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ABSTRACT
Wage Work for Women:
The Menstrual Cycle and the Power of Water
We hypothesise that women’s participation in wage (off-farm) work is reduced when their
greater water needs due to the menstrual cycle are not met because their household has
poor access to water. For testing, we use the data from rural villages in China. Controlling for
village fixed effects, poor access to water is found to decrease the probability of wage work
participation of affected (pre-menopause) women by about 10 percentage points, a large
effect. As expected, there is no adverse causal impact of poor household access to water for
women post-menopause, or for men, ceteris paribus.

NON-TECHNICAL SUMMARY
In this study, we investigate the impact of poor access to water on women’s wage work
participation in rural China. This study hypothesises that women pre-menopause face higher
costs of participation and achieve lower productivity when access to water is poor (holding
other things equal), and therefore have lower rate of wage work participation. We use the
China Health and Nutrition Survey dataset for 1993 to test the hypothesis. In this dataset,
about half of the respondents do not have access to improved water, and also a large
number of respondents are not involved in any type of wage work. Most importantly, there is
specific information about women’s menopause status. We use both regression analysis and
Propensity Score Matching methods to test the hypothesis. Both approaches yield supportive
results. Women pre-menopause are found to be especially affected by poor access to water,
that is, their probability of participating in wage work is about 10 percentage points lower than
their peers with good access to water controlling for other confounding factors. For men, and
for women post-menopause, poor access to water per se has no causal impact on wage
work participation. Therefore, a major benefit of policies to improve water supplies may not
be the obvious household or industrial benefit, but rather an unseen benefit, the improvement
in the working position of women. While much of these benefits have already been gained in
China which has made good progress in raising access to water, the results should be
relevant to other areas of the developing world.
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1. Introduction
In the developing world, women’s participation in wage work (off-farm work) falls
well behind that of men, reducing women’s income (Zhang et al, 2002, 2004), and
women’s reproductive health (Stewart et al 2004, Wang 2007). There are also
important implications for society and democracy. Lack of employment outside the
home reduces women’s participation in the political system (Burns, 1997; Chhibber,
2002), which feeds back into less concern for women’s education, and perhaps a less
secure democracy given the link (Glaeser et al, 2007) between education and
democracy. Indeed, increasing the proportion of women in wage employment in the
non-agricultural sector is now one of the United Nation’s millennium development
goals to empower women (UN, 2009).
This paper starts from the observation that women fall behind particularly
when the household has poor access to water. Figure 1 demonstrates this fact, using a
cross-country dataset. Moreover, menstrual health problems are reported to be more
pronounced for women with poor hygiene facilities (Ahmed and Yesmin, 2008) or
who experience stress (Deuster et al., 1999) which can be linked to poor access to
water. Building on these observations, we hypothesise that where there is a lack of tap
water for women to wash during the menstrual cycle, they will find it more difficult to
be hired for, and succeed in, wage work. Water engineering might therefore have a
role in advancing not only women's education and health, but also their incomes, and
ultimately their wider participation in society.
Variables relating to the menstrual cycle, and to water supply, have only
recently begun appearing in economic analysis. In studies of education, following the
development literature (e.g., Bharadwaj and Patkar, 2004) the onset of menstruation
(menarche) is increasingly seen as playing a role in explaining rural girls’ low
schooling attainment (but for contrary evidence see Oster and Thornton, 2008).
Possible avenues are that menarche pushes elder sisters into early marriage (Field and
Arbus, 2008), or alternatively that it interacts with lack of water to raise girls’ schoolgoing costs (see Maimaiti and Siebert, 2009). Goldin and Katz’s (2002) work on the
role of the pill in expanding women’s higher education is also noteworthy. Beyond
the economics of education there has been little economic interest, though Ichino and
Moretti (2009) have recently used the menstrual cycle variable to explain women’s
absenteeism (see also Chawla et al, 2002).
Lack of a water supply, for its part, is obviously important for studies of health
(e.g., Wateraid, 2008), and there is a growing health economics literature (e.g.,
Galiani et al 2005 and 2009, Mangyo 2008). It is seen also as important for economic
development in general, and sustainable access to safe drinking water is again a UN
Millennium target (UN, 2009). But in studies of wage work opportunities for women
(e.g., Hare, 1999; Zhang 2002) the possibility of a particular adverse effect for women
of lack of water has not been explored until now. The typical study of course includes
local economic development variables and village fixed effects to pick up the regional
economic environment which will influence wage work opportunities for both men
and women. However, general regional environment variables may fail to pick up the
peculiar adverse impact of poor access to water on women, our focus.
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The data we use for testing relate to China, because the Chinese Health and
Nutrition Survey (CHNS) provides a good dataset, not because China currently has
