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%&1(0#8%(B$,71'"9,1("'1"8(#I(%&1(?'@"(C"%1'8&1+=(>&181(-7+-D18("'1(%&17(D#0G"'1+(C-%&(I-1,+(119 

+"%"(G'#B-+1+(95(%&1(?'@"FW$1+(3#$7(Q"%1'(4"8-7(/217D5.("8(C1,,("8(C-%&(%'17+("7",5818(#I(120 

'"C(D,-0"%-D(G"'"01%1'8(8$D&("8(G'1D-G-%"%-#7("7+(%10G1'"%$'1=(121 

Materials and methods 122 

Study area 123 

>&1(?'@"(A-B1'(C"%1'8&1+(-8(,#D"%1+(-7(%&1(8#$%&1'7(G"'%(#I()#'#DD#("7+(D#B1'8("7("'1"(#I(124 

"GG'#J-0"%1,5(TY.`XT(H0"=(;%(-8(9#$7+1+(%#(%&1(7#'%&(95(%&1(I##%&-,,8(#I(%&1(O-2&(/%,"8.(I'#0(125 

691,(>#$9H",(%#(691,()_^#$7.("7+(%#(%&1(8#$%&(95(%&1(L"&"'"7(9"8-7("7+(%&1(9#'+1'(C-%&(/,21'-"=(126 

;%(-8(9#'+1'1+(%#(%&1(1"8%(95(%&1(>#+2&"("7+(A&-8(B",,158("7+(%#(%&1(C18%(95(%&1(^$1,0-0("7+(127 
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L#$88( )"88"( 9"8-78( Pg-2$'1( SR=( >&1( ?'@"( -8( "( '12-#7( C&1'1( 21#2'"G&5.( 21#,#25( "7+( %&1(128 

"B"-,"9-,-%5(#I(C"%1'('18#$'D18("'1(D,#81,5(,-7H1+=(;%8(D,-0"%1.(C&-D&(-8(810-F"'-+(-7(%&1(7#'%&(129 

"7+(91D#018(L"&"'"7(8#$%&(#I()_O"0-+(<,(^&-E,"71.(-8(0"-7,5(-7I,$17D1+(95(-%8(21#2'"G&-D",(130 

G#8-%-#7(91%C117(%&1(O-2&(/%,"8( "7+(%&1(/7%-F/%,"8.( "8(C1,,( "8( -%8(G'#J-0-%5(%#(%&1(/%,"7%-D(131 

WD1"7( P?AM<.( XZZU]( LD&$,E( 1%( ",=.( XZZVR=( >&1( '12-#7( 8$II1'8( I'#0( G'#7#$7D1+( "'-+-%5.(132 

18G1D-",,5(-7(%&1(/7%-F/%,"8.(",%&#$2&(D##,(C-7+8(I'#0(%&1(/%,"7%-D(9'-72(8#01(0#+1'"%-#7(%#(133 

%&1( D,-0"%1=( O#C1B1'.( %&1( &-2&( I'1[$17D5( #I( "7%-D5D,#718( D#7%'-9$%18( %#( "( 81B1'1( ,"DH( #I(134 

G'1D-G-%"%-#7(P/4O?W3.(XZZTR=(g'#0("(&5+'#,#2-D",(G#-7%(#I(B-1C.(%&1(?'@"(9"8-7(-7D,$+18(%&1(135 

,#7218%('-B1'(P?'@"(A-B1'R(-7()#'#DD#.(C-%&("(,172%&(#I(SSZZ(H0=(;%('-818("%(%&1(D#7I,$17D1(#I(136 

%&1(?"+h8("7+(W$"'E"E"%1('-B1'8.("%(%&1(<,()"78#$'(<++"&9-(+"0.("7+(I#,,#C8("(C-7+-72(D#$'81(137 

91I#'1(10G%5-72(-7%#(%&1(/%,"7%-D(WD1"7=(>&-8(2'1"%(,172%&(D'#8818("(B"'-1%5(#I(21#2'"G&-D",("7+(138 

%#G#2'"G&-D",(D#7%1J%8.(2-B-72('-81(%#("(+-B-8-#7(-7%#(%&1(iGG1'.()-++,1("7+(:#C1'(?'@".(1"D&(139 

C-%&(+-8%-7D%(21#2'"G&-D",("7+(&5+'#,#2-D",(D&"'"D%1'-8%-D8(Pg-2$'1(SR(P/4O?W3.(XZSYR=140 

(141 

(142 

(143 

(144 

(145 

(146 

(147 

(148 

Figure 1=(:#D"%-#7(0"G(#I(%&1(8%$+5("'1"(8&#C-72(%&1(?'@"(A-B1'(C"%1'8&1+(8-%$"%1+(-7(8#$%&1'7(149 

)#'#DD#=(150 

Data sources 151 

Remote sensing data 152 

a)! NOAA and VIIRS sensor images 153 
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>&1(3"%-#7",(WD1"7-D("7+(/%0#8G&1'-D(/+0-7-8%'"%-#7(P3W// R(-8("(G,"%I#'0(1[$-GG1+(C-%&("(71%C#'H(154 

