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Hot Years and Serious and Deadly Assault: 
Empirical Tests of the Heat Hypothesis 
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Two archival studies examined the relation between year-to-year shifts in temperature and violent 
and property crime rates in the United States. Study 1 examined the relation between annual average 
temperature and crime rate in the years 1950-1995. As expected, a positive relation between tempera- 
ture and serious and deadly assault was observed, even after time series, linear year, poverty, and 
population age effects were statistically controlled. Property crime was unrelated to annual average 
temperature. Study 2 examined the relation between the average number of hot days (~-90°F) and 
the size of the usual summer increase in violence for the years 1950-1995. As expected, a positive 
relation was observed between number of hot days and magnitude of the summer effect, even after 
time series and linear year effects were statistically controlled. For property crime, the summer effect 
was unrelated to number of hot days. 

The day drags by like a wounded animal 
The approaching disease, 92 ° 
The blood in our veins and the brains in our head 
The approaching unease, 92 ° 

--Siouxsie and the Banshees, 92 ° 

It is a hot summer's  day. John is on his way to work. The 
subway car is hot and crowded. When John leaves the car, the 
outside air is just as steamy. He is five blocks from his office 
building, so he walks quickly to find solace in his cool air- 
conditioned office. Upon arriving, however, he discovers that 
the air-conditioning unit is broken. John takes off his sport coat, 
loosens his tie, and rolls up his sleeves to provide as much relief 
as possible from the sweltering heat. As the day progresses, the 
temperature rises and the atmosphere of  the office becomes 
unbearable. A colleague approaches John and inquires about a 
project that they had discussed earlier. John had been adamantly 
opposed to pursuing further conversation on the matter and 
thought the topic was closed. Upon realizing its reopening, John 
firmly tells his colleague that he does not want to discuss it any 
further. His colleague then takes John by the arm to keep him 
from leaving. John violently shoves him away and storms out 
of  the office. 
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What caused the aggression expressed by John.'? Previous 
research has shown that emotional aggressive outbursts, such 
as those displayed by John, are frequently caused by aversive 
events such as provocation, frustration, uncomfortable tempera- 
tures, loud noise, unpleasant odors, and smoke (e.g., Berkowitz, 
1983). In this article we further explore the heat hypothesis, 
which simply states that uncomfortably hot temperatures in- 
crease aggressive motives and aggressive behavior. Of  particular 
interest is affective aggression, defined as a deliberate attempt 
to harm another person in which the harm is the primary goal 
rather than a means to some other goal. In affective aggression 
(sometimes labeled angry, emotional, hostile, or impulsive ag- 
gression), other gains are secondary. In fact, one hallmark of  
affective aggression is that it is often carried out even when the 
objective costs vastly outweigh the gains from the aggressive 
act. Most instances of  murder have this characteristic (U.S. 
Federal Bureau of  Investigation, 1951-1996) .  Instrumental ag- 
gression, in contrast, is defined as a deliberate attempt to harm 
another person as a means to obtaining some other goal (e.g., 
money, power, dominance, social status). Affective aggression 
is primarily annoyance motivated, whereas instrumental aggres- 
sion is primarily incentive motivated. Therefore, hot tempera- 
tures should have a greater effect on hostile aggression than on 
instrumental aggression. 

