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ABSTRACT 

 
 

With increasing concerns over the effects of global climate change on human 

health, an understanding of the relationship between heat and human mortality is 

becoming an increasingly important tool for policymakers. This study explored the 

impact of high temperature on mortality numbers in Washington, DC. However it found 

that daily mortality in the city was in fact negatively associated with temperature, 

especially for nonwhites. These results have important implications for local DC 

policymakers, including reasons to ramp-up policies that help individuals adapt on 

particularly cold days. Finally, this study suggested that preparing for future climate 

change impacts on human health should not be a public health priority for DC 

policymakers at this time.  
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INTRODUCTION 
 

Scientists world-round agree: the earth is getting hotter.  Over the last half-

century, the number of cold days has been declining while the number of hot days and 

heat waves has been increasing — and this trend is intensifying (Intergovernmental 

Panel on Climate Change, 2007). As higher temperatures become more common in the 

future, policymakers and public health officials have started to worry about the 

consequences of such climatic changes – rising sea levels, vector diseases1, drought, and 

escalating temperatures – and what they can do to help their societies mitigate and adapt 

to future hot-weather challenges. One consequence that has particularly concerned 

policymakers is the extent to which increasing temperature affects human health. 

Investigating the relationship between hot weather and mortality is one way to 

understand the impacts of these predicted future climatic changes on the human 

population.  

 Although the general prediction is that higher temperatures are correlated with 

higher mortality rates, regional climate variations and demographics may also play a part 

in the degree to which heat impacts human health. Some cities or demographic groups 

may be more susceptible to hot weather. For example, cities that have more elderly 

citizens may find that their mortality rates are higher during hot weather than other 

 
1 Vector diseases are diseases that are carried from host to host by pathogens such as mosquitoes. The 
IPCC suggests that the increasing temperatures allow pathogens to expand into areas traditionally too cold 
for them to survive in, spreading the disease to unprepared new areas of the world. 
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cities. The large size of the United States means that there is quite a bit of climate 

variability across the nation and the impacts of increasing hot weather on the human 

population differ across areas (McGeehin & Mirabelli, 2001; Conti, et al., 2005).  

 Region-specific climate variation is another key reason for analyzing these 

relationships at the regional or local level. Unfortunately, broad predictions about 

escalating temperatures nation- or worldwide simply do not prepare regional and local 

health official with enough detail to allow them to adequately prepare and react.  To 

fully understand the possible effects of these climatic changes on particular populations, 

studying the relationship between heat and mortality at the local level is an extremely 

valuable tool for local or regional policymakers and public health officials, allowing 

them to fine-tune their approach and direct resources towards those groups that may be 

affected. Kendrovski (2006), for instance, noted the importance of local data and 

analysis in his work on the population in Skopje, Macedonia. 

 This study will examine the association of temperatures and mortality levels at a 

local level in Washington, DC, a city with unique demographic and weather 

characteristics. This will give the DC Department of Health (DCDH) a clear idea of how 

increasing temperatures are likely to impact DC residents, which should allow DC 

policymakers and public health officials to tailor their response to local conditions.  

LITERATURE REVIEW 
 
 Statisticians and public health professionals have been studying the relationship 

between high temperatures and mortality for decades. There are studies of mortality 
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during heat waves and cold spells dating back to the 1960’s. Saez, Sunyer, Castelsague, 

Murillo & Anto, (1995), Ballester, Corella, Perez-Hoyos, Saez & Hervas (1997), 

Kendrovski (2006) have found a statistically significant, positive correlation between 

high temperatures and mortality rates. A heat-mortality study has not been conducted on 

Washington, DC in particular, though Chestnut, L. G., Breffle, W. S., Smith, J. B., & 

Kalkstein, L. S. (1998) and Davis, Knappenberger, Michaels, & Novicoff (2003) 

included Washington, DC as part of their aggregate, nation-wide observations. This lack 

of focus on Washington, DC is a gap in the literature that this thesis addresses. 

Age and Temperature  
 
  While all the studies reviewed in this analysis showed a statistically significant, 

positive relationship between hot weather and mortality, studies vary in the 

characteristics of populations they choose to include in their regression models. Many 

studies have found that when a relationship does exist between high temperature and 

mortality rates, age is also positively associated (Fouillet, et al., 2006; Romlow & 

Kuller, 1990; Conti, et al., 2005; Naughton, et al., 2002). In other words, the elderly are 

more likely to die during heat waves than the young. Although the older literature found 

the very young to be as much at risk as the very old, more recent work shows that no 

such significant relationship exists (Fouillet, et al., 2006; Naughton, et al., 2002). 
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Gender and Temperature 
 
 Gender is another factor that could influence heat’s association with mortality. 

Some studies, for example, have found that the relationship between heat and mortality 

is even stronger for women than men (Medina-Ramon, Zanobetti, Cavanagh & 

Schwartz, 2006).  However, others have suggested that this is because women live 

longer than men; therefore age, rather than gender, is the significant variable (Fouillet, et 

al., 2006; Conti, et al., 2005). Fouillet, et al (2006) pointed to the fact that women and 

men have the same mortality rates under 35 years of age, after which both genders’ 

mortality escalate with female mortality rates leading.  These studies suggested that the 

female lead in heat-related mortality is simply a function of female longevity.  

Race and Temperature 
 

Race is also an important variable to consider in this discussion, but the literature 

on this topic is not as clear-cut. Ramlow & Kuller (1990) found that race does not play a 

statistically significant role in higher mortality rates in heat waves and elevated 

temperature events. Medina-Ramon, et al. (2006), and McGeehin & Mirabelli (2001), on 

the other hand, found that non-whites have higher mortality rates than whites during 

times of high heat. However, Ramlow & Kuller (1990) noted that race may be capturing 

socio-economic status, which can affect one’s ability to adapt to heat. For example, poor 

people may be less likely to afford air conditioning. This may suggest that race is 

statistically significant in locations where the socio-economic status of non-whites is 

lower than that of whites; however, when whites and non-whites are equally rich or 
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poor, race does not play a significant role in mortality rates during times of elevated 

temperatures (Ramlow & Kuller, 1990). Washington, DC has a large, disadvantaged 

African American population; therefore the race variable could be very important to this 

study.  

