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Lecture-12
Simultaneous Equation Model-Part-I

Welcome once again to our discussion on applied econometrics. Today we are going to discuss
about Simultaneous Equation Model.
(Refer Slide Time: 00:34)

1.4 S S ] PR T
Y NENENEEY EEUEEE &

‘;—'.w,f/(m‘u'.t P zv..w('w\ rradef (5gm)

%L/J%) ) :“/»ljﬂ-é J‘.ﬁ“(ﬁ? + u.( 1)

T
In short, I will be using the term SEM for Simultaneous Equation Model. Now, this
simultaneous equation model is important to understand, because if you look in our previous
section, we were talking about instrumental variable estimation technique to solve the

endogeneity problem. And we said that there are three reasons because of which endogeneity

may arise in a model.

The first reason for endogeneity was omitted variable. So, that means if you again think back
while discussing about instrumental variable estimation technique, we said that let us think
about our wage function, log of wage which is basically a function of a + B;education +
B2ability + u. Now, the variable ability, as said, is difficult to observe and difficult to measure
as a result of which we generally do not include ability in the model and that ability goes into
this error term.

(Refer Slide Time: 02:22)
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So, our model will only be 8, education + u. And this u, now captures this ability. And if we
assume that there is some kind of correlation between education and ability then this education
variable gets correlated with the error term. So, that is the source of endogeneity we are talking
about in our previous section. So, this is endogeneity due to omitted variable.

Now, the second reason for endogeneity is basically the simultaneous equation system or
simultaneous relationship. So, that is the reason we are going to talk about simultaneous
equation model. Otherwise, if the model demands SEM and we estimate a single equation
method, then that model will suffer from simultaneity bias which will lead to the endogeneity
problem. So, this is basically the second reason of endogeneity. Simultaneity is called
simultaneous relationship meaning two way causal relationship. This is the second reason for
endogeneity that is why we need to discuss in detail about this simultaneous equation model.
(Refer Slide Time: 04:12)



% ' ) T
14 ZSms Lt ’
} NEENEEEYN EESEEE ¢

< L&N.Au. 42‘,.9\/(«» vwd(uf’(’ié‘«‘

/kgb;1 p;, Jarp  vAhaabled ave /ﬂq,bﬂ o‘d?nww(
/’ A& 'h‘: / Ix wa'f amd S’W’R )ﬁ y
% Yf e an w,f-»/‘ wasd gcvt o
_tmskenke SEM .

W ‘ ‘\“ R Lo mwt!,uzw

) ade! m’ |
Wi e L
Mub)- Jx/ U [‘ A:Z‘A
O S OR[N oy i Y
» w ! oz -
)‘;J 3 i 2 aversy ...Mml
-/ »“|77:?, w L e sade
tiy") 432 ; 0 ik armimief
Covs v,l ' 10 7 lﬂ],y—/l ) A
ﬂ;\/(j’w oy L9 ?l' S ‘{"""J‘S'\(yﬂ
'j ! fﬂ’ b

Now, the definition of Simultaneous Equation Model is as follows. When two variables are
jointly determined then we say that it constitutes a simultaneous equation model. As an
example, we can say that demand and supply of a commodity of an input used for production
constitute SEM. Demand and supply example, if you can remember then it would be easy for
us to understand simultaneous equation model. So, let us now talk about the demand and supply

of an input, which is used for production and we will take labour demand and labour supply.

So, this is his which is basically the aggregate labour supply, let us say, in i" state of a country.
Let us say we are talking about in the Indian context and this is the i states’ labour supply
which is a function of let us say a;w;; + B,z;1 + u;;. S0, here h7is the aggregate labour supply

in hours, actually labour supply in i state.

Then wiz is theaverage aggregate labour supply in i"" state, let us say in agriculture. So, we are
talking about agricultural labour supply and agricultural labour demand, that is, labour supplied
and demanded specifically in the agricultural sector. So, this is the average wages that prevails
in the agricultural sector of i'" state. zi1 is the average industrial wage of i state and ui is

basically the error term.

