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• ⾯板数据


• ⾯板数据回归

• “前后” ⽐较


• 固定效应回归 

• 时间固定效应回归


• 固定效应回归假设与标准误


• 固定效应与随机效应

主要内容
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⾯板数据



• ⾯板数据 
(panel data)， 
也称为纵向数据 
(longitudinal data)， 
是指  个不同个体 
在  个不同时期上的观测数据。


• 如果数据集包含变量  和  的观测值，该数据可以表示为 
 

	 ,       and   


• 平衡⾯板（balanced panel）指所有的观测值，即变量在每个个
体和每⼀时期中都能被观测到。否则称为⾮平衡⾯板
（unbalanced panel）。

n
T

X Y
(Xit, Yit) i = 1,…, n t = 1,…, T

Panel data
⾯板数据
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52 CHAPTER 1  Economic Questions and Data

TABLE 1.3 Selected Observations on Cigarette Sales, Prices, and Taxes, by State and Year for  
U.S. States, 1985–1995

Observation 
Number State Year

Cigarette Sales 
(packs per capita)

Average Price  
per Pack  

(including taxes)

Total Taxes  
(cigarette  

excise tax + sales tax)

1 Alabama 1985 116.5 $1.022 $0.333

2 Arkansas 1985 128.5 1.015 0.370

3 Arizona 1985 104.5 1.086 0.362

c c c c c c

47 West Virginia 1985 112.8 1.089 0.382

48 Wyoming 1985 129.4 0.935 0.240

49 Alabama 1986 117.2 1.080 0.334

c c c c c c

96 Wyoming 1986 127.8 1.007 0.240

97 Alabama 1987 115.8 1.135 0.335

c c c c c c

528 Wyoming 1995 112.2 1.585 0.360

Note: The cigarette consumption data set is described in Appendix 12.1.

for example, GDP grew 8.8% at an annual rate. In other words, if GDP had contin-
ued growing for four quarters at its rate during the first quarter of 1960, the level of 
GDP would have increased by 8.8%. In the first quarter of 1960, the long-term inter-
est rate was 4.5%, and the short-term interest rate was 3.9%; so their difference, the 
term spread, was 0.6 percentage points.

By tracking a single entity over time, time series data can be used to study the 
evolution of variables over time and to forecast future values of those variables.

Panel Data
Panel data, also called longitudinal data, are data for multiple entities in which each 
entity is observed at two or more time periods. Our data on cigarette consumption and 
prices are an example of a panel data set, and selected variables and observations in that 
data set are listed in Table 1.3. The number of entities in a panel data set is denoted n, 
and the number of time periods is denoted T. In the cigarette data set, we have observa-
tions on n = 48 continental U.S. states (entities) for T = 11 years (time periods) from 
1985 to 1995. Thus, there is a total of n * T = 48 * 11 = 528 observations.

Some data from the cigarette consumption data set are listed in Table 1.3. The 
first block of 48 observations lists the data for each state in 1985, organized alphabeti-
cally from Alabama to Wyoming. The next block of 48 observations lists the data for 
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Cigarette 数据集包含美国48个⼤陆州在11年间的观测数据



• 数据⽂件：fatality.xlsx    说明⽂件：fatality.docx


• 包含美国 48 个本⼟州（不包含阿拉斯加和夏威夷）1982 ⾄ 
1988 年间的交通事故及相关的平衡⾯板数据。


• 主要变量：

• 交通事故死亡率：每州每年每⼀万⼈中死于交通事故的⼈数


• 啤酒税：单位为美元/箱（1988年美元价值），可作为酒精税的代理变量


• 法定饮酒年龄：分别为18岁、19岁、20岁的指示变量


• 酒驾处罚：各州对⾸次酒驾犯罪的最低判决要求


• 个⼈收⼊、失业率、⼈⼝等特征变量。

The U.S. state traffic fatality data set
美国州级交通事故死亡数据集
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⼀元线性回归的结果是反常识的：啤酒税越⾼死亡率也越⾼ 
 

⇒ 存在遗漏变量偏差：道路设施状态、社会对饮酒的容忍度等

交通事故死亡率与酒精税
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364 CHAPTER 10  Regression with Panel Data

FIGURE 10.1  The Traffic Fatality Rate and the Tax on Beer

Figure 10.1a is a scatterplot of 
traffic fatality rates and the real 
tax on a case of beer (in 1988 
dollars) for 48 states in 1982. 
Figure 10.1b shows the data 
for 1988. Both plots show a 
positive relationship between 
the fatality rate and the real 
beer tax.
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with alcohol taxes, and if so, this will lead to omitted variable bias. One approach 
to these potential sources of omitted variable bias would be to collect data on all 
these variables and add them to the annual cross-sectional regressions in Equa-
tions (10.2) and (10.3). Unfortunately, some of these variables, such as the cultural 
acceptance of drinking and driving, might be very hard or even impossible to 
measure.
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2001) estimates that as many as 25% of drivers on the road between 1 a.m. and 3 a.m. 
have been drinking and that a driver who is legally drunk is at least 13 times as likely 
to cause a fatal crash as a driver who has not been drinking.