Health and Temperature 
 

The role of pre-existing diseases or health conditions in increasing the risk of 

mortality during high temperature periods is mixed. Ballester et al., (1997), Romlow & 

Kuller (1990), Ellis et al. (1980), and Semenza et al (1999) suggested that individuals 

with cardiovascular diseases were at a much higher risk of mortality. Semenza et al. 

(1999), found an increase in hospitalizations during the 1995 New York heat wave 

among individuals with diabetes, “including a statistically significant increase for 

noninsulin dependent diabetes” (271). They also found increased hospital admission 

among individuals diagnosed as drunk (Semenza et al., 1999). The study, however, did 

not find any increase in hospital admissions for individuals with existing cancer or HIV-

related diseases. This thesis included alcoholism, HIV-related emphysema and cancer in 

an aggregate “health” variable to try and control for pre-existing conditions that could 

effect mortality in heat waves. Although the Semenza et al. (1999) study considered non-

fatal heat-related illnesses, the findings of that study supported the need for future 

research in how pre-existing health conditions such as diabetes, cardiovascular health 

and cancer, may or may not affect heat-related mortality levels. This thesis addresses this 
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gap.  Further, Ellis et al. did not find higher mortality among individuals with cancer, 

diabetes or respiratory diseases during the 1976 Birmingham heat wave (1980).  

Effects of Very Low Temperatures 
 
 Although quite a bit of effort is spent analyzing hot summer weather, it is 

important to note that Saez et al. (1995), Ballester et al. (1997), and Kendrovski (2006) 

have also found that higher temperatures in colder months (winter) were highly 

correlated with lower mortality rates, while lower temperatures were highly correlated 

with high mortality rates. These three studies all suggested that a V-shaped relationship 

exists between mortality and temperature. In the winter, higher temperatures lead to 

fewer deaths while in the summer months higher temperatures lead to more deaths. In 

order to test this relationship, Ballester et al. (1997) ran their analysis on both the full 

data and a version of the data that grouped months into cold and warm. They ultimately 

reported only the findings, which supported the V-shaped relationship, associated with 

the stratified data because they found that these results better reflected “the dynamic 

relationship between temperature and mortality” (p. 552). 

Humidity Variable 
 
 In addition to temperature, the impact of humidity on mortality was also 

examined. Some of the literature suggested that humidity does not have a statistically 

significant impact on mortality rates (Ramlow & Kuller, 1990; Ballester et al., 1997).  In 

fact, Ballester (1997) found an inverse relationship between humidity and mortality 
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rates, although this relationship was not statistically significant. However, Saez and 

others (1995) found that the combination of humidity and high temperatures were 

responsible for higher mortality rates, especially in the case of successive hot days that 

are not hot enough to be considered heat waves.  Washington, DC tends to be humid 

when temperatures are high; therefore it was important to discern whether the 

combination of temperature and humidity were significant in the District.  

Weather Variability 
 
 Chestnut et al. (1998) pointed out an interesting relationship between higher 

mortality rates and variability in minimum daily summer temperatures, rather than just 

higher temperatures. They suggested that high temperatures have a larger impact on 

mortality rates in areas where residents were not acclimated to hot weather. In order to 

properly assess this relationship, a study would need to collect and analyze data from 

various regions throughout the United States that have diverse climates and where 

people have acclimated to certain environments so that there can be some sort of 

comparison. An examination of this nature is cross-regional. Since this thesis addresses a 

specific region, Washington DC, it did not consider regional effects.  

Lagging Mortality Trends 
 
 Many works have suggested that the impact of heat on mortality may be lagged. 

In other words, mortality may actually be higher some period of time following several 

extremely hot days. Romlow & Kuller (1990) found that mortality rates were as highly 
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correlated with high temperatures of the previous day as with the day of death. They 

suggested that this might also point to significant impacts of consecutive high 

temperature days. Corroborating the importance of introducing a lag time variable, Conti 

et al. (2005) found that high mortality was highly correlated with hot days that occurred 

two to four days prior to the mortalities. Ballester et al. (1997) included three lag 

variables in their study: (1) one to two days, (2) three to six days and (3) seven to 

fourteen days. They found that mortality rates increased most within a week of the high-

heat days, and deaths after that were generally associated with people who suffered 

respiratory diseases. Davis, Knappenberger, Michaels, & Novicoff (2003) found that a 

one day lag had the strongest and most consistent relationship between excessively hot 

days and mortality rates. Although Conti et al. (2005) and Davis et al. (2003) also found 

a significant lag effect, they did not control for health conditions or previous diseases as 

Ballester et al. (1997) and Romlow & Kuller (1990) did in their studies. The relationship 

between lagged mortality and heat is a significant one for public health officials to be 

aware of as they attempt to cope with heat-related mortality.  

What this Work Contributes 
 
 This literature review has identified and clarified important relationships, 

variables and interactions that this thesis will consider and study in terms of Washington, 

DC. Key relationships include those between temperature and age, gender, and race. The 

review also identified valuable variables, such as lagged mortality and the interaction 

between age and gender, which this thesis will take into account. 
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 It is evident that there is a gap in the literature concerning city-level analysis. The 

literature review showed that local demographic and climate conditions were key factors 

in heat-related mortality. As a result, many city-level and nation-level studies were 

difficult to generalize to other cities. For instance, heat-related mortality relationships in 

Moscow, Russia are very likely to differ from those in Miami, Florida. Therefore, 

additional research and analysis must be conducted for major cities to ascertain accurate 

assessments of heat-related mortality at the city-level. As noted above, although 

Washington, DC has been included in some of the nationwide studies, no city-level 

studies have been conducted specifically for Washington, DC. Findings in many city-

level and nation-level studies may not be appropriate to generalize to Washington, DC 

because of the unique demographics of the city. As a result, DC officials and 

policymakers may not confidently use past studies to guide them in their work. This 

investigation attempted to close this knowledge gap by providing a city-level analysis 

for Washington, DC.  

