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LT1M$&/MA ^*P +K,P E.9/9P 03P +K,P 5,020-8K0105C;P 8.1,0901;P 8.1,061/2.+,P .*FP 10,99P .5,;P2.@0-P 6K.*5,9P 03P
+K,PD0,99P:1.+,.HP_,-,P 9+HF/,F=P ‘K,-,P .-,P 3/Y,P2.@0-P 6K.*5,9P /*P +K,P ,Y01H+/0*P 03P +K,P D0,99P :1.+,.HP /*P
7K/*.=P I20*5P +K,2;P +K,P 3/-9+;P 9,60*F;P +K/-FP .*FP 30H-+KP 2.@0-P 6K.*5,9P K.Y,P +.a,*P 81.6,P 9/*6,P +K,P
30-2.+/0*P 03P +K,P D0,99P :1.+,.H;P .*FP +K,P 3/3+KP2.@0-P 6K.*5,P _/11P K.88,*P /*P %""P C,.-9=P ‘K,P 3/-9+P 2.@0-P
6K.*5,;P _K/6KP 066H--,FP .+P .E0H+P !=#"P b.P c:;P _.9P .P +-.*9/+/0*P 3-02P -,FP ,.-+KP 81.+,.HP +0P +K,P D0,99P
:1.+,.H;P .*FP -,31,6+9P +K,P 61/2.+,P 3-02P +K,P_.-2$9HE$KH2/FP +0P +K,P .1+,-.+/0*P E,+_,,*P 601F$.*F$F-CP .*FP
_.-2$.*F$KH2/F=P‘K,P F-/Y/*5P 30-6,P 03P +K/9P 3/-9+P2.@0-P 6K.*5,P_.9P 61/2.+,=P ‘K,P 9,60*FP2.@0-P 6K.*5,;P
_K/6KP +00aP 81.6,P .+P .E0H+P %=]"P b.P c:;P _.9P .P Y/+.1P +-.*9/+/0*P 03P +K,P 2./*P -/Y,-9P /*P +K/9P .-,.P 3-02P
*0*$,W/9+,*6,P +0P ,W/9+,*6,;P .*FP -,8-,9,*+,FP .*P /280-+.*+P 6K.*5,P 0*P +K,P D0,99P :1.+,.H[9P *,0+,6+0*/6P
H81/3+P 3-02P +K,P 910_P -/9/*5P +0P 8,-/0F/6.11CP .66,1,-.+,FP -/9/*5;P .*FP 2.a/*5P +K,P -/Y,-[9P ,-09/0*P 50P 3-02P
3,,E1,P +0P 9+-0*5=P ‘K,P F-/Y/*5P 30-6,P 03P +K,P 9,60*FP 2.@0-P 6K.*5,P /9P +,6+0*/6P H81/3+=P ‘K,P +K/-FP 2.@0-P
6K.*5,P_K/6KP066H--,FP .+P .E0H+P %#"Pa.;P_.9P .P 5-,.+P +-.*9/+/0*P 03P +K,Pd,110_Pe/Y,-[9P /*80H-/*5P 3-02P.P
1.a,P0H+1,+P +0P .P 9,.P0H+1,+=PI+P +K.+P +/2,;P +K,Pd,110_Pe/Y,-P 6H+P +K,PA.*2,*P40-5,=P‘K,P +-.*9/+/0*P 1,FP +0P
+K,P +-.*930-2.+/0*P 03P 10,99P2.+,-/.1P 3-02P /*+,-*.1P +-.*980-+.+/0*P +0P ,W+,-*.1P +-.*980-+.+/0*=P ‘K,P F-/Y/*5P
30-6,P 03P +K,P +K/-FP2.@0-P 6K.*5,P_.9P -H**/*5P_.+,-P ,-09/0*=P ‘K,P 30H-+KP 0*,P +K.+P 066H--,FP .+P .E0H+P %=%P
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‘K,PF-/Y/*5P30-6,P03P+K,P30H-+KP2.@0-P6K.*5,P/9P2./*1CPKH2.*P.6+/Y/+/,9=P‘K,P3/3+KP2.@0-P6K.*5,;P_K/6KP
/9P+K,P08809/+,P6K.*5,P+0P+K,P30H-+KP0*,;P/*P_K/6KP+K,P20+/Y,P80_,-P/9PKH2.*P.6+/Y/+C;P +00=
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NKR2$/(+#’(1_RYKR3’-,3_RQKR*$/(:#35R$0R+",RA$,11RC.#+,#/_RbKR1,9+’$(R1’+,1R1+/:’,:

Rivers T6 T5 T4 T3 T2 T1 

Yellow River at Lanzhou 333.0 218.4 118.9 56.3 36.7 18.3 

Weihe River at Baoji  128.0 104.2 88.3 16.8  4.2 

Luohe River at Luochuan   82.2  62.6 50.2 15.4  2.4 

Bahe River at Xi�an   76.8  30.7 24.8 20.6  6.0 
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;+,2"$ <:.&%&.$ ":=$ ":=$ :$ 4:,03$ 1.:43$ >?397 !" #$@A7 BCCDEA- :/=- F,+’&=3=7 2"37 &(F+,2:/27 :3+4&:/7
3’&=3/.37 +%7 2"37 G&FF:,&+/7 :.23=7 :17 :7 H344+IJK,+I/7 .+4+,7 K3.:5137 +%7 :,&=7 .4&(:237 &/7 2"37
/+,2"I3123,/7 F:,27 +%7 2"37L+3117<4:23:5@7M"3,3%+,3NO &2- &1- 2"+50"2- 2"92- 2"#-G&FF9,&+/- ,#P- #9,2"-I91-
2"#- %&,12- 12#F- 2+- 2"#- 4+#11- 9QQ5(5492&+/@- R52S- 2"3,3- 9,3- 0,392- =&%%3,3/Q31- T32I33/- 2"3- G&FF9,&+/-
,3=- 39,2"- 9/=- 4+311@-U- 4+2- +%-V9VWX7 /+=5437 49H3,17 9/=7R27 49H3,17 =3’34+F3=7 &/7 2"37G&FF9,&+/7 ,3=7
39,2"7 YZ":+S-BCDC[-\&/0-!" #$@S- BCC][-^5/O!" #$@SO BCC_‘- &/P&Q92#P- 2"92- 2"#-Q4&(92#-"9P- Q"9/0#P- 92-
2"92- 2&(#S- T52- 2"#- 9(F4&25P#- I91- 4&224#@- M"#- %9Q2- 2"92- 2"#- &/2#,Q949,H- 4+#11- P&P- /+2- #a&12- &/- 2"#-
G&FF9,&+/-,#P-#9,2"-1"+I1- 2"92- 2"#-Q4&(92#-92- 2"92- 2&(#-I91-(9&/4H-I9,(J15T9,&P@-RH-9/94H1&1-+%-
F9,2&Q4#- 1&b3S- c#]WXS- U4]WX- 9/P- V9VWX- &/- de- 19(F4#1- +%- 2"#- ,#P- #9,2"- 9/P- f5Q"#/0O 4+#11O &/O
L9/2&9/OF,+%&4#O YM9T4#O]‘SO &2O &1Og/+I/O 2"92OQ4&(92#OI91OI9,(#,OP5,&/0O 2"#O ,#PO #9,2"OP#’#4+F(#/2O
2"9/OP5,&/0O2"92O+%Of5Q"#/0O 4+#11OP#’#4+F(#/2@OM"#OI&P#1F,#9PO,#PO#9,2"OF,+’#PO 2"92O &2OI91O 2"#O
,#PO #9,2"O F492#95O 2"92O P#’#4+F#PO 92O 2"92O 2&(#O &/O 2"&1O 9,#9@O M"#,#O I#,#O 941+O (9/HO 49,0#O 49g#1O
1"+I#POTHO 49g#OP#F+1&2O &/O 2"#O 9,#9O YZ"9/0O!" #$@SO BCDC[O^5/O!" #$@SO BCCB[OZ"9+SO]hh]‘O &/12#9PO +%O
2"#O,#PO#9,2"@