In this chapter, we study how effective various government policies designed to 
discourage drunk driving actually are in reducing traffic deaths. The panel data set 
contains variables related to traffic fatalities and alcohol, including the number of 
traffic fatalities in each state in each year, the type of drunk driving laws in each state 
in each year, and the tax on beer in each state. The measure of traffic deaths we use 
is the fatality rate, which is the number of annual traffic deaths per 10,000 people in 
the population in the state. The measure of alcohol taxes we use is the “real” tax on 
a case of beer, which is the beer tax, put into 1988 dollars by adjusting for inflation.1 
The data are described in more detail in Appendix 10.1.

Figure 10.1a is a scatterplot of the data for 1982 on two of these variables, the 
fatality rate and the real tax on a case of beer. A point in this scatterplot represents 
the fatality rate in 1982 and the real beer tax in 1982 for a given state. The OLS 
regression line obtained by regressing the fatality rate on the real beer tax is also 
plotted in the figure; the estimated regression line is

 
FatalityRate = 2.01 + 0.15 BeerTax 11982 data2.
        10.152 10.132  (10.2)

The coefficient on the real beer tax is positive but not statistically significant at the 
10% level.

Because we have data for more than one year, we can reexamine this relation-
ship for another year. This is done in Figure 10.1b, which is the same scatterplot as 
before except that it uses the data for 1988. The OLS regression line through these 
data is

 
FatalityRate = 1.86 + 0.44 BeerTax 11988 data2.
        10.112 10.132  (10.3)

In contrast to the regression using the 1982 data, the coefficient on the real beer 
tax is statistically significant at the 1% level (the t-statistic is 3.43). Curiously, the 
estimated coefficients for the 1982 and the 1988 data are positive: Taken literally, 
higher real beer taxes are associated with more, not fewer, traffic fatalities.

Should we conclude that an increase in the tax on beer leads to more traffic 
deaths? Not necessarily, because these regressions could have substantial omitted 
variable bias. Many factors affect the fatality rate, including the quality of the 
automobiles driven in the state, whether the state highways are in good repair, 
whether most driving is rural or urban, the density of cars on the road, and whether 
it is socially acceptable to drink and drive. Any of these factors may be correlated 

1 To make the taxes comparable over time, they are put into 1988 dollars using the Consumer Price Index 
(CPI). For example, because of inflation, a tax of $1 in 1982 corresponds to a tax of $1.23 in 1988 dollars.
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很难度量，却不随时间⽽变化 → 固定效应 OLS 回归



⾯板数据回归



• 这种⽅法适⽤于仅有两个时期的数据时：即  。


• 令  表示决定第  个州死亡率的变量，但不随时间变化（所以
省略的下⻆标  ）。


• 考虑线性回归模型 
 
 
 
其中  为误差项， ;  。

T = 2

Zi i
t

uit i = 1,…, n t = 1,…, T

“Before and after” comparisons
“前后”⽐较

8

FatalityRateit = b0 +b1BeerTaxit +b2Zi +uit
<latexit sha1_base64="TyOhbXIX766UakZYSaeiqkPdx3o="></latexit><latexit sha1_base64="TyOhbXIX766UakZYSaeiqkPdx3o="></latexit><latexit sha1_base64="TyOhbXIX766UakZYSaeiqkPdx3o="></latexit><latexit sha1_base64="TyOhbXIX766UakZYSaeiqkPdx3o="></latexit>



• 假设我们只有 1982 年和 1988 年的数据，则有下⾯两个回归
⽅程： 
 
 
 
 
 
继⽽可得出

“Before and after” comparisons
“前后”⽐较

9

FatalityRatei1982 = b0 +b1BeerTaxi1982 +b2Zi +ui1982

FatalityRatei1988 = b0 +b1BeerTaxi1988 +b2Zi +ui1988
<latexit sha1_base64="40kfEYaBF1hXK9njyGk7OdLwE2w="></latexit><latexit sha1_base64="40kfEYaBF1hXK9njyGk7OdLwE2w="></latexit><latexit sha1_base64="40kfEYaBF1hXK9njyGk7OdLwE2w="></latexit><latexit sha1_base64="40kfEYaBF1hXK9njyGk7OdLwE2w="></latexit>

FatalityRatei1988 �FatalityRatei1982

= b1(BeerTaxi1988 �BeerTaxi1982)+ui1988 �ui1982
<latexit sha1_base64="aDy+KU3wAcv1oqH+ECkaDAmt2gM="></latexit><latexit sha1_base64="aDy+KU3wAcv1oqH+ECkaDAmt2gM="></latexit><latexit sha1_base64="aDy+KU3wAcv1oqH+ECkaDAmt2gM="></latexit><latexit sha1_base64="aDy+KU3wAcv1oqH+ECkaDAmt2gM="></latexit>

这⾥消除了  的效应Zi
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changes in the tax on beer and changes in the error term (which captures changes in 
other factors that determine traffic deaths).

Specifying the regression in changes in Equation (10.7) eliminates the effect of 
the unobserved variables Zi that are constant over time. In other words, analyzing 
changes in Y and X has the effect of controlling for variables that are constant over 
time, thereby eliminating this source of omitted variable bias.

