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Lecture Outline



1



Analysis of Economic Data Taiwan’s Macroeconomic Data Taiwan’s Microeconomic Data Taiwan’s Income Inequality Remarks



2



Simple Linear Regression Specification and Optimization Least-Squares Estimation Empirical Example
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Introduction Economic data may be compiled by government agencies (e.g. GDP and unemployment rates), collected from controlled experiments or surveys (e.g. Survey of Family Income and Expenditure), or recorded by electronic systems (e.g. stock market transaction data). Data may also be generated (simulated) using computer programs. There are cross-section data recorded across different units (agents, households, firms, or countries) at a given time point and time-series data for a given unit recorded over a period of time. We may also have a collection of cross-section data at different time points; when the units in cross section are the same across time, such data are usually referred to as panel data. Econometrics is mainly concerned with analyzing economic data based on economic theories, hypotheses, or prior beliefs. C.-M. Kuan (Finance & CRETA, NTU)
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GDP and Unemployment Rates Taiwan’s GDP data are collected and compiled by the DGBAS (Directorate General of Budget, Accounting and Statistics). Annual data since 1951 Quarterly data since 1961 Seasonally adjusted, quarterly data since 1982



Since Nov. 2014, all national income statistics have been calculated in accordance with the guideline of United Nations (2008SNA). In particular, the GDP growth rates are now computed using the chain-linked method. Taiwan’s unemployment data are also collected by the DGBAS. Monthly data since 1978 Seasonally adjusted, monthly data available from 2011 C.-M. Kuan (Finance & CRETA, NTU)
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Taiwan’s Annual GDP: 1951–2015 GDP (Billion NTD)
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GDP and its growth rates (average growth rate 7.64%) C.-M. Kuan (Finance & CRETA, NTU)
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Taiwan’s Annual Unemployment Rates: 1978–2015 (%) 7
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Unemployment rates C.-M. Kuan (Finance & CRETA, NTU)
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Taiwan’s Quarterly GDP: 1961Q1–2015Q4 GDP (Billion NTD，Seasonally unadjusted) GDP Growth Rates (%, YoY) 4500
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Seasonally unadjusted GDP and its growth rates (YoY) C.-M. Kuan (Finance & CRETA, NTU)



Lecture 1: Data & Econometrics



September 15, 2016



7 / 38



Taiwan’s SA Quarterly GDP: 1961Q1–2015Q4 GDP (Billion NTD，Seasonally adjusted) GDP Growth Rates (%, QoQ)
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Seasonally adjusted GDP and its growth rates (QoQ) C.-M. Kuan (Finance & CRETA, NTU)
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How Do We Analyze These Data?



Summary statistics: Mean, median, minimum, maximum, quartiles, standard deviation, variance, range, etc. Categorization: Based on some related variables, such as time or other macroeconomic variables. And compute summary statistics for the data in each category. Other statistical methods



C.-M. Kuan (Finance & CRETA, NTU)
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Summary Statistics of Annual GDP Growth Rates



Period



Avg.



S.d.



Max



Min



52–15



7.64



3.62



14.28



−1.57



52–59 60–69 70–79 80–89 90–99 00–09 10–15



8.67 9.85 10.86 8.48 6.63 3.81 3.88



1.76 1.83 3.83 2.56 1.24 3.25 3.53



12.00 12.63 14.28 12.70 8.36 6.52 10.63



6.17 7.05 2.67 4.80 4.21 −1.57 0.65



C.-M. Kuan (Finance & CRETA, NTU)
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Taiwan’s Annual GDP Growth Rates: 1952–2015 16



Growth Rates (%) Average (52-59, 60-69, 70-79, 80-89, 90-99, 00-09, 10-15) Max: 14.28 (1976) Min: -1.57 (2009)
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GDP and its growth rates (with 10-year averages) C.-M. Kuan (Finance & CRETA, NTU)
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Summary Statistics of Annual Unemployment Rates



Period



Avg.



S.d.



Max



Min



78–15 80–89 90–99 00–09 10–15



3.00 2.07 2.04 4.41 4.29



1.34 0.60 0.61 0.79 0.50



5.85 2.91 2.92 5.85 5.21



1.23 1.23 1.45 2.99 3.78
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Taiwan’s Annual Unemployment Rates: 1978–2015 7
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Unemployment rates (with 10-year averages) C.-M. Kuan (Finance & CRETA, NTU)
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Statistics of Quarterly GDP Growth Rates (YoY)



Period



Avg.



S.d.



