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ABSTRACT  Recent studies suggest that adverse climate shocks harm the short and
long-run health of rural people in developing nations. We know little about how those
shocks affect more autarkic people, such as foragers. Using 2005 data from 221 women
and 232 men 20+ years of age from a foraging and horticultural society of native
Amazonians in Bolivia (Tsimane’) we estimate the association between (a) rainfall
amount and variability during three stages in the life cycle -- gestation, year 1 of life
(birth year), and years 2-5 of life -- and () adult height. Rainfall amounts during the
three periods and rainfall variability during gestation and birth year bore no association
with adult height. Rainfall variability during years 2-5 of life bore a negative association
with the adult height of women. A 10% increase in the coefficient of variation of rainfall
during years 2-5 of life was associated with 1.11-2.05% (~1.78-3.10cm) lower adult
height among women. The finding persists under many statistical tests, including
regressions that control for heritable factors through maternal height. Findings lend
partial support to recent research suggesting that events early in life leave a lasting
imprint on adult health and that low-income rural people remain imperfectly insured
against adverse climate shocks.

Keywords: Amazon; Bolivia; ethnobotanical knowledge; ethnobotanical skills; rainfall;
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Recent years have seen a sally of studies documenting the vulnerability of rural
people in developing nations to adverse climate shocks and the long-run consequences
for adult health of events early in life, including events during gestation. Most studies of
vulnerability come from smallholders, and most studies about the consequences of
conditions early in life on long-run health come from industrial nations in temperate
climates. We know little about how well more autarkic people, such as foragers, protect
their health against adverse climate shocks. We also do not know whether such shocks
experienced early in life leave an imprint on adult health. Filling the gaps matter because
for most of human history people have relied on foraging more than on farming, so
understanding how well people with a foothold in a foraging economy protect their health
can shed light on a large swath of history. It also allows us to assess whether findings
from smallholders and the industrial world hold up in a very different socioeconomic
setting.

Here we estimate the association between (@) rainfall amount and variability
during three stages in the life cycle -- gestation, birth year (year 1 of life), and years 2-5
of life -- and (b) adult height. For the analysis we draw on information from the
Tsimane’, a foraging and horticultural society in the Bolivian Amazon in the early stages
of continual exposure to the market economy and in transition from a foraging to a

farming economy. The study draws on several bodies of literature.

Effectiveness of self-insurance among smallholders



Recent studies suggest that adverse shocks to income (e.g., floods) among
smallholders, typically in arid or semi-arid regions of developing nations, abrade income,
consumption, and health (Dercon, 2004). To protect themselves against such shocks,
smallholders rely on a mix of precautionary steps (e.g., plot scattering) and safety nets
(e.g., reciprocity) (Morduch, 1995). Traditional forms of self-insurance provide adequate
protection against small, anticipated, or idiosyncratic mishaps (e.g., illness) (Townsend,
2002), but provide less adequate protection against adverse covariant shocks: large,
unanticipated, adverse events that affect a large area (Gertler and Gruber, 2002;

Morduch, 1995).

The short-run benefits and long-run costs of coping practices of smallholders

Smallholders harmed by an adverse shock to income can sink into poverty if they
lack access to credit and labor markets (Newhouse, 2005). As they try to recover from
mishaps, smallholders without access to formal insurance engage in practices that
produce short-run benefits but long-run costs (Banerjee and Newman, 1991; Dasgupta
and Ray, 1986). For example, rural households in India harmed by drought sold their
bullocks and seeds to cover consumption needs but, in so doing, undermined their capital
stock and their long-run income potential (Rosenzweig and Wolpin, 1993; Dercon, 2004).
When faced with low income and weak safety nets, poor smallholders cope with adverse
shocks to income by skewing investments to the offspring with the potential of earning
higher income for the household (Godoy et al., 2006e), or by reducing investments in

children (Jacoby and Skoufias, 1997). Again, the practices produce short-run benefits by



allowing households to save on scarce resources during hard times, but undermine the

accumulation of human capital and the long-run nutritional status of children.

The short-run and long-run effects of rainfall shocks among smallholders

Among adverse shocks to income in low-income rural societies, climate shocks
rank high. For example, because smallholders often lack access to irrigation, they rely on
rain to water their crops. As a result, rainfall fluctuations affect the income,
consumption, and health of smallholders. Studies of the effects of adverse rainfall shocks
on the well-being of smallholders have produced conflicting findings. Alderman et al.
(2006) in Zimbabwe found that children six months to six years of age affected by the
drought of 1982-1984 attained lower height as young adults (~17-18 years of age). Rose
(1999) found that adverse rainfall shocks in rural India increased mortality, but only
among girls and only among landless households, who depend indirectly on farm work as
unskilled laborers. Maccini and Yang (2006) estimated the effect of rainfall amounts
during year of birth on adult height among smallholders in Indonesia and found that
rainfall amounts bore a positive association with adult height in part because more
rainfall contributed to higher farm output. They found that more rainfall contributed to
taller physical stature only among women. Women born during years with 20% more
rainfall relative to the regional norm were 0.14 cm taller than their peers born during drier
years. But other studies suggest that adverse rainfall shocks during childhood produced

no lasting effect. Paxson (1992) in Thailand, Jacoby and Skoufias (1997) in India, Foster



annual rainfall during the person’s year of birth (yob). XC and CVC stand for the mean
annual total amount of rainfall and for the mean annual coefficient of variation during
years 2-5 of life (z=2-5).

To control for unobserved heterogeneity in the endowments of subjects and their
households (e.g., socioeconomic and health conditions during early childhood), we
include the following forms of human capital for subjects and their parents (p): own
indigenous knowledge of plants (IK), own schooling (S), and parental attributes (SP).

IK includes three forms of indigenous knowledge of plants for person i: (1)
theoretical knowledge of medicinal plants, (2) theoretical knowledge of wild edible
plants, and (3) practical knowledge of medicinal plants. S stands for the maximum
school attainment of person i. SP includes a vector of three variables for parental
attributes of subject i: two variables that capture whether the subject’s mother or father
had any schooling and the height of the same-sex parent. Since we do not have
instrumental variables for schooling or indigenous knowledge, we should not infer
causality from parameter estimates of IK, S, and parental schooling.