Figure 10.2 presents a scatterplot of the change in the fatality rate between 1982 
and 1988 against the change in the real beer tax between 1982 and 1988 for the 48 
states in our data set. A point in Figure 10.2 represents the change in the fatality rate 
and the change in the real beer tax between 1982 and 1988 for a given state. The OLS 
regression line, estimated using these data and plotted in the figure, is

FatalityRate1988 - FatalityRate1982 = -0.072 - 1.041BeerTax1988 - BeerTax19822.
 10.0652   10.362 (10.8)

Including an intercept in Equation (10.8) allows for the possibility that the mean 
change in the fatality rate, in the absence of a change in the real beer tax, is nonzero. 
For example, the negative intercept 1-0.0722 could reflect improvements in auto 
safety between 1982 and 1988 that reduced the average fatality rate.

In contrast to the cross-sectional regression results, the estimated effect of a change 
in the real beer tax is negative, as predicted by economic theory. The hypothesis that 
the population slope coefficient is 0 is rejected at the 5% significance level. According 
to this estimated coefficient, an increase in the real beer tax by $1 per case reduces the 
traffic fatality rate by 1.04 deaths per 10,000 people. This estimated effect is very large: 

FIGURE 10.2  Changes in Fatality Rates and Beer Taxes from 1982 to 1988

This is a scat-
terplot of the 
change in the 
traffic fatality rate 
and the change 
in the real beer 
tax between 
1982 and 1988 
for 48 states. 
There is a nega-
tive relationship 
between changes 
in the fatality rate 
and changes in 
the beer tax.
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其他变量的变化（如汽⻋安全性的提⾼） 
使死亡率下降了（ ）−0.072

啤酒税每上涨 1 美元/杯，死亡率 
减少 1.04 ⼈/万⼈



• 定义交通事故死亡率  
 

series fatality = allmort / pop * 10000 
 
注：数据中 mrall 的计算⽅式应为 allmort / pop，并⾮书中
⽤到的每万⼈死亡⼈数。


• 处理数据时的常⽤命令  
 

smpl — resets the sample range 
store — save data to a file (by default a .gdt file) 
open — opens a data file 
append — opens a data file and appends to the current  
                   dataset


• 也可以在 Excel 中事先处理好数据，再导⼊ gretl。

练习：尝试在 gretl 中复制 (10.8) 式
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• 考虑线性回归模型 
 
 
 
其中  是随个体  变化但不随时间变化的不可观测变量，  为误差项，

;  。我们想要估计  ，即固定不可观测的个体特
征  的情况下  对  的效应。


• 以上模型可以理解为具有  个截距，每个截距对应⼀个个体  。令 
 ，则有可将以上模型改写为  

 
 
 
称为固定效应回归模型（fixed effects regression model），其中 

 被称为个体固定效应（entity/individual fixed effects）。

Zi i uit
i = 1,…, n t = 1,…, T β1

Z X Y

n i
αi = β0 + β2Zi

α1, …, αn

Fixed effects regression
固定效应回归

12

Yit = b0 +b1Xit +b2Zi +uit
<latexit sha1_base64="TWTAboKVuQ9rbUSgopsgktK29B8="></latexit><latexit sha1_base64="TWTAboKVuQ9rbUSgopsgktK29B8="></latexit><latexit sha1_base64="TWTAboKVuQ9rbUSgopsgktK29B8="></latexit><latexit sha1_base64="TWTAboKVuQ9rbUSgopsgktK29B8="></latexit>

Yit = b1Xit +ai +uit
<latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit>



• 固定效应回归模型                                         可以利⽤  个⼆
值变量等价地表示为  
 
 
 
其中  ,  是当  时取值为 1 的⼆值变量。由此
式我们可以估计系数  （以  个观测值估
计  个参数）。


• 个体固定效应为 
 
 
 

n − 1

Dki k = 2,…, n i = k
β0, β1, γ2, γ3, …, γn n × T

n + 1

⼆值变量设定
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Yit = b1Xit +ai +uit
<latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit><latexit sha1_base64="yizrgkv7c1h0pFC5tO1MvpROV08=">AAACOnicbZC7SgNBFIZnvcZ4i1raDAZBCIRdEbQRgjaWEcxFkrCcnUySITO7y8xZMSx5CJ/GxkIfw9ZObC0snVwKk3hg4OM/5/DP+YNYCoOu++4sLa+srq1nNrKbW9s7u7m9/aqJEs14hUUy0vUADJci5BUUKHk91hxUIHkt6F+P+rUHro2IwjscxLyloBuKjmCAVvJzhXs/FTikl7QZcATfo/WJUKBNkHEPfGExGWt+Lu8W3XHRRfCmkCfTKvu5n2Y7YoniITIJxjQ8N8ZWChoFk3yYbSaGx8D60OUNiyEoblrp+KghPbZKm3YibV+IdKz+3UhBGTNQgZ1UgD0z3xuJ//UaCXYuWqkI4wR5yCZGnURSjOgoIdoWmjOUAwvAtLB/pawHGhjaHGdcAjVzQzryilE9DrM2Km8+mEWonhY9y7dn+dLVNLQMOSRH5IR45JyUyA0pkwph5Ik8k1fy5rw4H86n8zUZXXKmOwdkppzvXxkQrVQ=</latexit>