This is the labour supply function who are supplying the labour, this is basically the farmers.
The wage labourers, they are supplying labours. So, this is the labour supply function. So, the
question that we are asking is whether we can estimate this labour supply function using OLS?
Now, this equation is a very peculiar in nature and we need to clearly understand how and in

which way this equation is different from the equations which we have discussed earlier.



When we applied OLS we assume the left hand side variable is purely endogenous, which is
the labour supply and in the right hand side all variables are exogenous in nature. Now, this
wit, Which is the average, agricultural wage (assumed), is also an exogenous variable. What
does it mean? It means, that we have a capacity to fix agricultural wage at different levels and
then we can observe how the labourers are supplying the labour given that wage is fixed
exogenously.

So, that means we need to conduct some kind of experiment by fixing wii and zj; at different
level, industry wage agricultural wage should be fixed at different level. And then we have to
observe how labourers are supplying their labour, when the wi: and zi; are fixed at different
level, but in reality that type of experiment is very hard to conduct. What we observe as wi: and
zi1 Is actually the observed wage rate. So, wiz is actually the observed wage rate determined by
the demand and supply of labour.

So, what do we observe is actually the equilibrium wage rate, which is determined by the
intersection of demand and supply assuming that labour market always clears. So, that means,
there is no unemployment in the labour market which is the assumption. So, that means, in this
equation wiz is actually not an exogenous variable rather, this wii and this h{ -wage rate and
labour supply are jointly determined. That is why they are forming actually simultaneous

equation model.

So, causality runs from here to here and also from here to here. Average wage rate that prevails
in the agricultural sector of the i state will determine the aggregate labour supply. At the same
time depending on what is the aggregate supply, the wage rate will also be determined. That

means, wiz and h;-this are jointly determined in a simultaneous equation model.

By specifying only the supply function, we cannot actually estimate this type of equation,
because of this simultaneity bias. So, that is the reason | said this equation is quite different
from the earlier equations, where you are using OLS. So, OLS is applicable only when causality

is unidirectional - from independent variable to the dependent one.



Here is a case where we are getting bi-directional causality. That means, wiy causes h; -
aggregate labour supply and aggregate labour supply also causes wii. That is why these two
variables are jointly determined. That is why to estimate this equation we need to specify labour

demand function as well. So, that means labour demand function- let us say, h¢ = a,w;, +

Pa2zZiz + Ujp.

Wiz is again the wage rate that prevails in the agricultural sector and is zi, is basically the total
available land in i*" state. Now, we will assume that covariance between zi; and uiz is 0, meaning
ziy Is strictly exogenous in the first equation and covariance between zj> and ujz is also equal to
0. That means this labour demand, which is also a function of agricultural wage and also labour

demand is a function of the total availability of agricultural land obviously.

If the available land is more, then there will be more demand for labour. Now, why we have
included zi; in the first equation? zi1 now if you talk about the signs of this so that means, oy is
assumed to be positive because as wage rate increases obviously the labourers will supply more
labour, that is why a1 is assumed to be positive. Of course there are cases where a1 can be

negative as well but we are not discussing the unusual pattern of labour supply function.

The standard labour supply function comes from the optimization of the labourers that give a
to be positive. B: is actually negative because, obviously as the average industrial wage goes
up, then labourers will move from agriculture to industry and obviously that is the reason labour

supply in the agricultural sector comes down.

Why this is so? Alternatively, you can think that zj; is basically the opportunity cost of
supplying labour in agricultural sector. What is my next best alternative? Next best alternative
is industrial sector. So, when | am supplying labour in the agricultural sector as a labourer that

means | am sacrificing my opportunity to work in the industry.

So, that means working in agriculture has a cost in terms of the wage that | sacrifice from the
industrial sector and that is the reason this B is actually negative. If | have more industry wage
then | will supply less labour in agricultural sector. That is the reason we have included zi; in
the labour supply function, without that the labour supply function will be misspecified. There

are many other factors apart from these two and all those factors are captured by uii.



For simplicity, we have kept only two variables- agricultural wage and industry wage. While,
agricultural wage directly affects labour supply, industry wage is included just to represent
some kind of opportunity cost of labour supply in the agricultural sector. Similarly, in labour
demand function what is the sign of a2? Since it is labour demand, as wage rate increases

obviously the farmers will demand less labour.