particular problems either with poor water or with women lagging in wage work. Our
aim is to estimate effect magnitudes, which hopefully will be applicable to the many
developing countries where women are disadvantaged. The CHNS is a nationally
representative dataset which has specific information on household access to tap
water as well as information on women’s menopause status (though only in wave
1993), and is therefore well suited to test our hypotheses.
2. The Hypothesis
The following quotation gives an idea of the problems that women without good
water access face. Clearly in these circumstances, engaging in responsible wage work
will be difficult.
“Women and girls in poor countries cannot afford sanitary pads and
tampons … Instead the vast majority of women and girls in Bangladesh
use rags. These are usually torn from old saris and known as ‘nekra’…
there is no private place to change and clean the rags and often no safe
water and soap to wash them properly … This practice is responsible for
a significant proportion of illness and infection… ” (Ahmed and
Yesmin, 2008, 284)
Our study hypothesizes that, on the supply side, poor access to water poses
special costs of wage work involvement for women pre-menopause. The problem is
the increased time, health and psychic costs associated with the menstrual cycle in
poor water circumstances, as shown in the quotation (in the related context of girls’
education see also Burrows et al 2004, and Kirk and Sommer 2006). These costs
imply a higher wage (compensation) will be required to undertake a given job.
On the demand side, menstruation-related poor health and pain cause higher
absence (Ichino and Moretti, 2009; Dean et al, 2004), and lower productivity even in
good water circumstances. In bad circumstances (Deuster et al 1999), the
consequences are greater. Hence we would expect reduced labour demand for women
with adverse backgrounds. Thus demand and supply side factors both point to premenopause women with poor access to water having lower wage work employment.
There are further implications of the hypothesis for post-menopause women and
for men. For both these groups, the menstruation-related impact of poor access to
water on wage work involvement cannot exist. Hence, both these groups can provide
a baseline against which to assess this impact. Admittedly, both groups have their
problems as comparators. There is not much age overlap between pre- and postmenopause women, which makes for difficulties in controlling for age and homework
responsibilities. The comparison with men suffers because men might be generally
advantaged in the workforce – and have fewer home responsibilities. Nevertheless,
the comparisons have some utility since we would expect that, for these groups,
adequate allowance for local poverty and lack of development should eliminate any
separate effect of poor access to water on opportunities for wage work.
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3. Data and variables
The research context for this study is rural China. This setting provides suitable
conditions to test the hypothesis. First, a considerable number of households did not
have access to tap water in rural China in our survey year, 1993. Figure 2 gives the
proportion of households which have access to different types of water in rural China
for the sample. As can be seen, in 1993, about 50% of the households did not have
access to tap water (either in-house and in-yard). Access to tap water is the
conventional standard (Jalan and Ravallion, 2003), which we adopt. Second, there is a
good opportunity to participate in rural wage work thanks to China’s economic
reforms - about 1/3 of total rural labour force in the 1990s were engaged in wage
work (Sicular and Zhao, 2004, 241). Hence there are good sample sizes in all
categories.
As noted above, we use the CHNS which is jointly conducted by the University
of North Carolina and the Chinese Academy of Preventive Medicine, Beijing. The
CHNS is designed to examine “how the social and economic transformation of
Chinese society and family planning programs implemented by national and local
government affect the economic, health and nutritional status of its population”
(CHNS, 2007). From the CHNS we form a 1993 dataset with information for men and
women aged 16-60 from 128 rural sites (“rural” for individual respondents being
defined according to household registration) in 8 provinces. These provinces stretch
from the North-East to the South-West, and vary substantially in geography and
economic development (Yang, 2006), which provides good variation and
representative coverage of a large part of China.
Our work is most closely related that of Hare (1999) and Zhang et al (2002) who
also investigate determinants of the wage work status in China. Following Hare
(1999), we construct a ‘wage work participant’ status dummy variable depending
upon whether the respondent has been involved in wage work activity as an employee
during the last 12 months. (Note, we include all self-employed in the non-wage work
category.) The relevant percentages, by household water access, are given in Table 1:
As can be seen, men in general participate more in wage work than women, and wage
work (see memo items in the bottom rows) pays much better than farm work. Also
good household access to water is correlated with more wage work, for both sexes,
presumably because of the better economic environment in which household with
good water access find themselves. Thus, the village average off-farm employment
rate is 50% in good access to water areas, and only 22% in poor access areas.
Moreover, individuals, both male and female, are better educated in the good access
to water categories, indicating a sorting of the more productive workers into the more
productive areas.
However, following our hypothesis, note the bigger impact of poor access to
