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ABSTRACT

Bangalore city, fifth largest and fastest growingy dn India, has a decadal population growth of¥39
Geographically Bangalore lies on the Deccan plateawin shadow region. Number of lakes construcitahg the
streams in the undulating topography by the rulefsMysore kingdom and local people for their daitgeds.
Lakes compensated the absence of perennial rivees.present study is carried out by using Geodptithniques by
archived Survey of India maps and Cartosat imagddedelineate the lakes, pace and pattern of thegitetion in the
Bangalore city. The study reveals that the extémtader bodies has declined almost by 17 %, sif®&d due to unplanned
urban sprawl. This loss of lakes has resulted imymaroblems like urban floods, urban heat island dapletion of
groundwater. The few existing lakes became drylupedl by making the situation severe. The obseywaith this paper
helps in establishing a self-sufficient, eco-frisndustainable smart city that conserves lakes.sTiw giving prime

importance to lakes, the water scarcity problemblmmanaged.
KEYWORDS: Geospatial Technigues, Groundwater Recharge, Lakésn Sprawl, Smart City
INTRODUCTION

Lakes have formed by constructing dams along theralavalley system. Height of dam depended omihéerial
used, terrain slope, average rainfall and watewiremment. Depth and area of the lakes were prapmatito the slope of
the region. The lakes are shallower and largerasté&n part of the Bangalore due to the gentleeslofmereas western
part of Bangalore are deeper and smaller due tcstinep slope. Local people maintained the lakethea common

property resource and each one of them enjoyétlits.

Human settlements established after constructionakés in the undulating terrain of nonperennialeri
Many small lakes also constructed on the high giswand near the agricultural fields. Lakes in tigh lgrounds used to
recharge the ground water and reduce the surfawaffrand erosion, also supported farming and animabandry.
Catchment areas of each lake have reserved fostfarel grazing lands at higher altitudes and dewbidettlements.

Rich mineral silts depositions of the lakes haveduss the fertile soil in agricultural fields.

Unplanned urban sprawl, population growth and epooaevelopment have set the stage for environrhanth
social problems in modern cities. Though urbansceer only 3% of the earth’s land surface, teewlogical footprint

is much more extensive (Liu & Lathrop, 2002; MaBdibet Sarvestani, Latif Ibrahim, & Pavlos Kanarag®011; Martin
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10 N. N. Ramaprasad & Priya Narayanan

Herold, Noah, & Keith, 2003; Mehdi Fazelbeygi & Gdmreza Yavari, 2013). Some of the problems astetiwith

urban expansion include climate change (Grimm, €rdRickett, & Redman, 2000), the destruction ofetation and
agricultural lands, air pollution, and the polluti@f surface and underground water sources. Alkaheontribute to
decreasing the quality of life in both urban andhtrgocieties. Widely accepted fact is that urbaowgh in the global scale
continues apace. Simultaneously, it is necessapydtect natural resources (Latif & Sabet Sarvés2009; Mahdi Sabet

Sarvestani et al., 2011).

Industrialization led to alternate employment aaduced the dependency on agriculture and lakegltirgsin
negligence and encroachment of lakes, leading ¢osttarcity of water (Ramesh & Krishnaiah, 2013)ndgdore’s
inorganic growth consistently caused its urban auteamerge with the peripheral rural fringes, efigglthe existing
water-bodies and settlements, as urban villagethi(Ra & Rajesh, 2012). Loss of lakes and vegetatias caused urban
heat islands (Ramachandra & Uttam Kumar, 2013).ifiteeconnectivity that is an important featuretted waterways has
been threatened and even losing its characteridiasy lakes and ponds are lost, and the survildkgs are polluted with

sewage in the process of urbanisation.

Groundwater is not a sustainable resource anynibig.susceptible to the vagaries of rainfall. &eds to be
considered only as a standby resource during $gancdrought. Groundwater table should be allowedevive up to the
unconfined aquifer horizon. Also, there should mat exploitation of groundwater resources beyond GiR4the

corresponding annual groundwater recharge (Heg8eal&ash Chandra, 2012).

Stagnant water bodies have more complex and fragidsystem; they lack the self-cleaning abilitypdeereadily
accumulate high amount of pollutants. Increasetrapbgenic activities in and around the water bodigversely damage
the aquatic ecosystems and ultimately the physemwoatal properties of water (Sripathy, Harish R&anuka, & Thuppil,
2012; K. Upadhyay, Mishra, & Gupta, 2010).