Yit = b0 +b1Xit + g2D2i + g3D3i + · · ·+ gnDni +uit
<latexit sha1_base64="Znh6PIClQB8sLxMTeFOpEb8sr/s="></latexit><latexit sha1_base64="Znh6PIClQB8sLxMTeFOpEb8sr/s="></latexit><latexit sha1_base64="Znh6PIClQB8sLxMTeFOpEb8sr/s="></latexit><latexit sha1_base64="Znh6PIClQB8sLxMTeFOpEb8sr/s="></latexit>

a1 = b0,

ai = b0 + gi for i � 2
<latexit sha1_base64="7dRCO3YeduHVr8/pD4Ex0eTICyY="></latexit><latexit sha1_base64="7dRCO3YeduHVr8/pD4Ex0eTICyY="></latexit><latexit sha1_base64="7dRCO3YeduHVr8/pD4Ex0eTICyY="></latexit><latexit sha1_base64="7dRCO3YeduHVr8/pD4Ex0eTICyY="></latexit>



• 固定效应回归模型为 
 
 
 

;  。 

• 等价地，以上模型也可以⽤⼀个共同截距，独⽴变量  ，以及 
 个⼆值变量表示：

i = 1,…, n t = 1,…, T

X
n − 1

包含多元回归变量的固定效⽤回归模型
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Yit = b1X1,it + · · ·+bkXk,it +ai +uit ,
<latexit sha1_base64="VDezr1BKNCnmjeDpYrh09elVCcU="></latexit><latexit sha1_base64="VDezr1BKNCnmjeDpYrh09elVCcU="></latexit><latexit sha1_base64="VDezr1BKNCnmjeDpYrh09elVCcU="></latexit><latexit sha1_base64="VDezr1BKNCnmjeDpYrh09elVCcU="></latexit>

Yit =b0 +b1X1,it + · · ·+bkXk,it

+ g2D2i + g3D3i + · · ·+ gnDni +uit
<latexit sha1_base64="4eYl3P4aqCqRTA67N2lscaOqFe0="></latexit><latexit sha1_base64="4eYl3P4aqCqRTA67N2lscaOqFe0="></latexit><latexit sha1_base64="4eYl3P4aqCqRTA67N2lscaOqFe0="></latexit><latexit sha1_base64="4eYl3P4aqCqRTA67N2lscaOqFe0="></latexit>



• ⼀般固定效应回归模型的⼆值变量设定包含  个参数需要
估计。这在  较⼤时会使 OLS 回归的计算量增加，导致某些
软件⽆法运⾏。


• “个体中⼼化” （entity-demeaned）OLS 算法


1. 计算变量的个体均值，并从每个变量中减去。以⼀元模型 
 为例，令  

 

    ,    ,    ， 
 

并定义 ,   ,   。


2. 对  进⾏ OLS 回归。

k + n
n

Yit = β1Xit + αi + uit

Yi = ∑T
t=1 Yit /T Xi = ∑T

t=1 Xit /T ui = ∑T
t=1 uit /T

Ỹit = Yit − Yi X̃it = Xit − Xi ũit = uit − ui

Ỹit = β1X̃it + ũit

估计和推断
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• 将数据设置为⾯板形式 
 

setobs state year --panel-vars 
 
 

• ⼆值变量法 
 

genr unitdum  # create 48 unit(entity) dummies 
ols fatality beertax du_* --robust   
    # const is not needed 
    # du_* indicates all unit dummies


• “个体中⼼化” 法 
 

panel fatality const beertax --robust   
    # const is needed

练习：⽤交通事故数据尝试各种回归⽅法

16

entity var. time var.

注：panel 命令默认使⽤ 
“个体中⼼化”法估计个体 
固定效应模型，详⻅ gretl  
帮助⽂件。
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Model 1: Pooled OLS, using 336 observations

Included 48 cross-sectional units

Time-series length = 7

Dependent variable: fatality

Robust (HAC) standard errors


             coefficient   std. error      z       p-value 

  ---------------------------------------------------------

  beertax     −0.655874    0.314848      −2.083   0.0372    **

  du_1         3.47763     0.511247       6.802   1.03e-11  ***

  du_2         2.90990     0.0979303     29.71    5.06e-194 ***

  du_3         2.82268     0.185941      15.18    4.76e-52  ***

  du_4         1.96816     0.0303311     64.89    0.0000    ***

  du_5         1.99335     0.0606622     32.86    8.24e-237 ***

  du_6         1.61537     0.0729014     22.16    8.67e-109 *** 
 
   ⋮

Model 2: Fixed-effects, using 336 observations

Included 48 cross-sectional units

Time-series length = 7

Dependent variable: fatality

Robust (HAC) standard errors


             coefficient   std. error     z      p-value 

  -------------------------------------------------------

  const        2.37707      0.149797    15.87    1.04e-56 ***

  beertax     −0.655874     0.291856    −2.247   0.0246   ** 

    ⋮



• 个体间相同但随时间变化的变量可以⽤时间固定效应（time fixed 
effects）控制。例如：新⻋安全性能的提⾼。


• ⽤  表示不可观测的随时间变化但个体间相同的效应。将  加⼊个体
固定效应回归模型可得 
 
 

• 当回归模型中仅有时间效应时，模型简化为 
 
 
 