Max



Min



62Q2–15Q4
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4.40



17.26



−7.88
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Quarterly GDP Growth Rates (YoY): 1962Q2–2015Q4 20



Growth Rates (%, YoY) Average (62-69, 70-79, 80-89, 90-99, 00-09, 10-15) Max: 17.26 (1978Q3) Min: -7.88 (2009Q1)
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GDP growth rates (YoY) with 10-year averages C.-M. Kuan (Finance & CRETA, NTU)
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Statistics of SA Quarterly GDP Growth Rates (QoQ)



Period



Avg.



S.d.



Max



Min



82Q2–15Q4
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−1.76 −1.61 −3.67 −1.58
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SA Quarterly GDP Growth (QoQ): 1982Q2–2015Q4 8



Growth Rates (%, QoQ) Average (82-89, 90-99, 00-09, 10-15) Max: 7.01 (2009Q4) Min: -3.67 (2008Q3)
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SA GDP growth rates (QoQ) with 10-year averages C.-M. Kuan (Finance & CRETA, NTU)
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Manpower Utilization Survey



Manpower utilization survey is conducted with Manpower survey in every May by the DGBAS. Individuals above 15 in every household were surveyed. Approximately 20,000 households, 60,000 individuals were surveyed each time.



In 2010, there were 11,561 males and 9,348 females surveyed. The questions in the survey include: work status, working hours, earning, education level, etc.



C.-M. Kuan (Finance & CRETA, NTU)
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Summary Statistics of log(wage)



Avg 5.13



S.d. 0.44



Max 7.46



Min 2.82
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C.-M. Kuan (Finance & CRETA, NTU)
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Male Wage vs. Education Level: 2010 ●
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Female Wage vs. Education Level: 2010 ●



●



●



● ●



6



●



● ● ● ●



●



●



●



● ● ● ● ● ● ●



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



log(Wage)



● ● ● ●



5



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



● ● ● ● ●



● ● ●



● ● ●



● ●



● ● ● ● ● ● ● ● ●



●



●



● ●



● ● ● ● ● ● ●



●



●



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●



●



Years of Education



● ● ●



20



● ● ●



15



● ●



10 ●



● ● ●



● ●



● ●



● ●



4



●



●



●



●



10



15



20



Years of Education



Partial sample of 500 observations C.-M. Kuan (Finance & CRETA, NTU)



Lecture 1: Data & Econometrics



September 15, 2016



21 / 38



Male Wage vs. Working Experience: 2010 ●
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Partial sample of 500 obs; experience = age − education years − 6 C.-M. Kuan (Finance & CRETA, NTU)
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Female Wage vs. Working Experience: 2010 ●
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Taiwan’s Gini Coefficient and Oshima Index: 1964–2015 Two leading indices for income inequality are: Gini coefficient and Oshima index (income ratio of the high and low income groups). Oshima Index
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Summary Statistics of Gini Coefficient and Oshima Index



Index



Stat.



70–14



70–79



80–89



90–99



00–09



10–15



Gini Coefficient



Avg S.d. Max Min



0.31 0.02 0.35 0.28



0.29 0.00 0.29 0.28



0.29 0.01 0.30 0.28



0.32 0.01 0.33 0.31



0.34 0.01 0.35 0.33



0.339 0.003 0.342 0.336



Oshima Index



Avg S.d. Max Min



5.26 0.76 6.39 4.17



4.34 0.16 4.58 4.18



4.50 0.26 4.94 4.17



5.34 0.16 5.51 4.97



6.06 0.23 6.39 5.55



6.11 0.06 6.19 6.05
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Taiwan’s Gini Coefficient: 1980–2015 Gini Coefficient Average (80-89, 90-99, 00-09, 10-15) 0.35



Max: 0.35 (2001) Min: 0.28 (1980)
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Gini coefficients with averages C.-M. Kuan (Finance & CRETA, NTU)
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Taiwan’s Income Distributions



Real income distributions (left) and their standardized versions (right) C.-M. Kuan (Finance & CRETA, NTU)
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Summary Statistics of Some Household Characteristics



Variable



Group



1980



1990



2000



2005



Saving rate



Lowest 20% Highest 20%



0.155 0.378



0.095 0.359



0.076 0.275



−0.001 0.270



Age of Head



Lowest 20% Highest 20%



43.9 43.0



51.3 43.3



58.4 45.1



61.7 45.8



Size of Household



Lowest 20% Highest 20%



3.66 5.67



2.66 4.96



1.93 4.50



1.87 4.24



Note: All numbers in the columns 3–6 are the averages of the observations in a particular group.
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Age Distributions of the Head of Household
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A Summary



