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Abstract 
 
Background:  The last three decades have seen global changes in the level and variability 

of temperature and rain that likely affect human health.  Prior studies come mainly from 

industrial nations.  These studies, which focus on the effect of levels of climate variables 

on selected health outcomes (e.g., infectious diseases), have paid scant attention to the 

life cycle stage in which humans might be most vulnerable to climate perturbations.   

Aim: Estimate the effects of the level and variability of rain and temperature early in life 

cycle on the standing height of children and young adults.  

Subjects and methods: 339 non-pregnant girls and 359 boys ages 2-20 (born 1985-2003) 

in a foraging-farming society of native Amazonians in Bolivia (Tsimane’) measured in 

1985.  The log of height was regressed on a) the annual level and intra-annual monthly 

variability of rain and temperature during gestation (age 0), birth year (age 1), and age 2-

4, b) child’s birth quinquennium, age, weight, and birth season, and c) each parent’s 

school attainment, ethnobotanical knowledge, and height.  We use the coefficient of 

variation (CV) to measure climate variability. 

Results: a) increased rain variability was associated with lower height, b) intra-annual 

temperature variability was positively associated with girls’ (but not boys’) height, and c) 

the level and CV of rain and temperature during age 2-4 had a stronger association with 

height than the level and CV of rain and temperature during gestation or birth year. 

Conclusion: The net effect of climate change on height is ambiguous.  Rising temperature 

and rain may contribute to greater height through their influences on metabolic rate and 

food availability, but greater variability in climate may reduce agricultural productivity 

and overall energy availability. 

Keywords: Weather  variability, temperature, rain, Tsimane’, Bolivia 
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Introduction 

The last three decades have seen global changes in the level and variability of 

temperature and rain (Luterbacher et al., 2004; Meehl and Tebaldi, 2004; Trenberth, 

2001; Seneviratne et al., 2006; Frich et al., 2002; Schar et al., 2004; IPCC Working 

Group I, 2001) that likely affect human health.  Climate change can affect health through 

several linked paths, including changes in pathogen exposure, diet, water quality, and 

habitat (Cole, 2000).  Prior studies of the health effects of climate change come mainly 

from industrial nations.  These studies, which focus on the effect of levels of climate 

variables or extreme climate events on selected health outcomes, principally infectious 

diseases, pay scant attention to the stage in the life cycle in which humans might be most 

vulnerable to climate perturbations (McMichael et al., 2006; Epstein, 2005).  Here we 

help fill this gap by estimating the effects of the level and variability of rain and 

temperature during gestation (age 0), birth year (age 1), and age 2-4 on the standing 

height of children and young adults (hereafter children) age 2-20 (born 1985-2003) in a 

foraging-farming society of native Amazonians in Bolivia (Tsimane’).   

For each sex, we regress child height on (a) the level and variability of rain and 

temperature during gestation, birth year, and age 2-4, (b) child’s birth quinquennium, age, 

weight at the time of the survey, and birth season, and (c) each parent’s school 

attainment, ethnobotanical knowledge, and height.  We measured climate variability with 

the coefficient of variation (CV=standard deviation/mean).   

A small but growing body of research, reviewed elsewhere (Godoy et al., 2007), 

links anthropometric outcomes with climate variables.  We only had data on age, birth 

season, and weight of children to include as covariates, but other attributes of the child 
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(e.g., illness) contribute to growth.  Among Tsimane’, as among other native Amazonian 

societies, child growth stunting is common (Foster et al., 2005) and probably results from 

parasitic infections and poor dietary quality (Tanner, 2005).  Parental attributes 

(principally human capital) affect child health (McDade et al., 2007).  In a small-scale 

rural society of foragers-farmers, local ethnobotanical knowledge probably contributes to 

improved health, so we controlled for this type of human capital (besides controlling for 

maximum school attainment).  Last, we include the height of each parent to control for 

heredity, an important determinant of height (Henneberg and van den Berg, 1990).     