其中  为时间固定效应。和个体固定效应⼀样，这个模型可以
⽤  个⼆值变量表示，并⽤ OLS 估计。

St St

λ1, …, λT
T − 1

Time fixed effects regression
时间固定效应回归
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Yit = b0 +b1Xit +b2Zi +b3St +uit
<latexit sha1_base64="qveEyPiMmtLNcgqGszEc3d+geN8="></latexit><latexit sha1_base64="qveEyPiMmtLNcgqGszEc3d+geN8="></latexit><latexit sha1_base64="qveEyPiMmtLNcgqGszEc3d+geN8="></latexit><latexit sha1_base64="qveEyPiMmtLNcgqGszEc3d+geN8="></latexit>

Yit = b1Xit +lt +uit
<latexit sha1_base64="AuC29UGTbSYbA1l7d6LIbwgcg6U=">AAACO3icbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IRTcuK9iLNCVMppN26EwSZk7EEvoSPo0bF/oWrt2JW8Glk7YL23pg4OM/tzl/kAiuwXHerYXFpeWV1cJacX1jc2vb3tmt6zhVlNVoLGLVDIhmgkesBhwEayaKERkI1gj613m+8cCU5nF0B4OEtSXpRjzklICRfPvk3s84DPEl9gIGxHdxcywcY0+YMR3ig+F0JPp2ySk7o8Dz4E6ghCZR9e0frxPTVLIIqCBat1wngXZGFHAq2LDopZolhPZJl7UMRkQy3c5GVw3xoVE6OIyVeRHgkfq3IyNS64EMTKUk0NOzuVz8L9dKIbxoZzxKUmARHS8KU4EhxrlFuMMVoyAGBghV3PwV0x5RhIIxcmpLIKduyPJdCcjHYdFY5c4aMw/107Jr+PasVLmamFZA++gAHSEXnaMKukFVVEMUPaFn9IrerBfrw/q0vsalC9akZw9NhfX9C/eZrcQ=</latexit><latexit sha1_base64="AuC29UGTbSYbA1l7d6LIbwgcg6U=">AAACO3icbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IRTcuK9iLNCVMppN26EwSZk7EEvoSPo0bF/oWrt2JW8Glk7YL23pg4OM/tzl/kAiuwXHerYXFpeWV1cJacX1jc2vb3tmt6zhVlNVoLGLVDIhmgkesBhwEayaKERkI1gj613m+8cCU5nF0B4OEtSXpRjzklICRfPvk3s84DPEl9gIGxHdxcywcY0+YMR3ig+F0JPp2ySk7o8Dz4E6ghCZR9e0frxPTVLIIqCBat1wngXZGFHAq2LDopZolhPZJl7UMRkQy3c5GVw3xoVE6OIyVeRHgkfq3IyNS64EMTKUk0NOzuVz8L9dKIbxoZzxKUmARHS8KU4EhxrlFuMMVoyAGBghV3PwV0x5RhIIxcmpLIKduyPJdCcjHYdFY5c4aMw/107Jr+PasVLmamFZA++gAHSEXnaMKukFVVEMUPaFn9IrerBfrw/q0vsalC9akZw9NhfX9C/eZrcQ=</latexit><latexit sha1_base64="AuC29UGTbSYbA1l7d6LIbwgcg6U=">AAACO3icbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IRTcuK9iLNCVMppN26EwSZk7EEvoSPo0bF/oWrt2JW8Glk7YL23pg4OM/tzl/kAiuwXHerYXFpeWV1cJacX1jc2vb3tmt6zhVlNVoLGLVDIhmgkesBhwEayaKERkI1gj613m+8cCU5nF0B4OEtSXpRjzklICRfPvk3s84DPEl9gIGxHdxcywcY0+YMR3ig+F0JPp2ySk7o8Dz4E6ghCZR9e0frxPTVLIIqCBat1wngXZGFHAq2LDopZolhPZJl7UMRkQy3c5GVw3xoVE6OIyVeRHgkfq3IyNS64EMTKUk0NOzuVz8L9dKIbxoZzxKUmARHS8KU4EhxrlFuMMVoyAGBghV3PwV0x5RhIIxcmpLIKduyPJdCcjHYdFY5c4aMw/107Jr+PasVLmamFZA++gAHSEXnaMKukFVVEMUPaFn9IrerBfrw/q0vsalC9akZw9NhfX9C/eZrcQ=</latexit><latexit sha1_base64="AuC29UGTbSYbA1l7d6LIbwgcg6U=">AAACO3icbZDLSsNAFIYnXmu9RV26GSyCoJREBN0IRTcuK9iLNCVMppN26EwSZk7EEvoSPo0bF/oWrt2JW8Glk7YL23pg4OM/tzl/kAiuwXHerYXFpeWV1cJacX1jc2vb3tmt6zhVlNVoLGLVDIhmgkesBhwEayaKERkI1gj613m+8cCU5nF0B4OEtSXpRjzklICRfPvk3s84DPEl9gIGxHdxcywcY0+YMR3ig+F0JPp2ySk7o8Dz4E6ghCZR9e0frxPTVLIIqCBat1wngXZGFHAq2LDopZolhPZJl7UMRkQy3c5GVw3xoVE6OIyVeRHgkfq3IyNS64EMTKUk0NOzuVz8L9dKIbxoZzxKUmARHS8KU4EhxrlFuMMVoyAGBghV3PwV0x5RhIIxcmpLIKduyPJdCcjHYdFY5c4aMw/107Jr+PasVLmamFZA++gAHSEXnaMKukFVVEMUPaFn9IrerBfrw/q0vsalC9akZw9NhfX9C/eZrcQ=</latexit>



