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This study exploits a natural experiment to investigate 
the impact of land reform on the fertility outcomes of 
households in rural Ethiopia. Public policies and customs 
created a situation where Ethiopian households could 
influence their usufruct rights to land via a demographic 
expansion of the family. The study evaluates the impact 
of the abolishment of these pronatal property rights on 
fertility outcomes. By matching aggregated census data 

before and after the reform with administrative data on 
the reform, a difference-in-differences approach between 
reform and non-reform districts is used to assess the impact 
of the reform on fertility outcomes. The impact appears 
to be large. The study estimates that women in rural areas 
reduced their life-time fertility by 1.2 children due to 
the reform. Robustness checks show that the impact esti-
mates are not biased by spillovers or policy endogeneity.
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1 Introduction

“Through marriage or, more accurately, through fathering chil-
dren whom he supports, a man thus gains access to a new set of
rights [to land].”(Hoben, 1973: p. 152)

After decades of research, no clear consensus has emerged on whether the
nature of the relationship between population growth and economic welfare is
positive, negative or neutral (Birdsall et al., 2003). However, with respect to
human reproduction, as the main driver of population growth, it can be stated
with somewhat more certainty that fertility is too high to be socially optimal
if the social cost of children exceeds their private cost. These externalities may
arise in several situations. The following examples have been widely quoted in
the literature: First, the interrelation between population growth, poverty, and
the degradation of the local natural resource base, which is commonly associated
with village economies in developing countries, may lead to a situation referred
to in the literature as reproductive externalities (Dasgupta, 1993, 1995, 2000).
Second, the so called congestion problem can occur if the present value of the
costs of public services, such as education, health, and infrastructure, exceed
the present value of a newborn child’s expected lifetime tax contribution. This
creates a condition in which each additional child dilutes the public services
available to the other children (World Bank, 1984; Schultz, 1985). Third, since
child and adult labor are substitutes, high fertility may lead to a low level wage
equilibrium where children work and the wages of adults are depressed (Basu
and Van, 1998). While such externalities are hard to observe, the case for policy
makers seems to be clear. For instance, in 2013, 37 per cent of the countries in
the world pursued policies to lower the rate of population growth, the majority
of which can be found at the lower tail of the world income distribution (UN
DESA, 2013).
However, the question whether fertility rates can actually be reduced is still

open. In the long-run, the answer seems to be yes. Historically, fertility rates
were observed to drop as countries began to prosper, urbanize, and structurally
change during industrialization. Apparently, this observation is consistent with
the fact that high fertility rates are now mainly concentrating in sub-Saharan
Africa and South Asia (Maddison, 2006). In the short- and medium-term, public
polices such as family planning information and services, entitlements, taxes,
disincentives, and quota are being employed (Birdsall, 1988).1 In this paper,
we draw attention to another domain of public policy, the arrangement and
rearrangement of property rights, in influencing fertility rates. We do this in
Ethiopia, a country which has some of the highest fertility rates in the world.
We draw on a natural experiment to evaluate the impact on fertility out-

comes of the abolishment of pronatal property rights. Historically, rules gov-
erning access to land in the Amhara region of Ethiopia were pronatal. In the
traditional system of communal land governance, men could claim land on be-

1These programs have, however, mixed effects in lowering fertility rates. See McQueston et
al. (2012) for a systematic review of the impact of interventions targeting fertility outcomes.

1



half of the women they were married to. These claims could not be substanti-
ated through marriage per se, but the children they had had in the course of
the marriage (Hoben, 1973). In the wake of a military coup, land governance
shifted from the communal to the state level. In 1974, a nationwide land reform
nationalized and redistributed land on the basis of family size. In subsequent
years, family size prevailed as the most important criterion for communal land
redistributions (Rahmato, 1994).2 Against this background, we evaluate the im-
pact of a land reform implemented in 1997 in the southern part of the Amhara
region, which, surprisingly and unexpectedly, discontinued the historic practice
of primarily redistributing land based on family size. We consider the imple-
mentation of the 1997 reform in Amhara as a quasi-experiment during which
the southern part of the region implemented the 1997 reform, but the northern
part did not. The division of Amhara into reform and non-reform areas fol-
lowed a process orthogonal to fertility rates and their determinants. Between
September 1989 and March 1991 a rebel group who later came into power, the
Ethiopian People’s Revolutionary Democratic Front (EPRDF), took control of
the region of Amhara in two temporally distinct military campaigns. After the
EPRDF and their allies came to power, the region of Amhara implemented a
large-scale land reform in 1997. However, this reform was only conducted in
the southern part of Amhara, which was conquered by the EPRDF during the
second military campaign. A political decision was made that the northern part
did not need another land reform as there had been occasional redistributions,
using family size as the main criterion, in the areas conquered by the EPRDF
during the first military campaign.
We employ a difference-in-differences approach to estimate the impact of

the reform. We use panel data from the 1994 and 2007 Population and Hous-
ing Censuses and match it with administrative data from the Environmental
Protection, Land Administration and Use Authority of the Amhara Regional
State. For the analysis, data on 2,303,198 individuals in the region of Amhara is
aggregated into 212 district—time clusters. We compare the difference between
the reform and non-reform districts before and after the 1997 systematic land
redistribution in the region. Our key outcome variable is the total fertility rate
at the district level. We control for a variety of time varying observables as well
as district level heterogeneity to average out time invariant unobservables.
Three assumptions need to be met for our estimates of the policy impact

2We would like to emphasize that the existence of pronatal property rights is not specific
to this context. We have found indications for pronatal property rights in various countries
around the world. In a number of countries in sub-Saharan Africa, a woman’s rights to the use
of land are associated with her position as mother and wife. For instance, a woman’s rights to
land may increase with the length of her marriage or with having more children. These rights
may end with divorce, with widowhood, with the failure to have sons (Gray and Kevane, 1999;
Guyer, 1986). In addition, it has been argued that in the Punjab, India, the caste system
improves access to land for farmers with high fertility, especially for those with many sons
(Mamdani, 1972). Furthermore, it was argued that granting rights to land on a usufruct basis
in Mexican ejidos (agricultural communities) creates pronatal incentives, especially through
land retention, as larger families are less likely to be affected by land redistributions (De Vany
and Sanchez, 1979).
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to be causal. First, in the absence of the implementation of the land reform,
our estimate of the policy impact should be statistically indistinguishable from
zero, i.e., no other systematic factor should explain the change in fertility pat-
terns between reform and non-reform districts we observe in the data. Given
that the division of Amhara into reform and non-reform areas follows a very
specific geographic pattern, we consider it rather unlikely that our estimates
actually pick up the effect of any other program, even if it was not uniformly
implemented within the region of Amhara. Second, there is no contamination of
the non-reform districts by the reform districts, e.g., there should be no change,
due to influences from the reform districts, in aggregate fertility behavior at the
district level of the districts that were unexposed to the reform. The fact that
the reform varies at the district level circumvents unobserved heterogeneity in
fertility behavior at the individual level, i.e., contamination is only an issue if
households in non-reform districts alter their fertility behavior systematically
in the same direction because of influences from the exposed districts. As a ro-
bustness check, we compare non-reform districts sharing a border with a reform
district to non-reform districts not sharing a border with a reform district in a
placebo differences-in-differences specification. Third, policy endogeneity may
affect the adequacy of non-reform districts as a within-region control group,
i.e., the selection of districts into the reform due to unobservable district char-
acteristics. While we use fixed effects to average out time-constant unobserved
heterogeneity and use the available data from the census to control for time
varying factors at the district level, there may still be a bias in the estimates
due to time varying unobservables at the district level which are correlated with
the implementation of the reform and fertility rates. As a robustness check,
we use the selection-on-observables approach (Altonji et al., 2005; Bellows and
Miguel, 2008; Nunn, 2011) to assess whether the potential bias from time vary-
ing unobservables drives the selection of districts into the reform.
Our findings point towards a substantial effect of the land reform on fertility