Some lakes lost their lives in malaria eradicapoograms (Tippaiah, 2009). Many lakes lost thefcloment area
as the connecting stormwater drains carry the sewamers and diverted. Stormwater drains are usezrry domestic
wastewater in urban areas. These storm water dnaies diverted as they are polluting the lakesesakecame dry due to
diverted streams and reduced catchment area. Résidaeuildings and urban utilities establishedrgjdhe dry lakes and
the dry portion of the lakes. Loss of lakes anddased impervious surfaces affected low-lying atgaflash floods and
ground water recharge. Ignorance of maintenandaket and lack of agricultural activity nearby lakeas devastated the

lake ecology.

The objective of this research is to create a lditbase, account the loss of lakes within the laityts
Bangalore. Categorise the spatiotemporal transfiiomaof lakes. Classify the lakes based on diffetiemes, using

visual image interpretation techniques.
STUDY AREA

Bangalore, the fifth largest and fastest growinty an India, has a decadal population growth of 3@&ith
87,49,944 populations as per 2011 census). Theag@eainnual rainfall is about 931 mm with 60 raimysl (Source:
Indian Meteorological Department). The city enjaygleasant climate throughout the year. The sunteraperature
ranges from 18° C to 38° C. The winter temperatarges from 12° C to 25° C. The tree-lined avenpasks and

abundant greenery have made Bangalore the "Gardghdf India. Situated at the altitude of 920 fnoze mean sea
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Detection of Decline in the Extent of Lakes in Bargore City using Geospatial Technigues 11

level (Santosh Kr. Singh., 2009; Sudhira, Ramactan®l Bala Subrahmanya, 2007). The study area stmsf a total
geographical area of 742 sg-km. And lies betwe€B4E - 77°48' E longitude and 12°46' N - 13°11abtude, covering
in Survey of India topo sheets 57G/8,12,16, 57H183%n 1:50,000 scale. The location of study aeshown on the

DA

Figure 1: Study Area Bruhat Bangalore Mahanagara Phke

map(Figure 1).

MATERIALS AND METHODS

Survey of India Bangalore guide map surveyed dufi®g0, Survey of India topographic maps of 1:25,000
(1973), Survey of India Bangalore guide map (197@ 4999), Survey of India topographic maps of 1080,
(1998-2000). Base layers generated from the lamdbgraphic satellite imagery from Bhuvan. Primdata collected
with a handheld GPS during field visits were intdgd to geodatabase. Remote sensing, and GlSdgtamsively used
techniques for mapping urban areas. And they aeestairces for the analysis and modelling of uidraath and land use
change (Clarke, Parks, & Crane, 2002; Donnay, Beyng: Longley, 2001; Herold, Goldstein, & Clark2)03; Jensen &
Cowen, 1999).

Visual interpretation techniques make use of theekent ability (Lillesand & Kiefer, 2002; Sudhe&rPanda,
2000). Latest cartographic satellite image avadlaish Bhuvan website has used to create a lake atatatf 2012 by
applying the visual interpretation technique. Thege interpretation has done manually to creatka tlatabase. The
image interpretation has done on the basis of shsipe, pattern, tone, texture, shadows, site asbcation. Geo-
referencing of acquired topographical maps, guidg@srand remote sensing data with UTM coordinateesy®f world
geodetic system 1984 datum. Accuracy assessment ntede with field visits and revering Google Earth
(http://earth.google.com). The extent of the laké<2012 has compared to the previous years Lakenext Overlay
analysis was used to determine spatial differenties.lakes have classified on the basis catchmreat &ccounting lake
transformations by identifying the structures pnése existing place of lost lakes. The loss antbexof encroachments

of lakes are measured temporally.
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RESULTS AND DISCUSSIONS

The extent of lakes has been delineated usingahieus data sources from 1960 to 2012 (Figure Bg. [6ss of

lakes due to urban transformations are presentttbitable (Table 1).

