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Motivation

I Excise taxes have been the primary strategy for regulating tobacco
prices.

I Local jurisdictions in many states, including California, are
preempted from levying tobacco taxes.

I Minimum floor price laws (MFPLs) set a price below which a
product cannot be sold, and are viewed by some policy makers as a
complementary pricing regulation to tobacco excise taxation.
I New York City became the first to set a floor price on cigarettes at

$10 per pack in 2013 (↑ to $13 in 2017)
I 35+ local jurisdictions in California now have an MFPL (PETS 2024)
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MFPLs vs excise taxes

I Under a basic economic model, MFPLs are “inefficient” (reduced
consumption vs. competitive equilibrium, deadweight loss).

I When accounting for negative externalities and internalities of
tobacco use, an MFPL can reduce deadweight loss vs. an
unregulated market, even if the floor price is not optimally set

I An optimally set MFPL eliminates deadweight loss – like a
Pigouvian tobacco tax.

I Unlike a Pigouvian tax, an MFPL generates no tax revenue.
I Extra revenue goes to the retailer and manufacturer
I May incur less industry opposition
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Literature on MFPLs

I State minimum markup laws have generally not been effective
(Tynan et al., 2013; McLaughlin et al., 2014; Huang et al., 2016)

I Simulation-based studies find that MFPLs are projected to
↓ smoking rates (Golden et al., 2020; Doogan et al., 2018; Lin et al., 2025) and
smoking disparities (Golden et al., 2016)

I Oakland MFPL of $8 projected to ↓ smoking prev. by 0.3 percentage
points and ↓ smoking intensity among continuing smokers by 2.0%
(Boettiger & White, 2021)

I A handful of empirical studies of MFPLs
I Cigar-only MFPLs in Boston and 3 cities in Minnesota associated

with ↑ prices and ↓ sales of cigars (Li et al., 2017; Brock et al., 2017)

I No effect of NYC’s MFPL on cigarette prices, cigarette consumption,
or smoking status (Ma & Golden, 2024)
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Research questions

What is the effect of a tobacco MFPL on the sale of tobacco products?

1. Retailer compliance

2. Overall change in MFPL-affected tobacco products

3. By price segment (products priced above vs. below MFPL using
pre-policy prices)

4. Cross-border shopping

5. Substitution to MFPL-unaffected nicotine products

Justin S. White Tobacco MFPL in Oakland 7 / 25



Tobacco MFPL in Oakland, CA

I MFPL ordinance, effective May 2020
I $8 per pack of cigarettes
I $8 per package of cigars, including little cigars and cigarillos
I Ban on coupons or trade discounts
I Package size requirement of 20 for little cigars and cigarillos
I (MFPL adjusted annually for inflation, but not yet done)

I Enforcement delayed by COVID-19 until August 2020

I In May 2020, Oakland also (i) expanded its flavored tobacco sales
ban to tobacco specialty shops and (ii) banned tobacco sales at
retail pharmacies.
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Retail sales data

I Data: Nielsen retail scanner data via Kilts Center
I Large retail chains
I Products coded at UPC level
I Units and dollars sold and average shelf price per unit for each

observation
I 30 million UPC-by-store-by-month observations

I Sample: All available pharmacy, convenience (including gas
station), and food stores in California

I Study period: July 2018 through December 2021

I Unit of analysis: 3-digit ZIP code (zip3) by month (N = 26,498)
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Sample characteristics

Oakland Oakland-adjacent Donor pool of
Attribute (zip3 “946”) (zip3 “945”) potential controls
Number of ZIP codes 14 40 1,371
Number of zip3’s included 1 1 49
Number of stores observed 27 89 3,415
Number of cigarette UPCs 220 253 294
Below $8 per pack 88 102 108
$8 or higher per pack 132 151 173

Number of cigar UPCs 79 102 102
Below $8 per pack 63 73 81
$8 or higher per pack 16 29 27
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Outcomes

I Prices and unit sales in Oakland, border zip3, and donor pool for:
I Cigarettes

I Overall
I By price segment (<$8 vs. ≥$8 based on pre-MFPL median)

I Cigars
I Overall

I <$8 segment (sparse sales data for ≥$8 segment)

I Unit sales in Oakland, border zip3, and donor pool for:
I Electronic nicotine delivery systems (ENDS)
I Nicotine replacement therapy (NRT)
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Synthetic difference-in-differences (SDID)
I Compare tobacco prices and sales in Oakland vs. matched zip3’s in

non-bordering cities as a counterfactual
I Algorithmically find the average of zip3’s that best match the

pre-MFPL outcome trend using synthetic difference-in-differences, or
SDID.