outcomes. For the full sample, we estimate a 0.99 reduction in the total fertility
rate, i.e., a reduction of lifetime fertility by one child per woman. This result is
clearly driven by the rural rather than the urban sample. For the rural sample,
we estimate a 1.2 reduction in the total fertility rate. Looking at age-specific
fertility rates, from which the total fertility rate is constructed, we find a clear
reduction in fertility for virtually all age groups in the rural sample. The effect
is particularly pronounced for women in the most fertile age groups, 25—29 and
30—34. With respect to the mechanism at work, we argue that the arrangement
of property rights over land before the reform led to a higher economic gain
from children. It derived from children’s contributing to household wealth in
an environment of otherwise weakly defined property rights. More specifically,
if land is redistributed according to household size, land holdings and thus
wealth depend positively on the number of children. Abolishing the positive
relationship between land and household size leads to a reduction in fertility.
Furthermore, through robustness checks, we conclude that our impact estimates
are not downward biased due to spillovers from reform districts into non-reform
districts. Furthermore, using a selection-on-observables approach, we find no
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indication of a selection bias from unobservables.
Our findings may also contribute to understanding a statistical oddity. The

population count in Amhara was 17.2 million according to the most recent census
in 2007 and clearly fell short of the offi cial government projection of 19.6 million
Amharans for that year. “The 2.5 million missing Amharans”were extensively
covered in the national media and eventually resulted in fierce debates in the
parliament with both opposition and ruling coalition members of parliament
condemning the census as flawed, calling for a redo of the census, as Ethiopia is
a federal state and population size affects the budget of its regions. A panel of
international experts reviewed the census, but were not able to spot any mistakes
in its design or implementation.3 We conjecture that Ethiopia’s “2.5 million
missing Amharans”is due to a violation of a crucial assumption underlying the
cohort component method, a method commonly used by statistical agencies to
project the total population size for a future date from census data. The method
assumes a constant total fertility for the projection period. However, we find
a substantial reduction in the total fertility rate from 4.9 to 3.9 in the reform
districts, which indicates that the statistical oddity may at least partly be a
consequence of the land reform.
The next section discusses the institutional setting and the natural experi-

ment. It also contains some theoretical considerations. Section 3 explains the
data as well as the empirical strategy. Section 4 discusses the findings and
Section 5 draws some conclusions.

2 Institutional setting and some theoretical con-
siderations

2.1 Pronatal property rights and land tenure in Amhara

In this section, we argue that the rules governing access to land in the Amhara
region were historically pronatal. Having children helped secure access to land in
an environment of otherwise weakly defined property rights, no matter whether
land governance was communal or statal. However, pronatal policies for land
tenure were surprisingly abolished with the most recent land reform. We hy-
pothesize that this policy change might have had a considerable influence on
households’fertility decisions.
During the imperial period, a communal system of land governance, known

as rist, was widespread in Amhara.4 The claims of households to land culmi-
nated in rist through which they used to acquire usufruct rights to land. Rist
rights derived from ancestors who formerly held land in a village.5 Apart from

3See, for instance, The Ethiopian Review, on June 23rd, June 24th and June 26th, 2009.
(URL: http://www.ethiopianreview.net, last accessed on May 20th, 2015).

4 It could be found in Gojjam, Gondar, Shoa and Wollo, historic provinces that, by and
large, form the region of Amhara today.

5The inheritance of rights to land via rist followed cognatic descent rules, which place
children (regardless of their sex) in the descent category of both their mother and father.
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direct inheritance, rist land could be obtained through redistributive claims
made in front of the descent cooperation, a group of village elders. Through
marriage, a man could claim land with respect to his wife’s rist.6 Interestingly
enough, a man’s right to a wife’s rist did not derive from marriage per se, but
the children they have together in the course of marriage.7

When the Derg, a military junta, came into power by overthrowing the im-
perial regime in 1974, land governance moved from the communal to the state
level. Proclamation No. 31/1975, entitled “A proclamation to provide for the
public ownership of rural lands,” created a legal basis for a nationwide reform
with a collectivization and redistribution of land. Peasant associations were set
up to administer the redistribution down to the village level. It was the first
uniform tenure system ever imposed on Ethiopia as a whole and aimed at a new
agrarian order with an egalitarian allocation of wealth and land (Pausewang,
1983). The proclamation prohibited private ownership of land by individuals
and organizations. Market based mechanisms for land allocation were prohib-
ited, and thus the proclamation related usufruct rights to land to the needs of
a family.8 Historic accounts describe how this principle was put into practice
in Amharan villages:

“Allotment was made on the basis of family size and the quality
of land. Each household receiving land had a share from both the
good as well as the poor land available for distribution. A minimum
ceiling of a unit of land (the minimum varied among PAs) was set for
a household: and any addition over this was based on the number
of household members. Here too, all shared from the good and
the poor land in the PA land fund. Each additional member of a
household had at least two parcels– good and poor quality– to add
to the family.”(Rahmato, 1994: p. 47)

It is estimated that the reform effectively redistributed between 1 and 1.5
t’emad (approximately one-fourth of a hectare) per household member (Ege,

This is opposed to unilineal descent rules, which placed children (regardless of their sex) in
the descent category of parents of one sex only. Creating overlapping claims to land, the rist
system led to weakly defined property rights in which usufruct rights to land were commonly
contested. With respect to the situation in Amhara it has been noted: “With cognatic descent
the situation is different. Unless there is some other way in which membership in descent
groups is limited, property rights associated with each group become so widely diffused as to
be meaningless.” (Hoben, 1973: p. 19)

6Hoben (1973: p. 152) states: “From a tactical point of view, the land he may hope to
obtain [through marriage] falls into two classes. The first comprises land given to him by his
wife’s kinsmen. The other, and statistically by far the more important, comprises land which
he may claim in his wife’s name from the descent cooperation.”

7Hoben (1973: p. 136) states: “. . . a man can claim wife’s rist only after his wife has given
him a child and can keep it as long as he continues to support that child. In other words, a
man does not have any rights to rist in virtue of his marriage to his wife but only as trustee
or custodian for the children he has with her. For this reason, wife’s rist is also referred as
“children’s rist”.”