Table 1: Loss of Lakes from 1960 — 2012

Agricultural | 9 | 17153] 42 2 1868] 04 15 22092 |1 7  8%5 | 3.3
Industrial 11 | 17983 44 4| 1171p 24 18 1732k8 |5 5 7758 | 3.4
Open area 21| 32711 d 15 64121 13 160 650693 |19  |246297® | 24
gﬂ'fnﬁ Playl 16 | 63113 15| 5 | 27532 55 19| 523409 16 14 536514 |49
Residential | 130| 272838 66 40 372008 7 244 1547238 | 23 | 131410 12
Utility 4 7521 | 1.8| 4 7781| 1.6 34| 348547 10 7 946018.6
Forest - - - - ; - 5 | 152196 4 ; - ]
Total 185 | 411314 100 70| 485022 1p0 492 3417403 |1080 | 1099110 100
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Figure 2: Distribution Pattern of Lakes in Bangalore City
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1960-197 3 1973-1979 1979-1598 1998-2012

Figure 3: Loss of Lakes from 1960-2012
Table 2: Encroachment of Lakes from 1960 — 2012

No. of lakes Area
1960-1973 38 102198¢
1973-1979 29 785631
1979-1998 52 1726134
1998-2012 41 900799
Total 159 4183560
1960-1973 1973-1879 1979-1998 1998-2012

Figure 4: Encroachment of Lakes from 1960-2012

Man has created lakes for his survival in the negiof non-perennial rivers. As and when the demaackased
the new and larger dams have built to ensure umugted water supply, ignoring the small and seakdakes.
Technological growth facilitated to bring far awamgiter resources. Unplanned cities growth lead tus@ and destruction
of local resources, loss of ecology, and dependemcdistant resources such urban growths are tiesidéicient and
sustainable.

During the period from 1960 to 1973, the Bangalditg became the capital of Karnataka. Many admiatste
buildings and major public sector industries sushB&L, BEML, ITI, HMT have established. Well befol®60 the
Bangalore had textile industries like Binny MillaRakumar Mills. Trading of Cloths was one of thadieg businesses
during this time. Urge to land for the residenpalrposes of migrated employees increased and meaohroent areas,
lakes have converted to residential layout. Trartspetwork was in its infant stage with limited,rr@w roads and fewer
vehicles than compared to the present state ofraffiongas and bullock carts have used to transpoods and
passengers. People liked to establish themseluwbe imicinity of their working regions. Supply addmand for perishable
goods have met by the marginal agricultural fietdthe Bangalore city. Agricultural fields, the \etgble gardens and the
number of lakes formed by a genuine sense of gasigiand pensioner’s paradise during this timesi&ential areas like
Rajainagar, Malleshwaram, Chamarajpet, Ulsoor, Town and the city limit was around four kms in wzliduring this

period the low-lying grasslands / floodplains waer®ccupied.
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Figure 5: New Lakes 1973-1979

During the period from 1973 to 1979, the industpedduction increased and with a large number dlisstale
industries developed which supplied by productsiégor industries. Industrial labour force incregsetl the construction
of small housing societies and houses for theseulans also increased. Migrated people worked @ustries and
construction disciplines. Land value during thimdi was also low; people began settling down pernthneMany large
layouts have developed by converting agricultufaldé and lakes with higher dimensional sites ie thayanagar,
Sadashivanagr and Koramangala layouts. No signifitaprovement in the transport has seen during tihie, and the
supply and demand of perishable goods have mdtéynarginal agricultural fields in the Bangalorgy.cNo fallow lands
have left; the policies like uluvvanige bumi (owslep of land for one who ploughs) and conversionGafmala
(grasslands) to agricultural fields have made #ienérs cultivate their land. Two hundred seveniyeresmall lakes and
many open wells have built to support the farmiotvities (Figure 5). During this period, the deygent resembled
Von Thunen model of agricultural land use theorgl{&t, Ernest, & Roderick, 1925). Sustainable ghoeftthe city took
place in all round developments with agriculturatiandustrial having giving equal importance. Fio®a has supplied

from the nearby forests for cooking purposes duitiig time.

Whereas during 1979-1998, much of the transponvart has risen for the industrial supplies. Growath
educational institutions took place. Power prodirctincreased, and the loss of forests affectedfublvood supply.
Hence, people switched to better alternative flikdsKerosene and LPG for cooking. Era of using&le appliances like
the motor pumps in all spheres of agriculture, detineand industrial fields commenced. During thisripd, a
comprehensive city development plan has implemerRedions reserved for forest and farming as gbsdthand yellow
belt for void of development and many satellite newike Yelahanka, Kengeri and White Field haveeligyed beyond
the city limits. Low lying areas floodplains, grisws, have occupied by slums and other low-incbmgsing colonies
giving accommodation for the migratory people. Baedls that occupied little spaces replaced thditicmal wells. Over
exploitation of ground water, led to nearby lakesl @pen wells dry. Dry lakes have transformed igither housing
layouts or other urban utilities. Dry portion larlgdes have encroached. Sequentially many lakes st one by one

creating a hydrological drought. Increase in impars surfaces resulted in faster runoff, causingdk in low-lying areas.