Following standard practice in studies of adult height (Komlos 1994), we include
a vector of dummy variables for decade of birth (DOB) to control for secular (long-term)
trends in height.

To facilitate the interpretation of results, we took natural logarithms (L# in
equation [1]) of all variables except for the following: (@) practical indigenous knowledge
of medicinal plants, () dummies variables for decade of birth (DOB), (c¢) amount of

rainfall, and (d) schooling variables. We left variables in their raw form to avoid
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producing missing values (as with (a)) or because the variables are easier to interpret in
their raw form (as with (b-d)).

Hypothesis 1 says that the amount of annual rainfall will bear an ambiguous
relation with adult height, so parameters £, £, and f°’ should be indistinguishable from
zero. Hypothesis 2 says that without adequate self-insurance, month-to-month rainfall
variability within a year will bear a negative association with adult height, so the
parameter estimates for the coefficient of variation J, ¢°, and 0’ should be large,

negative, and statistically significant.

DATA AND METHODS

Information for the analysis comes from a survey done during June-September
2005 among all households (n=252) in 13 Tsimane’ villages straddling the Maniqui
River, province of Beni, Bolivia. The survey formed part of a panel study in progress
dating back to 1999 (Godoy et al., 2005c). We do not use earlier surveys because the
2005 survey had fine-grained questions about indigenous knowledge missing from earlier
surveys. The 2005 survey was conducted by experienced interviewers and translators
who had participated in the panel study since its inception.

The villages surveyed differed in their proximity to the town of San Borja. With a
population of ~19,000 people and a local airport built during the mid 1930s, San Borja is
the most important market town and administrative center for the Tsimane’ residing
along the Maniqui basin. The average village in the sample was 25.96 km in a straight

trajectory from San Borja (SD=16.70; min=5.71 km; max=47.74 km).
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Outcome: Height

We used the protocol of Lohman et al. (1988) to measure height. We recorded
standing physical stature to the nearest millimeter using a portable stadiometer or a
plastic tape measure. We found evidence of rounding error or digit heaping in height
measures. Among women, heaping occurred with the digit zero and among men it
occurred with the digit five (x’=17.91, p=0.03). Measures of height ending in the digit
zero accounted for 20.36% (rather than ~10%) of observations among women and for
only 12.07% of observations among men. Measures of height ending in the digit five
accounted for 15.09% of the observations among men and for 9.05% of the observations
among women. We did not correct for digit heaping to retain fidelity to the raw data, but
we later note the consequences of the measurement error.

Since some adults had parents in the sample, we could include the height of the
same-sex parent as an explanatory variable (SP in equation [1]). Close to half (49.32%)
the sample of women and 57.32% of the sample of men did not have a parent in the
sample, so the sample size for the regression with the height of the same-sex parent as a
covariate is about half as large as the sample size for the other regressions. The paucity
of information on parental height explains why we do not control for the height of both
parents; only 34.38% (n=76) of the sample of women and 35.77% (n=83) of the sample

of men had complete data on the height of both parents.

Rainfall
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Measures of rainfall came from Bolivia’s national aeronautical agency and refer
to the airport in the town of San Borja (Appendix 1). Rainfall data covers the years 1944-
2005 and came aggregated by month'. The level of aggregation of the raw data made it
impossible to estimate the dates of onset and end of the rainy season (Marengo et al.,
2001).

Ideally, we should have had rainfall data over time for each of the 13 villages of
the survey. Since we only have time-series data on rainfall for the airport we need to
establish that monthly rainfall amounts in the airport reflect rainfall amounts in the
villages surveyed, particularly in the remote villages.

As part of the panel study, we measured daily rainfall during October 1999-
October 2000 in two villages: San Antonio and Yaranda. Among the villages of the
panel study, Yaranda and San Antonio are, respectively, the most remote and one of the
closest villages to the town of San Borja. In a straight trajectory from San Borja,
Yaranda lies 47.74 km away and San Antonio lies 10.34km away.

A regression of monthly rainfall amounts in San Borja on monthly rainfall
amounts in the nearby village of San Antonio produced a positive and statistically
significant coefficient of 0.89 (p=0.001). A regression of monthly rainfall amounts in the
airport on monthly rainfall amounts in the remote village of Yaranda produced a
coefficient of 0.52 (p=0.0001). The findings suggest that rainfall data from the airport is
reliable and likely reflects the amount of monthly rainfall in the villages surveyed.

We used monthly rainfall data from the airport to compute the following: (a) total

amount of annual rainfall, (b) annual coefficient of variation of rainfall, (c¢) z score of (a)
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or standardized deviations from the mean annual rainfall of the airport for the period
1944-2005%, (d) average of (b) and average of (c) for years 2-5 of life, and (e) lag by one
year values in () and (c). Values under (e) capture rainfall conditions during gestation
(XB and CVB in equation [1]), values under (b) and (c) capture rainfall conditions during
the year of birth (X and CV in equation [1]), and values under (d) capture rainfall

conditions during years 2-5 of life (XC and CVC in equation [1]).

Theoretical and practical indigenous knowledge of plants

We focus on indigenous knowledge of wild and semi-domesticated medicinal and
edible plants rather than on other types of indigenous knowledge (e.g., soils, insects)
because of their obvious link to long-run nutritional status.

We measured two dimensions of indigenous knowledge of plants: theoretical and
practical knowledge. Theoretical or passive knowledge refers to information about plants
learned listening or observing and can be assessed by asking subjects to name or identify
plants. Practical knowledge or skills refers to the ability to use theoretical knowledge.
Though linked, the two dimensions might have different effects on health (Grigorenko et
al., 2002; Sternberg et al., 2001).

To measure theoretical knowledge of plants we collected similarity judgments
from people using a multiple-choice test of 15 plants selected at random from a list of 92
plants developed in an earlier study (Reyes-Garcia, 2001). In the test people were asked
whether they could use the plants for food or for medicine. We used cultural consensus

analysis (Reyes-Garcia et al., 2003; Romney et al., 1986) to calculate the most common
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response among people over 55 years of age because we assumed (and case studies
suggest) that older people know more about plants (Reyes-Garcia et al., 2005). We used
the most common response of elders in the group as the answer key to calculate separate
individual scores of theoretical knowledge for medicinal and for edible plants.