i/O 2"3O 4923,O F3,&+PO +%O 2"3O G&FF9,&+/O ,3PO 39,2"O P3’34+F(3/2SO 2"3O Q4&(923O Q"9/03PO %,+(O 2"3O
I9,(J15T9,&POI&2"OI39gO %45Q2592&+/O 2+O 9O Q+4PJ9/PJP,HO Q4&(923OI&2"O F+I3,%54O %45Q2592&+/1O YZ"9+SO
BCDDSO ]hh]‘@O V+,,31F+/P&/04HSO 2"3O 0,3HJH344+IOf5Q"3/0O 4+311O P3’34+F3PO +/O 2"3O G&FF9,&+/O ,3PO
39,2"@O U42"+50"O 2"3O ,3PO F943+1+41O 9,3OI&2"&/O 2"3Of5Q"3/0O 4+311SO 2"3O P3’34+F(3/2O +%O 2"&QgO 4+311O
49H3,1O ,3F,313/23PO 2"3OF,3’9&4&/04HO Q+4PJ9/PJP,HO Q4&(923@OM"&1O 2,9/1%+,(92&+/O &1O Q439,4HO 3’&P3/Q3PO
&/O 2"3O 12,929O 9/PO 2"3O %+11&4O 9113(T4903O YM9T43O ]‘@O M"3O 3a&123/Q3O +%O 2"3O ,3PJT,+I/O F943+1+41O &/O
f5Q"3/0O 4+311O &/P&Q923PO 2"92O 2"3O Q4&(923O 92O 2"92O 2&(3O "9PO %45Q25923PO I&P34HO 9/PO 2"3O 9(F4&25P3O
I91O T3Q+(&/0O (5Q"O 49,03,O 2"9/O T3%+,3@O j39/I"&43SO 2"3O F3,&+P&QO Q4&(92&QO Q"9/03O +%O h@BO j9O
9FF39,3P@O M"&1O Q"9/03O ,3%43Q21O /+2O +/4HO 2"3O Q4&(92&QO 2,9/1%+,(92&+/O %,+(OI9,(/311O 2+O Q+4P/311SO
T52O 941+O 2"3O Q+/’3,1&+/O +%O 2"3O k912O U1&9/O (+/1++/O Q4&(923@O i/O ’&3IO +%O 2"3O ,3Q3/2O ,3139,Q"SO 2"3O
k912OU1&9/O(+/1++/O=&=O/+2O %+,(OI"3/O 2"3OG&FF9,&+/O,3=O39,2"O=3’34+F3=SOT52O 2"92O 1&42J=512OI91O
2,9/1F+,23=O THO 2"3O I312JI&/=O Q&,Q5492&+/O Y\&/0O !" #$@SO BCCC‘@O G+I3’3,O 2"3O k912O U1&9/O (+/1++/O
"9=O %+,(3=O I"3/O 2"3O 4+311O 9QQ5(5492&+/O "9FF3/3=SO I"&Q"O I91O 2"3O +%%1F,&/0O +%O 2"3O I&/23,O
(+/1++/l1- (+’3(3/2- >\&/0- !" #$@A- BCCCm@- R913=- +/- 2"&1A- 2"3- (9*+,- Q"9/03- 1"+I3=- 2"92- 2"3-
92(+1F"3,&Q- Q&,Q5492&+/- I"&Q"- 2,9/1F+,23=- 2"3- 1&42J=512- "9=- 9- ’&294- 2,9/1%+,(92&+/- >\&/0- !" #$@A-
BCC]m@- U%23,- 2"&1- Q"9/03A- 2"&1- 9,39- 3/23,3=- 2"3- (9&/- F3,&+=- +%- L+311- <492395- =3’34+F(3/2A- T52-
13’3,94- 1"+,2- F3,&+=1- +%- ,3=- 39,2"- F492395- "9=- 9FF39,3=- 92- 2"3- 19(3- 2&(3A- %+,- 3a9(F43A- 2"3- 2&(3-
/39,4H-nhhOo9OR<OI"3/O 2"3O %&%2"J49H3,OF943+1+4O+%OnJ(O2"&.gO %+,(3=OYZ"9+SO]hhX‘@OM"3O,3=O39,2"O
9/=O 2"3O 4+311SO +%%1F,&/0O +%O .+(F43234HO =&%%3,3/2O .4&(9231O &/=&.923=O 2"92O 2"3O =,&’&/0O %+,.3O 439=&/0O
2+O 2"3O(9*+,O ."9/03O I91O (+124HO .4&(923@O i/O 2"&1O 1F3.&94O 9,39O +%O 2"3O L+311O <492395SO 2"3O 5F4&%2O +%O
2"3Op&/0b9/0O Yp&/0"9&JM&T32‘O <492395O"9=O 9O "34F%54O 3%%3.2O 3a.3F2O %+,O 2"3O 9%+,3(3/2&+/3=O .4&(923O
,391+/@OM"3O0,392O .4&(92&.O 2,9/1%+,(92&+/O"9=O 9O 04+T94O ."9,9.23,O YG3443,O!" #$@SO BCD][Oq53SO BCDC[O
^5/O!" #$@SO BCCB‘SO 1+O 2"3O ."9/03O &1O +%OI+,4=I&=3O 1&0/&%&.9/.3@ORHO 2"3O 903O+%O 4+311O 9..5(5492&+/SO
2"3O0,392O."9/03O"9FF3/3=O92O9K+52O]@nhOj9OR<@