Subsequently during 1998-2012, number of softwamd hiotechnological industries established with the
emerging outcome of young scientists, from biosméerengineering colleges. Revolution of Informatiecthnology and
computer fields with lucrative salaries attractegingn software industries to establish here. Comifbetalimatic condition
with many of pull factors like education, healthdaemployment opportunities helped to create théldose industries.
Bangalore became the “Silicon City of India”. Unmteed residential layouts developed earlier withspace for civic
amenities spaces, demanded the transformationycdirtt polluted perennial lakes. As a result, 48@%ost lakes have

converted to parks and playgrounds during this time
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In the mean time transport networks improved. Mang roads and peripheral roads connecting thdlisate
towns and industrial hubs have built. Growth of tiy took place in the regions reserved for forast agriculture
purpose (green and yellow belt areas). City’'s ghowas much on the periphery of main roads, in esttio the interior
regions. Increased transport network facilitatedged the perishable goods from far away countrésld storage
technologies preserved perishable goods for a fopgeod. Many malls have built giving a sense e tosmopolitan
city. Vertical growth of the city has initiated dog this time. Many community living areas haveraotuced rainwater
harvesting strategies for conservation of watermuianeously with global awareness, Medias suppamt
nongovernmental organisation like the Environmepp®rt group, Ashoka Tree and courts helped toepta few lakes
to restore. Lake Development Authority has esthblils to protect and improve the status of lakesed lakes have leased
out to develop and operate to private companiestHauact has subsequently criticised for hiring d@mmon property
resource. Developments made by the leaseholdere wet up to the mark. Many lakes have protectednfro
encroachments, parks, and playgrounds have bubiaoks, dams have stoned; beds were the siltedtand water drains
(locally called as Raja Caluves) have restoredslaidorest affected the traditional brick induss;i which used to desilt
the lakes regularly. Demolition and reconstructiérold houses built while 1960’s has increaseddimeping of building

materials in the lake bed region.
CURRENT SCENARIO OF LAKES

Rapid urbanisation has transformed many lakes unban utilities. Approximately two hundred and tjrione
lakes are present in the Bangalore City (BBMP ak® to the large number of lakes were built byeatars in this
undulating topography. Lakes still exist even aftemy of their transformation. Around fifty-sevexkés, i.e., 8% of lakes
area have become thoroughly dry, affecting thecatitiral activities. Lakes became dry due to lofscannecting
stormwater drains, over exploitation of ground watethese areas, reduced capacity to store ragmvehte to siltation,
increased recharge and evapotranspiration. Many lest dry lakes pose a threat of flooding in loiny areas, recharge
of groundwater and stabilising microclimate. Apgroately one hundred seventy-fours perennial lakesering 92% of
total lakes area, exists in Bangalore city (BBMEBadr There are many large lakes, only a few lakeblaoor; Sankey
Tank and Hebbal lakes have used for amusement gespdost of the lakes water has polluted makinmguitable for
domestic use. Nutrient discharge of domestic waatiews causing the lakes to eutrophicate, deciieadissolved oxygen
level, affecting the aquatic life and lake ecolo@equential degradation of quality of lake waterdsulting in its
transformation to urban utilities. Polluted Laketerais recharging the groundwater and contaminatingake water in
fringe areas has still used for irrigation; fishiagd washing of cattle. Lakes also contributedeigutating the climatic

condition by balancing the humidity. Many migratdwiyds arrive here during the November month.

Bangalore has only four sewage treatment plantsttair geographical location is not in a commagdnsition
with respect to lakes. Most of the lakes are seviedethe storm water drains have used to carreated sewage waters.
Twenty-four lakes covering 25 % of the total lakeaahave rejuvenated by desilting, constructingstbee walls, creating
artificial islands for the birds and habitats. @fithis, state of eight lakes has not improved eafer restoration as the
untreated sewage water has expelled into the |&@=sd and railway networks divided seven lakesobtitese two lakes
have lost the storm water connection and become Sinaller portion of the isolated lakes dried upyeand became
extinct in due course. Smaller portions of lakegehignored as maintaining it becomes a costly affeiree lakes in the

catchment area of agriculture area are gettingitiheeated water and eutrophicated. Thirty-five takethe catchment area
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of semi-urban area are eutrophicated by receiviagihtreated water. Lakes under the semi-urbaarater massive threat
as the underground sewer line does not exist isetlageas, and the open drainages have used talwampmestic waste
water, leading to the lakes. Twenty-six lakes ia tatchment area of urban have eutrophicated byatet water from

residences and industries flowing in the storm weteins.
CLASSIFICATION BASED ON CATCHMENT AREAS