 

Methods 

We collected data during June-September, 2005, from nearly all children of 252 

households in 13 villages along the Maniqui River, department of Beni.  The survey was 

part of a panel study (1999-present).  Villages differed in their proximity to San Borja 

(mean=25.96 Km; SD=16.70), the main town-airport along the Maniqui River.  The 

sample of children age 2-20 (inclusive) with complete data about themselves and their 

parents included 339 (non-pregnant) girls and 359 boys.  Data was collected by surveyors 

who worked in the panel since its inception.  Rain data (1943-2005) came from the 

Administración de Aeropuertos y Servicios Auxiliares a la Navegación Aérea 

(AASANA), Bolivia’s national aeronautical agency, and temperature data (1973-2005) 

came from the National Oceanic and Atmospheric Administration (NOAA) of the USA1.  

Rain and temperature data refer to San Borja.    

 

Methods to collect anthropometric and socioeconomic data 
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We measured height and weight of nearly all children and adults.  Only five children age 

2-20 from three households either refused to participate or could not be measured.  We 

interviewed people ≥16 (or younger if they headed a household) about their school 

attainment, age, and ethnobotanical knowledge, and we asked the main caretaker about 

the age and birth month of children <16.   

[a] Anthropometric data.  We used the protocol of Lohman et al. (1988) to measure 

height and weight.  We recorded standing physical stature to the nearest millimeter using 

a portable stadiometer or a plastic tape measure and we recorded weight to the nearest 

0.20 kg using a standing scale.  Subjects were measured in light clothing, without shoes 

or hats. 

[b] School attainment. We asked people about the maximum school graded completed 

and coded answers so that answers matched the grade completed (e.g., 3=completed third 

grade). 

[c] Age.  We asked subjects about their age and birth data.  The age variable contained 

random measurement error; ~80% of subjects guessed because they lacked birth 

certificates and did not know their exact age (Godoy et al., 2006).  The effects of climate 

variables on age are probably stronger than our estimates suggest owing to attenuation 

bias in the estimate of the age parameter.  We used birth month to create a dummy 

variable for season (1=person born during the coldest months, May-July, inclusive; 

0=person born August-April).  We used birth date (or age) to estimate birth 

quinquennium and birth year.  We used birth year to merge the row of socioeconomic, 

demographic, and anthropometric data of a person with the appropriate information on 

climate for that person. 
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temperature and rain may contribute to greater height through their influences on 

metabolic rate and food availability.  Comparative evidence suggests that human 

populations living in warmer, tropical climates have relatively depressed basal metabolic 

rates (BMR), whereas those living in colder, northern climes have elevated BMRs 

(Roberts, 1978; Leonard et al., 2002, 2005; Henry and Rees, 1991).  Thus, increased 

average temperature may promote greater height by allowing more metabolic energy to 

be allocated to statural growth, and relatively less to basal, maintenance needs.  

Furthermore, greater temperature and rainfall (extremes of rain aside) will increase food 

supply, potentially making more dietary energy available for growth (Godoy et al., 2007).  

Nevertheless, greater variability in climate may reduce agricultural productivity and 

overall energy availability.  It may also undermine homeostatic mechanisms and create 

greater stress levels, resulting in greater maintenance metabolic demands, thus possibly 

deflecting energy from growth (Godoy et al., 2005).  
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Notes 

 
The Cultural and Physical Anthropology Programs, National Science Foundation (BCS-

0134225, BCS-0200767, BCS-0322380), provided funding for this research.  The 

Institutional Review Board for research with human subjects of Northwestern University 

approved the study protocol.  The Great Tsimane’ Council also approved the study.  

Before enrollment in the study we obtained assent from parents, young adults, and 

children.   

