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• Doi Moi economic reforms ⇒ Vietnam from one of the world’s poorest country
to a lower middle-income country

• Two majors features:

1. Gross National Income: 431 in 1989 ↑ 1691 in 2016 (USD of 2010, World
Bank)

2. Poverty rate: 58% in 1993 ↓ 12% in 2011.

• But, at the same time, “nutrition transition”.

• Your first reaction: nutrition transition = question for nutritionist and epide-
miologists, not for economists.

• But, what we have observed in developed countries: nutrition transition and
epidemics (obesity, non communicable diseases) ⇒ costs for the health sector
and the economy in general.

• Nutrition transition → questions: economic determinants, nutritional policy
efficiency. . .

• Literature at the crossroads of development economics, food economics, health
economics. . .

• Aim of my presentation: How applied econometrics can provide quantified
insights on this transition in Vietnam, using techniques at the frontier of the
discipline.
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• A project I began five years ago, thanks to a joint funding program of INRA and
CIRAD: GloFoodS.

• I am an econometrician, not a nutritionist.

• Collective work with

• Christine Thomas Agnan, Professor of Statistics, TSE, Toulouse.

• Huong Trinh thi, PhD student, INRA-TSE, Toulouse.

• Joanna Morais, former PhD student, TSE, Toulouse, and now Data
Scientist Consultant, BVA, Paris.
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Some appetizers
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Nutrition transition

Nutrition transition refers to the changes in the composition and
structure of the diet, usually accompanied by changes in physical
activity levels (Popkin, 1993 and 1994).

For the public at large:
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Nutrition transition

Urbanization, economic growth, technological changes for work, leisure,  

& food processing, mass media growth 

Source: Popkin 2002 revised 2006.  
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Nutrition transition

From more food to different foods: the dietary transition by region, 1961–2011

(Masters et al., 2016)
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Nutrition transition

Source: Masters et al. (2016)
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An example: France

Evolution of the energy intake structure in France in the long term

(Combris, 2006)
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An example: France

Evolution of the level of energy supply in France in the long term

(Combris, 2006)
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An example: France

Evolution of the level of energy supply in France from 1961 to 2000

(Combris, 2006)
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Some stylized facts for Vietnam

Trends in food expenditures from 2004 to 2014

(Trinh Thi et al., 2018)
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Some stylized facts for Vietnam

Trends in calories intakes from 2004 to 2014

(Trinh Thi et al., 2018)
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Some stylized facts for Vietnam

Trends in macronutrient shares from 2004 to 2014

(Trinh Thi et al., 2018)
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Some stylized facts for Vietnam

The trend of overweight and obesity in adult population from 1993 to 2015

(Nguyen and Hoang, 2018)
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Some stylized facts for Vietnam

Non communicable diseases: Vietnam and France profiles (WHO, 2014)

 
 

Adult risk factors: Male Female Total
Current tobacco smoking (%) (2011) 46 (39) 2 (32) 6.6 (36)
Total alcohol consumption, in liters of pure alcohol (2010) 12.1 (17.8) 0.2 (7.1) 6.6 (12.2)
Raised blood pressure (%) (2008) 25.7 (33.5) 20.5 (22.5) 23.1 (27.1)
Obesity (%) (2008) 1.2 (19.1) 2.1 (17.4) 1.7 (18.2)
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Some stylized facts for Vietnam

The prevalence of selected NCD risk factors for adults aged 25-64 years

(Nguyen and Hoang, 2018)

2010 2015
Both sexes Males Females Both sexes Males Females

Physiological and metabolic risk factors

Overweight (BMI ≥ 25kg/m2) 12.0 12.5 11.4 17.5 16.9 18.1

High blood pressure1 19.2 23.1 15.5 20.3 24.7 16.1

Impaired fasting blood glucose2 3.6 3.9 3.1 1.6 2.0 1.2

Diabetes mellitus3 2.7 2.8 2.6 4.1 4.6 3.6

Elevated blood cholesterol4 30.1 27.8 32.3 32.4 27.9 36.1
Behavioral factors

Low level of physical activity5 28.7 26.4 30.8 26.1 19.0 32.6
Drank alcohol in the past 30 days 37.0 69.6 5.6 44.8 80.3 11.2

Consume < 5 servings of fruit 80.4 80.2 80.6 57.2 63.2 51.5
and/or vegetables per day

Ever smokers 29.6 59.4 1.7 . . .
Smoke tobacco daily 28.2 56.5 1.7 . . .

