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Introduction



I



Unbiasedness of OLS estimates b β computed from different samples means that these estimates coincide, on average, with their true value β in the population.
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Introduction I



Recall that, for unbiasedness of OLS estimates to be ensured, four conditions must be satisfied. 1. Condition 1 (linearity): the relationship between the dependent variable and the explanatory variable is indeed linear in the population; 2. Condition 2 (random sampling): one works on random samples from the population; 3. Condition 3 (zero conditional mean): the error term has an expected value of zero, given any values of the explanatory variables. 4. Condition 4 (variation in the explanatory variables): in the sample, none of the explanatory variables is constant.
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Introduction



I



The purpose of impact evaluation is to ensure that Condition 3 holds: E (u |x1 , x2 , ..., xk ) = 0.



I



In case of failure of Condition 3, the OLS estimates will be biased and inconsistent.



I



Even if one works on a large sample, these estimates won’t isolate the causal impact of the explanatory variables on the dependent variable.
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Introduction



I



When n converges to infinity, it can be shown that: Cov (x, u ) , plim (c β1 ) = β1 + Var (x ) provided that Var (x ) 6= 0.



I



Is is clear that, as soon as Cov (x, u ) 6= 0 (i.e: as soon as Condition 3 is violated), the OLS estimates are biased and inconsistent.
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Introduction I



Remark: When reading and performing empirical work in economics, it is important to master the terminology associated with biased estimators.



I



If: I I



I



plim ( c β1 ) > β1 , then we say that c plim ( β1 ) < β1 , then we say that



c β1 has an upward bias; c β1 has an downward bias.



The expression “biased toward zero” refers to cases where plim (c β1 ) is closer to 0 than its true value β1 . Therefore, if: I



I



β1 is positive, c β1 is biased toward zero if it has a downward bias; β1 is negative, c β1 is biased toward zero if it has an upward bias.
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Introduction I



The matching approach assumes that the dataset contains all the variables that are sources of selection bias.



I



Put differently, this approach assumes that Condition 3 is never violated if one matches individuals on these variables.



I



The other quasi-experimental approaches relax the unconfoundedness assumption.



I



They assume that as soon as one works on observational data, Condition 3 never holds (it is violated whatever the number of observables one is able to control for).
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Introduction I



Put differently, these other quasi-experimental approaches assume that there are always omitted variables (unobservables) that generate biased OLS estimates... and propose solutions to alleviate this bias.



I



The purpose of the class today is to introduce one of these quasi-experimental approaches: the Instrumental Variables approach.



I



This approach has the merit of solving biases that not only come from omitted variables, but also biases that stem from other cases of endogeneity (i.e., other cases of violation of Condition 3).
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Introduction



I



Outline of the class: 1. When does endogeneity arise? 2. The solution to total endogeneity: the IV approach 3. Tests
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1. When does endogeneity arise?



I



The expressions “endogeneity” or “violation of Condition 3” are perfectly equivalent.



I



More specifically, saying that there is an endogeneity problem in the following model: y = β0 + β1 x + u, is equivalent to saying that Cov (x, u ) 6= 0.
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1. When does endogeneity arise? I



Assume that y captures the emergence of a civil conflict in an African country and that x captures the economic growth in this country.



I



One expects β1 to reveal a negative impact of x on y (for instance, young men are thought to be more likely to take up arms when income opportunities become worse).



I



Is there endogeneity here? Yes, definitely.



I



In this example, endogeneity is total: it is generated by each of the three potential cases of endogeneity.
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1. When does endogeneity arise? 1.1. The omitted variable problem I



First, data on institutional bad quality (like the incidence of corruption or the risk of expropriation) are hardly available before 1985 which means that, for the years prior to 1985, it constitutes an omitted variable (i.e: it is contained in the error term u).



I



In other words, the value of β1 for the years prior to 1985 will be biased for sure since institutional bad quality is likely to positively influence civil conflict but also to negatively influence economic growth.



