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A Data Description and Descriptive Statistics

The mortality data is extracted from US Vital Statistics (Grove and Hetzel 1968, Linder and

Grove 1947, Ruggles, Alexander, Genadek, Goeken, Schroeder, and Sobek 2010, Bureau 1943). In

particular, we combined and extended the data series collected by Grant Miller (http://www.nber.org

/data/vital-statistics-deaths-historical/), and by Seema Jayachandran, Adriana Lleras-Muney, and

Kimberly Smith (http://www.aeaweb.org/articles.php?doi=10.1257/app.2.2.118).

State time series data on logged state per capita income were downloaded from the Bu-

reau of Economic Analysis website (http://www.bea.gov/regional/spi/). Data on the number of
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schools, doctors, hospitals, and educational expenditures per capita were taken from Adriana Lleras-

Muney’s website (http://www.econ.ucla.edu/alleras/research/data.html). These data were origi-

nally collected from various volumes of the Biennial Survey of Education (schools and expenditures)

and the American Medical Association’s American Medical Directory (doctors and hospitals). For

state per capita health expenditures, we used data collected from various reports from the US Cen-

sus Bureau. (See http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/6304?archive=ICPSR&q=6304).

The state level data is matched to individual data by women’s birth state.

The main outcome variables are constructed as follows.

� Net total fertility is the total number of own children living in the household. Net childlessness

is a variable equal to one when this is zero and equal to zero otherwise.

� Gross total fertility is the total number of live births the woman ever had. Gross childlessness

is a variable equal to one when this is zero and equal to zero otherwise. The number of live

births was a question asked to ever-married women in the 1940 and 1950 censuses and to all

women in subsequent censuses.

� The intensive margin of fertility for both of these measures is defined as total fertility condi-

tional on not being childless; hence, this variable takes a missing value for childless women.

� The variable Working takes a value of one if the woman reports working at the time of the

census and zero otherwise.

� The variable In Labor Force takes a value of one if the woman reports she is in the labor force

at the time of the census.

� Personal income is the reported own income from all sources in the last year. It is available

for the 1950 census and onwards.

� The Hauser and Warren Socioeconomic Index (H-W SEI) is a measure of occupational status

based on earnings and education. It assigns a measure of prestige to each occupation. See

ipums.org for a detailed explanation of its construction. It is available for the 1950 census and

onwards. We also considered occscore from the IPUMS data and the Duncan socioeconomic

score as outcomes, with similar results.

� Hours worked is the reported number of hours worked in the past week. The original data

is an intervalled variable and it is converted to a continuous variable using the midpoint of

each interval.

� The variable Currently married takes the value one if a woman is married at the time of the

census and zero otherwise.

� Ever married is a dummy variable equal to one if a woman has been married at some point

in her life and zero otherwise.
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� Age at 1st marriage is the age at which a woman first married, only defined for women who

have ever married, and not available for the 1950 census, hence making the sample size for

this variable smaller than for the other outcomes.
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B Trend Breaks, Cross-State Convergence and Measurement of

Child vs Adult Pneumonia

We formally test convergence in mortality rates after the introduction of sulfa drugs in 1937. Table

A.4 tests for the existence of a trend break in mortality rates in 1937, captured by a linear trend

interacted with a post-1937 dummy variable, and shows that high mortality states pre-1937 had

larger declines in mortality rates post-1937.

Table A.4: Trend breaks and test of convergence in pneumonia mortality rates

(1) (2) (3)

A: Trend breaks Pneumonia all-age Pneu U5 Pneu Adults

year ∗ post1937 -0.0999∗∗∗ -0.8059*** -0.0684***

(0.0059) (0.1111) (0.0040)

post1937 -0.1408∗∗∗ -1.0910*** -0.1500***

(0.0240) (0.3877) (0.0150)

year 0.0192∗∗∗ -0.0249 0.0325***

(0.0042) (0.0792) (0.0031)

N 667 582 628

R2 0.7573 0.7724 0.7026

(4) (5) (6)

B: Convergence Pneumonia all-age Pneu U5 Pneu Adults

prePneumoniabyage ∗ post1937 -0.2940∗∗∗ -0.4025*** -0.4889***

(0.0459) (0.0394) (0.0442)

N 667 582 624

R2 0.8603 0.8215 0.8432

These are OLS regressions (standard errors in parentheses) at the state-year level. The dependent variables

are: (1) & (4), the all-age pnuemonia mortality rate used in the baseline regressions; (2) & (5), the under-5

pneumonia mortality rate; and (3) & (6), the pneumonia mortality rate among adults 25-64. prePneumoniabyage

is the 1930-36 average state-level mortality rate from pneumonia in age groups to match the dependent variable

e.g. in regression (5), this would be the 1930-36 average pneumonia mortality rate among under 5s by state.

year is a linear time trend and post1937 is a dummy variable for the years 1937 and later. All regressions also

include state fixed effects, and regressions (4)-(6) also include year fixed effects. * denotes p-value<0.1, ** denotes

p-value<0.05 and *** denotes p-value<0.01.
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Table A.5: Relationship between timing of entry into national vital registration systems and dis-
persion in mortality rates

(1) Child mortality dispersion (2) Adult mortality dispersion

Year of entry 0.014** -0.0019
(0.0067) (0.0044)

N (registration group-years) 40 40

We first calculate the dispersion of under-5 (child) and age 25-64 (adult) pneumonia mortality rates for each year

of first participation in the birth and death registration systems and each calendar year. We define dispersion

as the standard deviation of the observations within each group, divided by the mean mortality rate within

those groups (to ensure comparability between child and adult rates). For both children and adults, we then

regress dispersion against the year of entry (conditioning on calendar year fixed effects). The coefficients reflect

the change in the dispersion measure for each additional year of delay (relative to 1915, the earliest year that

any state entered both registration systems). * denotes p-value<0.1, ** denotes p-value<0.05 and *** denotes

p-value<0.01.

Table A.6: Comparing coefficients on the all-age and under-5 rate across specifications

Outcome
(1) Baseline coefficient on

all-age rate
(2) Coefficient on U5

rate

Birth timing model
Birth timing -0.0233** -0.0006

(0.0100) (0.0008)

Later life outcomes model
Childlessness 0.0089*** 0.0006***

(0.0024) (0.0002)
Total fertility -0.0483*** -0.0025**

(0.0127) (0.0010)
Working status 0.0058*** 0.0003***

(0.0017) (0.0001)
Married status -0.0023* -0.0001*

(0.0001) (0.0001)

Column 1 is the specification in the paper using the all-age pneumonia mortality rate. Column 2 replaces this

with the under-5 pneumonia mortality rate. For birth timing, the model is a logistic regression with marginal

effects reported. The coefficients on all-age and under-5 mortality are not comparable in size because the mean

rates are different. * denotes p-value<0.1, ** denotes p-value<0.05 and *** denotes p-value<0.01.
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C Additional Tables, Figures and Robustness Checks

C.1 Figures

Figure A.1: Rates of missing or unknown causes of infant deaths in infant death certificates, 1940.
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Histogram plots the number of U.S. states by share of infant death certificates in 1940 with cause of death listed as
unknown or missing. 22 states had at least 2% or more infant deaths that were poorly defined or missing (10 had 8%
or greater deaths listed in this manner). By comparison, for deaths across all ages - which includes adults - 15 states
had at least 2% missing or ill-defined and only 3 had greater than 8% of deaths listed in this manner. Unfortunately,
the data do not identify specific states. Source: Linder and Grove (1947).
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Figure A.2: Map of earliest state birth and death registration system adoption year

This map shows the earliest year in which a state had adopted both the birth and death registration systems.