Notes
1: Systolic blood pressure ≥ 140 and/or diastolic blood pressure ≥ 90 mmHg, or currently on medication
2: Whole blood value ≥ 6.1 mmol/L (or 110 mg/L) but < 7.2 mmol/L (or 126 mg/L
3 Whole blood value ≥ 7.2 mmol/L or currently on medication
4 Total cholesterol ≥ 5.0 mmmol/L (or 190 mg/dl) or currently on medication
5 Level of physical activity < 600 MET-min per week
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Some stylized facts for Vietnam

Nutritional situation of children in 2011: double burden of undernutrition

and overnutrition (Le Nguyen et al., 2013)
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Nutrition policy: Institutional framework

• “National Nutrition Strategy for 2011-2020, with a vision toward 2030”

(Ministry of Health, 2012) → Various objectives ⊃

1. To reduce the proportion of households with low calorie intake (below
1800 Kcal) to 5%

2. To reach a proportion of households equal to 75% in 2020, with a
balanced diet: (Protein: 14%; Lipid: 18%; Carbohydrates: 68%)

• Tools: specific food and nutrition interventions to improve the nutritional status
of target groups with a focus on mothers and children, and a priority to the
poor, disadvantaged and ethnic minorities areas.

• Nothing about income based policies (subsidized prices for basic foodstuffs or
cash transfers)
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Thirsty?
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VHLSS

• Vu, Linh Hoang (2008). Essays on the economics of food production and con-
sumption in Vietnam. University of Minnesota, PhD Thesis.

↓

VietnamHousehold Living Standard Survey, or VHLSS
(General Statistical Office of Vietnam and World Bank)

• Every two years since 2002: 8 surveys.

• VHLSS ⊃ Household Consumption Expenditure Survey.

• HCES: Deaton (1997), Smith et al. (2014) and a recent Special Issue of Food
Policy (Zezza et al., 2017).
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From Dongs and kilograms to kilo-calories

• Vietnamese Food Composition Table (National Institute of Nutrition, Ministry
of Health, 2007):

VHLSS ⊃ expenditures and/or quantities for 56 food items

↓

Total energy intake → per capita calorie intake

↓

Energy intakes coming from macronutrients (Protein, Fat, and Carbohydrates)

• Remarks:

1. Per capita = adult equivalent → OECD rules, Aguiar and Hurst (2013)
2. Calorie availability = calorie intake + leakages (≥ 0) (Bouis and Haddad,

1992, and Muth et al., 2011)
3. Quality of the diet → micronutrient intakes (General Nutrition Survey)
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Main course
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• Three contributions:

1. Estimating the calorie intake - income relationship

2. Analyzing the evolution of macronutrients consumption between 2004 and
2014

3. Analyzing the evolution of nutritional diet between 2004 and 2014

• Three contributions → some empirical insights on nutrition transition in
Vietnam

• Ms. H. Trinh Thi’s PhD thesis in Applied Mathematics, University of Toulouse
(defense: July 9th 2018): “Adapting recent statistical techniques to the study
of nutrition in Vietnam.” (Co supervisor: Christine Thomas-Agnan).
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Calorie-income relationship

• Banerjee (2016): Policies aimed at reducing starvation and redressing nutrition
deficiencies.

• Income based policies
↓

Assumption that nutrition (calorie intake) is conditioned by income.

• Banerjee (2016): Issue of the measurement of calorie intake - income elasticity

↓

Meta-analyzes: Ogundari and Abdulai (2013), Santeramo and Shabnamb
(2015), and Zhou and Yu (2015)

↓

Controversial results (discussions tracing back to Bouis and Haddad, 1992).
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Calorie-income relationship

The changes in calorie consumption and calorie-income elasticity with income

dynamics (Zhou and Yu, 2014)
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Calorie-income relationship

• Contribution to the literature studying calorie intake - income relationship using
household-level data:

Trinh Thi, Simioni, and Thomas-Agnan (2018): “Assessing the nonlinearity of
the calorie-income relationship: an estimation strategy - With new insights on
nutritional transition in Vietnam,” World Development.