ANALYTICAL TECHNIQUE 
 

An OLS multiple regression model was used to in order to examine the 

relationship between mortality levels and temperature.  

Hypothesis: Increasing temperature and mortality levels in DC are 
positively correlated.2 

 
2 For a robust analysis, this hypothesis was tested on white and non-white groups, as well as on the total 
DC resident deaths. 
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The Model 
 
 The empirical model used in this thesis to test the relationship between 

temperature and mortality levels in Washington, DC included the demographic 

characteristics of the deceased, such as age, race, and gender as well as presence of 

certain diseases. Numerous studies (Medina-Ramon et al., 2006; Fouillet et al., 2006; 

Romlow& Kuller, 1990; Conti et al., 2005; Naughton et al., 2002; McGeehin & 

Mirabelli, 2001) have shown their importance.  

 The average daily temperature (independent variable) was used to represent the 

“heat” aspect of this study. Saez et al. (1995), Ballester et al., (1997) Kendrovski (2006), 

Ramlow & Kuller, (1990) all used this type of variable in their models.   

Various studies observed a stronger positive relationship between females as 

opposed to males and heat-related mortality (Medina-Ramon, Zanobettie, Cavanagh & 

Schwartz, 2006). As a result, this analysis included a gender variable.  

The literature review has had mixed results in terms of the significance of using a 

race variable. Some studies suggested that race does play a large role in the strength of 

the positive relationship between mortality and heat (Medina-Ramon et al., 2006; 

McGeehin & Mirabelli, 2001). On the other hand, Romlow & Kuller (1990) showed no 

significant impact. Race was included in this model because Washington, DC has such a 

large non-white population (about 65 percent), and ascertaining the significance of race 

will be very valuable to DC policymakers.  
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The model also included a health variable, which signified the presence of six 

illnesses at time of death. The illnesses included were diabetes, tuberculosis, rheumatic 

heart, malignant neoplasm (cancer), HIV-related emphysema and alcoholism.  Studies 

have found mixed results about the impact of pre-existing health conditions on heat-

related mortality (Ellis et al., 1980; Ballester et al., 1997; Romlow & Kuller, 1990; 

Semenza et al., 1999). Although, this study excluded cardiovascular and respiratory pre-

conditions due to lack of data, it will help close some gaps and clarify some of the mixed 

health-related results found in previous studies.    

Parameterized Model  
 

Total DC Mortality Level = B0 + B1AvgTemp + B2Female + B3Age55 + 
B4nonwhite + B5Health + ε 

 
Nonwhite Mortality Level = B0 + B1AvgTemp + B2Female + B3Age55 + 
B4Health + ε 

 
White Mortality Level = B0 + B1AvgTemp + B2Female + B3Age55 + 
B4Health + ε 

 
The model’s dependent variable was the daily mortality level received from the DC 

Department of Health (DCHD). As a rate variable was not available from the DCHD, a 

population figure was taken from the DC government was used to make informal rate 

comparisons in the post-regression analysis. 

 Exhibit A below shows these variables in more detail as well as the previous 

studies and theories that explain why this study included them. Note that in Model 1 B0, 

the intercept, represented mortality levels without the effect of climate, health or 
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demographic influence. Note also that B0 in Models 2 and 3 represented nonwhite and 

white mortality levels, respectively, without the effect of climate, health or demographic 

influence. 
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Exhibit A:  Matrix of Variables in Models  
**Models 2 & 3 have number of nonwhite deaths and white deaths, respectively, as their dependent variables 

  Variable 
Name 

Variable 
Definition 

Predicted 
Relationship 

Rationale/Theory/Previous 
Studies 

Y1 Mortality 
level 

Daily death levels N/A N/A 

B1 Avg Average daily 
temperature taken at 
the Ronald Reagan 
Airport by National 
Oceanic and 
Atmospheric 
Administration; 
Continuous 
variable. 

Positive in 
warmer months, 
Negative in 
Colder months 

Saez, Sunyer, Castelsague, 
Murillo & Anto, 1995; 
Ballester, Corella, Perez-
Hoyos, Saez & Hervas, 
1997; Kendrovski 2006 

B2 Female Number of females 
who died that day 

Positive Medina-Ramon, Zanobettie, 
Cavanagh & Schwartz, 2006

B3 Age55 Number of 
individuals over 55 
years who died that 
day 

Positive Fouillet et al.,2006; 
Romlow& Kuller,1990; 
Conti et al.,2005; Naughton, 
et al., 2002 

B4 Nonwhite Number of 
nonwhite 
individuals who 
died that day 

Positive Ramlow & Kuller, 1990; 
Medina-Ramon, et al., 2006; 
McGeehin & Mirabelli, 
2001 

B5 Health The number of 
deaths where at 
least one of the 
following health 
conditions were 
present: diabetes, 
tuberculosis, 
rheumatic heart, 
malignant 
neoplasms, 
emphasyema (HIV), 
alcoholism  

Positive or none Ballester et al., 1997; 
Romlow & Kuller, 1990 
Semenza et al., 1999 
Ellis et al., 1980 
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Database 
 
 This study used a dataset that was a combination of two separate datasets. The 

study used mortality data collected by the DC Department of Health for the years 2000 

to 2007. The data were collected for the Department by the State Center for Health 

Statistics Administration. This dataset provided all daily resident deaths that occurred in 

DC for the designated eight years. The data included individual age, health information, 

gender and race. The temperature information used for this study was taken from the 

Global Summary of the Day dataset provided by the National Oceanic and Atmospheric 

Administration’s National Climatic Data Center. The temperature readings were 

performed at Reagan National Airport.  

 The dataset was initially comprised of 53,599 individual deaths over the eight 

years. However, as this study looked at daily mortality levels, the observations had to be 

collapsed into daily observations. The final number of observations in this study was 

2,922 days.    

 There were some critical limitations to the data available for this study. One of 

the important limitations was the lack of information about individual income levels. If 

available, this information would have been helped clarify whether the association 

between nonwhite deaths and temperature is in part the association between low-income 

individuals and deaths.  

