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ABSTRACT

Econometrics has become an integral part of training in modern economics and business.

Together with microeconomics and macroeconomics, econometrics has been taught as one of the

three core courses in most undergraduate and graduate economic programs in North America. In

China, the importance of econometrics has been increasingly recognized and econometric tools

and methods have been widely employed in empirical studies on Chinese economy. However,

there is a substantial gap between Chinese econometrics and modern econometrics. There still

exists conceptual misunderstanding of econometrics among Chinese economic profession, and

there exist some problems in Chinese econometric teaching and research. This paper discusses

the philosophy and methodology of econometrics, the roles and limitations of econometrics,

and the di¤erences between econometrics and mathematical economics as well as mathematical

statistics. A variety of illustrative econometric examples are given, which cover various �elds

of economics and �nance The paper also suggests how to improve and strengthen econometric

teaching and research in China.

Key Words: Econometrics, mathematical Economics, Mathematical statistics, Quantitative
analysis, Science, Uncertainty.



1 Introduction

Econometrics has become an integrated part of teaching and research in modern economics

and business. The importance of econometrics has been increasingly recognized in China. In

this review article, I will discuss the philosophy and methodology of econometrics in economic

research. First, I will discuss the qualitative feature of modern economics, and the di¤erences

between econometrics and mathematical economics as well as mathematical statistics. Then I

will focus on the important roles of econometrics as a fundamental methodology in economic

research via a variety of illustrative economic examples including the consumption function,

marginal propensity to consume and multipliers, rational expectations models and dynamic asset

pricing, the constant return to scale and regulations, evaluation of e¤ects of economic reforms

in a transitional economy, the e¢ cient market hypothesis, modeling uncertainty and volatility,

and duration analysis in labor economics and �nance. These examples range from econometric

analysis of the conditional mean to the conditional variance to the conditional distribution of

economic variables of interest. I will also discuss the limitations of econometrics, due to the

nonexperimental nature of economic data and the time-varying nature of econometric structures.

Finally, problems in current econometric teaching and research in China are pointed out, and

possible solutions are proposed.

2 Quantitative Features of Modern Economics

Modern market economies are full of uncertainties and risk. When economic agents make a deci-

sion, the outcome is usually unknown in advance and economic agents will take this uncertainty

into account in their decision-making. Modern economics is a study on scarce resource alloca-

tions in an uncertain market environment. Generally speaking, modern economics can be roughly

classi�ed into four categories: macroeconomics, microeconomics, �nancial economics, and econo-

metrics. Of them, macroeconomics, microeconomics and econometrics now constitute the core

courses for most economic doctoral programs in North America, while �nancial economics is now

mainly being taught in business and management schools.

Most doctoral programs in economics in the U.S. emphasize quantitative analysis. Quantita-

tive analysis consists of mathematical modeling and empirical studies. To understand the roles

of quantitative analysis, it may be useful to �rst describe the general process of modern economic

research. Like most natural science, the general methodology of modern economic research can

be roughly summarized as follows:

� Step 1: Data collection and summary of empirical stylized facts. The so-called stylized
facts are often summarized from observed economic data. For example, in microeconomics,
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a well-known stylized fact is the Engel�s curve, which characterizes that the share of a con-

sumer�s expenditure on a commodity out of her or his total income will eventually decline as

the income increases; in macroeconomics, a well-known stylized fact is the Phillips Curve,

which characterizes a negative correlation between the in�ation rate and the unemployment

rate in an aggregate economy; and in �nance, a well-known stylized fact about �nancial

markets is volatility clustering, that is, a high volatility today tends to be followed by

another high volatility tomorrow, a low volatility today tends to be followed by another

low volatility tomorrow, and both alternate over time. The empirical stylized facts often

serve as a starting point for economic research. For example, the development of unit root

and cointegration econometrics was mainly motivated by the empirical study of Nelson and

Plossor (1982) who found that most macroeconomic time series are unit root processes.

� Step 2: Development of economic theories/models. With the empirical stylized facts in
mind, economists then develop an economic theory or model in order to explain them. This

usually calls for specifying a mathematical model of economic theory. In fact, the objective

of economic modelling is not merely to explain the stylized facts, but to understand the

mechanism governing the economy and to forecast the future evolution of the economy.

� Step3: Empirical veri�cation of economic models. Economic theory only suggests a qualita-
tive economic relationship. It does not o¤er any concrete functional form. In the process of

transforming a mathematical model into a testable empirical econometric model, one often

has to assume some functional form, up to some unknown model parameters. One need to

estimate unknown model parameters based on the observed data, and check whether the

econometric model is adequate. An adequate model should be at least consistent with the

empirical stylized facts.

� Step 4: Applications. After an econometric model passes the empirical evaluation, it can
then be used to test economic theory or hypotheses, to forecast future evolution of the

economy, and to make policy recommendations.

For an excellent example highlighting these four steps, see Gujarati (2006, Section 1.3) on

labor force participation. We note that not every economist or every research paper has to

complete these four steps. In fact, it is not uncommon that each economist may only work on

research belonging to certain stage in his/her entire academic lifetime.

From the general methodology of economic research, we see that modern economics has two

important features: one is mathematical modeling for economic theory, and the other is empirical

analysis for economic phenomena. These two features arise from the e¤ort of several generations

of economists to make economics a "science". To be a science, any theory must ful�ll two criteria:

one is logical consistency and coherency in theory itself, and the other is consistency between
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theory and stylized facts. Mathematics and econometrics serve to help ful�ll these two criteria

respectively. This has been the main objective of the econometric society. The setup of the

Nobel Memorial Prize in economics in 1969 may be viewed as the recognition of economics as a

science in the academic profession.