#I(8"%1,,-%18.(#D1"7(9$#58.(01%1#'#,#2-D",(8%"%-#78("7+(#%&1'(-78%'$017%8(+18-271+(%#(D#,,1D%(B"'-"9,1(155 

G'1D-8-#7.('1",F%-01(-7I#'0"%-#7(#7(D,-0"%-D("7+(#D1"7-D(D#7+-%-#78(C#',+C-+1=(>&181(+"%"("'1(G$9,-D,5(156 

"DD188-9,1(B-"("(7$091'(#I(+-2-%",(G,"%I#'08=(;7(#'+1'(%#(D&"'"D%1'-E1(%&1(01%1#'#,#2-D",("'-+-%5(#I(#$'(157 

B"8%(8%$+5("'1"(#B1'("(G1'-#+(#I("9#$%(I#'%5(51"'8.(C1($81+(+"%"(G'1817%1+(95(3<L?;L(L>/A(P3"%-#7",(158 

<7B-'#7017%",( L"%1,,-%1.( ?"%".( "7+( ;7I#'0"%-#7( L1'B-D1(F( K17%1'( I#'( L"%1,,-%1( /GG,-D"%-#78( "7+(159 

A181"'D&R.("DD188-9,1(%&'#$2&(%&1(,-7H(=(160 

/( +1%"-,1+( "7",58-8( #I( 17B-'#7017%",( D#7+-%-#78( "7+( D,-0"%1( %'17+8( $8-72( -7+-D18( 9"81+( #7(161 

G'1D-G-%"%-#7.( %10G1'"%$'1( "7+( 1B"G#%'"78G-'"%-#7( G#%17%-",( C"8( 0"+1( G#88-9,1( 95( $8-72( %&1(162 

>1''"K,-0"%1(+"%"9"81=(>&-8(&-2&F'18#,$%-#7(+"%"(8#$'D1(P"GG'#J-0"%1,5(V(H0('18#,$%-#7R(G'#B-+18("(163 

0#7%&,5( #B1'B-1C( #I( "( 7$091'( #I( &5+'#,#2-D",( "7+( D,-0"%-D( B"'-"9,18( 18817%-",( I#'( D&"'"D%1'-E-72(164 

+'#$2&%(-7("(2-B17('12-#7=(>&1(+"%"("'1("B"-,"9,1(I'#0(STaU(%#(%&1(G'1817%("7+(D"7(91("DD1881+(I'11(#I(165 

D&"'21("%(&%%GjkkCCC=D,-0"%#,#25,"9=#'2k%1''"D,-0"%1=&%0,=(166 

b)! Google Earth Engine data 167 

;7(#'+1'(%#(+#D$017%(%&1(8G"%-#%10G#'",(B"'-"%-#7(#I(%&1(7#'0",-E1+(B121%"%-#7(-7+1J.(C1($81+(%&1(168 

^##2,1( <"'%&( <72-71( G,"%I#'0( P&%%G8jkkD#+1=1"'%&172-71=2##2,1=D#0kR.( C&-D&( G'#B-+18( "( ,"'21(169 

D#,,1D%-#7(#I(&-8%#'-D",("7+(D$''17%(8"%1,,-%1(+"%"(I'#0(+-II1'17%(8178#'8(8$D&("8(:"7+8"%.()W?;L("7+(170 

L17%-71,=(g#'(%&-8(G$'G#81.(C1($81+(6"B"(8D'-G%8(%#(B-8$",-E1(3?N;(0"G8(#I(%&1(?'@"(C"%1'8&1+(9"81+(171 

#7(+"%"(1J%'"D%1+(I'#0(:"7+8"%(a(8"%1,,-%1(8178#'8(I#'(%&1(51"'8(STUV.(STUT.(STTV.("7+(STTT.("8(C1,,("8(172 

I'#0( %&1()W?SYeS(8"%1,,-%1(8178#'( I#'(%&1(51"'8(XZZZFXZXY=(>&1( '18$,%-72(0"G8( "'1(%&17(8%#'1+.(173 

G'#D1881+.("7+($81+(%#(0#7-%#'(+'#$2&%(%'17+8(#B1'(%-01=(174 

Data from land based hydrological stations: Precipitation and volume variations of the El 175 

Mansour Eddahbi Dam 176 

^"%&1'-72( 8%"%-#78( G'#B-+1( "DD$'"%1( "7+( ,#D",-E1+( '"-7I",,( 01"8$'1017%8( %&"%( "'1( 18817%-",( I#'( %&1(177 

D",-9'"%-#7("7+(B1'-I-D"%-#7(#I(8"%1,,-%1(+"%"=(>&181(8%"%-#78(C1'1(18%"9,-8&1+("7+("'1(D$''17%,5(0"7"21+(178 

95(%&1(?'@"(W$1+(3#$7(Q"%1'(4"8-7(/217D5=((4"81+(#7("(71%C#'H(#I(X`('"-7(2"$21(8%"%-#78(+-8%'-9$%1+(179 

$G8%'1"0("7+(+#C78%'1"0(-7(%&1(?'@"(9"8-7.(C1(C1'1("9,1(%#(18%"9,-8&(-7%1'G#,"%-#78(9"81+(#7('1",(180 

+"%".( ",,#C-72( $8( %#( "88188( %&1( B",-+-%5( "7+( "DD$'"D5( #I( %&1( '18$,%8( #9%"-71+( 95( '10#%1( 8178-72(181 

G,"%I#'08=(182 

41D"$81(C1(C#'H(C-%&(8"%1,,-%1(+"%".(-%(-8(18817%-",(%#(G1'I#'0(G'1FG'#D188-72(#7(+#C7,#"+1+(-0"218(183 

%#(178$'1(+"%"('1,-"9-,-%5("7+([$",-%5=(g#'(-7I#'0"%-#7(G'1817%1+(-7(-0"21(I#'0.(C1(&"B1("GG,-1+(%&1(184 

http://www.climatologylab.org/terraclimate.html
https://code.earthengine.google.com/
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71D188"'5("%0#8G&1'-D("7+('"+-#01%'-D(D#''1D%-#78=(>&181("'1("-01+("%("+*$8%-72(G-J1,(B",$18(%#(D#''1D%(185 