Figure A.3: Dispersion of under-5 and adult mortality rates by registration system adoption year

This graph plots the dispersion of under-5 (child) and age 25-64 (adult) mortality rates from pneumonia over the
period 1933-1936 for states that first participated in both the national birth and death registration system before
and after 1920 (early and late states, respectively). We chose this period since it was after all states had entered the
vital registration system and before the arrival of sulfa drugs. Dispersion was calculated as the standard deviation
in mortality rates across the set of states in each of the early and late registration groups for each year in the study
period. To make child and adult measures of dispersion comparable, we divided the standard deviations by the mean
mortality rate for each age-registration-calendar year group.
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Figure A.4: Missing or unknown causes of deaths over time, all ages, by registration entry.
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Graph plots the share of all death certificates with unknown or missing causes for states that entered the death
registration system by 1900 (early) and states that entered thereafter (late). Source: Linder and Grove (1947).
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Figure A.5: Pneumonia and Maternal Mortality, United States, 1930-1936

This figure shows the relationship between the average pneumonia and maternal mortality rates in 1930-1936 across
different states in the United States. Source: Vital Statistics.

69



1.30 - 1.55
1.15 - 1.30
1.09 - 1.15
0.99 - 1.09
0.88 - 0.99
0.78 - 0.88
No data

(a) Pneumonia Mortality

7.32 - 9.63
6.46 - 7.32
6.06 - 6.46
5.59 - 6.06
5.19 - 5.59
4.49 - 5.19
No data

(b) Maternal Mortality

Figure A.6: Maps showing pneumonia and maternal mortality across the U.S.

This figure displays the average state-level mortality rates between 1930-36, with shading representing discrete cate-
gories of levels of mortality rates.
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Figure A.7: Articles appearing in the New York Times when sulfa drugs arrived to the U.S.
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Figure A.8: Event Study: Stock fertility, labor market and marriage outcomes as a function of
years of exposure bins
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This figure displays the coefficients and 95% confidence intervals around these coefficients on the variable
prePneumonia ∗ sulfayearbins, where sulfayearbins are five dummy variables for years of exposure to sulfa drugs.
The bins are 0 years, 1-8 years, 9-16 years, 17-24 years and 25 years. The base (omitted) case is 0 years, the unex-
posed.
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Figure A.9: Nonparametric Patterns of Outcomes by Above/Below Median Pneumonia Mortality
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These figures show the average state-level outcomes of women in above and below median pneumonia mortality states
in each census year, where this is defined based on average pneumonia mortality rates in 1930-36. Fertility outcomes
are defined based on net fertility. The sample includes all women aged 30-40 at the time of the census. The dashed
line shows the year 1937, when sulfa drugs were introduced to the US.

C.2 Tables
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C.2.1 Women’s mortality rates and Census region x Cohort FEs check
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C.2.2 Sensitivity to controls
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C.2.3 New Deal, WW2, Dust Bowl and Mean reversion checks
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C.2.4 Education outcomes
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C.2.5 Occupation structure and Adult mortality rates checks
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C.2.6 Placebo test, Age of conception and Mountain/South states checks
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C.3 Additional Robustness Checks

C.3.1 Alternative sample definitions

First, we show that our stock model results are not sensitive to sample definitions. We reestimate

the net fertility results for 18-36 year olds at the time of the census (a child born to a woman

aged 18 would leave home at 36, hence this measure minimises underreporting of children who have

left home). These results are in Panel A of Table A.28. All the results are statistically significant

and the magnitudes are comparable to those in the main text. Panel B complements this analysis

by presenting results for gross uncompleted fertility; that is, gross fertility for 18-40 year olds.

The coefficients are comparable in magnitude to the main text, although they are not precisely

estimated; this is likely driven by the fact that the gross fertility question was only asked to ever

married women in the 1940 and 1950 censuses, and 95% of the sample in these regressions comes

from these two censuses. As the main results suggest that fertility and marriage decisions are

intertwined, restricting the sample to ever married women leads to a select sample of women.

In Table A.29, we show that the labor supply results are robust to using a sample of 18-40 year

olds and 18-60 year olds; as with the fertility results, the coefficients have the largest magnitudes for

the youngest sample. This Table also shows robustness to widening the marriage market sample.

C.3.2 Outliers

Next, we reestimate the main results but excluding New Mexico, which was shown to be an outlier

state in Figure 8. The hazard model results are in column (1) of Table A.31, while the stock model

results are in Panel A of Tables A.32 (fertility) and A.33-A.34 (labor and marriage markets). The

exclusion of New Mexico does not change the results in a substantive way.

C.3.3 OLS and Woman Fixed Effects

In order to verify that our results are similar in a simpler estimation model, we estimate the hazard

model using OLS (Table A.31). In the same table, to control for time invariant unobserved factors

at the woman level that affect birth probability and potentially are also correlated with mortality

rates, we estimate the hazard model with woman fixed effects. The coefficients are similar to the

main results in Table 1, but they are less precisely estimated.

C.3.4 Multiple hypothesis testing

Finally, in Panel C of Table A.33, we adjust the standard errors from the main results (Table

5) for multiple hypothesis testing. (We do not adjust the standard errors for fertility because

these variables are all defined based on one originating variable.) In particular, we implement the

procedure described in Aker, Boumnijel, McClelland, and Tierney 2014, which adjusts standard
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errors to take into account correlation between outcomes. The formula for the adjusted p-values is

pnew = 1− (1− pold)A

A = (1− c)#outcomes,

where c is the average correlation between all other outcomes in the group. As we only consider

two marriage market outcomes, this formula can only be implemented for the labor market out-

comes. The adjusted standard errors do not change the significance of the results in a substantive

way.
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D A Model of Fertility and Labor Market Choices

D.1 Proofs

Proof of Proposition 1

Proof. We solve the woman’s problem by backward induction. At t = 2, if the woman has a

surviving child at this date, then Assumption (4) implies that her optimal strategy is not to get

pregnant (a2 = 0). Her continuation utility in this case (ignoring her exogenous endowment, which

does not affect optimal decisions) is simply V1 (A). If she does not have a surviving child, her

continuation value is

max {y2, (1− λ)V1 (A)} ,

since she can choose to either get pregnant or work for wage y2. At t = 1, it is therefore optimal

to get pregnant (a1 = 1) if and only if

λmax {0, (1− λ)V1 (A)}+ (1− λ)V1 (A) ≥ E [max {y2, (1− λ)V1 (A)}| a1 = 0] (11)

For any A < A, where A is defined implicitly by V1 (A) = 0, the inequality in (11) cannot hold

because

(1− λ)V1 (A) < 0 ≤ E [y2|a1 = 0] .

