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Abstract

In this paper, we build on the literature that examines associations between height and health
outcomes of the elderly. We investigate the associations of height shrinkage at older ages with
socioeconomic status, finding that height shrinkage for both men and women is negatively
associated with better schooling, current urban residence, and household per capita expenditures.
We then investigate the relationships between pre-shrinkage height, height shrinkage, and a rich
set of health outcomes of older respondents, finding that height shrinkage is positively associated
with poor health outcomes across a variety of outcomes, being especially strong for cognition
outcomes.

The rapid aging of the population places health at older ages among the top public health
priorities in recent years, as the fraction of the population that is elderly has been rising. In
countries such as China, rapid aging has occurred at much lower levels of national income
and worse health conditions than was the case in industrial countries. The elderly in such
countries were children when economic development and health conditions were far worse
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than today, and their health as adults is likely to have been affected by such past conditions,
more so than the elderly in industrial countries.

The effects of early-life health and environment on cognitive function, health, well-being,
and mortality have been documented by researchers across a range of disciplines, using data
from many countries over the world (Elo and Preston 1992; Barker 1994; Nystrom, Peck,
and Lundberg 1995; Godfrey and Barker 2000; Finch and Crimmins 2004; Case and Paxson
2005; Case and Paxson 2008b, 2009b, 2010a, 2010b; Alderman and Behrman 2006; Yi, Gu,
and Land 2007; Van den Berg, Lindeboom, and Portrait 2006; Smith 2009; Huang and Elo
2009; Almond and Currie 2011).

There are several literatures that have used height to proxy for past health. In the large
historical literature, adult height is taken to be an indicator of population health (Fogel 1986,
2004; Steckel 1995, 2009). The nutrition literature long ago established that child height is a
very good summary measure of overall health of children (e.g., Martorell and Habicht
1986). Adult height, while reflective of the adolescent growth spurt, is also highly correlated
with height during childhood.

A strong association has been found to exist among the elderly between measured height
and cognitive ability including dementia, self-reported health, illness status, and measures of
depression (e.g., Abbott et al. 1998; Schnaider Beeri et al. 2005; Case and Paxson 20083,
2010a; Deaton and Arora 2009; Heineck 2009; Maurer 2010; Smith et al. 2012). Most of
this literature is from industrial countries (Maurer 2010 and Smith et al. (2012), are
exceptions). The exact mechanisms are not completely known, as these studies are not
structural, nor causal. Some of the pathways are likely to be through better health during the
fetal period and childhood and prime-aged adulthood (e.g., Case and Paxson 2008b or Smith
2009), but other pathways exist as well, such as taller people having more schooling and
consequently making better health behavior decisions (e.g., Cutler and Lleras-Muney 2010).

However, older people suffer height shrinkage during aging. Aging is associated with
several physiological and biological changes, including body composition, such as an
increase in body fat, a decrease in lean body mass and bone mass. Through such
mechanisms as certain kinds of arthritis (such as ankylosing spondylitis), inflammation of
spine joints, herniated disks, or kyphosis, these changes can lead to vertebral deformity,
which can contribute to a reduction in height, or shrinkage (Kwok, Lau, and Woo 2002;
Prothro and Rosenbloom 1993; Roubenoff and Wilson 1993). One health condition that can
influence shrinkage directly and through many of these other proximate causes is
osteoporosis. Early osteoporosis can be caused by mechanisms such as early menopause,
diet, exercise, smoking, excess drinking and exposure to certain heavy metals such as lead.
Some of these conditions may have their origins in childhood. Height shrinkage may thus be
more severe in those with current health problems or problems from early childhood, or
even be correlated with pre-shrinkage height itself. This suggests a potential relationship
between shrinkage and different SES factors that are associated with current health and early
childhood health problems. Furthermore, estimates of the impacts of height on other health
measures, as we see in the current literature, may miss some important insights because
shrinkage is not considered.

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huang et al.

Page 3

In this paper, we construct estimates of height shrinkage using techniques from the nutrition/
human biology literature. We examine the SES correlates of shrinkage and use both
estimated pre-shrinkage height and shrinkage as covariates in OLS regressions of health on
height. The first step is to estimate the pre-shrinkage height of the seniors. This issue has a
long history in the nutrition and human biology literature, even, especially, using cross-
section data. Measured height is regressed on limb length(s) and the resultant prediction is
used as a measure of pre-shrinkage height. This works because the limbs used in this
literature do not generally shrink as people age. Lower leg length (Chumlea, Roche, and
Steinbaugh 1985; Chumlea and Guo 1992; Protho and Rosenbloom 1993; Myers, Takiguchi,
and Yu 1994; Zhang, Hsu-Hage, and Wahlqvisl 1998; Berm(dez, Becker, and Tucker 1999;
Li et al. 2000; Cheng, See, and Shieh 2001; Pini et al. 2001; Knous and Arisawa 2002), arm
span from roughly the shoulder to the wrist (Kwok and Whitelaw 1991; Kwok, Lau, and
Woo 2002), total arm length (Mitchell and Lipschitz 1982; Haboubi, Hudson, and Pathy
1990; Auyeung and Lee 2001), upper arm or humeral length, tibia length (Haboubi, Hudson,
and Pathy 1990) and fibula length (Auyeung and Lee 2001) have all been employed to
estimate pre-shrinkage stature.

Most of this literature simply uses lower leg or arm length to predict height using older
populations. In some cases, a younger population that should not have shrunk yet, is used to
estimate the function relating height to limb length(s), and the parameters used to predict
height for an older population that has been shrinking, assuming that the parameters are the
same for the two age groups (e.g., Reeves, Varakamin, and Henry 1996). Rarely is an
attempt made to actually estimate shrinkage, and generally no attempt is made to relate
shrinkage to socioeconomic variables. Likewise, very little literature exists that relates
height shrinkage to other health variables, although see Hillier et al. (2012) for a recent
interesting exception relating shrinkage in older women to subsequent hip fractures and
mortality. In contrast, there is some literature, though not large, that relates limb lengths to
different health outcomes. The idea is that limb lengths are a proxy for childhood health
influences. For instance, Huang et al. (2008) use leg length and arm span to predict dementia
in an older population. More interesting for our purposes is a recent paper by Zhang, Gu,
and Hayward (2010) that uses another survey of Chinese elderly, the Chinese Longitudinal
Healthy Longevity Survey, to relate arm length and knee height to cognitive impairment at
older ages, finding strong negative associations between limb lengths and cognition among
this older population. They do not, however, examine the correlations between height
shrinkage and cognition or the SES correlates of shrinkage.

Based on the national baseline data from the China Health and Retirement Longitudinal
Study (CHARLS), this paper investigates the correlates of shrinkage with current SES and
indicators of childhood health, and whether shrinkage is correlated with pre-shrinkage
height and, separately, with limb lengths. We find strong negative associations between
shrinkage and current measures of SES, such as level of education, log of household per
capita expenditure (pce), and urban residence, as well as strong correlations with county of
current residence and province of birth. However, the correlation between height shrinkage
and nonlocation measures of childhood background are weak.
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We then replace measured height by our pre-shrinkage height estimates, plus our estimates
of height shrinkage, as covariates in regressions to investigate their associations with a rich
set of later-life health variables: measures of cognitive functioning, hypertension, lung
capacity, grip strength, balance, walking speed, self-reported general health, measures of
physical functioning, activities of daily living (ADLSs), instrumental activities of daily living
(IADLs), the Center for Epidemiologic Studies Depression Scale (CES-D) and expectation
of surviving to age 75 (for respondents under 65). We find that even controlling for SES and
early-life health conditions, that pre-shrinkage height and especially height shrinkage have
significant associations with these later-life health conditions. In general, height shrinkage is
negatively correlated with good health outcomes and pre-shrinkage height positively so. For
many of our health variables, height shrinkage has considerably larger coefficients (in
absolute value), which are more likely to be statistically significant, than for pre-shrinkage
height.

Given our shrinkage results, height shrinkage is more a marker for later-life health problems
than for early-life health conditions, in contrast to pre-shrinkage height, which is a marker of
early-life health. Hence, this evidence means that it is not only early life events that are
associated with late life health outcomes (childhood background variables are jointly
significant in these health regressions), but health insults in later life as well. Had we only
examined the correlations between measured height and these health variables, we would
have missed this important insight. By providing evidence of whether and how height
shrinkage is correlated with SES, this paper also validates the concern raised, but not tested,
by Case and Paxson (2008a), that individuals with poor health tend to shrink more than
healthy ones.

This paper is organized as follows. In Section I, we discuss our model and econometric
framework to estimate height shrinkage and pre-shrinkage height. Section Il discusses the
data used in this paper and summary statistics. Section 111 shows how we estimate the pre-
shrinkage height function from a sample of “young” respondents and height shrinkage for
our “older” sample. Section IV discusses the evidence on the association between height
shrinkage and SES and pre-shrinkage height. Section V provides further evidence on the
association between height shrinkage, pre-shrinkage height and our health measures of this
older population. Section VI concludes.

|. Theoretic Framework

In previous studies, what has interested many researchers is the association between height
and health status. A prototypical regression is

y=x 0+patu, (1)

in which y stands for health variables such as self-reported health, ADL disability, or
cognitive ability; p is respondents’ pre-shrinkage height; x is short for a set of covariates,
such as demographic variables, possibly SES, or perhaps other childhood health variables; u
is the error term, which is assumed in the literature to be mean independent of height and
control variables. We also assume that it is mean independent of the predictors of pre-
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shrinkage height.1 Most researchers are interested in the coefficient a. However, in most
situations, pre-shrinkage height is unobserved and the interviewers have available only
measured height (h), which might have been contaminated by height shrinkage (s). The
regression thus estimated is

y=x 6+ha+i, ()

and for the older population measured height (h), as an identity equals pre-shrinkage height
(p) minus height shrinkage (s) (in the younger sample, in principle, measured height equals
pre-shrinkage height):

h=p—s. (@3

Height shrinkage may be independent of pre-shrinkage height, which is easier to handle, but
this may not be the case. On the one hand, pre-shrinkage height is a marker of early-life
health status, and healthier people might shrink less with aging, have less osteoporaosis, for
example. On the other hand, taller people may lose more height if they suffer kyphosis or
some other related diseases. In these situations, the coefficients on height and x in (2) are a
biased estimate of the coefficients on preshrinkage height and x in (1) because the error in
(2) will contain shrinkage that is correlated with pre-shrinkage height and x.2

Maurer (2010) assumed that lower leg length was correlated with pre-shrinkage height and
not correlated with height shrinkage, and used lower leg length as an instrument for
measured height, using data from Latin America and the Caribbean. Then he argued that the
2SLS estimation would give consistent results. However, if pre-shrinkage height is
correlated with height shrinkage conditional on control variables and error term, this
suggests that lower leg length may be correlated with the error term as well, then this 2SLS
estimate will also be inconsistent. We will test this directly.

In this paper, we use lower leg length and upper arm length to predict pre-shrinkage height
using different data on a younger population, instead of taking them as instruments directly.
We use estimates of this height function to predict pre-shrinkage height and height shrinkage
for respondents from an older population, aged 60 and over. Of course in doing so we have
to assume that the relationships between limb lengths and heights are the same for the two
age groups. There is not much literature on this, what there is we discuss below, along with
limited evidence from CHARLS that we can provide.

Firstly, we estimate the following equation for the younger group:

hy:zy'7+ny> 4

1of course even height, though predetermined, will be correlated with unobserved variables so that the regression coefficients in (1)
are not causal effects.

In Section V, we will provide some evidence that height shrinkage is correlated with SES, with pre-shrinkage height, and with lower
leg length, thus with the error term, a.
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where z is a vector representing lower leg length, upper arm length (as an adult), and a Han
ethnic dummy. The variables in x and z overlap because of the Han dummy, but there are
variables (the limb lengths) in z that are excluded from x. We assume

E(ny|zy, x,)=0.

We then apply the estimated y coefficients to the older age group to estimate their pre-
shrinkage height:

Height shrinkage is defined as the difference between pre-shrinkage height and measured
height, as in (3).

