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What is econometrics? 
•  Econometrics = economic measurement  
•  We use economic data to estimate economic relationships, test economic 

hypotheses, and predict economic outcomes.  
•  We are interested in causal relations among variables by studying how 

much a change in one variable affects another variable, holding all the 
other relevant factors constant.  

Very hard for social 
science studies!!! But, 
Econometrics provides 
possible designs and 
techniques.  

ΔX à ΔY  
•  direction (signs) 
•  magnitude (size) 

Causal vs. Non-causal 
Causal: one variable has a direct influence on the other. 

 
 
 

Non-causal: two variables can be related to each other        
without either variable directly affecting the values of 
the other. 

 



what is econometrics? (cont.) 

Causal vs. Non-causal (cont.) 
 

A positive correlation between the number of 
churches and the number of deaths from cancer. 
 
Q: Is it a causal relationship? 

A: No!!!  
The size of the towns is a lurking variable since 
larger towns have more churches and also more 
deaths. 
Clearly decreasing the number of churches in a 
town will not reduce the number of deaths from 
cancer.   

Wrong policy implication!!! Harmful!!! 



what is econometrics? (cont.) 

Causal vs. Non-causal (cont.) 
 



What is econometrics about? 

How important variables are related to each other, for example 
Consumption = f (income)  

which says the level of consumption is some function of income. 

Economics 
theory  

Economic theory does not claim to be able to 
predict the specific behavior of any individual 
or firm, but rather it describes the average or 
systematic behavior of many individuals or 
firms!!! 

The actual RMB spent for each individual i is the sum of this 
systematic part and a random and unpredictable component ε. 

Consumptioni = f (incomei) + εi 
random error 

Econometric 
model  

Note: Econometrics is about how we can use theory and data from economics, business, and 
the social sciences, along with tools from statistics, to answer “how much” type questions.  

systematic part 



An economic model  

Q: How to use a sample of data to quantify relationships between two variables? 
A: A regression model!!! 

Ex 1: Engel Curve  
Economic theory depicts that the relation between income and expenditure when 
prices are held constant  
 
 
 
 
 
 
 
 
What will be the relationship between income and expenditure in terms of food 
consumption in the real world? 
 
     

Necessities Inferior goods Luxuries 



An economic model (cont.) 

Ex 1: Engel Curve (cont.)  
What will be the relationship between income and food expenditure in general? 
 
 
 
 
 
 
 
 
 
 
 
As you may see, individuals may have different tastes and thus their food choice might be 
different. Then, how to find out in general how much more one is willing to spend on food 
consumption with additional 1,000 RMB of income?     
 
 
  

fine cuisine--seafood  our national dish??? campus cafeteria 

Δincome à Δfood_exp  



An economic model (cont.) 
Ex 1: Engel Curve (cont.)  
    Suppose that we are interested in studying the relationship between household 
income and expenditure on food. Consider the “experiment” of randomly 
selecting household from Shanghai (population).  
 
 
 
    For the present, suppose that we are interested only in households with an 
income of 1,000 RMB per week. In this experiment we randomly select a number 
of households from this population and interview them. “How much did you 
spend per person on food last week?”  
    The answer will vary from one household to another for a variety of reasons.  
 
 
 
 
 
 
 
  

For each individual, the probability of being 
chosen is the same as others. No one is more likely 
to be chosen than the others.  

Left graph is a conditional probability density function 
(pdf) for weekly food expenditure, y, since it is 
“conditional” upon household income x=1000 RMB.  
 
Conditional mean: E(y|x=1000)= µy|x 
Conditional variance: var(y|x=1000)= σ2 
 



An economic model (cont.) 
Ex 1: Engel Curve (cont.)    
 Economic theory suggests that average weekly per person household expenditure 
on food, represented mathematically by the conditional mean, E(y|x=1000)= µy|x, 
depends on household income x.  
    If we consider households with different levels of income, we expect the 
average expenditure on food to change.  
 
 
 
     
 
 
 
 
 
 
  

Left graph shows the probability density 
functions of food expenditure for two different 
levels of weekly income, 1000 & 2000 RMB.  
 
Each conditional pdf  f(y|x) shows that 
expenditure will be distributed about a mean 
value µy|x, but the mean expenditure by 
households with higher income is larger than the 
mean expenditure by lower income households.  



An economic model (cont.) 
Ex 1: Engel Curve (cont.)    
   If we assume a linear relationship between consumption and income. The 
mathematical representation of our economic model of household food 
expenditure, is  

E(y|x)=µy|x=β1+β2 x 
 
where βs are unknown regression parameters (population parameter) we need to estimate.   
 
