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不可观测协变量的⼲扰
Confounding by Unobservables

当协变量  不可观测时，因果模型的 DAG 表达如下： 
 
 
 
 
 
 
由于  不可观测，我们⽆法对其进⾏控制，因此后⻔路径  ⽆法被阻断，造
成对平均处理效应的估计偏差。 

针对这种情况，学术界提出了多种估计⽅法，分别建⽴在不同的附加条件下，主要包括：

• 双重差分（difference in differences）：⽤于⾯板数据或重复横截⾯数据


• 合成控制（synthetic control）：将 DID 中的控制组整合


• ⼯具变量（instrumental variables）：当存在不服从处理分配的情况时，估计服从者的 
ATE


• 断点回归设计（regression discontinuity design）：⽤于处理变量是阈值函数的情况
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双重差分原理
The Principle of DID

当我们可以获得处理前和处理后的观测结果时，我们可以把观测对象分为四组，即 

我们允许处理组和对照组间存在 
异质性，但假设处理前后的变化 
趋势相同。

此时，对照组的趋势可以⽤来估计处理组趋势的反事实结果，⽽两个趋势之差就是平均
处理效应的估计量。
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⾯板数据下的 DID 估计
DID with Panel Data
令  为个体  在时间  的观测结果，  为处理状态。  关于  的固定效应模型为 
 
	  
 
如果⽤潜在结果表达此模型，则有 
 

	          

 
下⾯我们假设最简单的⼆期模型，即 。  代表处理前（pre-treatment），因此 ；  代
表处理后（post-treatment），此时有⼀部分个体接受处理。  是不随时间变化的协变量，可以与  相关。 
 
此模型中的关键假设是：


• 共同趋势假设（common trend assumption）：时间趋势不随个体变化，体现在  不依赖  。


• 误差项独⽴于处理的分配：         。

 
从  和上⾯的假设可以得出  
 
	  
 
即⽆论处理状态如何，未接受处理时的潜在结果的平均时间趋势是共通的。

Yobs
it i t Wit Yobs

it Wit

Yobs
it = τitWit + μi + δt + εit

Y0it = μi + δt + εit

Y1it = τit + μi + δt + εit
⇒ τit = Y1it − Y0it

t ∈ {0,1} t = 0 Wi0 = 0 t = 1
μi Wit

δt i
E[εit ∣ Wit] = E[εit] ⇒ E[εi1 − εi0 ∣ Wit] = E[εi1 − εi0]

Y0it = μi + δt + εit

E[Y0i1 − Y0i0 ∣ Wit = 1] = E[Y0i1 − Y0i0 ∣ Wit = 0] = δ1 − δ0
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⾯板数据下的 DID 估计
DID with Panel Data
对固定效应模型  取条件期望，可得 
 

	  

由此可推出 
 

	  

 
因此，我们可以获得  的 DID 估计量 
 
	   
 
也可以⽤差分回归  中系数  的 OLS 估计量估计，即 。 
 
即使协变量  不可观测，⾯板数据也可以帮助我们估计 ATET。

Yobs
it = τitWit + μi + δt + εit

E[Yobs
i1 ∣ Wi1 = 1] = E[τi1 ∣ Wi1 = 1] + E[μi ∣ Wi1 = 1] + δ1 + E[εi1]

E[Yobs
i0 ∣ Wi1 = 1] = + E[μi ∣ Wi1 = 1] + δ0 + E[εi0]

E[Yobs
i1 ∣ Wi1 = 0] = + E[μi ∣ Wi1 = 0] + δ1 + E[εi1]

E[Yobs
i0 ∣ Wi1 = 0] = + E[μi ∣ Wi1 = 0] + δ0 + E[εi0]

τATET = E[Y1it − Y0it ∣ Wi1 = 1] = E[τit ∣ Wi1 = 1] = E[τi1 ∣ Wi1 = 1]
= E[Yobs

i1 − Yobs
i0 ∣ Wi1 = 1] − E[Yobs

i1 − Yobs
i0 ∣ Wi1 = 0] = τDID

τATET

̂τATET = ̂τDID = 1
N1

∑i:Wi1=1 (yobs
i1 − yobs

i0 ) − 1
N0

∑i:Wi1=0 (yobs
i1 − yobs

i0 )

Yobs
i1 − Yobs

i0 = α + τWi1 + ui τ ̂τATET = ̂τOLS

μi
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重复横截⾯数据与 DID 估计
Repeated (Pooled) Cross-Section Data and DID
DID 是均值的⽐较，因此并不要求对同⼀个体进⾏持续观察，⽽只需要观察不同时间点上的处理组和
对照组中的均值。也就是说，我们可以⽤重复横截⾯数据构建 DID 估计量。 
 
考虑回归模型 
 
	  
 
其中  是时间虚拟变量（  时取值为 1），  组别虚拟变量（  在处理组时取值为 1）。只有在 

 和  的交互项取值为 1 时，  才接受处理。也就是说 。 
 
假设 ，可得 
 

	  

 
因此， ， 。 
 
⽤回归⽅法也可以求得 DID 估计量，即 。

Yobs
i = α + βTi + γGi + δ(Ti × Gi) + εi

Ti t = 1 Gi i
Ti Gi i Wi = Ti × Gi

E[εi ∣ Gi, Ti] = E[εi]

δ = (E[Yobs
i ∣ Gi = 1, Ti = 1] − E[Yobs

i ∣ Gi = 1, Ti = 0])
−(E[Yobs

i ∣ Gi = 0, Ti = 1] − E[Yobs
i ∣ Gi = 0, Ti = 0])

= τDID

̂τDID = (ȳobs
11 − ȳobs

10 ) − (ȳobs
01 − ȳobs

00 ) ȳobs
mt = 1

Ngt
∑i:Gi=g,Ti=t yobs

i

̂τDID = ̂δOLS
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多个分组与多个时间点
Multiple Groups and Multiple Time-Periods

我们可以把模型拓展到有  个分组，即 ，和  个时间点，即 
。 

 
多个分组并不意味着有多个处理⽔平，⽽是意味着不同组别中的个体可能在不同的时间点接受处理。
例如某⼀政策在不同地区的实施时间不同等情况。 
 

令  为条件  成⽴状态的指示函数。则前⾯的模型可以拓展为 

 

	  

 
处理变量  取 1 代表  在对应的分组与时间点的组合中接受处理。 
 
这⾥依然假设存在共同趋势，即模型中的  不依赖  的分组。因此依然有  以及 

。 
 
与前⾯模型不同的是，此时我们可以检验共同趋势假设。如果分组  和  中的个体在时间点  和  
都没有接受处理，则在共同趋势假设下，它们均值的双重差分应该为零。

G + 1 Gi ∈ {0,…, G} T + 1
Ti ∈ {0,…, T}

𝟣X = {1  if X is true
0  if X is false

X

Yobs
i = α +

T

∑
t=1

βt𝟣Ti=t +
G

∑
g=1

γg𝟣Gi=g + δWi + εi

Wi i

βt i τDID = δ
̂τDID = ̂δOLS

g1 g2 t1 t2
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双重差分的实证研究



• 核⼼问题：低技能移⺠对国内低端劳动市场的影响  
 
经济学理论预测，低技能移⺠的⼤量流⼊会冲击当地的低端劳动市场，是原有的低技能劳动者
收⼊降低或失业。 
 
然⽽现实中，移⺠和本地⼈会根据就业市场的需求选择居住地。如果流⼊地的就业市场饱和，
则移⺠会更倾向去其他地⽅找⼯作。  

 基于移⺠⼈⼝密度和⼯资间相关性的研究⽆法正确估计移⺠给劳动市场带来的冲击  

• The 1980 Mariel Boatlift 
 
1980年4⽉20⽇，当时的古巴国家元⾸卡斯特罗宣布了⼀项政策，允许希望向国外移⺠的古巴
⼈从哈瓦那附近的 Mariel 港⾃由离开古巴。卡苏特罗在1980年5⽉1⽇的⼀次讲演中说：
“Those who have no revolutionary genes, those who have no revolutionary blood...we do not 
want them, we do not need them” (https://www.history.com/news/mariel-boatlift-castro-carter-cold-war) 
 
这⼀政策造成了当年5⽉⾄9⽉间，125000名古巴移⺠乘坐⼩船到达美国福罗⾥达州的迈阿密
市。最终，50%的古巴移⺠留在了迈阿密，相当于之前在迈阿密⼯作的古巴⼈总数的20%，迈
阿密总劳动⼒的7%。

→

The Impact of the Mariel Boatlift on the Miami Labor Market. 
Industrial and Labor Relations Review, 43:2, 245-257. 

Card (1990)
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• 1980年的 Mariel Boatlift 可以看做是⾃然实验。它导致了低技能外来移⺠向迈 
Miami 的⼤量流⼊。


• 作者选取的反映劳动⼒市场状况的变量  是⼯资和失业率。


• 作者选取了1979年⾄1985年的数据作为处理前后的对⽐。Miami 作为处理组，⽽对
照组中包含Atlanta、Los Angeles、Houston、Tampa-St. Petersburg。 
 
选取这四座城市的理由是：他们都有和 Miami 相似的种族构成（⾮裔和拉丁裔占⽐
⼤）、以及相似的经济发展程度。


• ⽂章并没有发现新增的古巴移⺠给 Miami 当地的低技能劳动者（⾮裔、早年的古巴
移⺠）的就业带来显著冲击。作者认为这和 Miami 的特殊性有很⼤关系。


• 本⽂虽不是第⼀个在劳动经济学中使⽤⾃然实验和 DID ⽅法的研究，但其影响⼒很
⼤。

Y

The Impact of the Mariel Boatlift on the Miami Labor Market. 
Industrial and Labor Relations Review, 43:2, 245-257. 