After estimating pre-shrinkage height and height shrinkage, we estimate the association
between height shrinkage and SES variables, i.e., education levels; per capita pce; age
dummies; living in an urban area; marital status; and childhood background variables, such
as having an urban childhood upbringing, schooling of each parent, whether each parent had
died before the respondent was 18, a self-reported general health measure of the
respondent’s health before age 16, and dummies for province of birth.3 To test potential bias
in an 1V specification using limb lengths as instruments, we add limb lengths as x covariates
and test their association with shrinkage. In a second specification, we add pre-shrinkage
height. That is,

s:x/ﬂ—l—pé—l—e, (6)

with E(e | X, p, z) = 0. Finally, we estimate (1) and (2), along with (7), to examine the
associations between height and health:4

yzx/0—|—pa—|—sm—|—u. )

Separate OLS estimation of (4) and (6), or (4) and (7), is the optimal two-step GMM
estimator. Our standard errors for (1), (6), and (7) are corrected for the fact that we use
predicted variables as dependent and/or independent variables. We derive the asymptotic
variances in Appendix 1.

3The childhood background variables might be thought of as possible instrumental variables for limb lengths in (4), however, this
would require the assumption that the only influence of childhood background on pre-shrinkage height, height shrinkage, and other
height outcomes is through limb lengths, which is not consistent with the recent literature on early childhood-later-life health
associations. In regressions not shown, only the province of birth dummies are significantly related to limb lengths among the
childhood background variables available to us, except for women having an urban upbringing in the upper arm length regression.

Note that if we estimated (1), estimating pre-shrinkage height on the older sample, we would be using 2SLS, as in Maurer (2010).
We would face the same issues we raised above.
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Il. Data

CHARLS was initiated to study the elderly population of China. It is designed to be
complementary to the Health and Retirement Study (HRS) in the United States and similar
surveys around the world. CHARLS covers 150 counties randomly chosen across China.
Twenty-eight provinces are represented in the data.® Counties were grouped into eight
geographic regions and stratified by rural/urban status and by per capita county GDP.®
Counties were then sampled and stratified, with probability proportional to population
(PPS).” Within counties we sampled three administrative villages or urban neighborhoods
(resident committees) as our primary sampling units (PSU), again using PPS.8

The sampling goal within primary sampling units was 24 households with an age eligible
member, defined as a person aged 45 or older. Sampling rates varied by PSU. We first
mapped all of the dwellings in the PSU, using Google Earth maps, adjusted from the ground
by our mapping teams.® From this we obtained a sampling frame of dwelling doors. We then
randomly sampled 80 doors, and obtained information on the age of the oldest person and
whether the dwelling was vacant (which some were). Using this information, we calculated
age eligibility rates. From this information we determined PSU-specific sampling rates to
ensure, in expectation, 24 age-eligible households and re-sampled from the initial dwelling
list. If a dwelling had multiple households living in it, we randomly sampled one with an
age-eligible person. Households were defined as living together, sharing meals and at least
some other expenses. After sampling our final list of households, we again checked for age
eligibility and then randomly sampled one person age 45 or over, and their spouse (no
matter the age), as our respondents.

The national baseline was fielded from late summer 2011 until March 2012 (see Zhao et al.
2012, for details). Among all households, the age eligibility rate was 62 percent and the
response rate among eligible households was 85 percent, 91 percent among rural
households, and 79 percent for urban households.10 These rates compare very well with
other HRS surveys in their initial waves. Sample size is 17,705 individuals with nonmissing
ages.

We use two samples for this paper. We estimate our pre-shrinkage height prediction
equation using a “young” sample of respondents and spouses aged 45-49, who have
presumably not started to shrink yet, or if so, have only shrunk a very small amount on
average. We then use respondents and spouses aged 60 and over to predict pre-shrinkage
heights, calculate shrinkage, and estimate our models. Of the 17,705 observations, 3,451 are

STibet was excluded from the study. Two other provinces, Hainan and Ningxia, both very small in population size, are not represented
among the CHARLS counties.

SData sources were the Population Statistics by County/City of PRC 2009 (data from 2008) and the provincial statistical yearbooks
(]for GDP per capita).

This was done by listing the stratified counties and selecting counties with a fixed interval and random starting point. This way we
ensure that all parts of the GDP per capita distribution are covered.

Data on population sizes were provided by the National Bureau of Statistics (NBS).

CHARLS mapping staff first went to the areas with GPS devices and took readings of the administrative boundaries, which were
used to extract the Google Earth maps. A few primary sampling units had unreadable or no Google Earth maps, in which case we
constructed the maps from the ground. In all cases, we checked the maps from the ground and added to them when they were not up to
date.
100t those who did not respond, about half refused and half could not be found.
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between 45 and 49 years old and 7,736 are 60 years old and over. Approximately 25 percent
of “young” respondents did not get their biomarkers taken, usually because they were busy
at work and unavailable. Among the “old” sample, 18 percent did not get any biomarkers
taken, usually because they were too frail to be measured. Nonmeasurement rates were
higher among those over 80 years. In addition, some observations were dropped because
they had missing heights or other key variables missing or out of reasonable range. We are
left with 1,101 men and 1,508 women in the “young” sample and 2,953 men and 2,935
women in the “old” sample, who have complete height and limb measurements (fewer with
all of the other health variables complete).

Anthropometric measures included respondent’s standing height, upper arm length, and
lower leg length, all measured in millimeters. The summary statistics of these variables are
shown in panels A and B of Table 1 for the “young” and “old” samples, respectively. Height
was measured using a stadiometer directly from the heel to the top of the head, with the
elders standing upright. Upper arm length was measured with a Martin caliper with the
respondent standing and holding the left or right arm at a right angle. We measured from the
acromion process of the scalpula to the olecranon process. Lower leg length was also
measured using a Martin caliper from the right knee joint to the ground (pictures of how
limb lengths are measured, used in the CHARLS training, are provided in Appendix 2).
Measured heights are smaller for the older group, by some 4.0 cm for men and 4.6 cm for
women. Much of this difference could be due to shrinkage, although it could also be that
older birth cohorts were less tall. Comparing upper arm lengths, they are very close between
the 45-49 and 60 and over age groups, suggesting that shrinkage may be the more important
explanation. On the other hand, lower leg lengths are about 0.6 cm smaller for the over 60
group for both men and women, suggesting some possible cohort effects. Indeed, our
estimates of shrinkage for the older population are 3.3 cm for men and 3.8 cm for women, a
bit less than the differences in measured heights between the two age groups, consistent with
part of the height differences being birth cohort differences.

As mentioned above, this study examines the associations between pre-shrinkage height and
height shrinkage on different measures of health of older people. We start with cognition
questions, which are grouped into three categories, following McArdle (2010) and Smith,
McArdle, and Willis (2010). The first component is the Telephone Interview of Cognitive
Status (TICS). There are ten questions in this part, from awareness of the date (using either
solar or lunar calendar), the day of the week and season of the year, to successively
subtracting 7 from 100. An index is formed using the number of correct answers. This is a
measure of the mental intactness of the respondent (Smith, McArdle, and Willis 2010). A
second set of questions asks a respondent to recall a series of ten simple nouns and to recall
them again after approximately ten minutes. Following McArdle (2010), we average the
number of correct answers as our dependent variable. This is a measure of episodic memory,
and is a component of fluid intelligence (Smith, McArdle, and Willis 2010). Finally,
respondents are shown a picture of two overlapping pentagons and asked to draw it. We
score the answer as one if the respondent successfully performs this task.

We have several biomarker variables available. We measure blood pressure three times. We
create a dummy variable equal to one if a respondent has hypertension. For this case, we
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take means of systolic and diastolic measurements and assign a hypertensive status equal to
1 if mean systolic is 140 or greater or if mean diastolic is 90 or greater. In addition,
respondents self-report if they have been diagnosed by a doctor with hypertension, and we
include those cases as being hypertensive. Respondents blow into a peak flow meter three
times to measure lung capacity and we take the average. Respondents have their grip
strength measured by a dynamometer. Two measurements are taken from each hand. We use
average measurement from the self-reported dominant hand. Respondents are given a
balance test, whether they can stand semi-tandem or full tandem. Because most can stand
full tandem, we create a dummy equal to one if they can do s0.11 Finally we conduct a timed
walk of four meters, asking the respondent to walk at a “normal” speed.

The remaining health measures are self-reported. General health is reported on a scale: very
good, good, fair, poor, and very poor. We construct a binary variable equal to one if health is
reported as very poor or poor, zero otherwise. Respondents are asked about whether they
have difficulty in performing certain classes of activities: physical functioning, ADLs, and
IADLs.12 We count the number of items in each group that the respondent claims having
difficulty performing or cannot perform. The expected survival question asks respondents to
rank their expectation of surviving to a specific older age on a five point scale, from almost
impossible to almost certain. We group the bottom two answers, almost impossible and not
very likely. Because different age groups are asked survival chances at different ages, we
standardize by only using those respondents under age 65 who are asked their survival
chances to age 75. Similarly, respondents answered a Chinese version of CES-D 10
questionnaire in the survey, which contained ten questions about the respondents’
depression status. Based on that, we constructed a CES-D scale a with range from 0 to 30.

Mean values and standard deviations of all the health variables are provided in panel B of
Table 1 for the “old” sample. As is generally the case, health measures for older women are
worse than for men. This is true both for self-reported measures, such as poor general health,
difficulties with physical functioning or ADLSs, and the CES-D depression scale, and for
biomarkers, such as hypertension, the cognition measures, grip strength, and lung capacity.

Panel B also reports summary statistics of demographic variables like education level, log of
household per capita expenditure (pce),13 marital status, and type of areas (urban/rural)
where respondents lived at the time of the survey. The current generation of elderly
population in China has only a small amount of schooling, particularly among women. Fifty-
four percent of women 60 and over are illiterate, and 20 percent of men are illiterate. Only 8
percent of older men and 3 percent of women have completed senior high school or more.
However, 56 percent of men have completed primary school, while 35 percent of women
completed primary school. When we compare these numbers to the parents of these elderly,
some progress had been made, since 70 percent of fathers and over 90 percent of mothers

11Fiespondents under 70 are asked to stand in full tandem for 60 seconds. Those 70 and over are asked to stand in full tandem for 30
seconds. We include age dummies as covariates, which will capture this difference.

There are nine questions on physical functioning ranging from having difficulty running or jogging 1 km to walking 1 km, to
carrying a heavy bag of groceries, to picking up a small coin. There are six ADL questions (e.g., getting into and out of bed or using
the toilet) and five IADL questions (e.g., doing household chores, shopping, or managing money).

Per capita expenditures include the value of food consumed from own production. We prefer pce to income because pce is
measured with less error and better represents long-run resources, since households smooth their consumption over time.
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are reported to be illiterate (no schooling or less than primary school completion, see panel
B). The preponderance of our respondents are still married, more so among men, since their
spouses tend to be younger. An overwhelming majority, roughly 80 percent of older men
and women, live in rural areas.

Childhood background variables are also reported in panel B. An even larger percent, over
90 percent, have a rural background as a child. About 10-12 percent of fathers and about 6-
7 percent of mothers died before the respondent was age 18. CHARLS has a retrospective
question about general health before the respondent turned 16 (an average over that period),
with categories excellent, very good, good, fair, or poor. This has been successfully used by
HRS and other aging surveys, including the CHARLS pilot, and has been linked to later-life
health outcomes (e.g., Smith 2009). In the CHARLS sample, 6 percent of men and 9 percent
of women report that their childhood health was poor. Finally, CHARLS also elicits
province of birth. Evidence on public health infrastructure for prerevolutionary China is
scant, but some evidence exists that in Beijing better water and sanitation facilities were
built between 1910 and 1920 (Campbell 1997) and that led to a rapid decline in infant
mortality there. This would have affected our cohorts. For other major cities there is some,
but not much, evidence that public health infrastructure was being built during that time
period (Campbell 1997).

lll. Estimation of Pre-shrinkage Height

Following the methodology in the medical literature, we use lower leg length and upper arm
length and estimate gender-specific equations using measured height as the dependent
variable. Additionally, we add quadratics in both limb lengths and interactions to allow for
nonlinearities. We also add a Han dummy variable to pick up potential ethnic differences.14

The steps to estimate pre-shrinkage height are as follows. First, we use data from the
“young” group, aged 45-49, and regress measured height on lower leg length, upper arm
length, their squares and interaction, and the Han dummy. These coefficients are then
applied in the “older” sample, those aged 60 and above, and the predicted value is the
estimated pre-shrinkage height for this group. Some medical studies have used this
approach, separating “young” and “old” groups, including Steele and Mattox (1987) and
Reeves, Varakamin, and Henry (1996).1° A strong assumption is required that any secular
changes in height across birth cohorts (which are important in China) do not change the
relationship between height and limb length (see Leung et al. 1996 and Kwok, Lau, and
Wo0 2002).16 While we cannot test this restriction directly, we provide some indirect
evidence for the 5-year age group, 45-49. We add individual age dummies plus interactions

14Ethnic differences in the proportions of limb lengths to height have been found in the literature (see Steele and Mattox 1987, for
example). Age is not included. Age itself should only have an influence on pre-shrinkage height through birth cohort effects. These
are likely, but in the sample we estimate, our coefficients only spans ten years. We do try one specification that includes a linear trend
in year of birth, but it is never significant at standard levels.

