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The aim of this study is to identifythe impending urbanization-led land-use anc
land-cover (LULC) change of Dhaka Eastern Region (DER) and assessing its in
on surface runoff. Remotely sensed image data and proposed lanse plans fol
DERIis analyzed and mappedn this study to detect the changes of LULC. A fas
pace of land transformation was observedluring 2016-17 from unpaved to the
paved surface.Four postdeveloped LULC scenarios were predicted from tt
classified Landsat imagery 0f2016-17 with increasing imperviousness. Runo
was estimated by SCSCN method integrating RS and GlSools. LULC change
according to land cover classes were assimilated with the hydrologic soil grou
and then runoff depths were estimated for annual rainfall events in DER. lekthe
slower trend of urbanization, areaweighted 6 Ualso increased slowly during
2016-17 but followed a moderate leap in RDP and scenarib. However,6 (
dropped in scenario-2 mainly due tothe change in landcover by infilling of highly
permeable hydmlogic soils. Predicted scenarie8 and 4 resulted in higherd (
respectively because of increasing imperviousness ibULC Higherd Oresulted in

higher runoff and more drainage requirements. RDP scenario or the predict
scenaric-1 with 6 Oy tis potentially a viable LULC option for DER by 2035 ar
beyond that may cause more tharo 1 Ho v 11 Funoff comparing to the
representative 2010 LULC condition.

© 2020 MIJSTAIl rights reserved

1. INTRODUCTION

Urbanization a continuous development phenomenon acro

Kalam, 2009). Dhakaentric development has made the
Scapital a fasgrowing megacity and a hub of urban
the globe is physicallgausinga chang in the landuse and ggglomeration. Increased economic activity in Dhaka is

. o . continuing ruralurban migration and putting pressure on the
land-cover (LULC) of countries and cities with more city's limited land, degradir

g?(?aeévz;(?lgiaggnpgy IZ ?] dsggfa(e:?séit L?unrg:rtg?r? aﬂlil:kr)];]ngalrseathsrban services (Zamaet al, 2010). As land is getting scarce
and land coveris the resﬁlt ofythatland-use lannin in central Dhaka, peripheral land inclusion as per DAP
Residential areas constituaenajor part of urban Ignd useg .in (Detailed Area Plan) by Raj_d hani Unnoyon Kartipakkha
any city. Urbanization turns out to be paradoxical When(RA‘]UK) makes a New provision for greater Dhaka, named
urban dévelo | ) . s Dhaka Metropolitan Region (DMR) (RAJUK, 2015).

pment goals attempt to ignore environmental
sustainability. Unplanned urban spatial growth with poor toThe primae city Dhaka with an area of 368 square km has
no concerng@bout theenvironment is increasingly miaed in  the population density around 45,700 people per square
the lower-middleincome countries where the pace of kilometer, making Dhaka the most densely populated city in
urbanization is the fastestThe impact of unplanned the world (Demographia, 2017). Recent Dhaka Structure
urbanizationon the city environment upsets the ecological Plan(DSP)201635 provides dong-term drategic direction
factors and leads ta gradual degradation of lifsupport for an environmentally sustainable and livable greater Dhaka
systems including air, wer, and land (Mashreque, 2009). city with the key focus orthe urban development of DMR

. : T . . for 20 years (RAJUK, 2015). DMR is geographicall
Since mdt_epende_nce, Dhaka city is growing both .hor'zonta”%xtendegto Dhéka City and )comprised 0? si?( rrc)agionsy
and vertically in an unplanned manner without anypresented inFigure 1

systematic and effective lantge planning (Nahrin, 2008;
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2015; USDA 1972). This is a widely used hydrological
model for estimating direct runoff from the relationships
between rainfall, landises ad hydrologic soil groups
Dhata (Harboret al, 2006; Gtika & Ranjan, 2014). Thé 0is a
Northern dimensionlessndex anda design tool that represents the
) runoff potential of watershédrainage ardhasin/
agricultural fields relying principally on hydrologic soil
Dhaka el group (HSG), LULC, land treatment, hydrologic conditions
Western j and antecedent moisture condition (AMC) (USDA, 1986;
Region USDA, 1989).An example ofthe LULC change study by
integrating RS, GIS and Otechnology was irthe Jobaru
, River basin of JapanThe study identified theahduse
Dhaka . & % changes during 1948, 1978nd 2005with an increase in
Central > e urban area and forestry, a decrease in agricultural and barren
" ' lands, while water and others remained relatively unchanged.
The averag® Udecreased for the whole Jobaru River basin
which implied a decrease in overall runoff potential
(Sumarauw& Ohgushi, 2012).

Effective landuse planning with due concerns to
hydrogeological aspects can reduce runoff, ensure better
drainage and enhance growater recharge potentiality
(Harbor, 1994).This study attemptsto evaluate the LULC
changes of DER from préeveloped (2010) to post
developed context (2035 and beyond) to broadly classify the
LULC changes in terms of pavednd unpavedsurface
including water bodiesAlongside the studyalso intendgo
LULC change of DMR is particulaylnoticeable irnthecase provide a general hydimgical forecasting due to LULC

of change of Dhaka Central Region or core city Dhaka duénduced impacts orhe potential surfacerun-off of DER

to itsunplanned spatial growth and increased imperviousnessnsidering theseasonality of soil moistureFinally, the

over the years without much consideration to urbarmmost likely LULC changealong withd Ois ascertainedor
development control tools relatirig developmentntensity  DER that may sustain hydrological balance

and density.Limited unpaved surface in central Dhaka is

making the city waterlogged duringnonsoonbecause of 2. LOCATIONAND HYDROGEOLOGICAL SETTINGF
intense rainfall and watestressed during pmmonsoon due STUDY AREA
to overextraction of groundwater(Shamsudduhaet al,  The location and important details of the hydrogeological
2011 Akhter et al, 2009).Urgent focus is needed in the setting of the study areaeappended below.

ongoing urban development initiatives and activities of DER )

which is very close to core city Dhaka and awaiting”- Location of Study Area

significant urban growth ithenear future. The study area (Figure 2involves the eastern region of
greater Dhaka as per RDP. It is just on the eastern side of core