Card (1990)
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Table 3. Logarithms of Real Hourly Earnings of Workers .4ge 1G-61 in hliami and Four  

Groufi I979 

;\4inmz: 
Whites i.85 

i.03) 
Blacks 1.59 

(.03) 
Cubans 1 3 8  

(.02) 
Hirpariics 1.32 

i.04) 

Cornpat-ison C z t i ~ ~ :  
Whites 1.93 

(.01) 
Blacks 1.74 

(.01) 
Hisi~anics 1.6.5 

Comparison Cities, 1979-85. 
1980 1981 1982 I983 1984 1985 

I .90 1.91 1.91 1.90 1.91 1.92 
(.01) (.01) (.01) (.01) 
1.70 1.72 1.71 1.69 1.67 1.65 
(.02) (.02) ( .0 i )  c.02) (.02! (.03) 
1.63 1.61 1.61 1.58 1.60 1.58 

.Vote: Entries represent ~ ~ l e a n s  1980= 100)uf log hourly earnings (deflated by the Cotisunier Price Index- 
fur \vurkers age 16-61 in hliarni arid four comparison cities: Atlal~ta, Houston, Los Angeies, and 'T'ampa-St. 
Petersburg. See note to ?'able 1 for definitioris of groups. 

Sot~rre:Based on samples of employed workers in the outgoing rotatiori groups uf the Currel-it Pupul;ttion 
Survey in 1979-85. Due to a change in SSISA coding procedures in 1985, the 1985 sample is based on 
individuals in outgoing rotation groups Tor January-June of 1985 only. 

In cor~trast to ;he pattern for whites, the 
trends in earnings for nonwhites and 
Hispanics differ somewhat between Miami 
and tlie comparison cities. Black wages in 
Miami were roughly constant from 1979 
to 198 1, fell in 1982 and 1983, arid rose to 
their previous level in 1984. Black earn- 
ings in the comparison cities, on the other 
hand, show a steady downward trend 
between 1979 and 1985. These data 
provide no evidence of a negative inrpact 
of the Mariel immigration on black wages 
in Miami. The  data do suggest a relative 
downturn in black wages in Miami during 
1982-83. It seems likely, however, that 
this downturn reflects an unusually severe 
cyclical effect associated with the 1982-83 
recession. ( I  return to this issue in Table 6, 
helow.) 

Wage rates for non-Cuban Hispanics in 
Miami were fairly stable between 1979 and 
1085, with only a slight dip in 1983. In 
contrast, Hispanic wage rates in the 
coniparisori cities fell about 6 percentage 
points over this period. Again, there is 120 
evidence of a negative effect in Miami, 

either in the immediate post -l\/lariel period 
or over the longer run. 

Table 3 does indicate a decline in Cuban 
wage rates relarive to the wage rates of 
other groups in Miami. Relative t o  the 
wages of whites, for example, Cuban 
wages fell b y  6-7 percentage points be- 
t.wTeen 1979 and 1981. Assu~nirig that the 
wages of earlier Cubarl immigr;ints were 
constant, this dec.line is consistent with the 
addicion of 45,000 Mariel workers to the 
pool of Cubans in the Miami labor force, 
and with the 34% wage differential be- 
tween Mariels arid ot,he~. (;uha~as noted i r ~  
l 'able 3. A more thorough ana!ysis of 
Cuban wages is presented in Table 7, 
below. 

Thc  unemployment rates in T;~bie3 
lead to he same general conclusions '1s the 
wage data in Table 3. There is no e~.icir.nce 
that the hlaricl influx adversely affecterl 
the unemployment rate of either :v'rlites or  
blacks. The  unemployment rates ~ 1 1 ~ 5  aI C S ~  
severe cyclical downturn in the black lahor 
rnarket in Miami in 1982-83. Black urlem- 
ployir!ent rates in Miami, which had been 
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Table 4 .  Unemployment Rates of Individuals Age 16-61 in Miami and  
Four Comparison Cities, 1979-85.  
(Standard Errors in Parentheses)  

Blacks 8.3 5.6 9.6 16.0 18.4 14.2 7.8 
(1.7) (1.3) (1.8) (2.3) (2.5) (2.3) (2.3) 

Cubans 5.3 7.2 10.1 10.8 13.1 7.7 5.5 
(1.2) (1.3) (1.5) (1.5) (1.ti) (1.4) (1.7) 

Hispanics 6.3 7.7 11.8 9.1 7.5 12.1 3.7 
(2.3) (2.2) (3.0) (2.5) (2.1) (2.4) (1.9) 

Whites 

Blacks 

Hispanics 6.3 8.7 8.3 12.1 11.8 9.8 9.3 
(0.6) (0.6) (0.6) ('3.7) (0.7) ('3.6) (0.8) 

'Vote: Entries represent means of unemploylnent indicator variable for individuals age 16-61 in Miami and 
four comparison cities: Atlanta, Houston, Los Angeles, and Tampa-St. Petersburg. Samples are based on 
individuals in the labor force. See notes to Table 3 for definitions of groups and data sources. 

2-4 points lower than those in the unemployment rates in Tables 3 and 4, 
comparison cities from 1979 to 1981, which combine workers of all ages and 
equalled or exceeded those in the compar- education levels. do not directlv address 
ison cities from 1982 to 1984. The 1985 the question of whether the ~ a i i e l  immi-
data indicate a return to the pre-1982 gration reduced the earnings of less-
pattern, although the sampling errors are skilled natives in Miami. A more direct 
large enough to prevent precise infer- answer is provided by the data in Table 5. 
ences. In order to identify "less-skilled" workers, 

Unlike the situation for whites and I fit a linear regression equation for the 
blacks, there was a sizable increase in logarithm of hourly earnings to workers in 
Cuban unernployinent rates in Miami the comparison cities. The explanatory 
following the Mariel immigration. Cuban variables in this regression included edu- 
unemployment rates were roughly 3 per- cation, potential experience, squared po- 
centage points higher during 1980-81 tential experience, indicator variables for 
than would have been expected on the each gender and race group, and interac- 
basis of earlier (and later) patterns. Assum- tions of the gender-race indicators with 
ing that the unemployment rates of earlier potential experience and squared poten- 
Cuban immigrants were unaffected by the tial ex~erience. 1 then used the estimated I  

Marie1 influx, this effect is consistent with coefficients from this equation to form a 
unemployment rates of around 20% predicted wage for each non-Cuban worker 
among the Mariels themselves. Although in Miami. and sorted the s a m ~ l e  from I  

far from conclusive, this simple calculation each year into quartiles on the basis of 
suggests that the increase in Cuban unem- predicted wage rates. 
ployment rates could easily be explained This procedure provides a simple way 
as a result of the addition of the Marie1 to identify more- and less-skilled workers 
refugees to the C,uban population, with in the Miami labor market. Means of 
little or no effect on earlier immigrants. actual log wages for each quartile and year 

The simple averages of wages and are presented in the first four columns of 
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Table 6. Comparison of Wages, Unemployment Rates, and Employment Rates for Blacks in  
Miami and Comparison Cities.  

(Standard Errors in Parentheses)  

All Bncks Low-Educnt2otz Blacks 

Dfference 111 

Log I.17nges, 
1bf2amz - Co?r~par~son 

Year Actual Adizlited 

1979 - . I 5  - . I 2  
i .03) i .03) 

1980 -.1G - . I 2  
i .03) (.03) 

1981 - . I 1  - . l o  
i .03)  i .03) 

1982 - .24  - .20 
,i.O3) i .03)  

1983 - .21 - . l 5  
i .03)  ( .03)  

1984 - . l o  - .05 
(.03) (.03) 

1985 -.05 - .01 
(.04) i.04) 

Dfferetzce ztz  
Emp IC'tzemp ,  

~ b f z n m ~- Compar~sotz K-
PoB. Rnte C'tzemB Rnte 

.OO -2.0 
( .03)  (1.9)  
.05 -7.1 

i .03)  (1.6) 
.02 -3.0 

i .03) (2.0) 
- ,015 3.3 

i .03) (2.4) 
- .02 1 

i .03) (2.7) 
- .04 2.1 

i .03) (2.4)  
- .06 -5.5 

i .04)  (2.6)  

Dfference in 
Log IVnges, 

1V11nmz- Compa~~son  
Actztnl Adrwtcd 

- . I 3  - . I 5   
i .05) (.05)  
- .07 - .07  

i .05) i.05)  
- .05 - . I 1   

i .05) (.05)  
- . I 7  - .20  

i .05) (.05)  
- . I 3   - . I 1   

i .06)  i.05)  
- .04 - .03  

i .06)  i .05)   
.18 .09 

i .07) ~ 0 7 )  

Dfference 112  

Entp Il'nemp ,  
lV11nm~- Compnrlson  

E~~ -

PoB Rnte C'nen~b Rnte 

.03 - .8 
(.04) (3.8) 
.03 -8.2 

i .04)  (3.5) 
.04 - 7.7 

i .04) (4.2) 
- .04 .6 

i .04) (4.7) 
.04 -3.3 

i .04) (4.7) 
.05 1 

(.04) (4.7)  
.OO -4.7 

i.06) (5.6) 
Notes: Low-education blacks are those with less than 12 years of completed education. Adjusted differences in 

log \\.ages between blacks in Xliami and cotnparison cities are obtained from a linear regression model that 
includes education, potential experience, and other control variables; see text. Wages are deflated by the 
Consumer Price Index (1980= 100). "E1np.-Pop. Rate" refers to the employ~nent:population ratio. "Lnemp. 
Rate" refers to the unemployment rate among those in the labor force. 

population ratios and unemployment rates.Y 
Among all blacks, there is some evidence 
of a relative decline in the employment- 
to-population ratio in Miami between 1979 
and 1983.1° This effect seems to have 
started in 1982, and is less pronounced 
among low-education blacks than among 
those with more education. As noted in Ta- 

g I also computed regression-adjusted employment- 
population and une~nployment gaps using simple 
linear probability ~nodels. The explanatory power of 
the statistical rnodels is so low, however, that the 
adjusted differentials are allnost identical to the 
unadjusted differentials. 

