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Figure 1: Daily birth rate per 100,000 residents by month

Panel A: Differences by Census region, 1931-2010
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Note: Estimates using state-year populations as weights.
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Figure 2: Marginal effect on the montly birth rate of a temperature change in a given month
1931-2010 period
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Note: The spline estimates are the solid line and the dashed line represent two standard errors around the
point estimates. The estimates can be interpreted as the impact, in log points, of one additional day at a
given temperature relative to 65 ◦F on the monthly birth rate. The spline estimates have knots at 15, 30, 45,
60, 75, and 90 ◦F . The point estimates give the impact of one more day at a given temperature (relative to
65 ◦F ) on the log of the monthly birth rate (per 100,000 residents). The model has year-month fixed effects,
state-by-calendar-month fixed effects, and state-by-calendar month quadratic time trends. We control for
fraction of days with precipitation between 0.01 and 0.50 inches, 0.51 and 1.00 inches, and over 1.01 inches
for each month. In addition, we control for exposure in months t-18 through t+3, though we only report
the estimates on months t-12 through t-9 here. Estimates are weighted by state-year population. Standard
errors are clustered at the state-level.
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Figure 3: Marginal effect of a change in one day’s temperature
by months-from-birth and by time period

Panel A: Effects of increasing temperature from 65 to 95 ◦F
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Panel B: Effects of decreasing temperature from 65 to 35 ◦F
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Note: The brackets represent +/- two standard errors. The gray shading highlights both month t and
month t-9. These are the estimates from equation (1) with a spline in temperature. The spline estimates
have knots at 15, 30, 45, 60, 75, and 90 ◦F . The model has year-month fixed effects, state-by-calendar-
month fixed effects, and state-by-calendar-month quadratic time trends. We control for fraction of days with
precipitation between 0.01 and 0.50 inches, 0.51 and 1.00 inches, and over 1.01 inches. Estimates are weighted
by state-year population. Standard errors are clustered at the state level.
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Figure 4: Effects over time
Marginal effects of increasing temperature from 65 to 95 ◦F effect

By month to birth

Panel A: 9 months to birth
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Panel B: 12 months to birth
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Note: The brackets represent +/- two standard errors. These are the estimates from equation (1) with a
spline in temperature. The model has year-month fixed effects, state-by-calendar-month fixed effects, and
state-by-calendar-month linear time trends. We control for temperatures in months t-8 through t-13 as well,
though only report month t-9 here. We control for fraction of days with precipitation between 0.01 and
0.50 inches, 0.51 and 1.00 inches, and over 1.01 inches in each month. Estimates are weighted by state-year
population. Standard errors are clustered at the state level.
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Figure 5: Two sample periods
Marginal effect of one additional 95 ◦F day

By month of exposure

Panel A: 1931-1970
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Note: See notes to Figure 3.
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Figure 6: Seasonal predictions
Outcome: Log of the birth rate

By time period

Panel A: Years 1931-1970
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Note: The predictions are based on the estimates in Figure 5. We use only the temperature estimates to make
these predictions, and ignore rainfall and all other controls. We recenter both the observed and predicted
values around June so the values should be interpreted as deviations, in log points, from June.
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Figure 7: Estimates by race
by months-from-birth

Years 1942-2010

Panel A: 1942-1970
Panel A.1: Whites Panel A.2: Non-whites*
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Panel B: 1971-2010
Panel B.1: Whites Panel B.2: Non-whites
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Note: See notes to Figure 3. The birth rates by race are only available starting in 1942.
*Y-axis scale is larger in panel A.2. than in other panels.
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Figure 8: Maternal characteristics
Effect of one additional day at 95 ◦F

1968-2010

Panel A: Mom has less than HS ed Panel B: Dad’s age is missing
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Panel C: First live birth Panel D: Mother is 15-19 years old
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Note: See notes to Figure 3. Several states do not report maternal education at one point or another during
the sample period. The estimated effects are scaled up by 100 to percentage points.
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Figure 9: Birth outcomes
Effect of one additional day at 95 ◦F

1968-2010

Panel A: Birth weight Panel B: Birth weight < 2500g (x100)
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Panel C: Gestational length in weeks Panel D: Gestation < 37 weeks (x100)
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Note: See notes to Figure 3.