I#'(B"'-"%-#78(-7(8178#'(8178-%-B-%5("7+(",-27-72(-0"218(%#(D#''1D%(I#'(21#01%'-D(+-8%#'%-#78=(/8(I#'(%&1(186 

+"%"(D#''18G#7+-72(%#(G#-7%(01"8$'1017%8(#I(D,-0"%-D(G"'"01%1'8("%(8G1D-I-D(8%"%-#78.($8$",,5("D[$-'1+(187 

-7(KLN(PD#00"F81G"'"%1+(B",$18R(I#'0"%.(C1(G'1G"'1+(%&1(+"%"9"81(95(81,1D%-72(%&1(%-01(-7%1'B",8("7+(188 

D",D$,"%-72(%&1(0#7%&,5("7+("77$",(8$08("7+("B1'"218(I#'(1"D&(D,-0"%-D(G"'"01%1'(%#(91($81+(-7(%&1(189 

D",D$,"%-#7( #I( %&1( -7+-D18=( >&181( G'1,-0-7"'5( 8%1G8( "'1( D'$D-",( 91I#'1( G'#D11+-72( C-%&( 8G,-71(190 

-7%1'G#,"%-#7(C-%&(9"''-1'8(%#(#9%"-7(%&1(I-7",(0"G=(;7(2171'",.(%&1("GG'#"D&($81+(-7(%&-8(8%$+5("-08(%#(191 

0#7-%#'( +'#$2&%( %'17+8( #B1'( "( aZF51"'( G1'-#+.( I#D$8-72( #7( %&1( D$''17%( 8-%$"%-#7( Pg-2$'1( XR=( >&-8(192 

0#7-%#'-72(C"8(+#71( $8-72( 8"%1,,-%1( D,-0"%1( -7+-D18( I'#0( 3W//.(>1''"K,-0"%1( "7+( ^##2,1( <"'%&(193 

<72-71=(/(,"'21(C"%1'8&1+(,-H1(%&1(?'@".(C-%&(-7"DD188-9,1(+181'%("'1"8.(G#818(17#'0#$8(G'#9,108(-7(194 

%1'08(#I(+"%"("B"-,"9-,-%5=(;7(%&-8(8%$+5.(71C(8G"D1(%1D&7#,#25(&"8(G'#B17(B1'5($81I$,.(C-%&(#7,-71(195 

-7I#'0"%-#7($81+(%#(G'#+$D1(0"G8(8$-%"9,1(I#'(0"7"21017%("7+(+1D-8-#7F0"H-72(-7(%&181("'1"8=(>&1(196 

'18$,%-72(D"'%#2'"G&-D(0"G8(C1'1(B",-+"%1+($8-72('1",(+"%"(D#,,1D%1+(",#72(%&1(?'@"(A-B1'.(9"81+(#7("(197 

D#''1,"%-#7(91%C117(%&1(G'#+$D%8(#I(%&1(+-II1'17%(+"%"(8#$'D18=((198 

L1B1'1(C1"%&1'(D#7+-%-#78(&"B1("(8-27-I-D"7%(-0G"D%(#7(%&1(8-E1(#I(C"%1'('181'B#-'8=(;7(%&-8('12"'+.("8(199 

"(%&-'+(B",-+"%-#7.(C1($81+(%&1(,"'21(<,()"78#$'(<++"&9-('181'B#-'(-7(%&1(?'@"(C"%1'8&1+("8("('1I1'17D1=(200 

i8-72(%&1(3#'0",-E1+(?-II1'17D1(Q"%1'(;7+1J(P3?Q;R("7+(B#,$01(01"8$'1017%8(D"''-1+(#$%(95(%&1(201 

?'@"(W$1+(3#$7(Q"%1'(4"8-7(/217D5.(C1(D"''-1+(#$%("(+1%"-,1+(8%$+5(#I(%&1(%10G#'",(B"'-"%-#7(#I(-%8(202 

8$'I"D1("'1"("7+(G1'-01%1'(-7(#'+1'(%#(-+17%-I5(+'5("7+(C1%(51"'8(I#'(%&-8('181'B#-'.(C&-D&('1D1-B18(0#8%(203 

#I(-%8("77$",('"-7I",,(I'#0(%&1(>-+-,-F;'-'-("7+(?"+h8F)_^#$7(%'-9$%"'-18=(204 

Drought indices 205 

a)!Reflectance-Based Indices 206 

NDVI (Normalized Difference Vegetation Index)  207 

M'#G#81+(95(PA#$81(1%(",=.(ST`YR("8( "7( -7+1J(#I(B121%"%-#7(&1",%&( "7+(+178-%5.(3?N;( -8(D$''17%,5(208 

D#78-+1'1+(%&1(0#8%(C-+1,5($81+(-7+-D"%#'(I#'(0#7-%#'-72(%1''18%'-",(B121%"%-#7(#B1'(,"'21("'1"8=(>&-8(209 

-7+1J(-8(+1I-71+(95(%&1(I#,,#C-72(I#'0$,"j((210 

(((((((((((((((((((((((((((((((((((((((((((((((((!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$ !"
!"# $ #%&

!"# ' #%&
"211 

C&1'1(3;A("7+(A<?("'1('1I,1D%"7D18(-7(%&1(71"'(-7I'"'1+("7+('1+(9"7+8.('18G1D%-B1,5=(3?N;(B"'-18(212 

I'#0( FS(%#(lS.(C-%&(G#8-%-B1(B",$18(D,#81(%#(S(-7+-D"%-72(+1781.(&1",%&5(B121%"%-#7.("7+(,#C(712"%-B1(213 

B",$18(-7+-D"%-72("(,"DH(#I(B121%"%-#7(#'(7#7FB121%"%1+(8$'I"D18.(C&-D&(D"7(91(C"%1'(#'(9"'1(8#-,="214 
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VCI (Vegetation Condition Index)  215 