This establishes point 1 in the proposition. Next, for any A ≥ A, we can use the facts that y2 = Y

with probability p, and y2 = 0 otherwise, to reduce (11) to

(1 + λ) (1− λ)V1 (A) ≥ pmax {Y, (1− λ)V1 (A)}+ (1− p) (1− λ)V1 (A) . (12)

As a function of A, the left-hand side has slope (1− λ2)V ′
1 (A), while the right-hand side has slope

less than (1− λ)V ′
1 (A). Since V1 (0) < 0 and limA→∞ V1 (A) = ∞, there must be a unique solution

A = Ā (λ) such that (12) holds if and only if A ≥ Ā (λ). We conjecture and verify that this solution

satisfies 0 < (1− λ)V1

(
Ā (λ)

)
< Y . If this conjecture is correct, then part 2 of the proposition

follows, because it implies that pregnancy at date 2 after working at date 1 is optimal if and only if

the woman has not been promoted. Solving (12) then yields V1

(
Ā (λ)

)
= pY

(p+λ)(1−λ) , which clearly

satisfies our conjecture and also establishes part 3 of the proposition.

Proof of Proposition 2

Proof. This result follows by evaluating the probability of childlessness for each of the three cases

governing the optimal policy in Proposition 1. In case 1 (no fertility), the probability is clearly 1.

In case 2 (delayed fertility), the woman is childless either if i) she is promoted, which occurs with

probability p, or if ii) she is not promoted, gets pregnant and fails to have a surviving child, which

occurs with probability (1− p)λ. Hence, the probability of childlessness in case 2 is p+ (1− p)λ.

In case 3 (early fertility), the woman is childless if both she gets pregnant twice but has no surviving
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child, which occurs with probability λ2. Combining these probabilities with the probability mass

of women in each case, and summing across cases, yields equation (7).

Proof of Proposition 3

Proof. The first point in the proposition follows by observing that A is the implicit solution on

V1 (A) = 0. Since the definition of V1 (A) in (15) does depend on λ, it follows that A is also

independent of λ. aFor the second point, the definition of Ā (λ) can be alternatively written as

pY = (p+ λ) (1− λ)V1

(
Ā (λ)

)
.

By the implicit function theorem, we have

0 = (1− p− 2λ)V1

(
Ā (λ)

)
+ (p+ λ) (1− λ)V ′

1

(
Ā (λ)

) ∂Ā (λ)

∂λ
,

Applying the envelope theorem to (15), we obtain V ′
1

(
Ā (λ)

)
= u (1, e⋆1) > 0, where e⋆1 denotes the

optimal choice of e in problem (15) when n = 1. Hence, we find that ∂Ā(λ)
∂λ < 0 if and only if

1− p− 2λ > 0, which is equivalent to (8).

Proof of Proposition 4

Proof. This result follows by totally differentiating Equation (7) with respect to λ.

D.2 Price effects

In this appendix, we consider comparative statics with respect to child health shocks that affect both

the rate λ of child mortality and the prices τ = (τq, τe) of child quantity and quality, respectively.

In turn, prices affect the surplus associated with having n children. We make this dependence

explicit:

Vn (A; τ ) = max
e

{A · u (n, e)− n (τq + τee)}

Moreover, making the dependence of suprlus on prices and λ explicit, the value of A = Ā (λ; τ ),

at which women are indifferent between early and delayer fertility is now implicitly defined by

(p+ λ) (1− λ)V1

(
Ā (λ; τ ) ; τ

)
= pY (13)

As in the paper, we focus on conditions under which dĀ
dλ < 0, so that a positive shock (a decline

in λ) encourages delay. To analyze indirect effects of health shocks through prices, we model prices

as a function τ (λ) and consider changes in λ. We assume that this function is twice differentiable

for all λ ∈ [0, 1]. We assume that surplus continues to satisfy our parametric assumption that

V1 (A; τ (λ)) < V2 (A; τ (λ)) for all λ ∈ [0, 1].
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The total derivative of interest is now given by52

dĀ (λ; τ (λ))

dλ
=

∂Ā (λ)

∂λ
+

∂Ā (λ)

∂τ
· ∂τ (λ)

∂λ
.

We derive a sufficient condition under which the behavioral effect encourages delay in response

to a decline in λ:

Proposition 5 There exists a threshold K > 0 such that λ ≤ K−p
2 implies dĀ(λ;τ (λ))

dλ < 0.

Intuitively, a decline in λ has two distinct effects on the marginal cost of delay. First, it reduces

the marginal probabilityof childlessness due to delay, as long as λ is not too large. Second, there

is a counterveiling effect if the decline in λ lowers prices, which raises the surplus from having

children and encourages early fertility. However, the price effect affects the marginal cost of delay

in proportion to the marginal probability (p+ λ) (1− λ), and is therefore dominated when p and

λ is sufficiently small.

Proof of Proposition 5

Proof. Taking logs of Equation (13) and using the implicit function theorem, we have

∂ log V1

(
Ā (λ; τ (λ)) ; τ (λ)

)
∂A

dĀ (λ; τ (λ))

dλ
= −

[
1− p− 2λ

(p+ λ) (1− λ)
+ J (λ)

]
(14)

with

J (λ) =
∂ log V1

(
Ā (λ; τ (λ)) ; τ (λ)

)
∂τ

· ∂τ (λ)

∂λ
.

We have assumed that women’s utility and τ (λ) are twice differentiable, so that the function J (λ)

is continuous in λ ∈ [0, 1]. We can therefore define the lower bound B = infλ∈[0,1] J (λ), which is

independent of p and λ. Now assume that p+ 2λ ≤ K, so that we have

1− p− 2λ

(p+ λ) (1− λ)
+ J (λ) ≥ 1−K

K
+B.

We can find a sufficiently small K > 0 such that the right-hand side of this expression is strictly

positive. Combining with Equation (14), and noting that ∂ log V1

∂A > 0, we find that dĀ
dλ < 0 for

sufficiently small K, which completes the proof.

D.3 General dynamics

This appendix presents a version of our model with general dynamics. There is a unit measure of

women whose life cycles consists of T periods t ∈ {1, 2, ..., T}. Women’s utility is U = A·u (n, e)+c,

as in the baseline model.

52We write ∂Ā(λ)
∂τ

for the derivative with respect to both prices, and ∂τ(λ)
∂λ

for the vector of derivatives of both

prices with respect to λ. Both are vectors with two elements, and we denote their inner product by ∂Ā(λ)
∂τ

· ∂τ(λ)
∂λ

.
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At dates t = 1, 2, ..., T − 1, each woman chooses whether to get pregnant, denoted at = 1, or

to work, denoted at = 0. If she chooses at = 1, she has a surviving child with probability (1− λ),

where λ is the rate of child mortality. If she works, she earns wages yt per period. Her wages are

intialized at y1 = 0. If she works at date t and earns yt = 0, there are two possibilities. With

probability p, she is promoted, in which case her wage rises to ys = Y > 0 for all subsequent periods

s > t until her first pregnancy. With probability 1− p, she is not promoted, and her wage remains

at yt+1 = 0 for the next period. If she woman gets pregnant at t, then her wage falls to ys = 0 for

all periods s ≥ t. This is a generalization of the stochastic process in our baseline model, which

captures the “job then family” pattern of the sulfa drug era.

At the final date t = T , the woman’s fertility is complete, and she takes as given the final

number of her surviving children n ∈ {0, 1, ..., T − 1}. As in the baseline model, we define the

surplus she obtains at this date as

Vn = max
e

{A · u (n, e)− n (τq + τee)} . (15)

We assume that this surplus is concave in n. We write n⋆ = argmaxn≥0 Vn for the surplus-

maximizing number of children, assuming that 0 < n⋆ < ∞, and V ⋆ = maxn≥0 Vn for the maximized

surplus.

