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Abstract  

 

This dissertation studies the short-term, long-term, and inter-generational effects of 

environmental changes on health outcomes. In the first chapter, I use China’s “Home 

Appliances Going to the Country-side” policy to study the effects of the spread of household 

electronic appliances in rural areas on body weight outcomes and on behaviors associated 

with caloric intake and caloric expenditure. The analysis is based on the China Health and 

Nutrition Survey (CHNS). Using data from waves 2004, 2006, and 2009 and difference-in-

differences and instrumental-variable approaches, I find that household technology increases 

the likelihood of obesity among female adults, due to more caloric intake and less caloric 

expenditure.  

In the second chapter, I use unique and comprehensive data from Taiwan to extend the 

existing literature to the long-term effects of malaria exposure on health outcomes. Malaria 

prevalence in Taiwan dropped sharply in the 1950s due to the DDT-based eradication 

campaign from 1952 to 1957. Given that areas with greater changes in malaria prevalence 

should benefit more from the eradication campaign, I use a difference-in-differences 

approach to estimate the impact of malaria eradication on future health, education, and labor 

outcomes in areas with high pre-eradication malaria prevalence. In this study, I find 

significant long-term effects of early life malaria exposure on future outcomes: less early life 

malaria exposure improves educational attainment, and lowers the likelihood of getting heart 

disease, stroke, and renal failure for women, and lowers the likelihood of getting stroke and 

cerebral palsy for men. 

In the third chapter, I use the Great Chinese Famine of 1959--1961 to examine the 
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effects of in utero exposure to famine on the health outcomes of offspring. In particular, I 

focus on the weight and height outcomes of children whose mothers were exposed to famine 

while in utero. The results indicate that daughters of famine survivors have a lower z-score of 

body mass index (BMI) than daughters of parents who were not exposed to famine. I do not 

find any impact on BMI for sons. 
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2005). Since household work is performed mostly by women, the infiltration of energy-

saving and task-simplifying household devices is certainly capable of affecting energy 

imbalance among women. The growth in the amount of their spare time also allows more 

women to enter the labor force and participate in increasingly sedentary employment, or to 

undertake more sedentary activities, such as watching TV or using a computer. Thus, in this 

paper, we focus particularly on adult women in China.
2
 

It is the modernization and industrialization of China over such a short period of time 

that makes our research possible. In most developed countries, it took a long time -- several 

decades usually -- for such appliances as televisions and washing machines to become 

adopted in most households. This slow penetration rate made it almost impossible to study 

the effects of the spread of such appliances on weight outcomes, which have experienced 

drastic changes over a much briefer time frame. On the other hand, China underwent a 

dramatic transition from an economy merely struggling to survive to an economy that has 

become highly Westernized in a short period of time. Since the “reform and opening-up” 

policy in 1979, penetration rates of household appliances in China have been rising far more 

rapidly than in developed countries. For example, TV ownership increased from 3.8 sets per 

hundred persons in 1985 to 15.5 in 1990 and to 27.0 in 1997. This represents almost a nine-

fold increase in just twelve years (World Bank, 2001). Moreover, refrigerator ownership in 

urban areas increased from 42.3 per hundred households in 1990 to 87.4 in 2002; and 

cellphone ownership grew from 7.1 per hundred households in 1999 to 62.9 in 2002.
 3

 

Because of the rapid growth in penetration of home appliances, researchers are therefore able 

                                                        
2 

The results on males will be briefly discussed in Section 7.  
3 Source: http://www.chinability.com/Durables.htm (accessed January 2013).  
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Survey 2004, 2006, and 2009. The 2004 and 2006 waves encompass our pre-policy periods 

and the 2009 wave corresponds to our post-policy period. For the IV approach, we use 

subsidy eligibility to instrument home appliance ownership, since subsidy eligibility is highly 

correlated with the purchase of the subsidized home appliances and will affect people’s 

weight outcomes only through its impact on home appliance ownership. Both the DID and IV 

estimates suggest a significant impact of household technology on people’s weight gains.  

1.2  Background 

1.2.1 The HAGC Policy 

The Home Appliances Going to the Countryside (HAGC) policy was a government-funded 

four-year project aimed at stimulating consumption of home appliances in rural areas and 

improving the living quality of the rural population. In December 2007 the policy was first 

introduced in Shandong, Henan, Sicuan provinces, and Qingdao city. Households that 

purchased the subsidized products (color TVs, refrigerators [including freezers], washing 

machines, and cell phones) received 13% discounts. One year later (December 2008) the 

program was extended to Inner Mongolia, Liaoning, Dalian, Heilongjiang, Anhui, Hubei, 

Hunan, Guangxi, Chongqin, and Shanxi. In February 2009 the policy was extended to the 

whole country, and the number of subsidized products was increased to include motorcycles, 

computers, water heaters, and air conditioners. Each province could choose two of the four 

products to promote. The price ceilings for these products were RMB3500 for color TVs, 

RMB2500 for refrigerators (including freezers), RMB1000 for cell phones, RMB2000 for 

washing machines, RMB3500 for computers, RMB2500 for wall-mounted air-conditioners, 
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and RMB4000 for floor-stand air-conditioners.
4
 Rural consumers could not take advantage of 

the subsidy policy if they purchased products that exceed the price ceilings.   

We focus on the four home appliances that were subsidized at the inception of the 

HAGC policy (color TVs, washing machines, refrigerators, and cell phones), and do not 

include the additional four home appliances that were introduced in 2009 (motorcycles, 

computers, water heaters, and air conditioners). There are two reasons for our doing so. First, 

since each province could decide to choose two from these additional four home appliances 

to promote, the subsidies to additional appliances were not the same across the country. 

Second, the CHNS data do not contain information on ownership of water heaters.  

The HAGC policy clearly had a large impact on the sales of the first four subsidized 

home appliances. In Figure 1-1 we compare the changes in the ownership of subsidized home 

appliances in rural and urban areas before and after the HAGC policy. The gaps in home 

appliance ownership between rural and urban areas became much narrower after the HAGC 

policy. Households with none of these four home appliances decreased from 10.3% to 2.3% 

in rural areas, and from 2.8% to 0.9% in urban areas (Panel A of Figure 1-1). The ownership 

of each home appliance also shows a large increase in rural areas after the policy relative to 

the increase in urban areas (Panels C-F). Using the variation generated by this natural 

experiment, we are able to examine changes in weight outcomes for women in rural areas that 

are affected by the policy (the treatment group) relative to women in urban areas that are not 

affected by the policy (the control group). 

1.2.2 Conceptual Framework 

                                                        
4 The exchange rate of Chinese yuans to 1 USD was 6.2185 on March 15, 2013. 
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Earlier obesity interventions were based on the notion that obesity is an individual biological 

and psychological problem. In contrast, the socio-ecological model, becoming widely used as 

an underlying theoretical construct for studies on obesity prevention, conceptualizes obesity 

as recursive interplay between individuals and surrounding environments at both micro and 

macro levels (Sallis et al., 2006; Rimer and Glanz, 1997). Broadly speaking, micro-

environments are individuals’ day-to-day environments, such as home, school, workplace, 

and community. Macro-environments encompass institutional settings and regulations, social 

and cultural forces, venues to connect micro-environments, and so forth. 

In our context, the adoption of home appliances in rural China can be viewed as 

reshaping the micro-environments. Taking color TV as an example, past research has 

established a strong association between TV watching and obesity. TV watching is likely to 

promote an obesogenic environment through several avenues. First, television-viewing time 

will displace time involved in physical activities. The sedentary nature of watching TV 

further encourages unhealthy dietary behaviors, such as snacking. Moreover, unhealthy 

dietary habits may further develop due to the exposure to food advertisements on TV (e.g., 

Chou et al., 2008). The change in such a micro-environment has occurred in conjunction with 

the change in macro-environments. For example, the number of Chinese TV stations 

increased from 12 stations in 1965 to 3,240 stations in 1997 (Hazelbarth, 1997). TV 

programming is also more Westernized, and advertising content has shifted to more modern 

marketing.
5

 The micro- and macro-environments thus together contribute to a greater 

obesogenic environment.  

                                                        
5 According to one estimate, media advertising in China increased 35-fold between 1981 and 1992 (Hazelbarth, 

1997).  
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To cite another example, while having a refrigerator allows households to preserve 

and store more perishable fresh fruits and vegetables, it also has the same capacity for meat 

and processed food. A household response to such a change in micro-environments will 

depend on the macro-environments. Since the early 1980s and particularly in the 1990s, the 

agro-food industry has been expanding greatly in China. Food processing companies (such as 

Danone, Coca-cola, Kraft, MasterFoods, Nestle, PepsiCo and Tyson’s), foreign super-market 

chains (such as Carrefour and Wal-Mart), and fast-food chains (such as McDonald’s and 

KFC) have invested in joint ventures in China. Those micro- and macro- changes have 

coincided with the nutrition transition in China: people are eating more meat, fish, vegetable 

oils, and processed foods, and fewer basic grains such as rice (Du et al., 2004). 

To summarize, a greater obesogenic environment at both the micro and macro levels 

has been created in tandem with globalization and modernization. In this paper, we are thus 

interested in how this change in the micro-environment in the form of having more modern 

home appliances has affected individuals’ weight outcomes.  

1.3 Data  

1.3.1 Data and Sample 

The China Health and Nutrition Survey (CHNS) data are well-suited to an analysis of the 

impact of home appliances on individual weight gain and calorie balance. The data were 

collected in the years 1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009, and were 

gathered over a three-day period using a multistage, random cluster process to draw a sample 

from nine provinces (Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, 
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Liaoning, and Shandong).
6
 Counties in the nine provinces were stratified by income, and a 

weighted sampling scheme was used to randomly select four counties in each province. The 

same households were interviewed over time, if possible. There are rich data for physical 

activity, time allocation, dietary habits, and calorie intake at the individual level as well as 

detailed information about home appliance ownership at the household level. 