I SDID is a recently developed method that combines
difference-in-differences (DiD) and synthetic control (SC) methods
(Arkhangelsky et al., 2021).

I Three major benefits of SDID compared with DiD and SC
1. Like DiD, a perfect pre-treatment match with the synthetic control is

not required; parallel trends are sufficient for identification
2. Like SC, parallel trends are more likely to be satisfied b/c larger

weights are assigned to control units that are more similar to the
treated unit

3. Less biased and more precise estimation than either DiD or SC
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Synthetic difference-in-differences (SDID)
I The average treatment effect on the treated (τ̂ ) is estimated from:

(τ̂sdid, µ̂, α̂, β̂) = argmin
τ,µ,α,β

{
N∑
i=1

T∑
t=1

(Yit − µ− αi − βt −Witτ)
2ω̂sdid

i λ̂sdid
t

}
I Fixed effects for zip3 (αi) and month (βt)
I Unit-specific weights (ω̂i) to construct a synthetic control group with

matched pre-trends
I Time weights (λ̂t) that balance pre-periods with post-periods

I Permutation-based inference procedure (Clarke et al., 2024)

I Event study SDID estimates (Ciccia, 2024)

I Synthetic control analysis as robustness check
I Lagged outcomes plus 17 covariates (total pop., median age, sex ratio,

race/ethnicity, education, pop. in labor force, unemployed, median wage by
sex, poverty, owner-occupied housing, rent-burdened, foreign born)
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Pause for discussion and questions
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Distribution of median cigarette price/pack in Oakland
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Retailer compliance: 97.5%
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SDID estimates: Median cigarette price per pack, < $8 segment,
Oakland

MFPL in effect MFPL enforced
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Post-enforcement effect: $0.69 (0.58 to 0.79); 9.0% (7.7 to 10.3)
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SDID estimates: Mean cigarette packs sold/store, <$8 segment,
Oakland

MFPL in effect MFPL enforced
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Post-enforcement effect: -25.2% (-35.7 to -14.8)
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MFPL effects for cigarettes in Oakland

ATT (% change, median price/pack) ATT (% change, mean packs/store)

Full post Pre- Post- Full post Pre- Post-
period enforce. enforce. period enforce. enforce.

Cigarettes 0.9* 0.8 1.0* -15.5 -15.0*** -15.5
(-0.1, 2.0) (-0.2, 1.8) (-0.1, 2.1) (-40.2, 9.2) (-25.7, -4.3) (-44.3, 13.3)

Under $8 7.9*** 1.7*** 9.0*** -24.9*** -25.1*** -25.2***
(6.7, 9.1) (0.7, 2.7) (7.7, 10.3) (-34.7, -15.0) (-34.9, -15.3) (-35.7, 14.8)

Above $8 2.0*** -0.4 2.4*** -14.0 -12.7* -13.8
(0.6, 3.5) (-1.9, 1.0) (0.9, 3.9) (-46.1, 18.1) (-25.9, 0.5) (-51.5, 23.9)

Note: Point estimates and 95% CIs (in parentheses) are expressed as percent change in the
treated zip3 relative to the pre-MFPL mean, based on SDID estimation. Pre-enforcement period is
May-July 2020, and post-enforcement is May 2020-Dec 2021. * p < 0.1; ** p < 0.05; *** p < 0.01.
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SDID estimates: Change in cross-border sales of under-$8
cigarettes
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Post-enforcement effect: -1.2% (-7.4 to 5.0)
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Distribution of median cigar price per pack in Oakland
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MFPL effects for cigars

ATT (% change, median price/unit) ATT (% change, mean units/store)

Full post Pre- Post- Full post Pre- Post-
period enforce. enforce. period enforce. enforce.

A. City of Oakland
Cigars -3.8 -13.7 -0.9 -48.9*** -20.6*** -49.7***

(-50.4, 42.9) (-100.4, 72.9) (-50.5, 48.7) (-55.6, 27.8) (-27.8, -13.4) (-56.8, -42.6)
Under $8 -2.2 -1.1 -2.6 -54.0*** -20.1*** -58.8***

(-15.5, 11.2) (-18.9, 16.7) (-16.3, 11.1) (-62.0, -45.9) (-26.9, -13.2) (-67.4, -50.2)