To measure practical knowledge of medicinal plants, subjects were asked whether
they had ever used three medicinal plants. None of the questions was purposefully false.
We added the number of positive responses to arrive at a total score.

No subject received a zero in either of the two tests of theoretical knowledge so
taking logarithms did not reduce the sample size of the variables. Half the sample of
women and half the sample of men had a score of zero in the test of practical knowledge,
so we did not take logarithms to avoid producing missing values and thus reducing the

sample size for the regressions.

Schooling

We asked subjects about the maximum school attainment of themselves, their
mother, and their father. Since 54 subjects or 11.95% of the sample knew that their
parents had attended school but did not know the precise school attainment of their
parents, we created two dummy variables, one for the school attainment of the mother
and one for the school attainment of the father. The variables took the value of one if the

parent had some schooling and zero otherwise.

Age, birth year, and birth decade
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We asked participants in the study to estimate their age in years. Because many
adults did not know their exact age, it is possible that some of the responses were
educated guesses, which introduced random measurement error into the variable (Godoy
et al., 2006a). We calculated birth year by subtracting the person’s age (in years) from
the survey year (2005), and used the person’s birth year to: (a) link attributes of the
person with rainfall data and (b) create five dummy variables for birth decade: 1940,
1950, 1960, 1970, and 1980. Close to a quarter (25.82%; n=117) of the total sample
(women=62; men=55) did not know their month of birth, so we do not use month of birth
to obtain more precise links between rainfall during early life and adult height. The
absence of information on birth month means that estimates of rainfall for gestation and

year of birth will contain random measurement error.

Final sample

We limit the analysis to people between 20 and 60 years of age for two reasons.
First, Tsimane’ stop growing at about 20 years of age (Godoy et al., 2006a); by limiting
the analysis to Tsimane’ over 20 years of age we enhance the likelihood of only including
people who had reached their final adult height. Second, since the time series on rainfall
starts in 1944 and we need to lag rainfall variables by one year to pick up conditions
during gestation, we had to limit the analysis to people born during or after 1945; during

the year of the survey (2005) these people were 60 years old. The final sample of people
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with the requisite information to estimate equation [1] (except for parental height)
included 221 women and 232 men from 228 households.

Table 1 contains summary statistics (divided by sex) of height and socioeconomic
explanatory variables.

INSERT TABLE 1 ABOUT HERE

THE TSIMANE’: ETHNOGRAPHIC BACKGROUND

The Tsimane’ number ~8000 people and live in over 100 villages along river
banks and logging roads, mostly in the department of Beni. Subsistence centers on
hunting, plant collection, fishing, and slash-and-burn horticulture (Vadez et al., 2004).
Because they do not have irrigation to water their crops, Tsimane’ depend on rain to
produce crops. Rain also affects the availability of edible wild plants, and the likelihood
of fishing, hunting, and collecting wild plants.

Like other native Amazonian groups, rarely marry people outside their ethnic
group. Only five people or 1.40% of our adult sample belonged to another ethnic group.
Except for a few who work as school teachers or for logging firms, most Tsimane’ make
their living from foraging or from doing subsistence horticulture in their own plots.

Mean daily personal income, calculated from monetary earnings and the value of
goods they produce for consumption, is US$2.35-3.25, above the international poverty
line of US$1-2/day and on par with the national income of Bolivia, one of the poorest
Latin American nations (Godoy et al., 2006¢). Besides having low income, the Tsimane’

are highly autarkic. Goods bought in the market accounted for only 2.68% of the total
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value of household consumption of goods. In 2005, 49.70% of adult women, 77.86% of
adults in the bottom income quintile, and 45.30% of adults far from the town of San
Borja did not earn any monetary income during the two weeks before the day of the
interview (Godoy et al., 2006c). Slightly more than half (52-53%) of the value of
household consumption comes from goods extracted from the forest; 36-44% of the value
of consumption comes from garden plots, and the balance comes from purchases in the
market (~4-11%).

In recent publications we provide ethnographic and historical background
information on the Tsimane’ (Godoy et al., 2005¢, 2006a), including analysis of their
indigenous knowledge of plants (Nate et al., 2001; Reyes-Garcia et al., 2005) and animals
(Apaza et al., 2003), measures of income and consumption (Godoy et al., 2006b, 2006¢),
absence of girl-boy disparity in parental investments, health, or school achievement
(Godoy et al., 2006¢), absence of a secular trend in adult height for people born during
1920-1985 (Godoy et al., 2006a; Patel et al., 2006), effect of income inequality and
empowerment on anthropometric indicators of nutritional status (Godoy et al., 2005a,
2006d), and their coping strategies against small, idiosyncratic shocks (Godoy et al.,
1998, 2006f).

Since we have covered general background information elsewhere, in this section
we discuss four topics that bear directly on this article: (a) growth stunting and secular
trends in adult height, () rainfall patterns, (c) paths through which rainfall might affect

adult height, and (d) views toward covariant shocks.

Growth stunting and secular trends in adult height
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Tsimane’ are growth stunted (Foster et al., 2005), probably due to high levels of
pathogen exposure experienced early in life (Tanner, 2005; McDade, 2005a, 2005b).
Under-nutrition and high infectious disease load in childhood contribute to small adult
body size by diverting energetic resources that would otherwise be used to fuel growth
(McDade 2005b). Adult Tsimane’ women and men are both ~1.78 standard deviations
below the median height of their age and sex peers in the USA. Though short by USA
standards, Tsimane’ are tall compared with other native Amazonian populations (Godoy
et al., 2005c).

In the middle two lines of Figure 1 we plot the adult height of women and men by
birth year (1944-1985). The figures show much variation in adult height by year of birth,
but no clear secular trend (Godoy et al., 2006a).

