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Abstract

Child marriage is associated with bad outcomes for women and girls. Although many countries have
raised the legal age of marriage to deter this practice, the incidence of early marriage remains
stubbornly high. We develop a simple model to explain how enforcing minimum age-of-marriage
laws creates differences in the share of women getting married at the legal cut-off. We formally test
for these discontinuities using multiple rounds of the Demographic and Health Surveys (DHS) in
over 60 countries by applying statistical tests derived from the regression discontinuity literature. By
this measure, most countries are not enforcing the laws on their books and enforcement is

not getting better over time. Separately, we demonstrate that various measures of age-of-marriage
discontinuities are systematically related to with existing, widely-accepted measures of rule-of-law
and government effectiveness. A key contribution is therefore a simple, tractable way to monitor
legal enforcement using survey data. We conclude by arguing that better laws must be accompanied
by better enforcement and monitoring in to delay marriage and protect the rights of women and

gitls.
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1 Introduction

Today, more than half a billion women were married before the age of eighteen(UNICEF
2014). Described as early marriage or child marriage, the practice is associated with
worse outcomes for women and girls. Girls who get married later have higher levels of
education, literacy, better health outcomes, and are less likely to experience domestic
violence (Jensen and Thornton 2003; Ambrus and Field 2008; Hicks and Hicks 2015).
And although the causal links are less clear, interventions that delay the age at which
girls marry deliver a host of benefits (Baird et al. 2010; Baird et al. 2011; Heath and
Mobarak 2015). More broadly, there is a global consensus that early and child marriage
violates women’s and girls’ rights.

This paper proposes a new method of assessing a government’s effectiveness in en-
forcing minimum-age-of-marriage laws. Using data from every available round of the
Demographic and Health Surveys (DHS), we examine whether or not a country’s ob-
served distribution of marriage ages suggests that its government is enforcing laws against
underage marriage to deter this behavior.

To do this, we set out a simple model developing intuition provided by Blank, Charles,
and Sallee (2009) on how legal enforcement should cause changes in the distributions of
ages at which women marry. For example, if the legal cut-off were 18 and this law were
effectively enforced, we would expect to see a large ‘jump’ in the share of women married
at 18, compared to those married at 17. Importantly, this is distinct from the incidence
of early marriage, the share of women married below the legal cut-off as a share of total
marriages. We check for such sharp, discontinuous increases in the proportion of women
married at the legal age using both the empirical distribution drawn from survey data as
well as a formal test of discontinuity developed by McCrary (2008).

The results show that enforcement varies significantly across countries. Using our
strictest tests, only a small proportion of countries are enforcing early marriage rules
at the margin (close to the legal age). This suggests that renewed efforts to outlaw
child marriage may not deter the practice, even where the incidence of early marriage is
declining. We also find that the introduction of new laws typically results in a drop in
enforcement, suggesting that new laws are rarely complemented by effective enforcement.

In addition, we test whether this distribution-based measure of legal effectiveness is
associated with the other, widely-accepted measures of rule-of-law. Countries that are
‘better’ at deterring early marriage (that is, have larger discontinuities in their distri-
butions of ages of marriage at their legal cut-off) score higher on the Rule of Law and
Government Effectiveness components of the World Bank’s World Governance Indicators
(WGI).

This paper seeks to make two contributions. First, it adds to a growing literature using
the presence of ‘kinks’ in distributions to measure individual responses to (dis)incentives

in areas such as tax compliance and labor supply (Saez 2010; Kleven and Waseem 2013;



Bastani and Selin 2014). Second, by using microeconomic data to investigate legal effec-
tiveness, it also contributes to the literature on measures of rule-of-law, supplementing
the majority of existing measures defined using expert surveys or other macro-level infor-
mation.

The paper is structured as follows. Section 3 describes the simple model we use to
illustrate how age-of-marriage regimes should affect marriage ages, Section 4 describes the
data on marriage outcomes we use and the discontinuity tests we use to detect changes
in behavior. Section 5 presents the main results from this exercise. Section 6 then tests
whether these results meaningfully measure legal/government effectiveness in enforcing

laws on the margin. We conclude with Section 7.

2 Global context

Recent survey data indicates that child marriage is declining across the developing world.
Part (a) of Figure 1 shows that the proportion of female respondents in Demographic and
Health Surveys (DHS) who report being married under the age of eighteen has fallen in
most countries over the last 15 years. However, these positive changes are small compared
to large cross-country differences in the incidence of child marriage, as well as increasing
rates of illegal marriage, which we defines as being marriage under a country’s minimum
legal age.