3 Mathematical Modelling

We �rst discuss the role of mathematical modeling in economics. Why do we need mathematics

and mathematical models in economics? It should be pointed out that there are many ways or

tools (e.g., graphical methods, verbal discussions, mathematical models) to describe economic

theory. Mathematics is just one of them. To ensure logical consistency of the theory, it is

not necessary to use mathematics. Chinese medicine is an excellent example of science without

using mathematical modeling. However, mathematics is well-known as the most rigorous logical

language. Any theory, when it can be represented by the mathematical language, will ensure

logical consistency and coherency of economic theory, thus indicating that it has achieved a rather

sophisticated level. Indeed, as Karl Marx pointed out, the use of mathematics is an indication

of the mature development of a science.

It has been a long history to use mathematics in economics. In his Mathematical Principles

of the Wealth Theory, Cournot (1838) was among the earliest to use mathematics in economic

analysis. Although the marginal revolution, which provides a cornerstone for modern economics,

was not proposed using mathematics, it was quickly found in the economic profession that the

marginal concepts, such as marginal utility, marginal productivity, and marginal cost, correspond

to the derivative concepts in calculus. Walras (1874), a mathematical economist, heavily used

mathematics to develop his general equilibrium theory. The game theory, which was proposed

by Von Neumann and Morgenstern (1944) and now becomes a core in modern microeconomics,

originated from a branch in mathematics.

Why does economics need mathematics? Brie�y speaking, mathematics plays a number of

important roles in economics. First, the mathematical language can summarize the essence of

a theory in a very concise manner. For example, macroeconomics studies relationships between

aggregate economic variables (e.g., DGP, consumption, unemployment, in�ation, interest rate,

exchange rate, and etc.) A very important macroeconomic theory was proposed by Keynes

(1936). The classical Keynesian theory can be summarized by two simple mathematical equa-

tions:

National Income identity: Y = C + I +G;

Consumption function: C = �+ �Y;
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where Y is income, C is consumption, I is private investment, G is government spending, � is

the �survival level�consumption, and � is the marginal propensity to consume. Substituting the

consumption function into the income identity, arranging terms, and taking a partial derivative,

we can obtain the multiplier e¤ect of (e.g.) government spending

@Y

@G
=

1

1� � :

Thus, the Keynesian theory can be e¤ectively summarized by two mathematical equations.

Second, complicated logical analysis in economics can be greatly simpli�ed by using math-

ematics. In introductory economics, economic analysis can be done by verbal descriptions or

graphical methods. These methods are very intuitive and easy to grasp. One example is the

partial equilibrium analysis where a market equilibrium can be characterized by the intersection

of the demand curve and the supply curve. However, in many cases, economic analysis cannot

be done easily by verbal languages or graphical methods. One example is the general equilib-

rium theory �rst proposed by Walras (1874). This theory addresses a fundamental problem in

economics, namely whether the market force can achieve an equilibrium for a competitive mar-

ket economy where there exist many markets and when there exist mutual interactions between

di¤erent markets. Suppose there are n goods, with demand Di(P ); supply Si(P ) for good i;

where P = (P1; P2; :::; Pn)0 is a price vector for n goods. Then the general equilibrium analysis

addresses whether there exists an equilibrium price vector P � such that all markets are clear

simultaneously:

Di(P
�) = Si(P

�) for all i 2 f1; :::; ng:

Conceptually simple, it is rather challenging to give a de�nite answer because both the demand

and supply functions could be highly nonlinear. Indeed, Walras was unable to establish this

theory formally. It was satisfactorily solved by Arrow and Debreu many years later, when they

used the �xed point theorem in mathematics to prove the existence of an equilibrium price vector.

The power and magic of mathematics was clearly demonstrated in the development of the general

equilibrium theory.

Third, mathematical modeling is a necessary path to empirical veri�cation of an economic

theory. Most economic and �nancial phenomena are in form of data (indeed we are in a digital

era!). We need �digitalize� economic theory so as to link the economic theory to data. In

particular, one need to formulate economic theory into a testable mathematical model whose

functional form or important structural model parameters will be estimated from observed data.
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4 Empirical Veri�cation

We now turn to discuss the second feature of modern economics: empirical analysis of an economic

theory. Why is empirical analysis of an economic theory important? The use of mathematics,

although it can ensure logical consistency of a theory itself, cannot ensure that economics is a

science. An economic theory would be useless from a practical point of view if the underlying

assumptions are incorrect or unrealistic. This is the case even if the mathematical treatment is

free of errors and elegant. As pointed out earlier, to be a science, an economic theory must be

consistent with reality. That is, it must be able to explain historical stylized facts and predict

future economic phenomena.

How to check a theory or model empirically? Or how to validate an economic theory? In

practice, it is rather di¢ cult or even impossible to check whether the underlying assumptions

of an economic theory or model are correct. Nevertheless, one can confront the implications of

an economic theory with the observed data to check if they are consistent. In the early stage

of economics, empirical veri�cation was often conducted by case studies or indirect veri�cations.

For example, in his well-knownWealth of a Nation, Adam Smith (1776) explained the advantage

of specialization using a case study example. Such a method is still useful nowadays, but is no

longer su¢ cient for modern economic analysis, because economic phenomena is much more com-

plicated while data may be limited. For rigorous empirical analysis, we need to use econometrics.

Econometrics is the �eld of economics that concerns itself with the application of mathemati-

cal statistics and the tools of statistical inference to the empirical measurement of relationships

postulated by economic theory. It was founded as a scienti�c discipline around 1930 as marked

by the founding of the econometric society and the creation of the most in�uential economic

journal� Econometrica in 1933.

Econometrics has witnessed a rather rapid development in the past several decades, for a

number of reasons. First, there is a need for empirical veri�cation of economic theory, and for

forecasting using economic models. Second, there is more and more high-quality economic data

available. Third, advance in computing technology has made the cost of computation cheaper

and cheaper over time. The speed of computing grows faster than the speed of data accumulation.

Although not explicitly stated in most of the econometric literature, modern econometrics is

essentially built upon on the following fundamental axioms:

� Any economy can be viewed as a stochastic process governed by some probability law.

� Economic phenomenon, as often summarized in form of data, can be reviewed as a realiza-
tion of this stochastic data generating process.