INSERT FIGURE 1 ABOUT HERE

Rainfall patterns

Figure 2 shows the mean amount of rainfall for each month during 1944-2005.
The figure shows two seasons: a dry season between May and September and a wet
season between October and April. The top line of Figure 1 shows the total amount of
annual rainfall for each year. Mean annual rainfall is 1743 ml (SD=494; min=872 ml;
max=3907 ml). The years with complete monthly rainfall data that had the lowest
rainfall included 1945, 1946, 1962, 1969, and 1970 and the years that had the most
rainfall included 1958, 1973, 1975, and 1980-1981. The bottom line of Figure 1 shows

the annual coefficient of variation of rainfall (mean=0.74; SD=0.15; min=0.35;



19

max=1.19), with low points during 1947, 1957, 1970, and 1972, and high points during
1966-1968, 1980, and 1984.
INSERT FIGURE 2 ABOUT HERE

Tsimane’ clear the forest during the dry season and let the underbrush and logs
dry before burning (Vadez et al., 2003). They burn the debris and then plant crops such
as plantains, rice, maize, and manioc. Planting takes place with the onset of the rainy
season, between August and December. If they cut the forest too early or if they wait too
long to cut (or if rains arrive early), the debris does not burn well to: (a) deposit nutrients
into the soil, (b) maximize the amount of space available for crops to grow, and (c)
“minimize the amount of labor required to prepare the field for planting” (Wilkie et al.,
1999: 323). (a)-(c) reduce crop yields.

The Tsimane’ calendar starts in May when many edible fruits in the forest ripen;
this is also the time when wild animals gain weight and provide ideal prey. The onset of
the dry season corresponds to greater frequency and duration of hunting expeditions.
Some of the hunting expeditions are done in groups and take many days to finish. The

dry season is also the time when Tsimane’ use plant poison to fish, often in a group.

Paths through which rainfall might affect adult height

We evaluate three overlapping paths through which rainfall might affect adult

height: (a) pathogen exposure, (h) composition of foods consumed, and (c) idle time.

The paths are suggestive because the associations we discuss next refer to the recent past;
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those associations would have had to take place 20+ years ago to bear directly on our
findings.

(a) Pathogen exposure. Tanner (2005; Tanner et al., 2004) collected fecal
samples from ~200 Tsimane’ ranging in age from four months to 80 years. Data were
collected from the same people on two occasions: once during the dry season (July-
August, 2003) and once during the wet season (December, 2003-January, 2004). Except
for protozoal infections, there were no statistically significant differences in the level of
gastrointestinal parasitic infection between seasons. Forty-one percent of the sample
either gained or lost protozoal infection between the dry and wet season, but most of
these infections resulted from non-pathogenic protozoa. She found no differences in
frequency of reported respiratory or gastrointestinal illness between the wet and the dry
season in the parasite subset of data. Byron (2003) used five quarters of panel data
(1999-2000) from children and adults in two villages (Yaranda and San Antonio) and
found no statistically significant relation between the amount of rainfall and self-reported
morbidity, duration of illness, or severity of illness.

(b) Composition of foods consumed. To explore the association between rainfall
amounts and the composition of foods consumed we draw on a combination of surveys
and scans or spot observations (Sacket and Johnson, 1998) collected every week during
four consecutive quarters (August 2002-November 2003) from the same people in the 13
villages of the panel study. Each week we selected at random both a day and a block of
three hours (between 7am-7pm) to collect information. Every week, half of the villages
were scanned one day and the other half were scanned on a different day. We did 12

scans per village each quarter so our measures capture variation in time allocation
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through the year. Following standard practice (Sacket and Johnson, 1998), we noted
what subjects were doing at the instant when we first spotted them. After writing the
subjects’ activity, we asked them to list all their activities for the previous 24 hours. In
particular, we asked them about the type and the amount of game, fish, wild plants, and
domesticated crops brought to the household during the previous 24 hours. On average,
we scanned participants 4.1 times/quarter (SD = 3.05). We used the date of the scan to
link data from the 24-hour recall with monthly rainfall data.

Multivariate regressions (not shown) that controlled for time of day, quarters, and
village and individual fixed effects suggests that the amount of monthly rainfall was
associated with a lower likelihood of having brought fish or game meat during the
previous 24 hours. The amount of monthly rainfall was associated with a greater
likelihood of harvesting domesticated crops from farm plots or wild plants from the forest
during the previous 24 hours, but the diversity of crops extracted declined with the
amount of monthly rainfall. Except for the negative association between monthly rainfall
amounts and the diversity of crops collected during the previous 24 hours, all the
relations mentioned in this paragraph were statistically insignificant at the 95%
confidence level. A 10% increase in the amount of monthly rainfall was associated with
0.30 fewer varieties of wild and domesticated plants brought into the household by the
person during the previous 24 hours.

(c) Idle time. We tested whether the amount of rainfall bore a significant
association with the subject being idle in the village, typically at home. Greater time
spend at home while it rains might raise the likelihood of person-to-person transmission

of disease. We used a regression similar to the one described in the previous paragraph,
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except that we included a dichotomous variable for idleness (1=idle, O=not idle). We
found that the amount of rainfall bore a positive association with the likelihood that the
subject was idle at the moment researchers spotted them in the scan, but the relation was
statistically insignificant.

In sum, results suggest that the amount of monthly rainfall might not play a
prominent role in pathogen exposure, self-perceived health, composition of foods

consumed, or idleness. The finding lends descriptive support to Hypothesis 1.

Views toward covariant shocks

Rainfall does not feature prominently in the myths of the Tsimane’. Tsimane’
myths speak of the great ages of darkness, winds, and fire — three adverse climate shocks
that destroyed much of the earth and many humans — but they make few references to
floods, droughts, or rain. One myth tells how when darkness enveloped the earth and
people had little food, many women and children starved. Until about two decades ago,
shamans were the safety who helped Tsimane’ survive great disasters. During the age of
fire and winds, shamans taught people which plants were resistant to fire and wind and
protected people by allowing them to enter the shaman’s ritual house until the dangers
passed. Catholic and Protestant missionaries arrived during the early 1950s, inveighed
against the shamans, and eroded their authority. The last Tsimane’ shaman died during
the 1980s. Western healers, sorcerers, and local healers who apprenticed while young

under shamans have partially replaced shamans. We cannot tell whether the
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disappearance of shamans has increased the vulnerability of the Tsimane’ to adverse
climate shocks.