The lack of progress on reducing child marriage has led policymakers, non-profit or-
ganizations and governments to search for effective ways to curb these practices. Many
countries have responded by making the practice illegal: according to data provided by
the Maternal and Child Health Equity (MACHEquity) project, nearly a quarter of sur-
veyed countries increased their minimum age of marriage with parental consent to 18 or
higher between 1995 and 2012. More than a third of countries have minimum-age laws
that are set below the age of eighteen, potentially due to a lack of consensus on what a
global minimum age should be. Though the 1964 Convention on Consent to Marriage,
Minimum Age for Marriage and Registration of Marriages mandates that states should
set and enforce minimum ages for marriage and enforce them, it does not specify what
the minimum age should be. In recent years there have been calls for an outright global
ban on the marriage of women under eighteen.’

Efforts to reduce the incidence of child marriage through the introduction of new laws
may be hampered by the fact that many governments are incapable or unwilling to enforce
legislation already on their books. For example, Cammack, Young, and Heaton (1996)
find the imposition of a minimum age of marriage in Indonesia had little to no effect on
the trend in early marriage rates. Blank, Charles, and Sallee (2009) present evidence that
efforts to enforce a minimum-age-of marriage in mid-century US were less successful than

official vital statistics suggested. While some studies do find a positive correlation between

"https://www.gov.uk/government /speeches/girl-summit-2014-david-camerons-speech



minimum age laws and the incidence of child marriage (Maswikwa, Richter, Kaufman, and
Nandi 2015), the cross-sectional nature of this research often limits its ability to causally
identify the impact of legislation. Despite the limited evidence around the effectiveness of
laws, several studies show that more coherence and stricter enforcement around existing
laws can lead to better outcomes for women (Dahl 2010; Bharadwaj 2015; Maswikwa,
Richter, Kaufman, and Nandi 2015).

Across the globe, compliance with existing laws appears to be problematic. Parts (b)
and (c) of Figure 1 display trends in the proportion of women who are married under the
minimum legal age: part (b) uses the minimum legal age without parental consent as the
relevant cut-off and part (c) uses the minimum legal age that a woman can be married with
parental consent. The graphs reveal that illegal marriage is itself a significant problem for
many countries, some of which have recently seen an increases in its incidence. Whether
or not the rise of illegal marriage is partially due to higher minimum legal ages, it is clear
that many governments are not following up better laws with stricter enforcement.

Figure 2 provides further stylised evidence that many governments are ineffective
at policing the laws already in place. The chart shows the proportion of women married
under the age of eighteen (child marriage) against the proportion of women married under
the legal age in that country (illegal marriage). Countries above the forty-five degree line
are those with minimum age laws set below the age of eighteen. These are countries for
raising the legal age of marriage might seem an attractive way of fighting child marriage.
However, consider the mass of countries that are on or below the forty-five degree line.
These are countries who have minimum age of marriage laws that are at (on the 45 degree
line) or above eighteen (those above the 45 degree line). Even for these countries, there is
significant variation in the enforcement, with most having rates of illegal marriage above
40%. The high incidence of illegal marriage in many of these countries calls into question
how successful governments would be at enforcing a universal ban, were one to come into

force.



Figure 1: Trends in underage marriage over time
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MACHEquity database. Black lines indicate average trend lines taken from averaging across countries
with multiple rounds. Part (b) indicates the proportion of women married under the minimum legal age
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legal age of marriage with parental consent.
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Figure 2: Child marriage and illegal marriage

-
©
-
s
o w ] @ TCD @ NER
=)
©
[0}
=
- @ N@\Dpom
@ © ®BFA
T @ HND
S 2B
® §'rco
ko]
5 ®GAB
£ ®BRA
g < VMR ®:50L
c
& ONAY N\ @BDI
£ @ VDA @ zAF @ FHL
g
~
— @ RWA
s} @ ARM
X
o 4
T T T T T T
0 .8 1

4 .6
% of women married illegally

Note: data taken from most recent round of the Demographic and Health Surveys (DHS) for each
country. Illegal marriage is calculated as the share of women married underneath the legal age of

marriage without parental consent.



3 Conceptual framework

In this section we will formalize our intuition for how legal regimes might affect the
distribution of marriage ages we observe in household surveys. An inspiration for our
approach is (Blank, Charles, and Sallee 2009), who study enforcement age-of-marriage
laws across the US during 1950s. The authors note that if laws are effective in convincing
some share of the population to delay marriage until the legal age, then there should be a
‘spike’ in the number of marriages reported at the legal cut-off. They show that while these
‘spikes’ exist in administrative data on age-of-marriage but not in retrospective census
data, suggesting that couples who wanted (or were compelled) to marry early found
ways of ducking the law, possibly by lying about their ages or getting married in other
states with lower age thresholds. While they test for equality of distributions between
administrative and census data, the authors never formalize the argument underlying the
existence of these discontinuities, nor apply formal statistical tests to confirm them.

