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CQ=@ax@ =} CU= Q@=Q@ |}=yv |xO}=i ẁtHt =@ �|HQ=N w |rN=O� |}=yv |=yxv} Ry
Cq}=tD xm OwW|t xOy=Wt u}=Q@=v@ "CU= Q=QkQ@ u; QO wDQ=B |xv}y@ \QW Qo}O

xOW x�=Q= |DU=}U C=O=yvW}B w |Q}oxH}Dv R}v C}=yv QO "OwW|t s}UQD 1386
"CU=

|HQ=N |=yxv} Ry |R=U|vwQO |=yVwQ "2
|HQ=N|=yxv} Ryu}= u=Q=PoCU=}U '|]}LtCU} R|Q=PoCt}k|=yx} wQ|iQat =@
|Q}os}tYD Ov}=Qi R= |WN@ |Q}opmW x@ xm Ov=xOQm |R=U|vwQO QF-wt u=vJ =Q
|HQ=N |=yxv} Ry |R=U|vwQO |=Q@ |irDNt |=yVwQ "CU= xO}t=Hv= =yxOv}q;
p=ta= 'xrO=@t p@=k |=yRwHt QwOY 'xv=Q=} CN=OQB w C=}r=t `[w xm OQ=O OwHw

"CU=yu; |xrtH R= |v=Q@H |=yxt=vQ@ |=QH= w |vwv=k |=yCQ=_v

xv=Q=} CN=OQB w C=}r=t `[w "1"2
j} Q] R= =Q|oOwr; K]U u=wD|t =yu;ltmx@ xm OvDUy|}=yQ=R@= =yC=}r=t w =yxv=Q=}
u=wD|t =Q C=}r=t "OQm pQDvm |@Uv |=yCt}k p}OaD w |O=YDk= |=yxR}ov= O=H}=
=yxv=Q=} "OQm `[w =yxOv}q; Q=WDv= R= |Y=N K]U =} =yxO=yv R= |v}at Kw]U Q@
|Wv} Ro *|Q}oQ=mx@ "OvwW|t CN=OQB =yxOv}q; Q=WDv= u=R}t Vy=m |=DU=Q QO R}v
|xR=Ov=x@ |@Uv |=yCt}k Q}}eD ?Hwt Q=PoCU=}U \UwD =yxv=Q=} =} =yC=}r=t
xm |Qw]x@ OQ=O OwHw |U=U= uQ=kD l} CU=}U wO u}= u}@ "OW Oy=wN x=wNrO
K]U Vy=m hOy =@ xv=Q=} CN=OQB w =yxOv}q; Q=WDv= Q@ C=}r=t `[w |k} wWD Q=F;
C=QF= QO Cw=iD p}rOx@ =yC=}r=t w =yxv=Q=} COtOvr@ Q=F; |rw 'Ov=u=Um} |oOwr;

"CU= Cw=iDt =yu; |a} RwD
|a=tDH= w |YwYN Ot;Q=m |=yCt}k u}@ hqDN= |xOvvmhPL C=}r=t
|=yCt}k C=}r=t `[w =@ "CU= �=yxOv}q; Q=WDv= |@v=H |=yxv} Ry R= |W=v�
|@=}CUO Qw_vtx@ "OwW|t l}ORv |a=tDH= |=yCt}k RQt x@ |YwYN VN@
R= |W=v |}=yv xv} Ry =@ |oOwr; Vy=m |}=yv xv} Ry |Q@=Q@�Ot;Q=m |oOwr; K]U x@
K]U QO |oOwr; |}=yv |xv} Ry *|rwB VRQ= pO=at |NQv =@ C=}r=t O}=@ �|oOwr;
xm x@vH u}= R= |D=}r=t u}vJ "OwW `[w xQWDvt |oOwr; OL=w Qy Q@ |oOwr; |xv}y@
|=yxv} Ry xm |}xv} Ry `@=wD R= xm OQ}o|t s}tYD |HQ=N |=yOt=}B |xOvvmO}rwD
|=yxv} Ry uOW|rN=OEa=@ 'Ovm xO=iDU= xOW ^wLrt u; QO R}v =yxOv}q; *|a=tDH=

"OwW|t |HQ=N
|]}LtCU} R C} Q}Ot Q=R@= u=wvax@ C=}r=t `[w |=yQ=}at R= xO=iDU= |=Q@
xm OQ=Ov OwHw |OQwNR=@ Q=mwR=U I}y xm u}= CUNv "OQ=O OwHw |U=U= pmWt wO
|Q=O}=B xm u}= swO "OR=U umtt u=Q=PoCU=}U |=Q@ =Q C=}r=t |xv}y@ K]U u}}aD
u}�=B =yq=m |Dt}k VWm =yu; QO xm xOW OwOLt |}=yQ=R=@ x@ |D=}r=t |=yQ=}at
|mJwm ,=D@Uv C=Q}}eD 'Ct}k C=Q}}eD R= Q_vhQY xm OyO|t u=Wv Qt= u}= "CU=