I



More specifically, we have that Cov (x, u ) < 0. This means that β1 will be biased downward and therefore that one OVERESTIMATES the negative impact of a positive change in economic growth on the emergence of civil conflict. 12 / 49



1. When does endogeneity arise? 1.2. The reverse causality problem



I



Second, it is clear that economic growth is likely to negatively influence civil war, BUT ALSO that civil war is likely to negatively influence economic growth.



I



Even if one uses lagged values of economic growth, it won’t solve this reverse causality problem.



I



Indeed, economic actors are not myopic: they generally do anticipate the incidence of civil war and adjust economic activity (e.g.: investment) accordingly.



13 / 49



1. When does endogeneity arise? 1.2. The reverse causality problem I



This reverse causality problem can be summarized as follows:  y = β0 + β1 x + u x = α0 + α1 y + v .



I



This system of two equations can be reduced to only one equation: y = β0 + β1 f (y ) + u, where Cov (f (y ), u ) < 0.



I



Therefore, here again, β1 will be biased downward, meaning that one OVERESTIMATES the negative impact of a positive change in economic growth on the emergence of civil conflict. 14 / 49



1. When does endogeneity arise? 1.3. The measurement error problem I



Third, African national income figures are widely thought to be unreliable which means that x shows measurement error.



I



More specifically, the measurement error related to x is given by e = x − x∗ where x ∗ is the true value of x that is not observed.



I



We assume that E (e ) = 0 (i.e: for some observations e is negative, for some other it is positive, but it is equal to 0 on average).



I



Why will this measurement error lead to biased and inconsistent estimators? 15 / 49



1. When does endogeneity arise? 1.3. The measurement error problem



I



When measurement error arises, this means that, instead of estimating y = β0 + β1 x ∗ + w , we only estimate y = β0 + β1 x + (w − β1 e ) = β0 + β1 x + u.



I



In other words, this means that u encompasses the measurement error since u = w − β1 e.
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1. When does endogeneity arise? 1.3. The measurement error problem



I



It can be shown that Cov (x, u ) 6= 0. This confirms that measurement error induces endogeneity and therefore a biased and inconsistent c β1 .



I



Under which assumption is the sign of the bias unambiguous?



I



It will be unambiguous under the classical errors-in-variables (CEV) assumption.



I



This assumption states that the measurement error is uncorrelated with the unobserved explanatory variable: Cov (x ∗ , e ) = 0.



I



In other words, the measurement error is independent on the actual value of x.
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1. When does endogeneity arise? 1.3. The measurement error problem



I



Under the CEV assumption, the measurement error problem generates OLS estimates that are biased toward zero. This is called the attenuation bias.
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2. The solution to total endogeneity: the IV approach I



There are four possible attitudes toward the problem of endogeneity.



I



First, one can ignore the problem and suffer the consequences of biased and inconsistent estimators.



I



It may be acceptable if the direction of the biases for the key parameters can be clearly determined and runs against you finding an impact.



I



For example, if one can say that the estimator of a positive parameter is biased toward zero and one has found a statistically significant positive estimate, one has still learned something: the effect is positive and it is likely that it is underestimated. 19 / 49



2. The solution to total endogeneity: the IV approach I



Second, in case endogeneity is induced by the omitted variables problem, fixed effects estimation can be used with panel data to estimate the effects of time-varying independent variables in the presence of time-constant omitted variables: I



While this method is useful, we do not always have access to panel data.



I



Moreover, even if we can obtain panel data, it does us little good if we are interested in the effect of a variable that does not change over time: fixed effects estimation eliminates time-constant variables.



I



Finally, fixed effects do not solve the problem of time-varying omitted variables that are correlated with the explanatory variables.
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2. The solution to total endogeneity: the IV approach



I



Third, in case endogeneity is induced by the omitted variables problem, one can rely on quasi-experimental approaches (Instrumental Variables, Regression Discontinuity Design, Difference-in-Difference) provided the data are suitable for these approaches.



I



Fourth, to solve endogeneity induced by the two other potential cases of endogeneity presented in section 1., one must rely on Instrumental Variables (this implies finding a good instrument).
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2. The solution to total endogeneity: the IV approach



I



Let’s consider the following model: y = β0 + β1 x + β2 z1 + u.



