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Coarsened Exact Matching (CEM) [2]:

Caliper Synthetic Matching:
Radius matching with adaptive calipers and local synthetic controls
Jonathan Che & Luke Miratrix, Harvard University

Main idea
We propose a matching method that:
• Finds local matches for each treated unit
• Corrects local bias using synthetic controls

Radius matching bounds bias
• Define donor pool for each treated unit using

radius matching [2]
• Radius bounds bias for a Lipschitz class of

potential outcome functions [3]

Mathematical intuition
Expected bias of weighting estimator using control 
units 𝑗 within caliper 𝛿 of treated unit 𝑡:

𝔼 σ𝑗𝑤𝑗𝑌𝑗 − 𝑌𝑡(0)

= σ𝑗𝑤𝑗𝑓0(𝑿𝑗) − 𝑓0 𝑿𝑡

= σ𝑗𝑤𝑗𝑑 𝑿𝑗 , 𝑿𝑡 ∇𝒗𝑗𝑓 𝑿𝑡 +𝑜(𝛿)

for directional deriv. ∇𝒗𝑗, unit vector 𝒗𝑗 =
𝑿𝑗−𝑿𝑡

𝑑 𝑿𝑗,𝑿𝑡

→ Calipers bound 𝑑 𝑿𝑗 , 𝑿𝑡 ≤ 𝛿

→ Lipschitz assumption bounds ∇𝒗𝑗𝑓(⋅)

Rewriting the linear bias term:

σ𝑗𝑤𝑗𝑑 𝑿𝑗 , 𝑿𝑡 ∇𝒗𝑗𝑓 𝑿𝑡

= σ𝑗𝑤𝑗 𝑿𝑗 − 𝑿𝑡
𝑇
∇𝑓 𝑿𝑡

= σ𝑘𝑚𝑘 σ𝑗𝑤𝑗𝑋𝑗𝑘 − 𝑋𝑡𝑘

• SCM minimizes σ𝑘 𝑣𝑘 σ𝑗𝑤𝑗𝑋𝑗𝑘 − 𝑋𝑡𝑘
2

• An exact SC unit satisfies σ𝑗𝑤𝑗𝑋𝑗𝑘 = 𝑋𝑡𝑘
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Example
We demonstrate the diagnostic tools available to 
CSM using the Lalonde (1999) dataset.

As caliper increases…
• …distance ↗⇒ potential bias ↗
• …estimand changes

Conclusion:
Caliper diagnostics indicate that the standard 
$1700-$2000 effect estimate depends on a number 
of relatively poor matches

Calipers adapt to the data
• Adapt radius size (i.e., caliper) to data to

ensure sufficiently rich donor pool
• Design choice: e.g., ≥ 1 donor unit,  ≥ 𝑝 +

1 donor units
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Synthetic controls minimize 
local extrapolation bias [4]
• Construct synthetic control for each treated

unit using its donor pool

• SCM: min 𝑿𝑡 − σ𝑗𝑤𝑗𝑿𝑗 for simplex 𝑤𝑗
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Proposed method

Background
Matching is a simple and transparent method for
designing observational studies. Exact matches
balance the joint dist. of observed covariates and
allow straightforward causal inferences under
conditional ignorability, but are rarely possible to
find in practice. To approximate exact matching, we
use local synthetic controls in the spirit of [1] to
directly improve match quality and control bias.
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Simulations

Results
Radius matching and synthetic controls…

…reduce bias and RMSE

…reduce distances between treated and 
counterfactual units (potential extrapolation bias)

Dataset
Simulation based on 2016 ACIC data challenge [5]
• 200 1,000 x 10 subsets
• Vary response models and levels of treatment-

effect heterogeneity/overlap

𝑋1

𝑋2

Z ID age educ … re74 re75 Y

Tx unit 1 33 12 0 0 16k

SC unit 1 33 12 0 0 23k

Tx unit 2 26 12 8.4k 5.8k 1.4k

SC unit 2 26 12.1 8.4k 5.8k 11.6k

…

Tx unit 185 27 9 0 0.9k 1.8k

SC unit 185 36 12 0 8.9k 11.8k

Take-home message:
We propose a matching method that transparently improves match quality and controls
bias by directly using local matches to create synthetic controls.