To formalize this intuition, we start by defining a marriage pair as two people who wish
to get married. Consider a set of marriage pairs indexed by 7. Normalising the population
of marriage pairs to one, we assume that each pair observes an exogenously-set preferred
age of marriage (AOM), denoted a*, drawn from a known distribution with a support of
minimum and maximum preferred marriage age normalised to (0,1). The distribution
of preferred age of marriage is characterised by some probability density function (PDF)
b(a*), with fol b(a*)da* = 1 as standard.? Marriage pairs choose their observed age of

marriage, a by maximising payoffs

m(a) =1—|a—a| (1)

A legal regime c(a,a) is a cost imposed on choices of a below some minimum age of

marriage a, such that

cla,a)=c a<a
cla,a)=0 a>a

In practice, such a cost might be a punitive measure such as prison time or a fine,
levied on either member of the marriage pair or on any who facilitated the marriage. It
might also be the unwillingness of the state to recognise marriages below a certain age,
denying the marriage pair any of the legal benefits that normally comes with marriage.
(The parameter ¢ might not be applied with certainty, in which case it represents the

pair’s expected cost of choosing some a < a).

ZNote that we leave out any description of a marriage market or assortative matching, only that a
distribution of preferences exists over ages of marriage.



We assume that ¢ only applies to a share s < 1 of the population, so that the entire
mass of marriage pairs may not be exposed to the legal regime: for example, the legal age
of marriage might only be enforced in urban areas. We define an improvement in the legal
regime to be either an increase in the share of the population exposed to legal sanction
(an increase in s)or a new legal regime c¢*(a, a) such that ¢*(a,a) > c¢(a,a)Va < a.

Taking the costs associated with being married below a, the proportion s of affected

marriage pairs have preferences characterised by

ma)=1—la—a*|—c (2)

while the proportion of marriage pairs unaffected by the legal regime (1 — s) have

preferences as described in equation (1).

Proposition 3.1. If pairs mazimise w(a) subject to their exogenous preferences a*, then
the distribution of preferred age of marriage b(a*) and the legal regime c(a,a) determine

the distribution of observed age of marriage, denoted d(a).

Proof. All marriage pairs with a* > & will choose a = a*. Those with a* < @ who are
part of the share affected by the legal regime will choose a = a if 1 — |a —a*| > 1 —¢,
giving a* > a — ¢, otherwise they will choose a = a* if a* < @ — ¢. Those with a* < a
who are not part of the share affected by the legal regime will choose a = a* regardless.

Therefore the empirical distribution of age of marriage d(a) is simply

b(a*) ifa*<a—c,a*>a
d(a) = < (1 —s)b(a*) ifa—c<a*<a
b(a) + s i b(a*)da* if a* =@
O

It follows that the distribution d(a) is the unique equilibrium distribution of observed
age of marriage, as there is no choice a’ such that 7(a’) > m(a) for a given distribution of
preferences b(a*), legal regime ¢(a, a), and proportion s.

We are interested the discontinuity at a created by imposing the cost ¢ imposed for
choices below this threshold, which we define as the difference in probability of observing
the marriage age at the cut-off @ and at values just below this cut-off. Specifically, we
define

D =d(a) — d(a — e) (3)

where € is small. The intuition is that imposing some cost to choice of a below the

threshold a generates the discontinuity in the distribution of observed ages of marriage.



Proposition 3.2. The size of the discontinuity in observed marriage ages at the cut-off
a increases with improvements in the legal regime or in the density of preferences over

marriage in the region (@ — ¢, a).

Proof. Substituting the definitions of d(a) into D gives

D= [b(&) + s/;_cb(a*)da*] —(1—s)ba—e)

As the above expression is only increasing in s, then %—? > (. Increasing c extends the
lower bound of the interval (@ — ¢, a), so it follows that %—? > 0. Using A = [ _b(a*)da*,
the size of the discontinuity increases in the density of marriage pairs whose preferred age

of marriage falls in this region, ‘g—g > 0. O

Proposition 3.3. Though the size of D increases in measures of legal enforcement and
preferences for underage marriage below the cut-off a, an increase in the relative incidence
of underage marriage in the population does not imply an increase in the size of the

discontinuity.