In this paper we use observations from waves 2004, 2006, and 2009. We do not use 

earlier data for two reasons. First and foremost, rural electrification in China was not 

complete until 2002 (Peng and Pan, 2006). While the electricity access rate was nearly 

universal (98%) in rural areas in 2002, the electricity consumption rate in rural areas was 

much lower relative to urban areas. One important reason is that most power-generating 

facilities (predominantly hydropower stations) were small in capacity, unreliable because of 

seasonality, had no connection to major grids, and suffered inefficiency with high rates of line 

losses. After 2002, the rural electricity system was merged with the urban system, providing a 

more reliable electricity supply with higher efficiency. The second reason that we do not use 

earlier data is that cell phone survey started in 2004. Cell phones were one of the four 

subsidized products at the beginning of the HAGC policy.  

Our preliminary analysis suggests that there was less significant impact of home 

appliances on male weight outcomes.
 
Thus, we focus on female adults (older than 20 years 

old) in this paper. We will briefly discuss the results on males in Section 7. Pooling three 

waves of data together, we have 13,633 individual-wave observations. We exclude pregnant, 

                                                        
6 Out of these nine provinces, the HAGC policy was introduced in rural areas in Henan and Shandong in 

December 2007, in Guangxi, Heilongjiang, Hubei, Hunan and Liaoning in December 2008, and Guizhou and 

Jiangsu in February 2009. The CHNS was conducted between June and August in the survey year. Thus, for 

residents in Guizhou and Jiangsu, there were only four to six months in the post period.  
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breastfeeding women and also those without arms or legs (N=182). In order to include 

individual fixed effects to control for time-invariant personal characteristics, we delete 2,320 

subjects who were interviewed in only one wave. Our final sample for analysis consists of 

11,131 individual-wave observations: 7,487 are in the treatment group (rural areas) while 

3,644 are in the control group (urban areas).
7
 

1.3.2 Outcome Variables 

Our weight outcome measures include continuous body mass index (BMI) and four 

dichotomous variables indicating whether a person is underweight, of normal weight, 

overweight, or obese. BMI is defined as weight in kilograms divided by height in meters 

squared. In the CHNS data, height was measured without shoes to the nearest 0.2 cm with a 

portable stadiometer, and weight was measured in light indoor clothing without shoes to the 

nearest 0.1 kg with a balance beam scale. We then classify people’s weight status based on 

their BMIs according to the World Health Organization’s Asian standard (Appendix Table 1-

A1). Compared to the international standard, the cutoff values for the classifications 

“overweight” and “obese” are much lower for the Asian standard.  

Energy intake is based on three consecutive 24-hour recalls. The three consecutive 

days were randomly allocated from Monday to Sunday and are almost equally balanced 

                                                        
7 In the CHNS data, there are two variables that can be used for defining the area. One is the actual inhabited 

area recorded by the CHNS interviewers; the other is the self-reported registration area (hukou). In this paper, 

we use the former area to determine the group to which people belong. One reason is that the interview-based 

inhabited area is more reliable than the self-reported registration area. More importantly, people living in an 

urban area with a rural registration must go back to their rural registration area to redeem the subsidy; and 

people living in a rural area with an urban registration are still eligible for the subsidy if their household is 

recorded in their local community. In our robustness check, we exclude those whose self-reported area are 

different from their current residence. Our results are similar.  
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across the 7 days of the week for each sampling unit. During the survey, the interviewers 

asked individuals each day to report all food consumed away from home on a 24-hour recall 

basis, and the same daily interview was used to collect at-home individual consumption. The 

Food Composition Table (FCT) for China was utilized to calculate nutrient values, such as 

total calorie intake, fat consumption, carbohydrate consumption, and protein consumption, as 

well as consumption in each food category (see Table 1-4 for the list of 21 food categories). 

Information about the total number of breakfasts, lunches, dinners, and snacks during the 

three-day period is also available.  

To examine the effect of household technology on energy expenditure, we follow 

Cawley (2004) and assume that each day people need to spend time on sleep, leisure, 

occupation, transportation, and home production (the SLOTH model). “Sleep” is measured 

by daily sleep time. “Leisure” activity can be further divided into sedentary leisure activity 

and physical leisure activity. In the CHNS data, sedentary leisure activities include watching 

TV and DVDs, playing video games, surfing the internet, participating in chat rooms, playing 

computer games, and reading. The sedentary leisure activity level is measured by the time 

spent on these activities. To measure the intensity of each daily physical activity, we construct 

the metabolic equivalent of task (MET) hours by multiplying the time spent on each activity 

by the specific MET values based on the Compendium of Physical Activities (Ainsworth et 

al., 2000). A unit of MET is defined as the ratio of a person’s working metabolic rate relative 

to his/her resting (basal) metabolic rate. We calculate MET hours for physical leisure activity, 
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transportation, occupational activity and home production.
8
  

The descriptive statistics of the dependent variables are presented in Table 1-1. While 

the BMIs of rural and urban residents are very similar before and after the HAGC policy, the 

probability of being overweight (BMI > 23.0) or obese (BMI > 30.0) increased in rural areas 

after the policy but remained constant in urban areas. Notably, rural residents also increased 

their 3-day average fat intake and hours spent on sedentary activities, while urban residents 

experienced slight decreases.   

1.3.3 Ownership of Home Appliances  

To measure household technology adoption, we first aggregate over the four home 

appliances that were subsidized when the HAGC policy was initiated in order to formulate a 

summated rating scale, which we call a technology index. The index is defined as:  

𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝐼𝑛𝑑𝑒𝑥 = 

               𝐶𝑜𝑙𝑜𝑟 𝑇𝑉 +  𝑊𝑎𝑠ℎ𝑖𝑛𝑔 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 +  𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑜𝑟 +  𝐶𝑒𝑙𝑙 𝑃ℎ𝑜𝑛𝑒                     (1) 

The four variables on the right hand side are dummies for the ownership of the four home 

appliances, and the technology index is a discrete variable that ranges from 0 to 4. Before the 

policy, urban households had a higher technology index than did rural households (2.97 

                                                        
8 The number in the parentheses after each set of activities discussed below indicates their MET value. In the 

CHNS, physical leisure activities include martial arts (4.5), gymnastics, dancing, acrobatics (5), track and field, 

swimming (7.5), soccer, basketball, tennis (6), badminton, volleyball (5), and other (ping pong, Tai Chi, etc.) (5). 

The time spent on each physical activity is self-reported. Occupational activities are based on self-reported 

activity levels: heavy physical activities (e.g., farmer, athlete, dancer, steel worker, lumber worker, and mason) 

(6), moderate physical activities (e.g., driver, electrician) (4), and light physical activities (e.g., sedentary job, 

job with some standing and sitting, office work, counter salesperson, and lab technician) (1.5). There are three 

types of transportation to and from work or school: motorized vehicle (1.5), bicycle (4), and walking (3). Note 

that the MET hours for transportation only capture the energy spent on commuting to work or school. Home 

production includes buying food (2.3), preparing and cooking food (2.25), washing and ironing clothes (2.15), 

and cleaning the house (3.0). 
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versus 2.27, see Table 1-1). However, the difference becomes smaller after the policy change. 

This summated measure is based on two assumptions: first, all home appliances have 

homogenous effects on weight outcomes, and second, the number of home appliances does 

not matter. We later loosen these two assumptions by using alternative measures of household 

technology in Sections 6 and 7.  

1.4 Empirical Strategy 

1.4.1 Difference-in-differences Estimation  

The introduction of the HAGC policy allows us to exploit the variation in home appliance 

adoption to identify the effect of household technology on weight outcomes and related 

nutritional behaviors. The most straightforward approach is to use the difference-in-

differences (DID) framework. The treatment group consists of rural population -- those who 

were eligible to receive the 13% subsidy for the four home appliances after the HAGC policy 

was implemented. And the control group consists those who reside in urban areas. The basic 

equation for the DID model is: 

 𝑶𝒖𝒕𝒄𝒐𝒎𝒆𝒊𝒑𝒕 = 𝜶𝟎 + 𝜶𝟏𝑹𝒖𝒓𝒂𝒍𝒊𝒑𝒕 × 𝑷𝒐𝒔𝒕𝒕+𝜶𝟐𝑿𝒊𝒑𝒕 + 𝝉𝒕 + 𝜼𝒊 + 𝝉𝒕 × 𝜻𝒑 + 𝜺𝒊𝒑𝒕.              (2) 

In this model, i indexes individuals, p indexes provinces, and t indexes survey waves. We 

control for time-varying characteristics 𝑿𝒊𝒑𝒕 that include age, age-squared, household income, 

household size, the interaction term of household income and household size, work status, 

insurance status, and education dummies. Individual fixed effects (𝜂𝑖) and wave fixed effects 

(𝜏𝑡) are also included. To capture the province-specific common trend, we also include an 

interaction between wave and province dummies (𝜏𝑡 × 𝜁𝑝). Finally, εipt represents individual 
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idiosyncratic errors.  

Our outcome measures include the technology index, weight outcomes, energy intake, 

and energy expenditures. Since the errors within each province may be correlated and the 

impact of policy varies between the rural and urban areas, all regressions are clustered by 18 

province-rural cells.
9
 The main variable of interest is the interaction between rural and post 

dummies. Rural is equal to one for rural residents, and Post is equal to one for wave 2009. 

The parameter 𝛼1  captures the DID effect. For example, if the dependent variable is the 

technology index, a positive sign for 𝛼1 indicates that after the HAGC policy the average 

technology index in rural areas increased compared to that in urban areas.  

There are two important underlying assumptions for a valid DID estimate. First, there 

is no other contemporary shock (other than the HAGC policy) that might differentially affect 

weight outcomes of the treatment and control groups. This assumption will be verified later in 

Section 7. Second, there should be no differences in the underlying trends in weight outcomes 

and nutrition behaviors between the control and treatment groups. We discuss the extent to 

which violations of these assumptions may affect our results in more detail below.  

