably more exposed to
flood risk or to the daily interactions between water and the city in their most visible manifestations,
seem to be valuable informants in order to understand the how different monsoonal cycles shape
the built up environment and clash with it, under the current modes of development.
The erys

Long before urbanisation revolutionised the landscape, the age old adaptation to monsoonal cycles
led human populations in the area to manipulate it in order to harvest the seasonally and cyclically
available rain water and use it for different purposes - with the bulk of it being employed for
irrigation. This process has resulted in a carefully, collectively designed landscape of rain water and
river run-off harvesting reservoirs, whose management has numerous deep cultural, symbolic and
social implications (Mosse, 1997; Ludden, 1979): the erys.
Erys (alternatively spelled yeris, eris or aeris, or also called tanks or lakes in English) are artificial
waterbodies, built taking advantage of natural depressions. They work with the natural gradient of
the land, with one side open and shallow in order to collect run-off and the other one relatively deep
and surrounded by a bund. The bund is normally pierced by sluices which distribute water to other
erys and irrigate the landscape through a network of gravity-fed irrigation channels (Jameson &
Baud, 2016). When they collect and distribute water from a diversion in a river (called anicut) erys
are called system erys. When, despite being interconnected among themselves, they rely on rain
water catchment areas to be filled, they are classified as non-system erys, which are a less common
occurrence (Mukundan, 2000).
Erys have historically played a major role in irrigation and have, up to quite recently, supplied 1/3 of
the water needed for agriculture “in areas with relatively low-rainfall, such as most parts of
Karnataka, Andhra and Tamil Nadu” making them a defining characteristic of the whole region,
(Mukundan, 2000) and originating several place names (Sudhakar 2016). They have been organised
based on precise empirical knowledge of the land, as the devices needed to control them are
articulated across vast stretches of territory. Most notably those are: sluices, placed at different
levels to irrigate fields lying at different heights; weirs, meant to control overflows; percolation
ponds, meant to manage excess water, support irrigation, collect silt; and the already mentioned
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irrigation canals (Mukundan, 2000). Many of these elements are still partially visible today in the
urban landscape.
Due to their need to be fed by run-off water and distribute it to cultivable land, erys were laid out
where the effort of building and maintaining one would pay off. For this reason, within the study
area, they are found at a reasonable distance from the shoreline, so as to allow the presence of a
sizeable command area. Lacking the Mambakkam sub-watershed the presence of a river, the erys in
the study area are of the non-system type, making the very local geological conditions (the already
mentioned presence of charnockite rock and alluvial soils) and more recently the degree of
urbanisation, crucial in understanding their hydrological functioning and current conditions. As these
erys got progressively incorporated into urbanised areas, they increasingly saw changes in the social
context their management was based on, and in the land uses of their ayacuts, but also in their
shape and size (eg. Saravanam & Vennila, 2015).
The decrease in the use of the erys for agricultural purposes, though, is not necessarily a direct
consequence of urbanisation, and has been debated in rural contexts (Vaidyanathan, 1992) as
possibly being linked to subsequent shocks and changes in social and economic conditions as well as
in administrative set-ups over a very long period of time (Mosse, 1999); or as been attributed to
their lower economic profitability compared to other forms of irrigation, namely wells (Sakurai &
Palanisami, 2001). The decrease in the irrigation uses of erys is of course naturally led to that of nonirrigation uses of erys (eg. the collection of silt to use as fertiliser), worsening their state of
maintenance and performance in collecting and retaining water. These non-irrigation uses according
to Palaniswami et al. (2011) are in principle still capable of generating enough revenue as to pay for
the expenses of operating and managing them, something that might have interesting implications
in urban settings, too.
Erys’ past uses, even if to a vast extent organised the morphology of the territory, have dramatically
decreased in the study area and these water bodies are today in the process of acquiring new roles
in Chennai’s hydrology. This comes with shifts in the knowledge built around them. Erys are today, in
fact, often made the object of activist actions and academic studies which aim at finding new
hydrological and social roles for them, consonant with their urban setting. These enquiries vary
considerably in scope: they investigate the erys’ possible contribution to an effective flood
management strategy and advocate for their integration in the city storm water drainage system
(Jameson & Baud, 2016); they analyse the interaction between ayacuts’ hydrology and new land
uses or encroachments and build experimental case studies around the introduction of local supplychains of potable groundwater (Saravanam & Vennila, 2015); they look at their decrease in size as a
concause of worsening flood hazard (Suriya & Mudgal, 2012); or they highlight the specific break
with the past and the abrupt loss of local knowledge connected with their management brought in
by urbanisation in the territory in and around Chennai (Arabindoo, 2011).
Some of the urban erys appear recurrently in the in the local news, in connection with their
perceived lack of maintenance, excess of silt, pollution, presence of encroachments etc. (eg. for the
Velachery lake, Oppili & Lakshmi, 2013). In very few cases, where urbanisation is less pervasive, it is
possible to find reference of the channels connecting them and trace them. The Raj Bhavan channel
connecting the erys of the Guindy park and the Velachery lake, for example, is referred to as one of
those which have been managed with a view to prevent dumping of garbage and in virtue of its
jurisdiction under the Water Resource Organisation of the Public Works Department (Lopez, 2014).
This exemplifies how, when ery channels are indeed maintained, they are included in policies that do
not necessarily consider them as part of a comprehensive system, across bureaucratic and
management boundaries.
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Erys, besides being elements in the local hydrology, rely or used to rely on complex institutional setups managing water a vital resource for the community, which required a complex understanding of
climate, hydrological and topographical conditions and, in short, required the production of highly
specialised knowledge held and produced locally (Ariza et al., 2007; Mosse, 1997, 1999; Ludden
1979; Vaidyanathan, 1992). Communities have constantly made estimates of the water available in
the ery based on their best knowledge of monsoonal cycles. Such estimates were used to make sure
that the most efficient use of available water would be ensured and that water could eventually last
for a period of one year or more. “Folk knowledge” is referred to in Mukundan (2000) as able to
predict rainfall quantities reasonably in advance depending on the observation of –unspecified–
natural phenomena, preparing farmers for shortage in rainfalls. Traditional crop systems used in the
ayacuts were finely tuned to monsoon cycles, too, and contrarily to farming system based on the
Green Revolution paradigm, made careful use of the available water, making “optimal adjustments”
to its availability (Mukundan, 2000).
This refinement of the knowledge system built around erys, though, has been significantly put in a
critical perspective by Mosse (1997; 1999), who pointed at the influence of administrative bodies
restructuring it in order to serve wider administrative and control purposes. Precise local knowledge
of the irrigation and water availability patterns, as well of the conditions of and quality of the soil,
although varied and dwindled over time due to a complex series of reasons, translated into rather
precise classification of land uses matched by institutional set-ups at a local and supra-local level,
which also went through processes of crisis and restructuring (Mosse 1997; 1999). Notably, the
complex land use classification inherent to ery irrigation systems was eventually simplified under the
British revenue system (Mosse, 1997), giving rise to the land use category of “wasteland” which
ended up encompassing several previously existing more specific categories connected with pattern
of irrigation, and flooding and to the monsoonal cycles (Basu, 2008; Singh, 2013; Vencatesan, 2006;
Yanagisawa, 2008). This simplification is likely to have had profound impacts on contemporary
patterns and modes of urbanisation on top of former ayacuts, as implied in some sources (eg.