 Another important limitation of this data is that the observations were death 

levels rather than rates. This made it very difficult to make comparisons between groups. 
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For example, it was difficult to compare nonwhite and white deaths and their association 

to temperature. It was still possible to see the relationship between mortality levels and 

temperature, but these relationships have to be observed and interpreted within a group. 

This study attempted to make some generalized comments about rates based on general 

DC demographic statistics, but this was not done with as much precision as regression 

analysis and should be interpreted carefully. 

Data and Relationships 
 
 An initial examination of the data suggested that there was a slight V-shape to 

the pattern of deaths in Washington, DC, with deaths measurably increasing in the 

winter months and dropping in the spring and fall. As Figure 1 shows, there was a slight 

up-tick in deaths during the summer months, when temperatures were the highest. 

However, as is clear from the Figure 1, the number of deaths in the winter months was 

higher than the deaths in the summer months. These initial results corroborated some of 

the studies reviewed for this thesis.  
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Figure 1: Average Daily Deaths and Temperature by Month 2000-2007 
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 Table 1 below, which examines five of the coldest, warmest and medium 

temperature days in each year from 2000 to 2007, further supports the V-shaped pattern 

identified in Figure 1, with more deaths happening during low- and high-temperature 

days than medium- temperature days. Table 1 also shows that in the case of both 

genders, more nonwhites died than whites, especially nonwhite females. However, this 

should be considered with some caution, as the figures in the table are counts rather than 

rates. It is important to examine this information while keeping in mind that nonwhites 

made up about 60 to 70 percent of the DC population between 2000 to 2007. So, 

nonwhite death figures were in the expected range. For example, on the lower 
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temperature days nonwhites accounted for 68 percent of deaths and on the higher 

temperature days nonwhites accounted for 71 percent of deaths. 

 Interestingly, Figure 1 reveals that more men died in each of the categories than 

women, which is unexpected given that some earlier studies found higher mortality 

among women, party due to the longevity of women. This unexpected result may have 

occurred because these figures did not control for other factors, such as age, income,  

and education.  

 

Table 1: Seasonal Mortality by Gender and Race 

 

Seasonal Mortality by Gender and Race 

Based on five hottest, medium, and coolest average temperature days in each 
year in 2000-2007 

  High Medium Low 
Nonwhite Males 267 256 273 
White Males 123 114 123 
Total Males 390 370 396 

Nonwhite Females 258 230 248 
White Females 82 77 118 
Total Females 340 307 366 

 

 Another look at the data in Figure 3 supports some of the race-related results 

illustrated in Table 1. The number of nonwhite deaths was radically higher than the 

number of white deaths. Figure 2 shows the number of white, nonwhite and total people 

that died on the five hottest, medium and coolest days in 2000-2007. In all three cases, 
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nonwhite deaths outnumbered white deaths. Again, it is important to remember that 

these are counts rather than rates. Therefore, this is most useful when one compares each 

group to itself on the different temperature days rather than trying to make comparisons 

between groups. Interestingly, the difference in the number of deaths was much higher 

on the five warmest days. The difference in the number of nonwhite and white deaths 

was markedly lower during the coldest days.  

Figure 2: Seasonal Mortality by Race 
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 The differences in white and nonwhite deaths in 2000-2007 are further illustrated 

in Table 2. Throughout those eight years, nonwhite deaths accounted for about 71 to 68 

percent of total deaths in DC. Interestingly, the nonwhite population in DC ranged from 

about 70 percent in 2000 to about 60 percent in 2007. This is particularly interesting 

because while the percent of the nonwhite population decreased by 10 percentage points 

in the last eight years, the percent of the deaths that are represented by nonwhite deaths 

has only decreased by about two percentage points.  
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 Even more interesting is that the number of total deaths in DC from 2000 to 2007 

dropped, perhaps due to falling homicide levels over the last 20 years.3 This suggests 

that while fewer people were dying in DC, more of them were nonwhite than in previous 

years. In other words, the nonwhite death rate must have increased. This has serious 

implications for interpreting the results in Table 1, where the numbers of nonwhite 

deaths seem to have been within the expected range. However they were at the top of the 

range.    

Table 2: Total Deaths, Nonwhite Deaths and White Deaths by Year 
 
 Total Deaths NW Deaths NW Percent W Deaths W Percent 
2000 7,229 5,129 70.9% 2,100 29.0% 
2001 7,113 5,070 71.3% 2,043 28.7% 
2002 6,875 4,941 71.9% 1,934 28.1% 
2003 6,689 4,671 69.8% 2,018 30.2% 
2004 6,512 4,555 69.9% 1,957 30.0% 
2005 6,477 4,451 68.7% 2,026 31.3% 
2006 6,423 4,444 69.2% 1,979 30.8% 
2007 6,281 4,308 68.6% 1,973 31.4% 

  
 
 As anticipated, it appears that mortality among the elderly (55+) was 

significantly higher than that of younger individuals. Figure 3 shows the number of 

deaths on five of the coolest, hottest and median temperature days in 2000-2007, using 

average temperature. It is clear that about 70-80 percent of the deaths that occurred on 

these days were among the elderly. As anticipated, the lowest number of deaths on those 

 
3 DC Metropolitan Police Department, District Crime Data at a Glance 
http://mpdc.dc.gov/mpdc/cwp/view,a,1239,q,561242,mpdcNav_GID,1523,mpdcNav,|.asp  
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days occurred during the median temperature days. Figure 3 also shows the same idea 

that was illustrated by Figure 1, more deaths occurred during the coolest days than 

during the warmest. However, overall, the overwhelming majority of deaths that 

occurred on those days were people over 55 years of age.  