1.4.2 Parameterized Model and Two-Stage Least Squares Estimation 

While coefficient 𝛼1 in equation 2 identifies the causal effects of home appliances on 

weight outcomes, it measures the Intent-to-Treat (ITT) effect, because we estimate the 

reduced-form effects on all rural residents rather than just on those families that purchase the 

appliances. However, our rich individual-level data, together with the policy change, allow us 

to estimate the treatment effect on the treated (TOT) using the following equation:  

                                                        
9 There are nine provinces, and each province is divided into rural and urban areas.  
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 𝑶𝒖𝒕𝒄𝒐𝒎𝒆𝒊𝒑𝒕 = 𝜷𝟎 + 𝜷𝟏𝑻𝒆𝒄𝒉𝒊𝒑𝒕 + 𝜷𝟐𝑿𝒊𝒑𝒕 + 𝝉𝒕 + 𝜼𝒊 + 𝝉𝒕 × 𝜻𝒑 + 𝜺𝒊𝒑𝒕.                             (3) 

Our main variable of interest is Tech in equation 3, which measures the impact of household 

appliances on weight outcomes. If equation 3 is estimated using OLS, the coefficient 𝛽1 will 

be biased due to reverse causality or omitted variables such as preferences. To resolve those 

potential problems, we estimate equation 3 using instrumental variables estimation. The 

HAGC policy provides a source of instrumental variables. Specifically, we estimate the 

following equation as our first-stage equation:  

 𝑻𝒆𝒄𝒉𝒊𝒑𝒕 = 𝜶𝟎 + 𝜶𝟏𝑹𝒖𝒓𝒂𝒍𝒊𝒑𝒕 × 𝑷𝒐𝒔𝒕𝒕 + 𝜶𝟐𝑿𝒊𝒑𝒕 + 𝝉𝒕 + 𝜼𝒊 + 𝝉𝒕 × 𝜻𝒑 + 𝜺𝒊𝒑𝒕.                    (4) 

Thus, the model can be identified by the variation in technology adoption after HAGC in the 

treatment group relative to the control group (𝑅𝑢𝑟𝑎𝑙 × 𝑃𝑜𝑠𝑡). 

We have a very strong first stage result (see column 1 of Appendix Table 1-A2). The 

estimated coefficient 𝛼1 in equation 4 of our instrumental variable (Rural  Post) is 0.313 

with a standard error of 0.066. The F-ratio is 22.28, which is above the critical value of 10 

(Cameron and Trivedi, 2005). The first stage result is important in its own right. It suggests 

that the purchase of home appliances increased by 14% in rural areas after the HAGC policy 

was enacted (=0.31/2.27).
 10

 

1.5 Empirical Results 

1.5.1 Weight Outcomes 

In Table 1-2 we present the estimates on weight outcomes. DID results are reported in Panel 

A. In column 1, without controlling for individual fixed effects, the DID estimate suggests 

                                                        
10 All of the percentage changes in the following sections use means listed in Table 1-1.  
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that the BMI increased significantly in rural areas after the HAGC policy. Relative to the 

average BMI (23.19) in rural areas prior to the policy, the HAGC increased rural residents’ 

BMI by 1% (=0.33/23.19). Adding individual fixed effects in column 2 does not change the 

coefficient to any notable degree.  

Columns 3 to 10 report the changes for the various weight categories including 

underweight, normal weight, overweight, and obese. The estimates of 𝛼1 are positive and 

statistically significant for the overweight and obese categories. They imply that the 

probabilities of being overweight and obese increased significantly in rural areas after the 

policy change; in other words, the increase in BMI occurred in the right tail of the BMI 

distribution. The increases are not small: based on columns 8 and 10, the probabilities of 

being overweight and obese increased by 8% (=0.0386/0.48) and 11% (=0.0296/0.27), 

respectively. In the category of obese, controlling for individual fixed effects yields a much 

lower estimate of 𝛼1. It implies that individual time-invariant unobserved characteristics are 

positively correlated with the probability of being obese and with the purchase of home 

appliances. For example, a more sedentary person may rely more on modern technology and 

is also more likely to be obese. As a result, failing to control for these unobserved 

characteristics tends to overestimate the impact of technological change on an individual’s 

weight gain.  

Panel B of Table 1-2 reports estimates of equation 4 using IV. Controlling for 

individual fixed effects, in general, lowers the estimates in the IV regressions, and our 

discussion below focuses on the results after controlling for individual fixed effects. In Table 

1-2, consistent with the DID results, the IV results indicate that technology adoption due to 
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the policy change significantly increases BMI and the probabilities of being overweight and 

obese. The coefficient of the technology index (the estimate of 𝛽1 in equation 3) is 1.037 in 

column 2. This suggests that if the household purchases one new type of home appliance, the 

female’s BMI increases by 1.037 on average. That is, the weight of a woman with a height of 

1.6 m will increase by 2.65 kg. Moreover, given that the average change in the technology 

index before and after the HAGC policy is 0.7 (=2.97-2.27 in Table 1-1), this estimate implies 

that the policy is associated with an increase in BMI of about 0.726 (=0.71.037). This in 

turn corresponds to a 3 percent (=0.726/23.19) increase in BMI in rural areas.  

More importantly, the increase in BMI has a pronounced effect on individual weight 

status, producing significant increases in the probabilities of being overweight and obese but 

a significant decrease in the probability of being normal weight. This implies that the 

adoption of household technology has had a larger impact on the right tail of the BMI 

distribution: shifting normal weight individuals to the overweight or obese categories, but not 

shifting underweight individuals to the normal weight category. In columns 8 and 10 of Table 

1-2, there are precisely estimated 𝛽1 values of 0.128 and 0.095. Using a similar calculation to 

that above, these estimates imply increases of 19% and 25% in the probabilities of being 

overweight and obese, respectively, as a result of the HAGC policy. 

1.5.2 Energy Intake  

Obesity is the result of an imbalance between energy intake and energy expenditure. Table 1-

3 presents the impact of home appliances on calorie intake and on the consumption of fat, 

carbohydrates, and protein. Only the results with individual fixed effects are presented. 

Overall, the DID estimates indicate positive associations between the HAGC policy 
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and energy intake (Panel A). Estimates of 𝛼1 are statistically significant only when calorie 

and fat intakes are outcomes (columns 1 and 2). The estimates of 𝛼1 (83.25 and 7.138) imply 

that after the policy, calorie consumption per day rose by 83.25 kilocalories (kcal) and fat 

consumption by 7.138 grams (g) in rural areas. The IV regressions (Panel B) show similar 

patterns. Estimates in columns 1 and 2 suggest that, with each additional new type of home 

appliance, daily calorie and fat consumption rose by 273.5 kcal and 23.13 g respectively in 

rural areas. Taken together, our estimates suggest that a 3% to 9% increase in calorie intake 

and an 11% to 25% increase in fat consumption resulted from the HAGC policy.
11

 However, 

our results show no significant change in the consumption of carbohydrates and protein.  

To find out the source of calorie and fat intakes, we further examine the impact of 

technological change on specific types of food consumption. The food items in the CHNS are 

based on the Chinese Food Composition Table (FCT) from the National Institute of Nutrition 

and Food Safety, Chinese Center for Disease Control and Prevention. Using the FCT, we 

examine the impact of home appliances on 21 different categories of food (Table 1-4). We 

find significant increases in the consumption of meats, poultry, and eggs, as well as 

significant decreases in the consumption of cereals, bacteria and algae, drinks, and candies. 

These findings confirm that the increase in energy intake is mainly due to the change in 

dietary patterns -- especially a shift away from traditional cereal products to meat and poultry 

that contain high calories. From the DID and IV estimates, the policy-induced acquisition of 

home appliances led to a 9.8% to 22% decrease in cereals consumption, and increased the 

consumption of meats and poultry by 10.8% to 24.6% and 31.1 to 74.0% respectively. These 

                                                        
11 Guo et al. (2000) suggest that a large increase in fat consumption has taken place among Chinese adults and 

that this increase is not related to income status. 
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results are not surprising, since one of the four subsidized appliances (refrigerators) would be 

expected to have an impact on such foods as meats, poultry, and eggs, all of which have a 

greater need for cold storage.  

A related question is whether the increase in energy intake that we have observed 

could be due to an increase in the number of meals eaten rather than an increase in the energy 

intake of each meal. Cutler et al. (2003) suggest the former is responsible for weight gain, 

because the improvement in household technology reduces the fixed costs of preparing food. 

Here we examine the total number of breakfasts, lunches, dinners, and snacks during the 3-

day survey period. However, our results (Table 1-5) do not support Cutler’s contention. We 

find no significant impact of household technology on the number of meals. Instead, to our 

surprise, a one-unit increase in the technology index (i.e., one new type of home appliance) is 

associated with a decrease of 0.6 snack over the three-day period (column 4). Our results 

therefore suggest that it is the increase in energy intake of each meal, rather than an increase 

in the number of meals, that leads to the additional energy intake.  

1.5.3 Energy Expenditure 

Next we turn to analyze the impact of household technology on energy expenditure. As we 

noted earlier, the first component in the SLOTH model is sleep. From column 1 of Table 1-6, 

we see that both the DID and IV estimates indicate there is no significant impact on total time 

spent sleeping.
12

  

The second component of the SLOTH model is leisure activity. Leisure activity can 

                                                        
12

 However, modern technology may have an impact on the quality of sleep (Suganuma et al., 2007), but such 

information is not collected in the CHNS. We therefore cannot establish the association between poor sleep 

quality and weight gain, as suggested in Lyytikäinen et al. (2011). 
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be divided into sedentary leisure activity and physical leisure activity. The effect of household 

technology on sedentary leisure activity is presented in the next two columns of Table 1-6. 

The dependent variables here are the natural log of daily minutes spent on sedentary activities 

during weekdays (column 2) and weekends (column 3). As Table 1-6 shows, the estimates of 

𝛼1 in equation 2 imply that the HAGC policy significantly increased sedentary activity time 

in rural areas. Sedentary activity time increased by 11.6% (=exp(0.11)-1) on weekdays and by 

9.7% (=exp(0.0925)-1) on weekends after the policy was enacted in rural areas. The IV 

estimates in Panel B of Table 1-6 also suggest that household technology has made people 

more sedentary. Here the estimates of 𝛽1  indicate that one new type of home appliance will 

lead to a 43.6% (=exp(0.362)-1) increase in sedentary activity time on weekdays and a 35% 

(=exp(0.3)-1) increase on weekends. Given that the average change in the technology index 

in rural areas is 0.7 and the average sedentary time in rural areas before the policy was about 

two hours per day, the IV estimates indicate that household technology has increased the time 

spent on sedentary activity daily by 30.5% (37 minutes) and 24.5% (29 minutes) on 

weekdays and weekends, respectively.  

