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Synthetic Control Method (Abadie et al. 2010. J. Am. Stat. Assoc.)

Setting: N units and T time periods
One treated unit i = N receiving the treatment at time T
Quantity of interest: YNT (1) − YNT (0) = YNT − YNT (0)

Create a synthetic control using past outcomes
Weighted average:

ŶNT (0) =
N−1∑
i=1

ŵiYiT

where the weights balance past outcomes

ŵ = argmin
w

T−1∑
t=1

(
YNt −

N−1∑
i=1

wiYit

)2

with
∑N−1

i=1 ŵi = 1 and ŵi ≥ 0
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FIGIJRE2. TERRORIST AND ESTIMATEDACTIVITY GAP 

expect terrorism to have a lagged negative ef- of deaths caused by terrorist actions (used as a 
fect on per capita GDP. In Figure 2, we plotted proxy for overall terrorist activity). As ex-
the per capita GDP gap, Y, - YT, as a percent- pected, spikes in terrorist activity seem to be 
age of Basque per capita GDP, and the number followed by increases in the amplitude of the 

(Abadie and Gardeazabal. 2003. Am. Econ. Rev.)
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Model-based Justification

The main motivating factor analytic model:

Yit (0) = γt + δ>t Xi + ξ>t Ui + εit

Generalization of the linear two-way fixed effects model
Key assumption: there exist weights such that

N−1∑
i=1

wiXi = XN and
N−1∑
i=1

wiUi = UN

Another motivating autoregressive model with time-varying
covariates:

Yit (0) = ρtYi,t−1(0) + δ>t Xit + εit

Xit = λt−1Yi,t−1(0) + ∆t−1Xi,t−1 + νit

Past outcomes can affect current treatment
No unobserved time-invariant confounders
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Synthetic Control with Pre-treatment Covariates

We can generalize the synthetic control method
Pre-treatment covariates: Zi = (Y>i ,X

>
i )>

lagged outcomes: Yi = (Yi1,Yi2, . . . ,Yi,T−1)>

lagged covariates Xi = (X>i1,X
>
i2, . . . ,X

>
i,T−1)>

Or some subsets or functions of these variables

Balance both the lagged outcomes and pre-treatment covariates

ŵ = argmin
w

(
ZN −

N−1∑
i=1

wiZi

)>
Σ̂−1

(
ZN −

N−1∑
i=1

wiZi

)

subject to
N−1∑
i=1

wi = 1, and wi ≥ 0 for all i = 1, . . . ,N − 1,

where Σ̂ is the covariance matrix of Zi
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Placebo Test
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FIGURE4 A "PLACEBOSTUDY."PER CAPITA GDP FOR CATALONIA 

Catalonia is the main contributor to the syn- economic effect of terrorism on the Basque 
thetic control for the Basque Country, an ab- Country. To the extent that the regions which 
normally high level of per capita GDP for form the synthetic control might have been eco- 
Catalonia during the 1990's may artificially nomically hurt by the conflict, our estimated 
widen the GDP gap for the Basque Country in GDP gap would provide a lower bound on the 
Figure 1. Therefore, our placebo study suggests economic effect of terrorism on the Basque 
that, while per capita GDP for Catalonia can be Country economy. On the other hand, the con- 
reasonably well reproduced by our techniques, flict may have diverted investment from the 
the catch-up in per capita GDP for the Basque Basque Country to other Spanish regions, arti- 
Country during the 1990's (relative to the syn- ficially increasing the magnitude of the gap. 
thetic control region) may have been more pro- However, since the size of the synthetic Basque 
nounced than what Figure 1 indicates. Country is much larger than the actual Basque 

Country, this type of bias is arguably small.12 In 
C. 	Discussion the next section we show evidence that support 

the view that the effect of the conflict was small 
As noted earlier, the Basque Country has outside the Basque Country. 

been the main scenario of the terrorist conflict. A more important criticism of the analysis in 
However, ETA has also operated in other Span- this section is that, as long as the synthetic 
ish regions. Even though there is no indication control cannot reproduce exactly the character- 
that entrepreneurs have abandoned Spain as a istics of the Basque Country before terrorism, 
result of the terrorist threat, Basque terrorism the GDP gap may have been created by differ- 
might have imposed a negative reputational ex- 
ternality on other Spanish regions, and foreign 
investment might have chosen alternative des- "For the 1964-1975 period, GDP for the synthetic 

tinations with no terrorist conflicts. If it is in fact region was 2.5 times larger than GDP for the Basque Coun- 
try: this figure increased to more than 3 during the terrorism 

the case that the Basque terrorist conflict has era. Furthermore, investment diverted to regions other than 
had a negative economic effect on other Spanish those in the synthetic Basque Country does not affect the 
regions, this effect is arguably weaker than the validity of our analysis. 