There is no way to verify these axioms. They are the philosophic views of econometricians

toward an economy. Not every economist or even econometrician agrees with this view. For
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example, some economists view an economy as a deterministic chaotic process which can generate

seemingly random numbers. However, most economists and econometricians (e.g., Granger and

Terasvirta 1993, Lucas 1977) view that there are a lot of uncertainty in an economy, and they

are best described by stochastic factors rather than deterministic systems. For instance, the

multiplier-accelerator model of Samuelson (1939) is characterized by a deterministic second-

order di¤erence equation for aggregate output. Over a certain range of parameters, this equation

produces deterministic cycles with a constant period of business cycles. Without doubt this

model sheds deep insight into macroeconomic �uctuations. Nevertheless, a stochastic framework

will provide a more realistic basis for analysis of periodicity in economics, because the observed

periods of business cycles never occur evenly in any economy. Frisch (1933) demonstrates that

a structural propagation mechanism can convert uncorrelated stochastic impulses into cyclical

outputs with uneven, stochastic periodicity. Indeed, although not all uncertainties can be well

characterized by probability theory, probability is the best quantitative analytic tool to describe

uncertainties. The probability law of this stochastic economic system, which characterizes the

evolution of the economy, can be viewed as the �law of economic motions.�Accordingly, the

tools and methods of mathematical statistics will provide the operating principles.

One important implication of the fundamental axioms is that one should not hope to de-

termine precise, deterministic economic relationships, as do the models of demand, production,

and aggregate consumption in standard micro- and macro-economic textbooks. No model could

encompass the myriad essentially random aspects of economic life (i.e., no precise point forecast

is possible, using a statistical terminology). Instead, one can only postulate some stochastic

economic relationships. The purpose of econometrics is to infer the probability law of the eco-

nomic system using observed data. Economic theory usually takes a form of imposing certain

restrictions on the probability law. Thus, one can test economic theory or economic hypotheses

by checking the validity of these restrictions.

It should be emphasized that the role of mathematics is di¤erent from the role of econometrics.

The main task of mathematical economics is to express economic theory in the mathematical form

of equations (or models) without regard to measurability or empirical veri�cation of economic

theory. Mathematics can check whether the reasoning process of an economic theory is correct

and sometime can give surprising results and conclusions. However, it cannot check whether

an economic theory can explain reality. To check whether a theory is consistent with reality,

one needs econometrics. Econometrics is a fundamental methodology in the process of economic

analysis. Like the development of a natural science, the development of economic theory is a

process of refuting the existing theories which cannot explain newly arising empirical stylized facts

and developing new theories which can explain them. Econometrics rather than mathematics

plays a crucial role in this process. There is no absolutely correctly and universally applicable

economic theory. Any economic theory can only explain the reality at certain stage, and therefore,
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is a �relative truth�in the sense that it is consistent with historical data available at that time.

An economic theory may not be rejected due to limited data information. It is possible that

more than one economic theory or model coexist simultaneously, because data does not contain

su¢ cient information to distinguish the true one (if any) from false ones. When new data becomes

available, a theory that can explain the historical data well may not explain the new data well

and thus will be refuted. In many cases, new econometric methods can lead to new discovery

and call for new development of economic theory.

Econometrics is not simply an application of a general theory of mathematical statistics.

Although mathematical statistics provides many of the operating tools used in econometrics,

econometrics often needs special methods because of the unique nature of economic data, and

the unique nature of economic problems at hand. One example is the generalized method of

moment estimation (Hansen 1982), which was proposed by econometricians aiming to estimate

rational expectations models which only impose certain conditional moment restrictions charac-

terized by the Euler equation and the conditional distribution of economic processes is unknown

(thus, the classical maximum likelihood estimation cannot be used). The development of unit

root and cointegration (e.g., Engle and Granger 1987, Phillips 1987), which is a core in modern

time series econometrics, has been mainly motivated from Nelson and Plosser�s (1982) empirical

documentation that most macroeconomic time series display unit root behaviors. Thus, it is

necessary to provide an econometric theory for unit root and cointegrated systems because the

standard statistical inference theory is no longer applicable. The emergence of �nancial econo-

metrics is also due to the fact that �nancial time series display some unique features such as

persistent volatility clustering, heavy tails, infrequent but large jumps, and serially uncorrelated

but not independent asset returns. Financial applications, such as �nancial risk management,

hedging and derivatives pricing, often call for modeling for volatilities and the entire conditional

probability distributions of asset returns. The features of �nancial data and the objectives of

�nancial applications make the use of standard time series analysis quite limited, and therefore,

call for the development of �nancial econometrics. Labor economics is another example which

shows how labor economics and econometrics have bene�ted from each other. Labor economics

has advanced quickly over the last few decades because of availability of high-quality labor data

and rigorous empirical veri�cation of hypotheses and theories on labor economics. On the other

hand, microeconometrics, particularly panel data econometrics, has also advanced quickly due

to the increasing availability of microeconomic data and the need to develop econometric theory

to accommondate the features of microeconomic data (e.g., censoring and endogeneity).

In the �rst issue of Econometrica, the founder of the econometric society, Fisher (1933), nicely

summarizes the objective of the econometric society and main features of econometrics: �Its main

object shall be to promote studies that aim at a uni�cation of the theoretical-quantitative and the

empirical-quantitative approach to economic problems and that are penetrated by constructive
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and rigorous thinking similar to that which has come to dominate the natural sciences.

But there are several aspects of the quantitative approach to economics, and no single one of

these aspects taken by itself, should be confounded with econometrics. Thus, econometrics is by

no means the same as economic statistics. Not is it identical with what we call general economic

theory, although a considerable portion of this theory has a de�nitely quantitative character.

