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Abstract

The assessemnet of the impacts of urbanization on hydrological regime is important as the urbanization
affects the water quanity, quality and demand. The impervious surface which is associated with urbanization may
increase the flood frequence and magnitude, and decrease groundwater recharge. With the increasing water demand
and declining groundwater, the assessment of the impact of increasing impervious surface on groundwater has
become important. In this study, an algorithm, named Rule-based Spectral Unmixing Algorithm (RBSUA), is
developed to derive annual time series of impervious surface using satellite imagery. The developed algorithm is
utilized to derive impervious surface maps for Delhi and adjoining areas during the past 26 years. The impervious
surface maps were then utilized with a hydrological model, named WetSpass, to assess the impact on groundwater
recharge. The evaluation of the developed algorithm shows that the overall accuracy of the extracted impervious
surface varies from 88% to 91% between different years. The result shows that the impervious surface area has
increased from 377+78 km? in 1992 to 708 +64 km? in 2017. In addition, the groundwater recharge has declined
considerably during the study period. The annual groundwater recharge has decreased from ~550 Mm® to ~531 Mm’
between 1994 and 2012. The algorithm developed in this study will help reducing modelling uncertainnity in the
future studies. Moreover, the results obtained could be helpful in preparing management strategies for groundwater
in the study area.
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AT oI R 3R base flow @1 FEiRa wwll 2, ok gwfaw q@ & SRM orl @ Suerer b1 A
T Xl ¥ | SefdeTE oF @ ofe oified upfa AR iy @ wag @ v & SR, Serdd @1 A
foranatt @1 AT ve gAYl B € |
TRVl URadE, g wU ¥ vl AR 3R T 9 werE, Hde iR Su—wde Srelfdse <l
R B3 gHTd ST & | g AR AR Eidee uidarel By dedl 2, iR 39 FeR SiaR ofstell 3R
oTe GRROT @1 SR dReT & | B gY SiTel ¥ arefigRor @H 8 o & o A4l # die Rt @ gerr
2 Rray a1e B oMgRY 9% Sl @ (Matheussen et al. 2000) | ¥ A8, FF B & @ UROIH WTEY I
TaE & 987 W Sfhogy Y¢ B B OET & | ore §dE @l AR oisvel 3R T ydrE H qer iR uie
B BH B B fOTY AT G | O GAEA] W IEAHROT Bl YHTG T —3TTERV] IRadH] B
ol & Fed TR 8, W @Y WY WR WX (Patidar and Behera 2018) | STIASI TR Y—3MaRT gRac= &
oaTdl BT AP BYY @ forw @ a9d £ UEd R # A9 v sEgeiivied doad 31 el ad &
Faeliee, O fF SHTE), qod WR AR arefieRer @ Wi @ Wil @ (Schilling et al. 2010) | gadr fafey
BESIdiTGe Hied W mRd & gy ofe dax AW @) 9qd I} H AR AN gggleiioied TR
e T £ (Gashaw et al. 2018) | Ugell AR & g1 & 78 2 & eggiciifiee terad @ Mdren T
oot @it & | gE0 SR, Eseibe AeferT #, Worary oRadd & wArdl @1 el & arerT fHar S wwar
¥ 30w ¥, 99 gY Y-IAROT B BRV IoTel YT H AT gEArg B Gifa B T F| UH TR
Refid fear T 2 Rraer 99 Sa—dvsd@ded SRR TenRe™ (RBSUA) &, Sl Acdise gHS Bl
ST PP FRRATE TR @ AIfNE GHI el AT & | §9 YSNRY BT oiedic Acage gH B W
ST BY e R AT T @ gard ¥ gU A 26 Wil & ARG BT b fbar T ¥ | gHD
AT, 9¢ BY SFRMER WO &1 YNSdexy ol W pME W B b fAy (e gt s,
WWWetSpass%ﬁWWW%l
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=7 araee §, dede 5 (LS TM), dsde 7 (L7 ETM+) 3R efedic 8 (L8 OLI) & ®&R—2 Sl SwrEl
7 SWNT fHar TAT  (http://earthexplorer.usgs.gov/) [R@ITE A SeT A drgHEe wU W e g 7
qE—orerl aHffeRur aiR URacH fvaor & oy Sugw €| SfeHE 1989 W 2017 TP & TP oS Heewd
(dRP—40, To—144) B AT 10% & HH TGS Hax dTel Gel 244 T DI SN b1 AT 8| FHS e,
=0 SEE § P U SRRRE Wed @) wdsar s @ g sfifiee-s deemge e w1 SwnT
fobar T & | 9% 3OS 1 TaCER 2006 I o TE ol SR THBT AT ~1m & |