water for the pre-menopause women, 23 percentage points (=36–13) than for postmenopause women, 6 percentage points (=9–3), or men, 20 points (=43–23). This
difference in difference analysis can be pursued using Table 2, pointing to a possible
role for menopause in explaining the impact of poor access to water, though of course
local economic development which is correlated with poor access to water must be
controlled.
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The control variables included in the regression, apart from access to water and
menopause, are similar to those used in (Hare, 1999 and Zhang et al., 2002). The
respondent’s educational qualifications and age are included as measures of human
capital which act as proxy for the expected wage offer. Family structure variables are
also included to allow for supply side effects on wage work participation. Under this
heading come marital status, the number of elderly people over 60 who are present in
the home, and numbers of children present in the home. Some of these variables can
be expected to affect women pre- and post-menopause, and men, differently, and so
cross-products will be required. Also included in the regression is land owned per
family adult member, which will affect alternatives to wage work.
Judging by the statistics shown in Table 1, poor access to water is likely to be
associated with backward geographical location and a generally unfavourable village
environment. These factors may generate a “culture” unfavourable to women (for
example see Song et al 2006). To tackle this problem, we control for the proportion of
off-farm employment in the village. As a further control, we include 128 village
dummies, converting the analysis to a within-village analysis. “Culture” effects will
thus have to be interpreted as applying to only part of a village, which is possible, but
less likely.
A further problem is that unobserved individual characteristics (e.g., an active
attitude for hygiene and work) may be positively correlated with wage work
participation and access to good water. This linkage would cast doubt on the
exogeneity of access to tap water, raising the need for instrumentation. In fact, we
find that government investment in village water construction (variable water plant
hereafter) is a good instrument – well correlated with the probability of a household
having access to tap water, but not directly linked to an individual’s wage work
participation. We therefore have a reasonable basis to test for endogeneity.
4. Empirical Strategies
Regression Analysis. To study the interaction of access to water and menstrual cycle,
we use a difference-in-difference specification:
Yi = β1 + β2Wi+ β3Mi+ β4WiMi + β5Xi + φs + εi
where i denotes individuals; Yi is an indicator for having participated in any wage
work during the last 12 months; Xi is a vector of controls for individual and household
characteristics; Wi is an indicator equal to one if the household has no access to tap
water; Mi is an indicator equal to one if the individual is pre-menopause; φs is a full set
of 128 village dummies (for small samples, 36 county dummies); and εi is the error
term.
β4 is the coefficient of interest. We expect poor access to water to have a more
adverse impact on pre-menopause women’s wage work participation, due to the
hygiene/time/psychic related menstrual problems they face as described earlier. These
considerations point to a negative interaction between the access to water and
menstrual cycle. The adverse impact of poor access to water on pre-menopause
women (β2) is expected to be small or zero. In order to allow full variation of the
impacts of the other control variables, we also estimate probit models for these two
groups of women separately. In this case, for pre-menopause women we have:
Yi = (β1 + β3) + (β2+ β4 )Wi + β5Xi + φs + εi
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showing that the coefficient on W is the sum of both β2 and β4, while for postmenopause women we have simply:
Yi = β1 + β2Wi + β5Xi + φs + εi
Thus, we can recover β4 simply by comparing the coefficient on W in the two
regressions.
After estimating the probit coefficients, we calculate average marginal effects
(AME) of the regressors since estimating the AME is recommended for policy
analysis (Cameron and Trivedi, 2009, 340). (Where there are many cross-products,
however, we simply give the raw probit coefficients (see Bartus 2005), since AME
are then misleading.) The AME may also be more comparable to the average
treatment on the treated (ATT) that is to be obtained in the second phase of this
research via Propensity Score matching techniques, since both of these measure
average effects of a treatment on those who received the treatment.
Propensity Score Matching. Regression analysis provides a complete mechanism to
analyse treatment effects, but only in ideal circumstances, and Propensity Score
Matching (PSM) (see Caliendo and Kopeinig, 2008; Imbens and Wooldridge, 2009)
might be more robust. In the regression case, a full model is estimated which gives a
check on the plausibility of the model as a whole, and on effect sizes for many
variables of interest. On the other hand, selection bias needs to be tackled by
including all ‘necessary’ variables in the regression as controls (the so called ‘long
model’) and appropriate instrumentation (see Angrist and Pischke, 2009), which is
obviously difficult to do.
PSM works by making the assignment of the poor access to water “treatment”
random between the comparison groups. A ‘score’ based on a logit determining poor
access to water is estimated for all individuals in the sample. This ‘propensity score’
is the conditional probability of receiving the poor access to water treatment given
pre-treatment characteristics (Rosenbaum and Rubin, 1983). The sample is then
separated into about five different blocks or strata (Imbens and Wooldridge, 2009, 33)
according to the propensity scores so that within each block the propensity score is