The average age of the head of household in the lowest income group has increased from 43.9 in 1980 to 61.7 in 2005, whereas that in the highest income group remains stable (43.0–45.8). The size of household in the lowest income was 1.87 in 2005, about half of that in 1980, whereas that in the highest income group was 4.24 in 2005, only 20% smaller than that in 1980. Given very different household characteristics in 25 years, an analysis of income inequality should take these characteristics into account.
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Remarks



Summary statistics tell us some features of the data but can not reveal the relation between different variables. More interesting stories may be told by studying how a variable is affected by other “relevant” variables. In the previous examples, these “relevant” variables may be time, education level, working experience, or the age of the head of household, etc. Economists are primarily interested in understanding in finding “patterns” or “regularities” between economic variables . To this end, one may analyze the variable of interest, conditional on other economic variables. This is precisely what econometrics does.
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Linear Specification Given the variable of interest y , we are interested in finding a function of another variable x that can characterize the systematic behavior of y . y : Dependent variable or regressand x: Explanatory variable or regressor Specifying a linear function of x: α + βx with unknown parameters α and β The non-systematic part is the error: e(α, β) = y − (α + βx). Together we write: y=



α + βx + e(α, β) . | {z } | {z } error linear function
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For the specification α + βx, the objective is to find the “best” fit of the data (yt , xt ), t = 1, . . . , T . 1



Minimizing a least-squares (LS) criterion function wrt α and β: QT (α, β) :=



T 1 X (yt − α − βxt )2 . T t=1



2



Minimizing a least-absolute-deviation (LAD) criterion wrt α and β: T 1 X |yt − α − βxt |. T t=1



3



Minimizing asymmetrically weighted absolute deviations:   X X 1  θ |yt − α − βxt | + (1 − θ) |yt − α − βxt | , T t:yt >α+βxt



t:yt 


with 0 < θ < 1. C.-M. Kuan (Finance & CRETA, NTU)
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Least-Squares Estimation The first order conditions (FOCs) of LS minimization are: T ∂QT (α, β) 2 X =− (yt − α − βxt ) = 0, ∂α T



∂QT (α, β) 2 =− ∂β T



t=1 T X



(yt − α − βxt )xt = 0.



t=1



The solutions are known as the ordinary least squares (OLS) estimators: PT (yt − y¯)(xt − x¯) ˆ βT = t=1 , PT ¯)2 t=1 (xt − x α ˆ T = y¯ − βˆT x¯.
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The estimated regression line is yˆ = α ˆ T + βˆT x, which is the linear function evaluated at α ˆ T and βˆT , and eˆ = y − yˆ is the error evaluated at α ˆ T and βˆT and also known as residual. The t-th fitted value of the regression line is yˆt = α ˆ T + βˆT xt . ˆ The t-th residual is eˆt = yt − yˆt = et (ˆ αT , βT ). No other linear functions of the form a + bx can provide a better fit of the data in terms of sum of squared errors.



βˆT characterizes the the predicted change of y , given a change of one unit of x, whereas α ˆ T is the predicted y without (the information of) x. Note that the OLS method requires no assumption on the data, except that xt can not be a constant.
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Algebraic Properties Substituting α ˆ T and βˆT into the FOCs: T 1 X (yt − α − βxt ) = 0, T t=1



T 1 X (yt − α − βxt )xt = 0, T t=1



we have the following algebraic results: PT PT −1 ˆ T − βˆT xt ) = 0. t=1 eˆt = T t=1 (yt − α PT P T −1 ˆ T − βˆT xt )xt = 0. t=1 eˆt xt = T t=1 (yt − α PT PT ˆt , so that y¯ = y¯ ˆ=α ˆ T + βˆT x¯. t=1 yt = t=1 y Thus, the positive and negative residuals must cancel out, and the estimated regression line must pass the point (¯ x , y¯).
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Analysis of Suicide Rate: 1981–2013
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Suppose we want to know how the suicide rate (s) in Taiwan can be explained by unemployment rate (u), GDP growth rate (g ), or time (t). The suicide rate is 1/100000, whereas unemployment rates and GDP growth rates are in percentages. Data (1981–2013): s¯ = 12.05 with s.d. 3.91; g¯ = 5.64 with s.d. 3.16; u¯ = 3.09 with s.d. 1.33. Estimation results: sˆt sˆt sˆt sˆt sˆt



= 15.11 − 0.54 gt , = 15.56 − 0.61 gt−1 , = 4.40 + 2.48 ut , = 4.84 + 2.40 ut−1 , = 7.40 + 0.27 t,
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R¯ 2 R¯ 2 R¯ 2 R¯ 2 R¯ 2



= 0.17; = 0.21; = 0.70; = 0.68; = 0.44.
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