We write the woman’s dynamic optimization problem in recursive form. The relevant state

variables are i) the current date t, ii) an indicator ℓ ∈ {0, 1} for whether the woman is still in

the labor market, iii) her current wage y (which is always zero when ℓ = 0), and iv) her current

number of children n (which is always zero when ℓ = 1). Suppose the woman chooses action

at = a ∈ {0, 1} at date t and faces state variables (t, ℓ, y, n). The state variables at date t + 1,

denoted (t+ 1, ℓ′, y′, n), are governed by the following laws of motion:

ℓ′ = ℓ (1− a)

y′ =

ℓ (1− a) y, w.pr. 1− p,

ℓ (1− a)Y, w.pr. p

n′ =

n+ a, w.pr. 1− λ,

n, w.pr. λ

The initial values for these state variables at date 0 are given by t = 0, ℓ = 1, and y = n = 0.

We define her continuation surplus, that is, her maximized utility in excess of consuming her

current wealth, by V (t, ℓ, y, n). This value must satisfy the Bellman equation

V (t, ℓ, y, n) = max
a∈{0,1}

E
[
(1− a) y + V

(
t+ 1, ℓ′, y′, n′)∣∣ a] (16)

with terminal condition

V (T, ℓ, y, n) = Vn. (17)
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We now characterize the solution. Notice that whenever ℓ = 0 at any date, we must also have

y = 0, because women who have left the labor market cannot earn wages. Whenever ℓ = 1, we

must have n = 0, because working women cannot have children. Hence, we can restrict the state

space to the following three regions:

1. The woman has left the labor market, so that ℓ = 0 and y = 0.

2. The woman is in the labor market with high income, so that ℓ = 1, y = Y and n = 0.

3. The woman is in the labor market with low income, so that ℓ = 1, y = 0 and n = 0.

In the following proposition, we present a general closed-form solution to the Bellman equation for

each region:

Proposition 6 The solution to the Bellman equation (16) with terminal condition (17) is as fol-

lows:

1. For a woman who has left the labor market, we have

V (t, 0, 0, n) =


∑T−t

k=0

 T − t

k

 (1− λ)n λT−t−nmax {Vn+k, V
⋆} , n < n⋆,

Vn, n ≥ n⋆

(18)

2. For a woman who is in the labor market with high income y = Y , we have

V (t, 1, Y, 0) =

(t⋆H − t)Y + vt⋆H , t < t⋆H ,

V (t, 0, 0, 0) , t ≥ t⋆H

(19)

where t⋆H is the lowest integer t that satisfies

V (t, 0, 0, 0) ≥ Y + V (t+ 1, 0, 0, 0) (20)

3. For a woman who is in the labor market with low income y = 0, we have the recursion

V (t, 1, 0, 0) =

pV (t+ 1, 1, Y, 0) + (1− p)V (t, 1, 0, 0) , t < t⋆L,

V (t, 0, 0, 0) , t ≥ t⋆L,
(21)

where t⋆L ≤ t⋆H is the lowest integer t that satisfies

V (t, 0, 0, 0) ≥ pV (t+ 1, 1, Y, 0) + (1− p)V (t+ 1, 0, 0, 0) (22)

The intuition is as follows. For point 1, a woman who has left the labor market optimally gets

pregnant if and only if she has not reached the surplus-maximizing number of children n⋆. Her
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continuation value is therefore is the expectation of the maximal surplus she can achieve in T − t

trials of pregnancy. Evaluating the associated (binomial) probabilities yields Equation (18). For

point 2, we guess and verify that a woman with high income chooses a cutoff rule, and gets pregnant

after a threshold date t⋆H . The intuition for this cutoff strategy is that, because the surplus Vn is

concave in n, the marginal cost of delaying fertility by one more period is increasing over time,

while the marginal benefit is fixed at the current wage Y . For point 3, we guess and verify that a

woman with low income also chooses a cutoff rule.

This proposition immediately yields the woman’s optimal policy:

Corollary 1 The woman’s optimal policy is as follows:

1. A woman who has left the labor market chooses to get pregnant (a = 1) if and only if n < n⋆.

2. A woman who is in the labor market with high income chooses a = 1 if and only if t ≥ t⋆H .

3. A woman who is in the labor market with high income chooses a = 1 if and only if t ≥ t⋆L,

where t⋆L ≤ t⋆H .

Next, we evaluate the effect of changes in the child mortality rate λ on the woman’s strategy. For

comparison with the baseline model, we concentrate on extensive margin effects. We characterize

the effects on λ on the optimal timing of fertility among women who have not been promoted.53

Proposition 7 Assume that n⋆ ≤ 1. If the rate λ of child mortality satisfies

λ <
1− p

2
, (23)

then the threshold t⋆L that determine the optimal timing of fertility is decreasing in λ. Conversely,

a decline in λ encourages women who have not been promoted to delay their fertility. Moreover, a

woman who is indifferent between starting her fertility and waiting at t = t⋆L will choose t = t⋆L + 1

after a marginal decline in λ.

We conclude that a decline in λ leads to delay across the board, i.e., regardless of the initial optimal

choice of fertility, under the same upper bound on λ as in the baseline model.

Proof of Proposition 6 Proof. We derive the expression for value function in point 1 directly

by characterizing the woman’s optimal behavior. Then, we verify that the conjectured solutions in

points 2 and 3 satisfy the Bellman equation.

Point 1 : For a woman who has left the labor market, it is clearly optimal to get pregnant if

and only if n < n⋆. Hence, if n ≥ n⋆ at date t, the woman does not get pregnant at any date s ≥ t,

and enjoys surpus Vn at the final date. If n < n⋆ at date t, we can model the woman’s potential

number of live births as a latent binomial random variable with T − t trials and success probability

53An equivalent result for women who have been promoted is available, as long as these women optimally get
pregnant at least once, with t⋆H < T . Promoted women who never get pregnant (t⋆H = T ) may switch to trying once
(t⋆H = T − 1) after a decline in λ.
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1 − λ. If the number of successes k is such that n + k ≤ n⋆, then she optimally gets pregnant

at every date s ≥ t and enjoys final surplus Vn+k. Otherwise, she optimally gets pregnant until

n = n⋆. Evaluating her expected utility under there probabilities yields the desired expression.

Point 2: Define the sequence

vt = V (t, 0, 0, 0) , 0 ≤ t ≤ T,

as the expected surplus of a woman who begins her fertility at date t. Notice point that vt

is the expected value of max
{
Vk(t), V

⋆
}
, where k (t) is a binomial random variable with T − t

trials and success probability 1 − λ. Since max {Vk, V
⋆} is increasing in k, the expectation vt =

E
[
max

{
Vk(t), V

⋆
}]

is increasing in the number of trials and therefore decreasing in t.

Moreover, consider the increments zt ≡ vt−1 − vt . We have

zt = (1− λ)
T−t∑
k=0

(
T − t

k

)
(1− λ)k λT−t−k (max {Vk+1, V

⋆} −max {Vk, V
⋆})

Therefore zt is the expected value of

uk(t) = max
{
Vk(T )+1, V

⋆
}
−max

{
Vk(t), V

⋆
}
,

Since surplus is concave, uk is a decreasing sequence. Therefore, the expectation zt = E
[
uk(t)

]
is

decreasing in the number of trials and therefore increasing in t. From this result, it follows that

there exists a unique period t⋆H such that (20) holds if and only if t ≥ t⋆H .