1. We downloaded temperature data on February, 2007, from the web site of NOAA, 

USA Department of Commerce (http://www.ncdc.noaa.gov/oa/ncdc.html).  Postal 

address: NOAA, National Climatic Data Center, Federal Building, 151 Patton Avenue, 

Asheville NC 28801-5001, USA; telephone: 828-271-4800; Fax: 828-271-4876. E-mail: 

ncdc.info@noaa.gov.  Rain data was purchased from AASANA.  Postal address: 

AASANA, Administración de Aeropuertos y Servicios Auxiliares a la Navegación Aérea, 

Calle Reyes Ortiz esquina Federico Suazo No. 74 · Edificio FEDEPETROL 6º - 14º 

Pisos, Casilla No 4382, La Paz – Bolivia; telephones: 591 2 351341, 591 2 343112; Fax:   

591 2 342731.     

http://www.ncdc.noaa.gov/oa/ncdc.html
mailto:ncdc.info@noaa.gov
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Appendix 

Table A contains a description of how we created the 12 climate variables for the 

regressions.  In Table B we use z scores of annual rain to illustrate how we created the 

average z score for ages 2-4.  The example also applies to estimates of z scores of 

temperature and to estimates of CV of rain or CV of temperature for ages 2-4.   

The example begins with the total amount of rain in 1989 (column [3]).  A person 

born in 1989 would have a z score for rain for their year of birth of -0.25.  That is, the 

total amount of rain for 1989 was 0.25 standard deviations below the norm for 1943-

2005.  In the third column we also show z scores for rain for years 1990 (year after birth 

or age 2), 1991 (age 3), and 1992 (age 4).  In the columns “1990 (2)”, “1991 (3)”, and 

“1992 (4)” we show the amount of rain (expressed as z scores) the person would have 

experienced during age 2, 3, and 4.  The last column ([7]) shows the average z score for 

years 2-4 of life or for ages 2-4. 

People born during 1985-2001 (inclusive) had complete climate data when they 

were 2-4 years of age.  For instance, a person born in 2001 would have climate data for 

years 2002 (age 2), 2003 (age 3), and 2004 (age 4).  However, children born in 2002 and 

2003 had climate data only for some lead years.  For instance, a two-year old child born 

in 2003 and surveyed in 2005 would have climate data for 2004 (age 2) and 2005 (age 3), 

but not for 2006 (age 4).  For children born in 2002 and 2003 (who were 2-3 years old at 

the time of the survey), the average climate variables for the three lead periods included 

only some of the lead values.  The average, say, rain during ages 2-4 for a two-year old 

child born in 2003 would have included only the average rain while they child was 2 

(year 2004) and 3 years of age (year 2005).   
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Since climate data for children 2-3 years of age at the time of the survey is 

incomplete, in the sensitivity analysis we re-estimate the main regression using only 

people born during 1985-2001 (4-20 years of age at the time of the survey) because these 

people had complete climate data for the three lead periods of interest (age 2-4). 
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Table A.  Method to create climate variables used in regressions of Table 1 

Variable: How created: Row, Table I: 
RAIN: 

I. Z score of level of rainfall during: 
1. Birth year (age 1) a.  Add monthly measures to estimate yearly total  
 b.  Estimate z score for each year, 1943-2005 I.A.2 
2. Gestation (age 0) a.  Lag by one year value from I.1.b I.A.1 
3. Age 2-4  a.  Produce three lead values for I.1.b for years 2, 3, and 4  
 b.  Estimate mean of the three z score lead values for years 

2-4 (see example in Table B) 
I.A.3 

II. CV of rainfall during: 
1. Birth year (age 1) a. Estimate intra-annual monthly CV by dividing the 

standard deviation/mean of rain using monthly data 
 

 b. Take natural logarithm of II.1.a I.B.2 
2.  Gestation (age 0) a. Lag by one year value from II.1.b I.B.1 
3.  Age 2-4 a. Produce three lead values for II.1.b for years 2, 3, and 4  
 b. Estimate mean of the three CV lead values for years 2-4 I.B.3 

TEMPERATURE: 
I. Z score of level of temperature during: 
1. Birth year (age 1) a.  Estimate yearly mean temperature from monthly 

measures 
 

 b.  Estimate z score for each year, 1973-2005 II.A.2 
2. Gestation (age 0) a.  Lag by one year value from I.1.b II.A.1 
3. Age 2-4  a.  Produce three lead values for I.1.b for years 2, 3, and 4  
 b.  Estimate mean of the three z score lead values for years 

2-4 
II.A.3 

II. CV of temperature during: 
1. Birth year (age 1) a. Estimate intra-annual monthly CV by dividing the 

standard deviation of mean monthly temperature in a 
year/mean of monthly temperature 