''Although they are not reported in Table 6 ,  I 
have also constructed differentials in the labor force 
participation rate between hliami and the compari- 
son cities. For blacks as a whole these show a decline 
in relative participation rates in Xlianii starting in 
1982, a l tho~~ghthe decline is only temporary for the 
low-education group. The differential in labor force 
participation rates is approxi~nately equal to the 
differential in the e~nployment-pop~~latioll rate plus 
the differential in the iunemplo~lnent rate multiplied 
by the average labor for.ce participation rate (.'ifor 
the overall group, .55 for the low-education group). 

ble 4, the series of unemployment rate dif- 
ferentials indicates a sharp downturn in la- 
bor market opportunities for blacks in 1982. 
Given the lag between the arrival of the 
Mariels and the emergence of this unem- 
ployment gap, however, the gap seems 
more likely to have resulted from the 1982 
recession than from the influx of less- 
skilled immigrants. 

The  effects of the Marie1 immigration 
on Cuban labor market outcomes are 
examined in detail in Table 7. The  first 
column of the table reproduces the means 
of log wages in each year from the third 
row of Table 3. The  second column gives 
predicted log wages of Cubans in Miami, 
using estimated coefficients from a regres-
sion equation fit to Hispanics in the four 
comparison cities. The  gap between actual 
and predicted wages is presented in the 
third column of the table. These series 
show that the 9 percentage point decline 
in Cuban real wage rates in Miami 
between 1979 and 1985 was a result of two 
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1.0 

Mariel 
Boatlift 

Mariel Boatlift that J 

L didn't happen 
0.8 

7- 
0.6 

i 0.4 

"i 0.2 

O0 

-0.2 I ) 
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V -  J 
1984 1986 /988 1990 1992 1994 1996 t998 

Year 
[ ~ i V l i a m i  ....... 4 Comparison Cilies 1 

Fig. I. Changes in employment in Miami and comparison cities. Source: authors' calculations from BLS State 
and Area Employment, Hours, and Earnings Establishment Survey. 

find some sort of comparison that provides a compelling answer to "what if" questions 
about the consequences of immigration. 

Card's study used a sudden large-scale migration from Cuba to Miami known as the 
Mariel Boatlift to make comparisons and answer counterfactual questions about the conse- 
quences of immigration. In pm'ticular, Card asks whether the Mariel immigration, which 
increased the Miami labor force by about 7% between May and September of 1980, 
reduced the employment or wages of non-immigxant groups. An important component 
of this identification strategy is the selection of comparison cities that can be used to 
estimate what would have happened in the Miami labor market absent the Mariel immi- 
gration. 

The comparison cities Card used in tile Mariel Boatlift study were Atlanta, Los Angeles, 
Houston, and Tampa-St. Petersburg. These cities were chosen because, like Miami, they 
have large Black and Hispanic populations and because discussions of the impact of 
immigrants often focuses on the consequences for minorities. Most importantly, these 
cities appear to have employment trends similar to those in Miami at least since 1976. 
This is documented in Fig. 1, which is similar to a figure in Card's (1989) working paper 
that did not appear in the published version of his study. The figure plots monthly obser- 
vations on the log of employment in Miami and the four comparison cities from 1970 
through 1998. The two series, which are from BLS establishment data, have been normal- 
ized by subtracting the 1970 value. 

下图取⾃ 

Angrist & Krueger (1990). Empirical Strategies in Labor Economics. 

In Ashenfelter & Card, Handbook of Labor Economics, Volume 3.

1994年夏，⼜有30000⼈从古巴⼊境美国，导致美国国内反移⺠

情绪⾼涨。克林顿政府因此决定遣返企图⼊境的古巴移⺠，并

结束了之前⽆条件接受古巴移⺠的政策。
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Table 4 
Differences-in-differences estimates of the effect of inmfigration on unemploymenff 

Group Year 

1979 1981 1981-1979 
(1) (2) (3) 

Whites 
(1) Miami 5.1 (1.1) 3.9 (0.9) 1.2 (l.4) 
(2) Comparison cities 4.4 (0.3) 4.3 (0.3) -0 .1  (0.4) 
(3) Miami-Comparison Difference 0.7 (1.1) - 0 .4  (0.95) - 1.1 (l.5) 

Blacks 
(4) Miami 8.3 (1.7) 9.6 (1.8) 1.3 (2.5) 
(5) Comparison cities 10.3 (0.8) 12.6 (0.9) 2.3 (1.2) 
(6) Miami-Comparison Difference -2 .0  (1.9) -3 .0  (2.0) - 1 . 0  (2.8) 

a Notes: Adapted from Card (1990, Tables 3 and 6). Standard errors are shown in parentheses. 

Table 4 illustrates DD estimation of the effect of Boatlift immigrants on unemployment 
rates, separately for whites and blacks. The first column reports unemployment rates in 
1979, the second column reports unemployment rates in 1981, and the third column 
reports the 1981-1979 difference. The rows give numbers for Miami, the comparison 
cities, and the difference between them. For example, between 1981 and 1979, the unem- 
ployment rate for Blacks in Miami rose by about 1.3%, though this change is not signifi- 
cant. Unemployment rates in the comparisons cities rose even more, by 2.3%. The 
difference in these two changes, -1.0%, is a DD estimate of the effect of the Mariel 
immigrants on the unemployment rate of Blacks in Miami. In this case, the estimated 
effect on the unemployment rate is actually negative, though not significantly different 
from zero. 

The rationale for this double-differencing strategy can be explained in terms of restric- 
tions on the conditional mean function for potential outcomes in the absence of immigra- 
tion. As in the union example, let Y0i be i's employment status in the absence of 
immigration and let Y~i be i's employment status if the Mariel immigrants come to i's 
city. The unemployment rate in city c in year t is E[Y0i I c, t],  with no immigration wave, 
and E[YIi  I c, t] if there is an immigration wave. In practice, we know that the Mariel 
immigration happened in Miami in 1980, so that the only values of E[Y~i I c, t] we get to 
see are ~br c = Miami and t > 1980. The Mariel Boatlift study uses the comparison cities 
to estimate the counterfactual average, E[Y0i [ c ---~ Miami, t > 1980], i.e., what the unem- 
ployment rate in Miami would have been if the Mariel immigrants had not come. 

The DD method identifies causal effects by restricting the conditional mean function 
E[Y0i [ c, t] in a particular way. Specifically, suppose that 

E[Yoi I c,t] = fi, q T~., (18) 

下表取⾃ 

Angrist & Krueger (1990). Empirical Strategies in Labor Economics. 

In Ashenfelter & Card, Handbook of Labor Economics, Volume 3.



Angrist & Krueger (1999) 的验证
Empirical Strategies in Labor Economics.  
In Ashenfelter & Card, Handbook of Labor Economics, Volume 3.

1994 年的第⼆次移⺠潮实际上并没有发⽣，但是 Angrist & Krueger (1999) 假设它是另⼀次⾃然实验，
并进⾏了 DID 研究。这可以看作是针对共同趋势假设的检验。
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Table 7 
Unemployment rates of individuals age 16 61 in Miami and four comparison cities, 1988-1996 ~ 

1329 

1988 1989 1990 1991 1992 1993 1994 1995 1996 

Miami 
Whites 2.8 3.6 3.3 5.7 4.2 4.9 6.2 3.9 4.4 

(0.8) (0.9) (0.9) (1.2) (1.1) (1.3) (1,4) (1.4) (1.2) 
Blacks 10.0 11.8 11.9 8.8 10.1 10.1 15,1 13.7 11.1 

(1.7) (1.8) (1.9) (1.9) (2.0) (2,1) (2,4) (2.8) (2.4) 
Hispanics 5.5 7.6 7.2 9.1 10.3 8.5 9.4 8.4 8.9 

(1.4) (1.5) (1.4) (1.6) (1.7) (1.6) (1,8) (1.8) (1.6) 

Comparison cities 
Whites 4.2 3.5 3.8 4.9 5.1 5.4 5.0 4.1 4.1 

(0.3) (0.2) (0.2) (0.3) (0.3) (0.3) (0.3) (0.3) (0.3) 
Blacks 11.3 8.4 9.6 9.6 13.6 11.5 10.9 8.8 9.3 

(0.9) (0.8) (0.8) (0.9) (1.0) (0.9) (0.9) (0.8) (0.8) 
Hispanics 7.2 7.5 5.8 9.1 10.9 11.3 11.0 10.0 9.4 

(0.7) (0.6) (0.4) (0.5) (0.6) (0.6) (0.6) (0.7) (0.6) 

Note: Standard errors are in parentheses. The four comparison cities (Atlanta, Houston, Los Angeles, and 
Tampa-St. Petersburg), are the same comparison cities used by Card (1990). The reported unemployment rates 
are from the authors' tabulations of CPS Outgoing Rotation Groups. 

look like the immigrant flow had a negative impact on Blacks in Miami in a DD study. 
Since there was no immigration shock in 1994, this illustrates that different labor market 
trends can generate spurious findings in research of this type. 