>&1(NK;(-8("(B121%"%-B1(8%'188(-7+1J(1JG'1881+("8("(I$7D%-#7(#I(0"J-0$0.(D$''17%("7+(0-7-0$0(3?N;(216 

B",$18( #B1'( "( G1'-#+( #I( %-01(P:-$(\ (!#2"7( XZZXR=( ;%( +-II1'8( I'#0( 3?N;( -7( -%8( "9-,-%5( %#( "7",581(217 

B121%"%-#7(D#7+-%-#78(I#'(&1%1'#2171#$8("'1"8(P!#2"7.(STTZR.(C&-D&(-8(+$1(%#(-%8("9-,-%5(%#(81G"'"%1(%&1(218 

8&#'%F%1'0(D,-0"%-D(8-27",(I'#0(%&1(,#72F%1'0(1D#,#2-D",(8-27",(P!#2"7(\ (L$,,-B"7.(STTYR=(NK;(B",$18(219 

2171'",,5( B"'5( 91%C117( Z( "7+( SZZ.( C-%&( "( E1'#( B",$1( D#''18G#7+-72( %#( 1J%'101,5( G##'( B121%"%-#7(220 

D#7+-%-#78("7+(0"J-0$0(B",$18(D,#81(%#(SZZ(-7+-D"%-72(#G%-0",(B121%"%-#7(D#7+-%-#78.("7+(D"7(91(221 

+1I-71+("8j(222 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#&$!"! !&(" $ !&(" )*+,

-!&(" *./ $ )!&(" )*+, )0
' ()) !223 

NDWI (Normalized Difference Water Index) %224 

>&1(3?Q;(-7%'#+$D1+(95(P)Dg11%1'8.(STTcR(-8("('1I,1D%"7D1F9"81+(-7+1J(D#00#7,5($81+(%#(-+17%-I5(225 

"7+(0#7-%#'(%&1(G'1817D1(#I(C"%1'(#7(%&1(<"'%&_8(8$'I"D1=(>&1(3?Q;($818('1I,1D%1+('"+-"%-#7(-7(%&1(226 

71"'(-7I'"'1+("7+(B-8-9,1(2'117(,-2&%(%#(17&"7D1(%&1(G'1817D1(#I(C"%1'(I1"%$'18(C&-,1(1,-0-7"%-72(%&1(227 

G'1817D1(#I(8#-,("7+(%1''18%'-",(B121%"%-#7(P)Dg11%1'8.(STTcR=(>&1(3?Q;(I#'0$,"(-8(2171'",,5(+1I-71+(228 

"8(I#,,#C8j(((((((((((((((((((((((((((((((((((((((229 

!"*$ !" %
-1233, $ !"# 0

-1233, ' !"# 0
%230 

b)! Brightness Temperature-Based Indices 231 

TCI (Temperature Condition Index)  232 

>&-8(%&1'0",(-7+1J(-8(18817%-",,5(9"81+(#7(%&1(<"'%&_8(8$'I"D1(%10G1'"%$'1=(;%(C"8(+1B1,#G1+("%(3W//(233 

-7(STTa(P!#2"7.(STT`R.("7+(-8(D",D$,"%1+($8-72(-0"218(I'#0(3W//_8(/NOAA(8178#'=(>&-8(-7+1J(-8(234 

B1'5($81I$,(I#'(D&"'"D%1'-E-72(%&1'0",(8%'188(#B1'(,#72(G1'-#+8(#I(%-01("7+(#B1'(,"'21("'1"8(P!#2"7.(235 

STT`R=( K#09-71+( C-%&( #%&1'( B121%"%-#7( -7+-D18( 8$D&( "8( NK;.( -%( G'#B-+18( "( 0#'1( D#0G'1&178-B1(236 

"88188017%(#I(%&1(B121%"%-#7(D#7+-%-#7(#I("(2-B17("'1"=(;%(-8(D",D$,"%1+("8(I#,,#C8(P:"51,0"0.(XZSaRj(237 

%238 

+,- .
/0+ %123 4 /0+ %567

/0+ %123 4 /0+ %168
(239 
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C&1'1(:L>#$%(-8(%&1(0"J-0$0(8$'I"D1(%10G1'"%$'1(#I(%&1(G1'-#+(8%$+-1+.(:L>#&'(-8(%&1(0-7-0$0(240 