! "#$ %&’() *#&+,$ (- .#$ %&/+ )/0$)12 3$0$4(5%$+. /+ .#$ 6($22 74&.$&8

U%23,O2"3O0,392O."9/03O(3/2&+/3=O9K+’3SO9K+52OnhO(O+%Of5."3/0O4+311O=3’34+F3=O92OB@]hOj9OR<O
&/O 2"3O I&=3J,9/03=O 9,39O +%O 2"3O L+311O <492395@O i/O 2"3O(&==43O 9/=O 4923,O F3,&+=O +%Of5."3/0O 4+311O

Strata Strata combination Silt 

(%) 

Al�O��
(%) 

Fe�O��
(%) 

CaCO��
(%) 

Mammal  

group  

Climate 

Early Pleistocene 

loess 

Loess interbed with red 

paleosols 

51.4 13.76 5.52 8.2 Equs group Cole-warm change 

Pliocene Red earth with CaCO� 42.5 51.4 16.14 6.52 Hipparion group warm  

M9K43O]OOV"9,9.23,&12&.1O+%O<4&+.3/3O,3=O39,2"O9/=Ok9,4HO<43&12+.3/3O4+311O92O\59/*&9O’&44903O
&/OL9/2&9/

e__
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>?%5$.::@%AB%345.$:$5@%CB%:’51@%DB%:#(2%#(2%)-#;.5:@%EB%:4(2:1$(.@%FB8-.28.4-1"@8GB8H’554:

IJ).%$9%K.55$L%M’;.-%#(2%N.’".OM’;.-%’:%491.-%K,.%!" #$B%P>QQGRS%#).%$9%T#".%M’;.-%’:%*U%1".%#,1"$-R

2.;.5$36.(1S% 1".% :.7$(2% 6#V$-8 7"4().8 $77,--.2S8 1".8 433.4-4(7.8 $98 54-).8 -’;.-:B8 W"’:8 7"#().8
’(2’7#1.28 ’63$-1#(18 1-#(:9$-6#1’$(:8 $98 1".8 (.$1.71$(’78 6$;.6.(1S8 1".8 .-$:’$(8 *#:’:S8 -,((’()8
L#1.-8 .-$:’$(8 #(28 5#H.8 *#:’(:B8 X18 6#(’9.:1:8 ’1:.598 ’(8 1.71$(’78 ,35’91S8 5#H.8 -.2,71’$(8 #(28 -’;.-8
9$-6#1’$(B8 T.9$-.8 1"’:8 7"#().S8 5#H.8 2.3$:’1:8 #(28 3’.26$(1:8 :,-9#7.8 2.3$:’1:8 7$63#-#1’;.5U8
2.;.5$3.2S8 9$-8 .Y#635.S8 1".82.3$:’18 $980#(6.(8 5#H.8 ’(8 1".8Z,#(["$()8#-.#S8 5#H.82.3$:’18 $(8 1L$8
:’2.:8 $98 ,33.-8 <,$".8M’;.-8 ’(8N,\’S8 1".8 L’2.]2’:1-’*,1.28 3’.26$(18 :,-947.8 2.3$:’18 54U.-8 ’(8 1".8
9-$(18 $98 1".8 ^’(5’()O _$,(1#’(:BO <#H.O 1.--#7.:O #(2O 1".O :,-9#7.O 2.3$:’1O 1.--#7.:O 2’2O ($1O 2.;.5$3O
*.9$-.O 1"’:O 7"#().BO W"’:O 9#71O ’(2’7#1.:O 1"#1O 1".O 3.-’$2’7O 1.71$(’7O ,35’91O L#:O L.#HO *.9$-.O 1"’:O
7"#().BO J91.-O 1"’:O 7"#().SO 1"’:O #-.#O 7#6.O ’(1$O 1".O 3.-’$2’7O ,35’91O 3.-’$2O $9O 1".O (.$1.71$(’7O
6$;.6.(1SO#(2O1".O6,51’35.O 1.--#7.:O2.;.5$3.2O$(O1".O-’;.-O;#55.U:OIW#*5.O>RBOW".O3.-’$2’7O,35’91O
$9O 1".O (.$1.71$(’7O6$;.6.(1O 5.2O 1$O 1".O 2.75’(.O $9O 1".O .-$:’$(O *#:.O 5.;.5SO L"’7"O6#2.O 1".O -’;.-O
.-$:’$(O".#;’.-O 1"#(O*.9$-.BOT.7#,:.O 1".OK.55$LOM’;.-O2’2O($1O 7,1O 1".O0#(6.(OZ$-).O 9$-O #O 5$()O
1’6.O #91.-O 1".O 7"#().SO 5$.::O .-$:’$(O #(2O 1-#(:3$-1#1’$(O L.-.O 5’6’1.2O L’1"’(O 1".O =5#1.#,O *.1L..(O
1"’:O7"#().O#(2O(.Y1O7"#().SOL"’7"O’:O#O3.-’$2O$9O1".O’(1.-(#5O.-$:’$(O$9O5$.::O6#1.-’#5BOJ51"$,)"O
1".-.O6#UO"#;.O*..(O-’;.-:O ’(O 1"’:O#-.#O*.9$-.O 1"’:O7"#().OIW#*5.OCRSO*#:.2O$(O1".O.:1’6#1’$(O1"#1O
1".O -’;.-:‘8 #).:8 L.-.8 7$66$(5U8 5#1.-8 1"#(8 1"’:8 7"#().S8 1"$:.8 -’;.-:8 :"$,528 *.8 9.L8 #(28 :6#558 #18
1"#18 1’6.S8 #(28 1".8 -’;.-8 #71’$(8 L#:8 L.#HB8 W".8 -.#:$(:8 $98 -’;.-:a% :74-7’1U% L4:% 74,:.2% *U% 54H.:b%
L’2.% 2’:1-’*,1’$(B% W".% L’2.5U% 2’:1-’*,1.2% 54H.:% 642.% -,((’()% L41.-% ’(% 1".% :6455% -’;.-:% $,1% $9%
6$,(14’(% 95$L’()% ’(1$% 1".% 54H.%*4:’(:S%L"’7"% 5’6’1.2% 1".% 54-).]:745.% -’;.-:b% 2.;.5$36.(1S% *,1% 1".%
541.-% 54H.:b% -.2,71’$(% 4(2% 2’:433.4-4(7.% 3-$;’2.2% 42;4(14).: % 9$-% 1".% 2.;.5$36.(1% $9 % :$6.%
54-).]:745.% -’;.-:B%W".% -’;.-:b% 433.4-4(7.% 4(2%2.;.5$36.(1%642.% 1".% -’;.-%;455.U%4-.4% 54-).-S% 4(2%
1".% 5$.::% 14*5.54(2% 5.::% 4(2% 455,;’45% 2.3$:’1% L4:% 9$-6.2% P+’),-.% ARB% 0$S% 1"’:% 7"4().% L4:% ;.-U%
2’:42;4(14).$,:%1$%1".%2.;.5$36.(1%$9%1".%<$.::%=541.4,B

