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Replace the structural equation L
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must have full column rank to be able to
take a generalized inverse i.e rank

condition

We can replace 2 onto the rank condition
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the rank condition means that Te cannot be rank deficient

B EstimationApproach

BI Fitted Valves Approach
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We can vectonize and estimate see oldtutorial

but let's assume Ki L
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Next we plug this into the first equation and estimate
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Notice that Pau involves XIU Exo Ui topics
Opel

we only need to check the other matrices so that
they don't explode

B 2 Control Function Approach

We once again regress Xri onto cols hi and keep
the residue

V MI Xi
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The second stage controls for that new regressor as

well Notice that
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now
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and once again we can define everything in terms of
Pxz PI to analyze See midterm 2019 which
was also covered in a previous tutorial In that
exam the focus is on X but we could also
focus on f



c Efficiency

Not using all instruments it always weakly inefficient
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d Efficient instruments

what if we have MEAN INDEP instead of uncorrelatedness

E Ui Zi o instead of Ekiti o

I
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H
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We can do GMM using sci for every B e Blk
instead of Li

project endogenousThe efficient shh ÉYth project savored
errors

You can use the same trick at port c to

show this is more efficient by using Law of Iterated
expectations



e Asymptotes
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f Inference

Even though we don't know the distribution of P
because we don't know the joint distribution of the
data we can approximate the distribution of
rncpi pl

Consider testing p Po
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i

wand
rn pi pl'd't'd rn pi pl assuming we

statistic undefficient
weights

Ionia rn pi pl Floria rn pi pl

Kpmg pepo this is I NC0,5

XI
now consider the alternative hypothesis Hi P pots

Wn g Ionia rn 83 Ionia rn 8 open
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finite sample behavior



Then Hi P potStr
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So power increases as f increases

Now consider testing Ho Elilli o We'll uh the criterion

function itself

Let gi b I I Li Yi Xi'b

I 2 Y Xb

Jn Ib In gnlb In rn gilb

Notice that

corngilpi r rngilpa

R In E Lily x p x p



N Ly N'zixrncpi.pl

n't 2 n z'x x's in Z'x x 2in Ty

Ie w a'Xcx's in Z'x x'Zinn n'k 214
in

where

Dn Ie N 2,1 x In Ly XI Ni n z

Ie d Elixir Exili An Elixir Exili Un n't top s

Ie N K ELiXi Exili N EliXi I'topen Exili N't Opa N't
op l

Ie Ni EliXi Exile n'Eli Xi Exili n t opes
provided

R Enki i.e Vorluili is poddef Ella Xi'll I E Zill Ekiti 2

are bounded finite second moments

Ie

LEX Exit Igxi
Exit's topis

Ie R RR R top l

Tprojtion Properties eigenvalues are either 0 or I
Has orthonormal eigendecomp

D top l



therefore

Jalpan vikings pin n'Intr firkin gilpin

Dnr'LL I IIetopers Pnr ay

Dog
2 top 1 Opa IIe topal Dr 2 top 1 Opa

N D topers Je topo I DN t open

N D N t 0pct because DN Open

N CDC N N AN
KI Mon

n'i'in

I Xranked XtraD Xe K

For alternative hypothesis is the came idea with non centered

standard normals

Jn pit at X'e If'm Dri f
Notice up top when this
noncentrality appears



91 Multiple Equations Extra I

suppose M equations are identified
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We can solve the system as with a regular GMM estimator

fi argmin
derek

IM 2 Y Xy 11W

argmin
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where we can expand the criterion function
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If Wi o for it this becomes the sum of the individual criterion
functions