However, most of the medical literature estimates the coefficients using the same age-group sample as is used to predict pre-

shrinkage height.

Kwok, Lau, and Woo (2002) use data on an older sample in China to estimate their prediction equation, but they first remove
observations that have symptoms of vertebral deformity based on x-ray images. The remaining older respondents should not have
experienced shrinkage. Using these data, they find the same ratio of total arm span to height for younger and older men, but a slightly
higher ratio for older women.
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between the age dummies and each of the limb lengths. We then test the joint significance of
the age dummies plus limb interactions to examine whether the coefficients vary by age.
While this is suggestive, it does not rule out possible change of coefficients across a wider
age gap. The regressions are shown in Table 2.

Columns 1-3 in Table 2 show the coefficients of the pre-shrinkage height function for the
male sample, and columns 4-6 show the coefficients of the pre-shrinkage height function for
the female sample. We first show a linear specification in limb lengths and the Han dummy,
then add quadratics and an interaction, and finally add the age dummies and limb
interactions. In the linear models, an increase of 1 cm in lower leg length is associated with
an increase of 1 cm in measured height for men and 0.93 for women, 17 as one would expect
if shrinkage has not yet begun. The coefficients on upper arm length are 0.69 and 0.78 for
men and women, respectively, each significant at 0.001. The Han dummy is positive for
both men and women, but significant (at 5 percent) only for women. The quadratics and
interaction are always jointly significant at under 0.001, while the age dummies and limb
interactions are not jointly significant at standard levels. Hence, we use columns 2 and 5 as
our preferred estimates. The marginal effects on height of both lower leg and upper arm
lengths are positive over the entire distribution, and convex. The R2s are over 0.51 for both
men and women.18

After we obtain our pre-shrinkage height estimates for the 60 and older group, height
shrinkage is defined as the estimated pre-shrinkage height less the current measured height.
The summary of our estimates are shown in panel B of Table 1. Mean height shrinkage is
3.3 cm for men and 3.8 cm for women, which is consistent with findings in the human
biology literature that women have more problems with vertebral deformity (see Kwok, Lau,
and Woo 2002).

Figure 1 shows the age pattern of measured height, pre-shrinkage height, and height
shrinkage by gender. The top two figures show nonparametric graphs of measured height
and pre-shrinkage height as a function of age. And the bottom two graphs show the pattern
of height shrinkage and age for males and females, respectively. 19 From the top two graphs,
estimated pre-shrinkage height does not decline much with age, a little more for men than
for women. However, measured height does decline with age, indicating that height
shrinkage increases, as shown in the bottom two figures. Our pre-shrinkage height estimates
do not correct for mortality selection. If we assume that respondents who survived to older
ages are those who were taller and less frail, then adding those who died back would result
in preshrinkage heights declining with age. This is what we would expect if older birth
cohorts faced worse health conditions at birth, and in early life.

As a check on our pre-shrinkage height estimates, we compare our CHARLS pre-shrinkage
heights for the sample aged 60-69 in 2011, by year of birth, to measured heights in another

17Neither coefficient is significantly different from one at standard levels.

Many of the medical papers obtain higher R2s for their height prediction equations, but they generally have extremely small
samples and highly controlled, usually laboratory, venues in which the measurements are conducted. These settings should minimize
measurement error, compared to a large-scale population survey such as CHARLS.

The nonparametric curves are calculated using a Fan (1992) locally-weighted regression smoother, which allows the data to
determine the shape of the function.
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data source, the China Health and Nutrition Survey (CHNS). We use the same birth year
cohorts in both datasets, but in the CHNS data we can measure heights of these cohorts 20
years earlier, in 1991, when they would be aged 40-49, and so should not have begun to
shrink much yet. We thus expect their measured heights in 1991 to be close to our estimated
pre-shrinkage heights in the CHARLS data for the same birth year cohort.20 The CHNS data
in 1991 only covers eight provinces, not 28 provinces as in CHARLS. To make the
comparisons cleaner, we restrict the CHARLS data to the same eight provinces as covered in
CHNS. The results are shown in Table 3. Comparing mean heights by birth year cohort
between being measured in 1991 in CHNS and in 2011 in CHARLS, heights in 1991 are
higher, by, generally, between 1.5-3.2 cm for men, depending on the age, and 1.3-5.3 cm
for women. These differences are consistent with shrinkage. Comparing mean heights in
1991 with estimated pre-shrinkage heights from CHARLS, the results show a close
correspondence. For women, the differences between the CHARLS estimated pre-shrinkage
heights and the CHNS measured heights is very small, generally under 0.7 cm in absolute
value and often less than 0.5 cm. For men, aged 60-64 in 2011 (40-44 in 1991), the
differences are very small as well; they increase some for those aged 63-69 in 2011, which
may indicate that there is some shrinkage that has begun in this age group.2!

IV. Height Shrinkage, Pre-shrinkage Height and SES

Very few studies have been able to measure height shrinkage and we know precious little
about the correlations between shrinkage and later life SES, early-life health conditions, and
family background. Further, as noted, any correlations between height shrinkage and upper
arm and lower leg length are important since they determine whether an IV estimator using
lower leg and upper arm lengths as 1Vs for measured height in health equations is consistent.
Table 4 shows the gender-specific results of the association between SES, early life
conditions, upper arm and lower leg length, and height shrinkage. All regressions control for
basic demographic variables, including dummy variables for age, Han ethnicity, marital
status, urban residence, and current residential county. We also include covariates measuring
early life conditions, including dummies for province of birth, urban upbringing before age
16, for schooling of the father and mother, for whether the father and mother died by
respondent’s age 18, and for whether the respondent reported being in poor health, on
average, before age 16. In columns 2 and 5, we add pre-shrinkage height. In columns 3 and
6, we replace pre-shrinkage height with lower leg and upper arm lengths in order to test for
bias with an IV estimator of (2). All estimates correct standard errors for the fact that we
predict shrinkage and pre-shrinkage heights (see Appendix 1 for detailed derivations).

From these estimates, we find that the SES variables are very important predictors of height
shrinkage. The Wald tests are all highly significant. Dummy coefficients of level of
education are negative, monotonically declining with higher education and jointly

20\e thank David Cutler for this idea. Note that the CHNS data do not include limb lengths, so we cannot use the CHARLS pre-
shrinkage height function estimates to predict individual pre-shrinkage heights with CHNS observations. Also only one height
observation per person is available in CHNS, so it is not possible to take differences in height measurements to measure shrinkage

directly.

21Plotting the ratio of lower leg or upper arm length to measured height in the CHARLS data does show a slight increase for those in
their late 40s, which is consistent with this conjecture.
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significant. For men, having primary schooling, compared to being illiterate, is associated
with shrinkage of 0.9 cm less. This is a large difference when compared to mean shrinkage
for men of 3.3 cm. For women, the difference is smaller, 0.6 cm, but still large compared to
the mean female shrinkage of 3.8 cm. For men or women with senior high school or more,
the additional shrinkage compared to people with primary schooling is 1 cm for men, or
slightly more for women. So these regression coefficients are large. One potential
explanation can be that people with higher education levels are more likely to have had
better health behaviors when younger. They are also likely to have had better health during
childhood, perhaps in ways not measured by our childhood general health variable.

Household log pce is negatively associated with height shrinkage, especially for men. A 1
standard deviation on log pce is approximately 0.9, so a 2 standard deviation increase in log
pce would be associated with a reduction in shrinkage of 0.4 cm, a much lower difference
than we see for schooling. It is likely that higher income people may be able to purchase
better medical care and nutritious food for themselves, although there is likely to exist
reverse causality as well, which may explain why the coefficients are more negative for
men.

Being currently married is associated with less shrinkage for men, but not significant.
Marriage is often found to be correlated positively with better health and more happiness,
and is associated with better labor market outcomes for men, so this is not surprising,
though, again, we must remember that these estimates are not necessarily causal. Not
surprisingly, there are very strong positive associations between shrinkage and age.
Currently living in an urban area is significantly associated with less shrinkage for both men
and women, on the order of 1 cm less for women, and almost that much for men. These
effects are similar to the schooling differences from illiterate to primary school. The county
dummies are jointly significant at under the 0.001 level. This is consistent with results such
as Strauss et al. (2010), who find very strong community effects on health outcomes for the
elderly in China, using the CHARLS Pilot data. Early childhood background and health are
not jointly significant in these regressions. However, having had poor childhood health is
associated with more shrinkage for women, significant at 10 percent, although the
magnitude of the difference is only half of the difference between those currently living in
urban versus rural areas (and of the difference between those who are illiterate and those
with primary schooling). Dummies for birth provinces are jointly significant, for both men
and women.

Table 4 also demonstrates joint significance of lower leg and upper arm lengths for men at
the 10 percent level, though they are not significant for women. A 1 standard deviation
increase in lower leg length for men is associated with shrinkage of 0.3 cm less.
Preshrinkage height is positively associated with shrinkage for women, although not quite
significant at 10 percent, and the magnitude of the coefficient is small. The evidence for men
is consistent with IV estimates of measured height using limb lengths as instruments, shown
below, being inconsistent.
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V. Results: Impact of Estimated Height on Health Outcomes

Since there is a growing literature, cited above, that investigates how height is associated
with other adult health outcomes, it is of interest to explore this with our estimates of pre-
shrinkage heights and height shrinkage. We do not claim causality from these regressions
because of the usual problem of omitted variables, but also because in some instances
reverse causality is possible.22 The procedure is to regress our health measures first on
measured height and control variables to get our baseline estimates. Then we replace
measured height by predicted pre-shrinkage height and then add height shrinkage. Standard
errors are again corrected for predicted shrinkage and pre-shrinkage heights. We also use an
IV estimator for -measured height using limb lengths, their quadratics, and interaction as
instruments to compare to our OLS estimates. Since some health outcomes are missing for
some observations, the number of observations differs by outcome.

Tables 5.1-5.3 show the results from the regressions of our health measures on height.23
The same demographic and SES controls, and controls for early life conditions that we use
in Table 4 are added in all the regressions. We start with the cognition outcomes in Table
5.1. Measured height is positively and significantly associated with all of the cognition
measures for both men and women. Case and Paxson (2008a) find such relationships among
the older population in the United States using the Health and Retirement Study (HRS)
when they do not include current SES measures, notably schooling, in their regressions.
However, when they add schooling height many times becomes insignificant, unlike our
results for cognition (also, see Smith et al. (2012) for evidence on China of height
associations with health measures of the elderly, also when current SES variables are not
included). A likely mechanism for this relationship is the positive association between
childhood height and childhood and later cognition. There exists a large literature on early
child height impacts on later child cognition. Case and Paxson (2008b) is a recent example
(see Glewwe and Miguel 2008 and Strauss and Thomas 2008 for reviews). Since childhood
heights are strongly related to adult heights and cognition skills persist from childhood
through adulthood, it is not surprising to see this relationship among older persons.
However, the magnitude of the estimated changes in cognition associated with a one or even
two standard deviation increase in height is smaller than estimated change associated with
increasing the level of education from illiteracy to completing primary school. This is
consistent with the results in Case and Paxson (2008a).

When we replace measured heights by pre-shrinkage heights and height shrinkage, pre-
shrinkage height has the same positive, significant association for women with the TICS and
draw a picture variables, though not for the word recall. For men, pre-shrinkage height is
positive and significantly associated with the TICS and word recall. Height shrinkage is,
however, strongly, negatively correlated with all of these measures and for both men and

220ne potential example is with the depression score and shrinkage. Depression is associated in women with early menopause.
Menopause in turn is associated with osteoporosis, which can lead to shrinkage. Now our depression score is current and may not
indicate past episodes, but we also know that if a person has had one bout of depression, that increases the likelihood of more, later.