• 同时加⼊个体和时间固定效应的回归模型可以写为 
 
 
 
其中  为个体固定效应，  为时间固定效应。 

• 这个模型也可以⽤⼆值变量等价的表示为 
 
 
 
 
其中共有  个系数需要估计。

αi λt

n + T

个体和时间固定效应
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Yit = b1Xit +ai +lt +uit
<latexit sha1_base64="7mEb58AJhVEV0t/WELWrnZB8cgo="></latexit><latexit sha1_base64="7mEb58AJhVEV0t/WELWrnZB8cgo="></latexit><latexit sha1_base64="7mEb58AJhVEV0t/WELWrnZB8cgo="></latexit><latexit sha1_base64="7mEb58AJhVEV0t/WELWrnZB8cgo="></latexit>

Yit =b0 +b1Xit + g2D2i + · · ·+ gnDni

+d2B2t + · · ·+dT BTt +uit
<latexit sha1_base64="DPLm+TSIVTebInTXSHAazbe/FpQ="></latexit><latexit sha1_base64="DPLm+TSIVTebInTXSHAazbe/FpQ="></latexit><latexit sha1_base64="DPLm+TSIVTebInTXSHAazbe/FpQ="></latexit><latexit sha1_base64="DPLm+TSIVTebInTXSHAazbe/FpQ="></latexit>



• 加⼊个体和时间固定效应的回归模型有三种处理⽅法：


1. 加⼊个体和时间的⼆值变量；


2. 减去个体和时间平均值；


3. 加⼊时间⼆值变量后，减去每个变量的个体平均值。


• 以上每⼀种处理后都可以⽤ OLS 进⾏估值。


• gretl 的 panel 命令采⽤的是第三种⽅法，具体为 
 
panel fatality const beertax --time-dummies --robust 
 

估计
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Model 1: Fixed-effects, using 336 observations

Included 48 cross-sectional units

Time-series length = 7

Dependent variable: fatality

Robust (HAC) standard errors


             coefficient   std. error      z      p-value 

  --------------------------------------------------------

  const       2.42847      0.201688     12.04     2.17e-33 ***

  beertax    −0.639980     0.357078     −1.792    0.0731   *

  dt_2       −0.0799029    0.0350861    −2.277    0.0228   **

  dt_3       −0.0724206    0.0438809    −1.650    0.0989   *

  dt_4       −0.123976     0.0460559    −2.692    0.0071   ***

  dt_5       −0.0378645    0.0570604    −0.6636   0.5070  

  dt_6       −0.0509021    0.0636084    −0.8002   0.4236  

  dt_7       −0.0518038    0.0644023    −0.8044   0.4212  

panel fatality const beertax --time-dummies --robust
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378 CHAPTER 10  Regression with Panel Data

TABLE 10.1  Regression Analysis of the Effect of Drunk Driving Laws on Traffic Deaths

Dependent variable: traffic fatality rate (deaths per 10,000).

Regressor (1) (2) (3) (4) (5) (6) (7)

Beer tax  0.36
(0.05)

[0.26, 0.46]

 -0.66
(0.29)

[-1.23, -0.09]

-0.64
(0.36)

[-1.35, 0.07]

-0.45
(0.30)

[-1.04, 0.14]

-0.69
(0.35)

[-1.38, 0.00]

-0.46
(0.31)

[-1.07, 0.15]

-0.93
(0.34)

[-1.60, -0.26]

Drinking age 18  0.10 0.03
(0.07)

[-0.11, 0.17]

−0.01
(0.08)

[-0.17, 0.15]

  0.04
(0.10)

[-0.16, 0.24]

Drinking age 19 -0.02
(0.05)

[-0.12, 0.08]

-0.08
(0.07)

[-0.21, 0.06]

-0.07
(0.10)

[-0.26, 0.13]

Drinking age 20 0.03
(0.05)

[-0.07, 0.13]

-0.10
(0.06)

[-0.21, 0.01]

-0.11
(0.13)

[-0.36, 0.14]

Drinking age 0.00
(0.02)

[-0.05, 0.04]

Mandatory jail or 
community service?

0.04
(0.10)

[-0.17, 0.25]

0.09
(0.11)

[-0.14, 0.31]

0.04
(0.10)

[-0.17, 0.25]

 0.09
(0.16)

[-0.24, 0.42]

Average vehicle miles 
per driver

0.008
(0.007)

0.017
(0.011)

0.009
(0.007)

 0.124
(0.049)

Unemployment rate -0.063
(0.013)

-0.063
(0.013)

-0.091
 (0.021)

Real income per 
capita (logarithm)

1.82
(0.64)

1.79
(0.64)

1.00
(0.68)

Years 1982–88 1982–88 1982–88 1982–88 1982–88 1982–88 1982 & 1988 
only

State effects? no yes yes yes yes yes yes

Time effects? no no yes yes yes yes yes

Clustered standard 
errors?