3. Data collection strategies 

Table 1 documents that labor economists use many different types of datasets. The 
renewed emphasis on quasi-experiments in empirical research places a premium on find- 
ing datasets for a particular population and time period containing certain key variables. 
Often this type of analysis requires large samples, because only part of the variation in the 
variables of interest is used in the estimation. Familiarity with datasets is as necessary tbr 
modern labor economics as is familiarity with economic theory or econometrics. Knowl- 
edge of  the populations covered by the main surveys, the design of the surveys, the 
response rate, the variables collected, the size of the samples, the frequency of the surveys, 
and any changes in the surveys over time is essential for successfully implementing an 
empirical strategy and for evaluating others' empirical research. This section provides an 
overview of the most commonly used datasets and data collection strategies in labor 
economics. 

针对⾮裔的 DID 估计值是 

6.3 ( t = 1.70)，说明共同

趋势假设可能不成⽴。



Card & Krueger (1994)
Minimum Wages and Employment: A Case Study of the Fast-Food Industry in New Jersey and Pennsylvania 
American Economic Review, 84:4, 772-793.

• 核⼼问题：提⾼最低⼯资标准对低端劳动市场的影响 
 
根据传统经济学理论，在完全竞争市场中，提⾼最低⼯资标准会增加失业率
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influenced by profit rates.7 To be sure, the West Virginia coal miner in a one-mine 
town earns a low wage. But the mine that employs him probably exists on the mar-
gin of economic profitability. To say that exploitation is the cause of the miner’s low 
wages seems strange if the consequence of paying higher wages would be to force 
the mine into bankruptcy.
 The profitability argument does not say that firms never face upward-sloping 
supply curves for labor. But it does suggest that such conditions in the labor market 
are not an important mechanism whereby the owners of capital take unfair advan-
tage of their workers. And it clearly does not provide a compelling justification for 
regulating safety procedures in the workplace. (We’ll consider an alternative ratio-
nale for safety regulation in Chapter 17, one that does not involve market power 
on the part of employers.)

MINIMUM WAGE LAWS 
In 1938 Congress passed the Fair Labor Standards Act, one of whose provisions 
established a minimum wage for all covered employees. Coverage was initially 
limited to workers in large firms involved in interstate commerce but now has be-
come almost universal. The intent of the legislation was to elevate the wages of 
unskilled workers sufficiently to lift them from poverty. Economists have long been 
skeptical, however, about the power of government to legislate the price of any-
thing. And indeed the minimum wage laws seem to have had a variety of unin-
tended, undesired consequences.
 Figure 14.13 shows the demand and supply curves for unskilled labor, which 
intersect at an equilibrium real wage of w0, at which employment is L0. If the statu-
tory minimum wage is set at wm, the effect is to reduce employment to Dm, while 
increasing the quantity of labor supplied to Sm. The difference, Sm 2 Dm, is the 
unemployment that results from the minimum wage.
 According to the simple model in Figure 14.13, there are both winners and 
 losers from the imposition of the minimum wage. The unskilled workers who re-
tain their jobs earn more as a result. Those who lose their jobs obviously earn less. 
Whether the net effect is to increase the amount of income earned by unskilled 
workers depends on the elasticity of demand for that category of labor. If it exceeds 
1, earnings will fall; if it is less than 1, they will rise.

7See, for example, George J. Stigler, “The Economics of Minimum Wage Legislation,” American Eco-
nomic Review, 36, 1946: 358–365; Laurence Siedman, “The Return of the Profit Rate to the Wage 
Equation,” Review of Economics and Statistics, 61, 1979: 139–142; and Alan Kreuger and Lawrence 
Summers, “Reflections on the Interindustry Wage Structure,” Econometrica, 1987.

FIGURE 14.13
A Statutory 
Minimum Wage
The effect of the minimum 
wage is to reduce 
employment of unskilled 
labor from L0 to Dm, while 
increasing supply from 
L0 to Sm. The resulting 
difference, Sm 2 Dm, is the 
unemployment attributable 
to the minimum wage.

L unskilled

w

L0

w0

Dm

D

Unemployment

wm

S m

S

fra21693_ch14_457-502.indd Page 476  11/26/13  8:35 AM f-496 fra21693_ch14_457-502.indd Page 476  11/26/13  8:35 AM f-496 /203/MH02016/fra21693_disk1of1/0078021693/fra21693_pagefiles/203/MH02016/fra21693_disk1of1/0078021693/fra21693_pagefiles

本图出⾃ Frank, R. Microeconomics and Behavior, 9th Edition, McGraw-Hill Education.



Card & Krueger (1994)
Minimum Wages and Employment: A Case Study of the Fast-Food Industry in New Jersey and Pennsylvania 
American Economic Review, 84:4, 772-793.

• 很多实证研究并未发现提⾼最低⼯资标准对就业带来明显的负⾯影响。


• 本⽂中，作者选择美国东北部的 Pennsylvania 州和 New Jersey 州进⾏对⽐。 
 
1990年代初的美国联邦最低⼯资标准变化 
    1990.4.1:  $3.35/h  $3.80/h 
    1991.4.1:  $3.80/h  $4.25/h 
 
同时期，NJ 制定了⾃⼰的最低⼯资标准变化  
    1992.4.1:  $4.25/h  $5.05/h 

• 作者选取了 NJ 和 PA 东部的快餐店， 
以电话采访的⽅式收集数据。 
 
快餐店包括： 
Burger King, KFC, Wendy’s, Roy Rogers 
 
采访时间：1992年2-3⽉，1992年11-12⽉

→
→

→
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Waue I ,  February 15-March 4, 1992: 

Number of stores in sample frame:a  
Number of refusals:  
Number interviewed:  
Response rate (percentage):  

Wace 2, Nocember 5 -  December 31, 1992: 

Number of stores in sample frame:  
Number closed:  
Number under rennovation:  
Number temporarily closed:'  
Number of refusals:  
Number in tervie~ed:~  

A1 l 

473 
63 

410 
86.7 

410 
6 
2 
2 
1 

399 

SEPTEMBER 1994 

Stores in: 
NJ PA 

364 109 
33 30 

33 1 79 
90.9 72.5 

331 79 
5 1 
2 0 
2 0 
1 0 

321 78 

aStores with working phone numbers only; 29 stores in original sample frame had 
disconnected phone numbers. 

'~ncludes one store closed because of highway construction and one store closed 
because of a fire. 

'Includes 371 phone interviews and 28 personal interviews of stores that refused an 
initial request for a phone interview. 

ployed 25 percent of all workers in the 
restaurant industry (see U.S. Department of 
Commerce, 1990 table 13). Second, fast-food 
restaurants comply with minimum-wage reg- 
ulations and would be expected to raise 
wages in response to a rise in the minimum 
wage. Third, the job requirements and 
products of fast-food restaurants are rela- 
tively homogeneous, making it easier to ob- 
tain reliable measures of employment, 
wages, and product prices. The absence of 
tips greatly simplifies the measurement of 
wages in the industry. Fourth, it is relatively 
easy to construct a sample frame of fran- 
chised restaurants. Finally, past experience 
(Katz and Krueger, 1992) suggested that 
fast-food restaurants have high response 
rates to telephone survey^.^ 

Based on these considerations we con-
structed a sample frame of fast-food restau- 

3 ~ na pilot survey Katz and Krueger (1992) obtained 
very low response rates from McDonald's restaurants. 
For this reason, McDonald's restaurants were excluded 
from Katz and Krueger's and our sample frames. 

rants in New Jersey and eastern Pennsylva- 
nia from the Burger King, KFC, Wendy's, 
and Roy Rogers chain^.^ The first wave of 
the survey was conducted by telephone in 
late February and early March 1992, a little 
over a month before the scheduled increase 
in New Jersey's minimum wage. The survey 
included questions on employment, starting 
wages, prices, and other store characteris- 
t i c ~ . ~  

Table 1shows that 473 stores in our sam- 
ple frame had working telephone numbers 
when we tried to reach them in February- 
March 1992. Restaurants were called as 
many as nine times to elicit a response. We 
obtained completed interviews (with some 
item nonresponse) from 410 of the restau- 
rants, for an overall response rate of 87 
percent. The response rate was higher in 
New Jersey (91 percent) than in Pennsylva- 

4 ~ h esample was derived from white-pages tele-
phone listings for New Jersey and Pennsylvania as of 
February 1992. 

'copies of the questionnaires used in both waves of 
the survey are available from the authors upon request. 
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Table 5.2.1
Average employment in fast food restaurants before and after the

New Jersey minimum wage increase

PA NJ Difference, NJ − PA
Variable (i) (ii) (iii)

1. FTE employment before, 23.33 20.44 −2.89
all available observations (1.35) (.51) (1.44)

2. FTE employment after, 21.17 21.03 −.14
all available observations (.94) (.52) (1.07)

3. Change in mean FTE −2.16 .59 2.76
employment (1.25) (.54) (1.36)

Notes: Adapted from Card and Krueger (1994), table 3. The table reports
average full-time-equivalent (FTE) employment at restaurants in Pennsylvania
and New Jersey before and after a minimum wage increase in New Jersey. The
sample consists of all restaurants with data on employment. Employment at
six closed restaurants is set to zero. Employment at four temporarily closed
restaurants is treated as missing. Standard errors are reported in parentheses.

a positive difference-in-differences, the opposite of what we
might expect if a higher minimum wage pushed businesses up
the labor demand curve.