For examining the impact of household technology on physical leisure activity and on 

the other SLOTH model components (occupational activity, transportation-related activity 

and home production), we use metabolic equivalent of task (MET) hours and the probability 

of participating in a physical activity as dependent variables (Table 1-7). Overall, we only 

find significant estimates on physical leisure activity.
 
In Panel I column 1, the HAGC policy 

significantly reduced MET hours of physical leisure activity by 50% (=1.103/2.17), relative 

to mean MET hours prior to the policy in rural areas. The IV results suggest that one new 
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type of home appliance is associated with a 3.74 MET-hour reduction in physical leisure 

activity. In Panel II column 1, the impact on the probability of engaging in physical leisure 

activity is significant, and the estimates suggest that the HAGC-subsidized items have 

lowered the probability of undertaking physical leisure activity by over 55% (0.0219/0.4).  

To summarize, our results from Tables 1-6 and 1-7 suggest that household technology 

has in fact had a significant impact on people’s choices of leisure activity. Because of 

household technology, they have tended to engage in more sedentary activity but less 

physical activity during their spare time.  

1.6 Robustness Checks 

In this section, we provide two sets of robustness checks. First, we examine the 

robustness of our findings to alternative definitions of the technology index. In equation 1, we 

constructed the technology index as the sum of the four ownership dummies. As a result, this 

index can only capture the effect of getting a new type of home appliance, but it ignores the 

impact of an increase in the number of home appliances of the same type. For example, if a 

household already had one TV, the impact of buying an additional TV would not be captured 

by our technology index. To analyze the possible effect of an increase in number of home 

appliances, we use the sum of the total number of these home appliances to construct the new 

technology index. The IV estimates based on the new index are shown in Panel I of Table 

1-8.
13

 (We only show results of those statistically significant and economically important 

                                                        
13

 The first stage result is very strong (Table 1-A2, column 2). The F-ratio is 17.81, which is above the critical 

value of 10 (Cameron and Trivedi, 2005). 
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outcome variables.
14

) All coefficients remain significant but suggest a larger impact of the 

policy-induced acquisition of home appliances. Given that the average change in the total 

number of these four home appliances is 1.34 (not shown in the table) in rural areas, our 

results indicate that household technology increased average BMI and the probability of 

being obese by 4.8% and 38% respectively. Relative to the estimates based on the old 

technology index (3% and 25%), the larger IV estimates based on the new technology index 

indicate that an increase in the number of home appliances can also contribute to weight gain.  

Our second robustness check is related to the classification of our treatment and 

control groups. Instead of using current residence to define rural population, we use a more 

stringent criterion to classify the treatment and control groups: the treatment group now only 

includes those who live in a rural area with a rural hukou and the control group only includes 

those who live in an urban area with an urban hukou. Our results are similar. As can be seen 

in Panel II of Table 1-8, the DID estimate implies that the HAGC policy is associated with a 

1.6% increase in BMI (0.381/23.19), while the IV estimate indicates a 2.7% (0.88×0.7/23.19) 

increase. The coefficient on total calorie intake is not precisely estimated, probably due to the 

decrease in our sample size.  

1.7 Discussion 

1.7.1 Alternative Explanations 

The identification strategy that we have used above requires several assumptions. For 

example, if the long-run trends in individual weight outcomes differ between control and 

treatment groups, then we may risk interpreting pre-existing trends as treatment effects. One 

                                                        
14

 All other results are available upon request. 



26 
 

potential candidate that could result in differential long-run development is exposure to an 

adverse event, such as the 1959-1961 China Famine, in utero. Based on the fetal origins 

hypothesis (Barker and Osmond, 1986), a fetus faced with undernutrition would not only 

experience a slower growth rate in response to a compromised intrauterine environment, but 

the result might also be a permanent modification of the structure and function of organs and 

systems involved metabolism and physiology. These physiological alterations, together with 

the rapid change in the environment, put the “programmed” cohorts at risk of chronic 

diseases and metabolic syndromes, such as obesity. In other words, people born during the 

famine may have a different response to current environment. Previous studies have shown a 

positive relationship between intrauterine exposure to famine and being overweight/obese in 

adulthood (Yang et al., 2007). In our context, since the China Famine affected the rural areas 

more than urban areas, we may risk interpreting the underlying change of developmental 

biology resulting from the intrauterine exposure to famine as treatment effects. We take two 

approaches to examine this potential alternative explanation.  

First, we apply a DID approach to examine changes from 2004 to 2006 (both waves 

are before the HAGC policy). We still use rural areas as the treatment group and urban areas 

as the control group; but in this specification, the post-period refers to wave 2006. If the 

differences that we observed were due to pre-existing trends, the changes in rural areas from 

2004 to 2006 should be significantly different from the changes in urban areas, even though 

the HAGC policy happened after 2006. As shown in Panel I of Table 1-9, however, only the 

coefficient of fat consumption is significant, but with a sign opposite to our main result. 

These results suggest that there is no pre-existing trend between treatment and control groups.  
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Second, since the Chinese great famine happened between 1959 and 1961, we drop 

those who were born during the famine or who were very young at that time (born between 

1956 and 1958), and re-estimate the models. Our results (in Panel II) are very similar to our 

main estimations. These findings lead us to reject the hypothesis that the significant 

differences that we observed between rural and urban areas are the result of a pre-existing 

trend, rather than of the HAGC policy.   

Another alternative explanation for our findings is that our treatment effect might be 

capturing other contemporaneous changes that affect weight outcomes in the control and 

treatment groups differently. We also take two approaches to examine this possibility. First, 

we conduct a falsification test on home appliances that were not subsidized by the HAGC 

policy. Second, we directly control for the differential responses to the possible 

contemporaneous change.  

To conduct a falsification test, we reconstruct the technology index using ten 

household electrical appliances in the CHNS that were not subsidized by the HAGC policy. If 

the improvement of household technology was due to other shocks in rural areas between 

2006 and 2009, it is highly unlikely that only the sales of the four HAGC-policy-subsidized 

home appliances were affected, but not other home appliances. The other home appliances we 

use here are VCRs, sewing machines, electric fans, cameras, microwave ovens, electric rice 

cookers, pressure cookers, telephones, VCDs or DVDs, and satellite dishes.
15

 The first stage 

is not significant (column 5 of Table 1-A2), which indicates that the differences between rural 

                                                        
15 There are 16 household electrical appliances included in the CHNS. Besides these 10 unsubsidized home 

appliances we list here, color TVs, washing machines, refrigerators, and cell phones were subsidized at the 

beginning of the policy, and computers and air conditioners were subsidized from 2009 in provinces that 

selected them to subsidize. 
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and urban areas after the policy only arose for the subsidized home appliances, but not for 

other home appliances.  

We consider three possible contemporaneous shocks that may have contaminated our 

treatment effects: the insurance expansion under National Health Care Reform, the rapid 

economic development in rural areas, and the different trends of price change between rural 

and urban areas during our study period. For the first possible shock, while both rural and 

urban areas experienced some insurance coverage expansion during our study period, it is the 

former that experienced a striking increase.
16

 Given that previous studies (e.g., Kelly and 

Markowitz, 2009) have established a positive relationship between insurance coverage and 

body mass index, it is possible that we are capturing the differential effect of insurance 

coverage. To address this possibility, we include the interaction between the rural dummy and 

household insurance status. Similarly, to control for possible differential responses to 

economic growth, we include the interaction between the rural dummy and household income 

(in logarithms). Our results remain similar after including these two interaction terms (Panel I 

of Table 1-10). The effect on obesity cannot be precisely estimated, but the magnitude is very 

similar to our previous finding.
17

  

For the third possible contemporaneous shock, we control for prices at the community 

                                                        
16 In 2003, the New Rural Cooperative Medical Scheme was introduced to rural areas in China. Insurance 

coverage among rural residents increased from 13% in 2003 to 93% in 2008. The Urban Employees Basic 

Medical Insurance, established in 1998, covers urban employees. The Urban Residents Basic Medical Insurance, 

piloted in 79 cities in 2007 covers children, students, elderly, disabled, and other non-working urban residents. 

Source: Barber and Yao (2011). 
17 Since this is the only specification among many in which we find an insignificant coefficient of technology on 

obese, we interpret this as partially driven by multicolinearity, in particular when two new interaction terms are 

also not statistically significant.  
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level.
18

 Food prices are based on free market prices. In order to keep as many observations as 

possible, we control for the prices of those food items with relatively few missing values, and 

these are usually the most common food items for Chinese consumers. In Panel II of Table 

1-10, we control for the prices of rice, unbleached flour, unbleached noodles, white sugar, 

eggs, soy sauce, vinegar, green vegetables, cabbage, pork (fatty and lean), pork (lean only), 

chicken (live), beef, common carp, and fish. In Panel III, in addition to food prices, we also 

control for the prices of electricity, gasoline, and natural gas. Our results are robust and 

remain significant. These results suggest that our main findings are not driven by 

contemporaneous shocks. 

1.7.2 The Effect of Each Home Appliance   

In this subsection, we loosen the assumption that all home appliances have homogenous 

effects on weight outcomes by including four indicators of appliance ownership in our 

estimation. We view this specification as a robustness check rather than an attempt to isolate 

the effect of each home appliance. While our technology index used in our main specification 

may contain measurement errors, estimations based on four ownership indicators are also 

plagued by the problem of multicolinearity. Nevertheless, if we also find consistent evidence 

in this subsection, we will be more confident in our conclusion that the adoption of home 

appliances has had a significant impact on weight outcomes and related behaviors.  