Proof. The incidence R can be written the share of pairs married below & to the share

married above the cut-off:

Jy d(a)da
S b(a*da*) + [ d(a)da
fal b(a*)da*

R =

_ Itk

l

This term can increase ( %—? > 0) or decrease ( %—]f < 0) without implying an increase in
the size of the discontinuity. Put differently, an increase in the incidence of early marriage
is not a sufficient condition for an increase in the size of the discontinuity at a. Instead,

the discontinuity measures legal enforcement in the neighborhood of the legal cut-off. [J

3.1 Empirical marriage age distribution when b(a*) is beta-distributed

We turn to a concrete example of a preference distribution to clarify how a legal regime
would affect the equilibrium age of marriage distribution observed in household survey
data. If the distribution of preferences over marriage ages is beta-distributed, then it is
described by

bla*) =a® x (1 —a)’! (4)



Figure 3: Distribution of a*

(a) Continuous

(b) Discrete
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For some choices of the shape parameters a and 3, this provides a plausible distribution
of preferences that is not symmetric and with excess mass to the left of the median
preferred age of marriage. Figure 3a shows this distribution for an arbitrary choice of
shape parameters, and figure 3b is the analogue of this distribution for discrete values of
a. This is without loss of generality and provides a clear link to the distributions taken
from survey data we will examine in the following sections.?

In the absence of a legal regime, ¢ = 0 or s = 0, so the observed distribution of
marriage ages will be exactly that of the distribution of preferences: d(a) = b(a*). Under
a legal regime, some density of marriage pairs determined by s and ¢ will shift to a.

Because the parameters s and ¢ determine the density of marriage pairs whose optimal

3The height of the discontinuity pictured in figure 4b under a legal regime will be a function of length
the interval a when it is a discrete-valued variable.
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choice of a increases to @, higher values of these parameters imply a larger value of D(a)

and therefore a larger discontinuity. Specifically, the mass

s / * bat)da (5)

will shift to a. Drawing the probability density functions for some legal cut-off demon-
strates the same discontinuous increase in the probability being married at a given age
a as a function of the legal regime (G determines the position of the discontinuity). As
shown in Figure 4, this shift generates a discontinuity in the observed distribution of ages

of marriage.

3.2 Testable hypotheses

We draw two testable hypotheses from this conceptual framework. The first is that
discontinuities should be present wherever a legal regime is binding, but not elsewhere.
The second is that tests aimed at estimating the discontinuity as described in equation
(3) should provide reasonable estimates as to whether an effective legal regime is present
or not. We will discuss how we might construct an empirical test for such a discontinuity
in the following section.

It is worth noting that this is just one way to model observed distributions of marriage
ages, and not the only one that might generate a substantial difference in density around
the legal age cut-off. The fact that this discontinuity also implies that there will be a
‘drop’ just after the legal age (as is observed in part 4b of Figure 4) is a feature the model,
driven by the fact that some mass of pairs marry when they can legally do so.

Other models could deliver the same testable predictions. For example, we could
imagine a hazard model in which pairs are ‘at risk’ of getting married every year with a
probability that is a function of the costs for early marriage imposed by the state. Since
these costs are zero at the legal minimum age, we would expect to see a discontinuous
jump in the probability of marriage at that age without a drop after this cut-off. Most
of the tests we will go on to use are sensitive to the initial jump, so while we present
the above model as a plausible way of thinking about age-of-marriage distributions, the
results we find will be unable to distinguish between it and hazard or other models with

distinct mechanisms but analogous predictions.

11



Figure 4: Effect of imposing a legal regime on a
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4 Data and discontinuity tests

In the previous section, we discussed how effective legal regimes could be associated with
a discontinuity in the distribution of marriage ages. Here, we take our hypotheses to
the data using multiple rounds of information from the Demographic and Health Surveys
(DHS).

4.1 Detecting discontinuities in marriage distributions

There are two reasons why the mere appearance of a discontinuity in the data is not suffi-
cient evidence that enforcement is taking place. First, using the intuition laid out above,
the size of discontinuity around the legal cut-off itself can also be informative as to how
effective legal enforcement is. Second, because empirical age-of-marriage distributions
(including the ones constructed from the DHS) are samples of the underlying popula-
tion, we will also need to statistically test whether or not a discontinuity is statistically

significant, given the variation in the underlying data.

Looking for discontinuities in age-of-marriage distributions

There is a growing economic literature that focuses on detecting behavior changes by
looking for discontinuities or ‘notches’ in distributions. For example, Kleven and Waseem
(2013) test for notches in the distribution of reported earnings from Pakistan to uncover
the underlying effect of tax thresholds on behavsior. Theirs is one of a number of studies
using earning distributions to estimate or predict behavioral responses to policy changes
(Chetty et al. 2009; Saez 2010; Bastani and Selin 2014). Closer in spirit to this paper is
Rani, Belser, Oelz, and Ranjbar (2013), where the authors use the presence of spikes in
wage distributions around the minimum wage to argue that minimum wage laws are, in
fact, binding in developing countries.