Nor should econometrics be taken as synonymous [sic] with the application of mathematics

to economics. Experience has shown that each of these three viewpoints, that of statistics,

economic theory, and mathematics, is a necessary, but not by itself a su¢ cient, condition for a

real understanding of the quantitative relations in modern economic life. It is the uni�cation of

all three that is powerful. And it is this uni�cation that constitutes econometrics.�

5 Illustrative Examples

Speci�cally, econometrics can play the following roles in economics:

� Examine how well an economic theory can explain historical economic data (particularly
the important stylized facts);

� Test validity of economic theories and economic hypotheses;

� Predict the future evolution of the economy.

To appreciate the roles of modern econometrics in economic analysis, we now discuss a number

of illustrative econometric examples in various �elds of economics and �nance.

5.1 The Keynes Model, the Multiplier and Policy Recommendation

The simplest Keynes model can be described by the system of equations(
Yt = Ct + It +Gt;

Ct = �+ �Yt + "t;

where Yt is aggregate income, Ct is private consumption, It is private investment, Gt is gov-

ernment spending, and "t is consumption shock. The parameters � and � can have appealing

economic interpretations: � is survival level consumption, and � is the marginal propensity to

consume. The multiplier of the income with respect to government spending is

@Yt
@Gt

=
1

1� � ;

which depends on the marginal propensity to consume �:
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To assess the e¤ect of �scal policies on the economy, it is important to know the magnitude of

�. For example, suppose the Chinese government wants to maintain a steady growth rate (e.g.,

an annual 8%) for its economy by active �scal policy. It has to �gure out how many government

bonds to issue each year. Insu¢ cient government spending will jarpedize the goal of achieving

the desired growth rate, but excessive government spending will cause budget de�cit in the long

run. The Chinese government has to balance these con�icting e¤ects and this crucially depends

on the knowledge of the value of �: Economic theory can only suggest a positive qualitative

relationship between income and consumption. It never tells exactly what � should be for a

given economy. It is conceivable that � di¤ers from country to country, because cultural factors

may have impact on the consumption behavior of an economy. It is also conceivable that �

will depend on the stage of economic development in an economy. Fortunately, econometrics

o¤ers a feasible way to estimate � from observed data. In fact, economic theory even does not

suggest a speci�c functional form for the consumption function. The linear functional form for

the consumption is assumed for convenience, not implied by economic theory. Econometrics can

provide a consistent estimation procedure for the unknown consumption function. This is called

the nonparametric method (see, e.g., Hardle 1990, Pagan and Ullah 1999).

5.2 Rational Expectations and Dynamic Asset Pricing Models

Suppose a representative agent has a constant relative risk aversion utility

U =
nX
t=0

�tu(Ct) =
nX
t=0

�t
C
t � 1



;

where � > 0 is the agent�s time discount factor, 
 � 0 is the risk aversion parameter, u(�) is
the agent�s utility function in each time period, and Ct is consumption during period t: Let

the information available to the agent at time t be represented by the �-algebra It � in the

sense that any variable whose value is known at time t is presumed to be It-measurable, and let

Rt = Pt=Pt�1 be the gross return to an asset acquired at time t�1 at a price of Pt�1: The agent�s
optimization problem is to choose a sequence of consumptions fCtg over time to

max
fCtg

E(U)

subject to the intertemporal budget constraint

Ct + Ptqt � Wt + Ptqt�1;
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where qt is the quantity of the asset purchased at time t and Wt is the agent�s period t income.

De�ne the marginal rate of intertemporal substitution

MRSt+1(�) =
@u(Ct+1)
@Ct+1

@u(Ct)
@Ct

=

�
Ct+1
Ct

�
�1
;

where model parameter vector � = (�; 
)0: Then the �rst order condition of the agent�s optimiza-

tion problem can be characterized by

E [�MRSt+1(�)Rt+1jIt] = 1:

That is, the marginal rate of intertemporal substitution discounts gross returns to unity. This

FOC is usually called the Euler equation of the economic system (see Hansen and Singelton 1982

for more discussion).

How to estimate this model? How to test validity of a rational expectations model? Here, the

traditional popular maximum likelihood estimation method cannot be used, because one does not

know the conditional distribution of economic variables of interest. Nevertheless, econometricians

have developed a consistent estimation method based on the conditional moment condition or

the Euler equation, which does not require knowledge of the conditional distribution of the data

generating process. This method is called the generalized method of moments (see Hansen 1982).

In the empirical literature, it was documented that the empirical estimates of risk aversion

parameter 
 are often too small to justify the substantial di¤erence between the observed returns

on stock markets and bond markets (e.g., Mehra and Prescott 1985). This is the well-known

risk premium puzzle. To resolve this puzzle, e¤ort has been devoted to the development of new

economic models with time-varying, large risk aversion. An example is Campbell and Cochrance�s

(1999) consumption-based capital asset pricing model. This story con�rms our earlier statement

that econometric analysis calls for new economic theory after documenting the inadequacy of the

existing model.

5.3 The Production Function and the Hypothesis on Constant Re-
turn to Scale

Suppose that for some industry, there are two inputs� labor Li and capital stock Ki; and one

output Yi; where i is the index for �rm i. The production function of �rm i is a mapping from

inputs (Li; Ki) to output Yi :

Yi = exp("i)F (Li; Ki);

where "i is a stochastic factor (e.g., the uncertain whether condition if Yi is an agricultural prod-

uct). An important economic hypothesis is that the production technology displays a constant
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return to scale (CRS), which is de�ned as follows:

�F (Li; Ki) = F (�Li; �Ki) for all � > 0:

CRS is a necessary condition for the existence of a long-run equilibrium of a competitive market

economy. If CRS does not hold for some industry, and the technology displays the increasing

return to scale (IRS), the industry will lead to natural monopoly. Government regulation is then

necessary to protest consumers�welfare. Therefore, testing CRS versus IRS has important policy

implication, namely whether regulation is necessary.

A conventional approach to testing CRS is to assume that the production function is a Cob-

Douglas function:

F (Li; Ki) = A exp("i)L
�
i K

�
i :

Then CRS becomes a mathematical restriction on parameters (�; �) :

H0 : �+ � = 1:

If a+ � > 1; the technology display IRS.