We estimate the equation as follows: 

                                                        
18 The community questionnaire (filled out for each of the primary sampling units) collected information from a 

knowledgeable respondent on community infrastructure (water, transport, electricity, communications, and so 

on), services (family planning, health facilities, retail outlets), population, prevailing wages, and related 

variables. 
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 𝑂𝑢𝑡𝑐𝑜𝑚𝑒𝑖𝑝𝑡 = 𝛽0 + ∑ 𝛽1𝑘𝐴𝑝𝑝𝑙𝑖𝑎𝑛𝑐𝑒𝑘𝑖𝑝𝑡

𝑘

+ 𝛽2𝑋𝑖𝑝𝑡 + 𝜏𝑡 + 𝜂𝑖 + 𝜏𝑡 × 𝜁𝑝 + 𝜀𝑖𝑝𝑡 , 

𝒌 ∈ {TV, Washing Machine, Refrigerator, Cell Phone}                             (5) 

To deal with four endogenous variables in equation 5, we need IVs that are correlated with 

each home appliance. The impact of the HAGC policy varies across areas due to different 

pre-policy penetration rates of home appliances. Generally speaking, the policy should have 

had a large impact on areas with lower pre-policy penetration rates. On the basis of this 

reasoning, we construct low penetration dummy variables for each home appliance, which 

are equal to one when the local penetration rates are lower than average in rural areas before 

the HAGC policy. In order to capture enough variability, we calculate the penetration rates at 

the community level. As a result we have four IVs -- Low Penetration_k × Post × Rural, k  

{TV, Washing Machine, Refrigerator, Cell Phone}-- to instrument the four endogenous home 

appliance ownership variables.  

The first stage results (in Table 1-A3) are consistent with our expectation that the 

number of each of the home appliances increased more in rural communities that had lower 

penetration rates prior to the HAGC policy. The triple interaction term is statistically 

significant at the 1% level for each respective home appliance. The F-tests of joint 

significance of four interaction terms are greater than 10 for all the four home appliances.  

The IV estimates are shown in Table 1-11. These estimates give us a better 

understanding about the impact of each home appliance. Our results suggest that color TVs 

have the most significant impact on people’s BMIs. Besides color TVs, refrigerators and cell 

phones also significantly increase the probability of being overweight. As we expected, the 

increase in calorie intake is due to refrigerators, and the increase in sedentary activity is 
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caused by color TVs. Finally, both refrigerators and cell phones lower the MET hours of 

physical leisure activity. Overall, these results confirm our main finding that home appliances 

have significantly affected individuals’ weight outcomes and related behaviors.  

1.7.3 The Impact of Home Appliances on Male Adults 

The results for males based on two-stage least squares are shown in Table 1-12. We do 

not find any significant impact of home appliances on male weight outcomes. However, the 

impact of home appliances on nutrition intake is similar to the impact on females -- the 

adoption of home appliances leads to more nutrition intake, and it is mainly due to a higher 

level of nutrition intake at each meal, not the number of meal. From Panel II of Table 1-12, 

the consumptions of fat, carbohydrates, and protein all increase, and these estimates are larger 

and more significant compared to results for female in Table 1-3. The coefficients of 488.3, 

25.34, 49.88, and 9.84 imply 19.93%, 34.47%, 13.76%, and 12.45% increases in the 

consumptions of total calorie, fat, carbohydrate, and protein, respectively. There is no 

evidence on the impact of home appliances on sleep time or energy expenditure for male.  

These results shed important light on our findings on female adults. First, the different 

impact of home appliances on caloric expenditure can be explained by the fact that women 

are responsible for most of the housework. Because couples usually eat together, it is very 

likely that the impacts of home appliances on caloric intake are similar for men and women. 

Secondly, the increase in caloric intake alone may not have significant impact on weight 

outcomes. It could be the joint effect of an increase in caloric intake and a decrease in caloric 

expenditure that leads to weight gain for females. Lastly, there could be a gender-specific 

genotype-environment interaction effect that leads to differential response to the environment 
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(e.g. caloric intake) between male and female. While understanding the mechanisms of 

gender-specific differences is important, it is beyond the scope of this paper. 

1.8 Conclusion 

Using the “home appliances going to the countryside” policy in China as a natural 

experiment, we estimate the effect of household technology on weight outcomes and related 

behaviors among female adults in rural areas. China, one of the fast growing countries, has 

provided us with a unique setting to examine such a hard-to-study question in developed 

countries. We exploit the variation in households’ adoption of home appliances across rural 

and urban areas due to the HAGC policy, and employ the instrumental variables to identify 

the causal effects of household technology. Our main results are that household appliances 

have increased the weight status of Chinese female adults significantly. The HAGC policy-

induced household technology has increased the probability of being obese by 11% to 25% in 

rural areas.  

Two underlying mechanisms stand out. The first is an increase in energy intake. Our 

results show a 3% to 9% increase in calorie intake and an 11% to 25% increase in fat 

consumption after the policy came into effect in rural areas. These increases are due to the 

change of dietary patterns in each meal -- a shift away from traditional cereal products to 

meat and poultry that contain high calories. The second is a decrease in energy expenditure. 

Our results show that the household technology has lowered the probability of undertaking 

physical leisure activity and reduced MET hours of physical leisure activity significantly. 

Moreover, the average time spent on sedentary activities (such as watching TV and reading) 

increased by 11.6% to 30.5% on weekdays and by 9.7% to 24.5% on weekends.  
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This study provides empirical support for the causal links between technology 

advancement and dietary and activity patterns and weight outcomes. China’s experiences 

provide an important lesson for other countries that are undergoing rapid economic and 

nutritional transitions. At the same time, how to design public policies to avert many of the 

potentially harmful consequences associated with these transitions should be on the top of the 

public health agenda.  
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Figure 1-1 Changes in the Ownership of Subsidized Home Appliances after the HAGC 

Policy 
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F. Washing Machines 

Urban
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Table 1-1 Descriptive Statistics 

  Before
1
   After

2
 

Variable Rural Urban   Rural Urban 

BMI 23.19 23.59 

 

23.51 23.59 

Underweight
3
 0.06 0.05 

 

0.06 0.06 

Normal Weight
3
 0.46 0.41 

 

0.42 0.40 

Overweight
3
 0.48 0.54 

 

0.52 0.54 

Obese
3
 0.27 0.32 

 

0.31 0.31 

3-Day Average Calorie Intake (cal) 2105 2031 

 

2047 1913 

3-Day Average Fat  Intake (cal) 64.87 77.38 

 

69.22 76.24 

3-Day Average Carbohydrate Intake (cal) 318.15 267.83 

 

295.03 242.27 

3-Day Average Protein Intake (cal) 61.25 64.83 

 

60.39 62.85 

Sedentary Activity (Weekdays) (minutes/day) 126.63 159.69 

 

135.37 157.23 

Sedentary Activity (Weekends) (minutes/day) 125.83 171.91 

 

134.10 166.87 

Sleep Time (hours/ day) 8.19 7.97 

 

7.98 7.75 

MET hour of Physical Leisure Activity 2.17 8.39 

 

1.84 8.71 

MET hour of Transportation 5.88 4.16 

 

6.05 3.80 

MET hour of Occupational Activity 88.02 49.68 

 

83.07 39.06 

MET hour of Home Production 42.56 47.78 

 

43.31 49.51 

Number of Breakfasts (in three days) 2.68 2.45 

 

2.60 2.36 

Number of Lunches (in three days) 2.73 2.56 

 

2.71 2.52 

Number of Dinners (in three days) 2.91 2.82 

 

2.91 2.81 

Number of Snacks (in three days) 0.33 0.76 

 

0.66 1.26 

Technology  Index  2.27 3.12 

 

2.97 3.51 

Age 50.06 51.00 

 

53.61 54.63 

Total Household  Income (RMB) 21334 32148 

 

34169 45713 

Household Size 3.76 3.34 

 

3.74 3.33 

Insurance Status 0.35 0.46 

 

0.93 0.90 

Current Work Status 0.59 0.40 

 

0.58 0.34 

Did Not Attend School 0.37 0.26 

 

0.40 0.29 

Primary School 0.24 0.17 

 

0.22 0.17 

Lower Middle School Degree 0.26 0.25 

 

0.26 0.26 

Upper Middle School Degree 0.08 0.15 

 

0.07 0.13 

Technical or Vocational Degree 0.04 0.10 

 

0.04 0.09 

University or College Degree 0.01 0.07 

 

0.01 0.07 

Master's Degree 0.00 0.00 

 

0.00 0.00 

      Sample Size 5094 2566   2393 1078 
1
 Before the policy change (waves 2004 and 2006 in CHNS data) 

2
 After the policy change. (wave 2009 in CHNS data) 

3 
Classification of weight status is shown in Appendix Table 1-A1. 
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groups are more likely to become overweight in their adulthood, but such differences were not 

found in men. Mu and Zhang (2008) also find that the negative impact of exposure to the famine 

varies by gender. They use data from the 2000 China Population Census and the 1998 China 

Agricultural Census, and find that in utero exposure to famine significantly increases the 

likelihood of disability and illiteracy for rural females, but has a lesser impact on males. They 

further indicate that more than two-third of the gender difference in the long-term impact can be 

explained by selection bias caused by gender differences in mortality. In general, the existing 

literature suggests that in utero or early life exposure to adverse shocks such as famines will lead 

to negative outcomes in later stages of life, being particularly deleterious for women.  

The Intergenerational Effects of the Great Chinese Famine 

Some researchers take a further step, and study the impact of early life famine exposure 

on the offspring’s outcomes. Using the 1% sample of the 2000 Chinese Census, Almond et al. 

(2007) find that maternal malnutrition reduces the male to female ratio. They use Hong Kong 

natality micro data from 1984--2004 to further confirm this pattern of female offspring among 

mainland-born residents exposed to malnutrition in utero. Using CHNS data, Fung and Ha 

(2010) find that although individuals born during the famine have a higher BMI, their children 

have a lower height-for-age and weight-for-age. The effect of mothers’ famine exposure is larger 

than the effect of fathers’ exposure, and the negative effect for boys is much stronger than for 

girls.  

3.2.2 Background  

The Great Chinese famine lasted three years, from 1958 to 1961. According to data from 

the China Statistical Yearbook (1984), during this period there was a dramatic decrease in crop 

production in China from 200 million tons (1958) to 143.5 million tons (1960). The Famine was 
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called “three years of natural disaster” (san nian zi ran zai hai), which implies that the cause of 

the famine was a fall in grain output due to the bad weather. However, although this three-year 

period was characterized by unusual weather conditions, the current perception is that the main 

cause of the famine was a sequence of policy mistakes. In particular, the Great Leap Forward (da 

yue jin) from 1958--1961, which aimed at rapidly raising industrial production, resulted in a big 

drop in grain production. During the Great Leap Forward, almost all Chinese villages had been 

reformed into working communes of several thousand people in size within a year. People 

stopped agricultural production and produced shoddy and unsellable goods in small “backyard 

furnaces”. The result of this policy was bewildering. The urban population, which had protected 

legal rights to receive a stated amount of grain consumption, was the least affected. On the other 

hand, local officials in the countryside competed to over-report the levels that their communes 

produced, in response to the new economic organization. As a result, the very grain producers 

from rural areas suffer the most from the grain shortages, ultimately leading the country to the 

great famine.  