Saravanam & Vennila, 2015). These impacts are, for instance, connected to the often public
ownership attributed to wastelands by the modern Indian legal system, and the scarce legal
recognition attributed to customary rights which communities often enjoyed over them
(Vencatesan, 2006).
The perception of the manifold functions of the erys and the knowledge production built around
them are still today object of specific studies aimed at understanding erys’ role in contemporary
rural communities in Tamil Nadu (Ariza et al., 2011; Kumarasamy, 2015), as these have been
constantly reproducing, challenging and renegotiating social and institutional arrangements around
these water bodies (Mosse, 1997). The decline of the erys is thus a complex phenomenon that is
difficult to pin down, and raises interest, discussions and new forms of mobilisations and efforts to
rethink their role in contemporary urban settings.
New types of activism are having an influence in the way erys are reappearing in the public discourse
in Chennai, in ways that can be ascribed to the deployment of what Arabindoo has called hydropolitics (Arabindoo, 2011). In the case of the erys, hydro-politics manifest themselves in conflicts and
actions around the use of these water bodies in the city. Groups of citizens, often of an uppermiddle class extraction, lobby, protest and promote community actions, to push an agenda for the
“environmental” recuperation of the erys, in connection with flood mitigation, ground water
recharge and especially the provision of pleasant public and leisure spaces. These actions are meant
to promote a stronger legal and administrative framework to control pollution, encroachment
(illegal landfills or informal settlements) and often attract the attention of the local media (Srikanth,
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2015; Kanthimathi, 2016). Nevertheless, these mobilisations seem to voice only partial aspirations
and concerns in Chennai, failing to take into consideration the wider picture, both in terms of the
social and economic context in which erys are placed (crucial for a real reinstatement of meaningful
community management) and in terms of their new role in the urban hydrology. The situation is
rendered even more complex by the often contradictory and fragmentary approaches of Tamil Nadu
state agencies, which on one side are meant to oversee and promote the maintenance of many
urban erys, and on the other have been promoting the construction of landfills that altered them
and reduced their size, with no comprehensive plan balancing out the effects of the lost water
collecting capacity (Packialakshmi et al., 2010).
The temple tanks
Temple tanks are generally square, artificial waterbodies found in the proximity of a temple and
often clustered with it in a single spatial ensemble. They are surrounded by stone steps on all sides
leading to the water, and vary between 2,000 to 30,000 sqm in surface (Ganesan, 2008). Even
though it is not clear whether temple tanks always played a coherent role in the network of the
irrigation system, early maps of colonial Madras (the former name of Chennai), show both temple
tanks linked to secondary derivations of the irrigation system originating from erys, and temple tanks
independent from that system (Ravenshaw, 1824). Both possibilities are consistent with the
description of temple tank restorations made by Ganesan (2008) as facing problems both in terms of
clearance of their catchment areas, and in terms of maintenance of the channels feeding them.
From the perspective of the hydrological system, these objects played multiple roles according to
their configuration: either as rain-water harvesting devices for the immediately adjoining areas, or as
elements contributing to managing excess irrigation water coming from the erys, with the various
derivative functions of this main one, such as silt collection. These functions are in line with those
described for percolation ponds (Mukundan 2000) and find confirmation in the role attributed to
these water bodies in recharging surrounding water wells (Ganesan, 2008; Arabindoo, 2011;
Ramesh, 2013; Vivek, 2016) and acting as flood control devices while crucially complementing the
ecological system of the erys in rural Tamil Nadu (Ariza et al., 2007).
The temple tanks’ connection with groundwater and water table levels is multiple: they interact with
groundwater, not just by means of letting rain water percolate from the tanks into the ground, but
also by providing an escape for excess groundwater soaking the soil, adaptively responding to
different monsoonal conditions. At least one well is always present in the floor of each temple tank,
a fact that seems to indicate that also the surfacing of groundwater, in determinate conditions, plays
an important role in actually filling these water bodies, considering that piezometric levels in central
Chennai after monsoonal rains can be 1 to 2 metres below ground level (Ganesan, 2008). For this
reason, the desilting of temple tanks has been central in maintaining their efficiency in the past. On
the other hand, Arabindoo (2011) proposes that the presence of wells, at least in some occasions, is
the result of recent digging and new temple tank restoration initiatives, altering previous modes of
interaction between these elements and groundwater. In either case -infiltration and percolation
from the temple tank stepped walls or water surfacing from floor wells- desilting, cleaning and
maintenance played a major role in the effective functioning and filling of temple tanks and the tasks
relating to those activities were encompassed in the community life and religious rites taking place
around temple tanks (Ganesan, 2008).
In general, temple tanks traditionally played a vital role in the activities of Tamil Nadu communities,
and were connected to vital cultural aspects of everyday life and to the perception of time cycles,
such as in the case of the town of Kancheepuram where seven tanks are, still today, associated with
the seven days of the week (Ganesan, 2008). Although their role is today not as central as it used to
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be, they still play a significant role in the social and cultural life of communities. For instance, when
religious festivals are organised, temple tanks are the settings of ceremonies, festivals, rituals, social
gatherings etc. (Ganesan, 2008; Arabindoo, 2011).
While their role in the Hinduist religious worship would require a literature review of its own, several
sources refer to temple tanks as being the object of the production of local knowledge, relevant for
both the physical shaping of city as well as for the political development of its elites. For instance,
Washbrook (1973) writing about the period between 1880 and 1930, mentions “temples
committees” as one of the places where Madras elites, pushed out of the official administrative
decision-making processes as the city grew, were able to find new spaces of political organisation at times through shadowy practices of lobbying - and try and influence urban policies, there included
those regarding water.
Today, temples, and especially temple tanks are still at the centre of political mobilisation. Middle
class activists mobilise and lobby for their restoration, in similar ways as they do for the erys, both
because they are seeking to find alternative means to secure local water supply through
groundwater recharge, and to materialise their political aspirations by beautifying urban space: the
hydro-politics invest temple tanks, too. Much of what has been said about erys is to a significant
extent valid for temple tanks, too, and actually Arabindoo (2011) has focussed her account of the
local aspects of hydro-politics precisely on the restoration of a temple tank, the perceived role that
such an endeavour would have on water security for the local community, and its actual effects.
Restorations of temple tanks were driven both by concerns about their role in the hydrological
equilibrium of groundwater levels and by concerns about their poor state of maintenance and they
contributed to produce and reproduce a specific technical knowledge on the material culture
embedded in temple tank construction and maintenance (Ganesan, 2008), and possibly to partially
reinvent it.
Temple and temple tanks have a structuring role in defining the built up form, typology and
concatenation of space in Tamil villages, having in most case a central position in the settlement
(Ganesan, 2008) and a reportedly a central role in the organisation of Tamil cities (Singer, 1971). Due
to the establishment of Chennai on a land which has a long history of human settlements, temples
most likely played a role in shaping the growth of the Portuguese and British settlements. Indications
of temple tanks and streets irradiating from them and structuring their surroundings are visible in
maps from the and 19th centuries (eg. Ravenshaw, 1824). This overlap between the past traces of
rural settlement influencing the shape of the city are consistent with the accounts that describe
Chennai as a “rural metropolis” well into the 1970s (Vasanthakumaran et al., 2012). Work-inprogress academic literature (Srirangam & Forsyth, 2012) seems to support this idea, by proposing a
taxonomy of the urban morphologies of temple clusters, looking at the relative positions of temple
precincts, temple tanks and streets. These compositions of urban materials seem to have a direct
influence not just on how neighbourhoods are spatially organised, but also on how social activities
take place in the streets, and particularly on how commerce is present in certain places and not
others. On the other hand, despite their role in structuring its form, urbanisation seems to have an
adverse effect on the hydrological role of temple tanks and its blamed for the loss of temple tanks’
capacity in terms of catching and maintaining water (Ganesan, 2008).