8“Without differentiation of the sexes, any person who is willing to personally cultivate
land shall be allotted rural land suffi cient for his maintenance and that of his family.”(People’s
Democratic Republic of Ethiopia, 1975: Article 4.1)
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1997). In the subsequent years, peasant associations were kept busy by cor-
recting newly developing inequalities in land holdings through periodic land
redistributions and reallocations. While other factors, such as the quantity and
quality of the land, were taken into account for the redistribution of land through
peasant associations, egalitarian norms so that every household should be able
to support its members with the allocated land prevailed (Rahmato, 1994).

2.2 A natural experiment: The abolishment of pronatal
property rights in land tenure in Amhara

While the 1974 land reform was nationwide, affecting Amhara and the Ethiopia’s
other regions alike, the 1997 reform, which is the subject of the empirical analysis
in this paper, was specific to the southern half of the Amhara region. We argue
that the implementation of the 1997 reform constitutes in a natural experiment
suitable for assessing the impact of land reform. More specifically, it allows us
to causally evaluate the impact of the abolishment of pronatal property rights
on households’fertility decisions and other outcomes.
First, the implementation of the 1997 reform in the southern half of the

Amhara region discontinued the redistribution of land primarily on the basis
of household size as historically practiced in the region and other parts of the
country. This land reform was initiated by the Ethiopian People’s Revolutionary
Democratic Front (EPRDF), a rebel group that ended the rule of the Derg
in 1991. The 1997 redistribution, with the purpose of strengthening support
for the EPRDF in rural areas, was implemented after the enactment of the
1994 constitution that gave Ethiopia a federal structure. It entailed the 1997
land proclamation, which transferred authority over land administration from
the central to the regional governments. Rather than aiming at an egalitarian
distribution of land in terms of household size, observers consider the 1997
reform as an attempt to establish a class basis for the regional government in
rural areas (Amare, 2002; Ege, 1997, 2002; Gelaye, 1999; Teklu, 2005; Yigremew,
1997a, 1997b).9

Second, the change in the land redistribution policy was surprising and unex-
pected. Ethnographic accounts show that the Amharans clearly expected a land
reform of the type they were historically used to (Ege, 1997).10 Consequently,
in the preparation of the land reform, it was observed that many households

9 It separated farmers into birokrasi (bureaucrats) and ch’equm (oppressed). The birokrasi
were those who had held offi ce under the Derg, while the ch’equm had not. Land was re-
distributed according to the following benchmarks: First, birokrasi may receive up to four
t’emad of land (roughly one hectare). And, second, ch’equm may receive up to 12 t’emad
(roughly three hectares) of land. To implement the reform, households and land holdings
were registered. Then, farmers were separated into birokrasi and ch’equm. Finally, land was
confiscated and reallocated via lottery, excluding birokrasi from the lottery.
10Ege (2002: p. 74) states: “In October 1996 it was announced on the radio that there

would be a land redistribution, and the news spread immediately all over the countryside.
Nothing was said about the type of land redistribution to be implemented, but the peasants
clearly expected it to be an updating of the existing land tenure system, an equal distribution
of land based on household size, to correct the inequalities that had developed over the years.”
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tried to game the redistribution process in terms of their expectations about the
role of family size.11

Third, the division of Amhara into reform and non-reform areas in 1997
followed a process orthogonal to fertility rates and their determinants. Between
September 1989 and March 1991, the EPRDF took control over the region of
Amhara in two temporally distinct military campaigns, advancing towards the
capital. Infiltrating from the north, the EPRDF managed to conquer North
Wollo, North Shewa, and part of North and South Gondar, between September
and December 1989. The EPRDF army then remained in the initially occupied
areas for more than a year. Finally, the remaining areas in Amhara were seized
in two subsequent major military campaigns (i.e., operations Tewodros and Dula
Billisuma Welkitima) in February and March 1991. After some years, in early
1997, the land reform was implemented only in areas that had been conquered by
the EPRDF during the second military campaign (De Waal, 1991; Ege, 1997).
Fourth, the profound change in themodus operandi of the land redistribution

was limited to the southern half of the Amhara region, overlapping with the final
phase of the military campaign of the EPRDF. This raises the question why the
reform closely followed this clear distinction and why there was no attempt to
cover the entire Amhara region. It appears that the rebel troops, before the fall
of the Derg regime, occasionally redistributed land in the northern half of the
region with the objective of ensuring a “fair and equal distribution”of land in
the occupied territories. These redistributions were conducted in the spirit of
those implemented by the military regime, using family size as the main criterion
with no consideration of earlier political affi liation or involvement of the holder
family. In 1997, a political decision was made by the ERPDF that no further
land redistribution was needed in this part of the Amhara region (Adenew and
Abdi, 2005; Baye, 2013; Teklu, 2005).12

Figure 1 shows a map of the Amhara region, and the divide between the first
and final waves of the EPRDF military campaigns. The red and green shaded
areas show the non-reform and reform districts, respectively. The separation
of the two areas coincides with the areas conquered during the two military

11Ege (1997: p. 32) states: “On the basis of previous experience and peasant perception of
justice, the peasants expected that land would be allocated according to household size, and
they consequently tried to rearrange their households to be in the strongest position possible.
Some poor peasants had hired out children as herders, and these were now called home, which
will have caused strains both in the households losing the herder and in the poor households,
for which the herding arrangement had served both to decrease consumption and to earn a
little money. I also heard of a case where a son born outside marriage was asked by his father
to move to his households, since the father currently had a small household and therefore
expected to lose land. If the son refused, his father would no more consider him as his child.
The same will certainly have happened to many children with divorced parents, who were
pulled between the interests of different households.”
12 In addition, informants from the North Wollo zone, who participated in the redistribution

process, confirmed that political involvement was not considered at all. Some who were very
active left their community during the EPRDF military campaign, but the share of their
family members who stayed in the community at the time of the redistribution was not
affected. Moreover, they managed to secure some land upon their eventual return to their
community.
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campaigns of the EPRDF.

[Insert Figure 1 about here]

We, therefore, exploit the coincidence of the boundaries between the military
campaigns and the carrying out of the 1997 land redistribution in the Amhara
region as a natural experiment. This allows us to address endogeneity concerns,
since empirically evaluating these effects without any exogenous variation would
have made it diffi cult to distinguish the effects of economic change on population
change from the effects of population change on economic change.