Rivers The 

oldest 

terrace 

Thickness of 

alluvial layer 

(m) 

Thickness of 

loess strata 

(m) 

The lowest 

paleosol in 

terrace 

Magnetic 

age 

(Ma) 

The oldest age of 

river estimated 

(Ma) 

Yellow River at Lanzhou T� 20.0 310.0 S�� 1.40 1.60 

Weihe River at Baoji T� 44.0 84.0 S�� 1.20 1.40 

Bahe River at Lantian T� 8.4 68.4 S�� 1.10 1.30 

Luohe River at Luochuan T� 2.4 74.4 S�� 1.00 1.20 

Note: Age of Yellow River, Weihe River and Luohe River is after Yue et al. ( 1997), age of Bahe River is by the author 

W4*5.%C%%J).%4(2%:1-414%$9%1".%$52.:1%1.--47.:%$9%1".%7"’.9%-’;.-:%’(%1".%<$.::%=541.4,
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M’;.-
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M’;.-
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;"3$ ,&’3,1<$ :==3:,:/.3$ &/$ 2"&1$ :,3:$ >:17 ,34:23?7 2+7 2"37 %+44+>&/07 2",337 :1=3.21@7 A/37 >917 2"37
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23.2+/&.7 5=4&%27 43?7 2+7 2"37 ?3.4&/37 +%7 3,+1&+/7 H91317 43’34F7 9/?7(9?37 2"37 3,+1&+/7 "39’&3,7 9/?7 ,&’3,17
?3’34+=7 %9123,7 2"9/7 H3%+,3@7G"37 49D31I- ,3?5.2&+/- =,+’&?3?- :?’:/2:03+51- 23,,:&/- :/?- 1=:.3- %+,- 2"3-
2"3- ,&’3,1- ?3’34+=(3/2@- G"3- %:.2- 2":2- 2"3- 3J+03/32&.- %+,.3- 3,+1&+/- 0+2- %9123,- >91- "34=%54- 2+- 2"3-
9==39,9/.3- +%- 2"3- 0,+5/?>923,F- 9/?- 2"3- K5&.D3/&/0- +%- 2"3- %+,(92&+/- +%- 2"3- ,&’3,1@- G"3- 49D3-
,3?5.2&+/- 9/?- 2"3- 3,+1&+/- +%- 2"3- 3J+03/2&.- %+,.3- &/.,3913- >3,3- (9&/4L- 9%%3B23?- HL- 2"3- 23B2+/&B-
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P344+>- Q&’3,F- R3&"3- Q&’3,F- S5+"3- Q&’3,- :/?- M:"3- Q&’3,- TU&05,#- VWF7 2"37 9037 +%7 2"&17 B"9/037
B+54E7 H37 3129H4&1"3E@7 X27 &17 D/+>/7 2"927 &/7 2"37 +4E3127 1&J2"7 23,,9B37 +%7 2"37 P344+>7 Q&’3,F7 2"37
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+$,-"%."’(/%01#’(%#(2%-"3%3/4-3,(%."’(/%43/5%6"’478#4% -"3% -"’,2%9"#()3:%6#*131#(24%83,3%41’)"-1;%
#<<39-32% /(2% 1$344% 9$(-’(=32% -$% /99=>=1/-37 /-7 /7 </4-3,7 ,/-37 -"/(7 -"37 ,’?3,7 3,$4’$(7 ,/-3@% "$83?3,A%
’(% -"3% ,’?3,% ?#113;% #,3#A% 1#-3,#1% #(2% ,3-,$),344’?3% 3,$4’$(% ,3>$?32% -"3% 1$344% <,$>% -"’4% #,3#:% 6"3%
#(’>#-3(344% $<% -"3% 9"#()3% 8#4% <’,4-1;% -"3% B311$8% C’?3,D4% 3,$4’$(% <$,% /% 1$()% -’>3% /(2% 439$(21;%
8/4%-"3%3,$4’$(%9/=432%*;%),/?’-;%/(2%-3>E$,/,;%,=((’()%8/-3,%-$8/,2%-"3%F/(>3(7G$,)3:

6"37 #)37 $<7 -"37 9"#()37 $99=,,3(937 4"$=127 *37 9$(<’,>327 *;7 -"37 #)37 8"3(7 -"37 F#(>3(7G$,)37
8#479=-A7 7 -"$=)"-7 -$7*37#*$=-7H:IJ7K/7L07 MF=(7!" #$:A7 HNNHOP*=-7 1/-3,7 ,343/,9"7 4=))34-327HQJ7R/7
L07MS=7!" #$:A7HNNTO:7U99$,2’()7-$7-"’9R(34479"#()37$<7 -"37 <’,4-V1#;3,7E#13$4$17#(27-"37<’,4-V1#;3,7
1$3447MW’)=,37XO7’(7-"37Y$344701/-3/=7/(27-"373/4-7$<7 -"37F/(>3(7G$,)37(3/,7Z"3()["$=7.’-;A7 -"37
B311$87C’?3,73,$2327-"37F/(>3(7G$,)37\=4-7*3<$,37 -"37<’,4-7E/13$4$1723?31$E327/(274=*43]=3(-1;7
,3>$?327 1$3447 3#4-8#,24:76"’47 ,’9"7 4$=,937$<7 4’1-7 9#,,’327 *;7 -"37B311$87C’?3,7 23E$4’-327$(7 ,’?3,7
<1$$27 E1#’(47 >#237 -"37 -"’9R(3447 $<7 -"37 <’,4-V1#;3,7 E#13$4$17 #(27 -"37 <’,4-V1#;3,7 1$3447 TVHJ7 -’>347
-"’9R3,7 -"#(7 -"#-7$<7 -"37 4#>37 1#;3,7 ’(7 -"37Y$344701#-3#=7 MW’)=,37XO:7U99$,2’()7 -$7 -"37 ,343#,9"7$(7
4$’17 3,$4’$(7 #(27 )3$>$,E"$1$);A7 -"3,37 ’47 #(7 3,$2’()7 E3,’$27 #(27 #7 23?31$E>3(-7 E3,’$27 $<7 )=11’347
#-7 #*$=-7HQJ7R#7L07 MZ"#$A7^JJ^O:P F$AP ’-P 9#(P *3P 9$(<’,>32P -"#-P -"3P 9"#()3P -$$RP E1#93P #*$=-P HQJP
R#PL0:

! "#$ %&’() *#&+,$ -)(% +()%&../ +&01)&. 0( &2+()%&../ &**$.$)&034$ $)(53(+

U<-3,P -"3P $99=,,3(93P $<P -"3P -"’,2P 9"#()3AP #1-"$=)"P -"3P 1$344P 3,$4’$(P ’(9,3#432AP -"3P HJP >V-"’9RP
1$344P 4-,#-=>P 8’231;P 23?31$E32P ’(P -"3P Y$344P 01#-3#=P $?3,P HQJP R#:P 6"3P 9"#()3P <,$>P ($,>#11;P
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#-P H:HPR#PL0:P6"3P2#-#P ’(2’9#-32P -"#-P -"3P 1$344P 1$4-P <,$>P -"3PY$344P01#-3#=P8#4P=EP -$PH:_P*’11’$(P
-$(4P 3?3,;P ;3/,P ‘."3(7 !" #$:A7 HNTTO:7 a<7 -"37 ]=/(-’-;7 $<7 1$34478/47 /?3,/)31;7 /11$9/-327 ’(7 -"37 -$-/17
IIJAJJJ7 R>^7 $<7 Y$3447 01/-3/=A7 -"37 /?3,/)37 3,$4’$(/17 ,/-378/47 X_X7 )b9>^:R/7 MZ"/$A7 HNNIA7 ^JJ^OA7
8"’9"78/47 XT:c7 -’>347 ),3/-3,7 -"/(7 -"37>3/(7 /99=>=1/-’$(7 ,/-37 ’(7 -"37 013’4-$93(37 MN:X7 )b9>^:R/O7
MY’=A7 HNTQO:7 a<7 ’-7 E,$),344347 /-7 -"’47 4E332A7 -"37 1$3447 8$=127 *37 3,$2327 /8/;7 9$>E13-31;7 /<-3,7
HH:TQVQ:N^7R/7L0:7F$A7 ’-7 9/(7*37R($8(7 -"/-7 -"37>$23,(7 -’>3478/47 -"37 3,$4’$(7 /99313,/-’?37 4-/)37
$<7-"37Y$344701/-3/=7M."3(7!" #$:A7HNTTd7!"/$A7^JJ^O:

6"37 2,’?’()7 <$,937 $<7 -"’47 9"/()378/47 E,$*/*1;7 /7 9$>*’(/-’$(7 $<7 91’>/-3A7 -39-$(’97 =E1’<-7 /(27
-"37 "=>/(7 /9-’?’-’34:7 6"37 >$23,(7 91’>/-37 2$347 ($-7 </?$=,7 23?31$E>3(-7 $<7 -"37 Y$3447 01/-3/=7
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/1-3,(/-’$(47 $<7 /99=>=1/-’$(7 /(27 3,$4’$(:7 UEE/,3(-1;A7 -"’47 E3,’$27 4/87 /7 *’)7 239313,/-’$(7 $<7 -"37
1$3447 23E$4’-7 $,7 2’49$(-’(=$=4(3447 23E$4’-:7 L39/=437 -"37 1$3447 23E$4’-7 8/47 $(7 ),/441/(2A7 -"37
/99=>=1/-’$(72’49$(-’(=$=4(34474-/)378/47/14$7 -"373,$4’$(/174-/)3:7e’)"3,7E,39’E’-/-’$(7E,$>$-327
<1=?’/17 3,$4’$(:7 .3,-/’(1;7 ’(7 -"37 8/,>V/(2V"=>’27 $,7 -"37 "=>’2V/(2V"$-7 4-/)3A7 E1/(-7 9$?3,7
E,3?3(-327 3,$4’$(7 *=-7 /-7 -"37 4/>37 -’>37 *39/=437 -"3,378/47 1’--137 2=4-7 /?/’1/*137 -"37 Y$3447 01/-3/=7
2’27 ($-7 23?31$E:7 6"37 >$23,(7 Y$3447 01/-3/=7 ’47 ’(7 -"37 ,31/-’?31;7 8/,>V/(2V"=>’27 ’(-3,)1/9’/17
E3,’$2A74$7-"37Y$344701/-3/=7-"3$,3-’9/11;7*31$()47-$7-"373,$4’$(/174-/)3:

+$8A7’-7 ’47/(/1;[3278"3-"3,7-"379=,,3(-7 1$3447/99313,/-’$(73,$4’$(78/47,31/-327 -$7-"379=,,3(-1;7
3,$4’$(/17 4-/)3:7 a(7 -"37 9$=,437 $<7 -"37 23?31$E>3(-7 $<7 -"37 1$3447 4-,/-/A7 >$,37 -"/(7 XJ7 ,32V*,$8(7
E/13$4$1477 <$,>327 MY’=A7 HNTQd7 !"/$A7 HNTTA7 HNNIA7 ^JJXO:7 a(?34-’)/-’$(7 E,$?327 -"/-7 -"37 E/13$4$147
23?31$E327 ’(7 /7 8/,>3,7 /(27 >$,37 "=>’27 91’>/-37 -"/(7 E,343(-:7 6"37 ,32V*,$8(7 E/13$4$17
23?31$E>3(-7 M!"/$A7 HNTTA7 ^JJ^A7 ^JJXO7 ,3E,343(-327 -"37 1$3447 /99=>=1/-’$(7 2’49$(-’(=$=4(3447 $,7
-"37 *’)7 239313,/-’$(7 $<7 23E$4’-:7 L=-7 /99$,2’()7 -$7 -"37 </9-7 -"/-7 -"37 3,$4’$(7 4312$>7 3f’4-327 $(7 -"37
4=,</937 $<7 -"37 E/13$4$14A7 ’-7 ’47 E,$?327 -"/-7 ’(7 -"37 8/,>V/(2V"=>’27 3,$4’$(/17 4-/)3A7 -"37 3,$4’$(7
/9-’$(78/47 13447$*?’$=47 -"/(7’(7>$23,(7-’>34:76"3723?31$E>3(-7$<7 -"37E/13$4$147 <,$>7-"37<’,4-7 -$7
-"373’)"-"71/;3,A71/4-327/1-$)3-"3,7(3/,1;7XJJAJJJ7;3/,47MY’=A7HNTQO:76"378/,>V/(2V"=>’2791’>/-37
1/4-327 <$,7 /*$=-7 HAJJJAJJJ7 ;3/,47 MZ"/$A7 HNNIA7 ^JJ^O7 2=,’()7 -"37 23?31$E>3(-7 $<7 /117 ,32V*,$8(7
E/13$4$14:7 0,$?’2’()7 -"37 3,$4’$(/17 4E3327 /-7 -"/-7 -’>37 8/47 91$437 -$7 -"/-7 $<7 -"37 9=,,3(-A7 ’-7 8/47
’>E$44’*137 -"/-7 -"37Y$344701/-3/=723?31$E32A7 4$7 ’-7 9$=12(D-7 /(272’2(D-723?31$E:7L/4327$(7 -"’4A7 -"37
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3,+1&+/94-900,9’92&+/-+%-2"3-(+;3(-<+311$=4:23:5$>:17/+27:/&(:23;7?@72"37.4&(:23A
!3,,:.31$ &/$ 2"3$ B+311- =4:23:5- :,3:- ,3C,313/2- C3,&+;1->"3/- 23.2+/&.- 5C4&%2- D5&.E3/3;F7 ?527 2"37