Finally, the very architectural design of tanks reflects the uses of the water held in the tank, such as
the recurrent presence of a landing every ten steps (Ganesan, 2008), which might have been used to
more comfortably access the resource as well as providing strength to the overall structure. These
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uses might have played a central role in structuring social activities in the city as it was growing and
shifting from rural uses to urban ones.
The Chembarambakkam lake

The Chembarambakkam lake does fall within the study area, but has been included among the
elements studied in this literature review due to its role in in the piped water supply to vast parts of
South Chennai, which end up being drained by the Kovalam watershed. Nevertheless, excess water
discharge from this water body cannot be considered to have played a role in the 2015 floods in the
study area (Narasimhan et al., 2016), despite the connection drawn by some of the media (eg. The
Hindu editorial staff, 2016).
Chembarambakkam is one of the large erys which are found in the western part of Chennai urban
area. This series of bigger erys is located in an area parallel to the coast between 12 and 30 km from
the shoreline, and comprise Poondi, Puzhal, Cholavaram lakes among others. Most of them are have
specific ecologic characteristic and are listed as Ecological Heritage Sites (Sudhakar, 2016). Their
unusual dimensions could be explained with specific geological characteristics of the landscape
where these water bodies sit. The Puzhal lake, for instance, sits on a localised formation of laterite
and bauxite, part of a larger presence of lateritic formations in the eastern coast of Tamil Nadu
(Achyuthan, 1996), from which it probably takes its English name of Red Hills lake. The
Chembarambakkam lake, instead, occupies the eastern most area of an extensive formation of
plutonic rocks (Suriya, 2014). It is possible that this specificity, besides the local topographic
conditions, have had an influence in the viability of constructing a considerably bigger ery specifically
in this area, which in the case of Chembarambakkam potentially irrigate an ayacut of 5,452 ha
(Sivaraman, 2005).
Chennai, as un urban settlement, is not alone in its pairing with large erys. It is interesting to notice
that other urban settlements in the northern coastal area of Tamil Nadu share a similar relationship
with comparable bodies of water, likely securing water provision or large scale agricultural
production: Puducherry is located downstream of the Osudu lake, while Chidambaram is located
downstream of the Veeranam lake. And indeed, large erys in the case of Chennai have played a
fundamental role in the urbanisation of city: Puzhal lake was included in the urban water supply
system in 1870 (Janakarajan, 2009), while other water bodies followed suit over a longer period of
time and play today a vital role in supplying water to the city (Krishnakumari et al. 2016). The
Chembarambakkam lake was acquired by Metrowater (the Tamil Nadu agency for water supply and
services in Chennai) for this purpose after urban land uses took over its ayacut, making its use for
agricultural purposes inefficient. This process happened gradually and was completed by the year
2000 (Srinivasan, 2015) when it became officially incorporated into the water supply sources of the
city (Coelho & Kumar Reddy, 2004).
In order to respond to the new demand of water for urban uses, Chembarambakkam had to undergo
different alterations and had to have its whole functioning redesigned so as to artificially keep its
water levels as constant as possible and guarantee a reliable supply of water. The Telugu Ganga
infrastructural project, first approved in 1977 and completed around the mid-1990s (Sampathkumar,
2005) was meant to enhance supplies by diverting towards the city, and partially into the
Chembarambakkam lake, parts of the water of the Krishna river in Andhra Pradesh. The project was
conceived in order to include most of the abovementioned large erys West of central Chennai, with
the purpose of both storing water and distributing it to the different areas of the city. It first reached
Poondi lake, and from there distributed water to Puzhal lake, first, and to Chembarambakkam lake
afterwards. In order to fulfil this new role as a city reservoir, the physical infrastructure of the
Chembarambakkam was modified so as to increase its capacity: its full reservoir levels were brought
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up by two feet (Sampathkumar, 2005) by restructuring the bund of the lake so that it could contain
up to 103.2 million cubic metres of water (Coelho & Kumar Reddy, 2004). This modification in the
regime of water intake, drawn to Chennai from very far away, has led to fundamental changes in the
previous functioning of the lake, for instance bringing modifications to the cycles of expansion and
contraction of the volume of water previously exclusively tuned to local manifestations of the
monsoonal cycles. In the course of these alterations, specific physical devices were added to the
lake, such as a weir and canal meant to control its excess water and discharging into the Adyar,
upstream of the airport, possibly modifying a pre-existing weir or other elements of the bund in the
1990s, in order to manage bigger quantity of waters (Lakshmi, 2015).
A consistent amount of the water coming from Chembarambakkam lake is distributed to households
placed within the limits of the Kovalam watershed as shown in the official map of the city’s water
piped infrastructure and distribution (Metrowater, no date). Although no reliable and complete
information is available on the paths this water takes once is flushed away or discharged from the
households, different sources refer that, at least partially, it might end up in different waterbodies
within the Kovalam watershed, such as the Buckingham Canal, the Pallikaranai marsh (Steinbruch &
Hörmann, 2015) or the Velacherry ery, where sewage and water discharges have been observed
(Manikandan, 2012).
The Chembarambakkam lake cannot be said to have had a direct influence on the shape of the built
up environment within the study area, but certainly it was both influenced by and had an influence
on some of the recent trends connected to the urban growth of Chennai. While urban land uses on
the Chembarambakkam ayacut are mentioned as one of the reason for its acquisition by the stateowned water supply company Metrowater (Srinivasan, 2015), it is possible that the great urban
development experienced in the northern areas of the Kovalam watershed received propulsion,
starting in the early 1990s, in connection with the infrastructural works on the Chembarambakkam
lake. These opened the prospect of a reliable piped water supply in the southern part of the city,
which was eventually brought about with the construction of different water distribution stations,
such as the Velachery one, commissioned in 1994 (Pratheeba, 2011).
Modifications of both the Chembarambakkam lake and the land uses on its ayacut, as well the
shifting objectives behind its management explain how over time the types of knowledge used to
harness, control and use its waters gradually shifted from those discussed for erys, to others
concerned with constant water supply to the city and flood hazard mitigation. These shift is
discussed by Arabindoo (2017) in relation to floods and can be traced back to as far as the 1970s,
when decisions regarding the water at Chembarambakkam started to be taken according to
different criteria from those which the tank was originally meant to obey to. Engineering knowledge
conceived for the management of water supply reservoirs, meant to retain water as much as
possible are now applied to an ery: a physical infrastructure built for cyclical retention and irrigation
following monsoonal climatic conditions.
The Adyar river
The Adyar river has received a great deal of attention in the literature, in connection with the
behaviour and evolution of land uses on its watershed (Ramesh, 2013; Janakarajan et al., 2007;
Vanaja & Mudgal, 2013) and its relation with urbanisation processes (Suriya & Mudgal, 2012;
Bharadwaj et al., 2014), and, as one of the main waterways in the city, it was also a central object of
analysis in the assessment of 2015 floods (Narasimhan et al., 2016).