In statistics, a popular procedure to test one-dimensional parameter restriction is Student�s t-

test. Unfortunately, this procedure is not suitable for many cross-sectional economic data, which

usually displays conditional heteroskedasticity (e.g., a larger �rm has a larger output variation).

One need to use a robust, heteroskedasticity-consistent test procedure, originally proposed in

White (1980).

It should be emphasized that CRS is equivalent to the statistical hypothesis H0 : � + � = 1
under the assumption that the production technology is a Cob-Douglas function. This additional

condition is not part of the CRS hypothesis and is called an auxiliary assumption. If the auxiliary

assumption is incorrect, the statistical hypothesis H0 : �+ � = 1 will not be equivalent to CRS.
Correct model speci�cation is essential here for a valid conclusion and interpretation for the

econometric inference.

5.4 E¤ect of Economic Reforms on a Transitional Economy

We now consider an extended Cob-Dauglas production function (after taking a logarithmic op-

eration)

lnYit = lnAit + � lnLit + � lnKit + 
Bonusit + �Contractit + "it;

where i is the index for �rm i 2 f1; :::; Ng; and t is the index for year t 2 f1; :::; Tg; Bonusit is
the proportion of bonus out of total wage bill, and Contractit is the proportion of workers who

have signed a �xed-term contract. This is an example of the so-called panel data model (see,

e.g., Hsiao 2003).
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Paying bonus and signing �xed-term contacts were two innovative incentive reforms in the

Chinese state-owned enterprises in the 1980s, compared to the �xed wage and life-time employ-

ment systems in the pre-reform era. Economic theory predicts that the introduction of the bonus

and contract systems provides stronger incentives for workers to work harder, thus increasing

the productivity of a �rm (see Groves, Hong, McMillan and Naughton 1994).

To examine the e¤ects of these incentive reforms, we consider the null statistical hypothesis

H0 : 
 = � = 0:

It appears that conventional t-tests or F -tests would serve our purpose here, if we can assume

conditional homoskedasticity. Unfortunately, this cannot be used because there may well exist

the other way of causation from Yit to Bonusit : a productive �rm may pay its workers higher

bonuses regardless their e¤orts. This will cause correlation between the bonuses and the error

term uit; rendering the OLS estimator inconsistent and invalidating the conventional t-tests or

F -tests. Fortunately, econometricians have developed an important estimation procedure called

Instrumental Variables estimation, which can e¤ectively �lter out the impact of the causation

from output to bonus and obtain a consistent estimator for the bonus parameter. Related

hypothesis test procedures can be used to check whether bonus and contract reforms can increase

�rm productivity.

In evaluating the e¤ect of economic reforms, we have turned an economic hypothesis� that

introducing bonuses and contract systems have no e¤ect on productivity� into a statistical hy-

pothesis H0 : � = 
 = 0:When the hypothesis H0 : � = 
 = 0 is rejected, we should not conclude
that the reforms have no e¤ect. This is because the extended production function model, where

the reforms are speci�ed additively, is only one of many ways to check the e¤ect of the reforms.

For example, one could also specify the model such that the reforms a¤ect the marginal produ-

tivities of labor and capital (i.e., the coe¢ cients of labor and capital). Thus, when the hypothesis

H0 : � = 
 = 0 is not rejected, we can only say that we do not �nd evidence against the economic
hypothesis that the reforms have no e¤ect. We should not conclude that the reforms have no

e¤ect.

5.5 The E¢ cient Market Hypothesis and Predictability of Financial
Returns

Let Yt be the stock return in period t; and let It�1 = fYt�1; Yt�2; :::g be the information set
containing the history of past stock returns. The weak form of e¢ cient market hypothesis

(EMH) states that it is impossible to predict future stock returns using the history of past stock

returns:

E(YtjIt�1) = E(Yt):
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The LHS, the so-called conditional mean of Yt given It�1; is the expected return that can be

obtained when one is fully using the information available at time t� 1: The RHS, the uncondi-
tional mean of Yt; is the expected market average return in the long-run; it is the expected return

of a buy-and-hold trading strategy. When EMH holds, the past information of stock returns has

no predictive power for future stock returns. An important implication of EMH is that mutual

fund managers will have no informational advantage over layman investors.

One simple way to test EMH is to consider the following autoregression

Yt = �0 +

pX
j=1

�jYt�j + "t;

where p is a pre-selected number of lags, and "t is a random disturbance. EMH implies

H0 : �1 = �2 = � � � = �p = 0:

Any nonzero coe¢ cient �j; 1 � j � p; is evidence against EMH. Thus, to test EMH, one can test
whether the �j are jointly zero. The classical F -test in a linear regression model can be used to

test the hypothesis H0 when var("tjIt�1) = �2; i.e., when there exists conditional homoskedastic-
ity. However, EMH may coexist with volatility clustering (i.e., var("tjIt�1) may be time-varying),
which is one of the most important empirical stylized facts of �nancial markets (see Chen and

Hong (2003) for more discussion). This implies that the standard F -test statistic cannot be

used here, even asymptotically. Similarly, the popular Box and Pierce�s (1970) portmanteau Q

test, which is based on the sum of the �rst p squared sample autocorrelations, also cannot be

used, because its asymptotic �2 distribution is invalid in presence of autoregressive conditional

heteroskedasticity. One has to use procedures that are robust to conditional heteroskedasticity.

Like the discussion in Subsection 5.4, when one rejects the null hypothesis H0 that the �j are
jointly zero, we have evidence against EMH. Furthermore, the linear AR(p) model has predictive

ability for asset returns. However, when one fails to reject the hypothesis H0 that the �j are
jointly zero, one can only conclude that we do not �nd evidence against EMH. One cannot

conclude that EMH holds. The reason is, again, that the linear AR(p) model is one of many

possibilities to check EMH (see, e.g., Hong and Lee 2005, for more discussion).