4+3117 ;3’34+C3;7 .+/2&/5+514@7 +/7 2"37 23,,:.317 GH&05,3$ IJK- !"3- ;3C+1&2- ;&1.+/2&/5+51/311- :/;- 2"3-
3,+1&+/-15,%:.3-;+-/+2-3L&12K-M’3/- &/- 4+311-12,:2:-.+’3,3;-+/-(542&C43- ,&’3,- 23,,:.31NO 2"3-3,+1&+/94-
15,%9.3-;+31-/+2-3L&12K-P"3/- 2"3- 23.2+/&.-5C4&%2-0+2- %9123,N- 2"3- 3,+1&+/- 43;- 2+- &/.,3913-+%- 12+,(3;-
.,9.E1N- >"&."- (9;3- 2"3- 3,+1&+/94- 9.2&+/- "39’&3,- 2"9/- ?3%+,3- 2+- 9- 0,392- 3L23/2K- Q1- %:,- :1- 2"3-
"3&0"2- +%- 2"3- /3+23.2+/&.- 5C4&%2- &/- 2"3- (+;3,/- B+311- =4:23:5- &1- .+/.3,/3;N- &2- &1- &(C+11&?43- 2":2-
/:25,:4- 3,+1&+/- :.2&+/- ,3:."3;- (+;3,/- 3,+1&+/R1- 1C33;- :/;- (:;3- 2"3- B+311- =4:23:5- ;&1:CC3:,-
?3.:513- +%- 3,+1&+/K- S"3- "3&0"2- +%- 2"3- B+311- =4:23:5- :/;- 3,+1&+/- ?:1&1- 15,%:.3- ;5,&/0- B:23-
=43&12+.3/3-:,3-.4+13- 2+- 2":2- &/-(+;3,/-2&(31N-?52- 2"3-/:25,:4-3,+1&+/-+%-(+,3- 2":/-TUUNUUU-@#9,1-
V&V7 /+27 (9E#7 2"#7 B+#117 =492#957 V&19CC#9,K7 W/7 2"37 X+/2,9,@N7 2"37 >&V34@7 V&12,&Y523;7 Z949/7 4+3117
;3C+1&23;7 9Y+527 TU7 (7 2"&XEF7 1+7 2"37 3,+1&+/947 9XX343,92&+/7 129037 +%7 2"37 B+3117 =4923957 >917 /+27
X9513;7Y@72"37/3+23X2+/&X75C4&%2K

[5(9/7 9.2&+/7 .9513;7 C49/2R17 ;312,5.2&+/F7 >"&."7 &17 2"37 12,+/03127 %9.2+,7 +%7 "+4;&/07 Y9.E7 2"37
>923,7 9/;7 1+&47 %4+>7 9>9@7 9/;7 (9@7 Y3.+(37 2"37 ;,&’&/07 %+,.37 +%7 4+3117 3,+1&+/7 9..343,92&+/K7 \/7
=43&12+.3/37 9/;7 39,4@](&;;437[+4+.3/3N7 C+C5492&+/7>917 ’3,@7 1C9,137 &/7 2"37 4+3117 9,39K7S"3@7 4&’3;7
+/7 /+/^90,&.5425,94O (39/1O 15."O 91O "5/2&/0KO =49/2O .+’3,O ,3;5.3;O 3,+1&+/FO >"&."O .+/13,’3;O 2"3O
4+311O 9/;O 944+>O 2"3O B+311O =492395O ;3’34+CKOQ..+,;&/0O 2+O "&12+,&.94O ,3.+,;1FO 92O TU_‘OQKaKO +%O 2"3O
3:,4@Ob+,2"3,/O c+/0Oa@/:12@FO 2"3,3O>:1O :O 0,3:2O &/.,3:13O &/O C+C54:2&+/O &/O 2"3O B+311O =4:23:5O :/;O
,3:."3;OIdF‘UUOC3,1+/1OC3,OE(IO G!:?43OeO:/;OH&05,3OefFO :/;O 2"3,3O>3,3O :O 4+2O+%O C3+C43O 4&’&/0O &/O
2"3O 4+311O"&44@O:,3:1O G!:?43OefKOML.311&’3OC+C54:2&+/O.":/03;O2"3O;3C3/;3/.3O+%O/+/]:0,&.5425,3g17
15,’&’947 &/2+7 2"#7 +CC+1&2#7 >9@17 +%7 4&’&/0K7 h#X951#7 +%7 5/,#91+/9Y4#7 X542&’92&+/7 C,9X2&X#7 9/V7
>9/2+/7 %#44&/07+%7 2,##1F7 49,0#7 9,#97+%7/925,947 ’#0#292&+/7/+7 4+/0#,7 #L&12#VF7 2"#7 #X+4+0&X947 Y949/X#7
>917 V#12,+@#VF7 9/V7 2"#7 ,5//&/07 +%7 >92#,7 9/V7 1+&47 4+117 Y#X9(#7 (+,#7 1#,&+51K7 h#%+,#7 2"#7 #9,4@7
b+,2"#,/7c+/07a@/912@F7 /925,947 %+,#12^12#CC#7’#0#292&+/7 V#’#4+C#V7>#447 &/7 2"#7B+#117 =492#957 Y527
"917 V#12,+@#V7 1#,&+514@7 Y@7 "5(9/7 9X2&+/7 1&/X#7 2"#/7 GP9/0F7 TiiUfK7b+27 +/4@7>912349/V7 &/7 C49&/17
>917 ,3X49&(3V7 Y527 941+7 >912349/V7 &/7 "&44@7 9,3917 >917 ,3X49&(3V7 &/7 2"37 B+3117 =4923957 &/7 2"37
b+,2"3,/7 c+/07 a@/912@7 Ga5F7 TiijfF7 >"&X"7 ,315423V7 &/7 9XX343,923V7 1+&47 3,+1&+/K7 =,3V3X311+,17
2"+50"27 2"927 5//925,944@7 9XX343,92&’37 3,+1&+/7 2++E7 C49X37 927 9Y+527 jKU7 E97 h=7 Gk"3/7 !" #$KF7 Ti‘‘fK7
h@7 2"37 9Y+’3](3/2&+/3;7 ;&1X511&+/F7>37 X9/7 ;323,(&/37 2"927 2"37 %+5,2"7(9*+,7 X"9/037 "9CC3/3;7 927
9Y+527TKT7E97h=K

H&05,37e77k"9/037&/72"37/5(Y3,7+%7C3+C437&/72"37B+3117=4923957%,+(7TeU72+7TieU7QKaK