The Adyar river is one of the two main fresh waterways that run through central Chennai and, much
like the similar Cooum river to the North, is alimented by the run-off of “tanks and small lakes”
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upstream (Murali, 1994). Its course is substantially defined by the presence of Charnockite rock
formations on its South bank which, along with the small gradient, contribute to define its lower
course. The Adyar has its source in a group of erys in the Kancheepuram district, and catches surplus
from about 450 more along its path (Gupta & Nair, 2011; Narasimhan etal., 2016). Even though the
Chembarambakkam lake would not naturally belong to the Adyar watershed according to official
data (SLUSI, no date), the presence of a weir and of a canal for the control excess water make a
substantial amount of its waters discharge into the Adyar river, so much so that the lake is now
considered one of its main sources of water, and hydrological studies include it in its watershed
(Bharadwaj et al., 2014). The Chembarambakkam lake is credited for making the presence of –
slowly– flowing water in the Adyar river constant, a phenomenon that was already described in the
mid-1990s (Murali, 1994) and its role in the floods of the Adyar watershed is universally recognised
(Arabindoo 2017; Narasimhan et al., 2016)
The Adyar mostly passes through alluvial soil, presumably carrying in its current, especially during
monsoonal rains, substantial amounts of sediment, a fact that seems to be supported by the
references to the Adyar estuary as a mutable landscape, characterised by the formation of sand bars
at the opening towards the sea. These sand bars are reported as a cause of concern (Suriya &
Mudgal, 2012) and in need of constant breaching in order to keep waters freely flowing from the
river into the ocean (eg Hemalathai 2011). The estuarine nature of the Adyar’s outlet to the sea is
confirmed by the changing shoreline noticeable in relatively recent historical maps, where the river
mouth is marked one kilometre north of its current position (Johnston at al., 1894; Bartholomew &
Bartholomew, 1893), still characterised by sand bars and islands forming in the proximity of its
mouth. Further sources refer to the reintroduction of mangroves, as part of ecological restoration
efforts of some of its meanders – namely the one around Quibble Island – which may infer the past
presence of this type of ecosystem in its estuary (The Hindu editorial staff 2013).
The ways in which restoration or eco-restoration projects are carried out, and their implications in
the political arena of Chennai, is the object of severe scrutiny on the part of researchers (eg. Coelho
& Raman, 2010, 2013; Arabindoo, 2011). Beautification schemes, either past or upcoming are a
commitment of state agencies through the constitution of an ad hoc body: the Chennai River
Restoration Trust, established in 2010 by the Tamil Nadu Government. This body has a power to
design and intervene on the rivers and waterways within a specific mandate, which does not
necessarily entail a comprehensive understanding of the wider economic, social or even hydrological
dynamics of the urban territory (Adaikalam, 2010), or coordination with other bodies. The Tamil
Nadu Slum Clearance Board or the Tamil Nadu Housing Board, for instance, have been using
drainage channels, wetlands and river banks as location for slum resettlements and low-income
housing provision (eg. Housing and Land Rights Network, 2014). Similarly, the proposal for new
arterial road infrastructure by the Tamil Nadu Road Development Corporation chose the Adyar river
banks to propose a new major road infrastructure, in no coordination with other programmes or
planning initiatives concerning the river (Coelho & Raman, 2010). The fragmentary approach with
which planning is conceived and infrastructural projects are carried out hinders a comprehensive
understanding of the river’s behaviour and its role in the hydrology of the city.
As a result, urban poor and informal settlements, due to their physical presence on the very river
banks, are often blamed for encroaching it and making floods effects more severe, while wider
causes are neglected. Slums are then brutally targeted with evictions and demolitions (Coelho &
Raman, 2010), while formal planning allows developments featuring landfills and high rise
apartments blocks which have similar, if not more dubious, impacts on flood hazard (Coelho &
Raman, 2013). The debate about how to mitigate and combat floods, and the emergency discourse
14

built around them, seem to have altered the way the rivers are conceptualised and discussed, even
in hydrological terms. These, tend often to be seen as “macro drainages” and to be perceived as
entities to be managed in order to evacuate excess water in case of floods, rather than complex
urban water systems (Jameson & Baud, 2016) whose behaviour is connected with monsoonal cycles.
But the approach to using knowledge to act on urban rivers seems to be endlessly contradictory and
sectorial. When water scarcity, for instance, has been the object of policies, check dams have been
built on the Adyar in order to recharge the water table. While this move is supported by studies
about its effectivity in the wider area of Chennai hydrological, considerations on its appropriateness
are apparently limited to groundwater behaviour (Renganayaki & Elango, 2013), overseeing possible
detrimental effects on urban floods or interactions with urban impermeable surfaces.
Fragmentary and incomplete approaches, are possibly the result of very compartmentalised,
bureaucratic management of planning, on the part of the State of Tamil Nadu and its agencies.
Agendas seems to look at the issues at stake from singular, narrow perspectives, rather than in a
comprehensive way. This is accompanied by a lack of investment in reliable data collection,
necessary to build a complete picture: the 2015 Chennai floods assessment report (Narasimhan et
al., 2016), for instance, refers to the lack of reliable gauging stations along the Adyar, and therefore
to the lack of reliable data sets regarding the evolution of the floods.
On top of this, the city has evolved on the river developing complex and interacting spatial and social
patterns. The banks of the Adyar have been for a long time, well into the 60s, a prime location for
high-end residential developments and representative buildings (Murali, 1994). Longstanding high
land-values and the presence of high end real estate locations are probably to be put in connection
with the tendency on the part of the colonial elite to occupy the area around the Adyar with gardens
and mansions since the early 19th (Basu, 1993) and still today, representative, symbolic buildings and
historical mansions, such as the Chettinad House, the Madras Club or the Adyar Villa, can be found
on the banks of the Adyar, even though other types of development have appeared over time,
making today a much more mixed urban environment.
The banks of the Adyar were also used for the purposes of trade. According to Murali (1994) parcels
of government land were conceded in lease to merchants, who used the river as a waterway to
transport them up until the mid-20th century. Concomitantly with vaster processes of urbanisation
investing Chennai from the 50s onwards, vacant spaces along river banks and other water bodies
and beaches became the locations where informal settlements would grow. References to their
presence along the Buckingham canal, the Adyar river and multiple drainage canals are recurrent
(Seenivasan, 2016; Lavanya 2012; Gupta & Nair, 2011). More specifically, the river banks are one of
the places where this phenomenon has been more thoroughly observed and discussed in the press,
due to its perceived responsibility in the encroachment of the river and in its role in worsening the
effects of 2015 floods or hindering preparedness (eg. The Hindu Chennai editorial staff 2013b;
Coelho, 2016; Philipi, 2015; Sashwath, 2015).
The Veerangal Odai and other storm water drains
Finally, this literature review tackles the smallest elements composing the local hydrology: storm
water drains (Public Works Department, State of Tamil Nadu 2016). This definition, for the purpose
of this enquiry and within the study area, refers to surface channels which function as drains in the
northern part of the Kovalam watershed, and have an origin in previously existing either natural
drains and streams or excess water channels deriving from the ery system. In the study area, in
particular, there are two main ones, the Veerangal Odai and the Velachery drain, and they play a
major role in draining water from the northern part of the Mambakkam sub-watershed (Narasimhan
et al., 2016).