And what about 32, since labour and land are complementary in nature neither labour alone nor
land alone cannot produce anything. As a result of which, we assume that the sign of 2 as land
increases will also become positive and there would be more demand of labour from the
farmers.

(Refer Slide Time: 21:43)
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Now, if we represent these two: Let us say in the X axis we are measuring h, which is actually
equal to h$ = h¢ . So basically we are measuring labour demand or labour supply whatever
and here we are measuring h. So, this is our labour demand function which is downward

slopping( A?) and this is A and what we observe in the labour market is basically this.

So, this is aggregate labour supply and this is the equilibrium. So, this is the equilibrium labour

demand and supply and this is the equilibrium. Now, in our previous equation we said that

labour supply, hf = a;wj; + B1zi; + uy and hd = a,wi, + Bozip + Upy

If we remove these two terms- zi; and zj> then we cannot actually distinguish we cannot identify

the equations whether, we are estimating a demand function or a supply function. This is



because both labour supply and labour demand is a function of wi. So, that means, both labour
supply and labour demand are functions of only one variable, which is w. So, in i state,
aggregate labour supply and aggregate labour demand both are function of the average wage.
Please try to understand the importance of z;, i.e, the importance of the exogenous variable in
the model. If we remove the exogenous variable, we keep only the wage rate in both the
equations, then both labour demand and labour supply will become a function of h.

So, in this case we cannot distinguish between h¢ and hs. So, if we estimate what will happen?
We will estimate the function, but we do not know whether we have estimated a demand

function or a supply function. That is the reason why identification comes prior to estimation.

First, we have to identify and then we need to estimate. And if we need to identify, those
exogenous variables will play an important role. Let us now introduce the zi terms in equation
1 and 2. So, this is ;z;,and this is 5,z;,. Let us now understand the identification problem
conceptually and how these variables help identify these equations. Let us assume, that there
is some kind of change in zi2, meaning there is some kind of change in total labour with total

availability of land.

So, in this equation what happens in the labour demand function- we assume that wiy is
basically a variable that means, if there is a change in wi. there will be a change in the labour
demand along the curve. And we assume z; to be exogenous variable that means, we consider
that as a parameter. So, while w; is basically a variable h; indicate labour demand and labour
supply. They are basically variables. zi; and zi> considered to be parameters. If you go back to
your principles of economics, we learned about shift along the curve and parametric shift. So,

that means parameters are assumed to be constant in a two dimensional plane.

So, this is a two dimensional plane, in the y axis we are measuring w in the x axis we are
measuring h. So, other factors affect this demand and supply. This w and h are considered to
be fixed meaning they are parameters. If there is any change in the parameter then the entire

curve will shift either left side or right side that is called parametric shift, because look at this

h¢ and h{ they are function of w; only.



We assume w; and then we will say z. So, that means they are considered to be parameters. So,
if ziz change, that will affect the h¢, because zi; is not appearing in the supply function. So,
labour demand will shift. Let us assume that zi, increases, that is total availability of land, then

h¢ which is the labour demand will shift right toward like this.

If there is a decrease then that will shift will be leftward. And every time this labour demand
function changes either upward or downward, it will intersect with the labour supply function
because labour supply function is not changing. So, if we collect all these intersection points
and connect that then we will identify labour supply function. This is going to be our labour

supply function.

This is very conceptual please try to understand once again. What | am saying that let us assume
that zi> is changing. First we assumed that if zi> is increasing, since ziz is assumed to be a
parameter in this equation, the labour demand function will shift upward, which is called a
parametric shift - total availability of land in i"" sector is increasing.

Obviously, labour demand in i sector in aggregate will increase. So, this is a right ward shift.
| have indicated h¢ will shift upward. And every time it shifts that will give a new intersection
with the labour supply, because labour supply is fixed at it is original point, because zi> is not
appearing in the supply function. So, if we collect all this equilibrium points and then connect
them, that means, we are able to trace out the labour supply function. This is how we can

identify the labour supply function, when zi; is changing.