Elsewhere we used panel data over five consecutive quarters (1999-2000) from
two villages (San Antonio and Yaranda) to test how well Tsimane’ protect their short-run
nutritional status against contemporaneous idiosyncratic shocks, and found that children
were fully protected from shocks, but that protection worked better for adult men than for
adult women. Idiosyncratic adverse shocks to income, such as illness, crop loss, and theft
of physical assets bore a positive association with anthropometric indices of short-run
nutritional status among men and a negative association among women (Godoy et al.,
2006f). Despite widespread generosity between households (Reyes-Garcia et al., 2006),
we found little evidence that reciprocity got activated in times of need or that people
entreated their kin and neighbors for help after a mishap (Brabec et al., 2006; Godoy et
al., 2005a). Tsimane’ brook adverse shocks alone, without help from others. In recent
years, the Bolivian government and aid agencies have stepped in to help Tsimane’ with

damages caused by floods.

MAIN REGRESSION RESULTS

Table 2 contains the main regression results. Seven findings merit discussion.
INSERT TABLE 2 ABOUT HERE
[1]. None of the rainfall variables -- alone (section I) or jointly (section VI) -- bore
a statistically significant association with the height of adult men, so we focus mainly on

women in the rest of the article.
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[2]. Rainfall variables explained a small share of the variation in adult female
height. For example, the R square of the regression in column [1] with only rainfall
variables as covariates was 0.047 (and even lower (0.029) for men). The results suggest
that variability in the adult height of women reflects heritable and socioeconomic factors
(including parasitic load during childhood) more than climate factors.

[3]. The amount of annual rainfall during gestation and early childhood generally
bore no statistically significant association with the height of adult women. Variables
related to the amount of rainfall -- alone (rows I[.A) or jointly (row VLI.A) -- were
statistically insignificant at the 95% confidence level. The result supports Hypothesis 1
that the amount of rainfall will likely have ambiguous associations with adult height.

[4]. Rainfall variability during gestation (row 1.B.1) and birth year (row .B.2)
bore no statistically significant association with the adult height of women, but rainfall
variability during years 2-5 of a girl’s life was associated with lower adult height of
women (row [.B.3). A 10% increase in the coefficient of variation of rainfall during
years 2-5 of a girl’s life was associated with 0.76% lower adult height in the regression
with only rainfall variables as covariates (column [1]). The association increased from
0.76% to 1.11-1.19% in the regressions with controls for human capital and birth decade
(columns [2]-[4]). The magnitude of the negative association between rainfall variability
and adult height almost doubled from ~1.1% in regressions [2]-[4] to 2.05% in regression
[5] that conditioned for heritable factors through mother’s height. A mean decline in the
adult height of women of ~1.1% from a 10% increase in rainfall variability is large and
significant, amounting to ~1.7cm. Together, the three variables related to the coefficient

of variation of rainfall were statistically significant at the 97% confidence level or higher
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(row VLI.B). The results lend partial support to Hypothesis 2 that the variability of
rainfall will depress adult height.

[5]. Indigenous knowledge of plants generally bore no statistically significant
association with the adult height of women, with one exception. Greater own theoretical
indigenous knowledge of medicinal plants was associated with lower height (row IL.A.1).
Doubling a woman’s score of theoretical knowledge of medicinal plants was associated
with 3.6-3.8% or ~5.83cm lower adult height in the regressions of columns [2]-[4] and
with 7.6% or 11.75cm lower height in the regression of column [5] with a control for
mother’s height.

[6]. The schooling level of women or men bore no statistically significant
association with their own adult height (rows III.C). Among women, parental schooling
bore no association with the adult height of the daughter (rows III.A-B), but among men
parental schooling bore both positive and negative associations with the adult height of
the son. If we focus on the regression results for men in column [4] we see that having a
mother with any schooling was associated with a son being 1.6% or 2.76cm taller as an
adult, but having a father with any schooling was associated with a son being 1.1% or
1.79cm shorter as an adult.

[7]. The height of an adult daughter bore a strong positive association with the
height of her mother, and the height of an adult son bore a strong positive association
with the height of his father (rows IV.A, column [5]). Among women, a one-percent
increase in mother’s height was associated with a 0.421% increase in a daughter’s height
and among men a one-percent increase in father’s height was associated with a 0.495%

increase in a son’s height. Separate regressions (not shown) for women and men of own
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height (dependent variable) on the height of both parents as covariates produced an R
square of 0.48 for women and 0.47 for men. The result supports studies noting that 10-
30% of the variability of adult height reflects socio-economic conditions, with the rest
accounted for by heredity (Henneberg and van den Berg, 1990). For women, the
parameter for the coefficient of variation of rainfall almost doubled from ~0.11 (columns

[2]-[4]) to 0.20 (column [5]) after conditioning for heritable attributes.

TEST FOR SELECTION BIAS

If rainfall variability increases adult mortality, then the parameters for the
coefficient of variation of rainfall that we estimated would contain a bias since we would
only observe a self-selected sample of people who survived the shock by the time the
interview took place. To check for selection bias, we follow Maccini and Yang (2006)
and test whether rainfall variables bore an association with the subject’s parents being
dead or alive at the time of the interview”. A strong association between rainfall
variables (particularly rainfall variability) and parental mortality would hint at sample
selection and might also point to a possible path linking exposure to rainfall early in life
with adult height.

We ran four probit regressions (not shown): two for females and two for males.
For each sex, we had two dichotomous dependent variables: (i) whether the subject’s
mother was alive at the time of the interview and (ii) whether the subject’s father was
alive at the time of the interview. The variables took the value of one if the parent was

alive, and zero otherwise. As explanatory variables we included the rainfall variables of
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section I, Table 2, plus variables for birth decade. None of the rainfall variables bore a
statistically significant association at the 95% confidence level or higher with parental
mortality. The results suggest that rainfall during gestation and early childhood did not

produce a significant selection bias through parental mortality.

RAINFALL SHOCKS AND OTHER INDICATORS OF OWN WELL-BEING

AMONG ADULT WOMEN

We next estimate the associations between rainfall early in life and other
indicators of well-being besides height among adult women. We do so because several
authors have hypothesized that adverse shocks early in life affect paths such as income
and the accumulation of human capital, and that the erosion of these paths contributes to
poorer adult health (Case et al., 2004; Jensen, 2000; Maccini and Yang, 2006).

The other indicators of well-being include anthropometric indices of short-run
nutritional status, stocks of indigenous knowledge, schooling, academic skills, emotive
states (e.g., anger, fear), and wealth. We equate wealth with the monetary value of a
range of physical assets produced in the village (e.g., canoes) or acquired through the
market (e.g., metal pots). For the analysis we used separate regressions, each with
different dimensions of well-being as outcome variables, against the rainfall variables of
section I (Table 2), subject’s age, and dummy variables for birth decade.