2.3 Some theoretical considerations

We argue that the unanticipated change in the modus operandi of land gover-
nance closed down the possibility of getting access to land via family size. This
affected fertility decisions. We represent these insights in a simple model. We
presume that children provide a net economic benefit to a household.13 Das-
gupta (1993) argues that such an assumption is more valid in poor than in rich
countries because productivity is less tied to human capital. One channel may
be that children earn more than they consume at earlier ages. Other channels
may be that they provide old-age support or help diversify risk. To illustrate the
mechanism at work for expositional purposes, we link household size and land
ownership to household wealth. A household’s wealth W depends on its land
holdings, denoted by k, and children, denoted by r, and is given by a continuous
function W (k, r). We assume that it is strictly increasing and concave in both
arguments. Raising children generates economic benefits, but is also costly. The
cost function is given by a strictly convex function, c(r). The objective of the
household is thus to choose r in order to maximize the net benefit function

W (k, r)− c(r). (1)

Now assume that land is redistributed according to household size. Land
holdings then positively depend on the number of children. Assuming that they
are given by the function k(r), the net benefit function can be re-written as

W (k(r), r)− c(r). (2)

The first-order condition is then

dW

dk
k′(r) +

dW

dr
= c′(r). (3)

Note that the term dW
dk k

′(r) is strictly positive. It captures the fact that an
increase in household size increases landholdings, which ultimately leads to more

13This view departs from the classical literature studying the determinants of fertility, in
which children generate utility as a consumption good and/or altruism (Barro, 1974; Barro
and Becker, 1989; Becker, 1960; Burbidge, 1983; Eckstein and Wolpin, 1985; Razin and Ben-
Zion, 1975).
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wealth. Let r1 be the unique value of r that solves the first-order condition given
in Equation (3). It is straightforward that the existence of a unique solution is
guaranteed by the concavity of W in both its arguments. Now consider the case
where the positive relationship between land and household size is abolished.
This implies that k′(r) = 0 and the first-order condition reduces to dW

dr = c′(r).
Assuming that r2 is the unique value of r that solves the modified first-order
condition, the convexity of the cost function ensures that r1 will be greater than
r2, which, in turn, implies that disentangling access to land from children will
lead to a reduction in fertility.

3 Data and empirical strategy

3.1 Data and fertility measures

The empirical analysis in this paper employs panel data from the Ethiopian 1994
and 2007 Population and Housing Censuses. Census waves were collected by the
Central Statistical Agency of Ethiopia with the technical and financial support
of various international partners, such as the United Nations Fund for Popula-
tion Activities (UNFPA), the United Nations Development Fund (UNDP), and
the Department for International Development (DFID). They contain data on
the demographic, economic, and social characteristics of all persons and their
housing in Ethiopia. In each wave, 20 percent of the census data was collected
with a long questionnaire, roughly 10 percent of which were accessible to us. It
is a random sample of the full census.
We matched the Amhara sub-sample of the census data with administrative

data on the 1997 land reform in the Amhara region from the Environmental
Protection, Land Administration and Use Authority. The latter allows us to
draw on within-Amhara variation in the empirical analysis. Data from the
Population and Housing Census is aggregated at the district level, i.e., the
administrative level at which the implementation of the reform varies. We used
three samples for the empirical analysis: a rural sample, an urban sample,
and a full sample, including all data from the rural and urban samples.14 As a
consequence of changes in the administrative boundaries (typically as a result of
splits), there are more districts in 2007 than in 1994. Thus the data across census
waves were spatially matched if a 1997 district contains the centroid of a 2007
district. We cross-checked the spatial match by comparing whether the district
names in the two census waves match. In addition, we also cross-validated the
administrative land reform data with independent accounts wherever possible,
i.e., there are ethnographic accounts from research operating on the ground
during or shortly after the reform (see, for instance, Abate, 1997a, and Abate,
1997b, for the zone of South Wollo; Ege, 1997, for North Shoa; Gelaye, 1999,

14The rural sample was generated by aggregating data on households living in the enu-
meration areas classified as rural by the Population and Housing Census. The urban sample
was generated by aggregating data on households living in the enumeration areas classified as
urban by the Population and Housing Census. The full sample aggregates all the available
data.
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for East Gojam; Yigremew, 1997a, and Yigremew, 1997b, for West Gojam; and
Gizachew, 2010, for Weg Hemra). For the analysis, data on 2,303,198 individuals
in the region of Amhara is aggregated into 212 district-time clusters.
Using census data for the research question at hand has two major advan-

tages vis-à-vis the Demographic Health Survey (DHS) for Ethiopia, the most
plausible alternative source of data. First, it allows for a before and after com-
parison with a baseline (while the first DHS was collected in 2001, i.e., after
the land reform in Amhara was implemented). Secondly, the large sample size
allows us to generate common fertility measures with a relatively better preci-
sion at the district level, which is our primary analysis unit. The most common
cohort measure of fertility is the total fertility rate, which gives a point in time
estimate for the average fertility of a population (or a sub-population, such as
one Ethiopian district). It is built from age-specific fertility rates and captures
the average number of children expected to be born by a woman during her
childbearing years (see, for instance, Demeny and McNicoll, 2003).15

[Insert Table 1 about here]

Descriptive statistics of the total and age-specific fertility rates at the district
level, which are our key variables of interest, are presented in Table 1. Addi-
tional outcome variables focus on labor market participation (the proportion
of women in a district who are self-employed, employed, and doing housework
as main occupation) and marital status (the proportion of women in a district
never yet married). Two reform indicators capturing the presence and intensity
of the land redistribution in 1997, indicating whether at least one peasant asso-
ciation (the administrative unit subsidiary to a district) was affected, as well as
the proportion of peasant associations per district being affected by a redistrib-
ution are used. Control variables include the district population in a particular
age group (the number of district inhabitants in the age groups 12—17, 18—65,
and greater than 65), the district population belonging to a particular religion
(the number of district inhabitants who are Orthodox, Muslim or Animist) and
ethnicity (the proportion of the district population being of Amharan ethnic
origin). A precise definition of each variable as well as its source in the census
can be found in the Appendix.

[Insert Table 2 about here]

Table 2 shows the similarity of baseline characteristics for the full, rural and
urban samples by regressing the binary reform indicator on either the main
fertility outcomes, additional outcomes, or controls. For all the samples we
cannot reject equality, at baseline, in total and age-specific fertility rates, female
labor market participation indicators, or religion and ethnicity variables. We
find some differences for the population characteristics, but they seem to be non-

15As compared to period measures of fertility such as the crude birth rate and the general
fertility rate, the total fertility rate has the advantage of being independent of the age structure
of the poulation.

10



systematic across age groups. The similarity across pre-reform characteristics
is consistent with a non-selectivity of districts into the reform.