essentially constant and the data can be taken as coming from a randomised
experiment. The effect of the treatment is then identified within each block and the
average taken across blocks to give the average treatment effect on the treated (ATT).
PSM reduces the effect of unobserved, possibly endogenous (see Frolich, 2008),
factors causing differences between treated and controls by accurate matching (but for
a warning see Pearl, 2009). Matching is assisted by the blocking technique noted
above, and also via the “common support” requirement. This requirement involves
dropping individuals in the treatment group who have a probability of poor access to
water that lies outside the range for the control group. Admittedly this common
support requirement results in dropping many observations (see below), which raises
the problem of whether effects measured via PSM are representative of the broader
population. However, if our results using regression analysis on the whole sample are
similar to results for PSM we will be reassured. A further factor important for
matching (Heckman et al, 1997) is that both treated and controls reside in the same
narrowly-defined local labour markets, in our case, rural villages.
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We make the propensity score logit for poor access to water depend upon
government investment in water construction in the individual’s village (water plant),
and all 128 village dummies. We also include a broad set of further variables (see
Caliendo and Kopeinig, 2008) on individual and household level characteristics
relevant to wage work participation. Then, to match treatment and control groups we
use four common matching techniques: Nearest neighbour, Radius, Kernel and
Stratification matching. Each has its own advantages and disadvantages (see Becker
and Ichino, 2002), and we report outcomes for all.
5. The Results
Regression results. First, we estimate an IV probit model for women and men
separately to test the exogeneity of the poor access to water variable for wage work
participation models. Table 3 shows that the impact of poor access to water is only
significant for women. It is also quantitatively large, -0.50 for the pre-menopause
group. In fact, for all groups in Table 3, the Wald test indicates that poor water access
is exogenous, so we will proceed on that basis.
Table 4 then presents probits for various groups. Most models include all 128
village fixed effects, though samples for models (3) and (5) are too small, and so only
36 county effects incorporated. In the first column, results for a sample pooling all
women are given which shows explicitly the separate effects of poor access to water,
menopause, and their interaction. As can be seen, the cross-product is significant, and
it is large, -0.69. The effect of poor water access alone is -0.38 (=-0.69+0.31),
somewhat smaller than the IV result shown in Table 3 (-0.46) indicating some
downward bias results from the ordinary probit approach. In columns (2) and (3),
results are given for the pre- and post-menopause groups separately, and since crossproducts are not needed, average marginal effects (AMEs) can be calculated. Two
probit models are also estimated for men aged 50 or younger and over 45 for
comparison purposes (the age spans chosen generally match the age spans of pre- and
post-menopause women in the sample).
As can be seen from Table 4, the effect of poor access to water is only
significant for women pre-menopause, while it is virtually zero for post-menopause
women and men after controlling for other factors. The AME of poor access to water
(column 2) implies that poor access to water reduces the probability of wage work
participation for women pre-menopause by 6 percentage points, holding other things
equal.
It is interesting that poor water access has so little effect on men’s wage work
participation, ceteris paribus, despite its strong association with participation in Table
2. However, we are controlling for the village off-farm work rate, and also village
fixed effects, all of which pick up local opportunities for wage work, and are
correlated with poor water access. Table 5 shows that if we exclude village controls
(the village fixed effects, and village off-farm work rates) from the probits, the poor
access to water variable becomes significant for men. We conclude that while local
opportunities for wage work play an important role for all groups, this fact does not
overturn our hypothesis that poor water access plays an independent role negatively
impacting pre-menopause women.
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Most other variables have the signs expected. Having children under 6 in the
household has a particular negative impact (-0.21) on post-menopause women’s wage
work participation while it has virtually no impact for other groups. This finding
relates to the low wage work participation for this group (Table 2), and chimes in with
the fact that in rural China, older women often look after young children to support
younger women and men at work (Entwissle and Chen, 2002)
Finally, it must be emphasised that village dummies are included in the model to
pick up unobserved village fixed effects – e.g. culture and remote geography. While
some village dummies have to be dropped due to collinearities in the regression, many
of the remaining villages possess significant fixed effects, a fact that shows the
importance of controlling at the village level.
PSM results. The covariates included in the logit models to derive the propensity
scores are generally the same with those in IV probit models in Table 3 (first stage),
apart from the fact that now 128 village dummies are included instead of 36 county
dummies. The impacts of covariates however remain generally the same and therefore
the results are not given. The logit model is estimated for men and women (premenopause) separately in order to enable covariate balancing before matching. The
