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3.  DATA 

Our data primarily come from village- and household-level surveys that we conducted in 2007, covering 
98 villages in seven provinces (Lampung, Central Java, East Java, West Nusa Tenggara, South Sulawesi, 
North Sulawesi, and South Kalimantan) under the Japan Bank for International Cooperation’s Study of 
Effects of Infrastructure on Millennium Development Goals in Indonesia (IMDG). The 2007 village 
survey captured the physical and economic distances from the village to various economic activity points, 
such as markets, stations, and capital towns. 

The survey was designed to overlap with villages covered in the 1994/95 National Farmers 
Household Panel Survey (PATANAS) survey conducted by the Indonesia Center for Agriculture and 
Socio Economic Policy Studies to build household panel data. The 1994/95 PATANAS survey focused 
on agricultural production activities in 48 villages chosen from different agroclimatic zones in the seven 
provinces listed above. In 2007, we revisited those villages to expand the scope of research through a 
general household survey, as part of the IMDG project, and then further expanded the work by surveying 
51 additional villages in the seven provinces. 

In the previously surveyed villages, we resampled 20 households per village, and followed the 
split households. In the new villages, we sampled 24 households from the two main hamlets in each 
village. Since one of the 48 villages included in the 1994/95 PATANAS survey (in West Nusa Tenggara 
Province) was not accessible in 2007 due to safety concerns, the overall sample consisted of 98 villages. 
The locations of the sampled villages are shown in Figure 1. 

Figure 1. Locations of surveyed villages 

 
Source: IMDG 2007 survey. 

During our survey round, we completed a child anthropometry module, in which we recorded the 
current height, current weight, and birth weight for children aged 0-60 months. In addition, we tested 
drinking water quality using a coliform bacteria test kit (discussed in Section 5). 
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4.  BIRTH-WEIGHT SEASONALITY AND ITS IMPACTS ON CHILD GROWTH 

Observations 
Figure 2 shows the relationship between birth month and the residuals of (log) birth weight that we 
obtained after controlling for gender, birth year, and village-fixed effects. It is interesting to note that (1) 
there is a peak in the middle of the year (from May to August), which corresponds to the dry season in 
many parts of the country; and (2) there is a drop between September and November. Given a potential 
lag in the effect of consumption on birth weight, the above cycle could be caused by production 
seasonality. 

Figure 2. Seasonality in birth weight 

Figure 3 separates the sampled provinces into Christian-majority (North Sulawesi—Figure 3a) 
and Muslim-majority (Lampung, Central Java, East Java, West Nusa Tenggara , South Kalimantan, and 
South Sulawesi—Figure 3b) provinces. Notably, the September-November decrease is not seen in North 
Sulawesi (Figure 3a), while the other provinces (Figure 3b) show seasonality, with a peak in May-August 
and a drop in September-November.  

Herdt (1989) reported that the Indonesian rice harvest is concentrated in April-June, suggesting 
that rice is most available after May. The seasonal fluctuations of birth weight in Figure 3b are therefore 
largely consistent with the seasonal fluctuations in rice supply.  

The graphs suggest that birth weight, which is affected by seasonality and social norms, has 
impacts on early childhood growth and subsequent long-run human capital formation. In other words, we 
can use seasonality or social norm effects (differentiated by provinces) as instruments for birth weight in 
the child-growth equation, and from there identify the effects of birth weight on child growth.  

Because our child anthropometry data only pertain to those who are alive at the time of survey, 
we do not know the birth weights of children who died, and are therefore unable to control for sample 
selection caused by infant mortality related to low birth weight. This issue can be particularly important in 
a high-mortality environment (for example, Lee, Rosenzweig, and Pitt 1997); however, infant mortality is 
not high in our empirical setting, making this less of a problem. 



 

7 
 

Figure 3a. Seasonality in birth weight: North Sulawesi 

Figure 3b. Seasonality in birth weight: Other provinces 

We must also be wary of the potential correlation between birth month and the incidence of infant 
mortality, which could bias the estimates. Table 1 shows the number of living children aged less than 60 
months by their birth months. We do not observe any significant pattern here. The constant number of 
births across months indicates that infant mortality is not systematically correlated with birth month, 
therefore removing this as a possible source of bias.  
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Table 1. Number of living children aged less than 60 months, by birth month 
Bir th month Frequency Percent 

1 58 6.52 
2 71 7.99 
3 78 8.77 
4 81 9.11 
5 78 8.77 
6 74 8.32 
7 79 8.89 
8 80 9.00 
9 71 7.99 

10 81 9.11 
11 82 9.22 
12 56 6.30 

Total 889 100.00 
Note: Sample consists of children aged ≤ 60 months. 