3.2 Empirical strategy

Given the “quasi-experimental”nature of the 1997 Amhara land redistribution
and the availability of census data both before and after its implementation, we
employ a difference-in-differences approach to estimate its impact on fertility
and other related outcomes. A simple cross-sectional comparison would not
be appropriate for identifying any causal effects as, even in the absence of the
implementation of the reform, fertility rates between the 1997 reform and non-
reform districts might differ as a result of persistent cultural norms (e.g., as
to polygyny, the patriarchal system of family and inheritance, early marriages,
and the stigmatization of unmarried and divorced women) and environmental
factors (such as soil quality, land degradation, and climatic conditions). These
variables are diffi cult to observe and hence to control for in a cross-sectional
analysis. In contrast, a difference-in-differences estimation strategy taking into
account district level fixed effects wipes out any persistent influences from norms
and environmental factors on fertility outcomes at the level of the empirical
analysis. The difference-in-differences estimation equation, with district level
fixed effects, can be written as

Yjt = β1 + β2AFTERt + β3AFTERt ∗REFORMj +Xjtb+ dj + vjt (4)

where Yjt captures the fertility outcome for district j = 1, ..., 212 at time t =
0, 1. AFTERt is a binary indicator equal to one for the time period after
the implementation of the 1997 reform and zero for the time period before the
reform. We use two alternative indicators to capture the land reform represented
by REFORMj , in district j. The first one is a binary indicator equal to one
if at least one of the peasant associations belonging to district j implemented
the land reform and zero otherwise. The second one is an indicator for the
intensity of the reform, defined as the proportion of peasant associations in
district j that carried out the 1997 land redistribution. It should be noted that
since the reform was implemented at the district level, typically almost all the
peasant associations were covered in the areas where the land redistribution was
implemented.
The coeffi cient β3 on the interaction between AFTERt and REFORMj

estimates the average difference-in-differences between the 1997 reform and non-
reform districts, Xjt consists of time varying control variables which may be
correlated with fertility outcomes, and dj contains district fixed effects which
absorb persistent unobserved differences between reform and non-reform areas.
The inference is generally based on the standard Huber/White estimator of

the variance matrix. It is valid for the within estimator controlling for cluster-
specific fixed effects with data aggregated at the cluster level (Arellano, 1987;
Cameron and Miller, 2015). All the main findings are robust to other specifi-
cations of the standard errors, such as clustering at the zonal level (the zone
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is the next administrative unit above districts). Noting that the first entry
point of the reform was the district administration, we only report results with
Huber/White standard errors calculated at the district level.
Three assumptions, however, need to be satisfied for the estimate of β3 to

be causal. First, in the absence of the implementation of the land reform, this
estimate should be statistically indistinguishable from zero, i.e., no other sys-
tematic factor should explain the change in fertility patterns between reform
and non-reform districts. We attribute the empirical findings to the implemen-
tation of the land reform in some areas but not in others, but we also consider
alternative explanations arising from public action in Amhara. The only ma-
jor policy intervention on a scale similar to the 1997 land reform we became
aware of is the Revised Family Code. Updating an earlier Family Code, the
Revised Family Code became effective in the year 2000 (Federal Democratic
Republic of Ethiopia 2000). It changed laws regarding marriage, divorce, in-
heritance, paternity, adoption, and child welfare. Aiming at improved access to
resources and the removal of restrictions on employment, it may have helped to
strengthen women’s bargaining position within the household and thus decrease
fertility. It was a nationwide program even if the start of its implementation
varied by region. In the Amhara region, its implementation commenced in
2000 (Hallward-Driemeier and Gajigo, 2013). While we were not able to find
any data on the implementation process of the Revised Family Code within
Amhara, we presume that it is plausibly orthogonal to the distinguished imple-
mentation pattern of the 1997 land reform. Given that the division of Amhara
into reform and non-reform areas follows a very specific geographic pattern, we
consider it rather unlikely that our estimates actually pick-up the effect of any
other program, even if it was not uniformly implemented within the region of
Amhara.
Second, there should be no spillover effects from reform to non-reform dis-

tricts, e.g., there should be no change in aggregate fertility behavior at the
district level of unexposed districts because of influences from exposed districts.
The fact that the reform varies at the district level circumvents unobserved
heterogeneity in fertility behavior at the individual level, i.e., contamination is
only an issue if households in non-reform districts alter their fertility behavior
systematically in the same direction by observing the changes in the reform dis-
tricts. As a robustness check, we compare non-reform districts sharing a border
with a reform district to that of non-reform districts not sharing a border with
a reform district in a placebo difference-in-differences specification.
Third, policy endogeneity may affect the adequacy of using the non-reform

districts as a within-region control group, i.e., there might exist a selection of
districts into the reform along unobservable district characteristics. While we
use fixed effects to average out time-constant unobserved heterogeneity and use
the available data from the census to control for time varying factors at the
district level, there may still be a bias in the estimates due to time varying
unobservables at the district level that are correlated with the implementation
of the reform and with fertility rates. As a robustness check, we use the selection-
on-observables approach to assess whether the potential bias from time varying
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unobservables drives a selection of districts into the reform.

4 Results

4.1 Unconditional differences in overall means

Table 3 presents a comparison of the means of the total fertility rate (TFR),
constructed from the age-specific fertility rates (ASFRs) in 5-year intervals per
1000 women in their childbearing years, between the reform and non-reform
districts and over time. Mean fertility rates from the 1994 and 2007 census data
disaggregated by the 1997 land reform status at the district level are reported
in columns (1) and (2), respectively. The simple differences between the two
means over time show the trend between census waves for reform and non-
reform districts. They are given in column (3). The mean double-difference
and the relative percentage change in TFR are reported in columns (4) and
(5), respectively. The latter is calculated comparing the observed difference-
in-differences with a counterfactual case assuming that the non-reform districts
had the same trend as the reform districts in the absence of the land reform.
The TFR substantially declined from 4.89 in 1994 to 3.96 in 2007 (a decrease

by about 19 percent) in the districts covered by the 1997 land reform while it
slightly increased from 4.40 in 1994 to 4.45 in 2007 (an increase by about 1
percent) in the non-reform areas. The difference in these differences, -0.989, is
significantly different from zero at conventional levels, suggesting that women
from the reform districts reduced their lifetime fertility by roughly one child be-
tween the two census waves as compared to those from the non-reform districts.
In relative terms, this is equivalent to a decrease in total fertility by about 20
percent.

[Insert Table 3 about here]

This observed reduction in the TFR can most likely be ascribed to the
1997 land reform which was implemented in the southern half of the Amhara
regional state. Although this is consistent with the natural experiment provided
by the staggered military campaign of the EPRDF forces, it is prudent to be
cautious as there might be other variables related to fertility rates which could
systematically vary over time and administrative units. Therefore, we rechecked
these findings in a multivariate regressions framework with additional controls
for observable characteristics to improve the credibility of a causal inference.

4.2 Graphing means by age group

We descriptively showed that there was a substantial reduction in the TFR in
the reform districts as compared to that of non-reform districts. In Figure 2,
we project the difference-in-differences approach into a graphical representation,
comparing the ASFR for the reform and non-reform districts. The upper and
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lower graphs show the ASFRs for the reform and non-reform districts, respec-
tively. The bars leaning leftward are the ASFRs for the 1994 census and those
leaning rightward are the ASFRs for the 2007 census. The ASFRs are ordered
top-to-bottom starting from older to younger age groups. The unit of observa-
tion is ASFR per 1000 women in a particular childbearing age group of a 5-year
interval.
As can be seen, the ASFRs are fairly normally distributed across age groups,

with women aged 25—29 being the most fertile age group but women 10—14 as
well as 45—49 being the least fertile age groups. Simple visual observation of
the top panel of Figure 2 reveals that the ASFR had decreased for virtually
all age groups in reform districts after the implementation of the reform. On
the other hand, we do not observe any systematic changes in the ASFRs of the
non-reform districts between the 1994 and 2007 census. If anything, the ASFRs
have slightly increased for the most fertile age groups between 20 and 29 years
of age.