We found only two results significant at the 95% confidence level or higher: (a)
an increase of one standard deviation in rainfall during birth year was associated with a

0.11-point decline in writing skills as an adult woman and (b) a one-percent increase in
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the coefficient of variation in rainfall during years 2-5 of a girl’s life was associated with
a 2.09% decrease in the value of her wealth as an adult. Since we controlled for own
schooling (a proxy for academic skills) in the regressions of column [3]-[5] of Table 2,
we can rule out the idea that rainfall shocks lower the adult height of women because
they erode a woman’s own human capital. The results nonetheless hint at the idea that
rainfall shocks early in life might depress adult female height by abrading a woman’s
ability to accumulate physical assets, though it is unclear how this would operate. In
low-income rural societies, physical assets often serve to buffer the effects of adverse

shocks, as suggested by the earlier discussion on the sale of bullocks and seeds.

ROBUSTNESS

We did further analysis to ensure the robustness of the main results. First, we
created different lead periods. In the regressions of Table 2 we used a measure of rainfall
for years 2-5 of a girl’s life; in the sensitivity analysis we used separate annual measures
of rainfall for years 2, 3, 4, and 5 of life (along with rainfall during gestation and birth
year). Second, we took out the rainfall variables and put instead two dummy variables
for the five wettest and the five driest years to assess whether floods or droughts harmed
height without conditioning for rainfall variability. Third, we corrected for age-related
shrinkage for people over 30 years of age by applying the Trotter-Glesser (1951)
correction of 0.06cm/year of age to subject’s height. Fourth, we controlled for 4.76% of
the sample that had grown in areas abutting the Maniqui basin. Fifth, we included the

height of both parents to the regression of column [5]. Sixth, we split the sample above
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and below the median distance to the airport to assess whether results would differ as one
got closer to the airport with its better rainfall data. Last, we tested whether rainfall early
in life bore an association with levels of parental schooling, fluency speaking Spanish,
writing skills, or math skills under the assumption that rainfall shocks might erode
parental human capital and, in so doing, harm the health of the offspring.

Most of the basic findings remained unchanged. We found no age threshold for
the timing of rainfall, suggesting that it is the combined effect of rainfall variability
during years 2-5 of a girl’s life that is likely implicated with lower height. We also
included year-by-year rainfall variables for the first 10 years, and found that only one of
the 22 coefficients for rainfall variables was statistically significant at the 95%
confidence level suggesting, again, that it is probably the combined effect of rainfall over
several years that likely produce statural shrinkage. The variables for drought and floods
bore no statistically significant association with the adult height of women, hinting that it
is the variability rather than the level of rainfall (however large or small) that matters
most for adult height. Correcting for age-related shrinkage, and either adding a dummy
variable for or excluding people raised outside of the Maniqui basin did not change
results. Adding father’s height to the regression of column [5] reduced the sample size of
the regressions from 109 to 76 and made the following coefficients statistically
insignificant: z-score of rainfall during years 2-5 of life (row [.A.3), theoretical
knowledge of medicinal and edible plants (row II.A), and birth decades (1960). The
estimate of the coefficient of variation for years 2-5 of life dropped from -0.20 in column
[5] to -0.14 in the new regression, but remained statistically significant (p=0.035).

Breaking the sample by proximity to the airport produced statistically insignificant results
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for most rainfall variables, probably from the smaller sample size. Last, rainfall variables

bore no statistically significant association with levels of parental human capital.

STRENGTHS AND LIMITATIONS OF THE ANALYSIS

Ours is among the first study to formally test the association between (a) rainfall
amounts and variability during gestation and early childhood and () adult height in a
foraging society. The study relies on a large sample (n=453) of observations for a field-
based anthropological study, and many years of field experience. The data allows us to
control for unobserved heterogeneity of households (by conditioning on parental human
capital) and individuals (by conditioning on the height of the same-sex parent). Data on
parental mortality allows us to rule out one type of selection bias as a possible
explanation for the finding.

The study has four limitations. First, we used the amount and variability of
rainfall because that is the only time-series data on climate for the area we had, but other
climate variables (e.g., temperature) during childhood might play a stronger role in
determining adult height. Second, lack of data on birth month increases random
measurement error for rainfall variables related to gestation and birth year. Third,
measurement error in age and height produce an attenuation bias and inflate standard
errors, weakening results. The deficiencies decrease the likelihood of type I error (or at
least increase the likelihood of type II error); the inverse relation between rainfall
variability and the adult height of women we found likely understates the magnitude of

the true association. Last, the measure of practical knowledge of plants likely contains
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random measurement error because it relied on self-reports rather than on objective
measures. Furthermore, we did not collect data on theoretical or practical knowledge of

rainfall or knowledge of wild foods used during emergencies (Colson, 1979).

DISCUSSION AND CONCLUSIONS

Links to other studies

The main finding of a negative association between rainfall variability during
early childhood and the adult height of women meshes with several bodies of literature.
The finding that adverse climate shocks harm women more than men complements the
finding from our earlier panel study of 1999-2000 among Tsimane’, which showed that
idiosyncratic adverse shocks to income harmed the short-run nutritional status of women
but not of men (Godoy et al., 2006f). It also dovetails with the case study of Hazda
foragers by Hawkes et al. (1997), who found that women experienced larger changes in
body weight between seasons than men. Our finding fits with studies by economists who
find that adverse climate shocks only affect females (Maccini and Yang, 2006; Rose,
1999), that their effects persist into young adulthood (Alderman et al., 2006) and
adulthood (Maccini and Yang, 2006). Our finding supports growing consensus among
development economists that low-income rural people in developing nations remain

poorly insured against adverse climate shocks (Townsend, 2002).

Reasons for difference in results between women and men
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We present two explanations for why rainfall variability during early childhood
might bear a negative association with the adult height only of women.