Using the same notation established in Section 3, our aim is to detect the presence
of a discontinuity D around a minimum age-of-marriage @ threshold. As we describe
below, obtaining an empirical age-of-marriage distribution is relatively straightforward.
Consider in Figure 5 the distribution of age of marriage for women under the age of 30
of women in Cote d’Ivoire and the Maldives, both of which have legal cut-offs & = 18,
indicated by the red line in the graph. The discontinuity for Cote d’Ivoire is small and
negative. For the Maldives it appears to be quite large (D ~ 0.08). But we cannot be
confident that the change in observed marriage behavior around the cut-off is likely to be
a true feature of the data and not the result of statistical noise without a formal test that
compares the size of D to the variation of underlying data.

We therefore turn to popular methods of detecting distributional discontinuities in

applied economics: a density test first proposed in McCrary (2008). The McCrary test

13



Figure 5: Distribution of age-of-marriage in Cote d’Ivoire and Maldives

Cote d'lvoire Maldives
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Red line denotes Iegal age for women. Maldives is 2009 DHS, Cote d'Ivoire is 2011 DHS.

was formulated to detect behavioral responses to discontinuities in treatment. Regression
discontinuity designs require that individuals have imprecise control over the running
variable (e.g., marks on an exam) around the threshold (e.g., a passing score) (Lee and
Lemieux 2010). A simple way to check for this is to test if the running variable is smooth
around the cut-off. If a large number of agents end up with a score just above or below
the threshold, this constitutes evidence of ‘manipulation’ of the running variable. In the
context of exam results, this would appear as a statistically-unlikely mass of students
with marginal passes.

In the context of marriage decisions it is precisely this evidence of behavior that we
are interested in. If a legal regime creates a discontinuity in the costs of marriage at a
given age a that leads some people to delay marriage until that age, there will be a jump
between the density of the distribution at @ (d(a)) and some point earlier (d(a —€)). The
McCrary method tests for such a jump using a two-step approach. First, the continuous
distribution of the running variable is divided into bins of width w. Then a kernel-
weighted linear regression is run on the logarithm of the bin frequencies on either side of
the threshold @.* As a demonstration, Figure 6 shows a naive McCrary test being run on
the AOM distributions for both Céte d’Ivoire and the Maldives, revealing the latter to
have a positive and significant discontinuity around a.

However, the McCrary test was designed for large-sample, continuous distributions,
and depending on bandwidth selection it has the ability to assess fine degrees of manip-
ulation. In our context, there are two challenges that would make it difficult to detect

manipulations at really fine levels (e.g. girls marrying on the precise day they reach the

4The bandwidth and bin sizes can be calculated using an automatic procedure or manually. The ratio
of bin size and bandwidth approaching zero as the sample grows.
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Figure 6: McCrary density tests for discontinuities in Cote d’'Ivoire and Maldives

Cote d'lvoire Maldives

% of marriages

o Jorerers) 00 odoco
T T T T T T T T

0 10 20 30 40 10 20 30 40

Age at first marriage
Vertical line denotes Iegal age for women. Maldives is 2009 DHS, Cote d'Ivoire is 2011 DHS.

legal age of marriage). The first is the reality these decisions are not likely to be so pre-
cise. Marriage pairs might more likely to opt to wait another year for season to marry.
Second, as we discuss below, there is potential measurement error in DHS’s calculation
of age-of-marriage that makes it difficult to reliably calculate the precise age of marriage
at the daily or monthly level. Thus, age-of-marriage distributions lend themselves to
higher levels of aggregation, which implies wider bin widths. That, in turn, challenges
the McCrary test’s requirement that bin size be small (relative to bandwidth).

An alternative approach is to use a method of estimating discontinuities developed by
Frandsen (2014) for discrete distributions. Consider a discrete version of the underlying
distribution d(a). If that underlying distribution was smooth around the cut-off a, then
the probability of an observation ending up either in the bin just to the left of a, at a or
just to the right of @ should be equivalent. The Frandsen test’s null hypothesis is that
across these three bins, @ has a binomial distribution with p = % and is rejected if the
observed bins deviate too far.®

There is one crucial assumption that must hold for either the McCrary or Frandsen
tests to be valid: the response of the underlying variable a; to the presence of a legal
regime should be monotonic, such that a; > a; or a; < a} Vi. That is, the presence of a
legal regime cannot both induce some people to delay marriage and others to get married
earlier than they would otherwise have done.

In the following analysis, we will investigate two possible measures of an effective legal
regime. The first will be a simple estimate of the discontinuity D before any hypothesis

tests are run using it. The McCrary test estimates the discontinuity as the (log) difference

>The full details of the test are described in Frandsen (2014)
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Figure 7: Evolution of minimum age-of-marriage laws over time
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in height between the bin immediately to the left of the cutoff and the one immediately
to the right of the cutoff: log(ngz) — log(fig—1), where ny are the number of women who
chose to get married in age bin b. For the McCrary test, these bin heights are estimates
obtained from a kernel-weighted linear regression. For the Fransen test, no such estimation
is performed, so in place of ni; we use the actual bin height, n;.