[Insert Figure 2 about here]

These simple observations imply that the reduction in the TFR of the reform
districts is actually driven by a reduction in the ASFRs across virtually all age
groups of women of childbearing age. These descriptive figures suggest that it
is rather unlikely that the observed reduction in the TFR in the reform districts
can be ascribed to other programs, such as the revised family code or family
planning, which would target particular age groups rather than all women in
their childbearing years.

4.3 Regression-based impact estimates on fertility out-
comes

The correlations presented in Table 2 show some differences between the reform
and non-reform districts for variables potentially affecting fertility outcomes. In
this section we present the results of regressions both with and without control
variables. Including controls improves on the unconditional mean differences
shown above by removing the influence of other observable variables affecting
fertility from the estimated impact of the implementation of the reform.
Table 4 reports our main regression results for all (columns (1) and (2)) as

well as rural (columns (3) and (4)) and urban (columns (5) and (6) enumeration
areas aggregated at the district level. The policy variable of interest is the 1997
Amhara land reform, measured by a binary indicator equal to one if the reform
was implemented in at least one of the peasant associations belonging to a
particular district. All regressions include district fixed effects. We have 206
observations in the full aggregated data16 , 198 in the rural aggregated data,
and 202 in the urban aggregated data. The inference is based on Huber/White
standard errors.
16Note that the adiministrative data has missing information on three districts. Hence six

cluster-time observations are missing from the analysis.
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We estimate that the TFR has decreased between 0.965 (without controls)
and 0.988 (with controls) in the reform areas. All the estimates are highly
significant at the 1 percent level. This effect is clearly driven by rural households,
for which we estimate that the TFR has decreased between 1.224 and 1.202,
depending on the specification. Again, the point estimates are highly significant
at the 1 percent level. In turn, looking at the urban data, no significant effect
for the TFR in the reform areas is found.

[Insert Table 4 about here]

We repeat the regression set from Table 4, replacing the binary policy indi-
cator with the proportion of peasant associations per district implementing the
reform as a measure of intensity of the reform. Doing so, we account for the fact
that not all peasant associations may have fully implemented the reform. Table
5 has the results. We find the same pattern of results, with point estimates fairly
close to those estimated with the binary policy indicator. For the full data, we
estimate a reduction in the TFR between 0.793 and 0.822. Again, this effect is
driven by the rural data, for which we estimate a reduction in the TFR between
1.045 and 1.032. All of these point estimates are significant at conventional
levels. For the urban data, we do not find any significant relationship.

[Insert Table 5 about here]

The regression results show that there was a pronounced decline in the TFR
in the reform districts as compared to the non-reform districts. This effect
is driven by the rural data. For the following regressions, we use the same
difference-in-differences specification as before but disaggregate the TFR into
the ASFR used to construct it. We ran eight different regressions for each ASFR
for each age group of women in their childbearing years (in 5-year intervals) for
the full, rural and urban sample, separately. All regressions include district
fixed effects and controls.
Table 6 has the results for the full sample. We find a significant reductions

in the ASFRs for age groups between 20 and 24 years of age to 40 and 44 years
of age. The strongest effect is found for women in the age groups 25—29 and
30—34. Again, the effect is clearly driven by the rural sample. Table 7 has the
results. Across virtually all age groups we estimate a reduction in ASFRs for
the reform districts. The effect is particularly pronounced for women in the
most fertile age group (25—29), for which the ASFR is estimated to decrease by
64.97 per 1000 women, and for those 30—34, for which the ASFR is estimated
to decrease by 59.41. Thus the reduction in the TFR for women in the reform
districts shown above is driven by a reduction in the ASFRs in age groups where
women are unlikely to be giving birth for the first time17 , i.e., fertility seems to
reduce at the intensive rather than the extensive margin. For the urban sample,
we do not find a systematic relationship between the reform and the ASFRs
across age groups. Table 8 shows the regressions from the urban sample.
17According to the Demographic and Health Survey (2000), more than 60 percent of

Ethiopian women gave birth for the first time before age 25.
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[Insert Table 6 about here]

[Insert Table 7 about here]

[Insert Table 8 about here]

4.4 Regression-based estimates of the impact on other
outcomes

The available census data allows us to examine the impact of the land reform on
two other outcomes: female labor market participation and a woman’s decision
as to at what age to get married. For each outcome variable we ran one plus
eight different regressions for a particular outcome variable for all women in their
childbearing years as well as by age group of women in their childbearing years
(in 5-year intervals). The regressions follow the same identification strategy as
before. We focus on the rural sample as we have demonstrated that it is the
main driver of our findings.
The impact on female labor market participation could be an indirect one. If

women have fewer children, they may have more time to engage in labor market
activities outside the household. The results are reported in Tables 9, 10 and 11
for self-employment, wage employment, and housework, respectively. We find
some evidence for an increase in the proportion of self-employed women in the
age groups between 20—25 and 45—49. However, the point estimates for all other
age groups as well as for the full sample of women are not statistically significant
even if they do have a positive sign. We do not find any evidence for an increase
in the proportion of women participating in formal wage employment in response
to the land reform. In line with these findings, our results do not show a decrease
in the proportion of women reporting housework as their main occupation in the
reform relative to the non-reform areas. Nonetheless, it is worth mentioning that
the time trend is consistently positive for self-employment while it is consistently
negative for housework, implying, for the whole of Amhara, a continual increase
in female self-employment outside the house but a decrease in housework as the
main activity over the two census periods.

[Insert Table 9 about here]

[Insert Table 10 about here]

[Insert Table 11 about here]

Furthermore, the land reform may have had a direct effect on the decision to
get married. Table 12 has the results for the proportion of unmarried women.
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[Insert Table 12 about here]

We find a considerable change in the proportion of unmarried women be-
tween reform and non-reform districts in the 10—14 and 15—19 age groups of
women. For these age groups, it is estimated that the proportion of women
who have never been married increased by 8.1 and 11.4 percent in reform areas.
The effect is strong enough to be statistically significant in the regression for all
women in their childbearing years. The effect is sizeable, but we can only spec-
ulate on the reasons. One interpretation would be that the decreasing benefits
from childbearing through the reform may have resulted in delayed marriage
and thus the postponement of childbearing (having children before marriage is
stigmatized in rural areas and thus a rather rare occurrence).

4.5 Robustness checks

4.5.1 Spillovers

Our empirical approach rests on the assumption that there is no contamination
of the non-reform districts through the reform districts, e.g., there should be no
change in aggregate fertility behavior at the district level of unexposed districts
because of influences from exposed districts. This may happen, for instance,
through peer effects in reproductive decisions. Imitative behavior may influence
the desired family size in such a way that it becomes a function of the average
family sizes in relatives’or friends’families (Dasgupta, 1993). If family ties reach
across district borders from areas affected by the reform into areas not affected
by the reform, this may lead to spillovers in fertility outcomes. If this is the case,
non-reform districts sharing a border with reform districts should systematically
differ in their change in fertility outcomes from non-reform districts which do
not share a border with reform districts. If there were spillovers, our impact
estimates would be downward biased. We test for this with a placebo difference-
in-difference specification in which we set a pseudo-dummy equal to one if a
non-reform districts shares a border with a reform district and zero if a non-
reform district does not share a border with a reform district. Table 13 has the
results.