Remote Sensing RS and Geographial Information  city Dhaka and beside the eastern fringe area. It is selected
Systems GIS) arenow widely used to study LULC change pecause of its impending urban development activities and
due to urbanizationintegration of RS and Gl$rovides |ikely to have a major change of existing LULCrdm
valuable information on the muittmporal data on the agricultural to urlinized aresby 2035. As per DSR01635,
processes and patterns of LULC change including mappingyER is planned to accommodate partly the population
analyzing and monitoring the trend of laodver change pressure of central Dhaka (RAJUK, 2015). Significant urban
dynamics (Shalaby& Tateishi, 2007; Ram& Kolarkar,  growth by RAJUK and others are waitifay implementation.
1993).While considering tb case othe capital city Dhaka, |t is situated betwen¢ ot ¢ th ¢ T@)North latitude and

the LULC change study is limited to coréycDhaka and the ¢y 1) pt$ o Tid X Bast longitude on the eastern side of core
fringe area. One of the studiessessethe LULC changes ity Dhaka. Given the area allocation of DMR, DER occupies
and urban expansion dynamicstloé entire central region of p B Pof the total DMR area with approximatety p& ysq
Dhaka using RS data in conjunction with iseeconomic  m. (RAJUK, 2015). It is bounded by part of Kaliganj
variables(Dewanet al, 2009) Upazila of Gazipur district othe northern side and Rupgan;

Thereis no study so far on Dhaka Eastern Region (DER}JpaziIa of Narayanganjistrict on the southern side including
that identifies and predicts LULC change and its impact ot Part of Tarabo and Rupshi area of Narayanganj Sadar
surface runoff using Soil Conservation ServicgsCS) -  Upazila (JICA& DTCA, 2016).

Curve Numberd 0) method The integratiorof GISand RS B, Existing LULCand Topography

technology inthe SCSCN model is increasingly used by The study area, DER is closely a riverine basin of the river
many researchers nowadays (Rajbanshi, 200®.SCSCN  ghjtalakkhya and Balu except for the raised middle portion of
method developed by Soil Conservation Service (SCS) ahe area. It is predominantly an agricultural area and
the l_J_nited States Department_of Agriculture (USDA) is angccupying more thay Tt f the entire region. The existing
emprical approach to quantify runoff of a watershed,pjt-up area (mainly residential) occupies less {ham fof
agricultural fields or area from rainfall events (Ahm&dal,  ihe total area. Water bodies comprised of less ghantef the

Region

Dhaka
Southern
Region

Figure 1: Dhaka Metropolitan Region (DMR) an&tudy Area:
Dhaka Eastern Region (DER) (RAJUK, 2015)
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total area is also used for agriculture during dng season e
(JICA & DTCA, 2016). The LULC of the study area is a mix §
of agriculture,vegetation, treeovered land, bare land, sand
filled land, and builup area. The land adjacent to the river
Shitalakkhya dominantly comprises of agricultural land. The
land enclosed within the two rivers on the southern part i
comparatively low lying han the northern part with bunded
agriculture, bare and saffiled land. Few lowlying areas
have been observed with seasonal water within the agricultur
land. From the field investigation together with recent satellite
imagery i.e., Google earth andrdsat (2016) infers that the
mid-portion of DER is transformed from agricultural land to
residential land with urban development activities such a
grading of existing lands and sanfiling of the low lying
areas. Purbachal New Town (PNT), the largesaminrowth

DEM of DER

RN
AN

by RAJUK is also located in this region. Areas planned fol : Legend
residential development are expected to have an avera

elevation of PWD (Public Works Department) reference leve DEM

of x® to & . Other areas are generally low, flat, fertile, and Value
flood-prone and the elevation varies framnto p ometers s

above sea level (JIC& DTCA, 2016). Figure 3 shows the
Digital Elevation Model (DEM) from SRTM data before
urban development which signifies higher elevation in PN1
areas and lower in Jolshiri and areasite the rivers.

s
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Figure 3: Digital Elevation Model (DEM) of DER

Kaliganj (SRTM DEM Landsat Imadgata of 2010
ol C. Climate
Study Area( Y Like the oth_er parts of the country, Dhaka has a tropical
DER . £ monsoon climate (Hoquet al, 2007) and can be broadly
<7, L classified into three seasofseMonsoon, Monsoon and Post
Rupganj Monsoon or Dry Season (Sultana, 2009). Monsoon is

\ considered to begin from June till September and- non
>PNT 4 monsoon from October to May with some variations (JECA
L ¥ DTCA, 2015). The humid climatic condition is characterized
0 - by shot cool winters and long hot summers with high relative
TS Lo, humidity and low active wind speed (Sultana, 2009). Dhaka
RiverBa ", shitatakhhva * has an annual precipitation @i o ¢t Tt dr &, and about
A _ rapageaya Y 1t lf which is concentrated during the monsoon season
Tarabo from June to September (A & DTCA, 2015). The
\ N - temperature varies from I in January and @ in August
with an annual average temperature alo.

‘ 5 D. Geologyof DER
TIN5, : ;! The natural geological settings of DMR is linked with the
s i 14 i GangesBrahmaputraMeghna (GBM) river system (locally
known as PadmaamunaMeghna river system) by the
- ) . ) ; interconnecting streams and retention basins (Haxjual,
Figure 2: Location ofStl(Jlgx‘,]AL:?(?.zlgrigl;a Eastern Region (DER) 2007, Shamsuddulet al, 2011). It & situated in the central
part of Bangladesh comprises of an older flood plain having
Elevation beside the river Shitalakkhya and Balu is generallyelatively flat terrain conditionwith few depressions. Four
low. Few abandon channels also characterize the area beifigers—the Buriganga, Turag, Balu and Tongi Khal (canal)
modified by human interaction as well as agriculturalform the area borders of Dhaka Central Region; admiver
practice. Most of the water bodies are being used fogalu forms the western boundary aihe iver Shitalakkhya
fisheries or seasonal cultivation. As the road network is ndbrms part of the eastern boundasf DER. In general, these
fully developed, the industrialevelopment covers less than |ocal rivers feed the flood plains and marshy lands in and
o pbof the total area and mostly concentrates by the riversidground Dhaka city (Hoquet al, 2007). The generalized
of Balu and the Shitalakkhya, and Bhulta area (JI€A surface gelogy of the study area is formed by the Holocene
DTCA, 2016). The slope of the study area varies withia  deposits of alluvial sand, marsh clay and peat, alluvial silt
o bthat may have a trivial influence on runoff. including Modhupur clay residuur@ICA & DTCA, 2015)

"l- -

" i

“1',-',.{!"’}‘5'“"‘ L7

MIJSTVol. 08, June 2020 37



M I] ST Huget al: Land-Use and LandCover Change
in Dhaka Eastern Region and Its Impact on Surface Fdin

and the Pleistocene deposits of alluvial silt and Modhupur clagtudy area mainly consists of clay andyuag as mixed clay,
(Hoqueet al, 2007; Shamsutlihaet al, 2011). clay loam, silty clay and silty clay loam. The classified soil
depth mostly varies betweem#® 1t0 p& @ . However,
F]opsoil depth extends below more tha®) @@ in the mid-
Portion and north of the study are@he permeability is
classified as mixed rapid(x® & a7Q), moderate ¢&
X® a afQ@) and slow p& o&d a¥Q@) (BARC, 1988.
However, urban development activitieare continually
changing the soil profilatthestudy area.