Figure 3: Seasonal Mortality by Age 
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STATISTICAL ANALYSIS 
 

Table 3: OLS Regression Results4 

 
Variables Model 1 

(B0:total)
Variables Model 2 

(B0:nonwhite) 
Model 3 

(B0: white)
Avg. Daily Temp -0.005 

(-2.58)** 
Avg. Daily Temp -0.005 

(-2.08)* 
0.0006 
(0.52) 

Number of Females 0.19 
(14.64)**

Number of Females 0.36 
(21.77)** 

0.28 
(17.54)** 

Health 0.04 
(2.14)* 

Health 0.16 
(6.50)** 

0.12 
(4.70)** 

Age55+ 0.54 
(45.45)**

Age55+ 0.80 
(58.77)** 

0.84 
(68.59)** 

Nonwhite 0.54 
(45.51)**

 

Constant 2.86 
(17.19)**

Constant 4.59 
(21.66)** 

1.07 
(12.41)** 

Observations 2922 Observations 2922 2910 
R-squared 0.88 R-squared 0.79 0.80 
F-Statistic 4171.97 F-Statistic 2747.64 2943.99 

T-scores listed in parenthesis, **denotes significance at a 0.01 p-level, * denotes significance at a 0.05 p-level 

 
4  These regressions were run with minimum temperature, maximum temperature, and humidity as 
independent variables as ways to represent the “heat” aspect of this study, as previous studies had done 
(Saez et al., 1995; Ballester et al.,1997;  Kendrovski, 2006; Ramlow & Kuller, 1990). However, these did 
not improve the models and were therefore ultimately not incorporated. Some studies showed the 
significance of lagged temperature as a factor in heat-related mortality (Ramlow & Kuller, 1990; Conti et 
al., 2005; Davis, Knappenberger, Michaels, & Novicoff, 2003). However the lagged variable was also not 
included in the final models because it did not significantly improve them. An additional heat-related 
variable that was ultimately left out of the analysis is the departure from the historic normal temperature 
for that day (DeptNorm), as calculated by NOAA. This variable captured variability or the change in 
temperature rather than just the temperature level. McGeehin & Mirabelli (2001) and Chestnut et al., 
(1998) suggested that variability in temperature is a larger factor than the temperature level because it 
accounts for how much a population has adapted to a certain level of heat. For instance, a 100-degree day 
in a normally temperate climate will have a larger impact on mortality than a 100-degree day in Palm 
Springs, where temperatures often reach 120-degrees in the summer. However, this variable was also 
eventually dropped because it failed to improve the models. The models were run on a version of the data 
that divides observations into seasonal categories. This strategy was meant to capture the V-shaped 
relationship identified in the literature review, with mortality rates rising in both the summer and winter 
and falling in the spring and fall (Ballester et al., 1997). However, this strategy was dropped because it 
also failed to enhance the models. Finally, different specifications of several of the age variables were tried 
but did not produce results that were substantially different. 
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General 
 
 Regressions were run with total, nonwhite and white daily mortality levels as the 

dependent variables (Model 1, 2 and 3, respectively).  None of the three models suffered 

from multicollinearity, heteroskedasticity, or misspecification, for more details see 

appendices. Although all three had robust R-square values, Model 1 had the highest, 

explaining 88 percent of the variation in daily mortality levels in DC. Model 2 explained 

79 percent of the variation in nonwhite daily mortality levels, while Model 3 explained 

80 percent of the variation in white daily mortality levels. All three models also had very 

large F statistic, suggesting that all of these variables were jointly significantly 

associated with DC’s daily mortality count. Note that the F-statistic, as was the case with 

the R-squared value, was the highest for Model 1. Generally speaking, we can be 

confident that Model 1 provided a very robust explanation of the relationship between 

the independent and dependent variables. 

Average Daily Temperature  
 
 The OLS regression results for Model 1 showed that there was a negative 

statistically significant relationship between the DC mortality levels and average daily 

temperature. Model 2 for nonwhites showed the same result. These results did not 

corroborate the initial hypothesis made by this thesis; daily DC mortality levels are 

positively statistically related to daily temperature. However, these findings did support 

some previous literature, which found that mortality was the highest in winter months, 

when daily temperatures are at their lowest. Interestingly, there was no statistically 
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significant relationship between white deaths and temperature, only nonwhites. It was 

not clear why this would be. It is possible that, because of the limitations of this dataset 

not all factors that may have explained white deaths were controlled for, such as 

education and income. This is the likely explanation for the unexpected result in Model 

3.  

Health 
 
 All three models showed a significant association between pre-existing health 

conditions and daily deaths. Even more interesting is that the magnitude of the health 

variable was apparently higher in Models 2 and 3 than in Model 1. The positive 

associations these regressions revealed supported some previous findings in the literature 

(Medina-Romon, et al., 2006, Semenza et al., 1999; Ellis et al., 1980; Romlow & Kuller, 

1990; Ballester et al., 1997). The literature review provided a mixed view of how pre-

existing health conditions may impact heat-related mortality. This analysis suggested 

that the selected pre-existing health conditions in this study did play a significant role in 

heat-related mortality, regardless of race.  

Gender 
 
 As expected, the female variable was positively statistically significant in all 

three models. There was very little variation in the t-scores and coefficients of this 

variable across the three models. These were convincing results that supported previous 

findings that have also suggested that gender may influence heat’s association with 
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mortality, noting that females are more strongly positively associated with daily 

mortality numbers (Medina-Romon, et al., 2006). The literature suggested that this may 

be for a variety of reasons; for example, females, especially those living alone, may be 

less financially secure and therefore may lack the resources to protect themselves from 

harsh winters or summers. 

Age 
 

Finally, the results for the Age55 variables were also significant and as expected. 

These results showed that age did influence the association between temperature and 

mortality levels in Washington, DC. Across all three models, age was the most robust 

variable at a very high confidence level. This relationship was universally predicted and 

established in the previous studies that investigated the relationship between temperature 

and mortality (Fouilleet et al., 2006; Romlow & Kuller, 1990; Conti et al., 2005; 

Naughton, et al., 2002).  

In summary, mortality levels and temperature were inversely related, especially 

for nonwhites. The relationship between mortality and age, gender, and health were all 

as predicted by the literature.   
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POLICY IMPLICATIONS 
 
 The study found that low temperatures and mortality levels in Washington, DC 

were positively associated. Rather than worry about implementing appropriate policies 

to help residents adapt to increasing temperatures, this study suggests that DC 

policymakers should consider policies that will help DC citizens adjust to the cold.  