How convincing is this evidence against the standard labor
demand story? The key identifying assumption here is that
employment trends would be the same in both states in the
absence of treatment. Treatment induces a deviation from this
common trend, as illustrated in figure 5.2.1. Although the
treatment and control states can differ, this difference is meant
to be captured by the state fixed effect, which plays the same
role as the unobserved individual effect in (5.1.3).7

7The common trends assumption can be applied to transformed data, for
example,

E[log y0ist |s, t] = γs + λt .

Note, however, that common trends in logs rule out common trends in levels
and vice versa. Athey and Imbens (2006) introduce a semiparametric DD esti-
mator that allows for common trends after an unspecified transformation of
the dependent variable. Poterba, Venti, and Wise (1995) and Meyer, Viscusi,
and Durbin (1995) discuss DD-type models for quantiles.

From Mostly Harmless Econometrics: An Empiricist's Companion. © 2009 Princeton University Press.  
Used by permission. All rights reserved. 

DID 估计值为正，并没有

观测到就业率的降低

FTE 翻译为全时⼈⼒⼯时，

指企业雇佣的所有员⼯的

总⼯作量相当于雇佣多少

全职员⼯可以完成的总⼯

作量。



Card & Krueger (2000) 的验证

学术界对 Card & Krueger (1994) 的质疑包括：样本不具有代表性，⽆法验证共同趋势
假设是否成⽴等。 
 
作者在本⽂中采⽤了 Bureau of Labor Statistics 关于就业的调查数据，将时间区间扩⼤
⾄ 1991:Q4-1997:Q3，并增加了 PA 州的样本量。 
 
 
 
1996年10⽉，美国联邦最低⼯资标准 
从 $4.25/h 提升⾄ $4.75/h。这次提升 
影响了 PA 州，但没有影响 NJ 州。 
 
这次变化可以看作第⼆次⾃然实验。
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Original 7 Cwnties 
Additional 7 Counties 

Number of Restaurants 
in Original Survey 

1 

FIGURE 1 .  AREAS OF NEW JERSEY AND PENNSYLVANIA COVERED BY ORIGINAL SURVEY AND BLS DATA 

restaurants that were not linked to subsequent 
months' data were assumed closed and assigned 
zero employment for these months, even though 
some of these restaurants may not have closed. 
This is probably a more common occurrence for 
New Jersey than Pennsylvania: 0.4 percent of 
the Pennsylvania restaurants had zero or miss- 
ing employment at the end of 1992, as com- 
pared to 3.4 percent of New Jersey restaurants. 
In our original survey, 1.3 percent of Pennsyl- 
vania restaurants and 2.7 percent of New Jersey 
restaurants were temporarily or permanently 
closed at the end of 1992.~ 

Also note that because firms are allowed to 
report on more than one unit in a county in the 
BLS data, some of the records reflect an aggre- 
gation of data for multiple establishments. We 
address both of these issues in the analysis 
below. Importantly, however, these problems 
do not affect the repeated cross-sectional files 
that we also analyze. 

' An interviewer visited all of the nonresponding stores 
in both states to determine if they were closed in our 
original survey. 

To draw the repeated cross-sectional file, the 
final name-search algorithm described above 
was applied each quarter between 1991:Q4 and 
1997:Q3. Again, data were selected for the 
same chains in New Jersey and the 14 counties 
in eastern Pennsylvania. Every month's data 
from the sampled quarters was selected. The 
cross-sectional sample probably provides the 
cleanest estimates of the effect of the minimum- 
wage increase because it incorporates births as 
well as deaths of restaurants, and because pos- 
sible problems caused by changes in reporting 
units over time are minimized. 

B .  Summary Statistics and Differences-in- 
Differences 

Table 1 reports basic employment summary 
statistics for New Jersey and for the Pennsylva- 
nia counties, before and after the April 1992 
increase in New Jersey's minimum wage. Panel 
A is based on the longitudinal BLS sample of 
fast-food restaurants. In the first row, the "be- 
fore" period pertains to average employment in 
February and March of 1992, and the "after" 
pertains to average employment in November 
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TABLE 1-DESCRLPTIVE STATISTICS RESTAURANTS FROM BLS ES-202 FOR FAST-FOOD DRAWN 

A. BLS ES-202 Data 
February-March 1992 to 

November-December 1992 

February 1992 to November 1992 

March 1992 to March 1993 

B.  Card-Krueger Survey Data 
February 1992 to November 1992 

DATAAND CARD-KRUEGERSURVEY 

Means with standard deviations in parentheses: 

New Jersey 7 Pennsylvania counties 14 Pennsylvania counties 

Before After Change Before After Change Before After Change 

37.2 
(19.9) 

37.2 
(19.9) 

37.2 
(20.1) 

29.8 
(12.5) 

Notes: Sample sizes for the first two rows are 437 for New Jersey, 127 for Pennsylvania 7 counties, and 250 for Pennsylvania 
14 counties; sample sizes for third row are 436, 127, and 250, respectively; sample sizes for the last row are 309 for New 
Jersey and 75 for Pennsylvania. The 7 Pennsylvania counties used in the middle columns are the same counties used in Card 
and Krueger (1994); these 7 counties are a subset of the 14 counties in the last three columns (see text). The unit of observation 
for the BLS data is the "reporting unit," which in some cases includes multiple establishments. The unit of observation in the 
Card-Kmeger data is the individual restaurant. 

and December of 1992.' The second row re-
ports employment figures for February and No- 
vember, which were the most common survey 
months in our original telephone survey. The 
third row shows data for the 12-month interval 
from March 1992 to March 1993. Finally, for 
comparison, panel B of Table 1 reports the 
corresponding employment statistics calculated 
from the CK survey. Note that for comparability 
with BLS data, we have calculated total em-
ployment for restaurants in our original survey 
by adding together the number of full-time, 
part-time, and managerial worker^.^ 

Several conclusions are apparent from the 
means in Table 1. First, the BLS data indicate a 
slight rise in employment in New Jersey's fast- 
food restaurants over the period we studied, and 
a slight decline in employment in Pennsylva- 
nia's restaurants over the same period. Our tele- 
phone survey data indicate a net gain in New 
Jersey relative to Pennsylvania of 2.4 workers 
per restaurant, whereas the BLS data in row 2 
indicate a smaller net gain of 1.1 workers be- 

In one case, employment was zero in March 1992, so 
the February figure was used. 

This approach differs from Card and Kmeger (1994), 
which weights part-time workers by 0.5 to derive full-time 
equivalent employment. 

tween February and November of 1992. Sec- 
ond, between March 1992 and March 1993, the 
BLS data indicate that both New Jersey and 
Pennsylvania experienced a decline in average 
employment, with the decline being larger in 
Pennsylvania. Third, the average employment 
level in the BLS data is somewhat greater than 
the average level in our data, probably because 
some of the observations in the BLS data per- 
tain to multiple establishments. Fourth, our data 
and the BLS data both suggest that average 
restaurant size was initially larger in Pennsyl- 
vania than in New Jersey. By contrast, the BNW 
data set indicates that "full-time equivalent em- 
ployment" was initially greater in New Jersey 
than in Pennsylvania (see Section 111 below). 
Finally, the BLS data indicate that the results 
for the 7 Pennsylvania counties that we used in 
our initial sample and the wider set of 14 coun-
ties are generally similar. 

Neumark and Wascher (2000) and others 
have emphasized the fact that the dispersion in 
full-time employment changes in our data set is 
greater than the dispersion in changes in total 
hours worked in the BNW data. Interestingly, 
the BLS payroll data display roughly the same 
standard deviation of employment changes as 
was found in our original sample. For example, 
in New Jersey the standard deviation of the 

DID 估计值为正，基本确认了 Card & Krueger (1994) 的结论
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Figure 5.2.2 Employment in New Jersey and Pennsylvania fast
food restaurants, October 1991 to September 1997 (from Card and
Krueger 2000). Vertical lines indicate dates of the original Card and
Krueger (1994) survey and the October 1996 federal minimum
wage increase.

A more encouraging example comes from Pischke (2007),
who looked at the effect of school term length on student per-
formance using variation generated by a sharp policy change
in Germany. Until the 1960s, children in all German states
except Bavaria started school in the spring. Beginning in the
1966–67 school year, the spring starters moved to start school
in the fall. The transition to a fall start required two short
school years for affected cohorts, 24 weeks long instead of 37.
Students in these cohorts effectively had their time in school
compressed relative to cohorts on either side and relative to
students in Bavaria, which already had a fall start.