• Methodological contribution: Revisit the issue of the choice of a functional form

for the calorie intake - income relationship

1. Estimate parametric and semiparametric specifications: Generalized Addi-
tive Models (Wood, 2017).

2. Choose among these alternative specifications: Revealed Performance
Test (Racine and Parmeter, 2014).

3. Compare changes over time in the relationship between calorie intake and
income in Vietnam: Decomposition methods (Fortin et al., 2011)

4. Testing exogeneity if income (Blundell and Horowitz, 2007)

• Empirical contribution: New insights on nutritional transition in Vietnam

Methodology
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Calorie-income relationship

Year Model GAMGauId GAMGauLog GAMGamLog Choice
DLM -11.64*** -10.20*** -14.70***

2004 GAMGauId 4.67*** -7.78*** DLM
GAMGauLog -11.89***
DLM 17.14*** 12.79*** 9.3***

2006 GAMGauId -19.6*** -29.49*** GAMGauId
GAMGauLog -11.9***
DLM 62.38*** 21.77*** 13.67***

2008 GAMGauId -87.88*** -95.8*** GAMGauId
GAMGauLog -19.98***
DLM 19.26*** -10.02*** -16.74***

2010 GAMGauId -73.06*** -79.93*** GAMGauId
GAMGauLog -15.04***
DLM 58.25*** 2.41* -5.34***

2012 GAMGauId -164.72*** -149.59*** GAMGauId
GAMGauLog -16.28***
DLM 70.01*** -23.97*** -49.93***

2014 GAMGauId -174.34*** -163.31*** GAMGauId
GAMGauLog -31.15***

Note: ?, ??, and ??? mean significant at 10%, 5%, and 1%, respectively
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Calorie-income relationship

Estimated calorie-income relationships from 2004 to 2014 (Trinh et al., 2018)
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Calorie-income relationship

A byproduct: Decomposition of average per capita calorie intake difference

(Trinh et al., 2018)
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Exogeneity of total expenditure

Year Base case Bandwidth sensitivity
0.80 1.25 1.50

(1) (2) (3) (4)

2004 0.1070 0.0867 0.1419 0.1902
2006 0.3273 0.3067 0.3701 0.4118
2008 0.0053 0.0045 0.0061 0.0084
2010 0.1911 0.1742 0.2320 0.3019
2012 0.3897 0.3505 0.4244 0.4749
2014 0.3417 0.2589 0.4803 0.6615
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Macronutrients consumption between 2004 and 2014

What we observe: Densities of per capita calorie intake, total and by macronutrient
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Macronutrients consumption between 2004 and 2014

What we observe: Population changes between 2004 and 2014
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Macronutrients consumption between 2004 and 2014

• Question:

• Outcome Y : calorie intake (total or by macronutrient) with distributions
F 2014
Y and F 2004

Y .

• Object of interest:

∆ν
Y = ν(F 2014

Y )− ν(F 2004
Y )

where ν(.) measures a feature (mean, median, quantile. . . ) of the consi-
dered distribution.

• How the observed difference ∆ν
Y is related to differences between F 2004

X ,
and F 2014

X , the joint distributions of covariates in 2004 and 2014?

• Decomposition methods in economics (Fortin et al., 2011)

↓

Trinh Thi, Simioni, and Thomas-Agnan (2018): “Decomposition of changes in
the consumption of macronutrients in Vietnam between 2004 and 2014,”
submitted.
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Macronutrients consumption between 2004 and 2014

• Decomposition methods (1):

1. Contributions to economic growth (Solow, 1957)

2. Labor economics: Oaxaca (1973) and Blinder (1973)

3. Many developments (Fortin et al., 2011) ⊃ Rothe (2015)

• Decomposition methods (2):

1. Basic idea: Total variation = structure effect + composition effect

2. Main tools: Conterfactuals or

For example: F
2004|2014
Y , i.e. what would have been the distribution of

outcome in 2004 if the covariates had been distributed as in 2014. Then

∆
ν
Y =

(
ν
(
F

2014
Y

)
− ν

(
F

2004|2014
Y

))
+
(
ν
(
F

2004|2014
Y

)
− ν

(
F

2004
Y

))
3. Decompose decomposition effect with respect to each covariate

• Rothe (2015) → Semiparametric approach using copulas (Sklar, 1959):