Somewestern part ofthe studyarea lordered byriver Balu
has three distinct surface deposits: Floodplain and Hig
Floodplains of Holocene age and the Madhupur clay o
Pleistocene agdHoque et al, 2007) A comprehensive
geological and geotechnical investigatiom the Jolshiri
Housing Projectarea within DERto determine subsurface
geology using by Standaréenetration Test (SPT) in 2014
confirmed that the project area is shielded with mostly fluvial

deposits. i.e., flood plains of Holocene age and the surfack METHODOLOGY

deposits are the input of sediments frothe iver  Thestudy involvedive different sets of data: Thematic maps,
Shitalakkhya. The remnant portion is the gully of ModhupurGeospatial data, Satellite data, Hydrological data, and
terrace that might have been originated due to the dissection @éological dataLULC change analysis requirdde data of

the uplifted Modhupur terrace. The adjacent low land of théhematic maps DEM, elevation, Landsatmage. Runoff
area contains recent flood plain deposits. analysis involvedslopeof the areadrainaye/stream network,
topsoil texturesoil depthsoil permeability and daily rainfall
data ad lithological sequencefahe study areaTable 1
illustrates the details of data requirengemcluding the
sources of data.

The lithology of the area awsists of clay, silty clay, organic
clay with iron concentrations and organic materiRisddish
brown, yellowishtbrown, grey colours with mottling are
prominent in the clays (DU, 20140)he topsoil texture of the

Table 1
Data Requirement of the Study

Data Types Details of Data Source of Data

Rajdhani Unnayan Kartripakkha (RAJUK), Dhaka Structure
DAP (2010) of DMDP and RDP Survey 2013 Plan 2016-35, Japarinternational Cooperation Agency (JICA)

Thematic Maps Land-use Planning of Purbachol New Town (PNT) Project RAJUK

Land-use Planning of Jolshiri Housing Project Jolshiri Abashon Authority
Surface Geology Geological Survey of Bangladesh (GSB)
Soil Classification Soil Resource Development Institute (SRDI)
Geospatial Data Top Soil Texture, Soil Depth, Soil Permeability Bangladesh Agricultural Research Council (BARC)
SRTM DEM USGS (SRTM Global DEM)
Satellite Data Landsat Image of 2010, 2012, and 20163(T& resolution) USGS, NASA
Sentinel 2A Image of 2017(p 1@ resolution) European Space Agency (ESA)

Bangladesh Water Development Board (BWDB) and

Hydrological Data  Daily, Monthly and Annual Rainfall (19952015) Bangladesh Megorological Department (BMD)

BWDB, Department of Public Health Engineering (DPHE) and

Geological Data Lithological Sequence (Bordog) Geological Investigation Report of Jolshiri Housing Project,
2014

A. Categorization of LULC for the Study B. Application of RS and GIS in LULC Change

To simplify the different details othe LULC plan of DER Detection

and mark the changes easily from mapping, three broadS and GIS were used to study LULC change due to
categories of LULC have been taken into considerationurbanizationDEM was used to identify the original landscape
These are: and also to specifically locate tHew-lying areas that are
either sandfilled or underwent some changes within the study
area. ArcGIS with its several buift functions was used to
turn the DEM into a devative map of slope and drainage
'network. Landsab (TM) of 2010, Landsak (ETM+) of
e5012, and Landsat 8 (OLI/TIRS) of 2016 and Senti#fel
(MSI) of 2017 were selected as the remotely sensed image
data for the studyCollected Landsat images and DEM were
gecreferenced according to the geographic coordinate system
(GCS_WGS_1984). Geographic coordinate systems indicate
land, and open space. , location using longitude and latitude based on a sphere (or
T Waterbody: Means any surface water bodich  gnhergid) while projected coordinate systems use X and Y

includes rivers, lake, canals, pond and/or anaseq on a plandhe pojectedcoordinate system used for
surface water bgdwithin the geographic boundary. s study is WGS 1984 UTM_Zone 45N which is

1 Paved Meansimperviousness caused by structural
(built-up) development which includes all
residential, industrial, commercial, settlements
services, roads, or any other mixed urban, and oth
urban development and structuretbasurface.

1 Unpaved: Means pervious stacethatincludes all
agricultural land, crop fields, fallow lands, low
height vegetation, tree cover, bare soil or filled
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applicableto BangladeshTable 2 shows the data acquisition structural density Following four predicted scenarios were

date including polygon path and row. developed througkhe conversion of identified lanrdover of
Table 2 existing 20162017condition:

Landsat and SentineRA Image Acquisition Date and 1 Predicted Scenariel: Conversion of Identified

PolygonPath/Row Treecovered Land for Urban Developmentith

N ¢ L Bmperviousness.
Acquisi Polygon

Satellite Sensor tion path / Resolution 7 Predicted Scenarie2: Conversion of Identified
Date Row Agricultural Lands for Urban Developmentith
_ ¢ L Bmperviousness.
Sentinet2A Mssrjéx;:fl_ 0210F1e;b, i p T 1 Predicted Scenarie3: Conyersion of Identified
Imager) both Tree-coveral and Agricultural Land for Urban
Development withp u Bmperviousness
Operational | Predicted Scenarie4: Conversion of Identified
I;Zgir both Treecovered and Agricultural Land for Urban
(OLl)and 16 Feb, ) Development withp v Bmperviousness
Landsat8 Thermal 2016 137/44 o TU ' .
Infrared C. SCSCN Method for RunoffEstimation
Sensor Runoff is one of the important hydrologic variables used in
(TIRS) water resources applications and management planning
(Amutha& Porchelvan, 2009Humaninduced LULC change
Enhanced 137/ 43 is very commonthat caugs a significant impact on the
Landsat7 ,\Tﬁhemat'c 13 Feb, and o hydrologic system (Bhaduret al., 2000). The SCEN
apper + 2012 . .
(ETM+) 137/44 method is now used as the method for computing peak runoff
rates and volumes for Urban Hydrology (USDA, 1986) and
Thematic 30 Jan  137/43 alsol for the arlgsis of land use changes, i.arba.nization or
Landsat5 l\/l(::;ll_rli/ﬁ))er 2010 13a7r}i4 o T low impact development of urban areas (Banatid, 2019.