Some studies, such as Case and Paxson (2008a) and Smith et al. (forthcoming) omit current SES variables in order to estimate the
associations of health with height, which they argue works through childhood health. However, since we are interested in associations
of later-life health measures with height shrinkage, which is associated with later life events as well as ones in childhood, we include
current SES measures.
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women, suggesting that a part, perhaps a large part, of the association between measured
height and cognition occurs through height shrinkage. Indeed, for men, the magnitude of the
shrinkage coefficients is substantially larger, compared to the coefficients on measured
height. As is true for measured height, the associated differences in cognition from height
shrinkage is much smaller than the associated difference between levels of schooling.24
Furthermore, the shrinkage coefficients are often larger in magnitude than the coefficients
on pre-shrinkage height, which are only significant in half of the six cases. Hence, if we had
used only measured height as our measure of height, we might have wrongly concluded that
it is height from childhood, as proxied by pre-shrinkage height, that was correlated with
these later-life health variables, instead of height shrinkage.

Shrinkage in turn, as is clear from results in Table 4, is more strongly associated with
current SES covariates than with childhood background variables. In contrast, both current
and childhood SES and childhood health variables are each jointly significantly associated
with the cognition outcomes, as are the current county of residence dummies and, for
women, the birth provinces. So these results imply that later life cognition and health are
associated with health events throughout the life cycle and in later life, not just from early
childhood, and that the association with height is more with shrinkage than preshinkage
height.2> We also see in Tables 5.1-5.3 that using the Maurer IV approach for measured
height results in coefficients that are fairly close to the coefficients on pre-shrinkage height
when we include both pre-shrinkage height and shrinkage. However, the comparison of pre-
shrinkage height and shrinkage coefficients are not forthcoming from the IV results.

In Table 5.2, we show results for the biomarkers. Preshrinkage height is significantly,
positively related to lung capacity and grip strength, and height shrinkage is significantly,
negatively related to both outcomes. In contrast to the cognition results, the size of the
shrinkage coefficients are larger for these outcomes. The difference in lung capacity or grip
strength for men if there was no shrinkage is predicted to be only a little less than the
predicted difference between illiterate and literate men.28 Men who have shrunk more take
more time to do the timed walk, but for women, shrinkage and pre-shrinkage heights are not
related to walk time. Hypertension and ability to balance are also unrelated to both pre-
shrinkage height and shrinkage. Current and childhood SES are related to many of these
outcomes, as are current county of residence and province of birth.

Table 5.3 has results for self-reported health outcomes. As can be seen, shrinkage is
generally related to worse outcomes, and more strongly and significantly so than pre-
shrinkage height is positively correlated with these outcomes. Examining the OLS or IV
results for measured height would, again, not provide this result. For men, this is so for the
CES-D depression index, the self-assessed likelihood of not surviving to age 75 (for those

24)£ there were no shrinkage, the number of words correctly recalled is estimated to be 0.06 higher for women, the mean number of
words correctly recalled being 2.85, so a small effect. In contrast, the conditional difference in word recalled correctly between
women with no schooling and those with primary schooling is 0.65 (results not shown).

25Note that if we have to use only measured height as our covariate, but that the correct specification is using both pre-shrinkage
height and shrinkage, we implicitly assume that the coefficients on pre-shrinkage height and shrinkage are equal in magnitude and of
ogposite signs. While there are some cases in which this seems to hold, there are others, like draw a line, where it does not.

26For example, lung capacity would be 5.3 higher with no shrinkage, compared to a difference of 7.3 between illiterates and those
completing primary school. Both of these differences are small compared to mean levels of lung capacity or to the standard deviations.
The differences in predicted grip strength are a little higher relative to mean or standard deviations of grip strength.
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65 and younger), the number of measures of physical functioning that the respondent reports
having difficulty with, and having poor or very poor general health. For women, shrinkage is
significantly associated with having more difficulties with measures of physical functioning:
ADLs, IADLs and the likelihood of not surviving to age 75. What is surprising about these
results is that pre-shrinkage height has positive, significant at the 10 percent level,
associations with bad outcomes for ADLs and IADLs for women, although not for men.
This is very unlike the results for cognition and the biomarkers. Mortality selection could be
partly causing this, but we cannot be more than speculative on this point.

VI. Conclusions

According to Barker (1994), childhood health in uterus has a lasting impact on health,
including at old ages. Height has been used widely as an indicator in part of childhood
health. However, because height shrinks with aging, it suffers a measurement error problem
when studying its impact on health outcomes at older ages.

Based on unique data of Chinese aged 45 and older, we address this problem by making use
of upper arm and lower leg lengths to construct estimates of the relationship between these
limb lengths and measured height on a population aged 45-49, and then use these estimates
to estimate pre-shrinkage height and height shrinkage on a population 60 years and older.
We then investigate the association between height shrinkage, SES variables, and variables
measuring different dimensions of childhood health. We follow this exercise by examining
the associations between measured height on the one hand, or pre-shrinkage height and
shrinkage on the other, and a rich set of health variables including measures of cognition,
biomarkers, as well as various self-reported health measures.

The results in this paper show that shrinkage and socioeconomic variables, such as
schooling, household per capita expenditure, and current urban residence are negatively
correlated for both men and women. Differences are largest across levels of schooling and
urban/rural residence. Childhood background factors are much more weakly associated with
shrinkage, excepting province of birth, which is highly significant. These results are
consistent with the concerns raised in Case and Paxson (2008a).

Height shrinkage, and to a lesser extent pre-shrinkage height, are also correlated with many
later-life health outcomes, particularly cognition and biomarker measures. The shrinkage
coefficients tend to be larger than for pre-shrinkage height, suggesting that current health
issues are important in understanding the health of the elderly, not just events in early
childhood. In general, the more the shrinkage the worse are these other health outcomes.
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Appendix 1: Asymptotic Variances

Table 4 uses a constructed dependent variable, height shrinkage, while Tables 5.1-5.3 use
predicted pre-shrinkage height and, in some specifications, height shrinkage, as right-hand
side variables. Furthermore, the predicted pre-shrinkage height coefficients are derived from
a different sample. This suggests that a two sample GMM procedure might be appropriate
(e.g., Ridder and Moffitt 2007), however, we are not using the standard setup because we do
not use all of the variables in the second stage to predict pre-shrinkage height. We derive the
asymptotic variances here.

Shrinkage as Dependent Variable

The regression with shrinkage as the dependent variable is
s=x B+pdte,
with E(&] X, p, z) = 0. Substitution of (4) gives
Z Yy—h=x B+z v6+(6—1)n+e=x B+z 756+(,
with = (6- 1)n+ & Rearranging gives
—h=xB+2 y(5—1)+(=x B+z ya+C.

Note that @ = -1 if pre-shrinkage height is not in the relation.

This equation is estimated on the older sample with y being estimated on the younger
sample. The unconditional moment restrictions are
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( )z( ) (—h—xlﬁ—z,'ya)] =0
E, [z(p—2z")] =0.

Define

me(B,0,) = ( ; ) (~h—x B—z/ya)

my (B, a,7) =z(p—2 7).

We have
E, [my,, (By, @0, Yo)my (Bg; @0,%0) =0,

so that the variance matrix of the moment conditions is

2 / 2 ’
O’CEO(XX/) O’CEO(XZ/) 0
W= | 0ZE,(zx) 0ZE,(zz) 0 ,
2
0 0 0.E, (2z )
with estimator
x x x' z
A2 0“0 ~2*0“0
o¢ o G¢ ~ 0
W_ AQZOXO A2ZOZO
UC Ny g Ny (,) ’
YA
A2%yv“y
0 0 n N2

where Xq, Zg are the matrices with covariates for the old sample and Zy is the matrix with
covariates of the young sample.

The inverse of Wis block diagonal and that implies that the optimal GMM estimator with
weighting matrix W1 is the solution to
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Therefore the optimal GMM estimator regresses p on z in the young sample and uses these
estimates in the old sample. We can therefore rewrite the moment function for the old
sample as (we use the same notation for the moment function)

mo(ﬁ,a,'y):< Z),(’Y ) (—h—x/ﬂ—z"ya)

and use unweighted GMM.

To obtain the asymptotic variance, we first compute

om X ’
Tﬂg(ﬂvaafy) - ( Z,’y ) X

om X ’

o (B 2,7) == ( iy )27

E)nq—o _ X / 0 g ’ _ ’
o B,a,y) = ( Zy ) az + ( S (—h—x B—z ya)
o

55 (B ) =0

om

a(9—ay(ﬂaa7’y) =0

m ’

3’7}/ (ﬂaaav) ==z .

The variance matrix of

B
&
’AY
is
(A'WA) ",
with

-E, (xx/) -E, (xz/ )y -E, (xz/ )a
A=| B (ax) ABolu)y —yBolaz)a |,
0 0 —E, (zz)

and (using the same notation for the variance of the new moment conditions)
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O’EI,EO (xx/),
W= 0'2’)’ E, (zx )

Now,
[ R0
AW IA= ag_g'y E, (z/x )
O'C_Z E,(zx )a

with

C=o’ (EO (ZX,) E, (zzl )’y/) ( 5

E, (XX,)

olE, (xz v
o2y E, (22 )y

02, (x7 1y
04_27 E, (%z ?'y
UC_2 E,(zz )y

Eo(zx)

Page 23

0
0

U%EY (zz)

052 E, (xz )a
04_2')" E,(zz )a
_ ’ —9
o, ’E, (zz )+o:°C

n )( o) ).
Ja' Y E,(22)

If pre-shrinkage height is excluded, i.e., @ = -1, the second row and column in A’'W~1A are

removed, we substitute @ = -1, and

C=E,(zx

The resulting variance matrix is for

We estimate £o(xx’) by

(B, (xx))

1o —1

~/
2> >
N————

!

E,(xz).

and same for other moments for the older population. For the younger population we

estimate £ (zz’) by

Ny
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The variances 072] and af are estimated in the usual way. Note that we do not have to make an
assumption on the correlation of 77and & for the older population (which would not be
identified).

Pre-shrinkage Height and Shrinkage as Independent Variables

The basic regression is now
y:xl0—|—pa—|—s,‘£—|—u,
with E(u | X, p, ) = 0. Substitution of the prediction equation gives

y:xlﬁ—f—z/'ya—l—(z/'y—h)ﬁ—i— (a+K)n+u
:X,0+zl'y(a+n) —hk+(a+K)n+u
:X'0—|—z,'y,u+hl/+g,

withyu=a+ xand v=—-xand {=un+u.

If we read for x’ the vector (x’ h) and for 8/ the vector (6/ v) and for &'the parameter y, then
we see that the variance matrix in the previous section applies with these changes (if we use
the same estimator). This gives us the variance matrix of

QDI D D

From this we easily obtain the variance matrix of the original parameters.
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Appendix 2. Measurement of Upper Arm and Low Leg Lengths

Acromion process
of scapula

N

Olecranon
process

Figure Al.
Upper Arm Length Measurement
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Figure A2.
Lower Leg Measurement

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.

Page 26



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Huang et al.

60 65 70 75 80
Age

Measured

— — =Pre-shrinkage

Height shrinkage (cm)
N

60 65 70 75 80
Age

Figure 1.

Page 27
Female
1544 T
152
150
148
146 1, . . - -
60 65 70 75 80
Age
— — =Pre-shrinkage Measured

8

7 4

6

5

4

3 B

2

1

0

60 65 70 75 80

Age

Measured Height, Pre-shrinkage Height, and Height Shrinkage

Source: CHARLS 2011

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 28

Huang et al.

