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Lecture - 04
Instrumental Variable Estimation — Part IV
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Now what we will do? We will bring back the estimation technique what we discussed in our

previous class in a different context. What is this context? In this context we have now two

instruments.

Here we will discuss IV technique for more than one instrument. What is our model?
y1=Po+P1y2 + P2z +uy

this is our model. And we assume that z; and z; are excluded from the model such that

Cov(yy,2z,) #0 ; Cov(zy,uy) =0

Cov(yy,2z3) #0 ; Cov(zz,uy) =0

that means z> and z3 both of them are correlated with the endogenous variable but they are not

correlated with the error term.

E(u;) =0; Cov(z,uy) =0

z1 is an exogenous variable included in the model.

Now as an example, what is the example of this model? Let us say that this is



Ln(wage); = Bo + preducation,; + f,experience,, +uy
Here let us assume that z; is basically father's education and z3 is mother's education. So, obviously
father's education and mother's education both are correlated with the individual’s education let us

assume. Now if that is the case the question that comes to our mind which instrument to be used?

So, this is the question, which instrument to be used? z> or z3 or both that is the question. Now
given this is our situation apparently what we can think of let us regress the endogenous variable
on 77 and z3 separately that means let me form the reduced form equation in this way,

=Ty + T2 + T2y +V
2 0 121 2242 2

Then from this model we will collect R square let us say this is R square.
Then what we will do we will regress y» on z3 separately let us say this is

Y2 =Yoo tV1Z1 + V223t €

from this model we will get R square. Depending on which model gives higher R square I will use
that model as an instrument, is that correct? So, I will run both the model and then what I will do?
I will first use that means what I am doing, I am first using z as an instrument from model one.
Then I am recording the R square which is denoted as R square. So, that means what I am saying
basically if R; square is greater than R> square then use z» as instrument. Let us say z> means
father's education. If Rz square is greater than R| square then use z3 as instrument. So, this type of

solution apparently it may come to our mind while selecting whether to use z or z3 as instrument.

But the point is this type of decision making is actually incorrect. Why this is incorrect? Because
if both the instruments are valid that means both z> and z3, they are correlated with education using
one at a time that means the reduced form equations are mis-specified. Here z> and z3 both are
correlated with y2 but I am using only one at a time that means this reduced form equations are

mis-specified because reduced form equations are mis-specified.

So, what we need to do then? So, we need to use a linear combination of z; and z3 as instrument.
So, we cannot use only one as instrument either z> or z3 rather a linear combination of z> and z3

should be used as instrument and how to get that linear combination? That will is very simple.
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So, the reduced form equation now becomes
yz = T[O + 7'[121 + TL'ZZZ + T[3Z3 + 172

=Yt 1y

that means from this equation what we can understand y» is basically a sum of two components let
me say that this is y2+ and v,
where this y>« is the systematic component and this v is the non-systematic component. The
systematic component is actually not correlated with the error term rather this non-systematic
component is correlated with the error term. It means from this reduced from equation what we
actually get is

Y2 = To + 12y + W2, + 323

this ¥; is actually the estimated value of y».

So, that means when you have more than two instruments what you are doing actually, in a first
step of our estimation where we are writing the reduced form equation for the endogenous variable
y2. In the second step, we are doing we are replacing the estimated value of y» that means y> = 5.

and apply OLS. Here also I am applying OLS.

So, if you replace that then our structural equation becomes

Y1 =Po+ 1Pz +v2) + B2z + 1y



Y1 = Bo + B1Y2 + B2z1 + (B1v2 + uy)

Here, in the structural equation the error term is now a composite error term that we have discussed.

Such that Cov [ (B,v, + u1),¥3] = 0. So, there is no correlation between the estimated value and
this composite error term and expectation of this error term is also zero. So, that means if we look
at closely what we are doing here since y» in the original structural equation y> was endogenous

we are trying to get a predicted value of the y> which is 33 to solve the endogenity problem.

And how we are doing it? We are doing it in two step. In the first step we are writing the reduced
form equation for y> and then we are applying OLS there and get the predicted value. And in the
second step we are replacing that predicted value from the reduced form equation. So, that means
OLS is applied two times, in the first step as well as in the second step. Since the OLS is applied

2 times the IV technique becomes 2 SLS two stage least square.

when we have one instrument then IV and 2 SLS are same. That means we can say that 2 SLS is
actually a special IV estimation. This is also IV only because the idea is same. Why this is also
IV? Because we are trying to find out the instruments for the endogenous variable and that was

there in the first case also when we have one instrument.