Figure 5.2.3 plots the likelihood of grade repetition for the
1962–73 cohorts of second graders in Bavaria and affected
states (there are no repetition data for 1963–65). Repetition
rates in Bavaria were reasonably flat from 1966 on at around
2.5 percent. Repetition rates are higher in the short-school-
year (SSY) states, at around 4–4.5 percent in 1962 and 1966,
before the change in term length. But repetition rates jump
up by about a percentage point for the two affected cohorts

From Mostly Harmless Econometrics: An Empiricist's Companion. © 2009 Princeton University Press.  
Used by permission. All rights reserved. 
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显示：PA 和 NJ 的就业率⾛势

存在明显不同，并不⽀持共同

趋势假设。



合成控制



合成控制原理
The Principle of Synthetic Control
当存在多个对照组和多个处理前时间点时，我们可以⽤这些信息构造⼀个合成对照组（synthetic control 
group），并⽣成处理后阶段的虚拟潜在对照结果（potential control）。我们⽤这个虚拟潜在对照结果和
处理结果（可观察）之差作为处理效应的估计量。
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合成控制法
Synthetic Control Methods

假设有  个分组和  个时间点，其中  为控制组（或 donor pool），  为
处理组。所有分组在时间点  时都不接受处理，只有处理组  在时间点  时才接受
处理。 
 
在时间点 ，我们可以观测到 
 
	  
 
这⾥考虑⽤对照组观测值的加权平均作为处理组的潜在对照结果，即 
 
	  
 
此时， 
 

	  

 
剩下的问题就是如何确定权重 。

G + 1 T + 1 {0,…, G − 1} G
{0,…, T − 1} G T

T

Yobs
i:Gi=G,Ti=T = Y1i:Gi=G,Ti=T, Yobs

i:Gi≠G,Ti=T = Y0i:Gi≠G,Ti=T

̂E[Y0i ∣ Gi = G, Ti = T ] = ∑G−1
g=0 λgȲgT

τATET = E[Y1i ∣ Gi = G, Ti = T ] − ̂E[Y0i ∣ Gi = G, Ti = T ]

= ȲGT − ∑G−1
g=0 λgȲgT

λ0, …, λG−1
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如何确定权重
How to Determine Weights

在处理前的时间段  中，处理组和所有对照组的可观测结果都是 
。 

 
我们可以选择使处理组观测结果和对照组观测结果的加权平均最相似的权重，即 

 满⾜ 
 

	  

 
 

 为向量间的距离函数。也可以把可观测协变量加⼊上⾯的⽬标函数中。 
 
当权重  时，SC 估计量等于 DID 估计量。

{0,…, T − 1}
Yobs

i:Ti<T = Y0i:Ti<T

λ = [λ0, …, λG−1]⊤

λ = arg min
ℓ: ℓ≥0, ℓ⊤ι=1

ȲG0 − ∑G−1
g=0 ℓg Ȳg0

ȲG1 − ∑G−1
g=0 ℓg Ȳg1

⋮
ȲG,T−1 − ∑G−1

g=0 ℓg Ȳg,T−1

∥ ⋅ ∥

λi = 1/G
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Synthetic Control Methods for Comparative Case Studies: Estimating the Effect of California’s Tobacco 
Control Program. Journal of the American Statistical Association, 105:490, 493-505.

• 核⼼问题：烟草税对⾹烟消费的影响 
 
1988年11⽉，美国加州通过了99号提按（Proposition 99，正式名称为 California 
Tobacco Tax and Health Protection Act of 1988），旨在通过提⾼烟草税（每盒烟
增加 $0.25 的消费税）达到降低⾹烟消费的⽬的。这是美国现代史上第⼀个⼤规模
控烟政策。该法案⽣效于1989年1⽉。 
 
99号提按不仅造成了⼴泛的社会影响，也带来了明显的控烟效果。截⽌到1999年，
加州的⻘少年吸烟率降⾄全美最低，⼈均⾹烟消费量减少⼀半以上。 

• 鉴于加州的成功，其他州也陆续通过了控烟法案，例如： 
 
    ⻢萨诸塞州：1993年，增加 $0.25/pack 
    亚利桑那州：1994年，增加 $0.50/pack  
    俄勒冈州：1996年，增加 $0.30/pack
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• 数据：1970-2000 年间的年度州级⾯板数据 
 
州级⾹烟消费数据开始于1970年，⽽2000年后更多的州启动了控烟政策。 

• 加州为处理组，控制组包括其他州，但除去了在1989-2000年间通过⼤规模控烟法
案或⼤幅提升烟草税（超过 $0.5/pack）的州，也不包括华盛顿哥伦⽐亚特区： 
 
控烟法案：⻢萨诸塞州、亚利桑那州、俄勒冈州、佛罗⾥达州 
烟草税：阿拉斯加州、夏威夷州、⻢⾥兰州、密歇根州、新泽⻄州、纽约州、华盛
顿州 
 
最终控制组中包含 38 个州 

• 结果变量：州级年度⼈均⾹烟消费量（数据中体现为销售量、单位为盒）


• 协变量：⾹烟零售价格、⼈均收⼊、15-24岁⼈⼝⽐例、⼈均啤酒消费量等

32



33

Abadie, Diamond, and Hainmueller: Synthetic Control Methods for Comparative Case Studies 499

programs in the 1989–2000 period and they are excluded from
the donor pool. We also discard all states that raised their state
cigarette taxes by 50 cents or more over the 1989 to 2000 pe-
riod (Alaska, Hawaii, Maryland, Michigan, New Jersey, New
York, Washington). Notice that, even if smaller tax increases
substantially reduced smoking in any of the control states that
gets assigned a positive weight in the synthetic control, this
should if anything attenuate the treatment effect estimate that
we obtain for California. Finally, we also exclude the District
of Columbia from our sample. Our donor pool includes the
remaining 38 states. Our results are robust, however, to the in-
clusion of the discarded states.

Our outcome variable of interest is annual per capita ciga-
rette consumption at the state level, measured in our dataset as
per capita cigarette sales in packs. We obtained these data from
Orzechowski and Walker (2005) where they are constructed us-
ing information on state-level tax revenues on cigarettes sales.
This is the most widely used indicator in the tobacco research
literature, available for a much longer time period than survey-
based measures of smoking prevalence. A disadvantage of tax-
revenue-based data relative to survey data on smoking preva-
lence is that the former are affected by cigarette smuggling
across tax jurisdictions. We discuss this issue later in this sec-
tion. We include in X1 and X0 the values of predictors of
smoking prevalence for California and the 38 potential con-
trols, respectively. Our predictors of smoking prevalence are:
average retail price of cigarettes, per capita state personal in-
come (logged), the percentage of the population age 15–24, and
per capita beer consumption. These variables are averaged over
the 1980–1988 period and augmented by adding three years of
lagged smoking consumption (1975, 1980, and 1988). Appen-
dix A provides data sources.

Using the techniques described in Section 2, we construct
a synthetic California that mirrors the values of the predictors
of cigarette consumption in California before the passage of
Proposition 99. We estimate the effect of Proposition 99 on per
capita cigarette consumption as the difference in cigarette con-
sumption levels between California and its synthetic versions
in the years after Proposition 99 was passed. We then perform a
series of placebo studies that confirm that our estimated effects
for California are unusually large relative to the distribution of
the estimate that we obtain when we apply the same analysis to
the states in the donor pool.

3.3 Results

Figure 1 plots the trends in per capita cigarette consumption
in California and the rest of the United States. As this figure
suggests, the rest of the United States may not provide a suit-
able comparison group for California to study the effects of
Proposition 99 on per capita smoking. Even before the passage
of Proposition 99 the time series of cigarette consumption in
California and in the rest of the United States differed notably.
Levels of cigarette consumption were similar in California and
the rest of the United States in the early 1970s. Trends began to
diverge in the late 1970s, when California’s cigarette consump-
tion peaked and began to decline while consumption in the rest
of the United States was still rising. Cigarette sales declined in
the 1980s, but with larger decreases in California than in the rest
of the United States. In 1988, the year Proposition 99 passed,
cigarette consumption was about 27% higher in the rest of the

Figure 1. Trends in per-capita cigarette sales: California vs. the rest
of the United States.

United States relative to California. Following the law’s pas-
sage, cigarette consumption in California continued to decline.
To evaluate the effect of Proposition 99 on cigarette smoking
in California, the central question is how cigarette consumption
would have evolved in California after 1988 in the absence of
Proposition 99. The synthetic control method provides a sys-
tematic way to estimate this counterfactual.

As explained above, we construct the synthetic California as
the convex combination of states in the donor pool that most
closely resembled California in terms of pre-Proposition 99 val-
ues of smoking prevalence predictors. The results are displayed
in Table 1, which compares the pretreatment characteristics of
the actual California with that of the synthetic California, as
well as with the population-weighted average of the 38 states
in the donor pool. We see that the average of states that did not
implement a large-scale tobacco-control program in 1989–2000
does not seem to provide a suitable control group for Califor-
nia. In particular, prior to the passage of Proposition 99 average
beer consumption and cigarette retail prices were lower in the
average of the 38 control states than in California. Moreover,
prior to the passage of Proposition 99 average cigarette sales
per capita were substantially higher on average in the 38 con-

Table 1. Cigarette sales predictor means

California
Average of

Variables Real Synthetic 38 control states

Ln(GDP per capita) 10.08 9.86 9.86
Percent aged 15–24 17.40 17.40 17.29
Retail price 89.42 89.41 87.27
Beer consumption per capita 24.28 24.20 23.75
Cigarette sales per capita 1988 90.10 91.62 114.20
Cigarette sales per capita 1980 120.20 120.43 136.58
Cigarette sales per capita 1975 127.10 126.99 132.81

NOTE: All variables except lagged cigarette sales are averaged for the 1980–1988 period
(beer consumption is averaged 1984–1988). GDP per capita is measured in 1997 dollars,
retail prices are measured in cents, beer consumption is measured in gallons, and cigarette
sales are measured in packs.
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programs in the 1989–2000 period and they are excluded from
the donor pool. We also discard all states that raised their state
cigarette taxes by 50 cents or more over the 1989 to 2000 pe-
riod (Alaska, Hawaii, Maryland, Michigan, New Jersey, New
York, Washington). Notice that, even if smaller tax increases
substantially reduced smoking in any of the control states that
gets assigned a positive weight in the synthetic control, this
should if anything attenuate the treatment effect estimate that
we obtain for California. Finally, we also exclude the District
of Columbia from our sample. Our donor pool includes the
remaining 38 states. Our results are robust, however, to the in-
clusion of the discarded states.