 
     
 
 
 
 
 
 
  

Interpretation: if income increases 
byΔx, on average food expenditure 
will increase by ΔE(y|x).  

regression function 



An econometric model 
If we sampled household expenditures at 
different income levels, we would expect that  
 

at each level of income the mean, or 
average, value of household expenditure is 
given by the regression function 
E(y|x)=β1+β2x, and that 
 
the sample values will be scattered around 
the mean value at each level of income.  

Introduce the error term 
The essence of regression analysis is that any observation on the dependent variable y 
can be decomposed into two parts: a systematic component and a random component.  

 
 y = E(y|x) + ε = β1+ β2x + ε 

regression model 

Simple linear regression model 
simple: there is only one explanatory variable (independent variable), x. 
linear: in terms of βs. All βs are not transformed in any way.  



An econometric model (cont.) 

Introduce the error term (cont.) 
The random error term, ε, and the dependent variable, y, are both random variables. 
However, y is “observable” and ε is “unobservable.” Since the regression parameters β1  
and β2 are never known, it is impossible to calculate by ε = y - β1- β2x. 
  

What comprises the error term? 
The random error represents all factors affecting y other 
than x. These factors cause individual observations y to 
differ form the mean value E(y)=β1+ β2x. 
 
To be specific, the error term can be resulted from 
1.  any other economic factors that affect expenditures 

on food; 
2.   any approximation errors due to linear model 

assumptions; and  
3.  unpredictable random behavior of each individual. 



Estimate the regression parameters 

statistics summary  

a scatter plot 

   We would expect the regression line E(y) = β1+ β2x to 
be somewhere in the middle of all the data points since 
it represents mean, or average, behavior. To estimate β1 
and  β2 we could simply draw a freehand line through 
the middle of the data and then measure the slope and 
intercept with a ruler. However, different people would 
draw different lines, and it lacks a formal criterion, 
which makes it difficult to assess the accuracy of the 
method.   
    It would be better if we could devise a rule that uses 
all information from all the data points.  



The least squares principle 

To estimate β1 and β2 we want a rule, or formula, that tells us how to make use of the 
sample observations. Many rules are possible, but the one that we will use is based on 
the least squares principle.  

We will talk about the reason later!!! 

This principle asserts that to fit a line to the data 
values we should make the sum of the squares of 
the vertical distances from each point to the line 
as small as possible.  
 
Let b1 and b2 be the OLS estimates of β1 and β2. 
The fitted line it self is then ŷi = b1+ b2xi. 
 
The vertical distances from each point to the fitted 
line are the least squares residuals. They are given 
by  

êi = yi - ŷi =  yi – b1– b2x 



The least squares principle (cont.) 

Given the sample observation on y and x, we want to find estimates b1 and b2 for the 
unknown parameters β1 and β2 that minimize the “sum of squares” function 
 
 
 
 
This is a straightforward calculus problem. The formulas for the least squares estimates 
of  β1 and β2 that give the minimum of the sum of squared residuals are  
 
 
 
 
 
where                               are the sample means of the observations on y and x.          

Least square estimators are general formulas and are random variables. 
Least squares estimates are numbers that we obtain by applying the general formulas to 
the observed data.  



Estimates for the food expenditure function 

Using the least squares estimators, we can obtain least squares estimates in the food 
expenditure example.   
 
 
 
 
 
 
 
 
 
 
 
 
 
The fitted regression line is given by  
 
                                  

OLS estimates 

!! = 83.42+ 10.21!! 	



Interpreting the estimates 

Using the least squares estimators, we can obtain least squares estimates in the food 
expenditure example.   
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One of the characteristics of the fitted line 
based on the least squares estimates is that it 
passes through the point defined by the 
sample mean. 
 
The slope estimate: 
We estimate that if weekly household income goes 
up by 100 RMB, expected weekly expenditure on 
food will increase by approximately 10.21 RMB. 
(In this example, no other factors are holding 
constant.)  
 
The intercept estimate tells us the weekly 
food expenditure for a household with zero 
income. However, we have no observations 
in the region where income is zero. It might 
be risky to take this estimate literally.  
 



Why OLS estimator? A preview  

We would like to know the expected (average) behavior in 
the population. However, the parameters βs are unknown. 
We use randomly selected samples from the population to 
estimate them. Assume we are able to repeat the sampling 
n times and thus obtain n samples. 

Form the n  samples, 
we will obtain n sets of 
OLS estimates.  

The OLS estimator is unbiased. 
That is, its expected value 
equals the true parameter value 
β2. It also provides greater 
sampling precision among all 
linear unbiased estimator.  

population 

y = β1+ β2x   
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