8$'I"D1( %10G1'"%$'1( #I( %&1( G1'-#+( 8%$+-1+( "7+( :L>( P-R( -8( %&1( 8$'I"D1( %10G1'"%$'1( #I( %&1( 0#7%&(241 

D#7D1'71+=!242 

c)! Combined Reflectance and Brightness Temperature-Based Indices 243 

VHI (Vegetation Health Index)  244 

41D"$81(-%(D#09-718("(%&1'0",(I"D%#'("7+(G,"7%('1I,1D%"7D1.(%&1(NO;(-8(%&1(0#8%("GG'#G'-"%1(-7+-D"%#'(245 

I#'(B121%"%-#7=(>&-8(-7+1J(C"8(+1B1,#G1+(95(P!#2"7 .(STTaR.("7+(-8(B1'5(1II1D%-B1(-7(%1'08(#I(8%$+5-72(246 

"7+( 0"7"2-72( "2'-D$,%$'",( +'#$2&%( 95( "88188-72( B121%"%-#7( &1",%&=( ;%( C#'H8( 95( D#09-7-72( %&1(247 

N121%"%-#7(K#7+-%-#7(;7+1J(PNK;R("7+(%&1(>10G1'"%$'1(K#7+-%-#7(;7+1J(P>K;R.(C&-,1('1,5-72(#7(%&1-'(248 

712"%-B1(D#''1,"%-#7.(%#(+1%1D%.(0#7-%#'("7+(G'#B-+1(1"',5(C"'7-72(#I(%&1(I'1[$17D5("7+(-7%178-%5(#I(249 

"2'-D$,%$'",(+'#$2&%(P6$8%-D1(1%(",=(STTU](L1-,1'(1%(",=(STTUR=(;%(-8(1JG'1881+(95(%&1(I#,,#C-72(1[$"%-#7j(250 

#9$%.%: ;#&$%<%=;>&$%251 

C&1'1(m("7+(n("'1(D#1II-D-17%8("88-271+(%#(1"D&(#I(%&181(D#09-7"%-#7(I"D%#'8("7+('1I1'(%#(%&1(712"%-B1(252 

D#''1,"%-#7( 91%C117( %&1( %&1'0",( -7+1J( "7+( %&1( G,"7%( -7+1J=(>&181( D#1II-D-17%8( "'1( 1[$",( %#( Z=a.(253 

"DD#'+-72(%#(PQ-,&-%1(1%(",=.(XZZZR=%254 

d)! Rainfall variation-based indices 255 

SPI (Standardized Precipitation Index)  256 

>&1(LM;(-7+1J(P)D!11(1%(",=.(STTY.(STTaR(-8("(G#C1'I$,(51%(1"85(%#(D",D$,"%1(%##,(%&"%('1[$-'18(257 

#7,5(G'1D-G-%"%-#7(+"%"(%#([$"7%-I5(G'1D-G-%"%-#7(+1I-D-%8(#'(8$'G,$818=(;%(01"8$'18(B"'-"%-#78(-7(258 

G'1D-G-%"%-#7('1,"%-B1(%#(&-8%#'-D",("B1'"218(#B1'("(8G1D-I-1+(G1'-#+.(C&1%&1'(+1I-D-%(#'(8$'G,$8.(259 

#B1'( G1'-#+8( '"72-72( I'#0( Y( 0#7%&8( %#( X( 51"'8=( ;%8( #G%-0",( D",D$,"%-#7( '1[$-'18( 0#7%&,5(260 

01"8$'1017%8(#B1'(XZ(%#(YZ(51"'8.(-+1",,5(aZ(%#(cZ(51"'8.(",%&#$2&(0-88-72(+"%"(D"7("II1D%(%&1(261 

'1,-"9-,-%5(#I(%&1('18$,%8(PQ)W.(XZSXR=((>&1(LM;(-7+1J(D"7(91(1JG'1881+("8j(((((((((((((((((((((((((((((((((((((((((((((((((((((((((262 

?@$!" %
4$ 4*

54
(263 

C&1'1(M(-8(%&1(%#%",(G'1D-G-%"%-#7(I#'("(2-B17(G1'-#+(P00R.(M0(-8(%&1(&-8%#'-D",(01"7(G'1D-G-%"%-#7(264 

I#'(%&1(G1'-#+(P00R.("7+(oM(-8(%&1(&-8%#'-D",(8%"7+"'+(+1B-"%-#7(#I(G'1D-G-%"%-#7(I#'(%&1(G1'-#+(265 

P00R=(((266 

 267 



 

10 
 

PDSI (Palmer Drought Severity Index)  268 

>&1(M?L;(-8("(01%1#'#,#2-D",(+'#$2&%(-7+1J(+1B1,#G1+(95(M",01'(P4'-II"(1%(",=.(STTV](LD-"7(\ (269 

?#77"'-.(STT`](K##H(1%(",=.(STTTR=(;%8($,%-0"%1(2#",(-8(%#(G'#B-+1(8%"7+"'+-E1+(01"8$'1017%8(#I(270 

0#-8%$'1( D#7+-%-#78( 8#( %&"%( D#0G"'-8#78( D"7( 91( 0"+1( $8-72( %&-8( -7+1J(91%C117( +-II1'17%(271 

,#D"%-#78( "7+( 91%C117( +-II1'17%( 0#7%&8=( >#( "D&-1B1( %&-8.( %&1( M?L;( '1,-18( #7( +"%"( #7(272 

G'1D-G-%"%-#7.(D$''17%("7+(G"8%(%10G1'"%$'18.("7+("B"-,"9,1(8#-,(0#-8%$'1(P)-H"(1%(",=.(XZZVR.(273 

O#C1B1'.( -%( +#18( 7#%( +-'1D%,5( D#78-+1'( 8$'I"D1( &5+'#,#2-D",( '18#$'D18( P2'#$7+C"%1'.( '-B1'8.(274 

'181'B#-'8R.( %&"%( D"7( -7I,$17D1( +'#$2&%( D#7+-%-#78( P:"51,0"0.( XZSa R=( >&1( M?L;( -7+1J( -8(275 

D",D$,"%1+($8-72j((((((((((276 

((((((((((((((((((((((((((((((((((((((((((((((((((((AB0- . C567 .
6789: ); -+$ <0' =-+0

>
(277 

C&1'1(p(P-FSR(-8(%&1(M?L;(#I(%&1(G'1B-#$8(G1'-#+.("7+(fP-R(-8(%&1(0#-8%$'1("7#0",5(-7+1J(278 

C&-D&(-8(D",D$,"%1+(95(%&1(I#,,#C-72(I#'0$,"j((279 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%D5E7%.%F5@G@H7%%280 

C&1'1(!(-8("(C1-2&%-72(I"D%#'(P811(/,,15(STUVR.(M(-8(%&1(D$''17%(G'1D-G-%"%-#7(P00R.("7+(MD(-8(281 

!"#$%&'(%$G'1D-G-%"%-#7(P00](()&#$*&+$)),!-../0./&$*1!20/!3%&4*&'5!(0'6&*&0'4R.('1G'1817%-72(282 

%&1("0#$7%(#I( '"-7I",,(711+1+(%#(0"-7%"-7("(9","7D1+(C"%1'(8$GG,5(P-=1=.(71-%&1'(+'#$2&%(7#'(283 

1JD188-B1(&$0-+-%5R($7+1'(7#'0",(D,-0"%-D(D#7+-%-#78=$;%(-8(1JG'1881+("8j(K/g<K(q(M#%17%-",(284 

<B"G#%'"78G-'"%-#7(PM<R(l(A1D&"'21(l(A$7#II(r(L#-,()#-8%$'1(:#88k^"-7=(285 

$286 

(287 

(288 

(289 

(290 

(291 

(292 

Figure 2=(Q#'HI,#C(+-"2'"0(-,,$8%'"%-72(%&1(0"-7(8%1G8(#I(%&1("+#G%1+(C#'H(01%&#+#,#25=(293 