[Insert Table 13 about here]

We find no statistically significant change for either the full, the rural, or the
urban sub-samples. We conclude that there are no systematic differences in the
TFR between non-reform districts that share a border with a reform district
and those without a shared border.

4.5.2 Using selection-on-observables to assess the bias from unob-
servables

Furthermore, we assume that there is no policy endogeneity, i.e., the selection
of districts into the reform along unobservable district characteristics. While
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we use fixed effects to average out time-constant unobserved heterogeneity at
the district level and use the available data from the census to control for time
varying factors at the district level, there may still be a bias in the estimates due
to time varying unobservables at the district level correlated with the implemen-
tation of the reform and fertility rates. In this section, we assess the likelihood
that the estimates are biased by time varying unobservables. We follow the idea
that selection from observables can be used to assess the potential bias from
unobservables (Altonji et al., 2005; Bellows and Miguel, 2008; Nunn, 2011), i.e.,
how much stronger does selection on unobservables need to be relative to the
selection on observables, to explain away the estimated impact.
We consider two regressions per outcome variable: one with a full set of

control variables and the other with a restricted set of control variables. The
assessment on the selection of unobservables follows from a comparison of the
estimated betas across regressions for the same outcomes, but with different
sets of control variables. We then calculate a ratio with the estimated βfull3

from the model with a full set of controls, relative to the difference between
the estimated βs for the restricted and the full model, (βrestrict3 − βfull3 ), i.e.,
βfull3 /(βrestrict3 − βfull3 ). The smaller (bigger) the difference between βrestrict3

and βfull3 relative to βfull3 , the lower (higher) the effect of the selection-of-
observables on the estimates. Put differently, a large (small) ratio implies a weak
(strong) selection-on-unobservables. The ratio tells us how strong the selection-
on-unobservables has to be to explain away the estimated reform impact.
We use two restricted sets of variables: one that consists of controls for the

demographic composition of the district and another that includes the controls
for the religious composition of the district. The full set of variables consists of
the two restricted sets together. Irrespective of the control sets, all regressions
include district fixed-effects. The estimated ratios for the TFR in the full, rural
and urban samples are reported in Table 14.

[Insert Table 14 about here]

Across all comparisons of control sets, the selection on unobservables would
need to be at least eleven times greater than the selection on observables to
explain away the effect. These findings imply that the estimated impact of the
implementation of the reform on fertility is unlikely to be driven by selection
due to time varying unobservables.

5 Conclusions

We have studied the impact of a land reform on the fertility outcomes of house-
holds in rural Ethiopia using a natural experiment. Public policies and cus-
toms had created a situation where Ethiopian households could influence their
usufruct rights to land via a demographic expansion of the family. In this paper
we have evaluated the impact on fertility outcomes of the abolishment of these
pronatal property rights. Matching aggregated census data with administrative
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data on the reform, we compared total fertility rates for districts implementing
with the rates for those not implementing the reform, both before and after the
reform.
We have estimated a substantial effect of the land reform on fertility out-

comes. For the full sample, we estimated a 0.99 reduction in the total fertility
rate, i.e., a reduction of lifetime fertility by one child per woman, a result clearly
driven by the rural rather than the urban sample: for the rural sample, the es-
timated reduction in lifetime fertility rate is about 1.2 children. Looking at
age-specific fertility rates, which were used to construct the total fertility rate,
we have found a clear reduction in fertility across virtually all age groups in the
rural sample. The effect is particularly pronounced for women in the most fer-
tile age groups, 25—29 and 30—34. Doing robustness checks, we concluded that
our impact estimates are neither biased by spillovers nor by policy endogeneity.
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A Appendix

Figure 1: Reform and non-reform districts

Note: Reform districts are colored in green, non-reform districts are colored
in red. Own map produced from administrative data.
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Figure 2: Age-specific fertility rates by reform
and non-reform areas
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Note: Difference-in-differences representation of age-specific fertility rates
by reform and non-reform districts.
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Variable definitions

Variable Variable Description Data source
name type in census

Total fertility Outcome Constructed by summing age-specific Q29, 2007
rate fertility rates in a district multiplied by Q38, 1994

length of age groups
Age-specific Outcome The number of live birth per 1000 Q29, 2007
fertility rate women in a district in the past 12 Q38, 1994

months for women aged 10—49
grouped into 5-year intervals

Unmarried Additional Proportion of women in a district Q25, 2007
Outcome who have never been married Q10, 1994

Self-employed Additional Proportion of women in a district Q24, 2007
Outcome who are self-employed as main Q30, 1994

occupation
Employed Additional Proportion of women in a district Q24, 2007

Outcome who are employed as main Q30, 1994
occupation

Housework Additional Proportion of women in a district Q24, 2007
Outcome who do housework as main Q30, 1994

occupation
Reform Treatment A binary indicator equal to one Administrative

if at least one peasant data
association within a district
implemented the reform, and

zero otherwise
Reform Treatment Proportion of peasant associations Administrative
intensity within a district implementing data

the reform
Population in Controls Total number of district Q2, 2007
age groups 12— population in age group 12—17/ Q14, 1997
17/18—65/>65 18—65/ older than 65
Orthodox/ Controls Total number of district Q7, 2007
Animist/ population being Orthodox/ Q19, 1997
Muslim Animist/ Muslim
population

Notes: Except for administrative data from the Environmental Protection,
Land Administration and Use Authority, all data taken from 1994 and 2007
Population and Housing Census. Q refers to item in census questionnaire.
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Table 1: Descriptive statistics

(1) (2) (3) (4) (5)
N Mean S.d. Min Max

Outcomes: Fertility measures
Total fertility rate 212 4.37 1.16 0.93 9.02
Age-specific fertility rate (10 to 14) 212 6.66 11.42 0 61.49
Age-specific fertility rate (15 to 19) 212 70.16 36.36 0 195.12
Age-specific fertility rate (20 to 24) 212 169.20 51.87 11.90 297.62
Age-specific fertility rate (25 to 29) 212 191.23 54.75 31.25 375.00
Age-specific fertility rate (30 to 34) 212 177.05 62.04 0 347.83
Age-specific fertility rate (35 to 39) 212 142.05 59.38 21.28 333.33
Age-specific fertility rate (40 to 44) 212 78.37 48.54 0 280.00
Age-specific fertility rate (45 to 49) 212 39.06 38.88 0 333.33

