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Figure74 :

An increase in the price of X, Pyt

P, = P, P, > P

Assume P, =1 and m are fixed.

m'=e(Px, P, w;)  m=e(Py, P,,u;)=e(Px, B, u)
m”= e(Px, Py, uz)

CV=e(Py, P, uq)-m= e(Px, Py, u;)- e(Py, B, uy)
distance between u; and u, interms of new prices
EV=e(Py, B, u;) -m= e(Py, P, u;) —e(Px, B, 1)
distance between u, and uin terms of old prices
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EX: X &Y are perfect complement.
— minfX Y

u(x,y)= mln{z,g}

(Py,, P,,m)=(0.5,1,100)

(Py,, B, m)=(1,1,100)

most efficient x,y ratio: g = % => y=1.5x

e, satisfiesy y=1.5x => x=50
0.5x+y=100 { y=75

u(x,y)= min{%,%} => u, =25

e, satisfiesf y=1.5x => { x=40
x+y=100 y=60

u(x,y)= min{g,g} => u, =20

since e; = e; = (50,75) => m’=1*50+1*75=125
CV=125-100=25
since e, = e, = (40,60) => m”=0.5*40+1*60=80
EV=80-100=-20

max x,y (min{z,2})



st Bkx+Py=m

x_y = =
{ >=3 > y=1.5x
Pix+ Py =m Pix+ Py =m

Pex + 1.5xPy = m
(P + L.5P)x =m

e m 2m

T Py+15Py  2Pyx+3Py

y*_ 1.5m 3m
Px+1.5Py  2Px+3Py

m
2Px+3Py

V(Py, Py, m)=u(x*, y*)=

min X,y Px+ By
infz M-
s.t. mln{z,s} u

X
x_Y =u => xP=2u
2 3

yh = 3u } independent of P, P,

e(Py, Py, u)= Pux" + Py"=P; - 2u + P, - 3u=(2P; + 3P,)u

100

U = V(lel Pyr m) = V(O5,1,100) = 051301 =25
- _ 100
uz = V(Py,, Py, m) =V(1,1,100) = —=— =20

CV=e(Py, P, u;)-m = e(1,1,25)-100 = (2*1+3*1)*25-100=25
EV=e(Px, P,, u,) -m= e(0.5,1,20)-100=(2*0.5+3*1)*20-100=-20



EX:

u(x.y)=x’y

(P,, Py, m)=(0.5,1,90)
(Py,, Py, m)=(1,1,90)

max x,y x2y
st. Bbx+Py=m

% 2 m 2m

241P, 3Py

% 1 m 1m

Y T aar T an
_ %2« _2mip/m
VP Byym) = x7y" =G3)°G )

u, = V(0.5,1,90)=432000  x; = 120,y, = 30
u, = V(1,1,90) = 108000  x, = 60, y, = 30

minx,y P.x + P,y

st. x2y=u

Foc MRSXyz? o
y

x?y=u o
M 2 2
LHS of ® MRSy=—% = =¥ = =
Muy x X
b => 2_y — & => y:Px_x
X Py 2Py

P
o => xzz—xxzu




2
&(Px,, Py, uz)= PX + Py = Pf/%u +p,° %u = 3/2PZPu + }[0.25P2Pu

e(Px, Py, u1)= €(1,1,432000)=3/864000 + /108000
= 3/23% 108000 + /108000
=33/108000= 90%/4

e(Px, P,, u,)= €(0.5,1,108000) = /0.5 * 108000 + /% 108000

= 3032 + 15V2 =452
CV=90V4 — 90
EV=453/2 — 90
(Px,, Py, m) — x*,y* old equilibrium
V(P,, Py, m)=u(x*,y*)=u,
(Pg,, Py, m) - x',y’ new equilibrium
V(Py,, Py, m)=u(x’, y')=u,
e(Py, Py, u) is the expenditure function
minx,y Px + Py (x", y") compensated demand function
s.t. u(x,y)=u x" = x(Py, Py, u)

y" = y(Py, Py, u)

e(Py, Py, u)= Px" + Py"
e(Px, Py, uy) e(Px, Py, u;)=m
e(Px,, Py, uy) e(Py,, Py, uz)=m