Composition effect = Direct effects + interactions + dependence effects

Methodology
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Macronutrients consumption between 2004 and 2014

Total differences, composition and structure effects (Trinh Thi et al., 2018)

mean Q10 median Q90

K
ca

lo
ri

e

0
5

0
0

1
0

0
0

Per capita calorie intake

mean Q10 median Q90

K
ca

lo
ri

e

−
2

0
0

0
2

0
0

4
0

0
6

0
0

Fat

Difference
Structure
Composition

mean Q10 median Q90

K
ca

lo
ri

e

−
2

0
0

0
2

0
0

4
0

0
6

0
0

Protein

mean Q10 median Q90

K
ca

lo
ri

e

−
2

0
0

0
2

0
0

4
0

0
6

0
0

Carbohydrates

Michel Simioni (INRA) The Nutrition Transition in Vietnam VEAM, Hanoi, June 2018



Introduction Data Recent contributions Perspectives References Appendix 1. Appendix 2.

Macronutrients consumption between 2004 and 2014

Direct contributions to the composition effects (Trinh Thi et al., 2018)
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Nutritional diet from 2004 and 2014

• So far:

Total energy intake → calorie-income relationship

↓

Energy intakes coming from macronutrients (Protein, Fat, and Carbohydrates):
Main drivers of their evolution between 2004 and 2014

• But, national nutritional strategy → “ideal” balanced diet:
(Protein: 14%; Lipid: 18%; Carbohydrates: 68%)

• Focus on a new object: vector of shares, i.e. (SP , SF , SC) with
SP + SF + SC = 1

• Statistical tools: COmpositional Data Analysis (Pawlowsky-Glahn and
Buccianti, 2011, and Pawlowsky-Glahn et al., 2015)

• Trinh Thi, Morais, Thomas-Agnan and Simioni (2018). “Relations between
socio-economic factors and nutritional diet in Vietnam from 2004 to 2014: new
insights using compositional data analysis.” Statistical Methods in Medical
Research.
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Nutritional diet from 2004 and 2014

From Joanna Morais’s PhD thesis defense slides (October 2017):
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Nutritional diet from 2004 and 2014

Plot centers in 2004 and 2014 compared to the “ideal” diet balance (SP=14%,

SF=18%,SC=68%) in ternary diagram in the simplex and in ILR coordinates.
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Introduction Data Recent contributions Perspectives References Appendix 1. Appendix 2.

Nutritional diet from 2004 and 2014

Boxplots of macronutrients log–ratio of shares by year. The line shows the value

corresponding to the ideal diet for each log–ratio of share.
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Nutritional diet from 2004 and 2014

Estimated coefficients when S∗1 = 2√
6

log SC√
SF SP

(Carbohydrate against other

shares) is the response

Estimator Description 2004 2006 2008 2010 2012 2014
Constant 2.722*** 2.561*** 2.505*** 2.369*** 2.269*** 2.136***
log(Exp) food expenditure -0.265*** -0.241*** -0.232*** -0.214*** -0.194*** -0.182***

per year (US$)
(in log)

Urban Rural 0.064*** 0.069*** 0.093*** 0.072*** 0.045*** 0.037***
HSize 3 people 0.178*** 0.142*** 0.152*** 0.135*** 0.119*** 0.115***

4 people 0.250*** 0.212*** 0.232*** 0.2*** 0.187*** 0.16***
5 people 0.320*** 0.281*** 0.301*** 0.271*** 0.24*** 0.212***
≥ 6 people 0.423*** 0.36*** 0.384*** 0.345*** 0.305*** 0.27***

