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I introduce a new community-contributed stata package: allsynth

allsynth is built on the synth package and adds functionality

In this presentation:

• Review of synthetic control methodology, including proposed bias-correction for
inexact matching (Abadie and L’hour, 2020)

• Describe the functionality added by the allsynth package (with examples!):

• Synthetic control bias-correction for inexact matching on predictor values
• Calculation of RMPSE-ranked p-values from in-space treatment permutations
• Expanded graphing functionality
• Diagnostics for whether Ŵ-weighting matrix is likely unique

• Examples rely on synth smoking data from synth package (Abadie et al., 2010)
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Synthetic control literature

Canonical:

• Abadie & Gardeazabal, 2003; Abadie et al., 2010, 2015

Many treated units:

• Cavallo et al., 2013; Dube & Zipperer, 2015; Acemoglu et al., 2016; Abadie &
L’Hour, 2020; Abadie, 2021; Ben-Michael et al., 2021b; Wiltshire, 2021a

Inference:

• Abadie et al., 2010, 2015; Doudchenko & Imbens, 2016; Hahn & Shi, 2017;
Ferman & Pinto, 2017; Firpo & Possebom, 2018; Chernozhukov et al., 2019

Bias-correction for inexact matching on predictor values:

• Abadie & L’Hour, 2020; Abadie, 2021; Ben-Michael et al., 2021a; Wiltshire, 2021a

Abadie (2021) provides an excellent, current review
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Potential outcomes framework

For any unit j at time t:

• Let Y I
j ,t be the potential outcome under Intervention/treatment

• Let Y N
j ,t be the potential outcome under Non-intervention/non-treatment

• The observed outcome is: Yj ,t = Y N
j ,t + τj ,tDj ,t

→ Dj ,t is a dummy indicating if j is treated at t

• Define the treatment effect in {j , t} as: τj ,t = Y I
j ,t − Y N

j ,t

• Let a single unit, j = 1, become treated at T0 + 1

• We want to estimate path of treatment effects: (τ
1,T0+1

, ..., τ
1,T

)

• We can never observe both Y I
1,t and Y N

1,t

• For t > T0, Y1,t = Y I
1,t is observable so we only need to estimate Y N

1,t
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Synthetic control estimator with a single treated unit

Suppose we have data on J units over T periods

• j = 1 is a treated unit. j = 2, ..., J + 1 are untreated “donor pool” units

• T0 pre-treatment periods, T − T0 > 0 treated periods

• We specify r covariates plus M linear combinations of Yj ,t (for t ≤ T0)

→ r + M = K total predictor variables

• X1 is a K × 1 vector of predictors of Y1,t in treated unit j = 1

• X0 is a K × J matrix of predictors of Yj ,t in donor pool units j > 1
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Synthetic control estimator with a single treated unit

Synthetic control estimator identifies a weighted average of donor pool units:

Ŷ N
1,t =

J+1∑
j=2

ŵjYj ,t ∀ t

→ Once we have Ŷ N
1,t , we can calculate: τ̂j ,t = Yj ,t − Ŷ N

j ,t

• V = (v1, ..., vK ) is a matrix of weights on the predictor variables

• W(V) = (w2(V), . . . ,wJ+1(V))′ is a vector of weights on donor pool units j > 1

• Classic synthetic control selects V̂ and Ŵ = W(V̂) to minimize:(
K∑

k=1

v̂k(Xk,1 − w2Xk,2 − ...− wJ+1Xk,J+1)2

)1/2

s.t.
J+1∑
j=2 wj = 1, wj ≥ 0 ∀ j ∈ {2, ..., J + 1}
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Example: We observe cigarette sales in California and untreated states
(donor pool). In 1989, California increased its cigarette excise tax
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Synthetic control weights predictor variables, then positively weights some
untreated states to best match pre-treatment California on those predictors
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The weighted average of those donors is the synthetic California
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California minus synthetic California cig sales is estimated treatment effect
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The allsynth package: adds functionality to the synth package

• Synthetic control bias-correction for inexact matching on predictor values between
a treated unit and its synthetic control donors (OLS regression)

• Automated calculation of RMPSE p-values from in-space permutation tests

• Expanded graphing functionality

• Uniqueness diagnostics (e.g. warns if the Ŵ matrix is unlikely unique)

Note: In addition to directly utilizing the synth package, the code for
allsynth draws appreciatively on Jens Hainmueller’s code for synth and
slightly on the code for synth runner (Galiani and Quistorff, 2018).
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Bias correction for inexact matching on predictor values

• Abadie and L’Hour (2020) (independently, Ben-Michael et al. (2021a)) propose
bias correction analagous to Abadie and Imbens (2011) for matching estimators

→ Wrote package to implement this in R
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Bias correction for inexact matching on predictors (single treated unit)