N PB=l

e U,

P E
Figure71 :
CV=e(Py, Py, u;)-m=e(P, P, uy)- e(Px, By, uy)
EV=e(Px, Py, uy) -m=e(Px, Py, u;) - e(Px, Py, uq)



EX:
u(x,y)=vx +y

max x,y vx+y
st. PBx+PFy=m

p
Foc MRSXyZP—X o } x5 y*
y
Bx+PBy=m @
1 -1 .
_Muy X2 1 > 1
® LHS MRSXy_Muy - T = EX 2 = 7x05
1 Py « _ P§
P s, X T
y X

note that in the process of finding compensating demand function,
we have the FOC:

Py
MRSyy = 3* ¢ } X"
=
Vx+y=u e’ y'
_ _ Py s_oh
o=> x = 4Pyxz X*=X
y
/TN -
FH &= &H
FE
.‘—
Wi Qe
, C
Vi SF 4
[E h
— ‘\\ <
Mo Xag X /o
PE=SE+IE

In this example, X, = X3
=>PE = SE, there is no income effect.
Figure72 :



L u,=90.5

[y

u;=90.25

AR 90

Figure73 :

Px=05P,=1,m=90
Pre=1,Py=1,m=90

2 m Py

P
V(P,P,, m) = [ - X
(P, y ) 4P, Py 4Py

Py m Py

2Py Py 4Py

LI 2
T Py | 4Py
Uy = V(Pyy, Py, m) = V(0.5,1,90) = 90.5
x*=1,y* =895

Uz = V(P Py,m) = V(1,1,90) = 90.25
x’=0.25,y’=89.75

e(Py, Py, u) =7
miny, Pyx+ Py
st. Vx+y=u



P, h

FOC. MRSy, == } X
y
=

Vx+y=u @’ y
h * PJ’Z 1=
o=> x" =x"= IES-7Z
4—Px2

e => Ly =
7 o, Y TU

P
yh:u__y
2P,
(P, P, u) = P, -2+ P, (u— -X
0y * 4P y 2Py
2 2
=2 ypu-2
4P, 2P,
P 2
_Pyu_L
4P,

CV=e(Py,Pu) —m
=e(1,1,90.5) —m
=(90.5-0.25)-90=0.25

EV = e(Px1, P,uz) —m
=e(0.5,1,90.25) - m
=(90.25-0.5)-90=-0.25 CVv=-EV

quasi —linear in y utility function

ux,y) =y + f(x)
CV=-EV

u(x, y) =y +f(x)
given u(x,y) = up
an indifference curve
{Geulay) =u}
=,y + f(x) = uy}
=,y =u — f(x0)}
u(x, y) = uy
another indifference curve  {(x,y)|y = u, — f(x)}



F igure74 :Equivalent variation(EV) and compensating variation(CV)

the vertical distance between those two difference curve
(suppose u, > uy)
Y2 — Y1 = Uz — Uz (f(x) canceled)

X
TN

U5, {

£ ) N
LX) 5
X v
Figure75 :
givena X
= MUx _ f0 _ o
MRS, = Mo, = 1 f'(x) noy
= given a X, f(x) = MRSxy is independent of Y.
Since MRSxy = f’(x)
Fromthe FOC, MRS, = P
Py
f'(x) = Px => x* = x"is a function of Py and Py

Py



(no m, no income effect)
PE = SE
IE=0

A consumer is willing to pay b for X; units of X;

units of X
I b
The consumer pays Px;* X; for X;  unitsof X 0 X
] L
N
X
7
Figure76 :
I b d X1
Cs= o l:l - ‘l :fo P, xdx — Py X,

an increase of price of X from P,; to Py,, Py, > Py

PN E
INEE =
d P. b

C

P //
géiiiﬁ/ b a change of the

|.‘.l

welfare of a consumer

> X

N 5

F igure77 :Change in consumer surplus with an increase of price of x



a~b~c~d

(0, ¥0) ~ (1, y1) ~ (2, ¥2) ~ (3, ¥3)

the consumer is willing to pay (Yo - Y1)
for the 1st unit of X

2nd (y1 - y2)
}.-'
AT
: cl
b
I_ L-
AL
i
B &2 o3 ’/}L
Figure78 :
P, =1,y :other expenditure.
MRSxy atx=1 =yo-y1
atx=2 =yi-y
atx=3 =y,-Vys
P

in equilibrium, MRS,, = P_x
y

P, =1 => MRS,, =P,
(or MVx)