B. Oakland-adjacent
Cigars -12.2 -16.9 -10.3 10.3** 9.4 11.0**

(-35.1, 10.7) (-63.8, 30.1) (-34.7, 14.0) (1.6, 19.0) (-7.6, 26.5) (2.4, 19.5)
Under $8 1.6 1.5 2.6 12.2* 9.0 12.7**

(-12.1, 15.2) (-14.5, 17.6) (-12.1, 17.4) (-0.5, 24.9) (-6.4, 24.4) (0.1, 25.2)

Note: Point estimates and 95% CIs (in parentheses) are expressed as percent change in the
treated zip3 relative to the pre-MFPL mean, based on SDID estimation. Pre-enforcement period is
May-July 2020, and post-enforcement is May 2020-Dec 2021. * p < 0.1; ** p < 0.05; *** p < 0.01.
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May-July 2020, and post-enforcement is May 2020-Dec 2021. * p < 0.1; ** p < 0.05; *** p < 0.01.
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MFPL effects for cigars

ATT (% change, median price/unit) ATT (% change, mean units/store)

Full post Pre- Post- Full post Pre- Post-
period enforce. enforce. period enforce. enforce.

A. City of Oakland
Cigars -3.8 -13.7 -0.9 -48.9*** -20.6*** -49.7***

(-50.4, 42.9) (-100.4, 72.9) (-50.5, 48.7) (-55.6, 27.8) (-27.8, -13.4) (-56.8, -42.6)
Under $8 -2.2 -1.1 -2.6 -54.0*** -20.1*** -58.8***

(-15.5, 11.2) (-18.9, 16.7) (-16.3, 11.1) (-62.0, -45.9) (-26.9, -13.2) (-67.4, -50.2)

B. Oakland-adjacent
Cigars -12.2 -16.9 -10.3 10.3** 9.4 11.0**

(-35.1, 10.7) (-63.8, 30.1) (-34.7, 14.0) (1.6, 19.0) (-7.6, 26.5) (2.4, 19.5)
Under $8 1.6 1.5 2.6 12.2* 9.0 12.7**

(-12.1, 15.2) (-14.5, 17.6) (-12.1, 17.4) (-0.5, 24.9) (-6.4, 24.4) (0.1, 25.2)

Note: Point estimates and 95% CIs (in parentheses) are expressed as percent change in the
treated zip3 relative to the pre-MFPL mean, based on SDID estimation. Pre-enforcement period is
May-July 2020, and post-enforcement is May 2020-Dec 2021. * p < 0.1; ** p < 0.05; *** p < 0.01.
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MFPL effects for product substitutes

ATT (% change, mean monthly units/store)

Full post Pre- Post-
period enforce. enforce.

A. City of Oakland
ENDS -55.1 -46.6* -62.0

(-172.3, 62.1) (-101.5, 8.4) (-195.0, 71.1)
NRT -1.9 -1.5 -1.4

(-32.6, 28.7) (-20.6, 17.6) (-33.7, 31.0)

B. Oakland-adjacent
ENDS 1.4 14.9 1.9

(-39.5, 42.4) (-4.3, 34.1) (-44.6, 48.4)
NRT -7.2 3.0 -8.6

(-33.5, 19.1) (-13.1, 19.1) (-36.5, 19.4)

Note: Point estimates and 95% CIs (in parentheses) are expressed as percent change in the
treated zip3 relative to the pre-MFPL mean, based on SDID estimation. Pre-enforcement period is
May-July 2020, and post-enforcement is May 2020-Dec 2021. * p < 0.1; ** p < 0.05; *** p < 0.01.
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Aggregate change in cigarettes and cigars following
MFPL implementation

This table shows the change in 
aggregate in sales of cigarettes and
cigars prior to MFPL implementation
(i.e., April 2020) and following MFPL
implementation.

Aggregate change 
in cigarette and 
cigar sales 
following MFPL
implementation

Table S6    Units sold in April 2020  SDID effect (post-enforcement)  Change in units 

Cigarettes, Oakland

Below $8 28,790                           0.252 2,563

$8 or above 10,172                           0.140 4,031

Cigarettes, Oakland-adjacent

Below $8 27,867                           0.009 251

$8 or above 125,682                         0.017                                               2,137                     

Change in below-$8 cigarettes 2,814

Change in all cigarettes 4,708

Cigars below $8, Oakland 12,748                           0.540 6,884

Cigars below $8, Oakland-adjacent 17,841                           0.122                                               2,177                     