Years (AD) 140 280 639 806 980 1078 1213 1330 1490 1820 1940 

Total number of people 7700 7300 9000 10100 10900 25800 29500 21800 35800 78600 59400 

Population in plains (%) 84.7 83.7 72.0 62.1 55.5 58.0 49.2 _ 65.0 56.0 56.0 

Population in hilly areas (%) 15.3 16.3 28.0 37.9 44.5 42.0 50.8 _ 35.0 44.0 44.0 
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! "#$%&$#’()* ’+, %+#)*, -. ’+, /-,00 1$#’,#& () 233 4,#50

+,-,./% 0"#()/% $1% -"/% 2$/33% 45#-/#,% ’(% 678% 9/#.3% :’55% ./3,5-% 1.$;% *$-"% (<-,.<5% -,.(% <(=% <(=%
",;<(% ’(15,/(0/3>? @"/% (#-,.#5% -,.(% "#3% *//(% #(#593/=% #-% 1’.3->% @"/% 1#0-$.3% :"’0"% /11/0-% -"/%
/A$5,-’$(% $1% -"/% 2$/33% 45#-/#,% #./% -"/% (/$-/0-$(’03B% 05’;#-/B% 5#(=1$.;B% 5’-"$5$)’0% 0"#.#0-/.% #(=%
A/)/-#-’$(3>%@"/3/%0"#()/3%#./%=’11/./(-% ’(%#%3"$.-%C/.’$=>%@"/%0"#()/%’(% 5’-"$5$)’0%0"#.#0-/.% #(=%
5#(=1$.;% ’3% 35$:% #(=% 5’D/59% -$% */% (/)5’)’*5/% ’(% -"/% (/E-% F88? 9/<.3>? @"/? (/$-/0-$(’0? ,C5’1-? ’3?
35$:’()? 3$? /.$3’$(? 35$:3? -$$>?@"/? ’(A/3-’)<-/=? <./<? ’3? .<’3’()?:’-"? <(?<((,<5? .<-/?$1? G>H?;;B? 3$?
-"/? ,C5’1-? "/’)"-? ’3? <*$,-? G88IH88?;;? ’(? -"/? 1,-,./? F88? 9/<.3B? "/(0/? -"/./?:’55? */? 5’--5/? 0"<()/?
’(? /.$3’$(? *<3’3? =/05’(/? <(=? 5<(=1$.;? ).<=’/(-? ./=,0-’$(>? J-? 0<(($-? 0<,3/? )./<-? 0"<()/? $1? -"/?
2$/33?45<-/<,>?@"/?0"<()/?$1?05’;<-/?<11/0-3? 5$/33?/.$3’$(B?=/C$3’-’$(?<(=?A/)/-<-’$(?)./<-59? <(=?
K,’0D59>? L"/(? -"/? 05’;<-/? 0"<()/3? -$:<.=3? 0$5=? <(=? =.9B? -"/? 5$/33? =/C$3’-’$(? :$,5=? ’(0./<3/>?
L"/(? -"/? 05’;<-/? 0"<()/3? -$:<.=3? :<.;? <(=? ",;’=B? -"/? :<-/.? /.$3’$(? :$,5=? */? <00/5/.<-/=?
:"/./<3? <? 0"<()/? -$:<.=3? 0$5=? <(=? =.9? :$,5=? ’(0./<3/? 5$/33? =/C$3’-’$(>? 2$/33? =/C$3’-’$(? ’3? <?
35$:? C.$0/33M? #*$,-? HIN?;;? -"’0D? C/.? F88? 9/#.3>?@"$,)"? -"/? 05’;#-/?:’55? =/A/5$C? -$:#.=3? 0$5=?
#(=?=.9O? ’-?0<(($-?0$;C/(3<-/? -"/?/.$=/=?5$/33B?$1?:"’0"? -"/?<A/.<)/?/.$=/=? -"’0D(/33? ’3?<*$,-?H?
;;?<? 9/<.>?L"<-? ’3?;$./B? -"/? 0$5=? <(=? =.9? 05’;<-/?;<D/3? ’-? =’11’0,5-? 1$.? C5<(-3? -$? ).$:? 3$? 5/33?
C5<(-?0$A/.?;/<(3? ’(0./<3’()?/.$3’$(?<(=? 1,.-"/.?=/).<=<-’$(?$1? -"/?/0$5$)’0<5? /(A’.$(;/(->? J-? ’3?
0/.-<’(? -"<-? -"/? 05’;<-/?:$,5=? =/A/5$C? ).<=,<559? -$:<.=3? 0$5=? <(=? =.9? *,-? ($-? -$$? 0$5=? <(=? =.9?
’(? F88? 9/<.3>? J-? ’3? 3,./? -"<-? -"/? )./<-? (<-,.<5? 0"<()/? :$,5=? ($-? "<CC/(? ’(? -"/? 2$/33? 45<-/<,?
*/0<,3/? *$-"? 05’;<-/? <(=? A/)/-<*5/?:$,5=? ($-? 0"<()/? -$$?;,0"? ’(? F88? 9/<.3>? P$:/A/.B? ",;<(?
<0-’A’-’/3? 0$,5=? "<A/? <? )./<-? ’;C<0->? P$:/A/.B? -"/? <00/5/.<-’()? /.$3’$(? ’(? -"/? 2$/33? 45<-/<,?
0$,5=?*/?./A/.3/=>?Q9?C5<(-’()?-.//3?30’/(-’1’0<559?<(=?-<D’()?/()’(//.’()?;/<3,./3?-$?C./A/(-?3$’5?
/.$3’$(B?:/? 0<(? ($-? $(59? 3-$C? -"/? <*($.;<5? /.$3’$(? <(=? <../3-? (<-,.<5? /.$3’$(>?L’-"? )$A/.(;/(-?
’(A/3-;/(-? ’(? -"/? ,3/? $1? 30’/(0/? <(=? -/0"($5$)9? C.$R/0-? ’(?S$.-":/3-? T"’(<? :/? <./? /(-/.’()? <(?
/.<? $1? <0-’A/? 2$/33? 45<-/<,? ;<(<)/;/(->? @"/? 1’1-"? )./<-? 0"<()/? ’3? 0$;’()M? <? 0"<()/? 1.$;?
<*($.;<5?<00/5/.<-’A/?/.$3’$(?-$?($.;<5?/.$3’$(?$.?5/33?-"<(?($.;<5?/.$3’$(>

+.$;?<55?-"/?<*$A/B?-"/?)./<-/3-?’(15,/(0/?$(?’(0./<3/=?5$/33?/.$3’$(?"<3?*//(?-"/?=/).<=<-’$(?
$1?A/)/-<-’$(?=,/?-$?",;<(?<0-’A’-9>

6 "-)%$&0(-)0

J(?<55B?:/?0<(?=.<:?-"/?1$55$:’()?0$(05,3’$(3>
UFV? +.$;? -"/? =/A/5$C;/(-? $1?:’(=? =,3-B?:/? 0#(? 5/#.(? -"/? 2$/33? 45#-/#,? "#=? #5./#=9? 1$.;/=?