Here also we are trying to find out the instrument. But only thing is that here we are trying to find
out the instrument applying OLS in two stages and then inserting the estimated value of the
endogenous variable in the structural equation. That is why I say that 2 SLS is different from I'V.
When you have two instruments for one instrument case both are actually same that is what I
wanted to mention. Now we will discuss one more case.

(Refer Slide Time: 21:16)



L T tvaadwend
A ur

" . ¢ Y ITEATE
NPTEL bR o it A A A [/

tov (s, %

f" J timadion hov aeave Aham Paa
J 4 saha A bl
:{ .4 ovdanprons vahaable
g 7 =
\ Py

TANY

’
tev( h,

g o hedt eIl * O

S TR & TN N o o«
v pa, A vedis wd fevn .pﬁu‘u fidA

Vvend wm e BT v v !

[dawdn o oL i v

it

o Ciw:i ™ s A vy M, 1Ty
[ M ) A Lot A AT L
" Rt 778 e

So far in our model we assume there is only one endogenous variable. But it may so happen that
it in your model there are actually two three or more number of endogenous variable, what to do

then? So, we will now discuss a situation, IV estimation for more than one indigenous variable.

Y1 =Bo+ 1Yz + B2ys + B2ys + wy
Where Cov(y,,uy) #0 ;

Cov(ys,uy) #0 ;

Cov(z;,uy) =0

Let us now assume we have z; and z3 such that
Cov(yy,2,) #0 ; Cov(y,,z3) #0

Cov(ys, z;) #0 ; Cov(ys,z3) #0

both of them are correlated. But,

Cov(zy,uq) =0

COV(Z3, ul) =0

these are the condition. So, z> and z3 are instruments. What would be the estimation technique?
Here since we have two endogenous variable, we have to fit two reduce form equation. This is our

structural equation.

So, the reduced form equation for y> would be

YV, =Ty + T1Zq + YY) + T3Z3 + 172:0



and reduced from equation for y3 would be
Y3 =VYot+ VY121 + V222 + V323 + €,=0

Here we will get two identification conditions.

Identification condition let us say this is from the reduced from equation of y» is null hypothesis
Ho:my =m3 =0

against the alternative

Hi: At least one among m, and 75 is not equals to zero by F test. What is the test you have to do?
We have to test this by the standard F test.

So, that means we have to check the joint significance of z; and z;.

Similarly reduced form equation for y3 would be so for y3 what would be the identification

condition?

The identification condition is

Hoiy, =y3=0

But these identification condition which is also known as order condition is necessary but not
sufficient. It is necessary but not sufficient. Why this is not sufficient? It may so happen that from
this reduced form of equation y> let us say m,is significant because what I need only one among

them, so that means z> is significant.

Similarly, from the reduced from equation of y3 also we found that z> is significant. So, that means
while z> is actually significant in both z3 is not significant that is why even though this is a
necessary condition, this is not sufficient. What we need? We need a sufficient condition for
identification known as rank condition. What is rank condition? That we will discussed in the
context of simultaneous equation model. But in this context at least we understand that when we
have two endogenous variable we need two valid instruments. So, checking that condition is very
simple. We can simply count y», y3 and two excluded variables z; and z3. So, we will say that our
order condition of identification is satisfied. But that is not sufficient because it may so happen

that they are excluded.



But only one among those excluded variable is actually significant. That means we could identify
only one instrument while we knew it actually for two endogenous variables. In other words if we
have two endogenous variables in the model y> and y3. So, to estimate this model efficiently and
to get the unbiased estimates we need two instruments. Let us assume that z; and z3 we have

identified.

Order condition is satisfied, two endogenous variables, two instruments. So, that means two
exogenous variables excluded from the model. But what we need to check whether both of them
are significant or not. Otherwise from the identification condition we are only checking this
condition. From this F test we can find out that whether if 7, and m5 significant. That means it may

so happen that let us say z» is significant here, z; is significant in the other equation as well.

Even though that means we have specified two equations with two exclusion restrictions only one
exclusion restriction is valid. That is why we said while order condition is necessary and very easy
to check whether it is satisfied or not; the rank condition is not. What is rank condition? That is
actually the sufficient condition for this model when we have more than one endogenous variable

that we will discuss in the context of simultaneous equation model.