We are now ready to verify that our conjectured solution V (t, 1, Y, 0) satisfies the Bellman

equation. First, suppose that t ≥ t⋆H ⇔ vt ≥ Y + vt+1. Then the right-hand side of the Bellman

equation is

max {vt, Y + vt+1} = vt

= V (t, 1, Y, 0)

as required. Second, suppose t < t⋆H ⇔ vt < Y + vt+1. Then the right-hand side of the Bellman

equation is

max
{
vt, Y + (t⋆H − t− 1)Y + vt⋆H

}
We need to show that this equals (t⋆H − t)Y + vt⋆H . This is true and only if

vt ≤ (t⋆H − t)Y + vt⋆H

⇔
t⋆H−1∑
s=t

(vs − vs+1 − Y ) ≤ 0

which is true because vs < Y + vs+1 for all s < t⋆H . Hence, the proposed solution in point 2 solves

the Bellman equation for all dates t.
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Point 3: We first show that there exists a unique period t⋆L such that (22) holds if and only if

t ≥ t⋆L. It is sufficient to show that the following is increasing in t:

vt − pvt+1 − (1− p)V (t+ 1, 1, Y, 0) = vt − vt+1 − (1− p) [V (t+ 1, 1, Y, 0)− vt+1]

The first term, vt−vt+1, is increasing in t by our argument above. The second term is zero whenever

t ≥ t⋆H . When t < t⋆H , we need to show that the expression in square brackets is decreasing in t.

This is the case if and only if

(t⋆H − t)Y + vt⋆H − vt ≥ (t⋆H − t− 1)Y + vt⋆H − vt+1

⇔ vt − vt+1 ≤ Y,

which follows from the definition of t⋆H . This argument also implies that t⋆L ≤ t⋆H .

We are now ready to verify that our conjectured solution V (t, 1, y, 0) satisfies the Bellman

equation. We consider three cases. First, suppose that t ≥ t⋆H ≥ t⋆L. Then the right-hand side of

the Bellman equation is

max {vt, pV (t+ 1, 1, Y, 0) + (1− p)V (t+ 1, 1, 0, 0)} = max {vt, vt+1} = vt,

as required. Second, suppose that t⋆H > t ≥ t⋆L, which implies that vt ≥ pV (t+ 1, 1, Y, 0) +

(1− p) vt+1. Then the right-hand side of the Bellman equation is

max {vt, pV (t+ 1, 1, Y, 0) + (1− p) vt+1} = vt,

as required. Finally, suppose that t < t⋆L, which is equivalent to vt < pV (t+ 1, 1, Y, 0)+(1− p) vt+1.

Then the right-hand side of the Bellman equation is

max {vt, pV (t+ 1, 1, Y, 0) + (1− p)V (t+ 1, 1, 0, 0)} .

We need to show that this equals the left-hand side, which is given by

V (t, 1, 0, 0) = pV (t+ 1, 1, Y, 0) + (1− p)V (t+ 1, 1, 0, 0) .

We are done if we can show that our conjectured solution satisfies

V (t, 1, 0, 0) ≥ vt.

We confirm this inequality by induction. It holds with equality at t = t⋆L. Suppose it holds at date
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t+ 1 ≤ t⋆H . Then

V (t, 1, 0, 0) = pV (t+ 1, 1, Y, 0) + (1− p)V (t+ 1, 1, 0, 0)

≥ pV (t+ 1, 1, Y, 0) + (1− p) vt+1 > vt,

where the last inequality follows from the definition of t⋆L. This completes the proof.

Proof of Proposition 7 Proof. If n⋆ = 1 then t⋆L ≤ T − 1 for all λ. If t⋆L = T − 1 then it

must weakly decrease after any change in λ. We therefore focus on t⋆L < T − 1. To show that t⋆L is

decreasing in λ, it is sufficient to show that the inequality in (22) is more likely to hold, for a given

t ≤ T − 2, after a marginal increase in λ. Hence, we need to show that the following expression is

increasing in λ:

vt − (1− p) vt+1 − p
[
(t⋆H − (t+ 1))Y + vt⋆H

]
If t⋆H = T , then this is equal to

vt − (1− p) vt+1 (24)

plus a constant that does not depend on λ. With n⋆ = 1, we have

vt =
(
1− λT−t

)
V1

so that
∂vt
∂λ

= − (T − t)λT−t−1V1

Hence, we obtain that ∂[vt−(1−p)vt+1]
∂λ > 0 if and only if

λ < (1− p)
T − (t+ 1)

T − t
,

which holds for all t ≤ T − 2 if λ < 1−p
2 .

If, on the other hand, t⋆H < T , then the expression of interest is equal to

vt − vt+1 + p
(
vt+1 − vt⋆H

)
(25)

plus a constant that does not depend on λ. The first term is strictly increasing in λ whenever

λ < 1
2 . The second term is the sum of increments vs − vs+1 for s ≤ t⋆H − 1, all of which are also

increasing in λ whenever λ < 1
2 . This establishes that t

⋆
L is decreasing in λ, as required. Since the

terms of interest in (24) and (25) are strictly increasing in λ, it also follows that a woman who is

indifferent between starting her fertility and waiting for one period at t = t⋆L (i.e., for whom (22)

holds with equality) will now choose t = t⋆L + 1 after a marginal decline in λ.
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D.4 Extensions

This appendix extends our baseline model in various directions. The associated economic intuitions

are discussed in the paper. Our treatment of heterogeneous preferences in terms of a single param-

eter A in our baseline model is not illuminating in all extensions, in particular in those with general

(not quasilinear) preferences and higher birth orders. For a unified treatment, in each extension,

we establish a more general version of our main result: A decline in child mortality λ expands the

parametric region in which delayed fertility is optimal.

In particular, in each extension, we derive the expected continuation value U1 of getting pregnant

at date 1 and the expected continuation value U0 of working at date 1. We then derive conditions

under which the following implication holds:

U1 ≥ U0 ⇒
∂ [U1 − U0]

∂λ
> 0. (26)

The intepretation of Condition (26) is as follows: If it is satisfied, then any woman who prefers

early fertility for a low value of λ will also prefer it for a higher value of λ. Moreover, if a woman

is indifferent between delayed and early fertility, then she strictly preferes delayed fertility after a

marginal decrease in λ. Hence, establishing (26) is sufficient to argue that a decline in λ encourages

a wider set of women to delay.

D.4.1 Income effects

In this section, we make two generalizations to our baseline model. First, the woman’s utility takes

the general shape U (n, e, c), where U (.) is concave in its three arguments. We assume that the

marginal utility of consumption is weakly increasing in both quality and quantity of children:

∂2U

∂c∂n
≥ 0 and

∂2U

∂c∂e
≥ 0. (27)

Second, to generate meaningful income effects between dates 1 and 2, we now allow the woman’s

wage before promotion to take a non-zero value y > 0.

We define the woman’s total income as m ≡
∑2

t=1 yt (1− at). The indirect utility of having n

children and earning total income m is

Vn (m) = max
e,c

{U (n, e, c) subject to c+ n (τq + τee) = m} . (28)

We further define the surplus from having n relative to having no children with income m as

Sn (m) = Vn (m)− V0 (m) .