Continue and Expand Existing Policies  
 

Given the results of this study, DC officials may begin planning for the future 

with initiatives to reduce vulnerability to cold weather throughout the District. These 

findings support policies that are already in place to help DC residents adapt to the cold. 

One example of a policy that tackles this problem is weatherizing homes, which keep 

homes warmer in the winter months. A national Weatherization Assistance Program 

(WAP) has existed for more that 30 years, but has been chronically underfunded. The 

recent passage of the American Recovery and Reinvestment Act of 2009 (Recovery Act) 

has radically increased the funding for this program, nationwide. One of the most 

important features of the WAP is that it reduces or illuminates the cost of weatherizing 

homes, making it possible for more residents to improve the insulation of their homes. 

Unfortunately, the Recovery Act only authorizes large WAP expansion for a few years, 

after which the program will go back to its original funding, helping fewer people. Now, 

DC policymakers and health officials can use the findings in this thesis to support 
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continuing to fund the WAP at its newly elevated levels in DC for sometime after the 

Recovery Act terminates.  

The positive relationship found between deaths and cold winter should also drive 

DC policymakers to ban power/gas shut-off policies during the winter for certain 

particularly sensitive segments of DC society. DC has already put such bans in effect 

because people across the country who are unable to play their utility bills have been 

found dead in their homes as a result of the cold. As this thesis found, the elderly are 

particularly affected by this. At the time of writing, utility companies have been 

temporarily barred from shutting off energy to customers who failed to pay their bills. 

DC officials should consider policies to permanently bar shut-offs for at-risk individuals, 

including the elderly or ill.   

Address at-Risk Groups 
 
 This study found that cold-related mortality among non-whites is more  of a 

factor  than with whites. The relationship between race and heat-related mortality is 

particularly important for Washington, DC, as the district has a large non-white 

population. DC health officials should consider forming policy to accommodate non-

white residents during cold months, especially those with low incomes. Policies may 

include increased subsidies on heaters and insulations measures, similar to those offered 

by WAP, that are directed for communities with larger non-white populations. Other 

policy options may include increasing cold-snap alerts and improving communication of 

these alerts to communities with large non-white populations.   
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 Since this study concluded that there was a strong positive relationship between 

certain health conditions and higher heat-related mortality, DC health officials may want 

to provide illness-specific advice and aid for individuals at risk.  The policy implications 

for these groups are similar to those mentioned above for the non-white communities. 

Policymakers will want to target these groups for more education and improve 

communication campaigns with these groups about risks during cold-weather periods.  

Climate-change-related Implications 
 
 Finally, the negative relationship between heat and mortality may lead DC policy 

officials to decide that the human health benefits of climate-change-reducing policies, 

such as cap-and-trade or carbon-taxes, are perhaps not as high as initially predicted. 

Based on this new knowledge, city officials may decide that human health related 

reasons are not the best grounds for reducing the city’s greenhouse gas footprint (though 

environmental damage is still a legitimate argument). 

 The findings of this study also support more general policy implication for DC 

officials who are confronted with predications about the rising health care costs 

associated with climate change. Bosello, Francesco, Roson, Roberto & Tol, Richard S.J. 

(2006) suggested that there may be significant government expenditures as a result of the 

human health impacts of the rising temperatures associated with climate change. They 

argued that increasing temperature that impacts human health has a negative impact on 

the economy not only because of the higher health care costs but also health-related 

productivity loss. However, since this thesis failed to support the premise that more 
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people died when it become hotter, DC policymakers may not need to worry about the 

effects that Bosello, et. al., (2006) talk about in the immediate future.  In fact, because 

winters are expected to become milder as a result of predicted climate change, 

policymakers should expect fewer cold-related mortality levels in DC. Finally, in order 

to ensure responsible and efficient government programming and investment, DC 

policymakers should place a lower priority on the kinds of rising costs that Bosello, et. 

al., (2006) predict when planning future budgets and building budget goals.  
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APPENDIX: DIAGNOSTIC TESTS ON MODELS  
 

MODEL 1: Daily Mortality Levels= Average Daily Temp + Female + Health + 
Nonwhite + Age55 

 
 

Multicollinearity 
 
 The diagnostics performed to check for multicollinearity imply that there is no 

problem with multicollinearity in the model. Table 4 below shows a matrix of 

correlation coefficients for all the explanatory variables that are less than 0.80. The 

Nonwhite and Age55+ variables have a 0.709, which is the closest pair-wise correlation 

to 0.80. Because all of the pair-wise correlations in Table 4 are below the 0.80 

thresholds, multicollinearity is not likely to be a problem.  

 A VIF test was also performed on the regression to formally test for 

multicollinearity. The VIF test results are presented in Exhibit A. The VIF score is 

smaller than 4, corroborating the claim that this model does not suffer from 

multicollinearity, since a score of 10 or more signifies a problem. 

 
Table 4: Correlation of Independent Variables 
 

Variable Avg Temp Females Health Age55+ Nonwhite
Avg Temp 1.000 -0.124 -0.080 -0.150 -0.117 
Females  1.000 0.333 0.648 0.615 
Health   1.000 0.410 0.394 
Age55+    1.000 0.709 
Nonwhite     1.000 

 *no correlation coefficient larger than 0.80  
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Exhibit A: VIF test 
 
Variable |       VIF       1/VIF 
-------------+---------------------- 
age55 |      2.43    0.411233 
nonwhite |     2.24    0.446368 
female |      1.88    0.530655 
health |      1.24    0.807715 
avg |      1.02    0.975977 
-------------+---------------------- 
Mean VIF |      1.76 
 

Heteroskedasticity  
 
 The diagnostic plot and formal tests presented below all suggest that this model 

does not have heteroskedasticity problems. The informal diagnostic plot (Plot A) shows 

a generally random distribution, which implies that there is no heteroskedasticity in the 

model.  