Table 3: Catchment Area of Lakes

No of lakes | Lake areain Sgm [ %
Agriculture 47 3831891 13
Forest 6 234566 1
Open area 15 432832 2
Semi urban 99 13317339 46
Urban 64 11039755 38
Total 231 28856383 100
50
45
40
35
30
25
20
15
10
5
0 : — | || | | |
Agriculture Forest Open area Semi urban Urban

Figure 6: Catchment Areas of Lakes in Percentage

Lakes have constructed by sparing the catchmenthéoforest, grasslands and open areas. PreShtlyf such
lakes exist in the urbanized environment. Lossatfltment has greatly influenced by the qualityngiuit water to lakes.
Loss of vegetation and grassland has increasesbtherosion and silting, increased imperviousates in the urban areas
have reduced the infiltration and aquifer rechaggifaster run off on the impervious surfaces almabed the dams of
the lakes. Proper planning has to be adopted toppte tertiary treated water to dry lakes. Incnegghe number of
sewage treatment plants would be the need of the filhe large scale fish mortality in Sankey Tamikiine 1995 owing
to falling in Dissolved Oxygen levels consideraliya few locations (due to sewage let into the Jatesulting in
asphyxiation are the example of the damage todakéogy (Benjamin et al., 1996). Installation ofaters in all the lakes
would save the lakes to restore the lake ecologysfitkhar Rao, 2009). Constructions of silt arresaethe entry point of
each lake would reduce the cost of lake maintena@oastruction of sluice to drain off the stagnastter and replace
with recycled/fresh water saves the lake from piauby keeping the lake alive. Utilization of laken urban areas for
recreation and amusement purposes, along with qublareness programs brings awareness among péeople
understanding the importance of lakes in urban likck of maintenance of lakes took place whenridfets of common
property resources have been taken over by thergment, and the bureaucratic system showed ncesttér preserving

it as they had no relation with it. Maintenancdaides to be handed over to local people along thighresource rights.
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Land cover modifications alter the watershed hyalygland affect both, surface and subsurface waidieb.
These changes have seen in a decrease of foréstath buffer and wetland areas that provide cap#aitretention and
purification (R. Upadhyay, Pandey, & Upadhyay, 201Bhe impacts of urbanisation include reducedIthafion,
increased surface runoff, higher peak discharggre@ams, shorter travel time, and more severe taolidoads influencing
both surface water quantity and quality (Batty &wés, 2001; Limin Yang, George Xian, Jacqueline, gaB Deal, 2003;
Mackinder, 1904). Rainwater harvesting in lost lakeas and all open areas should be made mand&eparate pipelines
should be laid to carry the untreated waters. Rattm of storm water drains should be on top jisicaand restrict its use
for storm waters only. All the new layouts mustem® space for civic amenity. Banning of piecendmlelopment of
small residential plots as it is a threat to susthie growth, and the Government should take tsporsibility of
developing the residential zones. Protection oésaky leaving a space of 30 m surrounding the lakesstorm water
drains. Catchment areas should be Exclusive a#dc&dr the public purpose such as Government Qff@ehools;
Hospitals with at least 80% free space so thatncleater can fetch the lake. Supporting technoldgimaovations to
reduce the runoff and increase the infiltration Blobe encouraged. Adoption of water conservatioficies like
innovative and practical use of treated water lis@heres is must for Bangalore. Development ofothiddle order towns

reduces the force per unit area along the existioggded city of Bangalore.
CONCLUSIONS

The study investigated the extent of urban watelidwin Bangalore city has shown a decreasinitg igpatial
extent by 17 % from 1960 to 2012. The multidimenaioutilities of lakes like groundwater rechargalamcing the
humidity, water reservoir, potential flood contssll helps in conservation of all the dry lakes $otleey have the high
ground recharging capacity. Recreational activiiesund the lakes like pedal boating and other msperts must be
encouraged. Lakes are the only sole source of viatdre regions dendritic drainage system. Pratectif Lakes has a
long-term advantage with respect to groundwateharge apart from stabilizing the micro climate oban regions and
reducing floods in low-lying areas. The study desimtes that use of GIS and Remote Sensing teatibalps in

analyzing the problems, for Decision Support Sysiehimplement the policies.
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