no yes yes yes yes yes yes

F-Statistics and p-Values Testing Exclusion of Groups of Variables

Time effects = 0 4.22
(0.002)

10.12
  (60.001)

3.48
(0.006)

10.28
(60.001)

37.49
(60.001)

Drinking age 
 coefficients = 0

0.35
(0.786)

1.41
(0.253)

 0.42
  (0.738)

Unemployment rate, 
income per capita = 0

29.62
  (60.001)

31.96
(60.001)

25.20
(60.001)

R2  0.091  0.889 0.891 0.926 0.893 0.926   0.899

These regressions were estimated using panel data for 48 U.S. states. Regressions (1) through (6) use data for all years 1982 
to 1988, and regression (7) uses data from 1982 and 1988 only. The data set is described in Appendix 10.1. Standard errors 
are given in parentheses under the coefficients, 95% confidence intervals are given in square brackets under the coeffi-
cients, and p-values are given in parentheses under the F-statistics.
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个体固定效应回归模型 
 
 
 
的假设条件为：


1.  的条件均值为零：                                           。


2.                                                             是从其联合总体中抽取的 
i.i.d. 样本。


3. ⼤异常值不太可能出现。


4. 不存在完全多重共线性。


当包含多个可观测回归变量时，  应该替换为  。

uit

Xit X1,it, …, Xk,it

固定效应回归假设
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Yit = b1Xit +ai +uit , i = 1, . . . ,n, t = 1, . . . ,T
<latexit sha1_base64="fRNB3dKa4mw2vcE6mDiktWPVlvM="></latexit><latexit sha1_base64="fRNB3dKa4mw2vcE6mDiktWPVlvM="></latexit><latexit sha1_base64="fRNB3dKa4mw2vcE6mDiktWPVlvM="></latexit><latexit sha1_base64="fRNB3dKa4mw2vcE6mDiktWPVlvM="></latexit>

E(uit | Xi1, . . . ,XiT ,ai) = 0
<latexit sha1_base64="I3MkeZLDE7GkTZudAgmD07xMsLM="></latexit><latexit sha1_base64="I3MkeZLDE7GkTZudAgmD07xMsLM="></latexit><latexit sha1_base64="I3MkeZLDE7GkTZudAgmD07xMsLM="></latexit><latexit sha1_base64="I3MkeZLDE7GkTZudAgmD07xMsLM="></latexit>

(Xi1, . . . ,XiT ,ui1, . . . ,uiT ), i = 1, . . . ,n
<latexit sha1_base64="jJVaWZQWuYyO5GEeT2VpcniJAqc=">AAACUXicbVDLSgMxFL0dX7X1UXXpJliECkVmRNCNUOrGZYW+oC0lk6YaTGaG5I5Yhv6PX+PGhfonujMzLWKtFwLnnnMfucePpDDouh85Z2V1bX0jv1kobm3v7Jb29tsmjDXjLRbKUHd9argUAW+hQMm7keZU+ZJ3/IfrVO88cm1EGDRxEvGBoneBGAtG0VLDUr3SHSbCm1ZJfxSiqZI0bdo0XqTjjD6xeZUIckW8H8UOKbunbhZkGXhzUIZ5NIalT9vKYsUDZJIa0/PcCAcJ1SiY5NNCPzY8ouyB3vGehQFV3AyS7NYpObbMiIxDbV+AJGN/dyRUGTNRvq1UFO/NXy0l/9N6MY4vB4kIohh5wGaLxrEkGJLUODISmjOUEwso08L+lbB7qilDa+/CFl8t3JCkuyJUT9OCtcr7a8wyaJ+dehbfnpdr9blpeTiEI6iABxdQgxtoQAsYPMMLvMF77jX35YDjzEqd3LznABbCKX4DfhWxGg==</latexit><latexit sha1_base64="jJVaWZQWuYyO5GEeT2VpcniJAqc=">AAACUXicbVDLSgMxFL0dX7X1UXXpJliECkVmRNCNUOrGZYW+oC0lk6YaTGaG5I5Yhv6PX+PGhfonujMzLWKtFwLnnnMfucePpDDouh85Z2V1bX0jv1kobm3v7Jb29tsmjDXjLRbKUHd9argUAW+hQMm7keZU+ZJ3/IfrVO88cm1EGDRxEvGBoneBGAtG0VLDUr3SHSbCm1ZJfxSiqZI0bdo0XqTjjD6xeZUIckW8H8UOKbunbhZkGXhzUIZ5NIalT9vKYsUDZJIa0/PcCAcJ1SiY5NNCPzY8ouyB3vGehQFV3AyS7NYpObbMiIxDbV+AJGN/dyRUGTNRvq1UFO/NXy0l/9N6MY4vB4kIohh5wGaLxrEkGJLUODISmjOUEwso08L+lbB7qilDa+/CFl8t3JCkuyJUT9OCtcr7a8wyaJ+dehbfnpdr9blpeTiEI6iABxdQgxtoQAsYPMMLvMF77jX35YDjzEqd3LznABbCKX4DfhWxGg==</latexit><latexit sha1_base64="jJVaWZQWuYyO5GEeT2VpcniJAqc=">AAACUXicbVDLSgMxFL0dX7X1UXXpJliECkVmRNCNUOrGZYW+oC0lk6YaTGaG5I5Yhv6PX+PGhfonujMzLWKtFwLnnnMfucePpDDouh85Z2V1bX0jv1kobm3v7Jb29tsmjDXjLRbKUHd9argUAW+hQMm7keZU+ZJ3/IfrVO88cm1EGDRxEvGBoneBGAtG0VLDUr3SHSbCm1ZJfxSiqZI0bdo0XqTjjD6xeZUIckW8H8UOKbunbhZkGXhzUIZ5NIalT9vKYsUDZJIa0/PcCAcJ1SiY5NNCPzY8ouyB3vGehQFV3AyS7NYpObbMiIxDbV+AJGN/dyRUGTNRvq1UFO/NXy0l/9N6MY4vB4kIohh5wGaLxrEkGJLUODISmjOUEwso08L+lbB7qilDa+/CFl8t3JCkuyJUT9OCtcr7a8wyaJ+dehbfnpdr9blpeTiEI6iABxdQgxtoQAsYPMMLvMF77jX35YDjzEqd3LznABbCKX4DfhWxGg==</latexit><latexit sha1_base64="jJVaWZQWuYyO5GEeT2VpcniJAqc=">AAACUXicbVDLSgMxFL0dX7X1UXXpJliECkVmRNCNUOrGZYW+oC0lk6YaTGaG5I5Yhv6PX+PGhfonujMzLWKtFwLnnnMfucePpDDouh85Z2V1bX0jv1kobm3v7Jb29tsmjDXjLRbKUHd9argUAW+hQMm7keZU+ZJ3/IfrVO88cm1EGDRxEvGBoneBGAtG0VLDUr3SHSbCm1ZJfxSiqZI0bdo0XqTjjD6xeZUIckW8H8UOKbunbhZkGXhzUIZ5NIalT9vKYsUDZJIa0/PcCAcJ1SiY5NNCPzY8ouyB3vGehQFV3AyS7NYpObbMiIxDbV+AJGN/dyRUGTNRvq1UFO/NXy0l/9N6MY4vB4kIohh5wGaLxrEkGJLUODISmjOUEwso08L+lbB7qilDa+/CFl8t3JCkuyJUT9OCtcr7a8wyaJ+dehbfnpdr9blpeTiEI6iABxdQgxtoQAsYPMMLvMF77jX35YDjzEqd3LznABbCKX4DfhWxGg==</latexit>



