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The SCM Why using iSCM?

« The SynThehC confrol method (SCM) uses a WelghTed average of COI’]TF(?| units’ 1. Implement SCM, including units potentially affected by the intervention (i.e., other
outcomes to reproduce the counterfactual outcome of the treated unit. treated units or units affected by spillovers).

« The weights are chosen to minimize the distance in the pre-intervention observed
characteristics of the treated and the synthetic control.

« The causal effect (04;) is estimated as the difference between the observed
outcome of treated and one of the synthetic control in the post-intervention period.

e If all potentially affected units receive low or zero weights, they induce a negligible

bias and can be used as pure controls in a SCM.

e If some of the potentially affected units receive high weights, proceed with step 2.

2. Implement the “restricted” SCM, i.e., excluding units potentially affected by the

intervention and:

Treatment

(a) Compare the bias in terms of predictors (X; — XoW) between “restricted”

SCM and the *unrestricted” SCM:;
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C g % % : (b) Compare Root Mean Squared Prediction Errors (RMSPEs) in the pre-
ﬁ 2 : intervention period of the “restricted” SCM and “unrestricted” SCM.
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o If (X; — X7=W™) < (X1 — XoW""™*%) and RMSPE™ < RMSPE"""** use

® the “restricted” SCM.
ISCM _A_ _
o If (X — X7°W™*) > (X; — XoW""™**) and fJor RM SPE™* > RMSPE"" %, we

advise using our iSCM.

Two scenarios in which using the SCM might be problematic: - -
1. Some of the treated u_ni’rs need to be included in the donor pool to have @ Empirical Applicaﬁon

better pre-tfreatment fit.

2. Some of the control units in the donor pool are affected by the intervention We estimate the causal effect of German reunification on West Germany's per
indirectly. capita GDP allowing for spillover effects from West Germany to Austria.

. . . . . . App|y|ng ISCM with only 1 poTenﬂg”y | rS}-’l’lEl’lOt-iC S}-'nthe‘t.ic Reat&‘ietet} Synthetic
Our inclusive synthetic control method (iSCM) allows using units affected by the affected unit requires the following ~ “™™™ e Weghe | Woighte
intervention in the donor pool. steps: —

) Vest Germany -
ADVANTAGES: - Construct Synthetic West Germany. 4wt ['_] (‘)
- Units potentially affected either directly or indirectly by the treatment can be 0, and the weight assigned to Austria " . . .
included in the donor pool. Wy. Gireece 0 0 0
- It does not impose any assumptions on freatment effect heterogeneity. - Construct synthetic Austria, including o o o o
LIMITATIONS: West Germany in the donor pool. Netherlands 0.09 0.30 0.30
. . . New Zealand 0 0 0
« The number of “potentially affected” units must be known. - Estimate the bias spillover Norway 0 0.03 0
«  We cannot have too many of those units. effect y, and the weight assigned 1o E;ﬁd . . |
» It requires the existence of at least one “pure control” unit. West Germany L. ?;;gtzerlanr:l 0.51 3 ().((1)]9
The effects are then estimated as: Usa .22 ! 040

. det(Qyg,)  0¢ + 0,427, det(2,,)  7: + 0,336,
How it works det(?)  1-0,42(0,33) det(2) 1-0,42(0,33)

We assume that SUTVA holds such that the observed outcome Y, is equal fo

Y} in the pre-intervention period for everyone and in the post intervention 1555 S LG R WY SR Table 5: Treatment hifects on Austria
period for pure control unifs. GuuresSCM  GISCM GiSCM _ GunresSCM  gresSCM FunresSCM  2iSCM 2iSCM __ ZunresSCM  ZresSCM
in the post intervention period for potentially affected units. 1990 758  -8321 190.79 -490.71 1000 -188.12 -215.83 9771 97168
o Y]It in the pos‘l‘ intervention period for the main treated unit. 1991  268.31 229.89 -38.42 -113.50 1991  -167.88  -91.33 76.55 -123.23
: : : : : 1992 87.90  111.03 23.13 -201.56 1992 1801  54.98 36.97 67.13
Unc;ler :h's ?ssump’rlon any SCM-type estimator for the main treated wil 1993  -642.23  -707.14 -64.91 -1187.41 1993 81.18  -154.29 -235.47 24.37
converge 1o ] 1994 -1064.13 -1112.46 -48.33 -1656.09 1994  255.56  -114.88 -370.43 03.01
N oy 1995 -1216.99 -1293.31 -76.32 -1860.16 1995  249.23  -181.43 -430.66 106.43

— W;Y; : :

=, 1996 -1473.30 -1524.64 -51.34 -2169.88 1996  385.64  -122.04 -507.69 508.32
J=z 1997 -1960.38 -2249.24 -288.86 -2070.69 1997  62.32  -686.65 748,97 119.63
— Z§ L WYY+ >, W (VY + ;) 1098  -2020.74 -2232.20 -211.47 -3104.82 1998 240.62  -502.68 743.29 410.14
— 1009 -2181.48 -2177.89 3.59 -3194.84 1999 73373 8.52 -725.21 1190.19
2000 -2645.30 -2638.79 6.51 -3595.01 2000 894.16  15.48 878.68 1350.67
= Zf;z vT/ij’tV + X0, Wiyt 2001 -2815.12 -3113.22 -208.10 -4100.12 2001  328.05  -708.61 -1036.66 805.76
SyNe s 2002 -2951.60 -3155.55 -203.86 -4116.73 2002 566.15  -484.60 -1050.76 74711
1™ j=2 Wj¥jt 2003 -3372.36  -3529.42 -157.06 -4559.62 2003 801.89  -373.36 -1175.25 823.97

8 —— gap biw West Germany and inclusive synthetic West Gerrfmny
© | — gap btw West Germany and unrestricted synthetic West Germany
= — gap btw West Germany and restricted synthetic West Germany

—— gap btw Austria and inclusive synthetic Austria
—| = gap btw Austria and standard synthetic Austria
—— gap btw Austria and restricted synthetic Austria

4000

Similar results hold for each potentially affected unit.

lgnoring estimation bias we have that
9, = 071 B
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Reunification —> : Reunification —> :

Where:

« 9, is the (m x 1) vector of effects of interest

- Q is the (m x m) matrix of estimated weights

« B,is the (m x 1) vector of biased estimated effects
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Thus, using Cramer’s rule: | . ' ' . | | .
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