One explanation has to do with allocation of resources in favor of boys over girls
in the household during and after shocks. Tsimane’ myths support such an explanation.
Recall that one of their myths speaks of women and children starving during the age of
darkness. Unfortunately, this explanation does not stand well to empirical scrutiny.
Elsewhere we tested for girl-boy disparity in parental investment and in anthropometric
indicators and school achievement of children, and found no evidence that parents
skewed resources to children of one sex over the other, or that girls did worse than boys
in school achievement or in anthropometric indicators of short-run nutritional status
(Godoy et al., 2006¢). Furthermore, we found no statistically significant difference
between girls and boys in the concentration of C-reactive protein (CRP), a biomarker of
inflammation (McDade, 2005a, 2005b). At least, in the short run child health is fully
insulated against idiosyncratic shocks (Godoy et al., 2006f). If parental discrimination in
favor of boys prevailed in the past, then this would explain the finding, but we have no
way of estimating secular trends in parental discrimination®.

A second explanation has to do with the effect of adverse rainfall shocks on path
variables that only affect females, such as the onset of menarche and first pregnancy, and
length and frequency of lactation. Among Tsimane’ these events happen during the mid
to late teens, so they might help to explain the link between adverse climate shocks early
in life and the adult height of women. Unfortunately, we have no information on these

variables.
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The possible effect of rainfall variability during early childhood

In contrast to other studies (Maccini and Yang, 2006; Steckel, 2005), we found no
strong evidence that the amount of rainfall bore an association with adult height, but we
found that rainfall variability bore a negative association with height — but only the
rainfall variability during years 2-5 of life. Why would only the rainfall variability
during this period bear a negative association with height? We have no convincing
answer but sketch one idea by way of conclusion.

Rainfall variability during gestation and birth year bore no association with the
adult height of women probably because of the mediating role of breast-feeding.
Tsimane’” mothers breast-feed their infants until about two years of age. When infants
breast-feed intensively (most likely to happen for the first six months, and then to
continue, with supplemental foods, until the next child), they are buffered from
nutritional and pathogenic shocks. In fact, in impoverished settings around the world,
infant growth only falls off the reference median once exclusive breastfeeding ceases
(Dewey, 1998; Eckhardt et al., 2001). Among the Tsimane’, we find no evidence for a
gestational effect of rainfall on height, presumably because maternal nutrition, activity,
and or pathogen exposure was not sufficiently perturbed. We find weak relations for the
first year of life because of the buffering effects of breast-feeding. We find associations
at 2-5 years of age because buffering has attenuated, but the children are still growing
quickly so losses during this period are not likely to be made up later, particularly during

the first three years of life.
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This interpretation fits with our work in progress with parasitic infections and
biomarkers of immune activity. Tanner (2005) found that rates of parasitic infection
among Tsimane’ increased when children started to walk, peaked in late childhood and
adolescence, and remained high throughout old age. Research on CRP as a biomarker of
immunostimulation with the Tsimane’ suggests that infection rates are highest for
children 2-3 years of age (23.3%), and then decline to 15.2% among children 4-5 years of
age, and to ~10% among children 6-15 years of age (McDade et al., 2005a). Elevated
CRP among children was associated with reduced linear growth over the subsequent
three months, suggesting that infection may contribute to growth faltering (McDade et
al., 2005b). Foster et al. (2005) also found that growth faltering among Tsimane’ begins

at about the age of 18 months and continues to occur throughout childhood.
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Figure 1. Annual amount (ml) and monthly coefficient of variation (CV=SD/mean) of
rainfall in the airport of the town of San Borja and adult height (cm) of Tsimane’ women

and men by year of birth, 1945-1985
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Figure 2. Average monthly rainfall in the airport in the town of San Borja: 1944-2005
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TABLE 1. Summary statistics of variables used in regression analysis for Tsimane’ born

1944-1985 (20+ years of age at time of survey in 2005)

Women Men
Definition of variables: N | Mean | SD N | Mean | SD
Dependent variable:
Height: standing physical 221 151.11 | 4.81 232 162.99 | 4.92
stature in cm using protocol by
Lohman (1988).

Explanatory variables:

Theoretical indigenous 221 11.38 | 2.94 232 12.17 |2.56
knowledge about the medicinal
use of 15 wild and semi-
domesticated plants.

Theoretical indigenous 221 10.61 | 2.89 232 11.04 |2.76
knowledge about the edibility of
15 wild and semi-domesticated
plants.

Practical indigenous knowledge | 221 0.67 0.78 232 0.68 0.79
of the use of three medicinal
plants; range 0-3.

Mother’s schooling as reported | 221 0.14 0.34 232 0.17 0.37
by subject: 1=any schooling;
0=no schooling.

Father’s schooling as reported 221 0.35 0.47 231 0.37 0.48
by subject: 1=any schooling;
0=no schooling.

Own schooling: top school level | 211 1.31 1.54 216 3.10 3.07
achieved by subject.

Parental height (cm): based on actual measures, but only for subjects with parents in the
sample (see height)

Mother | 112 149.88 | 4.95 A A A

Father | A A 99 162.11 | 4.59

Variables measured in 2005. Except for schooling and practical indigenous knowledge,

all variables have been transformed into natural logarithms for the regressions.
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TABLE 2. Regression results of natural logarithm of adult height (dependent variable)

on rainfall variables during gestation, birth year, and years 2-5 of life

Women
Explanatory variables: oy oz L o L o 5]
1 Rainfall:
A. Z score of amount during child’s:
[1] Year of gestation | (0,003 0.002 0.002 0.002 0.002
[2] Year of birth | (0.002 0.002 0.002 0.002 -0.0006
[3] Years 2-5 of life (average z score for period) | -(0).004 0.004 0.008 0.007 0.035s
B. Natural logarithm of annual coefficient of variation
(CV) during child’s :
[1] Year of gestation | (0,008 -0.003 -0.003 -0.002 0.004
[2] Year of birth | (0.003 0.0003 0.002 0.002 0.004
[3] Years 2-5 of life (average annual CV for period) | -0.076§ -0.111s -0.119* -0.118* -0.205*
11. Indigenous knowledge of plants:
A. Theoretical
[1] Medicinal -0.038s -0.036s -0.037s -0.076*
[2] Edible 0.018 0.016 0.016 0.052s
B. Practical — medicinal -0.0005 -0.0006 -0.0008 0.0001
1I1. Schooling:
A. Mother 0.0004 0.001 0.013
B. Father -0.003 " -0.002 -0.003
C. Subject A -0.001 -0.0009 -0.003
1V. Parental height:
A. Mother’s height A | A A A | 0.421*
V. Birth decade (reference: <1960):
1960 | A 0.017 0.017 0.016 0.040*
1970 | ~ -0.0006 -0.001 -0.001 0.003
1980 | A 0.014 0.016 0.016 0.039s
Constant 5.00* 5.028* 5.028* 5.029* 2.89*
R square 0.047 0.110 0.109 0.110 0.442
V1. Test of joint significance of rainfall variables (F and, in parenthesis, p>F):
LA -mean annual amounts | [.72 1.75 1.58 1.59 3.77
0.16) | (0.15) (0.19) (0.19) (0.01)
I.B.-mean coefficient of variation | 2.89 3.04 3.19 3.08 5.19
(0.03) | (0.03) (0.02) (0.02) (0.002)
Sample size 221 221 211 211 109