i. Application of Soil Conservation Service (SCB-

_ _ _ o Curve Number ( gdl) Method for Runoff
For this particular studya supervised classification method Computation
has been used. Focal analysis has been performed for Hge g 0 parameter can represent LULC changes tredr
Landsat 7 ETM+ (2012) to remove the black stripes arounﬁlnpact on surface runoff (Sumaraus Ohgushi, 2012;
the imageThe geometricorrection was performed on all the \jajesse& Shih. 2002: Harbor 1994Runoff estimétion by'
images using a Landsat TM image of the samefeo@a2010 5 5method with several years of daily rainfall data provides
as reference. The atmospheric effect of the imageries wag, initial or general estimate of the impact of LULC change
corrected following LépeBerranoet a_I. (2016). Training g, longterm annual or seasonalverage runoff depths
polygons were drawn covering the pixels havihg same (arhor, 1994) Although the rethod isthe timeconsuming
landruse. To train a single langse class, 30 polygons were 4nqerrorpronetheimpact of LULC changes on runoff due to
drawn. Ths process was perfor_med f(_Jr all the 5 (five) ‘?lasseﬁroposed and predicted development scenarios can be
and saved as a signature file (.sig extension) using tgcerained quite reasonably for local planning uses (Harbor,
classification toolbar of ArcGI§ ®. This signature file was 1994). The spatial distribution éf 3due to LULC clange
finally used durmghe sgperwsed classification step. Roe (urbanization in particular) and corresponding runoff response
rest of the threemageries (2012, 201@nd 2017), separate s |ikely to show a shift in the overall water cycle of the study
three signature files were developed through training thg o, (Bhaduret al, 2000; Meless& Shih, 2002). A study
datasets based on the abawventioned processes. All the o rhan watersheds notes that the BBmethod appears to
images were verified using Google Imagery of thosesdate  pe gyjfficiently sensitive to determine the effect of urbanization

PreDevelopd (2010) LULC represented in Landsat imagery on the volume of runoffSamuekt al, 1973)
of 2010 has been ClaSSifiedii.“sﬁ:;'s?dN%undffM@étibnmum Likelihood

Classification’ {d Gpes: Wavedh |, hde€cN méiibd (USDA, 1986)unoff equation is
(Existing Builtup/ Settlement), Unpaved (Bare Land / Filled yaqeq on infiltration losses that are combined with surface
Lgpd), Unpa_ved (Agriculture / VegetatiorLow Helghto_to storage by théollowing relation:

T "QdPlantation), Unpaved (Tree Covegnd Waterbodies. _ _

Accordingly, the other three images were also classifrethe U v O TFTUL O Y 1)
same lanetover category. Noaorban land uses remained Where § = runoff (Q3, & = rainfall ('Q3, Y= potential
dominant in DER such as agricultural land, bare land, anﬂ'naximum re
treecovered and. From the potential information content of
band combination, the combinationft ho was used which
provided the most agricultural information aritl was also  Initial abstraction Q) is all losses before runoff begins. It
useful for vegetation studie®\s 2016 and 2017 imageries includes water retained in surface depressions, water
were mostly identical in terms &ind-cover classificationthe  intercepted by vegetation, evaporation, and infiltrati@ris |
image of 2016 was used to represent the LULC information diighly variable but generally is correlated with soil dzaald

the existing 20162017 condition. Percentage imperviousnesscover parameters. Through studies of many small agricultural
is an important factor for any urban growth. HigherwatershedsOwas found to be approximated by the empirical
imperviousness is likely to causehigher populatio and equation,O  1&"Y(USDA, 1986).

tention after runoff begif§, and’O= initial
abstraction RE
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Simplifying Equation (1), runoff can be estimated in inch as swelling when saturated, will have similar runoff responses.
follows: Soils in group A havehe lowest runoff potential, soils in
group B have moderately low runoff potential, soils in group

v Oz @Y Tu Ty 2) C have moderately high runoff potential and group D soils
Here,0  mford T®"Y have the highest runoff potential. With urbanization, native
For Indian conditiongMinistry of Agriculture, India, 1972) soil profiles nay be mixed or removed or fill material from

‘O  m®"Yand he empirical relationship is, other areas may be introduced (USDA, 1986). As a result of
“ .- L, construction and other disturbances, the soil profile can be
Y Ccutimzcuad (3 altered from its natural state and the listed group assignments
The equation can be rewritten as, generally no longer applyor can any supposition based on

. - . - . the natural soil be made that will accurately describe the
L U Y TO TY (4) hydrologic properties of the disturbed soil. In these

computed from Egations(3) and(4). The is ranging from ~ determine the hydrologic soil group (USDA, 1986).
mtwhen"Yis Hb, up top T when"Y 1. Both conditions Table 4

represent the extremes between total infiltratiord (¢ € "Q"Q Classification ofHSGYUSDA, 1986)

) and totally impervious watersheds ¢ "Q¢ Qb a & . Q&

However, many of the computations use®as the lowest _ _ 'nfg;;?gi”
value, even when lower values could beeded (USDA, Hsc Soil Soil Runoff Water
Type Texture Potential .
1986). Transmission
. . Capacity
iii. Antecedent Moisture Condition (AMC) Sand
The SCS introduced the AMC concept to determine soil Deep, welt loamy A
moisture before a storm event, the condition of which could A drainedsand  sand, or Low ( x®aare)
affect the calculation of runofJSDA, 2004) There are three and gravels Sla”dy High
conditions for dry (AMC 1), normal (AMC II) and saturated oam
soils (AMC 1Il) that areassigned as a function of the fidey ’\é'ggsr?xg:t’
X . s Moderate
antec_gdent rainfall T@ble 3) (U_SDA 2004) The_ mms?gre drained with  Silt loam g
condition could affect runoff estimates because it modifies the B moderately or loam Moderate
0 Owhose standard values are set to the AMC Il by default. fine to coarse Moderate
For modelling purposes, watersheds aftenconsidered as textures
average moisture conditigni.e., AMC Il. After selecting the Clay loams,
AMC, the standard Ovalues, if necessary, can be converted shallow Slow toModerat
¢ : . . sandy loam, ow to Moderate
0 AMC | or AMC Il using the following functions (USDA, c soil with Sandy clay ~ Moderately  (p& oG GTQ)
2004) moderately loam on Low to Moderate
« s 2 o fine to fine
OU0 18200 OMOp g M8t L YO L' (5) fextures
60 00 60 T@mm ¢o6 (00 (6) Clay soiltha  Clay loam, Very Slow
swells silty/ ) ( p&aarQ)
Table_3 o . D significantly ~ sandy clay, High
AMC Group and Related Soil Characteristics withday when wet or clay Low
Antecedent Rainfall (USDA, 2007)
Total 5-day Antecedent v. Runoff Estimation
AMC _ o Rainfall, mm LULC change dtection maps provided the afeased
Group Soil Characteristics 5 crom hydrologic soil groupsd Gwas determinedo identify the
Sogr;;)”; conaod hydrologic soil groups of the study area. Tkesaweighted
0 Owas computed for each LULC map. The data and method
Soilis dry but not to the applied to compute runoff by SN methodare appended
wilting point; . o below
) satisfactory cultivation P ¢ )
has taken place ! LULC maps of the study areawere prepared
)) Average condition pdE Y ceba considering the _pF_deve_Ioped_ and_ pos_lgvel_oped
LULC characteristics including identification of
Heavy or light rainfall permeable and impermeable areas by applying GIS.
and low temperature 1 Hydrologic soil groups (A, B, C, and D) were
) )) ha\;ﬁ OICCUtr;eg within cy vo identified as per area coveragfecach soil group.
Sgtuizted sag”s, 1 Thend Gvga§ assign_ed according the delineated
area. Thed 0r el i ed on the area’
) ) _ group, LULC, and hydrological condition. In this
_iv. Hydrologic Soil Groups (HSGs) _ study,® Gwas assignedollowing SCS Tables in
Soilsare classified into four HSGs (Tab# according to the USDA, 1986 USDA2007; and Subramanya, 2008.
premise that soils found within a climatic region that are 1 Areaweighted composité Ofor different landuse
3|m|lar_ in depth to a restrictive layer or water table, andhydrological soil caditions wascomputed using
transmission rate of water, texture, structure, and degree of the following equation.
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BOTOUQ