 To formally test this initial observation, the Breusch-Pagan/Cook-Weisberg was 

performed and resulted in a chi-squared value of 23.25 (p=0.0000). This result suggests 

that heteroskedasticity should not be a concern.  
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Plot A 
 
 
. plot estdeaths avg 
 
 4.15034 +   
    S    |                      * 
    t    |      *             * 
    a    |   
    n    |                           *          *     *      **   ** * 
    d    |             *       *   *  *   *  * **   *   *  *  *  * 
    a    |      *  *  *   * ** ***   *    *  *  **         **  ** *    * 
    r    |           * *******  *   **  ***  *  ********  **   ****  ** 
    d    |      *  * *   ***  *********** ********** * ********** **** 
    i    |       *** * ************************************************ 
    z    |     * * **** *********************************************** * 
    e    | * * **  ***************************************************** 
    d    |    ***** ****************************************************** 
         |     ********************************************************** * 
    r    |        ******************************************************** 
    e    |   *  * ** ** ************************************************  * 
    s    |   **    *************** *** *********************************** 
    i    |   *     * **  ***  ***************** **** ******* ********* 
    d    |           *    *   **  ****  * * ** ** *  *   * **** *  ***** 
    u    |           *    *  *  *   ** *          *  *     ** * * 
-2.95818 +           *            *   *                         * 
          +----------------------------------------------------------------+ 
               15                    (max) avg                          91 

 
 
Exhibit B: Breusch-Pagon/Cook-Weisberg Test 
 
Breusch-Pagan / Cook-Weisberg test  
         Ho: Constant variance 
         Variables: fitted values of deaths 
         chi2(1)      =    23.25 
         Prob > chi2  =   0.0000 
 

Model Specification 
  
 The formal and informal tests carried out to check for correct model specification 

suggest that the model is well specified. The Ramsey RESET test resulted in an F-value 

of 1.10 (p=0.3477), a non-signficant F-value, which means that this model is correctly 

specified. In addition, Plot B shows a random distribution that further supports the claim 

that this model does not have a model specification problem.  
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Plot B 
 
 
. plot deathsresid deaths 
 
 6.31249 +   
         |                                         * 
         |                                       * 
         |                                   *   * * * *   * 
         |                      *     *   ** * * * * * * * * * * * 
         |                      * *   *   *  * * *   * * * * 
    R    |                *     * * * * * ** * * * * * * *   * * 
    e    |              * *   *   * * * * ** * * * * * * * *   * * 
    s    |              * * * * * * * * * ** * * * * * * * * * *   * 
    i    |          * *   * * * * * * * * ** * * * * * * * *   *   * 
    d    |          * * * * * * * * * * * ** * * * * * * * * *   * 
    u    |          * * * * * * * * * * * ** * * * * * * *   *   * *   * 
    a    |        * * * * * * * * * * * * ** * * * * * * * *   *       *   * 
    l    |    * * * * * * * * * * * * * * ** * * * * * * * *     *   * 
    s    | ** *   * * * * * * * * * * * * ** * * * * *   * * * 
         |    * * * * * * * * * * * * * * ** * * * * * * *       * 
         |    *   * * * * * * * * * * * * ** * * * *             * 
         |              * * * * * * * * * ** *     * 
         |          *   *       * * * *   *    * 
         |   
 -5.6426 +                                     * 
          +----------------------------------------------------------------+ 
                4                  (max) deaths                        37 

 
 
Exhibit C: Ramsey RESET 
 
Ramsey RESET test using powers of the fitted values of deaths 
       Ho:  model has no omitted variables 
                F(3, 2913) =      1.10 
                Prob > F =      0.3477 
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MODEL 2: Nonwhite Daily Mortality Levels= Average Daily Temp + Female + 
Health + Age55 

 

Multicollinearity 
 
 A VIF test was also performed on the regression to formally test for 

multicollinearity. The VIF test results are presented in Exhibit D. The VIF score is 1.46, 

since this score is considerably lower than 10, this model does not suffer from 

multicollinearity. 

Exhibit D: VIF test 
 
 
    Variable |       VIF       1/VIF   
-------------+---------------------- 
       age55 |      1.87    0.535254 
      female |      1.74    0.575418 
      health |      1.21    0.823391 
         avg |      1.02    0.975988 
-------------+---------------------- 
    Mean VIF |      1.46 
 
 

Heteroskedasticity  
 
 Model 2 does not appear to have any problems with heteroskedasticity because 

Plot C illustrates a random distribution. The Breusch-Pagan/Cook-Weisberg results 

formally support this. The test resulted in a chi-squared value of 4.58 (p=0.0324). These 

formal and informal test results imply that heteroskedasticity should not be a concern for 

Model 2. 
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Plot C 
 
 
. plot estNWdeaths avg 
 
  3.9724 +   
    S    |                                                * 
    t    |                                                    * 
    a    |                *  *       *         ** 
    n    |                    * *          *                  **     * 
    d    |         *     *     ****   * * *  ** ** *  * *      **    *  * 
    a    |      *    **  * *  *** *****  *   *  * *  * ** * * * *  * 
    r    |      *         * *   * * ** *  ****  *** ******** ** * ** ** 
    d    |        **   ********************* **** ********** ********** 
    i    |    ** *** * ************************************************* 
    z    |    * *  **************************************************** *** 
    e    |   * *  ******************************************************* * 
    d    |   * **** *** **********************************************  * 
         |   * * ** ***************************************************** * 
    r    |     ** ****************************************************** * 
    e    |   ** *  ****************************************************   * 
    s    | *  * *  **** ************ * **************************** **** 
    i    |         * * * **  **  ******** ********** **  ****** **** *** 
    d    |               *    *  ****** ** *    **     *   **** *  ** 
    u    |   *                         *         *    *         * 
-3.09139 +                        * 
          +----------------------------------------------------------------+ 
               15                    (max) avg                          91 
 

 
 
Exhibit E: Breusch-Pagan / Cook-Weisberg Test 
 
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity  
         Ho: Constant variance 
         Variables: fitted values of NWdeaths 
 
         chi2(1)      =     4.58 
         Prob > chi2  =   0.0324 
 
 

Model Specification 
 
 Model 2 may have problems with model specification. The informal test shown 

in Plot D suggests a fairly random distribution, which suggests that there is no model 

specification error.  The Ramsey RESET test resulted in an F-value of 0.81 (p=0.4885). 