 

 b.  Take natural logarithm of II.1.a II.B.2 
2. Gestation (age 0) a. Lag by one year value from II.1.b II.B.1 
3. Age 2-4  a. Produce three lead values for II.1b for years 2, 3, and 4  
 b. Estimate mean of the three CV lead values for years 2-4 II.B.3 
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Table B. Example of creation of lead values for z score of rain for person born in 1989 

 

Leads for year 1990-1992 or age (2-4): Year Age Z score of rain in 
current year 1990 (2) 1991 (3) 1992 (4) Mean 

[1] [2] [3] [4] [5] [6] [7] 
1989 1 (birth) -.25 .54 -.44 2.01 .70 
1990 2 .54 -.44 2.01 -.22 .44 
1991 3 -.44 2.01 -.22 -.27 .50 
1992 4 2.01 -.22 -.27 -.61 -.37 
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Figure 1. Total annual rain (mm) and intra-annual monthly coefficient of variation 
(CV=standard deviation/mean), 1943-2005, for San Borja airport, department of Beni, 
Bolivia. 
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Figure 2. Mean annual temperature (Celsius) and intra-annual monthly coefficient of 
variation (CV=standard deviation/mean), 1973-2005, for San Borja airport, department of 
Beni, Bolivia.  
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Table I. Height (in natural logarithms) of Tsimane’ children age 2-20 in 2005 and level 

and CV of rain and temperature during early life: Results of OLS multiple-regressions 

Explanatory variables: Girls (n=339) Boys (n=359) 
I. Rain during child’s early life: 
A. Z score of mean annual level of rain during child’s:   

[1] Year of gestation (age 0) 0.003 -0.001 
[2] Year of birth (age 1) 0.018* 0.009 

[3] Years 2-4 (average z score during age 2-4) 0.038 -0.014 
B. Natural log of annual CV of monthly rain during child’s :   

[1] Year of gestation (age 0) -0.014 -0.034* 
[2] Year of birth (age 1) -0.048* -0.046* 

[3] Years 2-4 (average annual CV during age 2-4) -0.227** -0.133** 
II. Temperature during child’s early life: 
A. Z score of mean annual temperature during child’s:   

[1] Year of gestation (age 0) -0.001 -0.004 
[2] Year of birth (age 1) 0.016 0.0001 

[3] Years 2-4 (average z score during age 2-4) -0.006 -0.032* 
B. Natural log of CV of monthly temperature during child’s :   

[1] Year of gestation (age 0) 0.401** 0.112 
[2] Year of birth (age 1) 0.387* 0.045 

[3] Years 2-4 (average annual CV during age 2-4) 0.913 -0.031 
III. Parental attributes – mother 
A. School attainment (completed years) -0.001 0.0004 
B. Ethnobotanical knowledge- score of cultural competence (in natural log) -0.00006 -0.002 
C. Standing height (in natural log) 0.091 0.053 
IV. Parental attributes – father 
A. School attainment (completed years) 0.0002 -0.001 
B. Ethnobotanical knowledge- score of cultural competence (in natural log) -0.008 -0.003 
C. Standing height (in natural log) 0.128 0.107* 
V. Child’s attributes: 
A. Age in years 0.015** 0.003 
B. Weight (in natural log) 0.301** 0.349** 
C. Birth season (Cold=1=May-July; warm=0=August-April) -0.007 -0.005 
D. Birth quinquennium (reference category 1985-1989):   

1990-1994 0.035 0.017 
1995-1999 0.056 0.008 
2000-2002 0.150** 0.022 

Constant 5.424** 2.958** 
R square 0.974 0.983 
VI. Test of joint significance of climate variables (F and, in parenthesis, p>F): 
A. Level of rain and temperature (IA+IIA) 3.06* 2.74  
B. CV of rain and temperature (IB+IIB) 8.09* 4.26* 
C. Level = CV (IA+IIA=IB+IIB) 3.08  0.01 
D. Stage in the life cycle of child:   