506 2 ©) zoning map for DER were used to identify the changes in
0

LULC. The comparison ofhe existing 201617 condtion to
Areaweightedd Urepresents the average moisture conditiorfhe RDP scenario identified remarkable shift ithe overall

of the soil or AMC II. While considering the seasonality of LULC pattern of DER. Inthe RDP scenariothe overall
rainfall, the soil was considered to have all three antecedepgrcentagéncrease irthe paved surface wasimost b of
moisture conditions. Howevethe AMC Ill condition was the existing 201617 condition, andhe overall decrease in
considered for wet season (monsoon) and AMC | conditiotnpaved agricultural lanwvas around P . However,the
during the dry season. Bosieasonal AMC and average AMC RDP scenari@accountedor arounda 8 P decline in water
were considered in this study to ascertain the variation dfodies tharthe existing condition.Though there were some
runoff depths between the conditions. The seasonality for thigarked differences in the water bodies on the image of 2012
study was considered as AMC | for Dec, Jan, Feb, Magompared to 2010 and 2016, it was assumed temporary
(winter or dry period); AMC Il for Apr, May, OctNov (just waterlogged areas. So, the percentags of water bodies
immediate pranonsoon- Apr and May and immediate pest was considerethesame for all the three Landsatages
monsoon- Oct. and Nov); and AMC Il for Jun, Jul, Aug., Cand Gser Cand cover 20100 | 1 “Land uselLand cover (2076)

Sep (monsoon and wet Period). ! i

Obtainingthe6 Ovalue for each LULC change sceioathe
SCSCN method was appliedRunoff computation involved g
the hydrological data, mainly the lotgrm daily rainfall data
of ¢ pyearsfrom 1995 to 2015. As there was no rainfall
station within the study area, daily rainfall data of Dhaka,
Gazipur and Narayaagj for¢ pyears (1995 to 2015) were
collected fromBWDB and used for this studys the runoff
estimation waddataintensive, one rainfall station closer to
Eastern Region CL4PBWDB) was selected for computing
daily runoff estimation. The rainfall datd @ach year was then
transferred toan Excel spreadsheet so that the daily values
were a single column of rainfall depths (in inches). However,
days with zero precipitation may be deleted from the file to
reduce the size of the spreadsheet. For each LUidCaeea
weightedd (, a column was prepared for runoff depth where
each cell was determinedy blogical input If 6~

om0 o , then © 0 omMO o T0O

X T 0 x, elsed 0. Where,0 was the rainfall depth
in inches and wasthe depth of runoff in inches. It is to be
mentioned that initial abstractioO from rainfall was
consideredr@”Yfor the study area consideringe Indian
condition. The above logical input and spreadsheet analysis.
technique were suggested byHarbor (1994) to compute Figure 4: LULC Maps of DER from Landsat Image Data and RDP
stormwater runoff depths for different LULC conditions. 2016-2035 (1 OOE IR,A?]EI?zo)lsl OAODOAOCAOEIT 14
Runoff depths for weighted Owith AMC | and AMC Il ' )
were also determined in a similar way. With 21 years offable5 shows the quantified change of LULC of DER from
rainfall data and eight study LULC conditions, a totabaf ¢ the classified image of 2016/ tothe RDP scenario of 2016
Excel spreadsheets were prepared ¢ p 35 proposed by RAJUK.

PQREBDBLQI OO ¢p PYQEIT Qi HHDBa Table 5
0 0 ¢go compute annual runoff depth of 21 years. Quantified Change of LULC of DER from 26417 to RDP
4. ANALYSIS OF LULC CHANGE AND ITS IMPACT ON Scenario (201635)

RUNOFF 201635
The following paragraphs briefly state the asalyof LULC (Existiﬁglg;ﬂmi on) (Ezzizzngggtz
change and its impact earfacerunoff for DER. LULC Category Dev by RAJUK)
A. Analysis of Remotely Sensed Image Data and Area % of Area % of

Proposed RDP Scenario by RAJUK @) Land @) Land
Figure 4 includes thegenerated . ULC maps of study area Paved (Builtup/ D& L X® U p&EC T®T

respectively for the preeveloped 2010 and 2012, existing Settlement)
201617 and the proposed LULC of DER as per RDP for Unpaved (BareLand o - 4o min o
201635. The chronological evaluation of LULC change ’Filledtand)
from 2010 tothe RDP senario (201635) simply reflected ~ Unpaved

the conversiorof all unpaved bare soil or bare land itthe S/Aeggr:t:'tfgﬁ /Tree
paved surface by structural development, and consequentoyer)
increase in overall budtip areas includinga significant ,
decrease in agricultural lands. However, due tte  \Vaterbodies pgo x®o p&o  vdp
unavailability of GIShasel landuse data of RDP, specific Tgiq Co®my pmEIT CpRY p AT
broad details ofthe landuse plan and the given strategic