We will make use of the following intermediate results

Lemma 1 The indirect utility function Vn (m) is concave in m.

121



Lemma 2 The surplus from one child satisfies

S1 (y) ≥ S1 (0) .

We characterize the conditions under which declines in λ encourage delay.

Proposition 8 If the rate λ of child mortality satisfies

λ <
1− p

2

S1 (y)

S1 (0)
, (29)

then Condition (26) is satisfied, and a decline in λ encourages a wider set of women to delay.

We can compare Condition (29), under which a decline in λ encourages delay, to the equivalent

condition in the baseline model without income effects, which is

λ ≤ 1− p

2
.

It is clear that the Condition (29) is weaker, meaning that switches to delay in response to declines

in λ are (weakly) more likely when there are income effects, because S1 (y) ≥ S1 (0), as implied by

Lemma (2).

Proof of Lemma 1 Proof. Fix n, and let (c, e) nnd (c′, e′) be the solutions to the maximization

problem in (28) when income is m and m′, respectively. Let m′′ = µm + (1− µ)m′ for some µ ∈
[0, 1]. Since the budget constraint is linear for a given n, the choice (c′′, e′′), with c′′ = µc+(1− µ) c′

and e′′ = µe+ (1− µ) e′, is affordable with income m′. It follows that Vn (.) is concave, because

Vn

(
m′′) ≥ U

(
c′′, n, e′′

)
,

≥ µU (c, n, e) + (1− µ)U
(
c′, n, e′

)
= µVn (m) + (1− µ)Vn

(
m′) ,

where the second inequality follows from the concavity of U(.).

Proof of Lemma 2 Proof. We need to show that V1 (y)−V0 (y) ≥ V1 (0)−V0 (0), or equivalently:

V1 (y)− V1 (0) ≥ V0 (y)− V0 (0)

It is sufficient to show that
∂V1 (m)

∂m
≥ ∂V0 (m)

∂m
,m ∈ [0, y] (30)

Let cn be optimal consumption, en optimal child quality, and λn the Lagrange multiplier on the

woman’s budget constraint, when the woman has n children at t = 3. Let e0 = 0 without loss of
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generality. Now (30) redues to

λ1 ≥ λ0

⇔∂U (c1, 1, e1)

∂c
≥ ∂U (c0, 0, 0)

∂c

The woman’s budget constraint yields c1 = c0− τq − τee0 < c0. If U(.) is concave and satisfies (27),

we obtain
∂U (c1, 1, e1)

∂c
≥ ∂U (c0, 1, e1)

∂c
≥ ∂U (c0, 0, 0)

∂c
,

which completes the proof.

Proof of Proposition 8 Proof. To establish Condition (26), suppose that U0 ≥ U1. We can

write

U1 = V0 (0) + (1 + λ) (1− λ)S1 (0)

U0 = pmax {V0 (y + Y ) , V0 (y) + (1− λ)S1 (y)}

+ (1− p)max {V0 (2y) , V0 (y) + (1− λ)S1 (y)} (31)

Notice that

0 ≤ U1 − U0

≤ V0 (0) + 2 (1− λ)S1 (0)− V0 (2y)

⇒ V0 (2y)− V0 (0) ≤ 2 (1− λ)S1 (0)

Since V0 (.) is concave we also have V0 (2y) − V0 (0) ≥ 2 [V0 (2y)− V0 (y)]. Using Lemma (2), we

find that

(1− λ)S1 (y) ≥ V0 (2y)− V0 (y) .

Using this inequality to simplify U0 in (31) and differentiating, we get

∂ [U1 − U0]

∂λ
= (1− p+ pδ)S1 (y)− 2λS1 (0) ,

where δ = 1 {V0 (y + Y ) ≤ V0 (y) + (1− λ)S1 (y)} ∈ {0, 1} is an indicator for whether the woman

gets pregnant upon promotion. This is positive if

λ <
1− p+ pδ

2λ

S1 (y)

S1 (0)
.

Since δ ≥ 0, the bound in (29) is sufficient for Condition (26), which completes the proof.
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D.4.2 Higher birth orders

In this section, we consider women for whom it may be optimal to have two children. We replace

our assumption that V1 (A) < V2 (A), which guaranteed that at most one child was optimal in the

baseline model, with the weaker assumption that the surplus from having children is concave in

the quantity of children. Concretely, in the three period model, we assume that:

V1 (A)− V0 (A) ≥ V2 (A)− V1 (A) ,∀A ≥ 0. (32)

For example, with a Cobb-Douglas utility function u (n, e) = eαn1−α, this is always satisfied if

α ≤ 1
2 , while at most one child is always optimal when α > 1

2 .

We characterize the conditions under which declines in λ encourage delay.

Proposition 9 If the rate λ of child mortality satisfies

λ <
1

1−∆(A)

[
1− p

2
−∆(A)

]
, ∀A ≥ 0 (33)

where

∆(A) = max

{
V2 (A)− V1 (A)

V1 (A)− V0 (A)
, 0

}
, (34)

then Condition (26) is satisfied, and a decline in λ encourages a wider set of women to delay.

The upper bound for λ in Condition (33) is tighter than the equivalent in the baseline model, which

is

λ ≤ 1− p

2
.

In particular, the right-hand side of (33) is decreasing in ∆ (A). This quantity, defined in (34),

measures the strength of a woman’s preference for a second child, relative to her preference for

her first child. If a woman does not benefit from having a second child at all, then ∆ (A) = 0.

Otherwise, ∆ (A) is a number less than one, due to our assumption that surplus is concave.

Proof of Proposition 9 Proof. To establish Condition (26), fix a preference parameter A and

suppose that U0 ≥ U1, which implies that V1 (A) ≥ 0. We now have

U0 = (1 + λ) (1− λ)V1 (A) + (1− λ)2max {V2 (A)− V1 (A) , 0}

U1 = pmax {Y, (1− λ)V1 (A)}+ (1− p) (1− λ)V1 (A)

Therefore,

∂ [U0 − U1]

∂λ
= (1− p+ pδ)V1 (A)− 2λV1 (A)− 2 (1− λ)max {V2 (A)− V1 (A) , 0}

where δ = 1 {Y ≤ (1− λ)V1 (A)} ∈ {0, 1} is an indicator for whether the woman gets pregnant

upon promotion. To establish Condition (26), it is sufficient to show under which condition this
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expression is positive when δ = 0. Substituting δ = 0 and rearranging yields the upper bound on

λ in Condition (33) and completes the proof.

D.4.3 Increasing risk of infertility

We assume that between dates 1 and 2 in our baseline model, the woman becomes infertile with

probability ϕ, in which case her probability of childbirth at date 2 drops from 1 − λ to 0. In this

environment, the risk of infertility increases when fertility is delayed.

We characterize the conditions under which declines in λ encourage delay.

Proposition 10 If the rate λ of child mortality satisfies

λ <
1− p− ϕ

1−ϕ

2
(35)

then Condition (26) is satisfied, and a decline in λ encourages a wider set of women to delay.

The upper bound for λ in Condition (35) is tighter than the equivalent in the baseline model, which

is

λ ≤ 1− p

2
.