32



Figure 10: Sex ratio analysis
Outcome is the fraction female x 100

1942-1959, 1968-2010

Panel A: 1942-1959, 1968-1970
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Panel B: 1971-2010
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Note: See notes to Figure 3. Data on gender, by state and month, are not available prior to 1942 or between
1960 and 1967.
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Figure 11: Temperature x modifier interaction
Temperature 9 months prior to birth only

1950-2010

Panel A: Air conditioning Panel B: Completed high school
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Note: Y-axes scales vary across panels. These are the estimates from equation (1) with a spline in temperature
as a main effect, the modifier as a main effect, and the temperature variables interacted with the modifier in
question. We present the modifier interaction estimates here only. The model has year-month fixed effects,
state-by-calendar-month fixed effects, and state-by-calendar-month quadratic time trends. We control for
temperatures in months t-8 through t-13 as well, though only report month t-9 here. We control for fraction
of days with precipitation between 0.01 and 0.50 inches, 0.51 and 1.00 inches, and over 1.01 inches in each
month. Estimates are weighted by state-year population. Standard errors are clustered at the state level.
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Figure 12: Predicted changes by 2070-2099
by calendar month

Panel A: Change in days above 90 ◦F
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Note: Average exposures estimated using county population estimates in 2000 as weights. The climate
change predictions are "bias adjusted" to factor out the difference between the realized temperatures and
model predictions for the 1990-2002 time period. The projected change in birth rates use our estimates for
the 1971-2010 period from Panel B of Figure 5.

35



Table 1: Summary of monthly means, by region
1931-2010

Sample: All states Northeast Midwest South West

Dailiy births per 100,000 residents 4.73 4.35 4.72 4.91 4.87
Mean temp (F) < 30 .0966 .143 .18 .0301 .0396
Mean temp (F) 30-40 .115 .164 .151 .0752 .0714
Mean temp (F) 40-50 .148 .167 .142 .132 .162
Mean temp (F) 50-60 .175 .162 .145 .16 .265
Mean temp (F) 60-70 .199 .189 .18 .192 .253
Mean temp (F) 70-80 .191 .155 .167 .255 .152
Mean temp (F) 80-90 .0731 .0205 .0341 .153 .0469
Mean temp (F) >= 90 .00275 .000108 .000739 .00215 .0102
Precipitation (1/100 inches) = 0 .71 .648 .693 .714 .806
Precipitation (1/100 inches) 0-50 .221 .272 .245 .201 .157
Precipitation (1/100 inches) 50-100 .042 .0505 .0405 .0472 .0235
Precipitation (1/100 inches) > 100 .0269 .0295 .0209 .0371 .013
Number of states 49 9 12 17 11

Notes: Averages are weighted by state-year populations.
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Figure A1: Using binned temperatures
Effects of increasing temperature from 60-70 to >90 ◦F

1931-2010

Panel A: 1931-1970
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Panel B: 1971-2010
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Note: See notes to Figure 3. The estimates come from a model, similar to equation (1), except with an 10
◦F binned approach in daily mean temperature (<30, 30-40, 40-50, 50-60, 70-80, 80-90, >90 ◦F ) with days
between 60-70 ◦F as the omitted category. The panel (B) estimates explore the effects of the proportion of
the day in a given 10 F bin, where diurnal temperatures are linearly interpolated from the daily maximum
and daily minimum temperature.
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Figure A2: Using diurnal temperatures
Effects of 24 hours at 90-100 ◦F relative to 60-70 ◦F

1931-2010

Panel A: 1931-1970
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Panel B: 1970-2010
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Note: See notes to Figure 3. The estimates explore the effects of the proportion of the day in a given 10
F bin, where diurnal temperatures are linearly interpolated from the daily maximum and daily minimum
temperature.
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Figure A3: Controlling for humidity
by months-from-birth