Outcomes: Marriage and labor market
Unmarried women (proportion of, 10 to 49) 212 0.34 0.09 0.09 0.61
Self-employed women (proportion of, 10 to 49) 212 0.19 0.11 0.05 0.51
Employed women (proportion of, 10 to 49) 212 0.03 0 .04 0.00 0.23
Women in housework (proportion of, 10 to 49) 212 0.42 0.22 0.01 0.84

Reform indicators
Reform 206 0.70 0.46 0 1.00
Reform intense 206 0.66 0.46 0 1.00

Controls
Population in age group (log of, 12—17) 212 5.94 0.48 4.53 6.95
Population in age group (log of, 18—65) 212 7.10 0.46 5.59 8.05
Population in age group (log of, >65) 212 4.44 0.56 2.30 5.75
Orthodox population (log of) 212 7.40 1.08 3.33 8.81
Animist population (log of) 212 0.15 0.54 0 4.37
Muslim population (log of) 212 4.52 2.18 0 8.61
Amharan population (log of) 212 7.69 0.66 4.63 8.78

Notes: All variables, except for the reform indicators, are taken from the 1994
and 2007 Population and Housing Census. All variables are aggregated at the
district level. Note that the proportion of women in the age group 10 to 49
being self-employed, employed or in housework as main occupation does not
add up to one due to women still in school, in occupations classified as other

or missing information.
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Table 2: Comparison of reform and non-reform districts at baseline

(1) (2) (3) (4) (5) (6)
Reform Reform Reform Reform Reform Reform

Total fertility 0.0452 0.0500 0.0100
rate (0.0457) (0.0443) (0.0212)
Age-specific fertility 0.0024 0.0032 0.0022∗

rate (10 to 14) (0.0037) (0.0039) (0.0013)
Age-specific fertility 0.0002 0.0002 -0.0004
rate (15 to 19) (0.0015) (0.0014) (0.0005)
Age-specific fertility -0.0013 -0.0008 0.0005
rate (20 to 24) (0.0012) (0.0012) (0.0003)
Age-specific fertility 0.0014 0.0017 -0.0002
rate (25 to 29) (0.0011) (0.0011) (0.0003)
Age-specific fertility 0.0013 0.0006 0.0000
rate (30 to 34) (0.0009) (0.0009) (0.0003)
Age-specific fertility -0.0004 -0.0004 -0.0008∗

rate (35 to 39) (0.0008) (0.0008) (0.0005)
Age-specific fertility 0.0004 0.0005 0.0006∗∗

rate (40 to 44) (0.0011) (0.0010) (0.0003)
Age-specific fertility -0.0007 -0.0008 -0.0004
rate (45 to 49) (0.0011) (0.0011) (0.0003)
Self-employed women -2.4325 -2.1552 -2.1907 -2.2071 -0.0458 -0.2876
(proportion of, 10 to 49) (1.6599) (1.7221) (1.6109) (1.6764) (0.4647) (0.4613)
Employed women 2.3905 1.9768 -3.2555 -4.6445 0.3970 0.4390
(proportion of, 10 to 49) (1.7268) (1.9096) (4.4689) (4.6646) (0.5992) (0.6021)
Women in housework -0.0768 -0.1818 0.1270 0.0938 0.5794 0.6986
(proportion of, 10 to 49) (0.3980) (0.4180) (0.3947) (0.4210) (0.5751) (0.6002)
Unmarried women -0.5943 -0.4653 -1.1086 -0.7910 0.4085 0.5175
(proportion of, 10 to 49) (0.7609) (0.8497) (0.7525) (0.8618) (0.4695) (0.4691)
Population in age 0.7956∗∗ 0.7915∗∗ 0.9348∗∗∗ 0.8815∗∗∗ 0.9082∗∗∗ 0.9279∗∗∗

group (log of, 12—17) (0.3091) (0.3212) (0.3152) (0.3302) (0.2886) (0.2891)
Population in age -0.9307∗∗ -0.9485∗∗ -1.1841∗∗∗ -1.0849∗∗ -1.1437∗∗∗ -1.2083∗∗∗

group (log of, 18—65) (0.4257) (0.4549) (0.4464) (0.4764) (0.3769) (0.3769)
Population in age 0.3433∗∗ 0.3313∗ 0.4231∗∗ 0.3855∗∗ 0.3042∗∗ 0.3183∗∗

group (log of, >65) (0.1672) (0.1803) (0.1742) (0.1893) (0.1405) (0.1401)
Orthodox -0.0558 -0.0523 -0.0429 -0.0389 -0.0450 -0.0236
population (log of) (0.0386) (0.0393) (0.0376) (0.0396) (0.0400) (0.0410)
Animist 0.1229 0.1404 0.1512 0.1792∗ 0.1196 0.0672
population (log of) (0.0998) (0.1009) (0.0993) (0.1030) (0.0994) (0.1015)
Amharan 0.0309 0.0679 -0.0344 -0.0113 0.0849 0.0952
population (log of) (0.1254) (0.1309) (0.1254) (0.1315) (0.1255) (0.1267)
Sample full full rural rural urban urban
Mean (s.d.) LHS 0.6990 0.6990 0.6893 0.6893 0.7087 0.7087
variable (0.4609) (0.4609) (0.4650) (0.4650) . (0.4565) (0.4565)
Observations 103 103 98 98 101 101
R-squared 0.1853 0.2429 0.2244 0.2670 0.1731 0.2808
F -test 1.8811 1.4969 2.2618 1.5986 1.6935 1.7790

Notes: Least squares regressions with conventional standard errors in
parentheses. LHS variable is reform, a binary indicator equal to one if the land
reform was implemented in a district and zero otherwise. Significance level at

90(*), 95(**), 99(***) percent confidence.
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Table 3: Comparison of reform and non-reform districts over time (full sample)

Mean in Mean in Difference in Difference in Percentage
1994 2007 means differences change
(1) (2) (2)-(1)

Reform 4.8938 3.9554 -0.9384
(1.2667) (0.8779) (0.1816)
N = 72 N = 72

No reform 4.3997 4.4500 0.0503 -0.9887 19.99
(0.8064) (1.1301) (0.2493) (0.2043)
N = 31 N = 31

Notes: Columns (1) and (2) contain means for the total fertility rate by reform
and non-reform districts and years. Column (3) shows the difference in means
over time for reform and non-reform districts. Column (4) shows the difference

in these differences. Standard deviations are given in parentheses. The
percentage change is calculated by dividing the difference-in-differences by the
sum of the 1994 reform mean and the 1994 to 2007 difference in means in

non-reform districts (Milligan, 2005).
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Table 14: Selection on observables (robustness check)

Controls in Controls in Full Rural Urban
restricted set full set sample sample sample

none demographic 41.02 13.82 9.23
none religious and ethnic 15.74 21.90 36.19
none demographic, religious and ethnic 38.11 76.58 7.63
demographic demographic, religious and ethnic 20.24 18.09 39.28
religious and ethnic demographic, religious and ethnic 25.10 16.25 9.40

Notes: The table reports ratios of estimated coeffi cients from two regressions.
One includes the restricted set of controls, the other the unrestricted set of
controls. All combinations of control sets are estimated for full, rural and

urban.
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