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In particular, the Veerangal Odai presence in the literature and coverage in the press, is here
discussed as representative of the complex issues that invested storm water drains in the process of
urbanisation and caused local scale modifications with major implications for the overall hydrology
of the study area. These issues regard its physical design, its management and its property status.
The Veerangal Odai appears in satellite imagery, as late as the early 2000s (Digital Globe, 2002), as a
freely meandering waterway discharging water from the Adambakkam ery and surrounding areas
into the Pallikaranai Marsh and is characterised by such a small gradient, that its nature is, in some
traits, that of a low-lying wetland integral to the Pallikaranai Marsh wider system. By 2016, its course
had been regimented and rectified and partially built over (Stephen, 2016), transforming it into two
concrete storm water drains along an urban infrastructural corridor composed of a rail line and a
major six lane thoroughfare. The southernmost section of the Inner Ring Road infrastructure –part of
the main infrastructural strategies meant to meet the growth needs of the city in recent years (Sekar
& Kanchanamala 2011)– paired with an extension of the MRTS, had been built on top of it starting
from 2008 (The Hindu editorial staff 2008).
As a consequence, the Veerangal Odai was reduced in width from about 150 metres in 2000 to less
than 10, today (Digital Globe, 2000; 2016). This reduction, which made the wetlands along its course
disappear and forced it between concrete walls, dramatically altered its speed, capacity and
interaction with the geological layers, and caused it have an important role in the 2015 floods in the
study area, along with Velachery drain which was invested by similar, although lesser, processes
(Narasimhan, et al., 2016).
The reasons behind the planning choices regarding the Veerangal Odai are similar to those
mentioned for building the MRTS on top of long stretches of the Buckingham Canal: free space and
the possibility of circumventing private land acquisition for infrastructural projects. In fact,
waterbodies, their adjoining areas as well as areas subject to flooding, be they connected to erys,
channels, or part of wetlands and marshlands, as anticipated before are mostly classified as
wastelands or poromboke (out of the revenue system) in Tamil Nadu (Vencatesan, 2006). This means
that they are often characterised by poorly recognised community customary rights of use, by an
official status as public property or under public trust protection, and by land uses easily subject to
change for reasons of general interest and subject to acquisition through Eminent Domain (Singh,
2013).
The coming together of these spatial and legal aspects made the Veerangal Odai a hydrological
element ending up dictating the spatial development of the city: it got completely overwritten by
infrastructural projects driven by ad hoc policies and planning decisions. Around it, complex issues
were embodied in spatially very clear manifestations making it an exemplary case, of processes
present already elsewhere, and similar for instance to those described for the Buckingham Canal and
the Adyar River in previous sections
Along with alterations which changed its hydrological functioning at the scale of the city, other
localised processes invested the uses of this drain, as well as the ways in which it is looked at and
conceived. The Veerangal Odai is listed as a macro storm water drain in official designations (CMDA,
2010) serving an adjoining, increasingly impermeable, residential areas, as reported in the press (The
Hindu editorial staff 2002). Allegations of its illegal use for discharging grey and waste waters are
referred in connection with the activism of local groups protesting pollution, poor state of
maintenance or misuse of public funds meant to maintain or improve the drain (The Hindu editorial
staff 2003; The Hindu editorial staff 2016b). The Veerangal Odai is also involved in another social and
political process: the political patronage of local leaders in informally deciding and approving illegal
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uses of the waterways, there included the construction of permanent structures on top of it (The
Hindu editorial staff, 2002). These type of dynamics possibly superimpose on the knowledge of the
local hydrology a further layer: that of the geography of political corruption and allegiances which
influence the way the hydrology is locally interpreted and engaged with. At a larger scale this should
be taken into consideration while further investigating other waterbodies, too.
Sectorial engineering knowledge, compartmentalised infrastructural projects and the lack of an
urban planning framework to coordinate them, might have had, as in the other cases highlighted, a
severe influence on its hydrological role, superimposing different types of contradicting knowledge,
inspired by different objectives. The Veerangal Odai is such a clear case of this occurrence that is one
of the few waterbodies that have directly been object of policy oriented studies meant to revise
private-public partnership in infrastructure construction, as well reforming participation policies
(Santha, 2010). Its current state is also mentioned as a clear example which should make policymakers reconsider the classification of floods in Chennai re-categorising them from natural to manmade disasters (Stephen, 2016).
Conclusion
This literature review has attempted to disentangle some of the processes investing the built up
environment and the hydrology of contemporary South Chennai. It did so by focussing on the single
elements that compose the complex local hydrology, which is the result of a longstanding and
complex superimposition of man-made structures and the action of meteorological and geological
elements. In it, precise borders between human and more-than-human agency are, at times, difficult
to pin down and discrepancies and gaps in the information available on these elements, especially as
the basis for the construction of “official” knowledge, have been pointed, offering insights for
further research.
The role of monsoonal cycles, with their different temporal dimensions, has been brought into the
picture in order to understand how they influence several processes: the geological formation of the
coastal landscape and its evolution, the modifications of the landscape in order to retain rain water,
the recurrence of climate related urban disasters of which they are a concause. All these processes
are in turn entangled with the political dynamics of power responsible for the policies shaping the
city.
Knowledge shaped around these elements has been accounted for from a critical perspective in
order to avoid simplified views on long lost traditional understanding of monsoonal cycles and
“nature”. But the fragmentary and partial approach with which hydrological elements are
understood, interpreted and dealt with in the planning of the city are equally outlined.
Having as an objective the identification of gaps in what is currently researched, this literature
review has aimed at giving directions on how to foster new, relevant knowledge on these issues,
particularly pointing at how knowledge production and intervention on the hydrology might benefit
from comprehensive, integrated understanding of the issues at stake, better integrating locally held
knowledge and critical academic production in order to inspire design driven proposals.
Some overarching research questions are here formulated, and articulated in further sub-questions:
To what extent, and in which ways, are the key actors in the administration of the state of Tamil
Nadu and of the city of Chennai making decisions on infrastructure and planning, failing to take
into consideration monsoonal cycles as complex, multi-scalar phenomena? To which extent are
they missing information regarding the local interaction between hydrology, urban forms and
locally held knowledge, which could help them make informed decisions?
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-Who are the persons taking these decisions, and what is their understanding of the monsoonal
cycles? Are these considered or are they substituted by more reductive models based on few
variables, such as excess of rain and drought disconnected from one another? Is this gap in the
knowledge observable in design and graphic output deriving from the decision making process
(plans, planning permits, thematic plans, etc.)?
Is it possible to bridge the current gaps in knowledge about the monsoon cycles, emerging from
the literature review, by integrating ‘officially held’, institutional knowledge with knowledge held
locally and produced around local interactions between hydrology, climate and urban forms?
-Which actors and communities have a local, day-to-day understanding of the local hydrology and its
interplay with monsoonal cycles, in which way do they produced knowledge that can be used? Can
this possibly inform designs? Which of these actors produce knowledge that has not already been
tapped into and that is relevant?
-In which ways is design able to take different types of knowledge produced around the
monsoonal cycles in the cities, and use them as instruments in order to speculatively reshape how
urban and hydrological elements are conceptualised in relation to the monsoon cycles?