*9?-"/?2#-/?45’$0/(/B?#(=?"#3?/EC/.’/(0/=?1$,.?;#R$.?0"#()/3?3’(0/?’-3?=/A/5$C;/(->
UGV?@"/? 1’.3-?;#R$.?0"#()/?:#3?#?)./#-? -.#(3’-’$(? 1.$;?./=?/#.-"?C5#-/#,? -$? -"/?2$/33?45#-/#,B?

#(=? -"/? =.’A’()? 1$.0/? $1? ’-? :#3? 05’;#-/? 0"#()/? #*$,-? G>H8?W<? Q4>? @"/? <-;$3C"/.’0? 0’.0,5<-’$(?
:"’0"?-.<(3C$.-/=?-"/?C$:=/.I=,3-?0"<()/=?=.<;<-’0<559>

UXV?@"/? 3/0$(=?;<R$.? -,.(’()IC$’(-?:<3? -"/?<CC/<.<(0/?$1? 5<.)/I30<5/? .’A/.3? <(=? -"/? -/..<0/3B?
-"/?=.’A’()?1$.0/3?$1?:"’0"?:/./?;<’(59?-"/?(/$-/0-$(’0?,C5’1-?<(=?C<.-59?-"/?05’;<-’0?=/3’00<-’$(>?
@"’3? 0"<()/? "<CC/(/=?F>N8?W<?Q4>? @"’3? C/.’$=? $1? <00/5/.<-/=? ,C5’1-? C.$;$-/=? -"/? .’A/.? /.$3’$(?
1.$;?:/<D?-$?3-.$()?:’-"?<?)./<-?’;C<0-?$(?./5’/1>

UYV?@"/? -"’.=?;<R$.? 0"<()/? 0<;/?:"/(? -"/?Z/55$:?[’A/.? 0,-? -"/?\#(;/(?]$.)/? FH8? D#?Q4>
:"/(? ’(5#(=? =.#’(#)/? 0"#()/=? -$? =.#’(#)/? -$? -"/? 3/#? 0#..9’()? /.$=/=? 5$/33?:’-"? ’->? @"/? C5#-/#,?
*/0#;/?;$./?=’33/0-/=>

UHV? @"/? 1$,.-"? ;#R$.? 0"#()/? ’3? #? -,.(? $1? 2$/33? 45#-/#,^3? ($.;#5? (#-,.#5? /.$3’$(? -$?
#00/5/.#-’A/?($(I(#-,.#5? /.$3’$(>?@"/?=.’A’()? 1$.0/?$1? ’-? ’3?",;#(?#0-’$(B? -"/?#)/?$1?:"’0"? ’3? F>F?
D#?Q4?-$?-"/?C./3/(->?@"’3?0"#()/?#00/5/.#-/=?-"/?2$/33?45#-/#,^3?/.$3’$(>

UNV?@"/? 1’1-"? )./#-? 0"#()/? ’3? #? -,.(? 1.$;? #*($.;#5? #00/5/.#-’A/? /.$3’$(? -$? ($.;#5? /.$3’$(? $.?
,(=/.?($.;#5?/.$3’$(>?@"/?=.’A’()?1$.0/?’3?",;#(?#0-’$(>?J-?:’55?"#CC/(?’(?F88?9/#.3>
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!"#"$"%&"’
;"3/$<$=>7?"9/07@7A>7?":/07B7C7!" #$D>-EFGFH-A"3-.+(I,3"3/1&’3- 125JK-+/-L#I+1&2&+/94-90#-+%- M&5N"+529&O 4+311-

&/-P9/N"+5Q-%&"# ’!()*!+",$,-)&# ’)+)&#>-RSTUV7EWXYEE4Z7S&/7["&/#1#U
["#/7@7?\7M&/07]>7[9&7^O_\OEFGGZO‘,+1&+/O9/LOaJ(&/&12,92&+/O+%OP+311Ob492395ZOc3&*&/0VOd.&3/.3Ob,311\OXWeRfZOg&/7

["&/313U
h&/07 ?7 P\7 i5223,7 j7 B\7 =9/7 M7 A7 !" #$Z\7 EFFfZ7 a7 k+5I43J7 3/’&,+/(3/2947 1K123(7 %+,(3J7 927 9l+527 fZX7 m9Z7 +’3,7

39123,/7a1&9Z7.#$#!,-!,-/#0123 .#$#!,!&,$,-23 .#$#!,&$)*#"!\7FnVOffTeffnQ
h&/0O ?O P\O @9/0O dO P\O d5/O MO mO !" #$Q\O EFFFQO b,++%1O +%O 92(+1I"3,&kO k&,k5492&+/O k"9/03O %,+(O 2"3O P+311O b492395QO

45#"!/+#/2 6&)!+&!7\OEGoTUV7ffRefGWZ7p&/7["&/313U
h57 @\7 EFFTZ7 a7 d25JK7 +/7 a0,&.5425,37 9/J7 P&’312+.q7 <9,(&/07 &/7 =&12+,&k947 b3,&+J17 &/7 ^9/157 9/J7 j&/0r&97 P+3117

b492395Z7c3&*&/0V7["&/97sk39/7b,311\7EWfeEEXZ7S&/7["&/313U
^5+7?7A\7B&44&9(7<7i5JJ&(9/\7=9+7_7?7!" #$Z\7fWWfZ7s/1327+%7a1&9/7J313,2&%&k92&+/7lK7ff7mK,790+7 &/%3,,3J7%,+(7

4+3117J3I+1&217&/7["&/9Z78#"5/!\7nEtV7EXFeEtTZ
=3443,7<\7P&57A7d\7EFGfZ7m90/32+12,92&0,9I"&k947J92&/07+%74+3117J3I+1&27&/7["&/9Z79#"5/!\7TWWV7nTEenTTZ
=+’37d7a\7i397h7]\7b&1&917j7^7!" #$Z\7 EFGFZ7a7J&,3k27 4&/q7l32u33/7 2"37["&/97 4+3117 9/L7 EGs7 ,3k+,L1V7 93+4&9/7 %45r7

2+72"37/+,2"7b9k&%&kZ79#"5/!\7TnFV7EnfeEXfZ
]3(I7 i7a\7 h3,lK1"&,37 ‘\7m3/07 C7m\7 EFFXZ7 b3L+13L&(3/29,K7 ,3k+/12,5k2&+/7 +%7 97 2"&kq7 4+311eI943+1+47 13v5#/k#7

/#9,7P9/N"+57&/7/+,2"ek#/2,947["&/9Q7:5#"!/+#/2 ;!7!#/&1\7nTV7TWenXQ
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