Empirical Results on Birth-weight Seasonality and Its Impacts on Child Growth 
This section summarizes our empirical results on birth-weight seasonality and its impact on child growth. 
Table 2 shows the determinants of birth weight. 

Table 2. Determinants of birth weight 
Dependent: log of birth weight; age 0–60 months 
 (1) (2) (3) 
Season 1 (May–August) 0.0454   
 (2.70)   
Season 2 (September–December) 0.0350   
 (1.90)   
Ramadan  -0.0719 -0.0134 
  (1.30) (0.65) 
Ramadan × Lampung  0.0427  
  (0.55)  
Ramadan × East Java  0.1253  
  (1.70)  
Ramadan × West Nusa Tenggara  0.0570  
  (0.90)  
Ramadan × South Kalimantan  0.0805  
  (0.91)  
Ramadan × North Sulawesi  0.2191 0.1607 
  (2.64) (2.46) 
Ramadan × South Sulawesi  0.0622  
  (0.92)  
Female -0.0184 -0.0176 -0.0179 
 (1.30) (1.25) (1.27) 
Village-fixed effects Yes Yes Yes 
Birth-year dummies Yes Yes Yes 
Birth-year dummies × province dummies Yes Yes Yes 
R-squared 0.2274 0.2285 0.2258 
Number of observations 767 767 767 
Notes: Numbers in parentheses are absolute t-values using robust standard errors. The above 
specifications include village dummies and the interactions of birth year and province dummies. 
Given that the Ramadan period changes every year, the random indicator is defined as taking the 
value of one if the child was born within 45 days from the start of the Ramadan in the birth year. 
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Column 1 uses season indicators that divide the year into three periods, based on the crop 
production seasons: January-April, May-August, and September-December (the period of January-April 
is omitted). The estimation controls for birth year and village-fixed effects. The results show significant 
positive effects for May-August and September-December. This finding is consistent with the patterns 
shown in Figure 2, where we see a peak in (log) birth weight during May-August. 

In Column 2, we use a Ramadan indicator that takes the value of one if the child’s birth was 
within 45 days from the start of Ramadan, and zero otherwise.9

It should be noted that although our results suggest that there is significant seasonality in birth 
weight, it is difficult to distinguish between fluctuations due to natural production cycles and those related 
to the practice of fasting. The difference between North Sulawesi and the other provinces is consistent 
with the social norm hypothesis. However, Yamauchi, Sumaryanto, and Dewina (2009) recently showed 
from the same survey that rainfall patterns differ between Sulawesi and the Lampung-Java-NTB regions. 
The type of crop production also differs between the regions. Therefore, our present analysis is not 
sufficient to identify the specific factors behind the observed seasonality of birth weight. 

 To help with this identification, we also 
use province dummies interacted with the Ramadan indicator. Central Java is omitted in the estimation. In 
East Java, Ramadan has a negative effect on (log) birth weight, but the effect is statistically insignificant. 
Interestingly, the effect is significantly positive in North Sulawesi, where Christians compose the 
majority. The birth-weight difference between Muslim-majority and Christian-majority provinces is 
significant during and immediately after Ramadan. 

Columns 1 and 2 of Table 3 show the effect of birth weight on the height-for-age Z-score among 
sampled children aged less than 30 months.10

We next interact age and the (log) birth weight to examine age-varying effects, which are treated 
as endogenous. Interestingly, the non-IV results show that age has a significant negative effect, 
suggesting that the importance of birth weight in determining child growth decreases as the child grows 
(ages). If we do not include this term, the IV estimate of the birth-weight effect becomes much larger than 
that in the non-IV estimation, suggesting that there is a downward bias in the OLS analysis, along with a 
convergence in the process of child growth. These interpretations are mutually consistent. 

 Columns 1 and 2 show noninstrumented and instrumented 
results, respectively. Birth months interacted with province indicators are used as identifying instruments. 
First, we find that the effect of birth weight is positive and significant in the instrumental variable (IV) 
estimation (Column 2). Second, we see that the parameter in the IV estimation is quite similar to that in 
the non-IV (OLS) estimation. 

