Introduction


This paper studies the relationship between temperature and human fertility.  Instead of using data on conceptions, births have been included as the variable to be explained.  The basic model regresses the log of detrended births on temperature lagged for nine and ten months, as well as the squares of these two lagged variables.  As expected, temperature was found to significantly affect human fertility when a regression using the Ordinary Least Squares procedure was run on all the states in the U.S.  

When the regression was run separately for different regions in the United States, we found that some regions showed a significant relationship, while others did not.  Two of the southern regions, the South Atlantic and the East South Central were significant.  This matches past research that shows that the southern states are more prone to fluctuations in births due to extreme hot temperatures.  We also tested individual states such as Mississippi, Texas and Louisiana.  We found that Mississippi was significantly more prone to troughs in the number of births nine months after the summer months.  

Literature Review

Previous research on human fertility has found a link between temperature and seasonal birth patterns.  Seiver (1985) found that in the past few decades, the American states that had the largest decline in the April-May trough in births were also those that saw the highest increases in air conditioning.  Furthermore, in their study, Warren and Tyler (1979) found relatively large seasonal fluctuations among lower-income groups in the United States.  


The correlation between weather and fertility has been tested in historical populations by Lee (1981), using monthly data for England.  He estimated the effects of temperature on births seven to eleven months later.  Extreme weather was found to lead to a decline in births—“The negative effects of cold and heat on births 10 and 11 months later is attributed to effects working through morbidity, which may have caused delayed effects on fecundability and intrauterine morality” (Miron, 1996, p. 292).


Lam and Miron (1996) study the effects of temperature on human fertility.  They use monthly birth and temperature data for the period 1942-1988 to study the effect that temperature has on seasonal variations in births for the different states in the U.S.  Lam and Miron control lag temperature by nine and ten months to control for the effects that temperature might have on the seasonal pattern of births.  Their results show that “temperature has quantitatively important effects on both seasonal and nonseasonal variation in births” (p. 291).  The large seasonal birth patterns seen in the southern United States (average temperature exceeds 80 degrees Fahrenheit) was significantly explained by extreme summer temperatures.  However, seasonality is still observed after controlling for temperature, which indicates the important role of other factors such as income in determining birth patterns.  


Lam and Miron (1996) also tested Sweden, a northern European country.  No significant relationship was found between temperature and fertility.  This is seen by the sharp rise in spring births, which implies a high number of conceptions during the summer months there.  This is an indicator of the importance of the average level of temperature in influencing seasonal birth patterns.  Sweden has a lower mean temperature (barely above 60 degrees F.) during the summer months, which does not have a diminishing effect on births.  

Therefore, temperature only explains a portion of the seasonal variation in birth patterns (by affecting coital frequency).  A number of physiological facts also help explain the seasonality.  For example, a hormonal production called photoperiod, that regulates fertility, is affected by the length of day (p. 291).  Heat has also been found to have negative effects on sperm count and sperm quality.  Sperm quality is lowest in July through September (the hottest months in the U.S.) and highest in February and March.  

Models
We used Lam and Miron’s (1996) model as the basis for our study of the effects of
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 temperature on human fertility.  We then build on the model by adding in more explanatory variables, as well as running different models, which we will describe later.  The initial model created by Lam and Miron is as follows:
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where bt is detrended births per month t, dts is a monthly dummy variable for month s, (s is the coefficient for month s, and Tt is the mean monthly temperature in month t.  The last two quadratic terms allow for a non-linear relationship between temperature and conceptions, such that the effect of temperature can be larger at more extreme temperatures and both extreme heat and extreme cold can affect conceptions nine and ten months prior to births.
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Births are detrended using a 12-month moving average:

where ( t  refers to the number of births in month t.  



Next, we tested the effect of temperature on ln bt without removing the effects of seasonality.  In this case, the equation is:
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(2)

To determine whether the quadratic terms in equation (1) actually play a significant role in influencing conceptions, we excluded them from the next equation.  This would determine if the relationship between temperature and log of births were linear or parabolic.  If it were linear, then extreme temperatures would not have a greater effect on the dependent variable, ln bt. 
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The equation is:

 (3)

To conclude, based on past research, our hypothesis is that temperature should play a role in affecting seasonality in fertility rates in the United States, with the effect being significant in the southern United States where there are more extremes of temperature.  