ptam oe&p wpo T@Y
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B. Analysis of Imperviousness of Proposed Land-use the study area with low permeability and infiltration capacity.
Plan of PNT and Jolshiri Housing in DER The existing builup area, mostly developed by sdiliihg is
To ascertain the basis of consideripg Bmperviousness due verified by field visit and Google earth images and
to residential development, likely imperviousness ofcategorizeda s HSG ‘' A’ . T h e elopmeatc e
Purbachol PNT) and Jolshiri Housing Projects (two major identified inthe 2010 LULC map as bare soil or filled land
urban growths of DER) were investigated from the proposedas transformed ith more permeableHs * B’ s oi |
landuse plan approved by RBK. Following the existing 2012 detectetshew land development activities which in fact,
Floor Area Ratio (FAR) and Maximum Ground Coveragewas infilling low-lying areas inthe southern part of PNT in
(MGC) rules of 2008(GOB, 2008) the likely percentage theJolshiri areaFinally, LULC of 201617 exposedhe entire
imperviousness of the proposed lamsk plans of both area of PNT and Jolshiri area with changed soil profiddale
impending urban growth of study area were approximatel shows the quantified aregeightedd Ovalues derived from
@ v Hor PNT and @ ¢ Hor Jolshiri Housing Area which the existing LULC map of 201@017. Similar areaveighed
revealed a likelhigh-density residential development. 6 Uvalues were @duced from maps of paeveloped 2010
C. Analysis of Predicted LULC Scenarios of DER and 2012 postdeveloped RDRand for fourother predicted

Postdevelopd predictedscenarios of LULC change followed scenarios of 20185.

a trend of increased urbanization and reduced unpaved Table 6
surfacegFigure5). Computation of AreaWeightedd Gfor Existing 2016-2017
LULCCondition (2016 RS Image Data)
([ Predicied Land Useiland cover (Scenans - T} ([ Predicied Land use/Land cover (Scenanc - 2TH
' Existing LULC A Weighted
DEMSLLC  uso M p) pesghd WO

Paved (Existing A P& X ®@ v 68D C

Built -up)

Unpaved (Bare

/ Filled Land) A PEY XX pTapX AMC (1)

64

Unpaved (Bare

/Filled Land) B C®c Yo wude  cn
1 Unpaved 8l

Agriculture / D @ T (o] ¢ @ Bpy

&egg) ¢ v ¢ AMC (1l

92

Unpaved (Tree
Cover)

D XB@ Xo T

Water Bodies p@o pmnm X 0P
Total 8 8

5. RESULTS AND DISCUSSION

Importantdeductions have been drawn so that the results of
the study are useful for practical applications and decision
making for planned urban development within DER.

A. Resulting Trend and Predicted Change of LULC of
DER
LULC trend from 2010 to 20147 reveded the significant
Figure 5: Predicted LULC Maps of DER from Classified Map of  conversion ofthe unpaved agricultural area of DER tioe
_ . Existing 20162017 Condiion -~~~ paved area due to urbanjzation ipe near future The
(! OOET 060 )1 OAODOAOGAPEIT | ‘Elassiﬁédﬁ_glf&mégbﬁ 16% Gdteled the direction of
Conversionof all bare and filled landntluding identified likely poststructural urban development pjectedin RDP
agricultural ofand treecovered land from the remotely sensedfor DER by RAJUK for 201&5. LULC change predicted in
image of 2016L7 into paved builip areas witha certan  scenariel followed the RDP scenario but includeubre lands
percentage of imperviousness was key consideration of the for urban development. Predicted scenriovas almost
predictions for posdevek)red scenarios However, all the identical to scenarid in terms ofland-cover Categories, but
predictions include urban development of PNT and Jolshififfered in land conversion. However, predicted scenario
area by 2035 from the identified bare soil and filled land ofnd 4 depictedcomplete conversion of all unpaved land of
existing 201617 LULC map.the study includedgeneral DER except water bodieszigure 6 broadly mirroredthe
imper\/iousness of 65% in case of residential urba[ﬁ)vera” studied trend of LUL@hange of DER Combining the
developmenexceptfor scenarie4 whichwaspredicted with ~ Pre-develogd (2010) condition to RAJUK proposed post
85% imperviousness and where the residential developmefievelogd (201635) and predicted postevelogd scenarios
would leadto commercidindustrial development for 201835 and beyond.

D. Ana|ysis of Surface Runoff due toLULC Change The LULC Changes in terms of classified landver of
Theimpact of LULC change on surface runoff is asstése Landsat imageries except the given RDP scenario proposed
this study based ora total of eight LULC scenarios. by RAJUK quite clearly provided the direction of urban
Considering tie soil classification map, topsoil texture, soil development proposed in the RDP scenario. However,
depth, lithology, and the detailed geological investigation ofXtensive landiling and changing activitiesincluding

PNT andJolshiri area; HSG D’ was t he ma iv@fious hpysing dgvelgpmgnt plaps by restates that were
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observed may upset the proposed plan of RDP. Whilé Gprovided an average moisture condition or the AMC II
comparing the existing 20167 LULC with the RDP for the HSGs. Though surface prediction and assignment of
scenario, a remarkable shift was observed in terms of pavéd( on the predicted landover may not be precisely
built-up areas with occuging T w Bf the total land and accurate, it may involve an increase or decrease in the

causing a further decline

in agricultural lands tooverall areaveightedd G The resulting weighted Gdue to

approximatelyt ¢ PAnalysis of proposed landse plans of LULC change was graphically plotted in Figure 8. Before

PNT and Jolshiri Housing (RAJUK approvedsulted in an  any urban development, HSG for the study area could be
urban development intensity with approximatefyv P assi gned as a whole as <categ
imperviausness. However, the existing FAR unless reviewegermeability and infiltration capacity. However, urban

would lead to more densification within DER.

development traced in this study since 2010 identified a
gradual change in the soil profile. The existing 20¥6

ey LULC provided a combinationdf A” , “ B’ and
soil as classified following TH5 (USDA, 1986) and
validated by geological investigation report of Jolshiri area
and also by laboratory tests of certain soil samples.
100 94
90
80
2 70
. 24 =) 62 59
Pre-Dev -1 Pre-Dev -2 Existing Condition RDP Scenario: Post Dev u—_l 60
o 49
L 50 46
N . By 1035&7 7 By 2035 & S 40 40
A B:.az\?n;:d& Z!avnnd 3\ B;pzn?::d& ;evond g 40 32 33 32 35
- L 30
20
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0 I | | I p o
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Figure 6: Trend of LULOCChangeof DER from 2010 and < R ‘é*‘é
by 2035 and beyond N
. e . . m Paved (Built-up/ Settlement)
Figure 7 quantified the overall approximate change in )
. . Unpaved (Bare Land / Filled Land)
LULC in terms ofthe intended study LULC category from 4 (Agriculture / )
the predeveloped 2010 condition to predicted post Unpaved (Agriculture / Vegetation)
developed scenarios for 2088 and beyond. In sum, the ® Unpaved (Tree Cover)
guantified paved surface increased fronPto w 1 RANdthe = Water bodies

unpaved surface decreadedm Y ko 18t Pfrom 2010 to

predicted scenarid, while the water bodies reduced from
nearlyy bto @ P Paved surface coverage increased &s
in 2010,¢ Pin 2012,y bin 201617, andt w by 2035 as
proposed in RDP of DER. In predicted scenarios the iserea