most important determinant of poor access to water is government investment in
village water construction (water plant), plus the village fixed effects.
The results of the covariate mean comparisons between treated and control
groups of women are shown in the Table 6. (Results are not given for men as they
show the same pattern as for women.). The first row gives the lower bound of the
probability of having poor access to water for each block. For example, in block 2, the
probability of having access to poor water varies from 0.2 to (maximum) 0.39. The ttest results show that the mean values of selected covariates within each block are not
different between the treatment and control groups – in fact, there is not a single
significant difference (For other covariates not shown in the table, the means are also
found to be not different.)
Table 7 gives the estimated ATT results using the four matching techniques. The
techniques show a similar negative effect of poor access to water on wage work
participation of women. No impact is found for men. The size of the impact varies
between –0.09 and –0.13 depending upon technique. Interestingly, this effect is
greater than the –0.06 average marginal effect estimated from the regressions, further
indicating that some downward bias results from the ordinary probit approach.
An impact of around –0.10 is large, considering the unconditional mean
difference of wage work participation between pre-menopause women with good and
poor access to water is about 23 percentage points (Table 1). In other words, about
40% (=0.10/0.23) of the disadvantage in wage work participation that women in poor
access to water households suffer is really due to poor access to water. The remainder
is due to factors such as lack of village development which are associated with poor
access to water. For men, poor access to water has no causal effect on wage work
participation.
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6. Conclusions
In this study, we investigate the impact of poor access to water on wage work
participation in rural China. This study hypothesises that women pre-menopause face
higher costs of participation and achieve lower productivity when access to water is
poor (holding other things equal), and therefore have lower rate of wage work
participation. We use CHNS data for 1993 to test the hypothesis. In this dataset, about
half of the respondents do not have access to improved water, and also a large number
of respondents are not involved in any type of wage work. Most importantly, there is
specific information about women’s menopause status.
We use both regression analysis and PSM methods to test the hypothesis. Both
approaches yield supportive results. Women pre-menopause are found to be
especially affected by poor access to water, that is, their probability of participating in
wage work is about 10 percentage points lower than their peers with good access to
water controlling for other confounding factors. For men, poor access to water per se
has no causal impact on wage work participation. Therefore, a major benefit of
policies to improve water supplies may not be the obvious household or industrial
benefit, but rather an unseen benefit, the improvement in the working position of
women. While much of these benefits have already been gained in China which has
made good progress in raising access to water, the results should be relevant to other
areas of the developing world.
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Figure 1: Women’s share in wage work and access to sanitation facilities,
developing countries in 2000
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Figure 2: Trends in household access to water
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Table 1: Means and standard deviations of the major variables in wage work
participation model, 1993
Women with Women with Men with
Men with
good access
poor access
good access poor access
to watera
to water
to water
to water
Mean SD
Mean SD
Mean SD
Mean SD
Any wage work
participation in the past 12
monthsb (total)
0.30 0.46 0.11 0.31 0.43 0.49 0.23 0.42
Wage work participation
(pre-menopause)
0.36 0.48 0.13 0.33
Wage work participation
(post-menopause)
0.09 0.28 0.03 0.17
Sample proportion premenopause
0.81 0.39 0.83 0.37
Primary education or
below
0.53 0.50 0.68 0.47 0.38 0.49 0.49 0.50
Junior middle school
education
0.33 0.47 0.26 0.44 0.42 0.49 0.39 0.49
High school education or
above
0.14 0.35 0.06 0.24 0.20 0.40 0.12 0.33
Age
35.64 12.18 35.02 12.15 35.32 12.34 35.69 12.12
Marital status
0.84 0.37 0.84 0.36 0.82 0.39 0.85 0.36
No. of workers at home
2.64 1.36 2.90 1.37 2.65 1.36 2.85 1.39
No. of elderly over 60 at
home
0.24 0.52 0.23 0.51 0.28 0.56 0.24 0.53
No. of children under 16 at
home
0.34 0.61 0.43 0.69 0.31 0.59 0.43 0.70
Land per adult at home
(mu)
0.78 1.28 1.45 1.42 0.80 1.29 1.50 1.49
Village off-farm employ.
rate
0.50 0.32 0.22 0.19 0.50 0.32 0.22 0.19
Number of observations
1322
1397
1353
1406
Memo item:
annual income, 2006 Yuanc
wage work
¥ 4120
¥ 5046
farm work
¥ 2832
¥ 3254
Note: The data are from the CHNS 1993.
a
Good access to water is defined as having tap water at home or in the courtyard.
b
The village off-farm employment rate is the proportion of people involved in offfarm wage work plus people in self employment.
c
Individual income values are calculated in the CHNS survey not as a simple division
of household income, but by adding up each individual’s income from seven sources:
business, farming, fishing, gardening, livestock, non-retirement wages and retirement
income. The individual’s hours worked in household businesses are used to estimate
his/her income from that source where necessary.
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Table 2: Differences-in-Differences estimate of poor access to water on wage
work participation, pre- and post-menopause
Women 16 – 60
Good access to
Poor access to
Water
water
Post-menopause