The Great Chinese Famine is a disaster in human history. According to the official record, 

the total death (birth) was 21.24 million (60.48 million) from 1956--1958, 36.02 million (42.25 

million) from 1959--1961, and 21.52 million (81.43 million) from 1962--1964. The estimates 

suggest that the excess death from the Great Famine was about 15 million. However, under the 

record system at that time, if a child died before getting a hukou
43

, his birth and death would not 

be officially recorded. Moreover, the validity of the existing official records are dubious as, 

during the Great Leap Forward, the national population surveys and in particular the death 

records are believed to have been altered by the prevailing political forces of the time. Thus, the 

                                                        
43 A hukou is a household registration or resident permit given by the government of China. hukou contain the basic 

information of a person, such as name, date of birth, marital status and so on. It is also related to the eligibility for 

medical insurance, policies and certain jobs.   
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official records are believed to underestimate the true mortality due to the famine. Johnson 

(1998) and Coale et al. (1984) suggest the excess deaths range somewhere between 20 million 

and 30 million.   

3.3 Data 

3.3.1 China Health and Nutrition Survey (CHNS) 

Our primary data set is the China Health and Nutrition Survey (CHNS). The CHNS 

survey rounds collected data in the years 1989, 1991, 1993, 1997, 2000, 2004, 2006 and 2009, 

and were gathered over a three-day period using a multistage, random cluster process. Samples 

were drawn from nine provinces (Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, 

Jiangsu, Liaoning, and Shandong). Counties in the nine provinces were stratified by income, and 

a weighted sampling scheme was used to randomly select four counties in each province. If 

possible, the same households were interviewed over time.  

The weight and height outcomes are important indicators of children’s health status. 

Thus, in our paper, we attempt to compare weight outcomes of famine survivals’ offspring with 

those whose parents were not affected by the great famine. To achieve this purpose, we first 

restrict our sample to the families with both parents that are present and have at least one child. 

The CHNS data only ask interviewees’ current residence, instead of the birth place. Because the 

immigration between provinces are very rare before 1995 due to the hukou system, we use waves 

1989, 1991, and 1993 from CHNS data. The famine was from 1959--1961, so we restrict 

analysis to those whose mothers were born from 1955--1965 (four years before and after the 

Chinese Great Famine). The relatively narrow birth interval is intended to increase the similarity 
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of the unobserved characteristics, and can also help to avoid the effect from other shocks.
44

  

The weight and height outcomes of each individual are examined by medical specialists. 

The wealth of information on physical activity, time allocation, dietary habits and energy intake 

allow us to further investigate the possible underlying mechanism. We drop children without 

complete parents’ education and income information, and restrict the age range of children to 2--

20 years old. In the end, our sample contains 312 girls and 374 boys.  

3.3.2 Nutrition and Health Survey in Taiwan (NAHSIT) 

Our second data set is NAHSIT data, which was designed to monitor the nutritional 

status, health status, life-styles, and health and nutrition relation knowledge/attitude/practice in 

the whole population and in various age, sex, geographical, and ethnic groups. A multi-staged, 

stratified, clustered probability sampling scheme was used. Useful information include weight 

outcomes based on health examinations, nutrition balance based on 24-hour dietary recall, and 

household background such as parents’ income levels.  

This survey has similar designs, contents, and operations as the CHNS. Thus, we want to 

use sample from the NAHSIT as a control group, to examine the impact of famine exposure. 

Because waves 1989, 1991, and 1993 from CHNS data are used, we use the closest wave of 

NAHSIT, which was conducted from 1993--1996. After we restrict it to mothers who were born 

between 1956 and 1964 and children from 2--20 year old, the final sample with complete 

information is 304 girls and 342 boys. 

3.4 Empirical Specification 

We first need to clarify the notations of the generations. The famine happened between 

                                                        
44 The People's Republic of China was founded in 1949. In the early 1950s, there were a massive economic and 

social reconstruction, and the 10-year Cultural Revolution (Wen Hua Da Ge Min) which started in 1966. 
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1959 and 1961, we denote people who were adults during that time as the first generation (G1). 

The children of G1, or those who were born around the famine period are called the second 

generation (G2). And the children of G2 are considered to be the third generation (G3). 

Our research questions are: 1) whether the adverse environmental experience during early 

life stages will have a long term effect on future outcomes, and 2) whether the adverse 

environmental experience of parents will affect their children. According to Barker's Fetal 

Origins Hypothesis (1988), there is an inverse relationship between birth size and long-term 

disease risk. It implies that the in utero exposure to famine of G2 may have a long-term impact 

on their future outcomes. There are several possible explanations for intergenerational effects 

(the impact of early life famine exposure of G2 on the outcomes of G3). First, fetal programming 

is durable through several generations. This is the effect we are trying to identify. However, it is 

also possible that genetic attributes of weight outcomes may manifest themselves similarly in 

mother and offspring. Or adverse environmental conditions may persist across generations. Or 

finally, postnatal investment may affect the mother’s health, and therefore the offspring’s health. 

Because the famine survivors (G2) are the healthy and strong ones, this will lead to a positive 

selection effect that will bias our estimates downwards.  

This paper focuses on the second question: the intergenerational effects of early life 

famine exposure. We compare the weight and height outcomes of the children (G3) of famine 

survivors with children whose parents were not exposed to famine during their in utero period. 

The results for the long-term health effect of famine will be reported in the discussion section.   

3.4.1 Baseline Model 

In the baseline model, the following equation is used to estimate the impact of mothers’ 

in utero environment on their children’s outcomes:  
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In this model, i indexes individuals, p indexes provinces, and t indexes waves. We control for 

age, age square, their residence (rural or urban), and their background information such as their 

parents’ education and income levels. Province fixed effects (𝜂𝑃) and wave fixed effects (𝜏𝑡) are 

included. We also add other control variables, such as their nutrition intakes and ownership of 

color TV (as a measure of nutrition expenditure), to check whether the difference in weight status 

can be explained by caloric intake and expenditure. Finally, εipt  represents individual 

idiosyncratic errors.  

Our main outcomes are weight and height outcomes. Because the weight and height of 

children in different ages cannot be compared directly, we transform children’s BMI, weight, and 

height to z-score. The transformation of child anthropometric data to z-scores is based on WHO 

2007 standard, which is more suitable for Asian children.  

The variable of interest is Famine, which equals 1 if their mothers were born during the 

famine, and equals 0 otherwise. The parameter 1  captures the effects of being the children of 

the famine survivors. For example, if the dependent variable is BMI-for-age, a negative sign of 

1  indicates the BMI-for-age is lower if their mothers were exposed to famine during their in 

utero period. Because the errors within each province may be correlated, all regressions are 

clustered by provinces.  

3.4.2 Difference-in Difference (DD) 

In order to find a truly unexposed control group, we use observations from health and 

nutrition survey data in Taiwan. Because Taiwan was not affected by the famine from 1959 to 

1961, under this specification, we use people born in Taiwan as the control group and use people 
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born in mainland as the treatment group. To address the potential bias due to the mortality, we 

control for yearly Excess Death Rate (EDR) in difference provinces, and assume the EDR in 

Taiwan is 0, because Taiwan was not affected by the great famine. 

iptptiipt

pipiipt

EDREducationParentsagef

MainlandMainlandOutcome
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In this model, i indexes individuals, p indexes provinces, and t indexes waves. Mainland is a 

dummy variable which equals 1 for people born in Mainland, and equals 0 for people born in 

Taiwan. The coefficient of interest is 1 , which captures the DD effect.  

3.5 Empirical Results 

3.5.1 Baseline Results 

The impact of mothers' famine exposure on G3’s outcomes is shown in Table 3-1. 

Regressions are based on Equation 12. Considering the potential gender difference, we run the 

regressions for boys and girls separately. The results for girls and boys are presented in Panels I 

and II, respectively. The outcome variables include weight-for-age, BMI-for-age, and height-for-

age. By comparing the impact of mothers’ in utero famine exposure on girls and boys, we find 

that the effects on boys’ weight and height outcomes are not significant at all. On the other hand, 

the weight-for-age and BMI-for-age of girls whose mothers were exposed to famine during the in 

utero period are significantly smaller. The estimate of -0.38 in Column 2 of Panel I indicates that 

the BMI-for-age of girls are 0.38 lower on average, and it is mainly due to lower weight (0.30 

lower in weight-for-age). As a result, our study will only focus on the weight and height 

outcomes of daughters of famine survivors.  

3.5.2 Caloric Intake and Caloric Expenditure 

BMIs are highly related to caloric balance. Thus, we further control for the caloric intake 
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and expenditure, to check whether the effects of mothers’ in utero famine exposure on their 

daughters’ weight and height outcomes remain significant. The caloric intake information is 

based on the three consecutive 24-hour recalls. During the survey, the interviewers ask 

individuals about the ingredient names and amounts for each meal. Based on the information, 

they calculate the total calorie intake, fat consumption, carbohydrates consumption, and protein 

consumption. Table 3-2 shows the results when controlling for caloric intake, as well as the 

consumption of carbohydrate, fat, and protein. The results are very robust. And we find no 

evidence about the impact of caloric intake on girls’ weight and height outcomes.  

Because there is little variation in the physical activity participation among girls, we use 

the ownership of color TV to estimate their physical activity levels (assume that Color TV 

significantly increases girls’ sedentary activities and decrease their physical activities). The 

results are shown in Table 3-3: the ownership of color TV is associated with increases in the 

weight-for-age and height-for-age, but the results about the effects of famine exposure remain 

robust after controlling for color TV ownership. 