Our outcome variable of interest is annual per capita ciga-
rette consumption at the state level, measured in our dataset as
per capita cigarette sales in packs. We obtained these data from
Orzechowski and Walker (2005) where they are constructed us-
ing information on state-level tax revenues on cigarettes sales.
This is the most widely used indicator in the tobacco research
literature, available for a much longer time period than survey-
based measures of smoking prevalence. A disadvantage of tax-
revenue-based data relative to survey data on smoking preva-
lence is that the former are affected by cigarette smuggling
across tax jurisdictions. We discuss this issue later in this sec-
tion. We include in X1 and X0 the values of predictors of
smoking prevalence for California and the 38 potential con-
trols, respectively. Our predictors of smoking prevalence are:
average retail price of cigarettes, per capita state personal in-
come (logged), the percentage of the population age 15–24, and
per capita beer consumption. These variables are averaged over
the 1980–1988 period and augmented by adding three years of
lagged smoking consumption (1975, 1980, and 1988). Appen-
dix A provides data sources.

Using the techniques described in Section 2, we construct
a synthetic California that mirrors the values of the predictors
of cigarette consumption in California before the passage of
Proposition 99. We estimate the effect of Proposition 99 on per
capita cigarette consumption as the difference in cigarette con-
sumption levels between California and its synthetic versions
in the years after Proposition 99 was passed. We then perform a
series of placebo studies that confirm that our estimated effects
for California are unusually large relative to the distribution of
the estimate that we obtain when we apply the same analysis to
the states in the donor pool.

3.3 Results

Figure 1 plots the trends in per capita cigarette consumption
in California and the rest of the United States. As this figure
suggests, the rest of the United States may not provide a suit-
able comparison group for California to study the effects of
Proposition 99 on per capita smoking. Even before the passage
of Proposition 99 the time series of cigarette consumption in
California and in the rest of the United States differed notably.
Levels of cigarette consumption were similar in California and
the rest of the United States in the early 1970s. Trends began to
diverge in the late 1970s, when California’s cigarette consump-
tion peaked and began to decline while consumption in the rest
of the United States was still rising. Cigarette sales declined in
the 1980s, but with larger decreases in California than in the rest
of the United States. In 1988, the year Proposition 99 passed,
cigarette consumption was about 27% higher in the rest of the

Figure 1. Trends in per-capita cigarette sales: California vs. the rest
of the United States.

United States relative to California. Following the law’s pas-
sage, cigarette consumption in California continued to decline.
To evaluate the effect of Proposition 99 on cigarette smoking
in California, the central question is how cigarette consumption
would have evolved in California after 1988 in the absence of
Proposition 99. The synthetic control method provides a sys-
tematic way to estimate this counterfactual.

As explained above, we construct the synthetic California as
the convex combination of states in the donor pool that most
closely resembled California in terms of pre-Proposition 99 val-
ues of smoking prevalence predictors. The results are displayed
in Table 1, which compares the pretreatment characteristics of
the actual California with that of the synthetic California, as
well as with the population-weighted average of the 38 states
in the donor pool. We see that the average of states that did not
implement a large-scale tobacco-control program in 1989–2000
does not seem to provide a suitable control group for Califor-
nia. In particular, prior to the passage of Proposition 99 average
beer consumption and cigarette retail prices were lower in the
average of the 38 control states than in California. Moreover,
prior to the passage of Proposition 99 average cigarette sales
per capita were substantially higher on average in the 38 con-

Table 1. Cigarette sales predictor means

California
Average of

Variables Real Synthetic 38 control states

Ln(GDP per capita) 10.08 9.86 9.86
Percent aged 15–24 17.40 17.40 17.29
Retail price 89.42 89.41 87.27
Beer consumption per capita 24.28 24.20 23.75
Cigarette sales per capita 1988 90.10 91.62 114.20
Cigarette sales per capita 1980 120.20 120.43 136.58
Cigarette sales per capita 1975 127.10 126.99 132.81

NOTE: All variables except lagged cigarette sales are averaged for the 1980–1988 period
(beer consumption is averaged 1984–1988). GDP per capita is measured in 1997 dollars,
retail prices are measured in cents, beer consumption is measured in gallons, and cigarette
sales are measured in packs.
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trol states than in California. In contrast, the synthetic Califor-
nia accurately reproduces the values that smoking prevalence
and smoking prevalence predictor variables had in California
prior to the passage of Proposition 99.

Table 1 highlights an important feature of synthetic control
estimators. Similar to matching estimators, the synthetic con-
trol method forces the researcher to demonstrate the affinity be-
tween the region exposed to the intervention of interest and its
synthetic counterpart, that is, the weighted average of regions
chosen from the donor pool. As a result, the synthetic control
method safeguards against estimation of “extreme counterfactu-
als,” that is, those counterfactuals that fall far outside the convex
hull of the data (King and Zheng 2006). As explained in Sec-
tion 2.3, we chose V among all positive definite and diagonal
matrices to minimize the mean squared prediction error of per
capita cigarette sales in California during the pre-Proposition 99
period. The resulting value of the diagonal element of V asso-
ciated to the log GDP per capita variable is very small, which
indicates that, given the other variables in Table 1, log GDP
per capita does not have substantial power predicting the per
capita cigarette consumption in California before the passage
of Proposition 99. This explains the discrepancy between Cali-
fornia and its synthetic version in terms of log GDP per capita.

Table 2 displays the weights of each control state in the syn-
thetic California. The weights reported in Table 2 indicate that
smoking trends in California prior to the passage of Proposi-
tion 99 is best reproduced by a combination of Colorado, Con-
necticut, Montana, Nevada, and Utah. All other states in the
donor pool are assigned zero W-weights.

Figure 2 displays per capita cigarette sales for California and
its synthetic counterpart during the period 1970–2000. Notice

Table 2. State weights in the synthetic California

State Weight State Weight

Alabama 0 Montana 0.199
Alaska – Nebraska 0
Arizona – Nevada 0.234
Arkansas 0 New Hampshire 0
Colorado 0.164 New Jersey –
Connecticut 0.069 New Mexico 0
Delaware 0 New York –
District of Columbia – North Carolina 0
Florida – North Dakota 0
Georgia 0 Ohio 0
Hawaii – Oklahoma 0
Idaho 0 Oregon –
Illinois 0 Pennsylvania 0
Indiana 0 Rhode Island 0
Iowa 0 South Carolina 0
Kansas 0 South Dakota 0
Kentucky 0 Tennessee 0
Louisiana 0 Texas 0
Maine 0 Utah 0.334
Maryland – Vermont 0
Massachusetts – Virginia 0
Michigan – Washington –
Minnesota 0 West Virginia 0
Mississippi 0 Wisconsin 0
Missouri 0 Wyoming 0

Figure 2. Trends in per-capita cigarette sales: California vs. syn-
thetic California.

that, in contrast to per capita sales in other U.S. states (shown
in Figure 1), per capita sales in the synthetic California very
closely track the trajectory of this variable in California for the
entire pre-Proposition 99 period. Combined with the high de-
gree of balance on all smoking predictors (Table 1), this sug-
gests that the synthetic California provides a sensible approxi-
mation to the number of cigarette packs per capita that would
have been sold in California in 1989–2000 in the absence of
Proposition 99.

Our estimate of the effect of Proposition 99 on cigarette con-
sumption in California is the difference between per capita ciga-
rette sales in California and in its synthetic version after the pas-
sage of Proposition 99. Immediately after the law’s passage, the
two lines begin to diverge noticeably. While cigarette consump-
tion in the synthetic California continued on its moderate down-
ward trend, the real California experienced a sharp decline. The
discrepancy between the two lines suggests a large negative ef-
fect of Proposition 99 on per capita cigarette sales. Figure 3
plots the yearly estimates of the impacts of Proposition 99, that
is, the yearly gaps in per capita cigarette consumption between
California and its synthetic counterpart. Figure 3 suggests that
Proposition 99 had a large effect on per capita cigarette sales,
and that this effect increased in time. The magnitude of the es-
timated impact of Proposition 99 in Figure 3 is substantial. Our
results suggest that for the entire 1989–2000 period cigarette
consumption was reduced by an average of almost 20 packs per
capita, a decline of approximately 25%.

In order to assess the robustness of our results, we included
additional predictors of smoking prevalence among the vari-
ables used to construct the synthetic control. Our results stayed
virtually unaffected regardless of which and how many predic-
tor variables we included. The list of predictors used for robust-
ness checks included state-level measures of unemployment,
income inequality, poverty, welfare transfers, crime rates, drug
related arrest rates, cigarette taxes, population density, and nu-
merous variables to capture the demographic, racial, and social
structure of states.
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trol states than in California. In contrast, the synthetic Califor-
nia accurately reproduces the values that smoking prevalence
and smoking prevalence predictor variables had in California
prior to the passage of Proposition 99.