Pre-menopause

Difference

0.09

0.03

0.06**

(0.019, 235)

(0.012, 217)

(0.023)

0.36

0.13

0.23***

(0.015, 982)

(0.010, 1059)

(0.018)

Difference-inDifference

-0.17***
(0.042)

0.39

0.19

0.20***

(0.026, 356)

(0.021, 357)

(0.033)

0.44

0.25

0.19***

Memo item: Men 16 – 60
50 or older

49 or younger

(0.015, 1165)
(0.013, 1180)
(0.019)
Notes: Good access to water refers to tap water. Standard errors of estimate and
sample sizes are reported in parentheses.
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Table 3: The effect of access to water on wage work participation – instrumental
variables results (IV)
Women PreAll Men
IV Probit
All Women
menopause
Coef
z
Coef
z
Coef
z
Second Stage – Dependent Variable: wage work participation=1, 0 otherwise
Poor water access
-0.46***
-2.86
-0.50***
-2.73
-0.13
-1.00
Middle school
0.42***
4.19
0.45***
4.09 0.35***
4.18
High school +
0.75***
5.58
0.78***
5.36 0.84***
7.99
Age
0.13***
4.10
0.13***
2.33 0.10***
4.02
Age-squared
-0.00***
-4.98
-0.00**
-2.42 -0.00***
-4.41
Marital status
-0.17
-1.03
-0.35*
-1.65
0.19
1.34
# workers at home
0.17***
4.81
0.20***
4.43
0.07**
2.25
# elderly over 60
-0.02
-0.25
0.03
0.36
-0.14
-1.55
# children under16
-0.18*
-1.61
-0.20
-1.58
-0.15*
-1.75
# children under 6
0.03
0.23
0.12
0.76
0.02
0.16
Land per adult
-0.17***
-3.49
-0.16***
-3.17 -0.11***
-3.42
Village off-farm
work rate
0.75***
8.49
0.76***
7.67 0.59***
10.24
County (36)
dummies
Yes
Yes
Yes
First Stage – Dependent Variable: Poor access to water=1, 0 otherwise
Water Plant
-0.88***
-3.48
-0.88***
-2.86 -0.91***
-3.29
Middle school
0.01
0.35
0.01
0.49
0.02
0.84
High school +
0.02
0.77
0.02
0.51
-0.01
-0.40
Age
-0.01
-1.29
0.00
0.13
0.00
-0.69
Age-squared
0.00
1.58
-0.00
-0.10
0.00
0.98
Marital status
0.01
0.54
-0.00
-0.01
0.03
1.10
# workers at home
0.00
0.73
0.01
0.64
0.00
0.12
# elderly over 60
0.05
3.02
0.03*
1.73
0.04*
1.92
# childr. under16
-0.01
-0.39
-0.01
-0.29
-0.01
-0.33
# childr. under 6
0.01
0.36
0.00
0.09
0.01
0.32
Land per adult
0.00
0.35
0.00
0.62
0.00
-0.06
Village off-farm
work rate
-0.03**
-2.34
-0.03**
-2.10
-0.02*
-1.60
County (36)
dummies
Yes
Yes
Yes
Wald Test of
Exogeneity,
prob>Chi2
0.19
0.35
0.69
Observations
2033
1469
1864
Log likelihood
-1274.8
-977.5
-1441.8
Note: ***, **, * denotes significance at the 1%, 5% and 10% levels. Standard errors are
adjusted for the county clusters. The inclusion of village dummies is not possible for IV
probit due to non-concavity, but they are included in the main probit models in Table 4. The
impact of poor access to water is insignificant for women post-menopause in a separate IV
probit model (results not shown, but similar results are given in Table 4).