To compare the efficiency of different models, we also regressed lnbt on temperature using a fixed effects model where we included dummy variables for each year in the time period, the twelve months as well as dummies for the 9 regions in the United States.  Thus, we controlled for regions in this model, instead of for each individual state.  We assume that the states within each region are similar to each other, both economically and demographically.  Our model is as follows:
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(4),

where ln ß t   refers to log of births per month, T  refers to dummies for each year in the period 1987-1996, II  are dummies for each region (with New England being the base region), and all the other variables are defined as in equation (1).  The regions are:

New England - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island and Connecticut;  

Middle Atlantic — New York, New Jersey and Pennsylvania;

East North Central — Ohio, Indiana, Illinois, Michigan and Wisconsin;

West North Central - Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska and Kansas;

South Atlantic — Delaware, Maryland, Virginia, West Virginia, North Carolina, South Carolina, Georgia and Florida;

East South Central — Kentucky, Tennessee, Alabama and Mississippi;

West South Central — Arkansas, Louisiana, Oklahoma and Texas;

Mountain — Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah and Nevada.

Pacific – Washington, Oregon and California.
Methodology and Data


Our basic procedure, as depicted in equation (1) involves regressions of detrended monthly births on lagged monthly temperature. We also include dummy variables for the months.  Birth series data are taken from the published Monthly Vital Statistics Report (Hyattsville, MD.). for the period 1987-1996.  Temperature series data for the period 1986-1996 are taken from published data from the U.S. National Climatic Center: (http://www.ncdc.noaa.gov/onlineprod/drought/ftppage.html)

We detrended births using a twelve-month moving average so as to remove any time trends that might exist in birth patterns.  Thus, we remove the effects of variables such as income, agricultural versus urban lifestyles and other similar variables that tend to remain relatively constant over the period of a year.

Furthermore, we included temperature lagged nine months as well as ten months because our data consists of birth figures and not conceptions.  Therefore, it is not clear exactly when conceptions took place.

First, to test the effect of temperature on detrended births per month, without controlling for seasonality of births, we regressed equation (2) using the Ordinary Least Squares procedure.  The following is a summary table of the means and standard deviations of the regression: 

Variable
N
Mean
Std Dev.
Minimum
Maximum

Temp9
60465
52.097
17.741
-14.089
88.078

Temp10
60464
52.097
17.741
-14.089
88.078

Sqtemp9
60465
3028.84
1781.36
0.0001
7757.69

Sqtemp10
60464
3028.83
1781.37
0.0001
7757.69

Births
5760
6804.39
8203.53
222
65807

We then moved on to our basic equation, namely equation (1), a replication of Lam and Miron’s (1996) model.  By controlling for the effects of temperature, we should see a fall in the seasonal fluctuations of births.  This regression was run for all the states.

In addition, we ran equation (1) for the 9 different regions in the United States, namely New England, the Middle Atlantic, the East North Central, the West North Central, South Atlantic, East South Central, West South Central, Mountain and the Pacific.  

Finally, we compared two southern states, Mississippi and Texas by running separate OLS regressions on equation (1) for each state .  Given that Texas is a rich state with a high level of per capita personal income, we hypothesized that temperature would not be significantly related to monthly, detrended births.  On the other hand, Mississippi is a state with weather conditions very similar to those in Texas.  However, its population is much poorer when compared to Texas’s population.  As a result, we hypothesized that temperature would significantly affect seasonal fluctuations in fertility rates in Mississippi.  The most probable reason for this is that a smaller section of Mississippi’s population can afford air conditioning. 

Lam and Miron (1996) found that Louisiana is the state with the most extreme seasonal fluctuations.  We attempted to replicate their results by regressing equation (1) using OLS.  This is the equation that they used for their test.  

Finally, as mentioned in the previous section, we tested a fixed effects model (equation (4)). A fixed effects model depicts how the dependent variable changes within each region, after controlling for temperature, for time variables and for different regions.  Thus, such a model does not facilitate comparison between the regions but allows each region to change over time.  Here, the coefficients on the dummy variables for each region indicate region-specific differences, instead of differences driven by the explanatory variables, in this case, temperature. 
Results


Regressing ln bt on the temperature variables as shown in (2) gave us significant coefficients (at a 5% significance level) for the four temperature variables, temp9, temp10, sqtemp9 and sqtemp10.  The R-squared obtained is 3.41%, which indicates that while temperature does account for fluctuations in fertility, it explains only a small portion of the variability.  This implies that there are other factors besides temperature that are responsible for seasonal fluctuations in fertility rates.  The results of the regression are shown in Table 1.