Ethnic Minorities 0.067*** 0.05*** 0.061*** 0.049*** 0.053*** 0.069***
Gender Female -0.020*** -0.027*** -0.025*** -0.028*** -0.035*** -0.031***
Educ Secondary, High -0.024*** -0.019*** -0.018*** -0.033*** -0.024*** -0.014*

school
University -0.071*** -0.047*** -0.063*** -0.061*** -0.063*** -0.035**

Area Midlands Northern 0.001 0.011 0.03*** 0.038*** 0.042*** 0.055***
Mountains
Northern Central 0.02** 0.048*** 0.033*** 0.076*** 0.098*** 0.129***
Coast
Central Highlands 0.011 0.05*** 0.042*** 0.096*** 0.095*** 0.128***
South East -0.020* 0.009 -0.007 0.025 ** 0.036*** 0.048***
Mekong River Delta 0.014* 0.044*** 0.057*** 0.064*** 0.061*** 0.142***
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Nutritional diet from 2004 and 2014

Estimated coefficients when S∗2 = 1√
2

log SF
SP

(Fat against Protein) is the response.

Constant -0.719*** -0.524*** -0.276*** -0.455*** -0.380*** -0.139***
log(Exp) food expenditure 0.147*** 0.117*** 0.079*** 0.105*** 0.091*** 0.061***

per year (US$)
(in log)

Urban Rural -0.04*** -0.034*** -0.057*** -0.04*** -0.015 ** -0.011 *
HSize 3 people -0.1*** -0.07*** -0.061*** -0.066*** -0.047*** -0.033***

4 people -0.137*** -0.102*** -0.105*** -0.089*** -0.074*** -0.038***
5 people -0.174*** -0.144*** -0.145*** -0.129*** -0.097*** -0.058***
≥ 6 people -0.244*** -0.184*** -0.195*** -0.175*** -0.136*** -0.086***

Ethnic Minorities -0.039*** -0.026*** -0.024 ** 0.017 ** 0.014 * -0.032***
Gender Female 0.015 ** 0.023*** 0.017 ** 0.021*** 0.026*** 0.023***
Educ Secondary, High 0.035*** 0.028*** 0.026*** 0.042*** 0.045*** 0.023***

school
University 0.058*** 0.035*** 0.042*** 0.045*** 0.067*** 0.028 **

Area Midlands Northern 0.015 0.009 0.009 -0.017 * -0.015 . 0.002
Mountains
Northern Central -0.055*** -0.077*** -0.051*** -0.079*** -0.104*** -0.11***
Coast
Central Highlands -0.005 -0.042*** -0.007 -0.069*** -0.077*** -0.088***
South East -0.053*** -0.072*** -0.029*** -0.032*** -0.047*** -0.056***
Mekong River Delta -0.125*** -0.145*** -0.134*** -0.103*** -0.104*** -0.173***
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Nutritional diet from 2004 and 2014

Boxplot of food expenditure elasticities of macronutrient consumption shares

(application of Morais et al., 2018).
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I know you need some sugar now
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1. Le D.T., Trinh Thi H., Thomas-Agnan C., Simioni M., Beal T. and D.S. Nguyen
(2018). “Macronutrient balances and body mass index: a new insight using
compositional data analysis with a total at various quantile orders.” In
progress.

2. Changes in food marketing channel (development of supermarkets + more
processed food) and nutrition in Vietnam (joint work with CIAT, Hanoi)

3. Food security and climate change: “Forest as insurance mechanism against
climatic shocks” (PERENA project funded by INRA-CIRAD program GloFoodS)

4. Big issue: energy intake → quality of the diet (Europe: Mediterranean diet)

5. Ex ante evaluation of the efficiency of nutritional policies (for example, taxes on
sweetened food products: colas. . . )

6. . . .
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It is all a matter of choice.

“What if everything is an illusion and nothing exists? In that case, I definitely overpaid
for my carpet.” (Woody Allen quoted by D. McFadden in 2006).
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Xin cam on
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Calorie-income relationship specifications used in the literature

• Following Abdulai and Aubert (2004), most of the empirical
studies use the “classical” double-log (parametric) specifi-
cation

log(PCCI) = α0 + α1 log(INCOME) + α2(log(INCOME))2

+
∑
j βjxj + ε

• But, recently, Tian and Yu (2015), and Nie and Sousa-Poza
(2016):

PCCI = α0 + s(INCOME)︸ ︷︷ ︸
s(.)unknown

+
∑
j

βjxj + ε

→ Semiparametric specifications.
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Generalized additive models

• General structure of GAM (Wood, 2017):

g (E(Yi|X = xi, Z = zi)) = x′iβ +
∑
j

fj(zij)

where

• Y is a response variable ∼ distribution belonging to the
exponential family

• g(.) is a known link function (log for example)

• X is a vector of covariates acting linearly, and β are the
associated parameters

• Z is a vector of covariates acting nonlinearly.