Columns 3 and 4 use the weight-for-age Z-score, which provides qualitatively similar results. 
First, birth weight has a significant positive effect on child weight in both the noninstrumented and 
instrumented estimations. This is not surprising, since birth weight is a large portion of a child’s weight at 
ages 0-30 months. Second, the parameter estimate in the IV estimation is smaller than that in the OLS 
estimation, suggesting that there is a diverging process of child weight. Third, girls have a larger weight 
than boys, whereas we do not see a gender-related difference in child height. 
  

                                                      
9 A preliminary analysis showed that this result holds when the window to Ramadan is less than half of a trimester period 

(about 45 days). This suggests that the fasting effect (and difference between North Sulawesi and others) is potentially important 
in changing childbirth weight during the final stage of pregnancy. 

10 In children aged 30-60 months, the relationship between birth weight and height is not clear. However, recent studies have 
shown that child nutrition and growth during ages 0-3 years critically determine schooling outcomes and labor-market outcomes 
at the adult stages. 
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Table 3. Child growth: Height and weight, age 0-30 months 
 (1) (2)  (3) (4) 
Dependent: Height-for -age  Weight-for -age 
 No IV IV  No IV IV 
Log birth weight 3.2520 3.2459  2.4102 2.1493 
 (2.64) (1.94)  (2.95) (1.92) 

Log birth weight × age -0.1761 -0.0906  -0.0636 -0.0039 
 (2.40) (0.99)  (1.32) (0.06) 
Age in months 0.1417 0.0621  0.0183 -0.0399 
 (1.57) (0.57)  (0.33) (0.55) 
Female 0.2129 0.2805  0.4335 0.4686 
 (0.92) (1.18)  (2.74) (3.04) 
Birth year-fixed effects Yes Yes  Yes Yes 
Village-fixed effects Yes Yes  Yes Yes 
Durbin-Wu-Hausman (chi-square)  4.87   4.34 
P-value  0.08755   0.11407 
R-squared 0.3438 0.3308  0.3761 0.3676 
Number of observations 366 366  372 372 

Notes: Numbers in parentheses are absolute t-values (columns 1 and 3 using robust standard errors). Log birth weight 
is treated as an endogenous variable. 
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5.  EFFECTS OF WATER QUALITY ON CHILD GROWTH 

Testing Drinking Water Quality 
During our survey, we used Suncoli No. 6 (Sun Chemical Co., Ltd.) testing papers to detect coliform 
bacteria in drinking water. Supervisors or enumerators dipped a testing paper into a water sample at each 
household, dampening the testing paper with approximately 1 cubic centimeters (cc) of sample water per 
test. The testing papers were then packed in the transparent sheets provided with the testing kits. The 
temperatures in the survey areas were warm enough that incubators were not required; instead, the testing 
papers were kept in the supervisors’ (or enumerators’) pockets for enrichment culture. After 24 hours of 
enrichment culture (as per the manufacturer’s instructions), the number of spots (colonies) on each testing 
paper was counted, and taken to represent the total number of coliform bacteria in the 1-cc sample. In our 
results, “coliform-negative” means that the coliform count was smaller than the lower limit of detection, 
not necessarily that the sample was coliform-free. In principle, the sensitivity of the testing kit is 1/100 
that of other popular methods for detecting coliform bacteria from 100 cc of water. 

One water sample was tested per household, for a total projected sample size of 2,261 water 
samples. The supervisors/enumerators failed to test 40 cases (approximately 1.8 percent) among the 2,261 
households, so the final sample size was 2,221 water samples. Table 4 shows the distribution of the test 
results. 

Table 4. Distribution of water quality test scores 
  Number  of samples by water  sourceb 

Categorya Number  of spots 1 2 3 4 5 6 7 8 9  Total 
A 0 66 55 92 27 6 8 0 9 3  266 (12%) 
B 1-4 41 39 70 41 1 3 0 4 10  209 (9%) 
C 5-10 57 66 116 75 2 5 1 15 19  356 (16%) 
D > 10 155 251 575 216 49 42 0 53 49  1,390 (63%) 

Total  319 411 853 359 58 58 1 81 81  2,221 (100%) 
a The categories are based on an index of water quality for sea bathing places (which considers high contamination level). 
b Water source: 1, piped; 2, pump well; 3, well; 4, spring; 5, rain; 6, river/creek; 7, pond/fishpond; 8, basin; 9, bottled water. 