However, this regression is not a precise way to measure the effect of temperature on fertility.  The fluctuations in births due to the seasonal variation in temperature are also included.  Therefore, by including dummy variables for the twelve months (equation (1)), we can identify the effects of temperature on the basis of its non-seasonal component only.  As expected, the R-squared increased to 9.49%, with all temp10 and sqtemp10 being significant.  Table 2 provides the details of the regression result.  We also noticed that the coefficients of the monthly dummies are not zero, indicating that there are still effects of the monthly dummies which remain after controlling for lagged temperature.  This is due to the fact that there are other factors besides temperature that explain seasonal troughs and peaks in births.


In order to test the importance of the squared lagged temperature variables (sqtemp9 and sqtemp10), we did a joint test for the coefficients of the squared terms.  The joint null hypothesis is: H0: (2 = 0, (4 = 0.  The alternative hypothesis is: H1: (2 (0 or (4(0 or both are nonzero.  Our restricted model, as depicted in equation (3), does not include the squared temperature terms.  

We then find the F-value, 
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, which is greater than the critical F value.  Therefore, we can reject the null hypothesis that the coefficients of the square terms are zero.  This means that extreme temperatures affect fluctuations in fertility more strongly than milder temperatures.


The above regressions include all the states in the United States.  In order to test the presence of region-specific differences in the relationship between temperature and fertility, we ran Ordinary Least Square regressions for each of the nine regions, as mentioned in the previous section.  Temperature lagged by ninth months was found to be significantly correlated with births for the East North Central region, the West North Central region, the South Atlantic region, the West South Central and the Pacific regions (Table 3).     


While we did not expect the northern regions (namely, the East North Central and West North Central regions) to depict a significant relationship, the other results met our expectations.  We expected to find that high, extreme temperatures have a larger impact on fertility rates than low, extreme temperatures.

The results of our regressions for Texas and Mississippi were as expected.  For Texas, we were unable to reject the null hypothesis that temperature is not related to the log of detrended births at significance levels of 5% and 10%.  In Mississippi’s case, the R-squared was found to be 42.44%. Temp9 and sqtemp9 are highly significant at a 5% significane level.  The results of these two regressions are summarized in Table 4.  

For Louisiana, our results did not match Lam and Miron’s (1996).  The null hypothesis, as defined in the previous cases, could not be rejected at both 5% and 6% significance levels.  


Lastly, the fixed effects model gave us highly significant quadratic terms (sqtemp9 and sqtemp10) at the 5% significance level, while temp9 and temp10 are insignificant.  However, the direction of the coefficients (positive) is the opposite of what is expected.  All our previous OLS results indicate negative coefficients on the lagged quadratic terms, and positive coefficients on the lagged terms indicating that extreme hot temperatures result in a fall in births ninth months later.  Thus, the fixed effects model results are counterintuitive.  Table 5 summarizes the results from regressing equation (4).  
Conclusion

From the results derived in the previous section using time series on monthly births and temperature, we conclude that temperature does affect fertility rates.  This can be seen from the results in Tables 1 to 4.  Furthermore, it is also obvious that extreme heat has a stronger, more significant influence on fertility/births than do low, extreme temperatures.  The southern regions and states provide strong evidence that larger troughs in births occur during the hottest months of the year, as opposed to the nothern regions such as New England, which showed insignificant results.  

However, temperature does not explain enough of the seasonal fluctuations in births.  This highlights the importance that other factors play in influencing seasonal patterns.  Average, milder temperatures such in Sweden do not explain the seasonal birth patterns observed.        

Table 1: OLS Results

______________________________________________________________________________________
Dependent Variable: Log of Detrended Births

Independent Variables

temp9
0.004

(4.301)

temp10
0.007

(7.76)

sqtemp9
-0.00008 

(-3.4)

sqtemp10
-0.00004

(-4.753)

Observations:

R-squared
5219

.034

Note: The quantities in parentheses are the t-statistics

Table 2

Dependent Variable: Log of Detrended Births

Independent Variables

temp9
-0.000007

(-0.014)

temp10
0.0005

(0.950)

Observations:

R-squared:
5220

0.087

Table 3

Dependent Variable: Log of Detrended Births

Independent Variables

temp9
0.001

(2.03)

temp10
0.003

(2.49)

sqtemp9
-0.000021

(-1.954)

sqtemp10
-0.000026

(-1.20)

Observations:

R-squared:
5219

.0949
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