AT compensated demand function.
not an ordinary demand
_ function.
= i given u(x, y) = us
=¥~}
Yoy ,
’ demand curve
0 1 2 3 X
Figure79 :
ACS= 2
base on X*

ACSbhaseonx"(u))= 2 CV
ACShaseonx"(u;)= 2 EV

=

Figure80 :
Pxi—Px2, Px2>Px
Xisnormal =>CV >ACS > EV
Quasi-linear u(x, y) =>CV =ACS = EV



The theory of revealed preference.
Bundle (xy, y1) is revealed preferred to bundle (x5, y»)
if ® both bundles are affordable/

@ (X1, Y1) is chosen (but not (x5, Y,))

(GDPXX1 + Ple = PXXZ + PyYZ )

Suppose a consumer is rational and (X1, y;) is revealed preferred
to (X», ¥»), then (Xy, y1) must be preferred to (X5, Y,)

(Axiom)
The weak axiom of revealed prefernence. (WARP)
Suppose " (x4, y1) is revealed preferred to (x,, y,) ; Statement A
then " (x4, y1) cannot be revealed preferred to (x,, y,) ; statement B
statement A is true => according to the principle of the revealed preference,
we have (xy, Y1) > (X2, ¥2)
statement B is true =>
an inconsistency in the consumer’s preference.

EXAMPLE

HANHEHATRARE AV R BY) -

B AYERS Pa Ry 27T, 1 B YIEIS 5 2 JTi At DA 80 JTHYRTSEE 20
BRALHY AW, & Pa=4,Pg =21, ftlll 120 STCHIRTISIEE 25 BAIHY AP -
sa M HOH BT R R BT E SO EME? SitbEERH . -

(Definition)  (xy, y1) is revealed preferred to (X,, Y»)
if (1) both (x4, y1) and (X5, y,) are affordable
(2) (x4, y1) is chosen
if (X1, y1) is chosen at (Px, Px2), Pixq + By = Bxy + By,

If consumer is rational
= Then (Xq, Y1) is revealed preferred to (X», Y»)
implies (X4, Y1) is preferred to (X,, Y»)

(X1, Y1) is revealed preferred to (Xy, y»)



then (X,, y») cannot be revealed preferred to (X, Y1)
Py1xy + Py1y; = Pyax; + Py1y,  and (X, Y1) is chosen
at (Pxz, Py2), (X2, ¥2) is chosen, but not (xy, y1)
Pyoxy + Pyoyr = Proxy + Py,

Example
@  (Pa,Py)=(20,1) (x4, ¥1)=(2,40) m; =80
(Px2, Py2) = (20, 4) (X2, ¥2) =(3,25) m, =160
(b) (P, Py)=(20,1) (x4, ¥1)=(3,20) m; =80
(Px2, Py2) = (20, 4) (X2, ¥2) =(2,30) m, =160
sol.
(@) Py1xy + Py1y; =202+ 140 =80
Pyix; + Py, =20%3 4+ 125 =85
=>(Xy, Y1) is not revealed preferred to (x5, y) ...(1)

Pyox; + Py, =20+ 3+ 4 %25 =160
Pyxy + Pyyy; =20 %2+ 4 x40 = 200
=> (Xy, Y») is not revealed preferred to (X4, y1) ...(2)
(1), (2) => doesn’t violate the WARP.
sol.

(b) Pyyx; + Pyyy; =203+ 1% 20 =80
Pyixy + Pyy, =20%2+1%x30=70
=>(Xy, Y1) isrevealed preferred to (X, ¥») ...(1)

Pyxy + Py, =20+ 2+ 4 %30 =160
Pyxy + Pypy; =20 %3+ 4 %20 = 140

=> (X,, Y») is revealed preferred to (X, 1) ...(2)
(1), (2) => violate the WARP.

anotRPtob

bnotRPtoa ] WARP ok!
cRPtod

dRPtoc ] violate to WARP
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Figure81:
at (Px1, Py1), € is chosen
f is affordable, eisRP to f
at (Pxz, Py2), T is chosen
e is not affordable, fisnot RPto e