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Table 4: Probit estimates of effects of access to water and menopause on wage
work participation
(Dependent variable: wage work participation=1, 0 otherwise)
Women

Women
Premenopause

Women
PostMenopause

Men
50 or
younger

Men
45 or
older

(2)

(3)

(4)

(5)

AME

AME

AME

AME

-0.06*

0.06

0.03

0.02

0.37

0.10***

-0.01

0.09***

0.08**

0.04

0.20***

0.07

0.23***

0.18***

Age

0.12***

0.03***

0.04**

0.02**

-0.04

Age-squared

-0.0***

-0.0***

-0.0***

-0.00**

0

Marital status

-0.02

-0.07**

0.04

0.13***

0.08*

# workers at home

0.15

0.05***

0.01

0.02**

0.01

# elderly over 60

-0.16

0.01

-0.04

-0.03

-0.04

# children under16

0.34

-0.04**

0.15*

-0.04**

0.01

# children under 6

-0.39

0.02

-0.21**

0

-0.05

Land per adult
Village off-farm
work rate

-0.25

-0.03

-0.07*

-0.02**

-0.01

0.28**

0.16***

0.22***

0.14***

0.17

128 village dummies

Yes

Yes

Yesb

Yes

Yesb

Observations

1410

1086

184

1339

423

Pseudo R2

0.36

0.33

0.27

0.28

0.34

-521.1

-445.8

-55.9

-617.8

-109.6

All
(1)a
Probit
Coef.
Poor water
access=1 (1)
Pre-menopause=1
(2)
Cross-product (1) ×
(2)
Middle school
High
school +

Log Likelihood

0.31
0.51
-0.69**

Note: ***, **, * denotes significance at the 1%, 5% and 10% levels. AME denotes Average
Marginal Effect (Bartus, 2005). Standard errors are adjusted for the village clusters.
a
Model (1) includes cross products of menstrual cycle with other explanatory variables, but
not with village dummies..
b
36 County dummies are used in Models (3) and (5) due to small sample size.
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Table 5: Sensitivity tests – excluding village controls
Probit estimates, Dependent variable: wage work participation=1, 0 otherwise
Coefficients on poor access to water variable

Full model, Table 4
repeated
Excluding village/county
fixed effects
Excluding village offfarm work rate
Excluding both village
fixed effects and offfarm work rate

Women
Premenopause

Women
PostMenopause

Men
50 or
younger

Men
45 or older

AME

AME

AME

AME

-0.06*

0.06

0.03

0.02

-0.05***

0.03

0.00

0.01

-0.09*

-0.02

-0.004

-0.07***

-0.10***

-0.02

-0.07***

-0.15***

***, **, * denotes significance at the 1%, 5% and 10% levels.
Note: the models here control for all variables shown in Table 4, except the village variables
as detailed above.
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Table 6: Meeting the balancing requirement: Comparing selected covariate
means for the matched samples (women – pre-menopause)
Block 1
Block 2
Block 3
Block 4
Block 5
Block 6
Prop. Scores
– lower
bounda
Obs.b