Though we show results from both the Frandsen and McCrary approach to estimating
discontinuities, we consider the McCrary results to be a robustness check because of the
discrete nature of our underlying data on ages of marriage. Neither measure informs
us of the statistical significance of an observed discontinuity, only the difference in the
incidence of marriage at the legal age compared to the previous year. To account for
statistical significance, our second measure is an indicator variable which is equal to one
if the Frandsen (or McCrary) test returns a positive estimate of D which is also significant
at the p = 0.10 level or lower. In the next subsection, we will discuss the data we will use

to test for discontinuities in age-of-marriage data.
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4.2 Data sources
4.2.1 Age-of-marriage laws

Information on the minimum age-of-marriage comes from a database maintained by the
Maternal and Child Heath Equity Project (MACHEquity).® The data covers the mini-
mum age of marriage for girls between 1995 and 2012 for 121 countries across the globe.
The MACHEquity data is compiled from existing legal databases as well as original gov-
ernment documents.”

The MACHEquity data includes the minimum age of marriage both with (a,.) and
without (@) parental consent. This presents a potential problem for the analysis: in
environments where parents support marriage under the age of @ but not under the
minimum age with parental consent a,., discontinuity estimates using a are likely to be
biased towards zero. However, if parents do not in general support marriage under the
age of a, then discontinuity estimates using a will be unaffected, but those using a,. would
then be biased towards zero. We remain agnostic as to which cut-off is more likely to be
enforced and report both in our final analysis, although our results do suggest that a,. is
a more meaningful cut-off.

Figure 8 displays the evolution of the legal minimum age-of-marriage (without parental
consent) for the entire period covered by MACHEquity. Over time, a larger proportion
of countries have adopted eighteen as the legal cut-off. Interestingly, we do not see
continued progress: the share of countries with minimum legal ages above eighteen has

declined recently.

4.2.2 Demographic and Health Surveys (DHS)

We use from the Demographic and Health Surveys (DHS), a multi-country series of
population-representative surveys covering over 73 developing countries. Specifically, the
DHS gathers detailed information on all women in a household, including their marital
status and, if married, the age at which they were married.®

We choose retrospective age-of-marriage for women in each DHS round rather than
current marital status for two reasons. First, constructing a ‘cross-sectional’ measure of
the age-of-marriage distribution using responses by teenagers in the sample, the number
of observations in each round would be very low. Second, if marrying below a given age a
is illegal in a country, respondents who are currently married and underage would be less

likely to report their marriage, leading to underreporting of marriage for girls under the

Shttp://machequity.com/

"These include Convention on the Elimination of All Forms of Discrimination against Women
(CEDAW) and Convention on the Rights of the Child (CRC) reports, the World Bank’s Women, Business
and the Law database, the World Legal Information Institute and the legal database Lexadin.

8We use the variable v611 which records the age in years of the woman at first marriage or cohabi-
tation, as well as v509, which records the date she entered he first marriage or cohabitation. We regard
cohabitation as strong, albeit imperfect, proxy for marriage. This is corroborated by the fact that for
most countries in our sample, the age-of-consent is either equal to or above the age-of-marriage.
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age of a. Using retrospective age-of-marriage reports for older women does not eliminate
the possibility of underreporting, but should mitigate it.

In most instances, the DHS provides information on a woman’s age of first marriage
in enough detail to conduct the analysis at the monthly level. This would make a typ-
ical McCrary test more feasible, as the age of marriage distribution would then begin
approaching a continuous distribution. However, women and girls in the DHS show an
incredible tendency to get married within the same month as their birthdate. This ten-
dency is illustrated in Figure 12 in the Appendix, which is a heat map of the relative
probability that a woman answers that she was born in a given month and that she was
married in a given month.

The higher frequency along the heat map’s diagonal indicates that women are espe-
cially likely to report that they were married in the same month as their birthday. This
could be due to either systematic reporting errors in the dates of birth and marriage or a
cultural predisposition to being married close to one’s birthday. The mechanism is inter-
esting but unimportant: the implication is that any age-of-marriage distribution defined
over a woman’s age in months will show peaks as as the woman reaches a new age, as
Figure 13 illustrates. In this context, a discontinuity test would pick up jumps around any
changes in whole-integer years (for example turning 20), regardless of the legal situation.
We proceed with age-of-marriage defined over years to account for these measurement

issues.