• Each fj(.) is a smooth function of the corresponding covariate
which acts nonlinearly
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Generalized additive models

• For instance, the double-log model can be expressed as a
GAM model with

E(log(PCCI)|INCOME, xj) =
α0 + α1 log(INCOME) + α2(log(INCOME))2 +

∑
j βjxj

and log(PCCI) normally distributed.

• Similarly, Tian and Yu (2015), or Nie and Sousa-Poza (2016):

E(PCCI|INCOME, xj) = α0 + s(INCOME) +
∑
j

βjxj

and PCCI normally distributed.

• More general semiparametric model:

log (E(PCCI|INCOME, xj)) = α0 + s(INCOME) +
∑
j

βjxj
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Generalized additive models

• Estimation of GAM → Regression splines (Wood, 2006)

• Thin plate regression splines (Wood, 2006):

s(x) = γ0 + γ1x+

n∑
i=1

δi(x− xi)3

→ Usefulness when testing the linearity of s(.) (tests in the
appendix of the paper)
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The revealed performance test

• Data-driven test proposed by Racine and Parmeter (2014).

• Simple idea when using a cross-section n = n1 + n2

1, 2, · · · , n1︸ ︷︷ ︸ n1 + 1, · · · , n︸ ︷︷ ︸
training sample: ST evaluation sample: SE

↓ ↓
Estimation Prediction: P̂CCI

i,training

• The loss criterion ∑
i∈SE

(
PCCIi − P̂CCI

i,training

)2

︸ ︷︷ ︸
Estimate of the true error (Efron, 1982)

(1)

• Resample 10.000 times → empirical distribution of some loss criterion

• t− paired test to compare the empirical distributions of the loss criterion

for two competing models, whatever their types.
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Decomposition method

• Problem: Comparison between years ?

• Given two year t0 and t1, with t0 < t1, we may want to
measure:

∆PCCIt0→t1 = Et1 (PCCI)− Et0 (PCCI)

• By law of iterated expectations:

∆PCCIt0→t1 = Et1 (E (PCCI|INCOME,Z))

− Et0 (E (PCCI|INCOME,Z))

• Note that

E (PCCI|INCOME,Z) = mt (INCOME,Z)

where mt (.) denotes the model chosen for year t by the
revealed performance test.
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Decomposition method

• Then

∆PCCIt0→t1 = Et1 (mt1 (INCOME,Z))− Et0 (mt0 (INCOME,Z))

• Basic idea of decomposition method → contrefactuals.
• Here:

Et1 (mt0 (INCOME,Z))

• Thus

∆PCCIt0→t1 = Et1 (mt1 (INCOME,Z))− Et1 (mt0 (INCOME,Z))︸ ︷︷ ︸
“structure” effect

+

Et1 (mt0 (INCOME,Z))− Et0 (mt0 (INCOME,Z))︸ ︷︷ ︸
“Composition” effect

• Computation using empirical counterparts of the expectations,
i.e. simple average values.
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Test of exogeneity

• Setup:

1. Response variable: Y ∈ R,
2. Endogenous regressor: X ∈ R,
3. Unknown relationship: Y = g(X) + ε
4. Endogeneity: E(ε|X = x) 6= 0

• Instrumental variable: W ∈ R ⇔ Conditional mean restriction:

E(Y − g(X)|W ) = 0

• Now define the conditional mean function G(x) = E(Y |X = x)

• Blundell and Horowitz (2007): Testing exogeneity of X ⇔ testing that

E(Y −G(X)|W ) = 0

• Test statistics:

τn =

∫
S2(x)dx ≈

K∑
k=1

Weightk χ
2
k

where Sn(x) is the sample analog of
S(x) = E([Y −G(X)]fX,W (x,W ))

Back
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Decomposing the composition effect

• Economic outcome: Y 2004 and Y 2014

• Covariates: X2004 = (X2004
1 , X2004

2 ) and X2014 = (X2014
1 , X2014

2 )

• Corresponding cumulative distributions functions:
F 2004
Y , F 2014

Y , F 2004
X , and F 2014

X

• Total difference:
∆ν
Y = ν(F 2014

Y )− ν(F 2004
Y )

where ν(.) measures a features (mean, median, . . . ) of the considered
distribution.