Tap water is not chlorinated in Indonesia, so we do not expect that piped water will necessarily be 
coliform-negative. Instead, coliform negativity is expected to depend on the water source, purification 
process, conditions of water pipes, and so forth. Out of 319 households receiving piped water, the 
samples from 66 (approximately 21 percent) were coliform-negative, yielding the best result among all 
water sources. Although we might expect bottled water to be coliform-negative, only 3 out of 81 
(approximately 3.7 percent) bottled samples were coliform-negative. This is the worst result among the 
water sources, with the exception of pond/fishpond water (only one case).  

Figure 4 graphs the distributions of coliform counts by province. 
We do not see clear differences across provinces, with the exception that a large number of 

coliform-negative cases are observed in North Sulawesi (province = 71). 
Comparison of drinking water sources between the 1995 and 2007 survey rounds shows that 

among the 319 households using piped water in 2007, 52 had been drinking well water (or water from 
another source) in 1995. However, only 10 cases were found to have coliform-negative piped water. We 
also found that the majority of all households boiled their drinking water to some extent.  
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Figure 4. Drinking water quality test results, by province 

Notes: Provinces: 18, Lampung; 33, Central Java; 35, East Java; 52, West Nusa Tenggara; 63, South Kalimantan; 71, North 
Sulawesi; 73, South Sulawesi. 

Empirical Results on Effects of Water Quality on Child 
This section summarizes our estimation results on the determinants of the number of coliform bacteria in 
drinking water, and its impact on the weight-for-age Z-score (which captures short-run changes in weight 
relative to an irreversible measure of growth, that is, height). 

Table 5 shows the determinants of water quality, as measured by the number of coliform bacteria 
detected in household drinking water samples. Having a piped water source is used as the omitted case. In 
Column 1, we control for province-level fixed effects and find that pumped, well, and springwater have 
significantly more coliform bacteria compared to piped water. In Column 2, where we control for village-
fixed effects, these differences disappear. This suggests that the significant variations observed in 
drinking water quality (as well as in the availability of a modern water infrastructure) come from cross-
regional heterogeneity rather than from differences within a given village. When we control for village-
fixed effects, the river and bottled water samples have significantly fewer coliform bacteria compared to 
piped water. 

Table 6 shows the effect of coliform bacteria count on the weight-for-height Z-score among 
children aged 0-60 months. As identifying instruments (IVs), we use the various water infrastructure 
variables. To control for age effects, Columns 1 and 2 (3 and 4) use age in months (birth year and month-
fixed effects). Our results show that with instruments, the number of detected coliform bacteria has a 
significant negative effect on child weight.11

                                                      
11Many of the surveyed households reported that they boiled their drinking water. This is puzzling, as our results show that 

the number of coliform bacteria has a significantly negative effect on the weight-for-height Z-score. If boiling removes the 
bacteria, we should not observe this negative impact. Our interpretation is that not all drinking water is boiled, given that boiling 
itself incurs some cost (gas and wood).  

 This is also significant in the OLS estimation. The difference 
between non-IV and IV estimates suggests that the OLS estimate has an upward bias, which further 
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implies that lower-quality drinking water is positively associated with unobserved components of child 
weight. The above result remains robust with birth year and month-fixed effects, as seen in Columns 3 
and 4. 

Table 5. Water quality test score and water expenditure 
 (1) (2) (3) 
 Test Test Expenditure 
Pump well 4.300 1.548 -10,421.95 
 (2.58) (1.30) (4.14) 
Well water 4.459 1.616 -10,197.65 
 (3.30) (1.27) (4.25) 
Springwater 2.431 -1.714 -6,478.92 
 (1.56) (1.15) (3.10) 
Rainwater 4.282 -0.642 -6,401.78 
 (1.01) (0.22) (1.83) 
River/creek 2.514 -8.124 -9,824.82 
 (0.96) (2.46) (3.27) 
Water collection basin -1.883 -2.684 -5,850.64 
 (0.74) (1.21) (1.77) 
Aqua/bottled water -0.342 -6.100 6,877.73 
 (0.06) (1.67) (1.34) 
Province-fixed effect Yes   
Village-fixed effect  Yes Yes 
R-squared 0.1045 0.2965 0.2630 
Number of observations 2,140 2,140 2,217 
Notes: Numbers in parentheses are absolute t-values using robust standard errors with village-level 
clusters. Pipe water is omitted. 