0.02

0.2

0.4

C=116
T=12
0.35
(0.48)
0.33
(0.49)
0.14
32.4
(9.5)
31.3
(9.0)
0.35
0.82
(0.38)
0.70
(0.48)
0.93
0.48
(0.71)
0.70
(0.82)
-0.93
1.31
(1.83)
1.52
(2.77)
-0.33
0.35
(0.27)
0.37
(0.30)
-0.22
2.49
(1.25)
2.30
(1.49)
0.45

C=42
T=16
0.36
(0.48)
0.44
(0.51)
-0.56
33.1
(8.5)
30.2
(9.1)
1.27
0.83
(0.38)
0.77
(0.43)
0.56
0.38
(0.56)
0.28
(0.46)
0.68
0.88
(1.50)
0.72
(0.71)
0.43
0.36
(0.33)
0.37
(0.35)
-0.11
2.67
(1.34)
2.39
(0.77)
0.84

C=26
T=38
0.35
(0.49)
0.29
(0.46)
0.49
33.1
(8.7)
34.3
(8.7)
-0.61
0.86
(0.36)
0.85
(0.36)
0.11
0.29
(0.46)
0.45
(0.75)
-1.00
0.87
(0.51)
1.17
(1.99)
-0.78
0.20
(0.12)
0.25
(0.19)
-1.23
2.5
(1.1)
2.3
(0.93)
0.81

0.6

0.8

0.9

C=51
C=21
C=7
T=110
T=111
T=123
Middle
C
0.24
0.43
0.57
school
(0.42)
(0.50)
(0.52)
T
0.34
0.32
0.36
(0.47)
(0.47)
(0.48)
t
-1.29
0.97
1.12
Age
C
32.7
33.2
30.7
(8.4)
(8.8)
(4.4)
T
33.5
31.8
32.2
(7.9)
(8.0)
(8.9)
t
-0.58
0.71
-0.31
Marital
C
0.86
0.80
1.00
status
(0.35)
(0.41)
(0.00)
T
0.89
0.89
0.87
(0.31)
(0.32)
(0.34)
t
-0.55
-1.24
1.08
Children C
0.47
0.50
0.63
under 16
(0.73)
(0.69)
(0.74)
T
0.39
0.57
0.53
(0.68)
(0.71)
(0.74)
t
0.68
-0.41
0.37
Land per C
0.67
2.27
1.07
adult
(0.72)
(3.86)
(0.72)
T
0.84
1.61
1.59
(0.79)
(1.94)
(1.83)
t
-1.30
1.19
-0.80
Village
C
0.44
0.20
0.23
off-farm
(0.17)
(0.11)
(0.25)
work rate T
0.42
0.24
0.21
(0.17)
(0.14)
(0.22)
t
0.69
-1.22
0.25
# workers C
2.33
2.4
2.25
at home
(1.21)
(1.14)
(0.46)
T
2.39
2.43
2.78
(1.32)
(1.05)
(1.65)
t
-0.28
-0.12
-0.90
***, **, * denotes significance at the 1%, 5% and 10% levels. Standard deviations are in
parentheses.
Note: a The first row gives the lower bound of the probability of having poor access to
water for each block.
b
T denotes treated, total treated obs. =410; C denotes control, total control obs. = 263
.
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Table 7: Average Treatment (poor access to water) Effects
Women
(Pre-Menopause)

Men
(aged 50 or younger)

Nearest Neighbour
Matching

-0.13* (-1.65)
T=410 C=107

0.02 (0.29)
T=422 C=105

Radius Matching
(radius=0.01)

-0.09 (-1.54)
T=398 C=231

0.03 (0.51)
T=413 C=218

Kernel Matching

-0.09* (-1.66)
T=410 C=263

0.04 (0.61)
T=422 C=235

Stratified Matching

-0.10* (-1.76)
T=410 C=263

0.04 (0.67)
T=422 C=235

Note: T = Treated (poor access to water); C = Control. t-statistics are in parentheses
and are calculated using bootstrapped
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