"OW Oy=wN O=H}= |oOwr; Q=Okt QO
1920 p=U QO '|U}rov= u=OO=YDk= 'wo}B \UwD Q=@u}rw= =yC=}r=t |xO}=
Q=WDv= QF= Q@ xm |DQ=UN Q=Okt T=U=Q@ O}=@ xOvvmxOwr; '|w O=yvW}B x@ "OW KQ]t
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|=yOQw;Q@ T=U=Q@ "OQ=O |U=U= Vkv xOv}q; w |}xv=Nro |=yR=o Q=WDv= QO |Div
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u}= |=Q@ "CU= Q=OQwNQ@ |}xS} w C}ty= R= |v=yH w |}xk]vt '|rLt C=QF= ^=Lrx@
'|DU=}U |=yx}YwD w =yQ=my=Q u} wOD '|R} Qxt=vQ@ |=Q@ Q[=L Q=DWwv QO 'Qw_vt
hQYt R=|W=v|]}LtCU} R |=yxOv}q; pQDvm|}=yv |xv} Ry =}|}x}=U|=yCt}k

"CU= xOW OQw;Q@ pkvwptL VN@ |r}Ui |=yCNwU
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|=yxOv}q; pQDvm|}=yv |xv} Ry Qo}OCQ=@ax@ =} '|}x}=U|=yCt}k |Q=t; |=yVwQ
"OW OQw;Q@ �pkvwptL VN@ xr=kt u}= QO� xOvvmO}rwD VN@ |=Q@ |]}LtCU} R
VN@ R= xQWDvt |=yxOv}q; pm |}x}=U Ct}k xm OyO|t u=Wv xrY=L G}=Dv
Q@=Q@ ?}DQDx@ 1386 p=U QO R=o Civ w u} Rv@ QD}r 1 hQYt R= |W=v pkvwptL
*OQw;Q@ OvwQ xm OvyO|t u=Wv G}=Dv u}vJty "CU= p=} Q 1075 p=} Q 1039
R=o Civ w u} Rv@ hQYt pm R= |W=v *|]}LtCU} R |=yxOv}q; *|}x}=U Ct}k
w xOw@ |W}=Ri= �1386-1355� xar=]t OQwt |xQwO |] pkvwptL VN@ QO
QDW}@ |}x}=U Ct}k V}=Ri= COW s} wW|t l}ORv Q}N= |=yxQwO x@ xJQy
u=tR |] QO |oOwr; pQDvm |=yxv} Ry V}=Ri= Q@ |Oy=W OwN u}= xm OwW|t

"CU=
=Q OwN |=yxOv}q; |=yxv} Ry O}=@ QoxOwr; xm u}= Q@ |v@t wo}B |x} Q_v T=U=Q@
*|}x}=U |=yCt}k T=U=Q@ xOvvmxOwr; R= xOWPN= C=Q=UN OwW|t O=yvW}B 'OR=OQB@
QO "OW=@ xDW=O j@=]D xOQ=w u=} R =@ CQ=UN =D OW=@ j}kLD u}= QO xOW OQw;Q@
w u} Rv@ hQYt R= |W=v |]}LtCU} R |=yxOv}q; pm |}x}=U Ct}k j}kLD u}=
Qw_vtx@ OwW|t O=yvW}B "OW OQw;Q@ =Hl} CQwYx@ pkvwptL VN@ QO R=o Civ
CQwY |k}kLD Qo}Oty =@ =yxOv}q; |}x}=U |=yCt}k uDW=O |}xU}=kt C}r@=k

"Ovm OQw;Q@ xv=o =OH CQwYx@ =Q =yCt}k u}= =D OQ}PB

hQYt R= |W=v |]}LtCU} R |=yxOv}q; *|}x}=U Ct}k OvwQ "3 Q=Owtv
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X=YDN= OwN x@ =Q �OYQO 42 7� |HQ=N |=yxv} Ry R= |}xOta CtUk pm QO

"CU= xO=O
hQYt R= |W=v |HQ=N |=yxv} Ry uOQw; CUO x@ hOy xm u}= x@ xHwD =@
?} Q[ pw= |xrLQt QO CU= sRq 'CU= R=o Civ w u} Rv@ |Div |xOQw;Qi QD}r l}
'[40]OwW x@U=Lt R=o Civ w u} Rv@ hQYt R= |W=v |=yxOv}q; R= l} Qy 6Q=WDv=

%OwW|t xO=iDU= Q} R |x]@=Q R= Qw_vt u}= |=Q@
aij = eij

Qj
j = 1; 2 i = 1; 2; :::; 6

|xOv}q; Q=Okt eij 's=j CNwU R= s=i |xOv}q; Q=WDv= ?} Q[ Qou=}@ aij u; QO xm
"CU= xOW hQYt s=j CNwU Q=Okt Qj w s=j CNwU hQYt R= xQWDvt s=i
R= l} Qy \UwDt |xv} Ry QO =yu; ?Q[ =@ 'Q=WDv= ?}=Q[ uOQw; CUOx@ R= TB
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R= xm =yxOv}q; pm |HQ=N |}=yv |xv} Ry =} |}x}=U Ct}k "�4 pwOH� OQw; CUO
p=} Q 1075 w p=} Q 1039 ?}DQDx@ 'OwW|t O=H}= R=o Civ w u} Rv@ QD}r Qy hQYt
xv} Ry =} x}=U Ct}k R= |@} QkD xOW x@U=Lt |xv} Ry xm CW=O xHwD O}=@ "CU=
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2. Pigouvian tax
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