(294 
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Results(295 

Reflectance-Based Indices 296 

VCI  297 

>&1(0"G(#I(8G"%-#%10G#'",(B"'-"%-#7(#I(%&1(N121%"%-#7(K#7+-%-#7(;7+1J(PNK;R(Pg-2$'1(YR(8&#C8(298 

"7(-7D'1"8-72(%'17+(%#C"'+8(+'#$2&%(91%C117(STUV("7+(XZXY=(?$'-72(%&1(G1'-#+(I'#0(STUT(%#(299 

XZZT.(D#7+-%-#78("GG1"'('1,"%-B1,5(7#'0",.(C-%&(8,-2&%(I,$D%$"%-#78(#981'B1+(91%C117(STUT("7+(300 

XZZT.("7+(8G"%-",,5(91%C117(%&1(O-2&(/%,"8("7+(/7%-F/%,"8('12-#78=(>&181(I,$D%$"%-#78(D"7(91(301 

"%%'-9$%1+( %#( %#G#2'"G&-D( B"'-"%-#78.( C&-D&( &"B1( "( +-'1D%( -7I,$17D1( #7( %&1( "0#$7%( #I(302 

G'1D-G-%"%-#7( "7+( %&1( +-$'7",( %10G1'"%$'1( B"'-"%-#78=( ;7( I"D%.( %&1( B"'-1+( %#G#2'"G&5( #I( %&1(303 

0#$7%"-7#$8("'1"8(#I(%&1(O-2&(/%,"8("7+(/7%-F/%,"8('18$,%8(-7(+-8%-7D%(0-D'#D,-0"%18=(O-2&1'(304 

",%-%$+18(2171'",,5('1D1-B1(0#'1(G'1D-G-%"%-#7.(C&-,1(,#C1'("'1"8(D"7(91(0#'1("'-+=(L-7D1(XZZT.(305 

"(8-27-I-D"7%(-7D'1"81(-7(+'#$2&%(&"8(9117(#981'B1+.(,1"+-72(%#("(G'#2'188-B1(+1%1'-#'"%-#7(#I(306 

B121%"%-#7(D#7+-%-#78("7+("7(-7D'1"81(-7(G1'-#+8(#I(C"%1'(8%'188=(>&-8(+1%1'-#'"%-#7(D#$,+(91(307 

,-7H1+(%#(D,-0"%1(D&"721.(C&-D&(-8(8%'#72,5("II1D%-72(G'1D-G-%"%-#7(G"%%1'78("7+(%10G1'"%$'18=((308 

(309 

(310 

(311 

(312 

(313 

(314 

(315 

 316 

 317 

 318 

 319 

 320 

Figure 3=(LG"%-#%10G#'",(B"'-"%-#7(0"G(#I(%&1(N121%"%-#7(K#7+-%-#7(;7+1J(PNK;R=321 
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NDVI 322 

/7",58-8(#I(%&1(7#'0",-E1+(B121%"%-#7(-7+1J(P3?N;R(-7(g-2$'1(V(D,1"',5(-7+-D"%18("(8-27-I-D"7%(323 

8&-I%(-7(%&1(D,-0"%-D(D#7+-%-#78(#I(%&1(?'@"(C"%1'8&1+(8-7D1(%&1(XZZZ8=(<B17(,"7+(-7(%&1(/%,"8(324 

'12-#78(8&#C8(G'#2'188-B1,5(,#C1'(3?N;(B",$18.(8G1D-",,5(I'#0(XZZV(%#(XZXY=((4"'1(8#-,("7+(325 

L"&"'"7(E#718(#DD$G5("9#$%(%&'11([$"'%1'8(#I(%&1(C"%1'8&1+(8$'I"D1("'1".(C&-D&(-8(1JG,"-71+(326 

95('12-#7",(D,-0"%-D(D#7+-%-#78=(>&181(D&"7218(-7+-D"%1("(2'"+$",(+12'"+"%-#7(#I(B121%"%-#7(327 

D#B1'.(&-2&,-2&%-72(C"%1'(8%'188("7+("(+1D,-71(-7(9-#,#2-D",(G'#+$D%-B-%5=(/7",58-8(#I(%&1(3?N;(328 

+"%"(+$'-72(%&-8(G1'-#+(8&#C8(%&1(81B1'1(-0G"D%(#I(%&1(D,-0"%-D(D#7+-%-#78(#7(%&1(1D#858%10(#I(329 

%&1(?'@"(C"%1'8&1+=(^'117(E#718(C-%&(&-2&(3?N;(B",$18(D#7%-7$1(%#(8&#C('18-,-17D1.(330 

18G1D-",,5(-7(%&1(I##%&-,,8(#I(%&1(&-2&(0#$7%"-78.(,"'21,5(9171I-%-72(I'#0(%&1(1II1D%(#I(331 

87#C01,%=(>&181("'1"8(#I(+1781(B121%"%-#7(",8#(1J%17+(",#72(%&1(?'@"(A-B1'.(I'#0(%&1(O-2&(332 

?"+h8(-7(%&1(1"8%("7+(>-+-,-F;'-'-(-7(%&1(C18%.(%#()&"0-+(<,(^&-E,"71(-7(%&1(8#$%&(Pg-2$'1(SR=(333 

(334 

(335 

(336 

(337 

(338 

(339 

(340 

(341 

(342 

(343 

(344 

(345 

Figure 4=(3#'0",-E1+(?-II1'17D1(N121%"%-#7(;7+1J(P3?N;R(0"G(-,,$8%'"%-72(8G"%-",(B"'-"%-#78(346 

-7(B121%"%-#7(D#B1'("D'#88(%&1(8%$+5("'1"=((347 
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Brightness Temperature-Based Indices 348 