can do this for all control units and compare them with the treated unit
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Permutation Test

Assumption: Errors are exchangeable502 Journal of the American Statistical Association, June 2010

Figure 4. Per-capita cigarette sales gaps in California and placebo
gaps in all 38 control states.

provide a good fit for per capita cigarette consumption prior
to Proposition 99 for the majority of the states in the donor
pool. However, Figure 4 indicates also that per capita cigarette
sales during the 1970–1988 period cannot be well reproduced
for some states by a convex combination of per capita ciga-
rette sales in other states. The state with worst fit in the pre-
Proposition 99 period is New Hampshire, with a MSPE of 3437.
The large MSPE for New Hampshire does not come as a sur-
prise. Among all the states in the donor pool, New Hampshire
is the state with the highest per capita cigarette sales for every
year prior to the passage of Proposition 99. Therefore, there is
no combination of states in our sample that can reproduce the
time series of per capita cigarette sales in New Hampshire prior
to 1988. Similar problems arise for other states with extreme
values of per capita cigarette sales during the pre-Proposition 99
period.

If the synthetic California had failed to fit per capita ciga-
rette sales for the real California in the years before the pas-
sage of Proposition 99, we would have interpreted that much
of the post-1988 gap between the real and the synthetic Cal-
ifornia was also artificially created by lack of fit, rather than
by the effect of Proposition 99. Similarly, placebo runs with
poor fit prior to the passage of Proposition 99 do not provide
information to measure the relative rarity of estimating a large
post-Proposition 99 gap for a state that was well fitted prior
to Proposition 99. For this reason, we provide several different
versions of Figure 4, each version excluding states beyond a
certain level of pre-Proposition 99 MSPE.

Figure 5 excludes states that had a pre-Proposition 99 MSPE
of more than 20 times the MSPE of California. This is a very
lenient cutoff, discarding only four states with extreme values
of pre-Proposition 99 MSPE for which the synthetic method
would be clearly ill-advised. In this figure there remain a few
lines that still deviate substantially from the zero gap line in the
pre-Proposition 99 period. Among the 35 states remaining in
the figure, the California gap line is now about the most unusual
line, especially from the mid-1990s onward.

Figure 5. Per-capita cigarette sales gaps in California and placebo
gaps in 34 control states (discards states with pre-Proposition 99
MSPE twenty times higher than California’s).

Figure 6 is based on a lower cutoff, excluding all states that
had a pre-Proposition 99 MSPE of more than five times the
MSPE of California. Twenty-nine control states plus California
remain in the figure. The California gap line is now clearly the
most unusual line for almost the entire post-treatment period.

In Figure 7 we lower the cutoff even further and focus
exclusively on those states that we can fit almost as well
as California in the period 1970–1988, that is, those states
with pre-Proposition 99 MSPE not higher than twice the pre-
Proposition 99 MSPE for California. Evaluated against the dis-
tribution of the gaps for the 19 remaining control states in Fig-
ure 7, the gap for California appears highly unusual. The nega-
tive effect in California is now by far the lowest of all. Because
this figure includes 19 control states, the probability of estimat-

Figure 6. Per-capita cigarette sales gaps in California and placebo
gaps in 29 control states (discards states with pre-Proposition 99
MSPE five times higher than California’s).

We can invert this test to obtain a point-wise confidence interval
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Relationship with Regression

The synthetic control can be seen as a constrained regression:

(α̂,w) = argmin
α,w

T−1∑
t=1

(
YNt − α−

N−1∑
i=1

wiYit

)2

subject to the following constraints
1 zero intercept: α = 0
2 positive weights wi ≥ 0 for all i = 1, . . . ,N − 1
3 sum-to-one constraint:

∑N−1
i=1 wi = 1

No time-invariant difference between the treated and control units
Treated unit in the convex hull of the control units
Regularization required when N is large relative to T
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