In which ways are design explorations capable of putting forward scenarios in order to re-tune
elements of the city and the hydrology to the monsoonal cycles? How can these be tested? How can
design explorations be used to extract new knowledge in order to mediate, integrate and enhance
the ones currently held and used?
References
Achyuthan, H. (1996). Geomorphic evolution and genesis of laterites around the east coast of
Madras, Tamil Nadu, India. Geomorphology. 16(1), 71-76.
Adaikalam, V. F. (2010). Eviction, Housing and Livelihood in Chennai. Refugee Watch. 36, 31-52.
AED – Agricultural Engineering Department of Tamil Nadu, (no date). Watershed Atlas of Tamil Nadu
– Static Maps, 4C2C1 Kovalam Watershed. Retrieved from
http://www.aedatlas.tn.nic.in/mappart.php
Appasamy, P. & Lundqvist, J. (1993). Water Supply and Waste Disposal Strategies for Madras. Ambio
22(7), 442-448.
Arabindoo, P. (2009). Falling Apart at the Margins? Neighbourhood Transformations in Peri-Urban
Chennai. Development and Change. 40(5), 879-901.
Arabindoo, P. (2011). Mobilising for Water: Hydro-Politics of Rainwater Harvesting in Chennai.
International Journal of Urban Sustainable Development, 3(1), 106-126.
http://doi.org/10.1080/19463138.2011.582290
Arabindoo, P. (2017). Unprecedented natures? An anatomy of the Chennai floods. City. 21(1), 1-22.
Ariza, P., Galán, E., Serrano, T. & Reyes-García, V. (2007). Water tanks as Ecosystems. Local
Ecosystemic Perception for Integral Management of Water Tanks in Tamil Nadu, South India.
Perifèria, 7, 1-27.
Basu, S. N., (1993). Madras in 1800: Perceiving the City. Studies in the History of Art. 31, Symposium
Papers XV: Urban Form and Meaning in South Asia: The Shaping of Cities from Prehistoric to
Precolonial Times, 221-240.
Basu, R. S. (2008). “Rights over Wastelands” and New Narratives of the Paraiyan Past (1860-1900).
Studies in History. 24(2). 265-293. http://doi.org/10.1177/025764300902400207

18

Bartholomew, J., Bartholomew J. G. (1893). Madras and Environs. In Constable’s Hand Atlas of India.
London: Westminster, Constable. P. 42-43. Ann Arbor: Americana Collection, University of
Michigan. Retrieved from https://archive.org/details/constableshanda00songoog
Bharadwaj, A.K., Pradeep, C., Thirumalaivasan, D., Shankar, C.P., Madhavan, N. (2014).
Morphometric Analysis of Adyar Watershed. IOSR Journal of Mechanical and Civil Engineering,
2(25), 71-77.
Chauhan. O. S. (1995). Monsoon-Induced Temporal Changes in Beach Morphology and Associated
Sediment Dynamics, Central East Coast of India. Journal of Coastal Research, 11(3), 776-787.
CMDA – Chennai Metropolitan Development Authority, (2010). Session – III Water Supply,
Sanitation, Solid Waste Management and Flood Alleviation. Proceedings from Seminars on
Waterways. Chennai: CMDA. Retrieved from
http://www.cmdachennai.gov.in/pdfs/SeminarOnWaterways/5.pdf
Coelho, K. (2016, January 04). Placing the Poor in the Flood Path. Post-Disaster Slum Resettlement in
Chennai. The Caravan. Retrieved from http://www.caravanmagazine.in/vantage/placing-thepoor-in-the-flood-pathpost-disaster-slum-resettlement-in-chennai
Coelho, J. & Kumar Reddy, S. (2004). Making Urban Rainwater Harvesting Sustainable: Lessons
Learned in Chennai, India. Master Thesis International Masters Program Environment,
Technology and Social Studies. Roskilde: Roskilde University.
Coelho, K., & Raman, N. V. (2010). Salvaging and Scapegoating: Slum Eviction on Chennai’s
Waterways. Economic and Political Weekly, XLV(21), 19-23.
Coelho, K., & Raman, N. V. (2013). From the Frying Pan to the Floodplain: Negotiating Land,
Water, and Fire in Chennai’s Development. In Ecologies of Urbanism in India. 144–168.
Hong Kong: Hong Kong University Press.
http://doi.org/10.5790/hongkong/9789888139767.003.0006
Dahiya, B. (2003). Peri-urban Environments and Community Driven Development. Cities, 20(5), 341–
352. http://doi.org/10.1016/S0264-2751(03)00051-9
Digital Globe (2002). Veerangal Odai Area. 12˚ 58’ 52.92’’ N, 80˚ 11’ 35.05’’ E; 12˚ 58’ 01.09’’ N; 80˚
13’ 06.49’’ E. Elevation 1M. In Google Earth Pro. Viewed on 15-12-2016.
Gajendran, V. (2015). The Crisis of Social Reproduction in Resettlement Colonies: A Case Study in
Peri-Urban Chennai, The Planning Research Journal, (Special Issue), selected papers from
South Asia Urban Forum 2015. http://doi.org/10.1177/0975425315619049
Gajendran, V. (2016). Chennai ’s Peri-urban: Accumulation of Capital and Environmental
Exploitation. Environment and Urbanization ASIA, 7(1), 1-19.
Ganesan, M. (2008). The temple tanks of Madras, India: rehabilitation of an ancient technique for
multipurpose water storage. Indian Journal of Science and Technology, 1(7), 1–8.
http://doi.org/10.1017/CBO9781107415324.004
Gupta, A. K., & Nair, S. S. (2011). Urban floods in Bangalore and Chennai: Risk Management
Challenges and Lessons for Sustainable Urban Ecology. Current Science, 100(11), 1638-1645.
Hemalathai, K. (2011, May 07). Excavated Sand Returned to Adyar River. The Times of India. Chennai.
Retrieved from http://timesofindia.indiatimes.com/city/chennai/Excavated-sand-returned-toAdyar-estuary/articleshow/8181851.cms
Housing and Land Rights Network, (2014). Forced to the Fringes: Disasters of ‘Resettlement’ in India.
Report Two: Kannagi Nagar. New Delhi: Housing and Land Rights Network.
Jameson, S., & Baud, I. (2016). Varieties of Knowledge for Assembling an Urban Flood Management
Governance Configuration in Chennai , India. Habitat International, 54, 112–123.
http://doi.org/10.1016/j.habitatint.2015.12.015
Janakarajan, S., Butterworth, J., Moriarty, P. & Batchelor, C. (2007). Strengthened City, Marginalised
Peri-urban Villages: Stakeholder Dialogues for Inclusive Urbanisation in Chennai, India. In

19

Butterworth, J., Ducrot, R., Faysse, N., Janakarajan, S. (2007), Peri-Urban Water Conflicts:
Supporting Dialogue and Negotiation. Delft: IRC.
Janakarajan, S. (2009). Urbanization and peri-urbanization: Aggressive competition and unresolved
conflicts - The case of Chennai city in India. South Asian Water Study. 1(1), 51-76.
Johnston, W., Johnston, A. K. & Hunter, W. W. (1894). Calcutta and environs. Madras and environs.
Bombay and environs. In Atlas of India: containing sixteen maps & complete index. p.15.