(1)



I



We assume that Cov (x, u ) 6= 0 (x is an endogenous explanatory variable) and that Cov (z1 , u ) = 0 (z1 is an exogenous explanatory variable).



I



We know that if we estimate Equation (1) with OLS, c β1 will be biased and inconsistent
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2. The solution to total endogeneity: the IV approach 2.1. What is an instrument?



I



One therefore needs to find one or more instrumental variables for x denoted zk (where k ranges from 2 to k, the total number of instrumental variables).



I



They must satisfy the 2 following assumptions: 1. Assumption 1: (z2 ,z3 ,...,zk ) must be correlated with x, even when one controls for the other explanatory variable z1 ; 2. Assumption 2: (z2 ,z3 ,...,zk ) are exogenous variables (u doesn’t contain any of these variables nor omitted variables correlated with any of them). This is the so-called exclusion restriction.
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2. The solution to total endogeneity: the IV approach 2.1. What is an instrument?



I



In other words, in attempting to estimate the causal effect of some variable x on another y , an instrument is a third variable z which affects y ONLY THROUGH its effect on x.
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2. The solution to total endogeneity: the IV approach 2.2. The two stage least squares (2SLS)



I



Assume that k = 3.



I



Since each of z1 , z2 , and z3 is uncorrelated with u, any linear combination is also uncorrelated with u, and therefore any linear combination of the exogenous variables is a valid IV.



I



The first stage of the 2SLS therefore consists in obtaining this linear combination from OLS estimation.



I



More precisely, we estimate the following equation through OLS: x = π 0 + π 1 z1 + π 2 z2 + π 3 z3 + ν, where E (ν) = Cov (z1 , ν) = Cov (z2 , ν) = Cov (z3 , ν) = 0.
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2. The solution to total endogeneity: the IV approach 2.2. The two stage least squares (2SLS)



I



We then compute the fitted value for x: c0 + π c1 z1 + π c2 z2 + π c3 z3 . xb = π



I



A useful way to think of the first stage of the 2SLS is that it breaks x into two pieces: I



The first is xb: this is the part of x that is uncorrelated with the error term u;



I



The second is b ν: this is the part correlated with u (this correlation between b ν and u necessarily exists since x is said to be endogenous in Equation (1)).
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2. The solution to total endogeneity: the IV approach 2.2. The two stage least squares (2SLS)



I



Note that we can test whether Assumption 1 is satisfied by c2 and π c3 are jointly significant at a reasonably verifying that π small significance level (no larger than 5%).



I



As for Assumption 2, it can never be tested if k = 2 (i.e: there is only one instrumental variable) and must therefore be taken on faith.



I



However, it can be tested if k > 2 (i.e: there is more than one instrumental variable): see section 3 for further details (but even there, some assumptions have to be taken on faith).
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2. The solution to total endogeneity: the IV approach 2.2. The two stage least squares (2SLS)



I



The second stage of the 2SLS consists in finding the OLS estimates of the following model: y = β0 + β1 xb + β2 z1 + u.



I



In other words, the 2SLS consists in regressing y on x and z1 after having purged x of its correlation with u.
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2. The solution to total endogeneity: the IV approach 2.2. The two stage least squares (2SLS)



I



Most econometrics packages have special commands for 2SLS, so there is no need to perform the two stages explicitly.



I



The ivreg command has the following syntax: ivreg depvar [varlist1] (varlist2 = instlist), where varlist2 contains the endogenous explanatory variables (i.e: x), instlist contains the excluded instruments (i.e: z2 and z3 ), and varlist1 contains any exogenous explanatory variable included in the baseline model (i.e: z1 in Equation (1)).
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2. The solution to total endogeneity: the IV approach 2.3. Interpretation of the IV estimate



I



To further ease the interpretation of βIV , let’s consider that z is a binary variable.