Figure82 :
=>¢, f don’t violate WARP

at (Px1, Py1), g is chosen

h is not affordable, g is not RP to h
at (Pxz, Py2), h is chosen

g is affordable, hisRP to g h>g
=>g, h don’t violate WARP



(a, b)

(@, c)- ok!
(a, d) 3 not
(ae) ok
}."
ZTN
b
.j_]
Fa
0 -
Figure83 :

Income is fixed at m

at (Px1, Py1) the consumer chooses  a

at (Pxe, Py2) the consumer chooses b

a—b price effect of a decrease in price of X
(le_’sz, Px2 < le)

Figure89 :

How to decompose PE into SE and IE?
slutsky substitution effect.
If a consumer would have chosen ¢’ after a slutsky income subsidy,

note that at Py, P;,and m, a and c’ are affordable, a is chosen
=>aisRPtocC’
at P,,, P, and m, aand c’ are both affordable, ¢’ is chosen
=>Cc’iIsRPtoa

check a, ¢ is OK with WARP

At (P, P,,m), ais chosen but c is not affordable

=>aisnotRPtoc.

At (Py, P,,m), cis chosen ,a and c are both affordable



=>cisRPtoa
=> doesn’t violate WARP

P, |, slutsky substitution effect
a—C
X3 > X1 (X is cheaper, X substitutes for Y)

After slutsky subsidy,
szxl + Pyzyl = szx3 + Py2y3 = m, .0

original bundle a is c is chosen after
affordable at new price slutsky subsidy
=>CcisRPtoa

a cannot RP to ¢ => c is not affordable at (P, Py)
M= Pyxy + Py1y1 > Pyyxs + Ppys .2

6-2
(Prz = Pe1)x1 + (Py2-Py1)y1 > (Prz — Px1)X3 + (P2 — Py1)y3
(Pxz — Py1)(x3 — x1) + (Pyz - Py1)()’3 -y1) <0
Py, =Py, =P, fixed
=>(Pyp — Py1) (23 —x1) <0
=>P,, <Py =>x3—x,>0
X3 > Xy

Tax on gasoline (X)
$t tax on each unit of X
P,—P, +1t =>equilibrium e;—e,
consumer is worse off

ey is revealed pregerred to e,

(e1& e, are affordable before imposing a $t unit tax)

$t” X => a tax return to the consumer

=>new equilibrium e;



b

Figure84 :
APx+PBy=m
B: (ik+0x+PFy=m
The budget line after tax return: (P, + t)x + By = m + tx
=>Pix+Py=m sameasA

new income: m’ = m + tx
new price: P, +t & B,
slope of the budget line (after tax and tax return)

P
=>

;” (a steeper budget line)
y

(P +x+ Py =m+tx =>bothe; and e; are affordable at (P
=> e, is revealed preferred to e;
=>consumer is worse off at e3

Suppose new equilibrium were at e3’
the new budget line is D.
the expenditure of e; at (P, + t) is less than m’
=> e5’ Is revealed preferred to e; (both are on A, and e, is chosen
before tax)

Based on new budget line C
= e, is not affordable after tax and tax return
= ez is not revealed preferred to e,



conclusion: X after a tax and tax return

mt

@

@

mo

esME e /BT

based period : 0
current period : t
at period 0 : Pyo, Py
Xo, Yo
at period t : Py, Py
X, Y
Compare welfare between periods 0 and t
the consumer is better off in period 0 ((X,,Y,) iIs RPto X,,Y;)
if PeoXo + Boyo > PoXe + Boye -.-(1)
the consumer is better off in period t ((X;,Y;) isRP to X,,Y;)
if Pyexe + Pyeye > PyeXo + Pyryo -..(2)

my = PyXe + Py

Paasche price index FE[Cf5#;

PxtXt+PytYt < PxtXt+PytVt
PxoXo+PyoYo = PxoXt+PyoVt

Index,, = % = the consumer is better off in period O.
0

price index weighted by current consumption bundle

Lasperes price index 7G58

thxt + Pytyt - thxo + Pyty0

price index weighted by based period consumption bundle

Pexo + By Yo - P xo + By yo

CPl is one of Lasperes price index

m
Index; < —L = the consumer is better off in period t.

my