• Aim of decomposition method: to understand how the observed diffe-
rence ∆ν

Y is related to differences between the distributions F 2004
X , and

F 2014
X ?
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Decomposing the composition effect

• Reminder:

F 2004
Y (y) =

∫
F 2004
Y |X (y, x)dF 2004

X (x) ≡ F 2004|2004
Y (y)

• Similarly:

F 2014
Y (y) =

∫
F 2014
Y |X (y, x)dF 2014

X (x) ≡ F 2014|2014
Y (y)

• → Counterfactual distribution:

F
2004|2014
Y (y) =

∫
F 2004
Y |X (y, x)dF 2014

X (x)

• Basic idea of the decomposition:

∆ν
Y =

(
ν
(
F 2014
Y

)
− ν

(
F

2004|2014
Y

))
︸ ︷︷ ︸

structure effect

+
(
ν
(
F

2004|2014
Y

)
− ν

(
F 2004
Y

))
︸ ︷︷ ︸

composition effect

= ∆ν
S + ∆ν

X
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Decomposing the composition effect

• Problem: How to break down the composition effect for the different
covariates?

• ∃ solutions (Oaxaca and Blinder, for instance) → More general frame-
work.

• General framework: direct contributions, interaction effects, and
“dependence effect”.

• Dependence effect: effect of between-year difference in the dependence
pattern among the covariates.

• Rothe (2015) → Copulas, i.e. (Sklar’s Theorem, 1959):

F tX(x) = Ct(F tX1
(x1), F tX2

(x2)) for t ∈ {2004, 2014}

• Example: Gaussian copula, or

CΣ(u) = ΦdΣ
(
Φ−1(u1), . . . ,Φ−1(ud)

)
• Usefulness: Prevent the problem of the curse of dimension when

estimating F tX(x).
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Decomposing the composition effect

• New notations:
F
t|s,k
Y

=

∫
F
t
Y |X (y, x)dF

s,k
X

(x)

with

F
s,k
X

(x) = C
s
(F
k1
X1

(x1), F
k2
X2

(x2))

and k = (k1, k2) where k1 (resp. k2) is equal to either 2004 or 2014.

• So

∆
ν
X = ν

(
F

2004|2014
Y

)
− ν

(
F

2004
Y

)
= ν

(
F

2004|2014,1
Y

)
− ν

(
F

2004|2004,0
Y

)
=

(
ν
(
F

2004|2014,1
Y

)
− ν

(
F

2004|2004,1
Y

))
︸ ︷︷ ︸

Dependence effect

+
(
ν
(
F

2004|2004,1
Y

)
− ν

(
F

2004|2004,0
Y

))
︸ ︷︷ ︸

Differences in marginal dist. of covariates

= ∆
ν
D + β

ν
(1)

• And so on →

∆ν
X = βν(e1) + βν(e2) + ∆ν

M (1) + ∆ν
D,
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Practical implementation

• Nonparametric estimation of univariate CDF:

F̂ tXj (xj) =
1

nt

nt∑
i=1

I(Xt
ji ≤ xj)

• Estimation of conditional CDFs using the distributional approach of
Foresi and Peracchi (1995):

F tY |X(y, x) ≡ Φ(x′δt(y))

• Choice of Gaussian copula and estimation of dependence parameters
using minimum distance estimator (Weiß, 2015, and Jiryaie et al., 2016):

θ̂t = arg min
θ

nt∑
i=1

(
F̂ tX(Xt

1i, . . . , X
t
di)− Cθ(F̂ tX1

(Xt
1i), . . . , F̂

t
Xd(Xt

di))
)

• Asymptotic normality of estimated effects (Rothe, 2015) →
nonparametric bootstrap to get standard errors.
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Practical implementation

It’s okay?

Back
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