TCI 349 

/8(8&#C7(-7(g-2$'1(a.(%&1(%10G#'",(B"'-"%-#7(#I(%&1(%10G1'"%$'1(D#7+-%-#7(-7+1J(P>K;R(8&#C8(350 

8#01(D5D,-D-%5=(/75(51"'(C-%&(1J%'101,5(&-2&(%10G1'"%$'18(D#$,+(-7+-D"%1("(G1'-#+(#I(+'#$2&%.(351 

I#,,#C1+(I#$'(51"'8(,"%1'(95("(51"'(C-%&(,#C1'(%10G1'"%$'18.(-7+-D"%-72(C1%(D#7+-%-#78=(352 

>&-8( -7+1J(1J"0-718(%&1(1II1D%(#I(%10G1'"%$'1(#7(B121%"%-#7.(8&#C-72(%&"%(1B17(%&1( ,#C18%(353 

%10G1'"%$'18(D"7(&"B1("(712"%-B1(1II1D%(#7(G,"7%(D#B1'=(>&1'1I#'1.(-%(-8(-0G#'%"7%(%#($81(%&-8(354 

-7+1J(",#728-+1(%&1(N121%"%-#7(K#7+-%-#7(;7+1J(PNK;R('"%&1'(%&"7(-7(-8#,"%-#7=(>&1(D#09-7"%-#7(355 

#I( %&181( %C#( -7+-D18( '18$,%8( -7( %&1( N121%"%-#7( O1",%&( ;7+1J( PNO;R=( 4"8-D",,5.( 51"'8( C-%&(356 

I"B#'"9,1( B121%"%-#7( D#7+-%-#78( "'1( D#7I-'01+( 95( %&1(NO;.(17&"7D-72(%&1( '1,-"9-,-%5( #I( %&1(357 

D#7D,$8-#78(+'"C7(I'#0(%&1-'("7",58-8=(358 

(359 

(360 

(361 

(362 

(363 

(364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

Figure 5=(LG"%-#%10G#'",(B"'-"%-#7(0"G(#I(%&1(>10G1'"%$'1(K#7+-%-#7(;7+1J(P>K;R(-,,$8%'"%-72(372 

%&1'0",(8%'188(D#7+-%-#78("D'#88(%&1(8%$+5("'1"(+$'-72(%&1(#981'B"%-#7(G1'-#+=(373 

 374 
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Combined Reflectance and Brightness Temperature-Based Indices 375 

VHI 376 

Q-%&( '12"'+8(%#(%&1(N121%"%-#7(O1",%&(;7+1J(PNO;R.(%&1(#981'B1+(%'17+8("'1(D#78-8%17%(C-%&(377 

%&#81( #I( %&1( 3?N;.( NK;( "7+( >K;=( ;7-%-",,5.( D#7+-%-#78( "GG1"'( I"B#'"9,1( %&'#$2&#$%( %&1(378 

C"%1'8&1+.(C-%&(B"'5-72(-7%178-%5(+$1(%#(%&1(+-II1'17%(0-D'#D,-0"%18(#I(1"D&('12-#7.(-7I,$17D1+(379 

95(%&1-'(8G1D-I-D(%#G#2'"G&-D(D#7%1J%=(O#C1B1'.(I'#0(XZZV(#7C"'+8.(%&1(D",D$,"%-#78(8&#C("(380 

8-27-I-D"7%( $G&1"B",.( C-%&( %&1( D,"88( -7+-D"%-72( $7I"B#'"9,1( B121%"%-#7( D#7+-%-#78( -7B"+-72(381 

",0#8%( %&1( 17%-'1( C"%1'8&1+=( >&-8( %'17+( -7+-D"%18( "7( ","'0-72( +'#$2&%.( C&-D&( D"7( 91(382 

D#''#9#'"%1+( 95( %&1( #%&1'( -7+-D18( 9"81+( #7( %&1( ,#D",( 01%1#'#,#2-D",( D#7+-%-#78.( &17D1( %&1(383 

-0G#'%"7D1( #I( "( 0$,%-+-0178-#7",( "7",58-8( #I( %&1( -7+-D18( I#'( "( D#0G,1%1( "7+( "DD$'"%1(384 

$7+1'8%"7+-72(#I(%&1(+'#$2&%(-7(%&1(8%$+5("'1"=((385 

(386 

(387 

(388 

(389 

(390 

(391 

(392 

(393 

(394 

(395 

(396 

(397 

Figure 6=(N121%"%-#7(O1",%&(;7+1J(PNO;R(B"'-"%-#7(0"G(8&#C-72(8G"%-#%10G#'",(D&"7218(-7(398 

B121%"%-#7(&1",%&("D'#88(%&1(8%$+5("'1"=399 

 400 
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Rainfall variation-based indices 401 