Figure 7: %LULCChange as per Classified Lartbver of DER
from 2010 and by 2035 and beyond

Weighted CN (AMC 1)

in the paved surface is likely to be approximatelyt by 22 == 2
2035 and beyond for both predictidnand 2 ando t Hor 83 82
predictiors 3 and 4. Besidedhe consequent decreasethe 82 = a
paved surface can be notedyag tn 2010,y @ tn 2012, Z o
@ T Bn 201617 andt v Hby 2035 as proposed in RDP. 79 78 ke
However, predicted scenafioand 2 recored approximately 78
o o f the total land ashe unpaved surface whicivas n
aboutp ¢ Hess than RDP. However, predicted scenario 75 LULC Change
and 4arelikely to be without any unpeed surface. .&o:» &OQ' v@‘ §°é a"‘@ @"‘@ a°& e@‘@
B. Impact on Runoff due to LULC Change @»" Q&‘b %c,°° er"‘b C’q;b c’of’ c’q}’ c;l;"
The assessed LULC changes in DER would have a & 5,&‘ Q\Q‘ &% Nq;a »‘"9’ '&‘b
significant impact on surface runoff. The findings on surface Q&“ Wq@ ,3‘“ R &9 WQ'Q 0,(19 NQ'Q
runoff due to LULC changes are mentioned below. S W&’ &“J" & ‘&‘@ &8
N

i. Area-weighted rdue to LULC Change MG
Annual runoff estimation by the SCEN method involved
the evaluation ob Gdue to LULC change. Areaeighted Figure 8: Variation of 6 (due to LULC Change of DER
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The pre-developed (2010) Oof the study areavasy yand

Figure 10 shows the percentage increases in the runoff

W tfor the RDP scenario which is quite high to generateagainst the representative 2010 LULC condition for both
significant runoff. Theé Oof the study area then remained average and seasonal AMC. RDP or predictednariel

constant up to scenarmand plummeted tyg ior scenario
¢. Then, it againincreased tq ¢for scenarie3 andw Tfor
scenario 4. Predicted scenatialepicts & Usimilar tothe
RDP scenario, i.ed O 1. In fact LULC predicted in
scenariel wasidentified as a potential variant tfie RDP

resulted ino 1t nore runoff in the case of seasonal AMC of
soil and more tharv m bhigher runoff from the pre
developed 2010 condition in the case of average AMC
(AMC II).

scenario with more land inclusive to urbanization comparec 60.00 54.43
to RDP. £
€ 50.00
Predicted scenari@ was theresult of the conversion of T 40.64 40.64 3715
agriculturalland for urban development and it followeal 9 40.00 36.75 3755
® 34.06
sharp decline in thé Gcompared tathe RDP scenario or = 31.18
scenariel. Scenarie2 has an aaweightedd 0valuey Y .% 30.00 24.00 24.00
which wasidentical to predeveloped 2010 LULC. The low o 18.03 19.37
lying and lowp e r me a b | e illdfSa@icultubal landso S 20.00 1559
required land devel opment S5 2417
(mainly sanefilling) to attain reference PWD RL of® to 10.00
P& prior to any structural developmierResidential land LULC Change
development inthe Jolshiri area by reclaiming lodying 0.00 . .
agricultural land with the help of saifiling bore the ,be@ ,190 ~‘°'<\ ‘o‘f e,y“ y““ %@“ y“‘
evidence of the consideration for the study area. The soil te & & & q;g&’ &
of the Jolshiri area also confirmed that the area fied up & & & & PO
with highly permeable medium to fine sands. This particular &' %cﬁ“ & & & &
change in the soil profile lowed the areaveightedd (and SR AR A
essentially describedn important inference on the LULC & Q&b Q&& Q&t’ Q&&

change of the study area. Conversion of -lging

agricultural land to attain certain elevation with more ==0==Runoff as % of Average Annual Rainfall (AMC with

permeable soil or sand for residential development with Seasonality)
assumedp v Bmperviousness is likely to reduce the area ==0=Runoff as % of Average Annual Rainfall (AMC
Il/Average AMC)

weighted 6 0, thereby likely to reduce runoff until it is

paved. _ _
Figure 9: Percentage Runoff from Rainfall due to LULC

Scenarie3 entailedLULC changes bya complete paved Change of DER

surface with approximately 65% imperviousness, Yt t
areaweightedd 0(82) remainedelow the RDP scenario or
scenariel. Overall 6 0 was decreasg because of the

160.00

140.89
conversion of all wunpaved 5% or e
permeable soil ‘*B'HSG THWHI’s z%ﬁlzo.oo
increased thed 0 compared toscenarie2. Scenaried, =)
depicted scenarie3 with Y v Pimperviousness which ‘3:‘3100'00
increased the 6 0 to wm More paved surface and é% 80.00 7460
imperviousness of LULC would otherwise exhibit more gg £0.00 53.99  53.99
runoff and inhibit recharge due to lesser scopes fo 24
infiltration and percolation. R % 40.00
i. Runoff Variation due to LULC Change and £ 20,00 = 19.17
Seasonality of AMC 000 e v
Figure9 shows the percentage of raqull thqt may turn into S O ¢ & &
the runoff for varying LULC scenarios including the & 0‘39 QX o‘,@ & 0%8 & °§
difference in runoff due to LULC change for average (AMC @8‘& ‘,6""‘ @o“' ‘.\QQ o .oq,Q o .°°"'Q
II) and seasonal AMC. & & 04& & & & & F
. L ) F ¥ L ¢ &
Progressiverunoff variations wee ascertained from the < « & & & & & i
representative prdeveloped 2010 LULC condition. Though < & 8 Q@& Q‘e\

runoff estimation by the SGEN method with long term
daily rainfall was increasingly datatensive the inclusion of
seasonality in soil moisture condition added further
comgexity in estimation. A significant runoff variation
resulted between the estimates with average and seasol
AMC. Results with seasoh&MC provided approximately

p T Bop x tigher runoff than average AMC. In essence,
annualrunoff estimation may involve seasonal AMC where
there isa distinct seasonal variation of rainfall.