87’0 980  ¥E6'T 9¥0 620 €56' (T-0) upeay [esauah Jood
yieay |esaus
897 10§ vILT  0T'C oy 08L2 aw Mj[eM
670 090 19T €v'0 G0 058' (1-0) douereg
ve'L  L9TC  L¥8T 106 0L2€  €06'C yibusas dug
66, LT'G6T €/9'C 8YEIT 96'€9Z 66LC Anoeded Bun-
050 .50 126'C 050 87’0 6€6'C (1-0) uoisuapadAH
Siaylewolg
6Y0  0v0 GI6'C  8Y'0 ¥9°0 Tr6'c  (1-0) AlINyssa0ons ainbiy e meiQ
vLT 68T 619'C 19T oT'e 0zL'e (0T-0) 112034 SPIOM
STe 92§ GT6'T LT LT, T76'C (5-0) soIL
10e aAnubod
G20 €60 Ge6'c €20 760 €56' a0el UBH
€69 TI89 G€6T Tv'9 9089  €96'C abv
206 08¢ G€6'C  SO'G 0c'e €56'C (wo) abexuLys biaH
S0v  vYYST  GE6'T  2EV 79'99T  €56'C (wo) wBray abexulys-aid
167 68Gr  GEB'T T6C Gr'6y  €96'C (wo) Ba) somoT]
0z¢ 6veE  GE6'CT  6ET 2Tse €56'C (wo) wie soddn
059  G90ST G€6'T 6L9 €€79T  €96'C (wo) wbreH
solydelBowap pue sainseaw [eaifojolg
(09 = < 8By) ajdwes Jap|O ‘g |aued
20 260 80S'T  +2°0 760 T0T'T 80el UBH
GET  GZ'lF  80ST TET 1€y T0T'T by
86'C 2¢S9¥ 80ST 60°€ 0005  TOT'T (wo) ybus| Bay 1Mo
02z 092€ 80S'T [EC 0zGe  TOT'T (wo) yibua] wire seddn
98'S  0Z'GST 80S'T 9T'9 GE'99T  TOT'T (wo) wbieH
(677 = > abv = > Gp) ajdwies uabuno, 'y |aued
as UBN SO aS UBSN SO algeLIen
3|dwres ajewsH a|dwes a|eN

T alqel

Author Manuscript Author Manuscript

Author Manuscript

So1IsIIe1S Arewiwng

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 29

Huang et al.

Author Manuscript

Author Manuscript

€20 900 Ge6'c 920 L0'0 €56' 8T 21042 peap JALOW
G20 €60 G€6'C 620 160 €56' 8T 210J30 3AI[e JOUION
800 100 §e6'c  0T'0 100 €96 Buissiw yreap Jayre
0€0  0T0 Ge6'T  €€0 zro €56' 8T 210J3q peap Jayre
T€0 680 G€6'c  ¥E€0 180 €56' 8T 210J3q 3AI[e Jayye
810 €00 Ge6'c 810 00 €96 Buissiw uoeanps Jaylon
6T0  +00 Ge6'c 220 500 €962 ajeIaN| JSYIoN
920 €60 G€6'c 820 16'0 €962 ajeIaN| | JBYION
v20 900 §€6'C  2C0 500 €96 Buissiw uoneanps Jayred
V0 ¥20 Ge6'c  9v'0 620 €962 ajesa| Jaype
9’0 0L0 G€6'c 870 99'0 €962 ajelaN||1 Jayred
600 100 GE6'C 800 100 €96 Buissiw yieay pooyp|iyd
620 600 §€6'c 120 900 €56' Jood ypfesy pooypiiyd
0€0 060 §€6'c G20 €6'0 €G6'z  1emaq pue Jrey yyeay poouyp|iyd
120 800 Se6'C 820 800 €96 9T 810434 UeqIN
SNJe)S 21WoU0I30120S Pooypliyd
o 120 Ge6'c 80 8T°0 €56' ueqn
90 TL0 §e6'C  ¥€0 98°0 €96 paLLeN
€60 628 Ge6'T 160 Ge'g €56'C (ende Jad ainypuadxa) 6o
8T0 €00 §€6'c 120 80°0 €56' 3A0QE PUE I01USS
920 00 SE6'C  LE0 910 €96 Jowung
87’0  S€0 G€6'T 050 950 €56' Arewnid
050  ¥50 S€6'c  0Y°0 02°0 €962 aresa||
S|9A8] uoleanp3g
SNJeIS 91WOU0I30120S POOYNPY
67’0  8€0 1Sv'2  Lv0 €€0 665z (1-0) onsiwissad uoe10adXa 8)1
L[l'9  9Z0T  699C 86'G v0'8 €Lt (0e-0) as3o
ZT S0 €16'C 60T 670 1€6'T (s-0) s1avi
9T'T 950 L06'T 660 6€°0 1€6'C (9-0) s1av
65T  ¥9T 00S'Z OF'T €T'T T7.'C (£-0) uonouny [eaisAud
as uUesN 'S0 as UBSN SO ajgerrep
a|dwres ajewsH a|dwres ale|N

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 30

Huang et al.

Author Manuscript

Author Manuscript

T10¢ STIdVHO :331nos

070 T00 Ge6'z  2T0 100 €56'C Burssiw yyesp JayloN
as uesiy Sq0  as Uesiy 'Sq0 d|qerren
a|dwres ajewsH a|dwres ale|N

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 31

Huang et al.

(vore) ., 26v6  (1561) . ceve  (e9z€) 958 (18%€1) 6686  (062Lv) . V162  (9€SV) . 8L'T6 JUBISUOD
(6€2°0) 9vZ0- (26€°0) evz0- Baj pue 61
(szz'0) 0220 (7,€£0) 8520 Ba| pue gy
(z52'0) 89Y0°0 (0zv'0) 20T°0 Ba| pue .
(Tzz'0) 82800 (€9€°0) €020°0 Bal pue 9y
(s9uauayai) Ba| pue G

yibuaj Ba) 1amo| Bunoeiaiul saiwinp aby
(ese0) ,,2€L0 (9v+°0) 8020 wJe pue gy
(e2€°0) ve200- (eev'0) 02500 WLie pue gf
(Le€0) 20v'0 (29v°0) 0£L00 wie pue Ly
(T1€°0) L1270 (L17°0) 9T 0- WJe pue gi
(soualajal) wLle pue Gy

ybus| wue Jaddn Bunoessiul ssiwwinp aby
(sTot) 6TET- (09'91) €9°2T- 6v
(898'6) 958'6- (9z'91) v2'ST- 8y
(eLT1) LL°GT- (26'27) 8L~ Ly
(0e'0T) 95°TT- (€6'ST) 829°T T4
(soualayay) si

saiwwnp aby

(gr0) 9680  (80¥'0),,,002T  (92v'0),,950'T (285°0) 29270 (685°0) 9TL°0 (v950) L6€°0 a0eJ UBH

(T220°0) 96T0°0- (0£€0°0) 28600°0 UBusy Ba) pue yibus| e Jo uondela|

(6v10°0) ., ,2€90°0 (¢eet00) 79200 asenbs yybusy Bo| 1amo]

(92200) 19500 (0v200) 892000 asenbs ybus| wie Jeddn

(esT0) 8860 (0TT),, 9TTv- (S€L00) 7860 (See0),, 2560 (Sv2T),, 6899~ (S0T0),, 96670 yibua) Boy JamoT]

(922°0) ,86v°0 (69T'1) €66 T~  (9¥60°0) 9.0  (18e°0) €950 (z127) 67800  (STT°0) V690

(9) (s) (%) ()] (4] (1) s9|qelIeA

9|dwres aews+

yibua] wure saddn

a|dwes ale|N

(wo) 1yBIay paJnsesiy

uonaipaid ybiaH abexuliys-aid
¢39l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 32

Huang et al.

‘[9A8] Jusdiad QT 8yl 1e Juediubis
*
‘|]ans] wadlad G ayp 1e JueolyIublS
*¥

‘Jans] 1usdJad T 8y 1e eaiIubis
EEE

‘(+ 09) ajdwres Japjo u1 Jybiay abexuriys-aid 191paid 0] pasn ale G pue Z SuwWnjod Ul SJUsIdIB0D "6 PUB Gz Usamiag pabe asoy ase pasn ajdwes 1102 STHVHD :994n0S

[svzal [t6z°0] anjea-d
et 28T'T squitj yum suondesaiul snid saiwwinp aby-1sa1-4
[ooo0l [000°0] anjea-d

G2'ee 06'9T sw.a) onelpenb squi-sisal-}

[oooa] [ooo0l [ooo0l [ooo 0] [ooo'0l [ooo 0] anfen-d
99°0€ €081 9'8¢¢ 1454’ G9ET eort squilj |[e 104 1s81-}
S9%°0 €190 ¢Sy0 8G¥°0 8790 5440 o
80S'T 80G'T 80G'T TOT'T TOT'T T0T'T SUONEBAISSGO
(9) O] (¥) (€) @ (03] sa|qelIeA

g|dwes ajews a|dwies ajeN

(wo) ybiay painses|i\

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 33

"saouIn0ad awes 8y} WwoJj ale elep STYVYHD 8YL 'noyzing pue ‘IxBuens) ‘ueunH ‘1agnH
‘ueusH ‘Buopueys ‘nsbuelr ‘Buiucel :seoutnoid Y618 Ul papaly Sem Te6T SNHD "SI818Wnuad si s)ybiay 40 NuN "S18xdeIq Ul 8Je SuoneIAsp plepuels JybiaH abexuliys-aid-Hd ‘b1aH painsesi\-HIA :S81oN

Huang et al.

Author Manuscript

€00~ LS~ 65 [veovlveest  [€06°Sl 6E°0ST 6v L9 [e59] 96°€ST 69
810 92'G- 16 [Lo0zvlz9esT  [856°6l €28yt 8y 69  [esesl6vest 89
9T'T A 09 [teevlvvyst 686l v88rT Ly 85 [rssvlszest L9
G50 1Te- 69  [stevlLTvsT  [621°21 0G°0ST 14 19 [698°G] 19°€ST 99
95'T 80— 9, [9sovlzrest  [TLv'9] 60°0ST 417 98  [681°9] 9T°2GT 69
1€T- Sye- 86  [9ggel LTvsT  [080°9] ¥0'2ST 144 08  [ze09] 6v'SST 9
06'0 902~ v.  lovTvl€6vST  [ev6'9]l L6'TST (37 68  [698°sl €0¥ST €9
250 12T~ v6  [esrel 12vsT  [96G°6] €6°2ST 47 L6 [¥96¥] 6T ¥ST 29
050 62C- cot  [ee9€l LrvsT  [150°9]1 89°'TGT 14 10T [668°G] 86'€ST 19
€00~ TL2- €et  [servl 2svsT  [108'S] 06°TST oy v0T  [988'G] 09'¥ST 09
a|dwres sjews4 g |aued

18T LTe- €9 [toevlggsor  [0eg9] 65091 6v €9 [esrol L2€9t 69
280 Sve- oL [ezgel9Lv9T  [29v'9] 0G°T9T 8y 65  [STvol v6°€9T 89
€T'T 06'T- €9 [18eslosvor  [599°2] Lv'T9T Ly LS [s88:G] 9€°€9T 19
6.0 v9'T- 19 [eorvlsevor  [¥99'9] 2529t o 29 [9eeal 9T'v9T 99
v1'e 90°0- 9, [99,v]1 06591  [SeT°2] 69°€9T 417 86  [80,9] 92°€9T S9
9.0 - 16 [eeyvlLesot  [oge2] 6E€9T 24 6,  [652 21 18%91 9
260 05'T- 28  [19eslseoor  [895°9] v6'€9T e 6. [e096l ev'sot €9
v0'0 00°€- vIT  [86e€10,'99T [266'G] 99291 A7 28  [16€9] 99591 29
€T0- 98'1T- 68 [r29v18599T [.v6°G] G8'¥9T 114 v8  [618'G] 12991 19
vT0- 652- 16 [6TT'sloggor  [8v0°9] S0°€9T o 90T [2996] ¥9'59T 09
w_QEmm 9|e\ 'Y |sued

T66T HIN-TTOZ Hd  T66T HIN-TTOZ HIN  'SAO Hd H T66T UI3by 'O HIN 110z Ul 9by

S80URJBHIA T10¢ STdVHO T66T SNHO
T66T SNHO yum uostiedwo) 1yBisH
g€9l|qelL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2015 November 19.

in

available

Am Econ J Appl Econ. Author manuscript



Page 34

Huang et al.