3.5.3 Parents’ SES 

We already showed that the impact of unfavorable in utero events can pass to their 

children. Then an important question will be whether higher SES of parents can help eliminate 

the negative effect on their children? To answer this question, we interact the parents’ SES with 

the Famine dummy. The “high SES” is defined as: (1) finished upper middle school (2) income 

is higher than the average. The effects of mothers’ and fathers’ SES are evaluated separately, 

which leads to four regressions. The outcome variable is children’s BMI-for-age.  

If higher SES can dampen the negative impact, the coefficient of “High SES × Famine” 

should not be significant, while the coefficient of “Low SES × Famine” should remain 
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significant. In Table 3-4, Columns 2, 3, and 4 meet such conditions, which implies that it is 

possible to modify the intergenerational transmission of programming effect when 1) father has 

at least upper middle school education, or 2) either father or mother has income higher than the 

average. On the other hand, mothers’ education level cannot buffer the negative impact of the 

bad in utero environment on their offspring (Column 1).  

The comparison between girls from Mainland and Taiwan are shown in Table 3-5. We 

can find that both the height-for-age and weight-for-age of girls from Taiwan are larger than that 

of girls from mainland; the educational attainments of Taiwan parents are better than mainland 

parents, especially for mothers. The results for DD model are shown in Table 3-6. Consistent 

with the conclusion from our baseline model (Panel I of Table 3-1), girls have lower weight-for-

age and BMI-for-age if their mothers were exposed to famine during the in utero period, but the 

results become less significant. In this specification, we also observe that sons of famine 

survivors tend to have a lower BMI-for-age.  

3.6 Discussion 

The results for G2 based on the basic setup are shown in Table 3-7 and Table 3-8. In 

different columns, we show results based on different sets of control variables. There are three 

EDR values for each province: 1) in utero, 2) in the first year of birth, and 3) in the second year 

of birth.  

The results for fathers are shown in Table 3-7: both in utero and early childhood famine 

exposure will make fathers heavier and shorter in their adulthood, which leads to a larger BMI. 

Controlling for education will not affect the results. However, the impact on height becomes 

insignificant after controlling for the EDR. The results for mothers are shown in Table 3-8: 

mothers who were born during or right before the famine tend to be shorter and have larger BMIs 
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in their adulthood. The results are robust when we further control for their education levels and 

the EDR.  

The results for G2 using the DD specification are shown in Table 3-9 and Table 3-10. In 

general, the results are consistent with the baseline model results, expect for the impact of early 

famine exposure on mothers’ future weight: the DD model implies that mothers will become 

heavier if they were exposed to famine during their early life.  

3.7  Conclusion  

Our results indicate that in utero famine exposure has significant effects on future weight 

and height outcomes, and the effects can pass on to their offspring. However, the effects of 

famine exposure on G2 and G3 are different: parents (G2) tend to have a larger BMI in their 

adulthood due to their in utero famine exposure, but the girls whose mothers were born during 

the famine tend to have a smaller BMI-for-age. These results are robust under various 

specifications. Moreover, higher income and education levels for parents can help to buffer the 

bad impacts of their unfavorable early life environments on their daughters’ weight outcomes.  

  



 

108 
 

3.8 Reference 

Almond, Douglas; Lena Edlund; Hongbin Li and Junsen Zhang. 2007. "Long-Term Effects of the 

1959-1961 China Famine: Mainland China and Hong Kong," National Bureau of Economic 

Research,  

Barker, David James Purslove. 1998. "Mothers, Babies and Health in Later Life." 

Barker, David James Purslove and Roger J Robinson. 1992. Fetal and Infant Origins of Adult 

Disease. British Medical Journal London. 

Barker, DJ; C Osmond; SJ Simmonds and GA Wield. 1993. "The Relation of Small Head 

Circumference and Thinness at Birth to Death from Cardiovascular Disease in Adult Life." 

BMJ: British Medical Journal, 306(6875), 422. 

Chen, Yuyu and Li-An Zhou. 2007. "The Long-Term Health and Economic Consequences of the 

1959–1961 Famine in China." Journal of Health Economics, 26(4), 659-81. 

Coale, Ansley J. 1984. Rapid Population Change in China, 1952-1982. National Academies 

Press. 

Fung, Winnie and Wei Ha. 2009. "Intergenerational Effects of the 1959-61 China Famine." Risk, 

Shocks and Human Development: On the Brink. 

Gørgens, Tue; Xin Meng and Rhema Vaithianathan. 2012. "Stunting and Selection Effects of 

Famine: A Case Study of the Great Chinese Famine." Journal of Development Economics, 

97(1), 99-111. 

Gale Johnson, D. 1998. "China's Great Famine: Introductory Remarks." China Economic 

Review, 9(2), 103-09. 

Luo, Zhehui; Ren Mu and Xiaobo Zhang. 2006. "Famine and Overweight in China." Applied 

Economic Perspectives and Policy, 28(3), 296-304. 

Meng, Xin and Nancy Qian. 2006. "The Long Run Health and Economic Consequences of 

Famine on Survivors: Evidence from China's Great Famine." 

Mu, Ren and Xiaobo Zhang. 2008. Gender Difference in the Long-Term Impact of Famine. 

International Food Policy Research Institute. 

Philipson, Tomas J and Richard A Posner. 1999. "The Long-Run Growth in Obesity as a 

Function of Technological Change," National bureau of economic research,  

Shi, Xinzheng. 2011. "Famine, Fertility, and Fortune in China." China Economic Review, 22(2), 

244-59. 

Yang, Dennis Tao. 2008. "China's Agricultural Crisis and Famine of 1959–1961: A Survey and 

Comparison to Soviet Famines." Comparative Economic Studies, 50(1), 1-29. 

Yang, Z; W Zhao; X Zhang; R Mu; Y Zhai; L Kong and C Chen. 2008. "Impact of Famine 

During Pregnancy and Infancy on Health in Adulthood." Obesity reviews, 9(s1), 95-99. 

 

 

 

 

  



 

109 
 

Table 3-1 The Impact of Mothers’ Famine Exposure 

VARIABLES Weight-for-age BMI-for-age Height-for-age 

Panel I: Girls 

   Mothers Born During the Famine -0.3015*** -0.3780** -0.0307 

 

[0.079] [0.143] [0.180] 

Observations 312 312 312 

Panel II: Boys 

   Mothers Born During the Famine 0.1195 -0.1067 0.3104 

 

[0.153] [0.153] [0.182] 

Observations 374 374 374 

Standard errors in brackets 

   *** p<0.01, ** p<0.05, * p<0.1 
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Table 3-2 The Impact of Mothers’ Famine Exposure Controlling for Caloric Intakes 

VARIABLES Weight-for-age BMI-for-age Height-for-age 

Mothers Born During the Famine -0.3022*** -0.3720** -0.0364 

 

[0.082] [0.134] [0.182] 

Calorie -0.0230 -0.0320 0.0028 

 

[0.016] [0.020] [0.010] 

Carbohydrate 0.0915 0.1294 -0.0132 

 

[0.063] [0.079] [0.041] 

Fat 0.2083 0.2885 -0.0241 

 

[0.140] [0.176] [0.093] 

Protein 0.0953 0.1259 -0.0043 

 

[0.064] [0.079] [0.040] 

Observations 312 312 312 

Standard errors in brackets 

*** p<0.01, ** p<0.05, * p<0.1 

 

  

http://en.wikipedia.org/wiki/Carbohydrate
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Table 3-3 The Impact of Mothers’ Famine Exposure Controlling for Caloric Expenditure 

VARIABLES Weight-for-age BMI-for-age Height-for-age 

Mothers Born During the Famine -0.3119*** -0.3609** -0.0894 

 

[0.087] [0.147] [0.165] 

Color TV 0.3463** 0.0850 0.3710** 

 

[0.115] [0.111] [0.138] 

Observations 312 312 312 

Standard errors in brackets 

*** p<0.01, ** p<0.05, * p<0.1 

 

  



 

112 
 

Table 3-4 The Impact of Mothers’ Famine Exposure Considering Parents’ SES 

VARIABLES 

Mother High 

Education 

Father High 

Education 

Mother High 

Income 

Father High 

Income 

High SES ×  -0.8195*** -0.1282 -0.1354 -0.2630 

Mothers Born During the Famine [0.242] [0.755] [0.178] [0.161] 

Low SES ×  -0.2770*** -0.3242*** -0.3846*** -0.3289** 

Mothers Born During the Famine [0.072] [0.083] [0.104] [0.104] 

Observations 312 312 312 312 

Standard errors in brackets 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 3-5 Comparison between Mainland and Taiwan Samples 

Variable Taiwan Mainland 

Age 9.79  11.56  

BMI-for-age -0.11  -0.52  

Height-for-age 0.23  -1.02  

Weight-for-age 0.05  -0.97  

Mother No Education 0.05  0.24  

Father No Education 0.06  0.07  

Observations 304 312 
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Table 3-6 The Impact of Mothers’ Famine Exposure (DD Results) 

  Weight-for-age BMI-for-age Height-for-age 

Panel I: Girls 

 Mothers Born During the Famine -0.1410*** -0.1584*** 0.0071 

 

[0.018] [0.013] [0.019] 

Mainland -1.5469** -0.6533 -1.3726*** 

 

[0.583] [0.604] [0.397] 

Mothers Born During the Famine * Mainland -0.1680* -0.2211* -0.0730 

 

[0.087] [0.119] [0.184] 

Observations 618 618 618 

Panel II: Boys 

 Mothers Born During the Famine 0.1341*** 0.1458*** 0.1160*** 

 

[0.013] [0.012] [0.022] 

Mainland -1.2303** -0.3551 -1.2930* 

 

[0.469] [0.487] [0.667] 

Mothers Born During the Famine * Mainland -0.0866 -0.3038* 0.1291 

 

[0.135] [0.152] [0.172] 

Observations 716 716 716 

Standard errors in brackets 

   *** p<0.01, ** p<0.05, * p<0.1 
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Table 3-7 Weight and Height Outcomes for G2 Fathers 

Panel I: BMI 

 Father born during the famine * Mainland 1.3380*** 1.3198*** 0.9754** 1.1028** 

(born from 1959-1961) [0.175] [0.178] [0.351] [0.372] 