In particular, the constraint on λ is more stringent when the likelihood ratio ϕ
1−ϕ of infertility versus

fertility is large.

Proof of Proposition 10 Proof. To establish Condition (26), fix a preference parameter A and

suppose that U1 ≥ U0, which implies that V1 (A) ≥ 0. We now have

U1 = [1− λ+ λ (1− ϕ) (1− λ)]V1 (A)

U0 = p [ϕY + (1− ϕ)max {Y, (1− λ)V1 (A)}]

+ (1− p) (1− ϕ) (1− λ)V1 (A)

Therefore,

∂ [U1 − U0]

∂λ
= V1 (A) [δp (1− ϕ) + (1− p) (1− ϕ)− ϕ− (1− ϕ) 2λ]

where δ = 1 {Y ≤ (1− λ)V1 (A)} ∈ {0, 1} is an indicator for whether the woman gets pregnant

upon promotion. To establish Condition (26), it is sufficient to show under which condition this

expression is positive when δ = 0. Substituting δ = 0 and rearranging yields the upper bound on

λ in Condition (35) and completes the proof.
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Figure A.10: Numerical example: The effect of a reduction in child mortality on fertility delay with
risk of infertility

(a) Model with 3 periods (b) Model with 6 periods

The figure plots the critical values of the preference parameter A, which measures the strength of the preference for
children, as a function of the rate λ of child mortality. If A is above the top line in panel (a), it is optimal to get
pregnant early at t = 1. If A is between the top and the bottom line, it is optimal to delay fertility t = 2. If A is
below the bottom line, then no fertility (or, equivalently, delay until t = 3) is optimal. The region of delay becomes
wider as λ declines. Similarly, panel (b) shows the optimal regions of pregnancy timing for a model with 6 periods.
The parameter values are: τq = τe = 2, u(n, e) = Aeαn1−α, α = 0.9, Y = 1, p = 0.1. We assume in this figure that
the probability of a live birth at period t is (1− λ)(1− 0.04 ∗ t), which declines linearly over time for any given λ.

D.4.4 Marriage decisions

We assume that, at the beginning of each period t = 1, 2, the woman can search for a potential

marriage partner. Her search succeeds with probability σ. If she finds a potential partner at t = 1,

she can marry or reject him. Marriage implies that the woman leaves the labor market, potential

wages drop to zero. Rejection implies that she cannot get pregnant, so that her probability of

childbirth upon choosing a1 = 1 drops to zero. If she does not find a partner at t = 1, she also

cannot get pregnant. If the woman is unmarried at t = 2, she can conduct another (independent)

search for a partner, which also succeeds with probability σ.

A woman who has not found a partner at date 1 will celarly find it optimal to work and chose

a1 = 0. Only a woman who has found a partner makes the crucial decision in our model, namely,

whether to attempt early fertility or delay.

Consider a woman who has found a partner at date 1. If she marries him, it is optimal to get

pregnant immediately and choose a1 = 1. We let U1 be the continuation payoff from this strategy.

If she does not marry him, it is optimal to work and choose a1 = 0. We let U0 be the associated

continuation payoff.

We characterize the conditions under which declines in λ encourage delay in both marriage and
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fertility. This is the case if, in terms of the continuation payoffs U0 and U1 that we have defined,

Condition (26) holds.

Proposition 11 If the rate λ of child mortality satisfies

λ <
1− p− 1−σ

σ

2
(36)

then Condition (26) is satisfied, and a decline in λ encourages a wider set of women to delay both

marriage and fertility.

We conclude that the constraint on λ is more stringent when the likelihood ratio 1−σ
σ associated

with not finding a partner is large.

Proof of Proposition 11 Proof. To establish Condition (26), fix a preference parameter A and

suppose that U1 ≥ U0, which implies that V1 (A) ≥ 0. We now have

U1 = (1 + λ) (1− λ)V1 (A)

U0 = y + p [(1− σ)Y + σmax {Y, (1− λ)V1 (A)}]

+ (1− p)σ (1− λ)V1 (A)

The expression for U0 follows from the fact that a woman who does not marry at t = 1 has another

chance to marry and have children at date 2 with probability σ, which is the likelihood that a new

potential partner is found. Clearly, these continuation values are identical to those in the previous

subsection in the proof of Proposition 10, except that the probability ϕ of infertility is replaced by

the probability 1− σ of not finding a partner at date 2. The result follows immediately.

D.4.5 Career choices

We assume that a woman commits to a choice of careers at date 1. If she chooses a “risky” career,

then the process governing her potential wages yt is the same as in our baseline model. If she

chooses a “safe” career, then she earns y1 = 0 at date 1, as in the baseline model, but receives a

guaranteed wage potential yt = ȳ at date 2 if she does not get pregnant. We assume that

ȳ = pY + w < Y

Hence, the safe career pays the average wage of the risky career, plus a premium w. The safe

career has a flatter trajectory than the risky one, and offers no chance of promotion to a wage as

high as Y . We focus on the interesting case with a positive premium w > 0. Indeed, for w = 0,

the risky career is a dominant strategy because the option to leave the labor market implies that

the woman’s utility is a convex function of future wages. To facilitate the exposition, we further
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assume an upper bound on the premium w:

0 < w <
(1− p)p

p+ λ
Y. (37)

We characterize the conditions under which declines in λ encourage delay in both marriage and

fertility.

Proposition 12 If the rate λ of child mortality satisfies

λ <
1− p

2
(38)

then Condition 12 is satisfied, and a decline in λ encourages a wider set of women to delay both

marriage and fertility.

We conclude that, under the same upper bound on λ as in the baseline model, declines in λ

encourage delay in the model with career choices. An interesting auxiliary result characterizes

optimal career choices:

Proposition 13 The woman’s optimal policy is as follows:

1. No Fertility: If A < A⋆ (λ), where A is defined by V1 (A
⋆ (λ)) = w

(1−p)(1−λ) , the woman

chooses a safe career, and works at t = 1 and at t = 2 with probability 1.

2. Delayed Fertility: If A⋆ (λ) ≤ A < Ā (λ), where Ā (λ) is defined by V1

(
Ā (λ)

)
= pY

(p+λ)(1−λ) ,

then the woman chooses a risky career, works at t = 1, and gets pregnant at t = 2 if and only

if she is not promoted.

3. Early Fertility: If Ā (λ) ≤ A, then the woman gets pregnant at t = 1, and gets pregnant

again at t = 2 if and only if she does not have a surviving child yet. Her choice of career is

indeterminate.

Proof of Proposition 12 Proof. To establish Condition (26), fix a preference parameter A.

In this environment, the continuation value of choosing to get pregnant at date 1, in which the

woman’s choice of career is irrelevant, is

U1 = (1 + λ) (1− λ)V1 (A) .

The continuation value of not getting pregnant at date 1 is evaluated under the optimal choice

of career, and equals

U0 = max {U s
0 , U

r
0} ,

where U s
0 and U r

0 are the continuation values of working at date 1 and choosing the safe and risky
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career, respectively, which are formally defined by

U s
0 = max {pY + w, (1− λ)V1 (A)}

U r
0 = pmax {Y, (1− λ)V1 (A)}+ (1− p)max {0, (1− λ)V1 (A)} .