These results show an insignificant F-value, which implies that the model is in fact 

properly specified.  
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Plot D 

 
 
. plot NWresid NWdeaths 
 
 8.40926 +   
         |                                                   * 
         |                                                 * 
         |                                 *     * *   * *     * 
         |                                 * *       * *     *   * 
         |                          * *   *  * * * * * * * * * * * 
    R    |                          *   * ** *   * * * * * *   * 
    e    |                      * *   * * ** * * * * * * * * 
    s    |                * * * * * * * * ** * * * * * * * *   *   *   * 
    i    |              * * * * * * * * * ** * * * * * * * * * * * *   * 
    d    |              * * * * * * * * * ** * * * * * * * * * * * * *     * 
    u    |            * * * * * * * * * * ** * * * * * * * * * * * * 
    a    |          * * * * * * * * * * * ** * * * * * * * * *   * 
    l    |          * * * * * * * * * * * ** * * * * * * *   * * 
    s    |    *   * * * * * * * * * * * * ** * * * * * *   *     * 
         |    *   * * * * * * * * * * * * ** * * * * *   * * 
         | **   * * * * * * * * * * * * * ** * * * * * * * 
         |    * * * * * * * * * * * * * * ** * * * * 
         |        * * * * * * * * * * * *  * * * * 
         |                    * * *       *  * 
-6.53889 +                                     * 
          +----------------------------------------------------------------+ 
                4                  (max) deaths                        37 
 

 
 
Exhibit F: Ramsey RESET 
 
Ramsey RESET test using powers of the fitted values of nonwhite 
Ho:  model has no omitted variables 
                F(3, 2914) =      0.81 
                  Prob > F =      0.4885 
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MODEL 3: White Daily Mortality Levels= Average Daily Temp + Female + 
Health + Age55 

 

Multicollinearity 
 
 The results of the VIF test for model 3 suggest that there is no multicollinearity 

problem with this model. The VIF score for model 3 is 1.39. The results are show in 

Exhibit G.  

 
Exhibit G: VIF test 
 
Variable |       VIF       1/VIF   
-------------+---------------------- 
       age55 |      1.77    0.564239 
      female |      1.63    0.614710 
      health |      1.15    0.866241 
         avg |      1.02    0.982337 
-------------+---------------------- 
    Mean VIF |      1.39 
 
 

Heteroskedasticity  
 
 As with the previous two models, Model 3 also does not appear to have any 

problems with heteroskedasticity. Plot E shows a random distribution, which supports 

the claim that this model is homoskedastic. To further support this, the Breusch-

Pagan/Cook-Weisberg resulted in a chi-squared value of 34.56(p=0.0000).  
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Plot E 
 
 
. plot estWdeaths avg 
 
 5.35073 +   
    S    |      * 
    t    |   
    a    |                                            * 
    n    |                    *                 * 
    d    |                           **                    *      * 
    a    |                  *  *                    *  *     *   * * 
    r    |            *    *    *            *    *           * * *  * * 
    d    |             *   **   *** **       ** *  *   ***    **    *  * 
    i    |             *  ** ******  ** * *  *  ** * *  * ***  ***** * 
    z    |        ** **  * *   ***** ************* ***  *********   ** 
    e    |     *** * *** ***  ***************** * ***** ** ************ * * 
    d    |         * ************** *********************************** 
         |   ***  *  ***************************************************** 
    r    |      *  ***************************************************** 
    e    |   ** ********************************************************* 
    s    |     * **  ***************************************************  * 
    i    |    ********* *************************************************** 
    d    | *  *  * ****************************************************** * 
    u    |      *   *   ***  ** ****** ******** *** ******************   * 
-2.15082 +   *       *     *      *           *       *   * 
          +----------------------------------------------------------------+ 
               15                    (max) avg                          91 

 
Exhibit H: Breusch-Pagan / Cook-Weisberg Test 
 
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity  
         Ho: Constant variance 
         Variables: fitted values of white 
 
         chi2(1)      =    34.56 
         Prob > chi2  =   0.0000 
 

Model Specification 
 
 The formal and informal diagnostics show that Model 3, like Model 2, is 

properly specificified. Plot F shows a random distribution, suggesting the model is 

properly specified. The Ramsey RESET test resulted in an insignificant F-value of 0.71 

(p=0.5464). Since the F score is non-significant, the model does not suffer from 

misspecification.  
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Plot F 
 
 
. plot Wresid Wdeaths 
 
 5.63827 +   
         |                                                 * 
         |   
         |                                                         * 
         |                                         *   * 
         |                                 *   * 
    R    |                             *   *       *   * 
    e    |                 *       *   *   *   *   *   *   *   * 
    s    |                 *   *   *   *   *   *   *   *   * 
    i    |                 *   *   *   *   *   *   *   *   *   *           * 
    d    |                 *   *   *   *   *   *   *   *   *   * 
    u    |         *   *   *   *   *   *   *   *   *   * 
    a    |         *   *   *   *   *   *   *   *   *   *   * 
    l    |     *   *   *   *   *   *   *   *   *   *   *   *   * 
    s    |     *   *   *   *   *   *   *   *   *   *   *   * 
         | *   *   *   *   *   *   *   *   *   *   *   *   * 
         | *   *   *   *   *   *   *   *   *   *   *   *   *   * 
         | *   *   *   *   *   *   *   *   *   *   *   * 
         | *   *   *   *   *   *   *   *   *   *   * 
         |     *   *   *   *   *   *   *   *   *   * 
-2.26556 +                 *   *   *       *   * 
          +----------------------------------------------------------------+ 
                1                  (max) deaths                        17 
 

 
 
Exhibit I: Ramsey RESET 
 
Ramsey RESET test using powers of the fitted values of white 
Ho:  model has no omitted variables 
                F(3, 2902) =      0.71 
                Prob > F =      0.5464 
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