5.6 Volatility Clustering and ARCH Models

Since the 1970s, oil crises, the �oating foreign exchanges system, and the high interest rate policy

in the U.S. have stimulated a lot of uncertainty in the world economy. Economic agents have

to incorporate these uncertainties in their decision-making. How to measure uncertainty has

become an important issue.

In economics, volatility is a key instrument for measuring uncertainty and risk in �nance. This
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concept is important to investigate information �ows and volatility spillover, �nancial contagions

between �nancial markets, options pricing, and calculation of Value at Risk.

Volatility can be measured by the conditional variance of asset return Yt given the information

available at time t� 1:

�2t � var(YtjIt�1) = E
�
(Yt � E(YtjIt�1))2jIt�1

�
:

An example of the conditional variance is the AutoRegressive Conditional Heteroskdeasticity

(ARCH) model, originally proposed by Engle (1982). An ARCH(q) model assumes that8>>>>>><>>>>>>:

Yt = �t + "t;

"t = �tzt;

�t = E(YtjIt�1);
�2t = �+

Pq
j=1 �j"

2
t�j; � > 0; � > 0;

fztg � i:i:d:(0; 1):

This model can explain a well-known stylized fact in �nancial markets� volatility clustering: a

high volatility tends to be followed by another high volatility, and a small volatility tends to

be followed by another small volatility. It can also explain the non-Gaussian heavy tail of asset

returns. More sophisticated volatility models, such as Bollerslev�s (1986) Generalized ARCH or

GARCH model, have been developed in time series econometrics.

In practice, an important issue is how to estimate a volatility model. Here, the models for

the conditional mean �t and the conditional variance �
2
t are assumed to be correctly speci�ed,

but the conditional distribution of Yt is unknown, because the distribution of the standardized

innovation fztg is unknown. Thus, the popular maximum likelihood estimation (MLE) method

cannot be used. Nevertheless, one can assume that fztg is i.i.d.N(0; 1) or follows other plausible
distribution. Under this assumption, we can obtain a conditional distribution of Yt given It�1
and estimate model parameters using the MLE procedure. Although fztg is not necessarily
i.i.d.N(0; 1) and we know this, the estimator obtained this way is still consistent for the true

model parameters. However, the asymptotic variance of this estimator is larger than that of

the MLE (i.e., when the true distribution of zt is known), due to the e¤ect of not knowing

the true distribution of zt: This method is called the quasi-MLE, or QMLE (see, e.g., White

1994). Inference procedures based on the QMLE are di¤erent from those based on the MLE.

For example, the popular likelihood ratio test cannot be used. The di¤erence comes from the

fact that the asymptotic variance of the QMLE is di¤erent from that of the MLE, just like the

fact that the asymptotic variance of the OLS estimator under conditional heteroskedasticity is

di¤erent from that of the OLS under conditional homoskedasticity. Incorrect calculation of the

asymptotic variance estimator for the QMLE will lead to misleading inference and conclusion
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(see White 1982, 1994 for more discussion).

5.7 Modeling Economic Durations

Suppose we are interested in the time it takes for an unemployed person to �nd a job, the time

that elapses between two trades or two price changes, the length of a strike, the length before a

cancer patient dies, and the length before a �nancial crisis (e.g., credit default risk) comes out.

Such analysis is called duration analysis.

In practice, the main interest often lies in the question of how long a duration will continue,

given that it has not �nished yet. The so-called hazard rate measures the chance that the

duration will end now, given that it has not ended before. This hazard rate therefore can be

interpreted as the chance to �nd a job, to trade, to end a strike, etc.

Suppose Ti is the duration from a population with the probability density function f(t) and

probability distribution function F (t): Then the survival function is

S(t) = P (Ti > t) = 1� F (t);

and the hazard rate

�(t) = lim
�!0+

P (t < Ti � t+ �jTi > t)
�

=
f(t)

S(t)
:

Intuitively, the hazard rate �(t) is the instantaneous probability that an event of interest will

end at time t given that it has lasted for period t: Note that the speci�cation of �(t) is equivalent

to a speci�cation of the probability density f(t): But �(t) is more interpretable from an economic

point of view.

The hazard rate may not be the same for all individuals. To control heterogeneity across

individuals, we assume that the individual-speci�c hazard rate depends on some individual char-

acteristics Xi via the form

�i(t) = exp(X
0
i�)�(t):

This is called the proportional hazard model, originally proposed by Cox (1972). The parameter

� =
@

@Xi

ln�i(t) =
1

�i(t)

@

@Xi

�i(t)

can be interpreted as the marginal relative e¤ect ofXi on the hazard rate of individual i. Inference

of � will allow one to examine how individual characteristics a¤ect the duration of interest. For

example, suppose Ti is the unemployment duration for individual i; then the inference of � will

allow us to examine how individual characteristics, such as age, education, gender, and etc,

can a¤ect the unemployment duration. This will provide important policy implication on labor

markets.
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Because one can obtain the conditional probability density function of Yi given Xi

fi(t) = �i(t)Si(t);

where the survival function Si(t) = exp[�
R t
0
�i(s)ds], we can estimate � by the maximum likeli-

hood estimation method.

For an excellent survey on duration analysis in labor economics, see Kiefer (1988), and for

a complete and detailed account, see Lancaster (1990). Duration analysis has been also widely

used in credit risk modeling in the recent �nancial literature.

The above examples, although not exhaustive, illustrate how econometric models and tools

can be used in economic analysis. As noted earlier, an economy can be completely characterized

by the probability law governing the economy. In practice, which attributes (e.g., conditional

moments) of the probability law should be used depends on the nature of the economic problem

at hand. In other words, di¤erent economic problems will require modeling di¤erent attributes of

the probability law and thus require di¤erent econometric models and methods. In particular, it

is not necessary to specify a model for the entire conditional distribution function for all economic

applications. This can be seen clearly from the above examples.