TABLE 2. — continued.
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Men
Explanatory variables: ] | 2 /3] 4] | /5]
1 Rainfall:
A. Z score of amount during child’s:
[1] Year of gestation | -0.0005 | -0.0005 | 0.0002 ~0.0003 | 0.0006
[2] Year of birth | -0.002 | -0.001 20.002 20.001 20.001
[3] Years 2-5 of life (average z score for period) | ().003 0.003 0.008 0.007 0.0007
B. Natural logarithm of annual coefficient of variation
(CV) during child’s :
[1] Year of gestation | -0.016 | -0.016 20.013 20.013 20.012
[2] Year of birth | 0.003 | 0.001 0.003 0.002 0.0005
[3] Years 2-5 of life (average annual CV for period) | ().037 0.031 0.008 0.018 0.039
11. Indigenous knowledge of plants:
A. Theoretical
[1] Medicinal 0.011 0.012 0.018 0.0006
[2] Edible -0.017 -0.021 -0.022 0.009
B. Practical — medicinal 0.001 0.003 0.002 0.003
111. Schooling:
A. Mother 0.015* A 0.016* 0.022s
B. Father -0.010s A -0.011s -0.024*
C. Subject " 0.00005 -0.00001 0.0008
1V. Parental height:
A. Father’s height A | A A A | 0.495*
V. Birth decade (reference: <1960):
1960 | A 0.002 0.005 0.002 -0.016
1970 | A 0.001 -0.001 -0.0009 -0.011
1980 | A 0.0002 0.002 0.0006 -0.010
Constant 5.099* 5.109* 5.106* 5.102* 2.568*
R square 0.029 0.093 0.045 0.098 0.376
V1. Test of joint significance of rainfall variables (F and, in parenthesis, p>F):
LA -mean annual amounts | (.5 0.12 0.39 0.25 0.18
(0.67) | (0.94) (0.75) (0.86) (0.91)
I.B.-mean coefficient of variation | ].49 0.93 0.58 0.52 0.30
021) | (0.42) (0.63) (0.66) (0.82)
Sample size 232 231 216 215 92

Regressions are ordinary-least squares (OLS) with robust standard errors when

probability of exceeding ¥ value in Breusch-Pagan test <5%. “=variable intentionally

left out. * and § significant at <1% and <5%; statistically significant coefficients shown

in bold and italics.




Appendix 1. Annual rainfall in airport of town of San Borja: 1944-2005
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Year N | Total SD (O\Y Year| N Total SD Cv
1944 10 1171 108.02 0.92 1975 [ 12 2392 [ 11624 0.58
1945 12 1459 102.34 0.84 1976 [ 12 1946 | 120.09 0.74
1946 12 1359 72.87 0.64 1977 [ 12 1703 90.24 0.64
1947 12 1501 66.63 0.53 1978 [ 12 2255 164.16 0.87
1948 12 2096 139.10 0.80 1979 [ 12 1748 131.30 0.90
1949 11 1617 88.86 0.60 1980 [ 12 2904 [ 26475 1.09
1950 12 1509 89.34 0.71 1981 12 3907 [ 230.80 0.71
1951 12 2083 121.16 0.70 1982 [ 11 1782 | 146.72 0.91
1952 12 1592 93.99 0.71 1983 6 872 | 122.48 0.84
1953 12 1723 81.79 0.57 1984 5 1003 | 240.40 1.20
1954 11 1256 77.80 0.68 1985 [ 12 1863 87.10 0.56
1955 12 1578 88.34 0.67 1986 [ 10 1573 114.72 0.73
1956 12 1500 108.48 0.87 1987 [ 12 2024 87.78 0.52
1957 12 2066 60.58 0.35 1988 [ 12 2019 | 14233 0.85
1958 12 2316 128.03 0.66 1989 [ 11 1486 92.57 0.68
1959 12 1906 142.80 0.90 1990 [ 12 2061 116.03 0.68
1960 12 1555 81.06 0.63 1991 12 1617 95.54 0.71
1961 12 1489 94.06 0.76 1992 [ 12 2720 | 12852 0.57
1962 12 1472 113.98 0.93 1993 [ 12 1715 107.80 0.75
1963 12 1802 129.10 0.86 1994 6 895 100.71 0.67
1964 12 2223 156.08 0.84 1995
1965 12 2011 130.87 0.78 1996 No data available
1966 12 1565 133.42 1.02 1997 [ 12 1387 87.23 0.75
1967 12 1687 133.50 0.95 1998 [ 12 1865 128.01 0.82
1968 12 1515 131.74 1.04 1999 [ 12 1363 85.42 0.75
1969 12 1399 85.81 0.74 2000 [ 12 1204 74.84 0.75
1970 12 1430 59.11 0.50 2001 12 1607 78.66 0.59
1971 12 1737 127.34 0.88 2002 [ 12 1283 66.27 0.62
1972 12 1673 67.40 0.48 2003 | 12 1228 87.43 0.85
1973 12 2482 156.30 0.76 2004 | 12 2136 | 134.15 0.75
1974 12 1683 87.42 0.62 2005 | 12 1563 116.94 0.90




Source: Administracion de Aeropuertos y Servicios Auxiliares a la Navegacion Aérea
(AASANA). SD= Standard deviation; CV=coefficient of variation (SD/mean).
N=number of months in a year with data on rainfall. Total=total amount of rainfall in

millimeters.
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