Table 6. Weight-for-height Z-score: Village-fixed effects 
 (1) (2)  (3) (4) 
 No IV IV  No IV IV 
Drinking water test score -0.0020 -0.1628  -0.0009 -0.1611 
 (0.22) (2.33)  (0.09) (2.33) 
Female 0.0957 0.1179  0.0911 0.0838 
 (0.62) (0.60)  (0.57) (0.41) 
Age in months -0.0098 -0.0096    
 (2.24) (1.70)    
Birth month-fixed effect    Yes Yes 
Birth year-fixed effect    Yes Yes 
Village-fixed effect Yes Yes  Yes Yes 
Durbin-Wu-Hausman (chi-square)  11.15   11.36 
P-value  0.00084   0.00075 
R-squared 0.2826 n.a.  0.3168 n.a. 
Number of observations 600 600  589 589 
Notes: Numbers in parentheses are absolute t-values (columns 1 and 3 show results with robust standard 
errors). Observations with 40 or more coliform bacteria counted from the sample are excluded. N.a. = not 
available. 

In a preliminary analysis, we split the sample into children aged 0–30 and 31–60 months, and 
examined potential heterogeneity between these two growth stages. In the IV estimation, the effect of 
drinking water quality on the weight-for-height Z-score was negative and significant for both groups (not 
shown here). 
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Next, we conduct an exercise similar to Table 6 using the height-for-age and weight-for-age Z-
scores to examine the water quality effects on child growth (Table 7). Our results clearly contrast with the 
above results on the weight-for-height Z-score, in that drinking-water quality is found to affect short-run 
fluctuations in weight (probably due to diarrhea), but not stock measures of child growth. 

Table 7. Height-for-age and weight-for-age Z-scores: Village-fixed effects 
 (1) (2)  (3) (4) 
 Height-for -age  Weight-for -age 
 No IV IV  No IV IV 
Drinking water test score -0.0014 0.0741  -0.0049 -0.0518 
 (0.17) (1.23)  (0.84) (1.37) 
Female -0.0616 -0.0693  0.0104 0.0132 
 (0.40) (0.42)  (0.10) (0.12) 
Age in months -0.0110 -0.0109  -0.0129 -0.0131 
 (2.60) (2.31)  (4.45) (4.29) 
Village-fixed effect Yes Yes  Yes Yes 
Durbin-Wu-Hausman (chi-square)  2.20   2.11 
P-value  0.13787   0.14597 
R-squared 0.2399 0.1342  0.2729 0.1803 
Number of observations 604 604  611 611 
Notes: Numbers in parentheses are absolute t-values (columns 1 and 3 show results with robust standard 
errors). Observations with 40 or more coliform bacteria counted from the sample are excluded. 

As shown in Table 8, we also examine the effects of water infrastructure on the time required to 
fetch water, using both OLS and Tobit estimations. About half of our sample households reported that 
they did not need to fetch water (for example, due to the availability of piped water), and our results 
generally show that the type of water infrastructure is not related to the amount of time required to fetch 
water in our empirical setting. These results are qualitatively similar between the dry and rainy seasons. 
Access to a water pump marginally reduces the time needed for fetching water, compared to piped water 
access (Columns 2 and 4). This is because piped water may not reach the actual house. 

We then examine the possibility that water infrastructure is correlated with food consumption, 
thereby determining child nutrition intake and subsequent child health, as measured herein by the weight-
for-height Z-score. Column 1 in Table 9, which shows the effects of water infrastructure on (log) adult-
equivalent scaled food consumption, indicates that water infrastructure does not significantly explain food 
consumption. 

In Column 2, we use the water quality test results as the dependent variable, and include (log) 
food consumption and water infrastructure indicators. As noted above, river and bottled water is 
significantly cleaner than piped water. The effect of food consumption is not significant. When we 
examine this relationship using province dummies, our findings confirm the above results with the 
exception that (log) food consumption has a marginally significant positive effect on the number of 
coliform bacteria. 

In Columns 3 and 4, we include (log) food consumption in the weight-for-height equations, with 
(log) food consumption treated as exogenous. In a preliminary analysis, we treated this variable as 
endogenous while instrumenting water infrastructure (even though these are jointly insignificant), but the 
result was almost the same. The results shown in these columns confirm our previous findings, which 
collectively suggest that access to water infrastructure is not significantly correlated with food 
consumption (which directly affects child growth). 

The results in Tables 6 and 7 indicate that a switch from pumped water to piped water, which 
costs nearly 10,000 rupiah, decreases the number of coliform bacteria by about 4.3 dots and increases the 
weight-for-height Z-score by 0.7. 
  