Stanford: David Rumsey Map Collection. Retrieved from
http://www.davidrumsey.com/luna/servlet/detail/RUMSEY~8~1~291657~90063182:15-Calcutta,-Madras,Bombay?sort=Pub_List_No_InitialSort%2CPub_Date%2CPub_List_No%2CSeries_No
Jothilakshmy, N., & Malar, R. A. (2010). Inclusive Planning processes and Institutional Mechanisms
for the Urban Poor: Innovations and Lessons Learnt from Different Schemes in Chennai City.
Institute of Town Planners, India Journal, 7(2), 50-62.
Kanthimathi, L. (2016, June 06). Walkway at Velachery Still Incomplete, but Draws Many Visitors. The
Hindu. Chennai. Retrieved from http://www.thehindu.com/features/downtown/Walkway-atVelachery-lake-still-incomplete-but-draws-many-visitors/article14388219.ece
Krishnakumari, B., Deepa, K. & Priya, K.V. (2016). A Review On Impact of land use over Water Bodies
in Chennai. IJETST Review, 3(3), 255-260.
Kumarasamy, S. (2015). Knowledge and Opinion of Farming Community about Irrigation Tanks - A
Study from Tiruvannamalai District of Tamil Nadu State, India. Journal of Water Sustainability,
5(1), 21-30.
Lakshmi, K., (2015, December 07). Understanding Chembarambakkam. The Hindu. Chennai.
Retrieved from http://www.thehindu.com/news/cities/chennai/understandingchembarambakkam/article7956383.ece
Lakshmi, K., (2016, February 01). South Buckingham Polluted. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/south-buckingham-canalpolluted/article8177069.ece
Lopez, A. X. (2014, September 10). Iron fencing to stop Pollution of Canals. The Hindu. Chennai.
Retrieved from http://www.thehindu.com/news/cities/chennai/iron-fencing-to-stoppollution-of-canals/article6395146.ece
Ludden, D. (1979). Patronage and Irrigation in Tamil Nadu. The Indian Economic and Social History
Review, XVI(3), 347-365.
Lavanya, K. (2012). Urban Flood Management - A Case of Chennai City. Architecture Research
2(6): 115-121. DOI:10.5923/j.arch.20120206.01
Madras Area Transportation Study Unit, (1973). Travel forecasts 1981 & justification for M.R.T.S. for
Madras Metropolitan Area : report. Madras: Madras Area Transportation Study Unit.
Manikandan, K. (2012, June 18). Hope Dawns for Velachery Lake. The Hindu. Chennai. Retrieved
from http://www.thehindu.com/news/cities/chennai/hope-dawns-for-velacherylake/article3540274.ece
Metrowater – Chennai Metropolitan Water Supply &Sewerage Board, (no date). Chennai City Water
Supply System Map. Retrieved from http://www.chennaimetrowater.tn.nic.in/img/source.JPG
Ministry of Agriculture, Government of India (no date). SLUSI – Soil and Land Survey of India, Tamil
Nadu, plates 15, 16, 25, 26. Retrieved from
http://agritech.tnau.ac.in/tn_mws_atlas/Plate_Browser.htm
Mosse, D. (1997). The Symbolic Making of a Common Property Resource: History, Ecology and
Locality in a Tank-irrigated Landscape in South India. Development and Change, 28, 467-504.
Mosse, D. (1999). Colonial and Contemporary Ideologies of ‘Community Management’: The Case of
Tank Irrigation Development in South India. Modern Asian Studies, 33(2), 303–338.
20

Mukundan, T. M. (2005). The ery systems of south India. Akash Ganga Trust. Retrieved from
http://www.samanvaya.com/main/contentframes/knowledge/articles/pdfs/ery.pdf
Murali, T. (1994). The Waterways of Madras. Architecture + Design. Sept. Oct. (1994), 78-79.
Narasimhan, B., Bhallamudi, S. M., Mondal, A., Ghosh, S., and Mujumdar, P. (2016). Chennai Floods
2015. A Rapid Assessment. Bangalore: Interdisciplinary Centre for Water Research, Indian
Institute of Science.
Oppili , P., & Lakshmi K. (2013, February 14). Dumping of Debris Poses Threat to Velacherry Lake. The
Hindu. Chennai. Retrieved from http://www.thehindu.com/news/cities/chennai/dumping-ofdebris-poses-threat-to-velachery-lake/article4412162.ece
Packialakshmi, S., Ambujam, N. K., & Mahalingam, S. (2010). Emerging Land Use Changes and Their
Effects on Groundwater: A Study of the Mambakkam Mini Watershed, Southern Suburban
Area of Chennai, India. Journal of Environmental Research and Development, 5(2), 340–349.
Palaniswami, K., Meinzen-Dick, R., Giordano, M., van Koppen, B., & Ranganathan, C. R. (2011). Tank
Performance and Multiple Uses in Tamil Nadu, South India: Comparison of 2 Time Periods
(1996-97 and 2009-10). Irrigation and Drainage Systems. 25(1), 121-134.
doi: http://dx.doi.org/10.1007/s10795-011-9114-1
Patnaik, D. C., & Srihari, P. (2004). Wetlands - A Development Paradox: The Dilemma of South
Chennai, India. SSRN Electronic Journal, 2(July), 1114–1118.
http://doi.org/10.2139/ssrn.591861
Philipi, C. M. (2015, December 14). After Floods, Slum Dwellers Keen to Move from River Banks.
Times of India. Chennai. Retrieved from
http://timesofindia.indiatimes.com/city/chennai/After-floods-slum-dwellers-keen-tomove-from-river-banks/articleshow/50165249.cms
Pratheeba, P. (2011). Optimization for maintenance of water distribution system using stochastic
search algorithms. PhD thesis, Faculty of Engineering. Chennai: Anna University. Retrieved
from http://shodhganga.inflibnet.ac.in/handle/10603/10082?mode=full
Ramesh, N. (2013). A Tank Half Full: Water in the Socio-Ecological Imagination of Chennai.
Dissertation for MSc in Urban Studies. London: UCL.
Ravenshaw, W. (1824). Plan of the town of Madras and its limits, as Surveyed in 1822 for the use of
the Justices in Session. London: British Libray.
Renganayaki, S., & Elango, L. (2013). Assessment of Effect of Recharge from a Check Dam as a
Method of Managed Aquifer Recharge by Hydrogeological Investigations. Environmental Earth
Sciences. 73(9), 5349-5361. doi:10.1007/s12665-014-3790-8.
Roumeau, S., Seifelislam, A., Jameson, S. and Kennedy, L. (2015). Water Governance and
ClimateChange Issues in Chennai. USR 3330 "Savoirs et Mondes Indiens" Working Papers
Series no.8. hal-01144122.
Russell, A. (1898). History of the Buckingham Canal project: with a descriptive account of the canal
and its principal works and a guide to its future maintenance. Madras: Printed by the
Superintendent Govt. Press.
Sakurai T, Palanisami K. 2001. Tank Irrigation Management as a Local Common Property: The Case of
Tamil Nadu, India. Agricultural Economics, 25(2–3), 273–283.
Sampathkumar, T. J., (2005). Telugu Ganga Project: an act of Inter-State Cooperation. The Indian
Journal of Political Science. 66(4), 851-872.