(0556'2) v87°0
(02250) ,,LL9

(ye1vo) ., ,99°€
(eeog0) ., VOZE
(8sye0) 2997

(091270) ,,, 60T

(Tr2€0) ¥T2'0
(9682°0) vEV'0
(8297°0) 66T°0
(Sv72°0) ¥90°0
(8€62°0) ,v€S0

(088€°0) ¥07'0-
(1585°0) 9€9°0
(651€°0) ,,, 61T T~

(ov0Z°0) 2Z20°0-

(LT0T°0) 060°0—
(6955°0) 6V T~

(998€°0) ., 966'0~

(vv0z'0) , 6650~

(8128'%) OVC V-
(29150) ,,,859°S

(cetvo) 298¢
(te0g0) 012
(28¥20) ,,,999'T

(6s12°0) ,,,,E0T'T

(0v2€°0) 86T'0
(9682°0) G¥¥'0
(eL97°0) ¥LT0
(r¥12°0) ¥90°0
(2€62°0) 9250

(618€°0) TTV0-
(2085°0) 6850
(8s1€°0) 87T T~

(0v0Z°0) Z€0'0-

(LT0T°0) T60°0—
(8955°0) , , EVL T~

(s98¢0) 210 T~

(ev0z'0) ,,,£09°0~

(LeveT2) 162°C
(0LL50) ,,9%9'S

(ye1v0) ., 9¢€€
(Te0g0) ,,,08T°€
(88v20) 59T

(65120) ,,,,S80°T

(evL€0) TT20
(9682°0) €270
(9297°0) 09T°0
(S72°0) 200
(6€62°0) ,£T50

(088€°0) ¥8£0-
(€585°0) T¥9°0
(6s1€°0) ,,,,,660' T~

(T70Z°0) ¥20°0-

(870T°0) 980°0—
(T185°0) ,,,82. T~

(998€0) ,,,.926'0~

(vv0z'0) , V650~

(09s8°€) 5629
(9r120) 86T
(8vev0) ,,,92€C
(vs620) ,,, 7857
(s1v20) 180

(v512°0) ,,,,,LELO

(¢8z€'0) 0570
(6v92°0) L8T°0
(T90%°0) 020°0-
(0z0z'0) 5600
(z95€°0) 9000
(9t07°0) Y¥E0-
(0659°0) 8YT'0-
(e8v€0) ,,,5€80~

(¥vS2°0) T2e0-
(svoT°0) ,¥0Z'0~

(8eov'0) 86T~
(tv1e0) 685 T~

(eLe20) 6860~

(1595°S) 6vLT
(18120) 760

(eser0) ., 86€C
(8562°0) ,,,,219°T
(81v2°0) 880

(9512°0) ,,,,,.£920

(682€°0) Tev0
(z592°0) 29T°0
(990°0) T90°0-
(€202°0) 2200
(956€°0) ¥€0°0
(Tzov'0) Lve0-
(€859'0) 2¥T0-
(88v€0) 2980~

(LvSz°0) sE€°0-
(9v01°0) ,,, 8720~

(evor0) 026’ T~
(sv1€°0) ,,,,L6G T~

(9.£20) , 5260~

(etere) L2672
(08120 ,,,,280°€

(eser0) 58T
(9562°0) ,,,,909°T
(812°0) 9880

(9512°0) ,,,,,,0920

JURISUOD

+G8

78-08

6/-GL

¥.-0L

69-99

(soualayal) 9—09 :seriobaled aby

(882€°0) vev0
(T592°0) €9T°0
(59010 290°0-
(€202°0) 200

(556€°0) €00
(0zov'0) Lve0-
(¥659°0) T¥T0-

(28v€0) 8580~

(LvSz°0) vEE0-
(sv01°0) ,,,LTC0-

(evov0) 226 T~
(vv1€°0) ,,,L6G T~

(s.ez0) 8260~

8T 81043q peap S,JaYloN
8T 91043q peap s,Jayre
a1eJall] S, JoYIoN
ajeJall| s, Jayre
Jood Lpjeay pooypiiyd
p|o-1eaA-gT 810J8q BaJe Ueg.n
99e) UeH
uequn
pallen
eydes Jad ainyipuadxs 607
9A0Qe pUE JOJUSS
Jolung

Arewd

(s0uaJayal) B1RIBM||| |9A8] UOIRINPT

(¢z90°0) €00 (9250°0) €500 yibusy wie Jeddn

(29v0°0) 990°0 (99v0°0) ,, ¥0T'0- y1Bua| Baj Jemo]

(€820°0) ¥¥0°0 (5220°0) L00°0 (wo) B1ay sbexuLIys-aid

(9 ()] ) (€) (@ m sa|qeLien
9|dwres ajewsH a|dwes aJe|N

(wo) abexurays 1ybiaH

Author Manuscript

v alqel

Author Manuscript

S3S pue yBioH abexuLys-aid

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 35

Huang et al.

‘|ans] ud1ad QT ayp 1e JueaiIubIS
«
‘Jans] ud1ad G 8yl Je JuedlIubIS
¥

‘Jans] usdtad T ays Je ueayiubis

Eed

"p|0 SIeak gT a10jaq yreap ,Siuased ‘Uoneanpa siuated ‘snyeis yipeay pooypliyd ‘plo sieak 9T 8104aq eaJe uegln ul BuiAll apnjoul sajgelieA SIS pooypliyd ‘ended Jad
aWO0dUI PUE S|9A3] UOITeINPa ‘paliiew ‘Uegin apnjoul sajgerieA S3S 1 Npe ‘sisel pleAn Ul “sesayjualed ul ale sajgerieA paiolpaid 1oy paisnipe s10.418 pJepuels "a|ge|ieAe J1 pappe ale saiwwnp Buissiyl :S810N

[rgeal [oso0l anjen-d
9,02 850'S Ba] Jamo| pue wure Jaddn
[0000] [ooo0] [ooo0] [ooo0l [ooo0l [ooo0l anjen-d
ST6'0L€ 821'89¢ €18'9/€ Z6T'95Y 69€°97Y VA% 124 sajuwnp Aunod uaun)
[¥00°0] [so0°0l [900°0] [ro0°0l [s90°0] [s90°0] anfen-d
6107 G56°6€ ST'6€ LLE0E 982°0¢ 062°0€ ssiwwnp soulAod yuig
[6ev0] [esyol [o6t°0] [c92°0 [v62°0l [682°0] anfea-d
050°'TT 768°0T 95101 Tvi'L L50°L 8IT'L sa|geLieA SIS pooypIyd
[000°0] [ooo°al [ooo 0l [ooo'0l [ooool [ooo0l anfen-d
L50°G6T L6761 615261 T2€'65 6E€'T9 L2T'T9 sajuwinp AloBoyed oby
[000°0] [ooo°al [ooo 0l [ooool [ooo°0l [ooo0l anfen-d
e LE T195'L€ ¥ST'9€ 887°.G 6185 78€'85 S9|gBLIEA STS N INPY
$159) PleM
SOA SOA SOA SOA SOA SOA salwiwnp Alunod uainD
SOA SOA SOA SOA SOA SOA sajwwinp aauiaoid yuig
982°0 9820 $82°0 920 .20 v.2°0 2
GE6'Z GE6'Z 5€6'2 €962 €962 €562 suoleAIZSqO
(9 ) ) (e) (@ m sa|qelien
a|dwes sjewsH a|dwes s|e|\

(wo) abexurays 1ybiaH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 36

Huang et al.

0000 0000 0000 0000 anjen-d
025691 SSE'9LT LTZ'T09 898'€29 sa|geleA SIS HNpY
S158} pleM
8020 L02°0 802°0 802°0 9e€0 TEE0 9e€0 9ee’0 2
619' 619' 619°C 619°C ST6' 16T 16T §16'2 SUOIBAIBSqO
(66900°0) ,,,,,,L9T00- (tv010°0) ,,,,,E9V0°0~ aBexuLIys JYBIBH
(€2800°0) 96000 (€2800°0) 6800°0 (812100) ,,,,L0v00  (€2210°0) 28800 WB1aY aBesiuLIys-a1d
(02800°0) v600'0  (1,500°0) . 8ETO0 (65¢10°0) ., LTVO0  (85200°0) ., 0V¥00 WBIY paInsea
a|dwres sjewad g |aued
0000 0000 0000 0000 anjen-d
L1192 60'8G2 vvL'Sre v86'€52 saIwwnp AUnod Jusung
988°0 9v8'0 L9v°0 €EE0 anjen-d
68L°C1 889°€T vS8'6T LET'eT saiwwnp doutaoid yuig
2000 2000 0000 0000 anjen-d
8162 €E5'6C 621'8Y 0€0°8Y sa|qeLieA SIS PooUpIIyD
0000 0000 0000 0000 anjen-d
9€Z'STT €Te'82T 206'6L 00516 saiwwnp AloBayed aby
0000 0000 0000 0000 anjen-d
06€'SLT 902 v6T 160°009 €€L'9€9 sa|geleA SIS HNpY
S158} pleM
810 08T°0 €8T°0 ¥8T°0 S0€°0 00€°0 S0€°0 S0€'0 2
0zL'e 0zL'z 0zL'T 0zL'T 6'C 76T 6T 6' SUOIBAIBSGO
(599000) ., ¥520°0~ (0e6000) ., VTVO0O- abexunys 1BIeH
(z2L000) L0T00  (¥2200°0) SOTO'0 (se0100) ., 2T€0°0  (0€0TO'0) ,,0TEDO WwB1ay abexuLIys-a1d
(22200°0) L2700 (VL¥000) ,,,28T00 (810100) ,,,,2680°0  (09900°0) ,,,,89€0°0 WBIBY paInsean
a1dwes aeN "V [aued
(8) ) (9) (9) ¥ () @ Q) alqerren Juapuada@
S10 S10 s7se Sple) s10 s10 s1se S10

(0T-0) I1€98. SPIOM

(01-0) SOIL

Author Manuscript

Author Manuscript

T'g3|0eL

Author Manuscript

sanIqy aAmubo) pue ‘Wyb1sH sbexuLys-a1d ‘sbequLyS Wb1eH

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 37

Huang et al.

a|dures sjewad g |aued

0000 0000 anfea-d
656'€0€ 2eL'T0E salwwinp Aunod uaund
809°0 2870 anjea-d
¥69'LT €T9'6T salwwinp aauinoid yuig
0700 8000 anjea-d
6.2 T€C'SC S3|qelieA S3S pooypliyd
0000 0000 anfea-d
8T’ TV 09T'6% sajwwnp Alobsred aby
0000 0000 anfea-d
9GG'8EE T6T'19€ S8|(RlIBA STS )NPY
$1s8l plepn
00¢'0 S6T°0 L6T°0 6610 ed
T76'C Tv6'C Tv6'C 1v6'C suoleAIssqo
(9£1000) 72000~ abexuLys 1yBIeH
(S6100°0) 8T00°0 (S6T00°0) 8T00°0 B8y abexuLIys-aid
(16700°0) 02000 (0€T00°0) ,,6v000 W18y paansealn
a1dwes afeN 'Y [aued
(e1) (11) (o1) (6) ajgetseA Juspuadag
ST10 ST10 S71S¢ S0
(T—0) AlIIN4ss829Ns aunbiy e meaq
0000 0000 0000 0000 anfea-d
¥00'TSE 6V, 'S¢ 6¢€°1¢CE Lyyyee sslwwnp Ajunoo Jusung
Y100 S10°0 T00°0 T00°0 anfea-d
09¢'9¢ €60'9€ 96T ¥ [A8 44 satwwnp adutAoid yuig
¢100 Y100 0000 0000 anfea-d
S6¢'7¢C §eLee €50°SY €L9°EY S3|qelieA S3S pooypliyd
0000 0000 0000 0000 anfea-d
€¢C’L0T 99¢°0€T 6€6'78 99111 salwwinp AioBsyes by
(8) (2) (9) (9) (¥) (€) (@ () aldelren Juspusdeq
S0 S0 STS¢ S0 S10 S0 STSse S0

(0T-0) 11293 SPIOA

(0T-0) SOIL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 38

Huang et al.