[1] Gestation (age 0) (IA1+IB1+ IIA1+IIB1) 5.74* 3.76* 
[2] Birth year (age 1) (IA2+IB2+ IIA2+IIB2) 6.77*  5.49* 

[3] Age 2-4 (IA3+IB3+ IIA3+IIB3) 9.45*  6.29* 
E. Rain (I) 7.05*  6.91* 
F. Temperature (II) 5.17*  4.60* 
G. Rain (I) = Temperature (II) 6.61  0.44  

Notes: * and ** significant ≤5% and ≤1%. 
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Table II.  Results of sensitivity analysis 

 Rain: Temperature: 
 Level (z score) at age: Log CV at age: Level (z score) at age: Log CV at age: 
 0 1 2-4 0 1 2-4 0 1 2-4 0 1 2-4 

GIRLS: 
Base 0.003 0.018* 0.038 -0.014 -0.048* -0.227* -0.001 0.016 -0.006 0.401** 0.387* 0.913 
1 -0.008 -0.006 0.021 0.007 -0.072* -0.103* 0.013 0.002 -0.001 0.278** 0.369 0.744 
2 -0.001 -0.003 -0.016 -0.004 -0.069** -0.154** -0.002 -0.006 -0.031* 0.093 0.143 0.408 
3 0.005 0.020* 0.041 -0.001 -0.048* -0.221** -0.0005 0.019 -0.002 0.432** 0.433** 1.058* 
4 0.006 0.246* 0.046 -0.005 -0.036 -0.234** -0.0008 0.023* 0.002 0.482** 0.448** 1.103* 
5 0.008 0.026** 0.049 0.003 -0.034 -0.232** -0.0004 0.025* 0.005 0.509** 0.479** 1.202* 
6 0.007 0.022* 0.038* -0.009 -0.047 -0.211** -0.001 0.020** -0.003 0.478** 0.435** 1.072** 
7 0.011 0.026** 0.039* -0.008 -0.046* -0.226** -0.001 0.024** -0.005 0.520** 0.464** 1.122** 
8 0.007 0.018* 0.085 0.006 -0.018 -0.199 0.015 0.020* 0.032 0.536** 0.511** 1.618 

BOYS: 
Base -0.001 0.009 -0.014 -0.034* -0.046* -0.133* -0.004 0.0001 -0.032* 0.112 0.045 -0.031 
1 -0.004 0.001 0.005 0.013 -0.058 -0.026 0.011 -0.001 0.001 0.241 0.218 0.516 
2 0.0006 0.0004 -0.034 0.006 -0.042** -0.069* -0.002 -0.007 -0.029** 0.030 0.017 0.135 
3 -0.0008 0.012* -0.002 -0.024 -0.039* -0.142** -0.003** 0.003 -0.026 0.170 0.105 0.166 
4 -0.004 0.006 -0.008 -0.040* -0.040** -0.148** -0.005 -0.0001 -0.029* 0.102 0.044 0.021 
5 -0.005 0.007 -0.004 -0.038* -0.038* -0.153** -0.004 0.001 -0.027* 0.127 0.070 0.085 
6 0.002 0.13* 0.005 0.013 -0.002 -0.103** 0.001 0.010** 0.004 0.275** 0.169** 0.581** 
7 -0.00009 0.012* 0.010 -0.001 -0.004 -0.120** 0.0002 0.010** 0.002 0.270** 0.181** 0.597** 
8 0.005 0.004 0.006 -0.015 -0.029 -0.046 0.011 0.002 -0.001 0.165 0.135 0.403 
 



 24

Table II - continued 
 
Numbers below correspond to numbers in the first column of Table II 
[1] Minimum temperature for z scores 
[2] Maximum temperature for z scores 
[3] Village fixed effect 
[4] Household fixed effect with clustering by household 
[5] [3] + [4] 
[6] Z score of log rain and log temperature 
[7] [3] + [4] + [6] 
[8] Limited to children ≥4 to have complete temperature and rain data for three lead years (age 2-4) or years 2-4 after birth (year 1).  
These subjects would have been born 1985-2001 (rather than 1985-2004) and would have been 4-20 years of age at the time of the 
survey (2005)  