Studying the heat hypothesis is important for both theoretical 
and applied reasons. At a theoretical level, findings from studies 
of  the heat hypothesis contribute to the emerging models of  
affective aggression (e.g., C. A. Anderson, Deuser, & DeNeve, 
1995; Berkowitz, 1993). The general affective aggression 
model, proposed by C. A. Anderson et al. (1995),  for example, 
specifies that both situation and personality variables influence 
the aggression process through one or more specific pathways. 
Recent laboratory studies have shown that hot temperatures in- 
crease hostile affect and physiological arousal (C. A. Anderson, 
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Anderson, & Deuser, 1996; C. A. Anderson et al., 1995). Thus, 
the current model of the relation between heat and aggression 
predicts that violent crimes will increase during hot periods of 
time. Studies of the heat hypothesis also have stimulated theoret- 
ical debates in several more diverse areas of interest to social 
scientists, including the development of cultures of violence 
(e.g., C. A. Anderson & Anderson, 1996, in press; Nisbett, 1993; 
Pennebaker, Rime, & Blankenship, 1996) and cross-national 
differences in experienced role overload (e.g., Van de Vliert & 
Van Yperen, 1996). At a more practical level, an improved 
understanding of the psychological mechanisms and the general- 
ity of heat effects on aggression might suggest means to amelio- 
rate violence in a variety of contexts, such as schools, prisons, 
and workplaces, as well as adding another important reason for 
concerns about the long-term consequences of global warming. 

Triangulation 

The basic approach taken in studies of the heat hypothesis is 
one of triangulation (C. A. Anderson, 1989). Different types of 
studies, each with its own unique strengths and weaknesses, are 
examined. If findings from very different types of studies or 
perspectives support the same basic hypothesis, then one's con- 
fidence in the validity of that hypothesis grows. 

meaning from the kinds of aggression measures used in the 
real world, such as murder, assault, and rape (but see C. A. 
Anderson & Bushman, 1997, for an analysis demonstrating that 
the external validity problem is not as serious as many have 
supposed). A second weakness of laboratory experiments is 
that they have produced mixed findings, with some experiments 
showing increases in aggression at hot temperatures, some 
showing decreases, and others showing no temperature effect 
(see K. B. Anderson & Anderson, 1997b, for a meta-analysis 
of these studies). Although recent work has suggested that the 
effect of heat on aggression depends on several other situational 
variables (e.g., C. A. Anderson & Anderson, in press), there is 
still room for debate about underlying psychological processes 
(cf. C. A. Anderson & DeNeve, 1992; Bell, 1992). 

Time Period Perspective 

The third type of study common in the triangulation approach 
to the heat hypothesis has been labeled time period. In these 
studies, aggressive behavior is examined across time periods 
that differ in temperature. For example, murder, rape, and assault 
rates tend to be higher during the summer than during other 
seasons (C. A. Anderson, 1989; C. A. Anderson & Anderson, 
in press). 

Geographic Region Perspective 

One type of study compares indicators of aggression in differ- 
ent geographic regions to see whether violence is higher in the 
hotter region. For example, C.A. Anderson and Anderson 
(1996) examined violent crime rates across major cities in the 
United States and found that hotter cities had significantly higher 
violent crime rates than did cooler cities. A major strength of 
geographic region studies is that cyclic variations, such as 
school vacations and holiday periods, are essentially the same 
in the different regions (if the regions are in the same country). 
A weakness of geographic region studies, however, is that differ- 
ent regions typically vary on a number of dimensions other than 
temperature, dimensions that might be related to aggression. 
Anderson and Anderson used statistical controls for many vari- 
ables (e.g., poverty rate, an index of Southern culture), but one 
can always postulate additional variables. 

Concomitant Perspective 

A second type of study of the heat hypothesis is characterized 
by the measurement of temperature and aggression simultane- 
ously. Laboratory experiments have this characteristic, as do 
some field experiments. In one field experiment (Kenrick & 
MacFarlane, 1984), for example, an experimenter sat through 
a green traffic light on days of varying temperature while an 
observer recorded horn honks by trapped motorists as an indica- 
tor of aggression. Results showed that there was more aggressive 
horn honking by drivers without air conditioning at hotter tem- 
peratures than at cooler temperatures. A major strength of this 
concomitant approach is that many extraneous factors are con- 
trolled, especially in laboratory experiments. Laboratory experi- 
ments, however, also have weaknesses. One is that they use 
aggression measures that tend to be quite different in surface 