‘|ans] uadJad QT ays 18 JuedIUBIS
*
‘|ans] ua2Jad G By 1R edIIubIS
¥

"|ans] ud1ad T 8y Je JuedlIuBIS
FXN

'pJo s1eak 8T 2103q Yreap swaied pue ‘uoneanpa

Swiased ‘snels yieay pooypiyd ‘plo sieak 9T a1o0joq eale uegin ui BulAll apnjoul sajqerieA S3S pooyp|iyd ‘ended Jad ainypuadxe BO| pue ‘s|oAs] UOIRINPS ‘PaLLIeW ‘UBgIN SPN[oUl S3|qeLIBA SIS 3 NP ‘SISa} PIeAA UJ "d]qe|IeA. 41 ‘pappe aJe saluwnp BuissiAl ‘saluwnp Aunod
JUBLIND PUE SBIWWNP 80UlA0Id Y1Ig ‘Sa|qeLIeA SIS pooyp|Iyo ‘saiwwinp A1oBa1es abe ‘ssjqerien SIS Jnpe apnjoul suoissalfial ||y ‘sesayiualed ul a1 sajgetieA paloipaid 1oy paisnipe sio.ie pIepues ‘sulinjod Jaylo U ‘sesayualed Ul aie s10119 plepuels 1sngoy ‘ybusj Ba) 1emo)
pue wue Jaddn usamiag uonoeIRIUl 8y} pue sonelpenb ‘yibus| B3| Jemol ‘Yibus| wie Jaddn Buiag sa|geLIeA [BJUSWUNASUL YIIM S}NS8 STSZ MOYS OT PUB ‘g ‘g SsuWnjo) ‘sasayualed Ul aJe S10119 pIepuels 1SNGos YHM S)Nsal SO MOYS 6 PUB ‘G ‘T suwinjo) “T10Z STHVHD :894n0s

Author Manuscript

Author Manuscript

0000 0000 anfea-d

9v0'L6€ 6V 0V sajuwnp Aunod uaun)

IST0 0110 anfea-d

282°92 286°L2 sajuwinp asutnoud yuig

T00°0 T000 anjea-d

€19°0¢ 89T°0€ sa|geLieA SIS pooyplIyd

0000 0000 anfen-d

268°TE A4 salwwnp Alobares aby

0000 0000 anjen-d

209'GL€ 002'98€ ss|qeleA S3S HNpY
$159) PleM
5220 €220 220 220 2
ST6'Z 162 ST6'Z G162 suoIeAIZSqO
(r£1000) 88000~ abexuLIYS 1yBIaH
(e0z000) ., ¥5000  (¥0Z00°0) . 25000 b1y abexuLIys-aid
(T12000) 95000  (8¥700°0) ., SV000 1ubray painsesiy
(1) (T7) (o1) (6) a|qeLIeA Juapuadag

S0 S0 4 $70

(T—0) AlINJssadans aanbiy e meaq

Author Manuscript

Author Manuscript

PMC 2015 November 19.

in

available

Am Econ J Appl Econ. Author manuscript



Page 39

Huang et al.

0000 0000 9100 1100 anjen-d
20808 9TE'9e £95°GT S0v'ST sa|qeLeA SIS HNpY
S1S9] PlepA
¥ST'0 an) €510 €5T°0 900 Sv0'0 500 Sv0'0 2
€197 €19C €197 €197 126' 126 126' 126' SUOIRAIZSTO
(99€0€°0) ,,, v€ZO T~ (17200°0) ST00'0 abexuLys 1yBreH
(z8sve0) 0988 T  (806vE0)  0208'T (1%200°0) TT00'0  (9¥200°0) 21000 wBiay abexuLIys-ald
(0652€0) ,,,79/8T  (999.2°0) ,,,69€LT (6v200'0) TT000  (S9T00°0) ¥000°0- WB1ay painsealy
a|dwres ajewsH ‘g |aued
0000 0000 1000 1000 anfea-d
060219 880°€65 62€'88T ¥€9'88T saiuwinp AJUnod Juaingd
0000 0000 8850 8250 anjen-d
9/2'69 181799 6G.°8T 906'8T salwwinp aauinoid yuig
6270 SvT0 650 S0 anjen-d
vEe9T 568'GT €06'6 W86 sa|qeLieA SIS Pooyp(IyD
0000 0000 0000 0000 anjen-d
§65°22e v16°6vC 1100V 880°6€ saiwwinp AioBayes aby
7000 0000 7000 0000 anjen-d
gev'ze 8v1Ze veeee 10T%Z sa|qeLeA SIS HNPY
S1S9] PlepA
9T0 09T°0 9T0 9/T0 5800 5800 €00 5800 2
66.'C 66.'C 66.'C 66.'C 656'Z 6€6'C 656' 656'C SUOIRAIZSTO
(o1217°0) 58862~ (0T200°0) T200°0- aBestuys 1uBraH
(5zer0) ,,,1956C  (8€697°0) ,,,V10EC (16200'0) 20000~  (1€200°0) 2000"0- WB1ay abesuLIYS-ald
(6L0v70) ,,,8895C  (€6v9€0) ,,,850LC (62200'0) £000°0-  (9€T00°0) 6000°0 WB1ay painsealy
a|duwres ae\ v |aued
(8)s10 () s10 (9) sT1S2 (8)s10 () s10 (e)s10 (?)sTse (r)s1o 8|qerseA Juspuadag
Aoeded bunT (T-0) uoisusyadAH
sioxewolg pue ‘ybiaH abequliys-aid ‘abexqunys ybieH
¢'S9|qel

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 40

Huang et al.

(25200°0) ¥100°0-  (28100°0) 0T00"0- (osve0'0) ., 9v920  (€€L200) 16120 wB1ay painses|y

a|dwres sjews4 g |aued
0000 0000 0000 0000 anfen-d
018'6.2 975282 6.9'G79 716165 sajuwnp Aunod usund
050 2870 1000 2000 anfea-d
22761 ¥29'61 vLLOY 9z8'2 saluwnp asuiAoid yuig
0v0'0 0v0'0 8860 T76°0 anfea-d
9T¥'02 vLE°0C 798’7 86.% sa|qeLIeA S3S Pooyp|Iyd
0000 0000 0000 0000 anfea-d
L2195 926'95 €L7'SYE 2ET'20Y sanwwinp AloBayes aby
1870 0670 0000 0000 anjen-d
7188 128 GEETE 08€°0S ss|qereA SIS HNpY

S1S9] PlepA

Lv00 Lv0'0 Lv00 Lv00 2920 220 2920 2920 2d

0582 0582 0582 0582 €06'Z €06'2 2062 €06'2 suoeAISSqO

(T8100°0) 80000 (1r1€00) ,, E2LE0- abexuLiys 1yB1aH

(86T00°0) €T00'0~  (86T00°0) €100°0- (9ev€00) ,,,Ev5E0  (085€0°0) ,,,,00S€E'0 Wb1ey sBexuLys-21d

(¥6100°0) 21000~  (S¥T00°0) TT00°0- (Tove00) 8,560  (2e120°0) ,, TH9E0 wB1ay painsesiy

a1dwes aeN 'Y [aued

(91) s10 (sT)s10 (¥1) $1S2 (€7) S0 (c1) 10 (t7) s10 (o1) 5712 (6) S0 a|qelteA uspuadaq

(1-0) 9duejeg yibusais diuo

0000 0000 0000 0000 anfen-d
S6T°€€6 669'626 0vZ'66T G8.'86T sajwwnp Aunod uaLnD
2000 0000 7000 1000 anfea-d
286y 926'LY GEO'SY 900'Sy sajuwnp aoutAoud yuig
w10 zLL0 9/8°0 0,80 anjen-d
6v9'L 9z€'L 296G vr0°9 sa|qeleA S3S Pooyp|IyD
0000 0000 0000 0000 anjen-d
129°L1T 009°T5T 08€'GE 002°6€ ssiuwinp Alofeyes 8By

(8)s1o () s10 (9) sT1se (8)s10 (¥)s1o (€)s1o (¢) sT1se (Ms10 a|getseA Juspuadag

Ayoeded bunT

(1-0) uoisuel1adAH

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



m £96'0 956'0 anfen-d
g eTTY 60v'v s3|qeLIeA SIS pooypjIyd
0000 0000 anjea-d
67 70T 0vCeTT sajwwnp Alobared aby
0000 0000 anfea-d
LT6'TE 02€°GE sa|geLien S3S UNpY

$159) Pl

€600 2600 €600 €600 2d

08L'2 08L'2 08L' 08L'2 SUOITBAISSAO

(882000) ,,, ¥9T0°0 abexunys bIeH

(¢5800°0) 8TT0'0-  (25800°0) LTT00- bray abesuLys-ald

(g8200'0) ,8¥70°0~  (T2900°0) ,,,2VT00~ 1b1ay painseay

a|dwres sje\ 'V [sued

(02) s10 (67) S0 (81) 57152 (1) s10 a|qelreA yuspuadaq

ENITEI

0000 0000 0000 0000 anfea-d
8v0'05¢ G9T°05C 8.€'826 802'€06 saluwnp AUNOd UsLIND
TLE0 290 0000 0000 anfea-d
85112 609'TC 609'TL 2L9v9 saluwnp dutnoud yuig
9280 €280 L02°0 vEZ0 anfea-d
299'9 9699 8y YT 686°€T S|eLieA SIS pooypIyd
0000 0000 0000 0000 anfea-d
78599 18989 LT9'92T TV LLT saiwwinp AioBayes aby
1670 G670 0000 0000 anfea-d
€0.'8 0£9°8 §59'€€ G6ETY ss|eleA S3S UNpY

S1S9] plepA

2500 2500 2500 2500 9810 0LT0 ¥8T°0 S81°0 2d

= LoL'e 1912 1912 1912 1v8'C 182 18T 1¥8'2 suoleAIZSqO

AEM%.S L0000 (02920°0) ,,,,,L0BT 0~ aBexuLys 1yBraH

Emvo.e ST000-  (£7200°0) 5T00'0~ (880£0°0) 0650 (¥1€0°0) 11520 1B1ay aBexuLIys-21d

(91) s10 (sT)s10 (¥1) $71SC (eT) s10 (zr) s1o (t1) s10 (o1) s71S2 (6)s10 a|qelreA Juspuadaq

(T—0) 9dueleg yibuaals druo
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 42

Huang et al.

Ul "8|qejieAe J1 ‘pappe ale saiwwnp Hul

TT0¢ STYVHD :334nos

‘|ans] udJad QT ayp 18 JuedIIubIS
«
‘|ans] u2Jad G By 1. JuedIIUBIS
*¥

‘|ans] udJad T 8y} e JueoIubIS

XX

"p|O Sieak gT a10jaq yleap ,sjuaied pue ‘uoleanpa swualed
‘SNJEIS Y1[eay pooyp|Iyd ‘plo siesk 9T a1oaq eae uegan ui BuiAll apnjoul sajqelieA SIS pooyp|iyd ‘ended Jad ainjipuadxa Boj pue s|aAs] LOIRINPS ‘PaLLIEW ‘UBgIN 8PN[OUl S3|qeLIBA SIS 1NPe ‘SIS8l Plep

1Al “saiwwinp AJuno2 Jualind pue sajwwinp asuiAoid yuig ‘sajqerien S3s pooyp|iyd ‘saiwwinp Alofisyed abe ‘sajgerten SIS 3npe apnjaul suoissaibal |1y ‘sasayiusied
ul aJe sajgeren pajolpaid 1oy palsnipe sio.1a pIepue)ls ‘sulnjod Jaylo uj sasayualed ul ale 10113 prepuels 3snqoy ybua| Baj samo| pue wie Jaddn usamiag uonaelsiul ayy pue salelpenb ‘yibus) Ba)
Jamo] ‘yrbus| wire saddn Bulaq sajgeLIeA [BIUBWINSUI YIM SHNSaS STTSZ MOYS 8T pue ‘»T ‘0T ‘9 ‘g Suwn|oD ‘sasayjuaied Ul SI019 pJepuels 1SNqos YIM sHnsas SO Moys LT pue ‘€T ‘6 ‘G ‘T SUWN|oD :SaloN
0000 0000 anjen-d
0G6.'80L €1¢°60L salwwinp Aunod uanng
1100 2800 anjea-d
T09'6C 68¢°6¢ salwwnp asuinoid yuig
900 0800 anjea-d
G9¢'8T ¢L0'8T so|gelleA S3S pooypiiyd
0000 0000 anjea-d
S6T T TG9C'LST saiwwnp Alobayes aby
T¥885€0°0 81.¢¥20°0 anfen-d
067'€ET LeS VT S3|qelieA S3S 1npy
S1581 pleM
L0T°0 L0T°0 L0T°0 L0T°0 o
vIL'e vIL'e vIL'e vIL'e SUONEAI3SCO
(29070°0) 6TT0°0 abexunys 1yBieH
(0v210°0) 20200~  (0¥210°0) 86700~ wb1ay aBexuLys-a1d
(rE2100) 02200~ (1600°0) ¥5T0°0~ 1BI3Y paansea
a|dwes sjewsad g |aued
0000 0000 anjea-d
189'TV6 ¥08°9€6 sajwwnp AJunod juaiund
T2T°0 LTT°0 anjea-d
1€9°/2 169°LC sajwwnp aouinold yuig
(02) s10 (61)s10 (81) SIS (1 s10 algfeLreA Juspusdag
ENTEIN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2015 November 19.