LULC Change

=@="9% Increases in Runoff over Pre-Development 2010
Condition (Seasonal AMC)

=@==% Increases over Pre-Development 2010 Condition
(Average AMC)

Figure 10: Percentage Increases in Runoff against the
Representative 2010 LULC
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C. Overall Assessed Impact onRunoff due to LULC 6. CONCLUSIONS
Changein DER
Figure 11 quantifies theoverall impact on runoff due to
LULC change which indeed is a recharge logse
developed 2010 LULC witld Ox (resultedin an average
o p funoff from rainfall with a runoff depth @ ¢ ¢ G¥wi  Existing LULC changes of DER were mapped from Landsat
in the case of seasonal AMC. With Oy 1tthe runoff was 5 (TM), 7 (ETM+) and 8 (OITIRS) imageriesrespectively
nearlyo 1 kwith a runoff depth ofp Y& a¥wiin 2012. for 2010, 2012 and 2016 using supervised classification.
Existing LULC (201617) withé Oy pgenerated abowat x P LULC changes mapped in this study provided a total of eight
runoff with a runoff depth ofx o @ afwi. However, scenarios of which the peveloped ondition is described
approximatelyt 1 bannual runoff was identified in both by 2010 and 2012 and existing condisdsy 201617. Out
RDP and predicted scenatlowith 6 Oy twhich had an  of the five postdevelopment scenarios, one is proposed by
annual average runoff depthfp @ a. RAJUK as per RDP and most likely to shape the future
) . ) o LULC of the Eastern Regiormof Dhaka The otherfour
An exception to the increase in runoff was scenamhlch predicted pasdevelopment scenarios derived from the
showgo! that al!_ULC change was not detrlmental,. rather | ondsat imagery of existing 2016 LULC, in effect,
beneficial as this change would revert the land with-pre onresentedhe direction of futue urban growth and mostly
developed runoff potential. Predicted scend@nioith OW ¢ cqyeredthe entire urban development proposed in RDP for
again increaserhore tharo X kunoff with a runoff depth of pER The classified Landsat imagery of 201 detected

X T & 7w iwhen compared with scenai®y but the impact  he direction of likelypoststructural urban development as
was lesser when compared RDP or predicted scenario. envisaged in RDRor DER.

Finally, the maximum runoff nearly v bwith a runoff

depth of 1093 mm was generated dyw Tof predicted A slower pace of urbanization was traced in terms of paved
scenarie4. The overall impact followed an increasing trend built-up coverage wittt8t bin 2010,@8t Pin 2012 and

up to RDP/predicted scenarioand had a fall in predicted W8t Pin 201617 from the totat p& (& land of DER.
scenarie2. In fact, predicted scenarbrevealed the LULC Conversely, a faster pace fragst Pin 2010 tog Bt Pin

of DER with similaré Gof predeveloped 2010 condition 201617 was observed in case of unpaved bare soil or filled
and resultedn no impact on runoffThe hydrologicaimpact land transformed mainly from agricultural and tezevered
again followed an increasing trend and resulted severe  areas which might be built-up paved surface with a likely
impact in the caseof LULC with & 0w This scenad @ 8t Ppostdeveloped imperviousness by 2035 or beyond as

resultedin more tharv Tt bunoff and significant recharge Projected in RDPscenario. RDP proposed LULC hax
loss. significant increase in paved builp areas from existing

ydt b to 1 @ b by 2035. Besides, four pedeveloped
LULC changes were predicted from the classified Langisat
imagery where predictedgscenariel followed the RDP
1200 1003 scenario with nearlyp @t bpaved surface mainly due to
conversion ofthe identified unpaved treeovered area as
opposed tathe conversion of agricultural areas in case of
scenarie2. However, predicted scenat® and 4 with
maximum urbanization resulteth nearly w 8t b paved
surface with respectively 8t Pandy &t Pimperviousness.

This sudy estimated runoff bythe SCSCN method of
integrating RS and GIS toold.ike the slower trend of
urbanization, areaweightedd 0 also increased slowlyill
201617 but increased substantiallyni RDP as well as
scenariel. Hydrological impact on runoffwas assessed
200 from the predeveloped 2010 LULC as a reference year. Two
LULC Change different sets of impact on runoff were observed due to
0 avergle and seasonal variation of antecedent moisture
N & 2 & & condition (AMC) of soil. Distinctively, seasonal AMC
& generated aroung 8t b to p @t b higher runoff than
& & N v %5 N average AMC.

This study focusegbrimarily on identifying the impending
LULC change of DER due torbanization ad its impact on
surface runoff using RS, GIS add(Technology

Runoff : Seasonal AMC vs Average AMC

1000
800

600

Runoff, mm/yr

400

é&‘” Given the assessedhpacts of LULC change on runoff,
& & &C& & & scenarie? is hydrologically more wstable than others. But,
< Q&“ & the drection of LULC change indicateRDP or predicted
scenariel is an impending LULC of DER. In effect,
RDP/scenaridl (6 Oy 1) was considered as the limiting
=0==Average Runoff, mm/yr (Seasonal AMC) LULC for DER which would approximately resuftt 8t b
of total rainfall asrunoff annually with seasonal AMC.
—=0= Average Runoff, mm/yr (Average AMC) However, predicted scenarbwith maximumd 0w Twould
result in more thanu Bt b runoff which indeed, would
Figure 11: Impact onRunoff due to LULC Change depict thetypical landscape of core city Dhaka within DER.
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Finally, the method and resaltllustrated in this study on the Groundwater Recharge and Wetland Hydrologgurnal
impacts of lanelse change on runoff can bsed inlocat of the American Planning Associatio80(1), 95108.

level city planning and likely to be useful for a generaiHarbor J., Lim, JK., Engel, B.A., & Muthukrishan, S(2006).
hydrologic forecasting as well as for understanding Effects of Initial Abstraction on Es.tlmated Runoff Using
consequences associated with the {aselchanges Before CN Technology Journal of the American Water Resources

) Association 42(3), 629643.
structural developmengn adequate natural drainage systemHoque M. A, Hoque, M. M., & Ahmed, K. M. (2007).

should be planned to avoid excess runoff ahe usual Declining Groundwater Level and Aquifer Dewatering in

waterlogged situation observed in core city Dhaka due t0 Dhaka Metropolitan Area, Bangladesh: Causes and

intense rainfall. This would in turn lower the pestuctural Quantification,Hydrogeology Journall5, 15231534,

draimage development cost. Besides, inevitable recharge loskig, H. M. (2017). A Study on Landse and LandCover

may be addressed. Change of Dhaka Eastern Region and Its Impact on Water
Cycl e, (Unpublished Masht er ' s
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