• 固定效应回归假设 2 成⽴时，不同个体对应的变量相互独⽴，但同
⼀个体内的变量  可以夸时间相关。


• 若  和  相关，即给定个体的  跨时间相关，则称  为⾃相
关（autocorrelated）或序列相关（serially correlated）。例如：
啤酒税存在较强的⾃相关；误差项也有可能存在⾃相关。


• 存在⾃相关时，估计量依然为⾮偏，但⽤普通的异⽅差稳健⽅法计
算的标准误会产⽣偏差。


• 同时适⽤于异⽅差和⾃相关的标准误被称为异⽅差和⾃相关⼀致标
准误（Heteroskedasticity- and autocorrelation-consistent 
(HAC) standard errors），本书中使⽤的为其中⼀种群聚标准误
（clustered standard errors）。在 gretl 中设为 Arellano。

Xit

Xis Xit Xit Xit

Heteroskedasticity- and autocorrelation-consistent (HAC) standard errors

异⽅差和⾃相关稳健标准误
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• 在固定效应模型中，我们暗中假定个体固定效应  为常数，因此可以当作参数进
⾏估计。让这个估计可⾏的⼀个前提条件是回归变量  随时间变化⽽变化。如果 

，例如性别等不随时间变化⽽变化的变量，则⽆法估计个体固定效应。


• 另⼀种针对不可观测的个体效应的⽅法是随机效应回归（random effects 
regression）。随机效应回归模型假设不可观测变量  为随机变量，因此可以将 

 假设为随机变量⽽⾮常数。同时，若  和回归变量  不相关，则可以令 
 为包含不可观测个体效应的误差项。此时回归模型可以表示为 

 
	 	  
 
随机效应回归模型的估计需要⽤到⼴义最⼩⼆乘法（generalized least squares, 
GLS）。


• 在实际应⽤中⼤部分问题都更适合⽤固定效应回归进⾏分析，因此本书中没有涉
及随机效应回归。感兴趣的同学可以参考 Dougherty (2016), 5th, Chapter 14。

αi
Xit

Xit = Xi

Zi
αi αi Xit
vit = αi + uit

Yit = β0 + β1Xit + vit

固定效应与随机效应
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• 阅读 10.6 节并尝试在 gretl 中复制表 10.1 中的回归结果。


• 注意事项：


• “饮酒年龄” 在数据中对应的变量是 mlda 。你需要⾃⼰将其转变为⼆
值变量。


• “强制监禁或者强制社区服务？” 在数据中对应的变量是 jaild 和 
comserd 。你需要⾃⼰将这两个⼆值变量转变为⼀个⼆值变量。


• “每个驾驶员平均⾏⻋⾥程” 在数据中对应的变量是 vmiles ，在使
⽤前应当除以 1000 。


• “失业率” 在数据中对应的变量是 unrate ，不是 unus 。

课后练习（不需提交）
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