in

available

Am Econ J Appl Econ. Author manuscript



Page 43

0g€°02 16092 1669 269'L sanwwinp AloBayes aby
N0 8900 0050 €LY0 anfea-d
¥50°0T €ELTT 16€°G 195G S9|gBLIeA STS HINPY
$1591 Pl
G500 €500 800 2500 0200 6200 1200 6200 2d
0052 005 0052 005 7€6'C V€62 7€6'C €62 SUOIBAISSAO
(v€200°0) 72100 (¥0200°0) TT00°0 abesuLys 1yB1oH
(95800°0) 6€T0°0  (#5800°0) L¥TO'0 (0v200°0) 86000 (0¥200°0) 6€00°0 bray abexuLIys-ald
(05800°0) , Y100 (g0500°0) 24000~ (ev2000) 07000 (ggT00'0) 60000 Wb1ay painseaiy
a|dwres sjews4 ‘g |aued
0000 0000 6700 €100 anfen-d
269'0T2 T0T'802 €27'9T 695891 sajuwnp Aunod usun)
€180 €180 26€°0 8070 anfen-d
62€vT TEEVT ¥80'12 018°02 sajwnp souinoud Lyuig
8.8°0 788°0 7950 9550 anfea-d
9€6'G L1685 €96 [7ANG sa|qelIeA S3S pooyp|Iyd
0000 0000 €0€0 8020 anfea-d
EV6 Y 068°05 GEO'9 6912 saiwwnp Aiobayed aby
0000 0000 €000 1000 anfea-d
9veee 6ELLE 0v6'6T e S9|gBLEA SIS JNPY
S1591 Pl
8500 5500 2500 5500 8200 9200 5200 1200 2d
L'z L'z L'z TL'Z €96 €962 €96'Z €962 SUOIRAISSAO
(96500°0) ,,,,,.¥9T00 (16100°0) 27000 abesuLys 1yBraH
(259000) 06000 (25900°0) 2600°0 (TT2000) 80000 (TTZ00°0) 80000 1Bray abesunys-aid
(22900°0) 58000 (€2¥00°0) 87000~ (80200°0) L0000 (S5T00°0) 6T00°0- B8y painseain
m_QEmm 9|\ 'V |sued
(8 s10 ()s10 (9) sT1S2 (s)s10 (¥) s10 (e)s10 (2) sT1s¢ (r)s1o 8|qerseA Juspuadag
(2-0) uonouny edsisAyd (T-0) yaresy 1ood

Huang et al.

UieaH pue yBiaH abexullys-ald ‘abexuiys yBisH
€'g9|gqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 44

Huang et al.

(e19000) ,TTT00  (17900°0) ,0210°0 (995000) 86000 (1,9500°0) SOTO0 1bIaY aBeULIYS-81d
(6v9000) 22100 (gz400°0) ¥900°0~ (¢8500'0) 80100 (g6£00°0) LE000- WBlay painseaiy
a)dwres ajews- ‘g |aued
0000 0000 7000 1000 anfea-d
009'922 T0T'72e yIT'68T 762'881 sajuwnp Aunoo usund
6€L°0 ovL0 090 1520 anfen-d
89'ST 929'ST 282'ST €EV'ST sa|uwnp aouiAoid Lyuig
2L00 GL0°0 TLE0 680 anfea-d
9ev'8T 1,281 G06'TT veLTT sa|qeLieA S3S pooyp|Iyd
0000 0000 0000 0000 anfen-d
191201 8€1'80T 925°9 766'6 ssiuwnp AloBeres eby
0000 0000 00 8200 anfen-d
6LEL2 €EL'6T v€6°2T T6T¥T s3|qeLeA SIS HNPY
S1S9] PlepA
LL00 9,00 LL00 LL00 600 600 600 600 2d
1€6'Z 1€6'Z 1862 €62 €6 1662 €6 1662 SUOIRAIBSAO
(¥¥¥00°0) 0200°0 (TT00°0) 67000 abesunys ybIeH
(06700°0) 9T00'0-  (06¥00°0) STO0"0- (¥S700'0) TT000  (¥S¥00°0) 2T00°0 1yB1ay abexuLys-aid
(€8¥00°0) €200'0-  (6¥€00°0) 9¥00°0— (z5700°0) 90000 (TT€00°0) 2200°0- b8y painsealy
a|dwes aje\ 'V [sued
(91)s10 (s s10 (1) sT1se (e1) sT10 (er)s10 (tr)s10 (o) sT182 (6)sT10 a|qetsen Juapuadag
(5-0)s7avi (9-0)s1av
0000 0000 0000 0000 anjea-d
LE6'792 0Y'292 0vS'L6T 6E€'L6T sajwwnp Aunod s
5020 6610 5800 ¥€0°0 anjea-d
8062 65062 928'2¢ 186°2€ sajwwnp soutAod yuig
€000 2000 1700 0100 anfea-d
66582 82062 225 21912 sa|qeLieA S3S pooypliyd
1000 0000 1220 vLT0 anfen-d
(8)s10 () s10 (9) s1se (8)s10 (¥)s1o (€)sT0 (e) sT1se (Ms70 a|qelteA Juspuadaq

{70 uonouny [ea1sAugd

(T-0) Yieay J00d

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 45

Huang et al.

0L9°€2 085'€C T0€°€T 89Y7'€C saquwnp aoutAoid yuig
810 L0 88.°0 0.0 anfen-d
€95°0T 809°0T €T 1S€°L sa|qeLeA SIS Pooyp|IyD
0000 0000 V120 9020 anfea-d
€8.'/8 60€ 76 e 902'L sajwwnp Alobayed aby
0000 0000 0000 0000 anfea-d
6662 180'T€ €G6.°85 6€8°€9 sa|qelien S35 HNpY
S1S9] PlepA
800 LL00 LL0°0 800 900 G700 900 9700 2d
6652 665 665 665 €LL'T €LL'2 €LL'T €LL'T SUoRAISSAO
(20200°0) ,.££00°0 (08¥20°0) ,,L¥50°0 aBexuLIys JyBIaH
(€2200°0) 9000°0-  (€2200°0) S000°0- (eL20'0) 9ve0'0-  (T€L20°0) LEEO'0— B2y sbesuliys-aid
(T200°0) 20000~  (L¥T00°0) £200°0~ (18920°0) 60y0°0-  (87210°0) ,,9G70°0~ Wblay painseaiy
a|dwres aje|N 'Y |aued
(¥2) s10 (€2) sT10 (c2) sT1se (te) s10 (02) sT10 (61) S0 (81) s182 (1) s10 3|qerten wspuadaq
(T—0) onstwissad uolye1dadxs 817 (0€-0) As30
0000 0000 0000 0000 anfea-d
919'/6¢ 0L7°€52 L2TT0E 771967 sajwwnp Aunod s
98¢0 EVE0 1090 €19°0 anfea-d
L6TTZ 656'TC S0L°LT 219°L1 saiwwinp soulAold yuig
7€0°0 GE0'0 G690 290 anjea-d
12712 ¥98°02 5028 957’8 sa|qelieA S3S pooypiiyd
0000 0000 0000 0000 anjea-d
18586 8vi'zel 0€6'8€ 18.°05 saiwwinp AloBajes oby
0100 €000 1600 0500 anjen-d
0.8°9T L8567 0€6°0T 219°eT sa|gelien S35 HNpyY
S1581 pleM
2600 1800 0800 1800 600 900 000 G700 o
€16 €16 €16 €16 1062 L1062 1062 L1062 SUONBAISSAO
(0zs000) ., 06100 (08¥000) ., SETO0 abexurys 1yBIeH
(91) s10 (sT) 10 (¥1) s1S2 (e7) s10 (zT) s10 (t7) s10 (o1) s1S2 (6)s10 a|qelten uspuadaq
(5-0) sTavI (9-0) sTav

Author Manuscript

Author Manuscript Author Manuscript

Author Manuscript

Am Econ J Appl Econ. Author manuscript; available in PMC 2015 November 19.



Page 46

Huang et al.

T10¢ STHVHD :834nos

‘lans] usdtad QT 8yl 18 JueoIubIS
x
‘]ans] usdJad G 8y 1e JediIubIS
*¥

‘|ans] udJad T 8y 18 JuedlIubIS
XXN

"pjo sieak T 810aq Yreap swiased pue ‘uoieonps ,siuated ‘snieis yiesy

pooypjiyd .U_o sIeak 9T °J0j=q eaJe ueqin ul m:_>__ apNJoul ss|gelieA S3S pooypjiyd ”S._Qmu Jad m‘_:H__uchxw mo_ pue s|aAs] uoljednpa »Um_tmE .cmo_\_: 9pnjoul sajgelteA S3S 1jnpe 's1s9) PIeM U] "3jqejleAe
11 ‘pappe ale saiwiwinp BuissI “salwwnp AJunod jualind pue saiwwnp asulAold yuiq ‘sajgerien S3S pooyp|iyo ‘satwiwinp A1obared abe ‘sajgerren S3S 1npe apnjoul suoissalbal || ‘sesayjuated ul ale
sa|qelLieA pajoipaid 1oy paisnipe si0ila prepuels ‘SUWIN|Od J3Y10 U ‘sasayjualed Ul aJe S04 pJepuels 1snqoy ‘Yibus| Ba| Jamo| pue wie saddn usamiaq uondeiaiul 8y} pue sonelpenb ‘yibua| B3] Jamoj ‘Yibus)
wie Jaddn Bulag sajgerreA [eIuswnIIsul Yim s)jnsal SSg MOYS gz pue ‘8T ‘T ‘0T ‘9 ‘g suwnjo) 'sasayiuased Ul ale S10149 pJepuels 1Sngos YIm s3nsal SO Moys Tz pue /T ‘€T ‘6 ‘S ‘T suwnjo) :SsloN
0000 0000 0000 0000 anjen-d
L18'L€2 G85'6€ET 686'ZVE LT EVE sajwwinp Aunod Juaind
60€°0 80€°0 2L00 .00 anfea-d
885'2¢ §19°2C 788'6C €V6'6C saqwwnp soutAod yuig
G8T°0 LIT0 2r00 6£0°0 anfen-d
956'7T 9ZT'ST 72 0T 06702 sa|qelieA S3S pooyp|Iyd
0000 0000 5060 G980 anjen-d
€1L29 1922, 695'T 188'T sarwwinp AloBajes oby
§L0°0 6£0°0 0000 0000 anfea-d
09v'TT z8zeT 909°22 9,182 sa|gerien S35 HNpY
S1S9] PlepA
1900 990°0 2900 G900 200 zv0'0 0700 700 2
187'C 167'C 0S7'2 187'C 699'C 699°C 699'C 699'C SuoneAIssqo
(87200°0) , 82000 (T0620°0) L620°0 abexunys ybraH
(95200°0) 2€00'0  (S5200°0) GE00°0 (59€€0°0) 29€0°0 (85€€0°0) 62€0°0 WBray sbesutiys-aid
(59200°0) ¥€00'0  (08T00°0) 6000°0- (L1€€0°0) 96€0°0  (¥¥T20°0) 87000~ 1yBlay painseain
w_QEmw dlews ‘g |sued
0000 0000 0000 0000 anfen-d
v62 72T 95.'52¢ 828'00€ 60T'TOE sa1wwinp Ajunod Jualn)
1§20 192°0 7120 992°0 anfea-d
(¥2) s1o (€2) s10 (z2) s1se (tz) s10 (02) s10 (67) S0 (81) 57152 (21) S0 a|qelten Juspuadaq
(7-0) onsiwissad uone1oadxa oyl (0€-0) dS3D

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2015 November 19.

in

available

Am Econ J Appl Econ. Author manuscript