< A § WetSpass TG SUgIeliolbe Hiee &1 SudiT fbar T €| R 1992 9 2014 76 &
SU-RIRre deFar e RBSUA &7 STANT d% & WIE fhar 7a7 8| ¥ed YSR S Ag (SRTM) &
fefred TR Hisel (DEM) T ST far mar 8, Rraer Iger 90 Mex & | A9rel @[ 3% H@gd
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3. wfehar

$H A & SUArT § Al T ufhar B ge < wrl A gier o GHdr & | W AR § | 1992
2017 9% & FERIITT TRHH G ATHH AT TIT| 3UB 17 RBSUA @1 dredie 999 W iRl 17 3iR
TWRATH wxeE # o Ao 26 99 & 9oeiig BT UAT AT TWT| GE AT H, WetSpass STASIE e
digel @ SWNT IR JrSsarer Rart Ferer 1 oR srrfg o9 & weEe @7 oegas g T
Frqol wfehar o 2 & fewrd g 2

3.1 RBSUA &I STINT << §Y |8 BT el &I qaT HRT

Gel—d%8 Wegd FARRTT ToRen (RBSUA) &1 aififd wv W SU—RIwiel saRfRr axed &
ara FeiRa & @ oy Refia frar mn 21 9 ofede Suwe A wa ST @ W sEen B SuEnT
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FqEIEdl B &1 ded @ foy Ree Wi Ser, SN siffeda Rere IR $991 8k DEM, iR g7-ig,
o1, oY % auf &R argae S &1 SudT dxe Wi fhar T #1 1992 W 2014 96 SU-IRI ofs Bay
ST RBSUA &1 SUNT &eeb Wi fpar 7 ¥ | et Y8R Snms! fawr (SRTM) ¥ fefiea wferder Hise
(DEM) &1 Suai fbar ar 2, ot 90 #lex & YW &1 & | Wied &l (s |iss 90 #Iex X 90 HIew o,
Ry e RAfuar sk oM Y @ UR WX AT AT AT| 396G ], $E SUaE sl ok Wl DEM
wR e off, 90 #rex & Ruifegzr arell off, S {6 Fa olR Tore | Wea & fow wwa &1 UHET ARl
(@S 1 S, o 2 ¢ 3o, e 3 @ Jerg—Ridey, W 4 : dcar—fawdR) o, S el 'R
® Sel B GHY B JE W SRR o | greife, aRum & aiffe T W fAveer fhar g

e 8 H ot RRYT O e & gHTdl BT de SN @ [, Hisel Bl 1992 W 2014
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e areag ¥, faa 26 adi A fReeh ok sm—ur @ & H 9¢ FERIAU WBE BT b foan
T & iR gEe uRvme @ey Urssdae} Rars # gy aqend &1 ff gar S T 8 | g9 fy el W
W IERATY WWHd iw AR Y 1Y 8K &Y af & fAU WetSpass HiSH @ WA ISP UTSSdIEY
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4.1 ol 26 avf & SRM T W HAE

YT & H G 1992 W 2017 TF W WAG P AP wWR W W IAT Fg & FoI avig &
1992 ¥ 377 km’ & URMS® &7 ¥ qHY 2017 H 708 km® & T | wE Urm T f oraf 1992—1999,
2000-2008 and 2009—2017 ¥ RT gl T HAA: 7.44 km’, 21.12 km® 3i 5602 off | 3P W & dTfias

s 39 3 gRac wwa &1 Ramar & o 99 a¥ &1 Rara & RaH oy ¥dg @ gfg
e o1 g% w8 ot 3% uRads @ oy @ quiar & o f& g wier 2 R e @ axe W ey

2012 ¥ 2017 & =) H 9gd $5 gRadd gom g % uRadd wHg @

el # b wEY Bl B ger § are § g% gom | ety uRadw 3 ad | @w
gU €, fafe gdf ol uf¥edt aal § | fiedd 5 af & oifde & uftad= eafy e €