Suppose that U1 ≥ U0, which implies V1 (A) ≥ 0. We must have U1 ≥ U r
0 , which yields

0 ≤ U1 − U r
0

≤ (1 + λ) (1− λ)V1 (A)− pY − (1− p) (1− λ)V1 (A)

⇒ V1 (A) ≥ pY

(p+ λ) (1− λ)
. (39)

We argue that we must have U r
0 ≥ U s

0 by considering three cases. First, suppose that (1− λ)V1 (A) >

Y . Then, U r
0 − U s

0 = 0. Second, suppose that (1− λ)V1 (A) ∈ [pY + w, Y ]. Then, U r
0 − U s

0 =

p (Y − (1− λ)V1 (A)) ≥ 0. Third, suppose that (1− λ)V1 (A) < pY + w. Then U r
0 − U s

0 =

(1− λ)V1 (A)− w ≥ 0, where the inequality follows from (39) and (37).

Hence, we have

U1 − U0 = U1 − U r
0 ,

and differentiating yields
∂ [U1 − U0]

∂λ
= [1− p+ pδ − 2λ]V1 (A)

where δ = 1 {Y ≤ (1− λ)V1 (A)} ∈ {0, 1} is an indicator for whether the woman gets pregnant

upon promotion. To establish Condition (26), it is sufficient to show under which condition this

expression is positive when δ = 0. Substituting δ = 0 and rearranging yields the upper bound on

λ in Condition (38) and completes the proof.

Proof of Proposition 13 Proof. In the proof of Proposition 38, we establish that U1 ≥ U0

implies U0 = U r
0 . Hence, the point with U0 = U1, at which the woman is indifferent between early

and delayed fertility, is the same as in the baseline model. Hence, the woman gets pregnant at date

0, in which case her career choice is indeterminate, if and only if A ≥ Ā (λ), where Ā (λ) is defined

as in Proposition 1 in the paper. Moreover, for A ≤ A, where A is defined as in Proposition 1, it

is optimal never to get pregnant, in which case the woman strictly prefers the safe career because

it offers higher average earnings whenever w > 0.

For A < A < Ā (λ), we have

U r
0 − U s

0 = pY + (1− p) (1− λ)V1 (A)−max {pY + w, (1− λ)V1 (A)}

At A = A, we have

U r
0 − U s

0 = −w < 0.
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At A = Ā (λ), we have U r
0 = U1, and

U r
0 − U s

0 = (1 + λ) (1− λ)V1

(
Ā (λ)

)
−max

{
pY + w, (1− λ)V1

(
Ā (λ)

)}
We argue that at this point, we must have U r

0 − U s
0 > 0. This follows by considering two cases.

First, if pY +w ≤ (1− λ)V1

(
Ā (λ)

)
, then U r

0 −U s
0 = λ (1− λ)V1

(
Ā (λ)

)
> 0. Second, if pY +w >

(1− λ)V1

(
Ā (λ)

)
, then

U r
0 − U s

0 = (1 + λ) (1− λ)V1

(
Ā (λ)

)
− pY − w

=
(1− p) pY

p+ λ
− w > 0

where the last line substitutes the definition of Ā (λ), and the inequality follows from our assumption

in (37).

Notice that, over the interval A ∈
[
A, Ā (λ)

]
, U r

0 − U s
0 is a piecewise linear function of V1 (A)

with at most one kink, which starts strictly negative and ends strictly positive. Moreover, the

function has a single crossing with zero where A = A⋆ (λ), which must be on the increasing part of

the function and is obtained by solving

(1− p) (1− λ)V1 (A
⋆ (λ)) = w.

At this crossing point, we must have pY +w > (1− λ)V1 (A
⋆ (λ)); otherwise the function is locally

decreasing, contradicting the single crossing property. Hence, we conclude women with A < A⋆ (λ)

optimally choose the safe career and never get pregnant. To complete the proof, it is simple to

check using our assumption in (37) guarantees that A⋆ (λ) < Ā (λ).

D.4.6 Women’s Health

In this appendix, we consider the potential implications of shocks to women’s health in our model.

In our baseline model, we denote the woman’s health by h and assume that a positive health shock

dh > 0 can have two potential implications.

First, it has the potential to make the woman more productive on the labor market, which we

model by letting the probability p (h) of being promoted depend on health, with p′ (h) > 0.

Second, better health can increase the utility value of having a child, either directly or via its

(negative) effect on the prices of child quality and quantity. To capture the latter effects concisely,

we write V1 (A;h) for the reduced-form value of having children when the woman’s health is h, with
∂V1
∂h > 0. We further write Ā (h) for the value of the preference parameter A that makes a woman

with health h indifferent between early fertility and delay, defined by

(p (h) + λ) (1− λ)V1

(
Ā (h) ;h

)
= p (h)Y. (40)

We focus on conditions under which dĀ(h)
dh > 0, which implies that women become more likely to
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delay fertility after experiencing a positive shock to their own health.

We derive the following condition:

Proposition 14 The effect dĀ(h)
dh of a shock to women’s health on the incentives to delay has the

same sign as

Y
λ

(p (h) + λ)2 (1− λ)
p′ (h)−

∂V1

(
Ā (h) ;h

)
∂h

. (41)

This proposition demonstrates that there are two competing effects. The first term in (41)

pushes towards dĀ(h)
dh > 0, thus increasing women’s incentives to delay their fertility. This effect

is driven by the effect of health on their career prospects. The second term, by contrast, pushes

towards dĀ(h)
dh < 0, meaning that fewer women delay their fertility, because good health increases

the marginal benefit of more attempts at having a child.

Equation (41) also makes clear that the latter effect, which encourages early fertility, tends to

dominate whenever the baseline rate λ of child mortality is low. Indeed, for small enough λ, the

first term in Equation (41) converges to zero, and we have dĀ(h)
dh < 0.

In order to understand this result intuitively, consider a woman who faces low child mortality

with λ ≃ 0 and who is at the margin between early and delayed fertility, so that the indifference

condition in Equation (40) holds with equality. This condition now yields V1 ≃ Y . The marginal

woman is approximately indifferent between receiving a high wage Y and receiving the utility

benefit V1 of having a child. It follows that changes in the probability p (h) of promotion have only

a second-order effect on the behavior of the marginal woman. In this case, the effect of a health

shock is determined mostly by its direct effect on the value of children, i.e., the second term in

Equation (41). Therefore, a shock to women’s health encourages early fertility. We note that this

result is in contrast to our baseline specification, in which we study shocks to child health, and

which continues to explain our empirical results when the baseline rate of child mortality is low.

Proof of Proposition 14 Proof. Applying the implicit function theorem to Equation (40), we

obtain

∂V1

(
Ā (h) ;h

)
∂A

dĀ (h)

dh
=

Y − (1− λ)V1

(
Ā (h) ;h

)
(p (h) + λ) (1− λ)

p′ (h)−
∂V1

(
Ā (h) ;h

)
∂h

=
Y
[
1− p(h)

p(h)+λ

]
(p (h) + λ) (1− λ)

p′ (h)−
∂V1

(
Ā (h) ;h

)
∂h

= Y
λ

(p (h) + λ)2 (1− λ)
p′ (h)−

∂V1

(
Ā (h) ;h

)
∂h

,

where the second line follows by substituting (40). The first term converges to zero as λ → 0.

Therefore, for λ small enough, dĀ(h)
dh has the same sign as −∂V1(Ā(h);h)

∂h < 0.
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