Table 1 highlights an important feature of synthetic control
estimators. Similar to matching estimators, the synthetic con-
trol method forces the researcher to demonstrate the affinity be-
tween the region exposed to the intervention of interest and its
synthetic counterpart, that is, the weighted average of regions
chosen from the donor pool. As a result, the synthetic control
method safeguards against estimation of “extreme counterfactu-
als,” that is, those counterfactuals that fall far outside the convex
hull of the data (King and Zheng 2006). As explained in Sec-
tion 2.3, we chose V among all positive definite and diagonal
matrices to minimize the mean squared prediction error of per
capita cigarette sales in California during the pre-Proposition 99
period. The resulting value of the diagonal element of V asso-
ciated to the log GDP per capita variable is very small, which
indicates that, given the other variables in Table 1, log GDP
per capita does not have substantial power predicting the per
capita cigarette consumption in California before the passage
of Proposition 99. This explains the discrepancy between Cali-
fornia and its synthetic version in terms of log GDP per capita.

Table 2 displays the weights of each control state in the syn-
thetic California. The weights reported in Table 2 indicate that
smoking trends in California prior to the passage of Proposi-
tion 99 is best reproduced by a combination of Colorado, Con-
necticut, Montana, Nevada, and Utah. All other states in the
donor pool are assigned zero W-weights.

Figure 2 displays per capita cigarette sales for California and
its synthetic counterpart during the period 1970–2000. Notice

Table 2. State weights in the synthetic California

State Weight State Weight

Alabama 0 Montana 0.199
Alaska – Nebraska 0
Arizona – Nevada 0.234
Arkansas 0 New Hampshire 0
Colorado 0.164 New Jersey –
Connecticut 0.069 New Mexico 0
Delaware 0 New York –
District of Columbia – North Carolina 0
Florida – North Dakota 0
Georgia 0 Ohio 0
Hawaii – Oklahoma 0
Idaho 0 Oregon –
Illinois 0 Pennsylvania 0
Indiana 0 Rhode Island 0
Iowa 0 South Carolina 0
Kansas 0 South Dakota 0
Kentucky 0 Tennessee 0
Louisiana 0 Texas 0
Maine 0 Utah 0.334
Maryland – Vermont 0
Massachusetts – Virginia 0
Michigan – Washington –
Minnesota 0 West Virginia 0
Mississippi 0 Wisconsin 0
Missouri 0 Wyoming 0

Figure 2. Trends in per-capita cigarette sales: California vs. syn-
thetic California.

that, in contrast to per capita sales in other U.S. states (shown
in Figure 1), per capita sales in the synthetic California very
closely track the trajectory of this variable in California for the
entire pre-Proposition 99 period. Combined with the high de-
gree of balance on all smoking predictors (Table 1), this sug-
gests that the synthetic California provides a sensible approxi-
mation to the number of cigarette packs per capita that would
have been sold in California in 1989–2000 in the absence of
Proposition 99.

Our estimate of the effect of Proposition 99 on cigarette con-
sumption in California is the difference between per capita ciga-
rette sales in California and in its synthetic version after the pas-
sage of Proposition 99. Immediately after the law’s passage, the
two lines begin to diverge noticeably. While cigarette consump-
tion in the synthetic California continued on its moderate down-
ward trend, the real California experienced a sharp decline. The
discrepancy between the two lines suggests a large negative ef-
fect of Proposition 99 on per capita cigarette sales. Figure 3
plots the yearly estimates of the impacts of Proposition 99, that
is, the yearly gaps in per capita cigarette consumption between
California and its synthetic counterpart. Figure 3 suggests that
Proposition 99 had a large effect on per capita cigarette sales,
and that this effect increased in time. The magnitude of the es-
timated impact of Proposition 99 in Figure 3 is substantial. Our
results suggest that for the entire 1989–2000 period cigarette
consumption was reduced by an average of almost 20 packs per
capita, a decline of approximately 25%.

In order to assess the robustness of our results, we included
additional predictors of smoking prevalence among the vari-
ables used to construct the synthetic control. Our results stayed
virtually unaffected regardless of which and how many predic-
tor variables we included. The list of predictors used for robust-
ness checks included state-level measures of unemployment,
income inequality, poverty, welfare transfers, crime rates, drug
related arrest rates, cigarette taxes, population density, and nu-
merous variables to capture the demographic, racial, and social
structure of states.
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Figure 3. Per-capita cigarette sales gap between California and syn-
thetic California.

Our analysis produces estimates of the effect of Proposi-
tion 99 that are considerably larger than those obtained by
Fichtenberg and Glantz (2000) using linear regression meth-
ods. In particular, Fichtenberg and Glantz (2000) estimate that
by 1997 Proposition 99 had reduced per capita cigarette sales in
California by about 14 packs per year. Our estimates increase
this figure substantially, to 24 packs per year. Part of this dif-
ference is likely to be explained by the fact that Fichtenberg
and Glantz (2000) use per capita cigarette sales in the rest of
the United States to reproduce how this variable would have
evolved in California in the absence of Proposition 99. As ex-
plained above, after the enactment of Proposition 99 in Califor-
nia, other states, like Massachusetts and Florida passed similar
tobacco control legislation. While we eliminate these states as
potential controls, Fichtenberg and Glantz (2000) do not do so,
which is likely to attenuate their estimates.

There are several ways in which the assumption of no in-
terference between units of Section 2 could be violated in the
context of our analysis of the effects of Proposition 99. In our
judgment, these potential violations do not appear to be se-
vere, and in some cases would likely attenuate the estimated
effect of Proposition 99. Perhaps the most important concern
in this regard is that the increase in anti-tobacco sentiment
created in California by Proposition 99 could have spread to
other states, contaminating the donor pool. Another concern is
that in response to Proposition 99 the tobacco industry could
have diverted funds from planned advertising campaigns in
other states to California. In both cases, interference would
likely cause lower levels of smoking in the control states, ar-
tificially reducing the magnitude of our estimate of the effect
of Proposition 99. On the other hand, it is possible that the rise
in tobacco taxes implemented under Proposition 99 increased
cigarette smuggling or cross-border purchases from nearby ju-
risdictions. However, Lovenheim (2008) and DeCicca, Kenkel,
and Liu (2008) provide evidence that large distances to lower
tobacco price jurisdictions keep the level of cross-border ciga-
rette purchases low in California. There is much less informa-
tion about organized smuggling, although it has been argued

that the extent of this activity in the U.S. is likely to be small
and in decline (e.g., Kleine 1993). An increase in the number of
cigarettes smuggled into California after the passage of Propo-
sition 99 would exacerbate our estimates. However, given the
large magnitude of the effects that we estimate in this article,
the increase in cigarettes smuggled into California after Propo-
sition 99 would have had to have been massive in order to ex-
plain our estimates.

3.4 Inference About the Effect of the California
Tobacco Control Program

To evaluate the significance of our estimates, we pose the
question of whether our results could be driven entirely by
chance. How often would we obtain results of this magnitude
if we had chosen a state at random for the study instead of Cali-
fornia? To answer this question, we use placebo tests. Similar to
Abadie and Gardeazabal (2003) and Bertrand, Duflo, and Mul-
lainathan (2004), we run placebo studies by applying the syn-
thetic control method to states that did not implement a large-
scale tobacco control program during the sample period of our
study. If the placebo studies create gaps of magnitude similar to
the one estimated for California, then our interpretation is that
our analysis does not provide significant evidence of a nega-
tive effect of Proposition 99 on cigarette sales in California. If,
on the other hand, the placebo studies show that the gap esti-
mated for California is unusually large relative to the gaps for
the states that did not implement large-scale tobacco control
program, then our interpretation is that our analysis provides
significant evidence of a negative effect of Proposition 99 on
cigarette sales in California.

To assess the significance of our estimates, we conduct a
series of placebo studies by iteratively applying the synthetic
control method used to estimate the effect of Proposition 99 in
California to every other state in the donor pool. In each iter-
ation we reassign in our data the tobacco control intervention
to one of the 38 control states, shifting California to the donor
pool. That is, we proceed as if one of the states in the donor
pool would have passed a large-scale tobacco control program
in 1988, instead of California. We then compute the estimated
effect associated with each placebo run. This iterative proce-
dure provides us with a distribution of estimated gaps for the
states where no intervention took place.

Figure 4 displays the results for the placebo test. The gray
lines represent the gap associated with each of the 38 runs of
the test. That is, the gray lines show the difference in per capita
cigarette sales between each state in the donor pool and its re-
spective synthetic version. The superimposed black line denotes
the gap estimated for California. As the figure makes apparent,
the estimated gap for California during the 1989–2000 period
is unusually large relative to the distribution of the gaps for the
states in the donor pool.

As Figure 4 indicates, the synthetic method provides an
excellent fit for per capita cigarette sales in California prior
to the passage of Proposition 99. The preintervention mean
squared prediction error (MSPE) in California (the average of
the squared discrepancies between per capita cigarette sales in
California and in its synthetic counterpart during the period
1970–1988) is about 3. The pre-Proposition 99 median MSPE
among the 38 states in the donor pool is about 6, also quite
small, indicating that the synthetic control method is able to
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处理效应的 SC 估计值逐年增加，

最终达到⼈均减少 25 盒左右。



结果是显著的吗？安慰剂检验
Is the Estimate Significant? A Placebo Test

本⽂中的安慰剂检验是指⽤对照组中的其他州替代加州作为处理组，然后进⾏同样的 
SC 估计。如果估计结果和加州类似，说明对加州的估计结果不显著，反之则显著。
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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).
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