4.3 Sample construction and estimation

It would be straightforward to test for discontinuities in each DHS country-round com-
bination separately. However, a given country-round of the DHS comprises a sample of
women of different ages. These women may have been exposed to different legal regimes
when they chose to get married. To match women in the DHS with the minimum legal age
of marriage they faced, we assign women to the year they were married, then assign each
woman a minimum age of marriage corresponding to the precise year she was married.
We then group those years into ‘blocks’ to increase number of observations for each age
category. For maximum transparency, we do this for every possible year block divisible
within the eighteen year period 1995-2012 (the period we have complete minimum legal
age data for), giving us one, two, three and six year block samples. Before implementing
formal statistical tests, we re-centre the age-of-marriage around the cut-off, so it takes on
a value of -1 for women one year too young to be married, 0 for those who are precisely
at the legal age, and so on.

By doing so, we are able to apply tests over samples that include women exposed
to a specific legal regimes in given time period. We then apply these tests on each

country-year-block (e.g. Zambia - 1995 to 1994), dropping country-blocks with too small
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Figure 8: Construction of retrospective panels
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a sample.? The output from this approach is a panel of test results, which we transform
into a measure which takes the value of one if there is a positive discontinuity that is also
significant at the p < 10% level for a given country-year block.

This approach allows us to answer a specific question about the presence of discon-
tinuities, for example: For women married between 1995 and 1998, is there evidence of
marriage-age discontinuity around a? Figure 8 displays an example using real data from
Tanzania of how different DHS rounds contribute to different country-blocks.

One risk to applying this data structure is that women in the DHS who were married
in a given year may not be representative of women who were married in that year. Put
differently, the representativeness of the DHS must hold for retrospective questions. This
assumption would fail if, for example, women who were married at a given age were
systematically more or less likely to be observed in the DHS. A plausible mechanism
that could generate this bias is that women who were married earlier could suffer from
the negative consequences of early marriage discussed above. Higher rates of poverty or
teenage pregnancy might lead to higher rates of mortality or other forms of attrition,
removing them from the DHS sample.

While this attrition should not vary discontinuously around a legal age of marriage,
our use of yearly bins means that women who are married one year before the limit might
still be less likely to be present in the DHS sample than those who are married at the

legal cut-off. That would bias tests towards finding a positive, significant discontinuity.

9We drop all country blocks with less than 100 observations.
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In contrast, the next section shows that we rarely observe significant and positive results.

This attrition bias, to the extent it exists, does not appear to be driving results.

5 Results
We calculate two outcomes:

1. The observed jump in marriage, measured as the log difference between the number

of women married exactly at the legal age and a year before the cut-off.

2. The test results, indicating that the discontinuity is positive and significant at the

10% level as reported by the Frandsen and McCrary tests.

We calculate these outcomes for every combination of possible country-year blocks
(1,2,3 and 6-year blocks), for legal cutoffs both with and without parental consent. In
this section, we report results at the country level and investigate how those results change

over time and how they change when a country raises the legal age of marriage.

5.1 Country-level results

In this section we focus on the observed differences in marriage ages at the cutoff:
(log(ng) — log(ng—1) = log(%)). Figures 9 and 10 display the average estimate of
these differences for countries in our sample, ranking them from highest to lowest, for
both the minimum legal age and for minimum age with parental consent. The results are
sobering. Only 44% of countries in the DHS sample have even positive discontinuities
around the legal age of marriage (although the number grows to 83% when we use the
minimum legal age with parental consent as the cut-off).

In figure 11 we show the ‘hit rate’ - how often countries have positive and significant
discontinuity per year assessed. The results are similar, but not identical. The rank
correlation between the discontinuity estimates and the test results using one year bins is
0.44 and 0.02 for the cut-offs without and with parental consent, respectively.

There are two reasons these correlations are low. First, the test is ‘passed’ only if
the discontinuity test returns both a significant and positive result, so all information for
countries with negative discontinuities is discarded. Second, while the probability that
the test results in a positive outcome is increasing in the size of a discontinuity, there
are other factors that vary across country-rounds and influence the test particularly the

sample size in the area around the legal cut-off.
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Figure 9: Countries ranked by average discontinuity (1995-2012)
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Figure 10: Countries ranked by average Frandsen test pass rate (1995-2012)
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multiple hypothesis tests.
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Though we display actual test results here, we caution against emphasising country-
level rankings: failure to detect a statistically-significant discontinuity in a country-year
is not evidence that the country was not enforcing the laws on its books. At a minimum,
before any country-level results are used to evaluate whether a state enforces age limits,
we recommend applying more conservative hurdle than p < 0.10.

Finally, the rates at which countries pass these tests are also a function of random
change. As the number of tests grows larger, the chance of a significant result increases.'”
When investigating whether test pass rates are correlated with country-characteristics in
the following sections, we control for the sample size used in the test.