6 Limitations of Econometric Analysis

Although the general methodology of economic research is very similar to that of natural science,

in general, economics and �nance have not reached the mature stage that natural science (e.g.,

physics) has achieved. In particular, the prediction in economics and �nance is not as precise as

natural science (see, e.g., Granger 2001, for an assessment of macroeconomic forecasting practice).

Why?

Like any other statistical analysis, econometrics is the analysis of the �average behavior�of

a large number of realizations, or the outcomes of a large number of random experiments with

the same or similar features. However, economic data are not produced by a large number of

repeated random experiments, due to the fact that an economy is not a controlled experiment.

Most economic data are nonexperimental in their nature. This imposes some limitations on

econometric analysis.

First, as a simpli�cation of reality, economic theory or model can only capture the main or

most important factors, but the observed data is the joint outcome of many factors together, and

some of them are unknown and unaccounted for. These unknown factors are well present but their

in�uences are ignored in economic modeling. This is unlike natural science, where one can remove

secondary factors via controlled experiments. In the realm of economics, we are only passive

observers; most data collected in economics are nonexperimental in that the data collecting

agency may not have direct control over the data. The recently emerging �eld of experimental
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economics can help somehow, because it studies the behavior of economic agents under controlled

experiments (see, e.g., Samuelson 2005). In other words, experimental economics controls the

data generating process so that data is produced by the factors under study. Nevertheless, the

scope of experimental economics is limited. One can hardly imagine how an economy with 1.3

billions of people can be experimented. For example, can we repeat the economic reforms in

China and former Eastern European Socialist countries?

Second, an economy is an irreversible or non-repeatable system. A consequence of this is

that data observed are a single realization of economic variables. For example, we consider the

annual Chinese GDP growth rate fYtg over the past several years:

Y1997 Y1998 Y1999 Y2000 Y2001 Y2002 Y2003 Y2004 Y2005

9:3% 7:8% 7:6% 8:4% 8:3% 9:1% 10:0% 10:1% 9:9%
:

GDP growths in di¤erent years should be viewed as di¤erent random variables, and each vari-

able Yt only has one realization! There is no way to conduct statistical analysis if one random

variable only has a single realization. As noted earlier, statistical analysis studies the �average�

behavior of a large number of realizations from the same data generating process. To conduct

statistical analysis of economic data, economists and econometricians often assume some time-

varying "common features" of an economic system so as to use time series data or cross-sectional

data of di¤erent economic variables. These common features are usually termed as "stationar-

ity" or "homogeneity" of the economic system. With these assumptions, one can consider that

the observed data are generated from the same population or populations with similar charac-

ters. Economists and econometricians assume that the conditions needed to employ the tools of

statistical inference hold, but this is rather di¢ cult, if not impossible, to check in practice.

Third, economic relationships are often changing over time for an economy. Regime shifts and

structural changes are rather a rule than an exception, due to technology shocks and changes in

preferences, population structure and institution arrangements. An unstable economic relation-

ship makes it di¢ cult for out-of-sample forecasts and policy-making. With a structural break,

an economic model that was performing well in the past may not forecast well in the future.

Over the past several decades, econometricians have made some progress to copy with the time-

varying feature of an economic system. Chow�s (1960) test, for example, can be used to check

whether there exist structural breaks. Engle�s (1982) volatility model can be used to forecast

time-varying volatility using historical asset returns. Nevertheless, the time-varying feature of

an economic system always imposes a challenge for economic forecasts. This is quite di¤erent

from natural sciences, where the structure and relationships are more or less stable over time.

Fourth, data quality. The success of any econometric study hinges on the quantity as well as

the quality of data. However, economic data may be subject to various defects. The data may be

badly measured or may correspond only vaguely to the economic variables de�ned in the model.
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Some of the economic variables may be inherently unmeasurable, and some relevant variables

may be missing from the model. Moreover, sample selection bias will also cause a problem. In

China, there may have been a tendency to over-report or estimate the GDP growth rates given

the existing institutional promotion mechanism for local government o¢ cials. Of course, the

advances in computer technology, the development of statistical sampling theory and practice

can help improve the quality of economic data. For example, the use of scanning machines makes

every transaction data available.

The above features of economic data and economic systems together unavoidably impose

some limitations for econometrics to achieve the same mature stage as the natural science.

7 Econometric Teaching and Research in China

China started its market-oriented economic reforms in 1978, and by now, Chinese economy has

become mainly a market economy. The reforms call for the guidance of economic theory. Western

economics are relevant and useful, because it studies the market economy under the capitalist

system. However, this theory cannot be simply copied to China, because Chinese economy has its

own characteristics. For example, many large �rms are state-owned. To build an economic theory

in the Chinese context, we need to know how Chinese economy has been operating, and whether

modern economic theory can explain Chinese economic phenomena. This calls for careful and

systematic empirical studies on Chinese economy.

For close to 30 years in the pre-reform era, no mathematical courses were o¤ered to students

with economic majors in most Chinese universities, and econometrics was completely new to

Chinese economists until 1980, when the economics Nobel Prize owner, Lawrence Klein, organized

an econometrics training workshop in Summer Place in Beijing, introducing econometrics to

China. Most trainees of this workshop have become the �rst generations of econometricians in

China and have laid down a solid foundation for Chinese econometrics.

With the setup of a market economy in China in the mid-1990s, there has been a need

to know how a market economy operates. Chinese universities start to use foreign economic

textbooks, particularly on microeconomics, macroeconomics, and �nance (most with a Chinese

translation), for their graduate programs in economics and business. For some reasons, teaching

in econometrics lagged a bit. However, over the last few years, the importance of econometrics

has been increasingly recognized and there has been an increasing demand for teaching in econo-

metrics. In addition to probability and statistics, econometrics is now a required course for all

undergraduate students in economics and business. Many universities now teach econometrics

for their graduate students in economics and business as well, and some universities require that

the entrance examination for graduate students include econometrics.