J—3MERVT T FAffexoT fafe SmaRvl & |H Wagd & a9 W TH gANT gUf B 8§, o e e
# Y Far B @i R avf HE Ryrar & srer o ff Sfed 8 war @ | w@ifs dearge s § A
IR gRfaT WRed fUeaell § S gHEar et 8, g9 9 wifk FARea 21 o wed &3 4 dad us
ANRg @ Gedse g @ AUR TR R MY fvemer § urd y—emawu #w H Tafad 8 9l § | R
Y—3MMERYT &1 G SR THY ARG geeidl & e e @1 1 classifier & W Sirgr Wy @
giRomEl § GuR fhar o dadr 2 | gedrfad 9§ RBSUA Su—fiadie axffaor # wmifde geamdl & wwfdd
SITHRI P1 WMAA BT & ST Grdhdl B 9gdl & | $9S 3rerar, R i & o ovardd fafr s 9.
57 URIE UE Hdl 8 |

- e o
Change year =1 2002 - 2008
N 1992 - 1906 ENEEEN 2007 - 2011
1997 - 2001 I 2012 - 2017

0 5 10 20 30 40
T —— S—— T

N

A

o 3. fra 26 wTal (1992—2017) # MY FFORfATH WRBW F ggaAa—yRac= GRATT (a), IRad= T (b)
3R uRad= @l ()

Bodl NS Sl GITS1—2019 TG FTAASTT G, TSdT




4.2 STl JTRYT WR §¢1 §9 3 Hdg &1 H9d

| 1992 ¥ 2014 OF NCR, R, # Y0 W Y—URTHT & ¥4G & b fbar =1 | i
M R SU-fIad ofs dax ST &1 SUINT N Joid TR &1 IgHe0T fbar 17| o 4 a9 1992, 2003
3R 2014 & forg aiffes gmivor qorfar 21 s9 siips @ 98 we 2 f w=d &3 9 ghiRe & 41 w99 &9
2, Wiafs ol 3R B &3 giver aifds g 2| aiffe Rarst gor &3 # T 499 mm T@ IR IRF
T drel WEY &3 H 0 mm 9@ BT 2| g9 oelrdl, e R A & yer @1 wwe o R Iar @,
JaTerv & fory, wiiell Mgl & U9 vendd S=a Ramt (200 3R 240 mm & 19) R €| g&f g e R
ST Hhal & &, Fet g & oI, WetSpass #isel I Ramst fe@mar 8 | A=A &1 goi = 9 uar gerar ¢ &
el & § Rarsl 4 te W@yt frige o 2, o 5 9t gU e WaE @ BRY 7| & Arsd e § W
1992 § 40—120 mm & A7 H Rarsl R &, S wedervor & &R 2014 § gTH 0-40 mm & T &
1992 ¥ 2014 T @ e giRor 3 gRads @t gl @1 forF 4 3 fRmr m | gRer ¥, oeggq &9 3
1994 ¥ 2012 & dId 366.00 km’ § 684.16 km® Teh el WS B! gfg @ HIRYI 550.93 Mm® ¥ 531.80 Mm’
(S 1% s—adfar gfdr vavst g R mar 8 ) # &9 ol 18 2

S GHEA P e & Ty Y—ameRer H gJ uRadd & eggldifoid WAEl &I Hed Heayel # |
Fed gy fom & orur el &3 § ya &1 qeaied iR ) weayel 8| 39 swmwE W, gggleiorhd
Hisfert # Ieg—angh (@fie) Su—fIaid ofs Hax SeT & SUANT Ud fhdl 17 & | Ugd U&hT WetSpass
Hisel & W1 U IU—Ua¥iel classifier (RBSUA) @1 Sirscll & | gHfeY, I8 URARS TSI DI gl § =4
fawmar &1 e wdis w9 9 Tl 2 ok 9 uaR e fvawdy sngeifiea R uee &l 2 |
9 3EGYT & GRTH Fard © P eFIT &3 H WA & BRO Yoiel R H el REe o B ue
Rearst =1 qore ¥R @1 f wifad faem & | 3regae &3 3 ged oid W) IR A $ax gRads & a9e areH
@ S & oy 39 o # Fibel U aiffes yoid gnivor Srer &1 SudnT s & oemaE | fear o
[T 2|
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