To capture whether legal enforcement is improving, we calculate both the average
discontinuity estimate and the average pass rate for each panel (both two and four year
blocks) using the minimum legal ages of marriage with and without parental consent.
The results are displayed in Figure 11. For both types of blocking, there appears to
be no consistent trend in pass rates: roughly 30% of countries show signs of positive,
significant discontinuities around the minimum age of marriage with parental consent,
but in most periods, less than 20% of countries pass the test when we use the minimum
age of marriage without parental consent.!! For the average discontinuity estimate, the
results are similarly inconclusive when considered across the various specifications.

In Section 6 we consider whether or not these test results are correlated with widely-
accepted measures of a state’s ability to enforce laws. We show that these test results are
associated with other, established measures of national capacity and rule of law. We in-
terpret this as evidence that measures of discontinuity are useful measures of enforcement,

rather systematic measurement error or idiosyncratic features of age distributions.

10Conservative Bonferroni adjustments cut the yearly pass rate by about one-in-four.

"1 Given that we have not adjusted these results for multiple hypothesis tests, a pass rate of approx-
imately 20% is consistent with a world in which we run a one-sided test at the 10% level on samples
for which the data generating process does not actually exhibit any real discontinuities. Even so, while
pass rates are between 20-60% lower, on average, when we apply a conservative Bonferroni correction, the
trends seen in Figure 11 remain unchanged.
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Figure 11: Discontinuity trends over time
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5.2 The impact of changes in the legal age on discontinuity measures

The time series of discontinuity estimates and test results in Figure 11 suggest that
countries are not getting much better at enforcing age-of-marriage legislation. In some
instances, countries are getting worse.'? To investigate what happens when a country
changes its laws, we examine how these measures change when a country raises its legal

minimum age using the following specification:

Dy = (9th + X;tﬁ + 6t + i+ €t (6)

where Dj; is the discontinuity outcome of interest (the log difference or the test out-
come, for both Frandsen and McCrary tests), X;; is a set of time-varying country (or test)
characteristics, Ai are country fixed-effects and d; are year/period fixed effects.

For each country, L; is an indicator equal to one in a period when a country has
adopted the highest minimum legal age it has ever adopted between 1995 and 2012, and
zero otherwise.!> Equation (6) is a fixed effects regression that controls for common
shocks and country-level characteristics which are time-invariant. Ideally, # will pick up
changes in the discontinuity measure when a country raises its minimum legal age. Part
of this effect will be mechanical, as the test is now being applied to a different part of
the distribution, but the same underlying concept is being tested.'* L; sheds light on
whether or not enforcement improves, stays the same, or weakens when a country adopts
new laws.

Table 1 shows the results from estimating (6) using the overall incidence of illegal
marriage (columns 1-2), the basic estimate of the discontinuity Ln(%) (columns 3-6)
and the Frandsen test result (columns 7-10) for both types of legal cut-offs. The results
in columns (1) and (2) indicate that the incidence of marriage under both the legal age
and the legal age with parental consent increases by approximately 20 percentage points
when a country adopts a higher legal age. Enforcement, as measured by the log difference
in the height of bins at the cut-off, also falls: columns (3) and (5) indicate the average
estimated discontinuity is roughly 50-55% smaller in periods when a country has adopted
a higher legal cutoff, indicating a drop in possible effectiveness.

Because changes in the legal limit might have larger effects on the marriage age distri-

12While this might be due to an erosion of rule of law across time, part of this trend might be due to a
perverse side-effect of progressive legislation: in an environment where the enforcement of new legislation
is as bad or worse, compliance may fall in the short term after a reform. This might be the case when
a government raises the legal age of marriage, but does not increase policing, enforcement, or knowledge
of the change, or when the old minimum age had successfully set norms around the old cut off (or where
that age was chosen to match cultural mores).

13Roughly 17 countries raise their minimum ages of marriage during this observed period. None reduce
their legal ages.

M Before a change in the minimum age, distributional tests use doiq as the relevant cutoff, where after
a change a new cutoff, dnew, will be used, implying a different part of the underlying distribution d(a) is
being tested.
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bution, in columns (4) and (6) we also control for the slope of the distribution just before

15 We find the impact of raising the legal age to be even

and after the discontinuity.
stronger, between a 75% and 93% reduction in the log difference, depending on whether
the cutoff without or with parental consent is being considered.

We observe similar results when testing whether a country ‘passes’ the Frandsen test
(that is, has a positive and significant discontinuity). Countries that raise the legal age
without parental consent see a 8-30 percentage point decrease in the predicted probability
of passing that test; the results are less robust for the cutoff with parental consent. Using
single year age bins, these results are broadly similar when using McCrary tests, although
only the discontinuity estimates are robust to all specification choices and age bins. (These
robustness checks are available in Table 5).

These results offer a compact explanation for the lackluster improvement in effective-
ness over time. Several countries in our sample have adopted more demanding minimum
age requirements, but these new laws were not accompanied by increased enforcement
of the updated age rules. This reinforces skepticism that