SPI 402 

/7",58-8(#I(%&1(2'"G&(8&#C-72(B"'-"%-#78(-7(%&1(L%"7+"'+-E1+(M'1D-G-%"%-#7(;7+1J(PLM;R(I#'(%&1(403 

?'@"(C"%1'8&1+( I'#0(STaZ(%#(XZXY( '1B1",8(81B1'",( -0G#'%"7%(%'17+8(Pg-2$'1( `R=(?$'-72(%&-8(404 

G1'-#+.( %&1( LM;( 8&#C8( 0"'H1+( B"'-"9-,-%5.( C-%&( G'#,#721+( 1G-8#+18( #I( 81B1'1( +'#$2&%.(405 

G"'%-D$,"',5(7#%"9,1(-7(%&1(51"'8(STcS.(STcX.(ST`c.(STUXFSTUa.(STTTFXZZX("7+(XZScFXZXY(PC-%&(406 

%&1(1JD1G%-#7(#I(%&1(51"'(XZSUFXZSTR.(C&17(LM;(B",$18(I",,(91,#C(FS=a.(-7+-D"%-72(1JD1G%-#7",,5(407 

+'5(D#7+-%-#78=(;7(D#7%'"8%.(8-27-I-D"7%(G1"H8(#I(1JD188(G'1D-G-%"%-#7(#DD$'(91%C117(STaXFSTa`.(408 

STcYFSTcT.(STUUFSTTV.(STTcFSTTU.(XZZYFXZZ`.("7+(XZSVFXZSa.(C-%&(LM;(B",$18('1"D&-72(lS=a.(409 

-7+-D"%-72(G1'-#+8(#I("9$7+"7%(G'1D-G-%"%-#7=((410 

>&1(#B1'",,(%'17+(-7(%&1(LM;("GG1"'8(%#(#8D-,,"%1(91%C117(G1'-#+8(#I(-7%1781(+'#$2&%("7+(1JD188(411 

G'1D-G-%"%-#7.(C-%&("(7#%"9,1(B"'-"%-#7(-7(%&1(I'1[$17D5(#I(1B17%8(91%C117(%&1(STTZ8("7+(XZZZ8=(412 

M'-#'(%#(XZZX.(+'#$2&%8(&"+("(8-27-I-D"7%("0G,-%$+1(9$%("(,-0-%1+(+$'"%-#7(#I(Y(#'(V(51"'8("%(413 

0#8%.(C&-,1(C1%(G1'-#+8(C1'1(0#'1(G'#,#721+.(C-%&(8#01C&"%(,#C1'("0G,-%$+18=(L-7D1(XZZX.(414 

C1%(G1'-#+8(&"B1(91D#01('"'1'.(C-%&("7("B1'"21("0G,-%$+1("7+(2171'",,5(,"8%-72(#7,5(#71(#'(415 

%C#(D#781D$%-B1(51"'8=(W7(%&1(#%&1'(&"7+.("(G'1D-G-%"%-#7(+1I-D-%(1J%17+8(#B1'("9#$%(S`(51"'8.(416 

I'#0(XZZ`(%#(XZXY.(C-%&("(I1C(#71F51"'(9'1"H8.("8(-7(XZSVFXZSa("7+(XZSUFXZST=(;7(%1'08(#I(417 

LM;.(#B1'("(G1'-#+(#I(XY(51"'8(PXZZZFXZXYR(%&1(C"%1'8&1+(&"8(1JG1'-17D1+(#7,5(T('1,"%-B1,5(C1%(418 

51"'8(D#0G"'1+(C-%&(%#(SV(+'5(51"'8=(>&181('"-7I",,(+1I-D-%8.(8G'1"+(#B1'("(,#72(G1'-#+.("7+(-7(419 

G"'",,1,( C-%&( %&1( '-81( -7( %10G1'"%$'18.( D#7I-'08( %&1( '18$,%8( #I( %&1( #%&1'( -7+-D18( '1I,1D%-72(420 

B121%"%-#7(&1",%&=(421 

PDSI 422 

N"'-"%-#78(-7(%&1(M",01'(?'#$2&%(L1B1'-%5(;7+1J(PM?L;R(D#''#9#'"%1(%&1(I,$D%$"%-#78(#981'B1+(423 

%&'#$2&(%&1(LM;( -7+-D18(Pg-2$'1(UR=(>&-8(-8(%#(91(1JG1D%1+.( "8(%&1(M",01'( -7+1J(-8(9"81+(#7(424 

8-0-,"'(G"'"01%1'8(%#(%&#81($81+(%#( "88188( '"-7I",,( +1I-D-%8( "7+(8$'G,$818=(>&1(G1'-#+8(0#8%(425 

81B1'1,5("II1D%1+(95(+'#$2&%.(-+17%-I-1+(95(%&1(,#C18%(M?L;(B",$18.(-7D,$+1(%&1(-7%1'B",8(STUXF426 

STUV.(STTTFXZZZ.("7+(%&1(,#72(+'5(G1'-#+(I'#0(XZSa(%#(%&1(G'1817%(+"5=(K#7B1'81,5.(C1%(G1'-#+8(427 

"'1(,188(I'1[$17%.(C-%&(8-27-I-D"7%(G1"H8('1D#'+1+(-7(%&1(51"'8(STU`FSTUT.(XZZX.("7+(XZSV=(>&181(428 

#981'B"%-#78(D#7I-'0(%&1(&"'0#7-E"%-#7(#I(+'#$2&%("7+(G'1D-G-%"%-#7(-7+-D18(-7(%&1("88188017%(429 

#I(D,-0"%-D(D#7+-%-#78(-7(%&1(C"%1'8&1+.($7+1',-7-72(%&1-'(D#0G,1017%"'-%5(-7(%&1("7",58-8(#I(430 

D,-0"%-D(%'17+8=431 
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(432 

(433 

(434 

(435 

(436 

(437 

(438 

(439 

 440 

Figure 7=(N"'-"%-#78(#I(%&1(L%"7+"'+-E1+(M'1D-G-%"%-#7(;7+1J(PLM;R(-,,$8%'"%-72(%&1(%10G#'",(1B#,$%-#7(441 

#I(01%1#'#,#2-D",(+'#$2&%(D#7+-%-#78(-7(%&1(8%$+5("'1"=((442 

Figure 8.(N"'-"%-#7(#I(%&1(M",01'(?'#$2&%(L1B1'-%5(;7+1J(PM?L;R(91%C117(ST`Z("7+(XZXY.(8&#C-72(443 

,#72F%1'0(%'17+8(-7(+'#$2&%(81B1'-%5("D'#88(%&1(8%$+5("'1"=444 

 445 

 446 



 

17 
 

Validation of findings  447 

Observed climatic and hydrological parameters 448 

/8("(G1'I#'0"7D1(%18%.(C1(-0G,1017%1+("('-2#'#$8(B",-+"%-#7.(D#0G"'-72(%&1('18$,%8(C-%&(B"'-"%-#78(-7(449 

D,-0"%-D(G"'"01%1'8=(LG1D-I-D",,5.(C1(D#0G"'1+(G'1D-G-%"%-#7(+"%"(I'#0(X`(&5+'#,#2-D",(8%"%-#78(",#72(450 

%&1(?'@"(A-B1'(C-%&(%10G1'"%$'18(G'#B-+1+(95(%&1(>1''"K,-0"%1(8"%1,,-%1("7+(C-%&(%&1('18$,%8(#I(+'#$2&%(451 

-7+-D18(+1'-B1+(I'#0('10#%1(8178-72=(452 

>#( "88188( %&1( G1'I#'0"7D1( #I( %&1( >1''"K,-0"%1( 8"%1,,-%1( -%81,I.( C1( D#0G"'1+( 8G,-71FC-%&F9"''-1'8(453 
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