I



For instance, following Angrist (1990), we assume that: I



x is a variable that indicates whether one has served in the military during the Vietnam era;



I



z is a binary variable indicating whether one had a high lottery number or a low lottery number in the lottery draft;



I



y is one’s post war earnings.
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2. The solution to total endogeneity: the IV approach 2.3. Interpretation of the IV estimate I



In this case, βIV can be rewritten as follows: βIV =



E (y |z = 1) − E (y |z = 0) . E (x |z = 1) − E (x |z = 0)



I



The IV estimator is the ratio of the change in y due to change in z to the change in x due to change in z.



I



Instrument z can be considered as a treatment indicator: it generates a random allocation of persons between the treatment group (those who serve) and the control group (those who do not serve).



I



When does the IV estimator coincide with the ATE (Average Treatment Effect)? 31 / 49



2. The solution to total endogeneity: the IV approach 2.3. Interpretation of the IV estimate



I



When E (x |z = 1) − E (x |z = 0) = 1, which means that the instrument perfectly predicts the endogenous variable (when z = 1, one indeed serves and when z = 0 one indeed does not serve).



I



Put differently, βIV = ATE when all individuals in the sample are compliers (their x is affected by z).



I



However, this situation rarely happens.
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2. The solution to total endogeneity: the IV approach 2.3. Interpretation of the IV estimate



I



Let’s go back to Angrist’s example.



I



The lottery number one receives does not make a difference to the army service decision of everybody.



I



Some would have volunteered anyway, and some others would have avoided the draft irrespective of their lottery number.
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2. The solution to total endogeneity: the IV approach 2.3. Interpretation of the IV estimate I



In this context, βIV is not the Average Treatment Effect, but the Local Average Treatment Effect (LATE).



I



It captures the impact of x on y only for the sub-group of individuals for which z has an impact on x.



I



So be cautious when you interpret βIV .



I



Keep in mind that βIV does not capture the ATE, but the LATE, unless you prove: I



that all individuals in the sample are compliers;



I



or that non-compliers would have behaved the same way as compliers if they had complied. 34 / 49



2. The solution to total endogeneity: the IV approach 2.4. IV estimates: unbiased and consistent... what about the variance?



I



Provided one relies on a good instrument (Assumption 1 and Assumption 2 are satisfied), IV estimates are unbiased and consistent.



I



However, the asymptotic variance of the IV estimates is always larger, and sometimes much larger, than the asymptotic variance of the OLS estimates.



I



More precisely, let’s consider again Equation (2) and assume that z is a valid instrument for x.
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2. The solution to total endogeneity: the IV approach 2.4. IV estimates: unbiased and consistent... what about the variance?



I



One can show that: VarβIV =



VarβOLS , 2 Rx,z



2 is the R 2 obtained from regressing x on z. where Rx,z
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2. The solution to total endogeneity: the IV approach 2.4. IV estimates: unbiased and consistent... what about the variance?



I



Since an R-squared is always less than one, the 2-SLS variance is always larger than the OLS variance.



I



Therefore, to limit the inflation of variance, one must choose an instrument that is strongly correlated with x.



I



2 is to The more highly correlated z is with x, the closer Rx,z one, and the smaller is the variance of the IV estimator.



I



2 = 1, and we get the Note that, in the case that z = x, Rx,z OLS variance, as expected.
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2. The solution to total endogeneity: the IV approach 2.4. IV estimates: unbiased and consistent... what about the variance?



I



In any event, bear in mind that one is more likely to not reject H0 (even in cases where it should be rejected) when relying on the IV approach than when relying on the OLS approach.



I



So if you find that b β is significant, but that βIV is not, then you will have a hard time convincing the reader that there is indeed no impact of x on y ...



I



... one will rather read this result as the proof of the variance-inflating effect of relying on an IV approach!
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3. Tests



I



In this last section, we describe two important tests in the context of instrumental variables estimation. I



Test 1: Testing endogeneity.



I



Test 2: Testing overidentification restrictions.