Nevertheless, there exists conceptual misunderstanding of econometrics in the economic pro-
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fession in China. Many economists think that econometrics is simply a technical analytic tool

for empirical studies. The importance of econometrics as a methodology in economic research is

not fully realized. There has been no systematic training and teaching in Chinese econometrics.

In most graduate programs in economics, econometrics is simply a one-semester course. Many

students hope that they could use it skillfully in their thesis or dissertation research, including

how to use computer software in one semester or even better, in one or two weeks. They are not

aware of the conditions or assumptions under which an econometric method will be valid. As a

consequence, they often use econometric tools that are not applicable to their problems at hand.

For example, in a partial survey on the study of the e¢ cient market hypothesis of Chinese equity

markets, Chen and Hong (2003) �nd that most econometric tools used are misleading or are not

applicable because they are apparently inconsistent with the well-known empirical stylized facts

(e.g., volatility clustering) of �nancial markets.

Most empirical studies in Chinese economy are applications of simple econometric tools par-

ticularly linear regression analysis and its various extensions. These tools are simply brought

from their readings of international publications. The use of sophisticated modern econometric

tools is rare. There has been very little theoretical research in econometrics. At this stage,

econometric research in China is mainly the empirical study of Chinese economy and �nancial

markets.

Apparently, reforms in econometric teaching and research in China are needed. First, the

importance of econometrics as a �eld of economics and a fundamental methodology in economics

should be fully recognized. Econometrics is not simply a mathematical model of economic theory

plus an error term. It is a methodology to view a market economy and to conduct empirical

research in economics, as has been emphasized and explained in this article.

As a �eld of economics, econometrics is by no means a one-semester course. Like micro-

economics and macroeconomics, econometrics can be divided into two categories: namely core

courses and advanced courses. In many economic doctoral programs in North America, econo-

metrics core courses usually consist of two or three courses: (i) probability and statistics, (ii)

general econometrics, and (iii) time series econometrics. Core courses are required for doctoral

students in economics in North America. Some programs may only require two core courses,

putting time series econometrics as a advanced elective course. An outlier is University of Cali-

fornia at San Diego, which requires six quarter core courses in econometrics, taking students two

years to complete.

In China, the importance of a course on probability and statistics is not realized. Like math-

ematics, probability and statistics is an essential tool in every �eld of economics. For example,

the game theory in microeconomics and the rational expectations theory in macroeconomics use

probability theory. Of course, probability theory is most frequently used in econometrics. In

econometrics, mathematical statistics plays a key role, and the foundation of mathematical sta-
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tistics is probability theory. Therefore, without some background in probability and statistics,

one will not be able to appreciate the econometric theory, methods and techniques.

Advanced econometrics courses in North America typically include microeconometrics (dis-

crete choices models and limited dependent variables), panel data econometrics, �nancial econo-

metrics, nonparametric econometrics. Advanced econometric courses are elective for the doc-

toral programs in North America, and not every program can o¤er many advanced econometrics

courses. It depends on the expertise of its own faculty, and sometime it may invite visiting

professors to o¤er some courses. All these courses together will constitute a more comprehensive

picture of modern econometrics.

For many Chinese universities, it may be di¢ cult to o¤er so many courses in econometrics,

due to the availability of faculty in expertise. At this stage, only a few Chinese programs train

doctoral students in the �eld of econometrics in China. It is important to recruit junior faculty

from abroad who receive solid training in modern econometrics. However, perhaps the most

important reason that most Chinese universities cannot o¤er many econometric courses is the

current training mode of doctoral programs in China, which is segmented from Master programs.

Chinese doctoral students only have three years to complete their study. They can only spend

one year or a bit more on course studying. Such a three year program is a stuming block to the

systematic training of econometrics. A plausible direction of reforms is to encourage a four or �ve

year doctoral program in economics, admitting doctoral students directly from undergraduates.

Many Chinese universities have a combined Master-Doctoral program. This can be streamlined

to have a systematic training in core courses.

In North America, each department of economics has a computer lab or computing center

where popular statistical software and economic data are available and updated from time to

time. In China, relatively few resources have been devoted to computing facilities (rather than

computers), statistical software, and data. Moreover, Chinese economists and econometricians

can learn from the experience of their counterparts abroad. In U.S., economists and econometri-

cians have played an important role in collecting the microeconomic and macroeconomic data.

Examples are the well-known data sets, PSID, namely the Panel Studies of Income Dynamics

by University of Michigan, NLS, namely the National Longitudinal Surveys by Ohio State Uni-

versity, and Penn-World Tables by University of Pennsylvania. It is the right time for Chinese

economists and econometricians to help design surveys and collect high-quality data, particularly

on microeconomic levels (�rms, households, and even individuals). Such data are expected to

greatly promote empirical studies of Chinese economy and development of Chinese econometrics.

There are increasing numbers of academic seminars, conferences and symposiums on econo-

metrics in China. Yet international exchanges are rare. There is little interaction between Chi-

nese econometricians and international econometricians in terms of seminars and conferences,

although this is being changed now. It is necessary to strengthen international academic ex-
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changes in econometrics. This can provide most updated information on the frontier research in

econometrics to Chinese econometricians and economists.

8 Conclusion

In this review paper, I have discussed the philosophy and methodology of econometrics in eco-

nomic research, and the di¤erences between econometrics and mathematical economics and math-

ematical statistics. I �rst discussed two most important features of modern economics, namely

mathematical modeling and empirical analysis. This is due to the e¤ort of several generations

of economists to make economics as a science. As the methodology for empirical analysis in

economics, econometrics is an interdisciplinary �eld. It uses the insights from economic theory,

uses statistics to develop methods, and uses computers to estimate models. I then discussed the

roles of econometrics and its di¤erences from mathematics, via a variety of illustrative examples

in economics and �nance. Finally, we pointed out some limitations of econometric analysis, due

to the fact that any economy is not a controlled experiment. It should be emphasized that these

limitations are not only the limitations of econometrics, but of economics as a whole. Finally,

we discuss the current status of econometric teaching and education in China and suggest some

possibilities to improve it.
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