• First get ŵj from synthetic control estimation on uncorrected values

• Let µ0,t(x) = E [Y |X = x ,D = 0], and let µ̂0,t(x) be an estimator of µ0,t(x)

• Estimate µ̂0,t(x) by regressing Yj ,t for untreated j > 1, in each t ≤ T , on the
predictor values, X0, for untreated j > 1

• The bias in τ̂1,t from inexact matching is
∑J+1

j=2 ŵj µ̂0,t(Xj)− µ̂0,t(X1)

• Then the bias-corrected treatment effect at time t is:

˜̂τ1,t = τ̂1,t − biast

= (Yj ,t −
J+1∑
j=2

ŵjYj ,t)− (
J+1∑
j=2

ŵj µ̂0,t(Xj)− µ̂0,t(X1))

= (Y1,t − µ̂0,t(X1))−
J+1∑
j=2

ŵj (Yj ,t − µ̂0,t(Xj))
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Applying bias-correction to the California cigarette sales τ̂1,t
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allsynth can be used like synth but offers additional functionality

allsynth requires same specifications as synth. In addition, users may specify:

• bcorrect(string )
• One of nosave, merge, or replace must be specified with bcorrect()

→ µ̂0,t(x) is estimated using OLS regression
→ Requires at least K + 2 donor pool units, K is # of predictors

• figure may additionally be specified. e.g. bcorrect(replace figure)

• pvalues calculates RMPSE-ranked p-values from in-space placebo runs
• If specified with bcorrect(), calculates classic and bias-corrected p-values

• placeboskeep saves the results of the placebo runs estimated for pvalues
• May only be specified when both keep() and pvalues are also specified

• gapfigure(string )
• One of classic, bcorrect, or placebos must be specified with gapfig()

• At most two may be specified together
• lineback may additionally be specified. e.g. gapfig(bcorrect lineback)

• allsynth will always warn if the Ŵ matrix unlikely unique
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allsynth: Can be used like synth

Same primary specification as in the synth help file yields same results:

#delimit ;

allsynth

cigsale beer(1984(1)1988) lnincome retprice age15to24

cigsale(1988) cigsale(1980) cigsale(1975),

trunit(3) trperiod(1989)

#delimit cr
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allsynth: Can be used like synth

Also lets you know that you haven’t properly specified bias-correction:
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allsynth: Cautions the user if the Ŵ matrix is unlikely unique

e.g. If we specify too few predictor variables, we get a warning message:

#delimit ;

allsynth

cigsale beer retprice cigsale(1980),

trunit(3) trperiod(1989)

#delimit cr

→
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allsynth: Can calculate, display, and save classic & bias-corrected “gaps”

Add keep(smokingresults) replace figure bcorrect(replace figure):

#delimit ;

allsynth

cigsale beer(1984(1)1988) lnincome retprice age15to24

cigsale(1988) cigsale(1980) cigsale(1975),

trunit(3) trperiod(1989)

keep(smokingresults) replace figure

bcor(replace figure)

#delimit cr

The bias-corrected outcome values are only useful to calculate the bias-corrected gaps!
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allsynth: Can calculate, display, and save classic & bias-corrected “gaps”
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allsynth: Can generate nice graphs of the classic and bias-corrected gaps

Also add gapfig(classic bcorrect lineback). Drop fig and bcor(figure):

#delimit ;

allsynth

cigsale beer(1984(1)1988) lnincome retprice age15to24

cigsale(1988) cigsale(1980) cigsale(1975),

trunit(3) trperiod(1989)

keep(smokingresults) replace

bcorrect(replace) gapfig(classic bcorrect lineback)

#delimit cr
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allsynth: Can generate nice graphs of the classic and bias-corrected gaps
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allsynth: Can run placebo tests, calculate p-values, and graph
permutation distributions

Instead add gapfig(bcorrect placebos lineback) pvalues placeboskeep:

#delimit ;

allsynth

cigsale beer(1984(1)1988) lnincome retprice age15to24

cigsale(1988) cigsale(1980) cigsale(1975),

trunit(3) trperiod(1989)

bcor(replace figure) gapfig(bcorrect placebos lineback)

pval plac keep(smokingresults) rep

#delimit cr

allsynth: Synthetic Control Bias-Correction Utilities for Stata Justin C. Wiltshire, UC Davis



allsynth: Can run placebo tests, calculate p-values, and graph
permutation distributions
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Installing allsynth package for Stata: currently Version 0.0.7 BETA

In Stata, type:

net from https://justinwiltshire.com/s

net install allsynth, replace

help allsynth

There are nine examples in help file to teach the functionality of allsynth

Version 0.0.5 BETA contained a critical bug. Please update to the latest version

The allsynth package is a free contribution to the research community. Please cite it:

Wiltshire, Justin C. 2021b. allsynth: Synthetic Control Bias-correction Utilities for
Stata. Working paper.

Email comments and questions: jcwiltshire@ucdavis.edu
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