Change in below-$8 cigars 4,707

Change in below-$8 cigarettes and cigars 7,521

% change in below-$8 cigarettes and cigars 32.8%

Change in cigarettes and cigars 9,415

% change in cigarettes and cigars 18.2%

Cigarettes, Oakland 38,962                           0.155 6,039

Cigarettes, Oakland-adjacent 153,549                         0.015                                               2,303                     

Change in all cigarettes 3,736

Cigars below $8, Oakland 13,288                           0.489 6,498

Cigars below $8, Oakland-adjacent 19,930                           0.103                                               2,053                     

Change in all cigars 4,445

Change in cigarettes and cigars 8,181

% change in cigarettes and cigars 15.7%

Panel A:  Calculation by product category and price segment

Panel B:  Calculation by product category
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Co-occurring tobacco policies in Oakland

1. Flavored tobacco sales restrictions expanded to adult-only stores
I ↓ cigarette and cigar sales in general, but flavors already restricted in

store types in our data, so might see substitution toward other stores
in Oak → understate MFPL effect

I Dampened product substitution to ENDS
I Exacerbated cross-border shopping

2. Pharmacy sales ban
I Limited impact b/c pharmacy comprised a small share of all

cigarette and cigar sales
I Exacerbated cross-border shopping

3. Minimum pack size requirement for little cigars and cigarillos
I Convenience stores ↓ the number of cigar UPCs offered →

contributed to the cigar sales ↓
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Conclusions

I Large ↓ in the sale of lower-priced cigarettes and cigars

I Aggregate sales ↓ of all cigarettes and cigars of 15.7% to 18.2%

I Yet, widespread non-compliance with MFPL for cigars, suggesting
other factors responsible for cigar sales ↓

I Limited evidence of cross-border shopping or substitution to ENDS
or NRT
I Co-occurring policies should have ↑ cross-border shopping
I Substitution to ENDS likely limited by flavor restrictions
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Treated vs. synthetic values of pre-MFPL sales and
sociodemographics
Treated vs. synthetic values of 
pre-MFPL cigarette sales and
sociodemographic characteristics

Fig. S9    Lower priced cigarette UPCs in Oakland (zip3 = “946”)

xx
xx

In the remaining pages of this supplement, we show 
the results from an alternate analysis that makes use 
of the synthetic control method (SCM). SCM is a 
data-driven approach for constructing a synthetic 
geographic locality as a weighted average of all 
potential control (non-treated) localities that best 
match the treated area on both the pre-treatment 
outcome and a set of prognostic factors. SCM 
thereby constructs a counterfactual outcome for 
what would have happened to the treated area in the 
absence of treatment, a “synthetic Oakland.” The 
approach has previously been used to evaluate 
tobacco control programs and policies. 

This plot shows the scaled mean values of pre-MFPL 
outcomes and prognostic covariates included in the 
synthetic control analysis of tobacco sales 
purchased. Mean values are scaled to be between 0 
and 100 based on each variable’s maximum and 
minimum values found in the primary sample. 
Shaded dots correspond to the mean value for 
Oakland and hollow dots correspond to its synthetic 
control. Data come from the 2019 American 
Community Survey 5-year sample.

The more closely Oakland and synthetic Oakland 
compare on these factors, the more accurate the 
synthetic control estimates will be, resulting in a 
more reliable interpretation of the MFPL effect. On 
most factors, the comparisons are very close; only 
the mean number of packs sold per month, sex ratio, 
and racial/ethnic composition of zip3’s differ by 
more than 10%.

Mean packs sold, pre-MFPL

Total population

Median age

Sex ratio

% non-Hispanic white

% Black

% Latinx

% high school diploma/GED

% some college or two-year degree

% college graduate

% pop age 16+ in labor force

% unemployed

Median wage, female

Median wage, male

% poverty

% housing units owner-occupied

% rent burdened

% foreign born

0.0 0.2 0.4 0.6 0.8 1.0

Scaled mean

Treated zip3 Synthetic control

9

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

 doi: 10.1136/tc-2024-058853–8.:10 2024;Tob Control, et al. White JS

Justin S. White Tobacco MFPL in Oakland 4 / 6



Synthetic control: Cigarette price, by segment
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Synthetic control estimates
for changes in cigarette
prices and sales volume