Father born before the famine * Mainland 1.1403*** 1.1568*** 1.1008*** 1.1475*** 

(born from 1954-1958) [0.210] [0.177] [0.161] [0.179] 

EDR in utero - - 0.0242 0.0221 

 

- - [0.024] [0.026] 

EDR in first year of birth - - 0.0311 0.0301 

 

- - [0.031] [0.030] 

EDR in second year of birth - - -0.0155 -0.0158 

 

- - [0.018] [0.018] 

Panel II: Weight 

 Father born during the famine * Mainland 2.1895** 2.3965** 2.7337 2.8732* 

(born from 1959-1961) [0.779] [0.857] [1.493] [1.544] 

Father born before the famine * Mainland 2.1374** 2.9114*** 2.9487*** 3.0931*** 

(born from 1954-1958) [0.847] [0.685] [0.777] [0.727] 

EDR in utero - - 0.0244 0.0194 

 

- - [0.100] [0.113] 

EDR in first year of birth - - 0.0662 0.0667 

 

- - [0.090] [0.089] 

EDR in second year of birth - - -0.1696 -0.1625 

 

- - [0.107] [0.098] 

Panel III: Height 

 Father born during the famine * Mainland -2.1551** -1.7129* -0.0452 -0.3106 

(born from 1959-1961) [0.701] [0.840] [1.168] [1.174] 

Father born before the famine * Mainland -1.5165* -0.4261 -0.2000 -0.1464 

(born from 1954-1958) [0.739] [0.636] [0.674] [0.585] 

EDR in utero - - -0.0404 -0.0380 

 

- - [0.079] [0.090] 

EDR in first year of birth - - -0.0267 -0.0231 

 

- - [0.046] [0.048] 

EDR in second year of birth - - -0.1769 -0.1652 

 

- - [0.113] [0.107] 

Father’s Education N Y N Y 

The omitted group is Father born after the famine ( from 1962-1966). 

All regressions include year of birth fixed effects, survey wave fixed effect, and province fixed 

effects. 

The sample size is 1,453. 
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Table 3-8 Weight and Height Outcomes for G2 Mothers 

Panel I: BMI 

 Mother born during the famine * Mainland 0.2000 -0.2883 -0.1640 

(born from 1959-1961) [0.274] [0.453] [0.448] 

Mother born before the famine * Mainland 0.6497*** 0.3533** 0.5460*** 

(born from 1954-1958) [0.184] [0.140] [0.151] 

EDR in utero - -0.0383* -0.0379** 

 

- [0.017] [0.016] 

EDR in first year of birth - 0.0463 0.0524 

 

- [0.039] [0.038] 

EDR in second year of birth - 0.0240 0.0243 

 

- [0.028] [0.028] 

Panel II: Weight 

 Mother born during the famine * Mainland -1.3016* -2.0848 -1.9817 

(born from 1959-1961) [0.673] [1.268] [1.178] 

Mother born before the famine * Mainland 0.4478 -0.1160 0.3163 

(born from 1954-1958) [0.584] [0.404] [0.454] 

`EDR in utero - -0.0560 -0.0487 

 

- [0.066] [0.064] 

EDR in first year of birth - 0.1061 0.1144 

 

- [0.091] [0.094] 

EDR in second year of birth - -0.0080 0.0095 

 

- [0.058] [0.057] 

Panel III: Height 

 Mother born during the famine * Mainland -2.5639*** -2.0168*** -2.2980*** 

(born from 1959-1961) [0.388] [0.541] [0.542] 

Mother born before the famine * Mainland -1.5204*** -1.2853** -1.3528** 

(born from 1954-1958) [0.434] [0.474] [0.491] 

EDR in utero - 0.0531 0.0615 

 

- [0.056] [0.051] 

EDR in first year of birth - -0.0060 -0.0145 

 

- [0.048] [0.048] 

EDR in second year of birth - -0.0937* -0.0710 

 

- [0.048] [0.044] 

Mother’s Education N N Y 

The omitted group is Mother born after the famine ( from 1962-1966). 

All regressions include year of birth fixed effects, survey wave fixed effect, and province fixed 

effects. 

The sample size is 1,949. 
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Cheng Chen 
 

Department of Economics,  Lehigh University 

621 Taylor  Street, Bethlehem, PA 18015 

(732)543-4236 (mobile) 

chc509@lehigh.edu 

http://www.lehigh.edu/~chc509 
 
 
 
 

Desired Research and Teaching Fields 
 

Primary:               Health Economics,  Applied Microeconomics,  Applied Econometrics 
 

Secondary:              Development Economics,  Family  Economics,  Policy Analysis 
 

 
 

Degrees 
 

Ph.D.                       Economics, Lehigh University, May 2014 (expected). 
 

B.S.                         International Business (minored in Automation), Shanghai Jiao Tong University, China, 2009. 
 

 
 

Dissertation 
 

Title:                       Three essays on the short-term, long-term, and inter-generational effects of environmental changes 

on health outcomes 
 

Committee:            Shin-Yi Chou (Chair), Chad Meyerhoefer, Muzhe Yang, Yuping Zhang 
 

 
 

Research Papers 
 

1.  Cheng Chen, Shin-Yi Chou, Hsienming Lien, and Jin-Tan Liu, “The long-term health effects of early life 

malaria exposure: Evidence  from the malaria eradication program in Taiwan,” job market paper. 
 

2.  Cheng Chen, Shin-Yi Chou, and Robert J. Thornton, “The effect of household technology on obesity and 

weight gain among Chinese female adults: Evidence from China’s home appliances going to the countryside 

policy,” revise and resubmit, Journal of Human Capital. 
 

3.  Cheng Chen, Shin-Yi Chou, and Lea Gimenez Duarte, “The inter-generational effects of the 1959–1961 Great 

Chinese Famine on children’s anthropometric outcomes.” 
 

 
 

Work In Progress 
 

1.  Lea Gimenez Duarte, Cheng Chen, Shin-Yi 
 

2.  Cheng Chen, “Are sons causing more family stress? Evidence from China’s one-child policy.” 
 

 
 

Research Experience 
 

Research Assistant: Lehigh Valley Hospital Project (Summer 2011, Spring 2012, Summer 2012) 

mailto:chc509@lehigh.edu
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Teaching Experience (at Lehigh University) 
 

Instructor: 

Statistics (Fall 2013, Spring 2014); Money and Banking (Summer 2013) 
 

Teaching Assistant: 

Money and Banking (Fall 2012, Spring 2013);  

Principle of Economics (Fall 2010, Spring 2011, Fall 2011) 
 

 
 

Professional Activities 
 

Conference Presentations: 

 
“The long-term health effects of early life malaria exposure: Evidence from the malaria eradication program in Taiwan” 

 

• China Meeting of the Econometric Society, Beijing, China, June 2013. 
 

• Chinese Economist Society Annual Meeting, Chengdu, China, June 2013. 
 

• Eastern Economic Association Annual Meeting, New York, NY, May 2013. 
 

“The effect of household technology on obesity and weight gain among Chinese female adults: Evidence from 

China’s home appliances going to the countryside policy” 
 

• AAEA & CAES Joint Annual Meeting, Washington DC, August 2013. 
 

• China Meeting of Econometric Society, Beijing, China,  June 2013. 
 

•  Eastern Economic Association  Annual  Meeting,  New York, NY, May 2013. 
 

• Chinese Economist Society Annual Meeting,  Kaifeng, China,  June 2012. 
 

• American Society of Health Economists Biennial Conference, Minneapolis, MN, June 2012. 
 

•  Eastern Economic Association  Annual  Meeting, Boston, MA, March 2012. 
 

“The inter-generational effects of the 1959–1961 Great Chinese Famine on children’s anthropometric outcomes” 

• Chinese Economist Society Annual Meeting, Chengdu, China, June 2013. 

“Can we stop half the sky from falling? The effect of parental education on the birth ratio.” 

• Chinese Economist Society North America Conference, West Lafayette, IN,  March  2014. 
 

 

Other  Professional  Activities: 
 

• China  Meeting of the Econometric Society, Discussant, Beijing, China,  June 2013. 
 

• Chinese Economist Society Annual  Meeting,  Discussant, Chengdu,  China,  June 2013. 
 

•  Eastern Economic Association  Annual  Meeting,  Discussant, New York, NY, May 2013. 
 

• Lehigh University Academic Symposium,  Presenter, Bethlehem, PA, April 2013. 
 

• Chinese Economist Society Annual  Meeting,  Discussant, Kaifeng, China,  June 2012. 
 

• Teacher  Development Program, Participant, Lehigh University, Bethlehem, PA, Spring 2011, Fall 2011. 
 

• National  Bureau  of Economic Research  Summer  Institute, Attendee (Invited), Cambridge, MA, July 2011. 
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Honors and Awards 
 

2010–2013             Teaching  Assistantship, Lehigh University 
 

Spring 2012          Research  Assistantship, Lehigh University 
 

2009                       Presidential Fellowship,  Lehigh University 
 

2006–2008             People’s Scholarship,  Shanghai  Jiao Tong University 
 

 
 

Skills 
 

Computer Skills:       Stata, SAS, R, Matlab, Maple 
 

Language:                  English (proficient), Chinese (native) 
 

 
 

References 
 

Shin-Yi Chou 

 
 

 
Professor  of Economics,  Lehigh University, 

Research  Associate,  National  Bureau  of Economics Research, 

621 Taylor  Street, Bethlehem, PA 18015 

syc2@lehigh.edu, (610)758-3444 
 

 

Chad  D. Meyerhoefer 

Associate  Professor  of Economics,  Lehigh University, 

Research Associate,  National  Bureau  of Economics Research, 

621 Taylor  Street, Bethlehem, PA 18015 

chm308@lehigh.edu, (610)758-3445 
 

 

Muzhe Yang  
Assistant Professor  of Economics,  Lehigh University, 

621 Taylor  Street, Bethlehem, PA 18015 

muzheyang@lehigh.edu, (610)758-4962 
 

 

Thomas  J. Hyclak (Teaching) 

Interim Dean of the College of Business and Economics, 

Professor  of Economics,  Lehigh University, 

621 Taylor  Street, Bethlehem, PA 18015 

tjh7@lehigh.edu, (610)758-6725 
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