Santha, S. D., (2010), Environmental Management and Disaster Risk Reduction: Re-Imagining Public–
Private Partnerships. Asian Journal of Environmental and Disaster Management. 2-2, 225-243.
doi: 10.3850/S179392402010000244

21

Saravanam, P., and Vennila S. (2015). Drinking Water Safety through Tank Rehabilitation in
Kovilambakkam: a Participatory and GIS Approach. In Vasudevan, S., Ramkumar, T.,
Singhal, R. K., Rajanikanth, A. & Ramesh, G. (2015). Lakes and Wetlands. Gurgaon:
Partridge India.
Shashwath, T. R. (2015, December 17). Relocating Slums: Remedy Worse than Disease. Deccan
Chronicle. Chennai. Retreieved from http://www.deccanchronicle.com/151217/nationcurrent-affairs/article/relocating-slums-remedy-worse-disease
Seenivasan, R. (2016). Judiciary and the Destruction of Chennai’s Wetlands. Economic & Political
Weekly, 13(February), 17–20.
Sekar, S. P., Kanchanamala, S. (2011). An Analysis of Growth Dynamics in Chennai
Metropolitan Area. Institute of Town Planners, India. 8(4), 31-57.
Singer, M. (1971). Beyond Tradition and Modernity in Madras. Comparative Studies in Society and
History. 13(2), 160-195.
Singh, S., (2013). Common lands made “Wastelands” – Making of the “Wastelands” into Common
lands. Working paper presented at the 14th Global Conference of the International Association
for the Study of the Commons. IASC-Commons.
Sivaraman, K. R. (2005). Rainwater Harvesting Structures & Technologies in Different Geo-hydrothermo Regimes & Agro Climatic Zones – a Case Study. Proceedings of the 12th International
Rainwater Catchment Systems Conference "Mainstreaming Rainwater Harvesting" New Delhi,
India - November 2005. Warwick: International Rainwater Catchment Systems Association.
Retrieved from http://eng.warwick.ac.uk/ircsa/pdf/12th/1/Shivarama-KR.pdf
Srikanth, R. (2015, May 09). Decline of Velachery Lak Worries Activists. The Hindu. Chennai.
Retrieved from http://www.thehindu.com/news/cities/chennai/decline-of-velachery-lakeworries-activists/article7186800.ece
Srinivasalu, S., Thangadurai, N., & Switzer, A. D. (2007). Erosion and Sedimentation in Kalpakkam (N
Tamil Nadu , India) from the 26th December 2004 Tsunami. Marine Geology, 240, 65–75.
http://doi.org/10.1016/j.margeo.2007.02.003
Srinivasan, V. (2015). Reimagining the Past – Use of Counterfactual Trajectories in Socio-Hydrological
Modelling: the Case of Chennai, India. Hydrology and Earth System Sciences.19, 785–801.
http://doi.org/10.5194/hess-19-785-2015
Srirangam, S., Forsyth, W. (2012). Culture and Commerce of Chennai City – A Spatial Analysis of the
Relationship between Temples and Retail Activity. Proceedings of the 8th International Space
Syntax Symposium. Santiago de Chile: PUC, 1–27.
Steinbruch, F., & Hörmann G. (2015). Towards Integrated Water Management of Pallikaranai
Wetland in Chennai City, India. IGCS Bulletin, 4(1), 14-18.
Stephen, A., (2016), Natural Disasters: Are They Really Natural? Proceedings from ICSSR Sponsored
National Seminar on Infrastructural Development and Environment: Issues and Challenges, 3440.
Sudhakar, P. (2016). Traditional Knowledge of the Ancient Tamils: Conservation of Sacred Elements.
International Education and Research Journal. 2(9), 1–3.
Suriya, S., & Mudgal, B. V. (2012). Impact of Urbanization on Flooding: The Thirusoolam Subwatershed – a Case Study. Journal of Hydrology, 412–413, 210,219.
http://doi.org/10.1016/j.jhydrol.2011.05.008
Suriya, S. (2014). Effect of land use change on flooding from integrated water resources
management (IWRM) perspective. Ph.D. Thesis, Faculty of Engineering. Chennai: Anna
University. Retrieved from
http://shodhganga.inflibnet.ac.in/bitstream/10603/15820/1/01_title.pdf
22

Survey Office of Madras, (1905). Map of Saidapet Taluk, Chingleput District, Madras. London: British
Library.
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2003, August 18).Proposed Project Will
Serve no Useful Purpose: Welfare assn. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/thehindu/2003/08/18/stories/2003081808840300.htm
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2002, November 20). Encroachments
on Waterways Removed. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/thehindu/2002/11/20/stories/2002112008290300.htm
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2008, May 15). Inner Ring Road
Southern Extension Taking Shape. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/todays-paper/tp-national/tp-tamilnadu/Inner-Ring-Roadsouthern-extension-taking-shape/article15223068.ece
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2010, July 25). South Buckingham
Canal to Be Widened Soon. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/South-Buckingham-Canal-to-be-widenedsoon/article16208893.ece
The Hindu Chennai editorial staff (Special Correspondent, name n/a), (2011, September 04).
Desilting of Water Channels under Way. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/desilting-of-water-channels-underway/article2423375.ece
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2013, May 09). One Lakh Mangroves in
Adyar Creek Soon. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/one-lakh-mangroves-in-adyar-creeksoon/article4696453.ece
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2013b, October 16). Resettlements of
Slums Hinders Flood Control. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/resettlement-of-slums-hinders-floodcontrol/article5237978.ece
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2016, September 17). Caught Between
a Lake and a Marsh. The Hindu. Chennai. Retrieved from
http://www.thehindu.com/news/cities/chennai/resettlement-of-slums-hinders-floodcontrol/article5237978.ece
The Hindu Chennai editorial staff (Staff Reporter, name n/a), (2016b, October 07). Construct
Culverts, Stormwater Drains to Take Rainwater to Veerangal Odai . The Hindu. Chennai.
Retrieved from http://www.thehindu.com/news/cities/chennai/resettlement-of-slumshinders-flood-control/article5237978.ece
Yanagisawa, H. (2008). The Decline of Village Common Lands and Changes in Village Society: South
India, c. 1850-2000. Conservation and Society. 6(4), 293–307.
Vaidyanathan, A., (1992). Strategy for Development of Tank Irrigation. Madras: Madras Institute of
Development Studies.
Vanaja, S. J., & Mudgal, B. V. (2013). Rainfall-runoff Modeling Using Doppler Weather Radar Data for
Adyar Watershed, India, 2012 International SWAT Conference Proceedings, texas Water
Resources Institute, 367-382.
Vasanthakumaran, T., Joseph, R. & Gunaselvam, R., (2012). Chennai: A Rural Metropolis in Search of
Modernity. In Misra, R. P. (ed), Urbanisation in South Asia, Focus on Mega Cities. New Delhi:
Foundation Books, 173-198. DOI: https://doi.org/10.1017/9789382993087.007
Vencatesan, J. (2006). Wastelands: Is It Time to Rethink? Current Science. 91(11), 1454-1455.

23

Vivek - Centre for Public Policy, Indian Institute of Management Bangalore, Bengaluru, Karnataka,
India (2016). Rainwater Harvesting. In Chennai: What Made It Work? IIM Kozhikode Society &
Management Review. 5(1), 91–106.
Washbrook, D. (1973). Country Politics: Madras 1880 to 1930. Modern Asian Studies. 7(3), 475–531.

24