I



Test 2: Testing the weakness / relevance of our instruments.
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3. Tests 3.1. Testing endogeneity I



We know that the asymptotic variance of the IV estimates is always larger than the asymptotic variance of the OLS estimates.



I



The purpose of testing endogeneity is therefore to determine whether the IV approach is really necessary or not (i.e: whether the explanatory variable supposed to be endogenous is indeed endogenous) since it has a cost: it generates higher asymptotic variance.



I



Testing endogeneity can be performed through the Hausman test. It consists in testing whether the OLS estimates are significantly different from the 2SLS estimates.



I



Under Stata, the command is hausman, with H0 stating “difference in coefficients not systematic”. 40 / 49



3. Tests 3.1. Testing endogeneity



I



But you need instruments do perform this test!



I



You should be careful when you interpret this test: it is not a pure test of exogeneity!



I



You only test if OLS estimates are significantly different from the TSLS estimates (which relates to the choice of instruments)



I



If you conclude that difference in coefficients are not systematic, it may also mean that your instruments are not the good ones
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3. Tests 3.2. Testing overidentification restrictions



I



The purpose of testing overidentification restrictions is to test whether Assumption 2 is satisfied.



I



You can do so as soon as there is more than one instrumental variable.



I



In the following, we rely on Equation (1) and on the framework introduced in 2.2.
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3. Tests 3.2. Testing overidentification restrictions



I



One must proceed in three steps: I



In the first step, one must estimate x by regressing it on all exogenous variables minus one (we assume again that k = 3): x = π 0 + π 1 z1 + π 2 z2 + ν.



I



In the second step, one must regress y on xb and z1 to obtain the IV estimates.



I



In the third step, based on the IV estimates, we compute the residual uIV given by: uIV = y − β0,IV − β1,IV xb − β2,IV z1 .
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3. Tests 3.2. Testing overidentification restrictions



I



Because z3 is not used at all in the estimation, we can check whether z3 and uIV are correlated in the sample which is a valid test for Assumption 2 as soon as the assumption that z2 and u are not correlated is correct.



I



With Stata, the command to test overidentification restrictions is overid where H0 states “the instruments are uncorrelated with the residuals”.



I



The Stata command ivreg2 (xtivreg2) provides test results automatically below the regression results
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3. Tests 3.2. Testing overidentification restrictions



I



It implies that you need at least one valid instrument I I



I



I



But you cannot test that! If you cannot reject H0 , it does not necessarily mean that your instruments are really exogenous, it may mean that both instruments are not orthogonal to the error term!



You can show that your instruments are not respecting the overidentification restriction, but you will never be sure of the contrary Showing “good tests” is not enough, you will always to convince the reader that your instruments are really exogenous I



Economic arguments will always be more convincing than “good tests”
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3. Tests 3.3. Testing the relevance / Weakness of an instrument



I



If your instruments are weak (eg. weakly correlated with the endogenous regressors), test of overidentifying restrictions can be biased



I



Testing assumption 1 is crucial Different ways to do that:



I



I I



I



I



Check the significance of your instruments (in the first stage) F-test of the joint significance of your instruments (by convention, F − stat should be higher than 10 for two instruments) - check the first stage Cragg-Donald Wald F statistic, Kleibergen-Paap Wald rk F statistic (Ho: equation is weakly identified) All these tests are available when using the command ivreg2 or xtivreg2
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Conclusion



I



Lecture 2 has shown us how the instrumental variable approach allows to solve three potential cases of endogeneity: I



the omitted variables problem;



I



the reverse causality problem;



I



the measurement error problem.
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Conclusion I



Guidelines 1. Think about the concrete endogeneity problem you are facing and the bias it creates 2. Find instruments, justified by true economic arguments; I



Convince us that the instrument has no other impact on the dependent variable that the one transiting through the endogenous variable



3. If you have more than one instrument, show the relevant tests: I I I



Weakness/ relevance of your instruments: always show the first stage of the 2SLS (Hausmann to be sure that you really need 2SLS) Overidentification tests



4. Be careful when interpreting 2SLS estimates I I



LATE and not ATE Higher variance than in OLS
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