Fig. S10

The panels in this figure depict the results of 
the SCM analyses of shelf prices per pack 
for lower-priced (Panel A) and higher-priced 
cigarettes (Panel B) in Oakland. Panels E and 
F show the same thing for sales volume in 
Oakland, while panels C, D, G, and H are 
counterparts for Oakland-adjacent. Black 
lines indicate the estimated scaled differenc-
es in monthly median shelf prices between 
Oakland and its synthetic control, while gray 
lines represent the difference between each 
placebo unit (i.e., each control unit in the 
donor pool) and its own synthetic control. To 
interpret these plots, note that the y-axis 
indicates the amount by which the observed 
price in dollars (units sold) deviates from the 
counterfactual value, as estimated by the 
synthetic control method (SCM), in a given 
month. This difference is expressed as a 
proportion of the counterfactual value; for 
example, 0.5 means that the observed price 
or sales volume was 150% of what we would 
have expected in a world where no MFPL 
had been implemented, while −0.1 means 
that the observed value was only 90% of 
what we would have expected. Counterfac-
tuals are generated by SCM from a pool of 
donor zip3’s. (See Table S4 for the composi-
tion of counterfactual treatment areas.)

In panel A, we see that the median monthly 
price of lower-priced cigarettes (<$8 
pre-MFPL) in Oakland did not significantly 
increase during the three-month transition 
period but jumped by over 10% following 
MFPL enforcement in August 2020, relative 
to the counterfactual trend in synthetic 
Oakland. In contrast, the price of 
higher-priced cigarettes (≥$8 pre-MFPL) in 
Oakland did not significantly change 
following MFPL enforcement (panel B).

Monthly unit sales of lower-priced cigarettes 
decreased by about one-fifth in Oakland 
relative to synthetic Oakland during the 
post-MPFL period (panel E). There was a 
large and immediate decrease in unit sales in 
Oakland following MFPL implementation and 
prior to enforcement, far greater in magni-
tude than all counterfactual placebo 
estimates. Thereafter, monthly unit sales in 
Oakland rebounded, but only slightly. 
Interestingly, during the MFPL transition 
period, unit sales of higher-priced cigarettes 
appear to have decreased, but then quickly 
returned to their usual volume (panel F). 
Meanwhile, cigarette prices and sales 
volumes in the Oakland-adjacent area were 
largely unchanged for both lower-priced and 
higher-priced cigarettes following MFPL 
implementation.
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Synthetic control: Cigarette packs sold, by segment
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Fig. S10

The panels in this figure depict the results of 
the SCM analyses of shelf prices per pack 
for lower-priced (Panel A) and higher-priced 
cigarettes (Panel B) in Oakland. Panels E and 
F show the same thing for sales volume in 
Oakland, while panels C, D, G, and H are 
counterparts for Oakland-adjacent. Black 
lines indicate the estimated scaled differenc-
es in monthly median shelf prices between 
Oakland and its synthetic control, while gray 
lines represent the difference between each 
placebo unit (i.e., each control unit in the 
donor pool) and its own synthetic control. To 
interpret these plots, note that the y-axis 
indicates the amount by which the observed 
price in dollars (units sold) deviates from the 
counterfactual value, as estimated by the 
synthetic control method (SCM), in a given 
month. This difference is expressed as a 
proportion of the counterfactual value; for 
example, 0.5 means that the observed price 
or sales volume was 150% of what we would 
have expected in a world where no MFPL 
had been implemented, while −0.1 means 
that the observed value was only 90% of 
what we would have expected. Counterfac-
tuals are generated by SCM from a pool of 
donor zip3’s. (See Table S4 for the composi-
tion of counterfactual treatment areas.)

In panel A, we see that the median monthly 
price of lower-priced cigarettes (<$8 
pre-MFPL) in Oakland did not significantly 
increase during the three-month transition 
period but jumped by over 10% following 
MFPL enforcement in August 2020, relative 
to the counterfactual trend in synthetic 
Oakland. In contrast, the price of 
higher-priced cigarettes (≥$8 pre-MFPL) in 
Oakland did not significantly change 
following MFPL enforcement (panel B).

Monthly unit sales of lower-priced cigarettes 
decreased by about one-fifth in Oakland 
relative to synthetic Oakland during the 
post-MPFL period (panel E). There was a 
large and immediate decrease in unit sales in 
Oakland following MFPL implementation and 
prior to enforcement, far greater in magni-
tude than all counterfactual placebo 
estimates. Thereafter, monthly unit sales in 
Oakland rebounded, but only slightly. 
Interestingly, during the MFPL transition 
period, unit sales of higher-priced cigarettes 
appear to have decreased, but then quickly 
returned to their usual volume (panel F). 
Meanwhile, cigarette prices and sales 
volumes in the Oakland-adjacent area were 
largely unchanged for both lower-priced and 
higher-priced cigarettes following MFPL 
implementation.
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