1945-2010

Panel A: 1945-1970

Panel A.1: Effect of one additional 95 ◦F day Panel A.2: Effect of one additional 19 g/kg day
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Panel B: 1971-2010

Panel B.1: Effect of one additional 95 ◦F day Panel B.2: Effect of one additional 19 g/kg day
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Note: These are the estimates from equation (1) with a spline in temperature, but with the addition of a 6th
order spline in daily specific humidity in the same model. The spline in humidity has knots at 3, 6, 9, 12,
15, and 18 grams of water vapor per kilogram of air (g/kg). Due to humidity data limitations, the humidity
sample covers only the 1945-2010 period.
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Figure A4: No state-by-month fixed efffects of state-by-month trends
1931-2010

Panel A: 1931-1970
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Note: See notes to Figure 3.
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Figure A5: No state-by-month trends
1931-2010

Panel A: 1931-1970
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Note: See notes to Figure 3.
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Figure A6: Linear state-by-month trends in place of quadratic
1931-2010

Panel A: 1931-1970
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Note: See notes to Figure 3.
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Figure A7: Outcome is in levels
Effects of increasing temperature from 65 to 95 ◦F

1931-2010

Panel A: 1931-1970
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Note: See notes to Figure 3.
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Figure A8: Using gestational length to infer conception month
1968-2010

Panel A: The effects of each additional day at 95 ◦F
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Panel B: The effects of each additional day at 35 ◦F
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Note: See notes to Figure 3. Month of conception by subtracting gestational length from the date of birth.
Note that the day, within the calendar month, of birth is unavailable after 1988. We assume the day of birth
occurs on the 15th of the month in these cases. In the 12% of cases where gestational length is missing, we
assume a 40 week gestational length.
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Figure A9: Marginal effect of an increase in one day’s temperature from 65 ◦F to 95 ◦F
By age group

1968-2010

Panel A: 15-19 years old Panel B: 20-24 years old

−0.010

−0.008

−0.006

−0.004

−0.002

0.000

0.002

E
s
ti

m
a
te

d
 e

ff
e
c
t

−18 −17 −16 −15 −14 −13 −12 −11 −10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1 2 3

Months from birth

−0.010

−0.008

−0.006

−0.004

−0.002

0.000

0.002

E
s
ti

m
a
te

d
 e

ff
e
c
t

−18 −17 −16 −15 −14 −13 −12 −11 −10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1 2 3

Months from birth

Panel C: 25-29 years old Panel D: 30-34 years old
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Panel E: 35-39 years old Panel F: 40-44 years old
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Note: See notes to Figure 3.
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Figure A10: Neonatal mortality estimates
Outcome: Log of the average daily neonatal mortality rate

1959-2004

Panel A: Effect of temperature increase from 65 to 95 ◦F
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Panel B: Effect of temperature decrease from 65 to 35 ◦F
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Note: See notes to Figure 3. Neonatal deaths are of infants within 28 days of birth. The average daily
mortality rate is the number of deaths per 100,000 live births in a given month per days in that month. The
neonatal data are not publicly available, at the state-month level, prior to 1959 or after 2004.
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Figure A11: Climate change temperature projections, Hadley CM3 A1F1 model
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Note: Estimated using county population estimates in 2000 as weights. The bias-adjusted estimates factor
out the difference between the realized temperatures and model predictions for the 1990-2002 time period.
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Table A1: Climate change projections
Change in the log of the daily birth rate

Census region

Entire New Mid E. N. W. N. South E. S. W. S.

US England Atlantic Central Central Atlantic Central Central Mountain Pacific

-0.006 -0.013 -0.011 -0.009 -0.005 -0.007 -0.004 0.000 -0.005 -0.006

(.008) (.006) (.007) (.008) (.01) (.008) (.011) (.013) (.006) (.005)

Notes: Panel A predictions combine the estimates from Panel B of Figure 5 estimates for the 1971-2010 period with

the bias-adjusted Hadley CM3 A1F1 model. Standard errors are in parentheses.
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