Advantages 

A major strength of the time period approach is that the 
participant population remains the same across different levels 
of temperature. This strength is particularly important when one 
considers the cultural explanations for heat effects in geographic 
region studies. Specifically, Nisbett ( 1993; see also Cohen, Nis- 
bett, Bowdle, & Schwarz, 1996) proposed that the regional 
differences in violent crime rates in the United States result 
solely from a culture of honor that developed in the hotter re- 
gions because of economic and social factors in early Southern 
society. For both theoretical and empirical reasons (e.g., C. A. 
Anderson & Anderson, 1996, in press; Pennebaker et al., 1996), 
we believe that temperature is at least partially responsible for 
regional differences in violence and that hotness of climate may 
even be responsible for regional differences in cultures of honor 
and violence. However, the fact remains that with geographic 
region studies comes the possibility of regionally confounded 
variables such as culture. Time period studies are particularly 
useful in this regard, because the same resident population (and 
the same culture) is present in both the hotter and cooler time 
periods, thus rendering any cultural explanations of the heat 
effects irrelevant. 

Alternative Explanations for Time Period Effects 

Seasonalfluctuations. One problem with time period stud- 
ies is that cyclic events may be related to aggression and may 
also coincide with the temperature-time period shifts. For ex- 
ample, seasons of the year are related to numerous school, work, 
vacation, and employment activities that might relate to aggres- 
sion. One way to address this particular weakness is to use time 
periods that are less related to seasonal variations. 

The present studies took precisely this approach, examining 



HOT YEARS AND ASSAULT 1215 

violent crime rates in years of varying temperatures. The reason- 
ing behind this approach is straightforward. Aggressive out- 
bursts in natural settings often produce aggressive retaliations 
by the initial target, thus setting off  an aggressive escalation 
cycle. Thus, hot temperatures should generally increase violence 
in natural settings by triggering an aggressive outburst and retali- 
ation cycle. Seasonal life tasks (e.g., vacations, summer jobs)  
are essentially the same from one year to the next, so finding a 
yearly temperature effect would strengthen the heat hypothesis 
and weaken the seasonal life tasks alternative hypothesis, 
whereas failure to find a year-based temperature effect would 
contradict the heat hypothesis. Only one study has used this 
approach (C. A. Anderson, 1987). It found that violent crime 
rates and annual average temperatures in the United States across 
a 10-year period were positively related. 

Correlated residuals. C.A.  Anderson's (1987) study raises 
several additional issues, however, which may be resolved by 
using statistical procedures that require a larger number of  year- 
long time periods. First, the residuals of  time series data often 
are correlated with time. The most common version is when the 
residuals at any given time period (T)  are correlated with the 
residuals at the subsequent time period (T + 1 ). Such "autocor-  
relations" make ordinary least squares (OLS)  procedures inap- 
propriate for estimating regression parameters. If  a larger sample 
of time periods is used, autoregression techniques can be used 
to reduce or eliminate autocorrelations among residuals and can 
thus yield more accurate results. 

Time and global warming. Violent crime rates in the United 
States have increased dramatically over the last four decades or 
so. ~ Furthermore, there is considerable evidence that increasing 
carbon dioxide emissions may be producing systematic in- 
creases in global temperatures (U.S. House of Representatives, 
1994). Thus, it is possible that the relation between temperature 
and violence reported by C. A. Anderson (1987) was inflated 
because temperature may have been confounded with year. A 
larger sample of  time periods allows one to control for this 
potential confound by partialing out a linear year effect before 
testing the hypothesis that hot temperatures increase aggression. 
Of  course, i f  the heat hypothesis is correct, then global warming 
should cause increases in violent crime rates. Eliminating the 
supposed year-based confound and controlling for apparent au- 
tocorrelations in residuals both would lead to an underestima- 
tion of the true heat effect on violence. Thus, our tests of  the 
heat hypothesis, which control for both autoregression and linear 
year effects, are conservative. 

Age shifts. Year-to-year variations in violent crime rates 
may primarily reflect shifts in the proportion of  the population 
who are in the "h igh  vio lence"  age range. Individuals in the 
15-29  year age range are most likely to be involved in violent 
crimes (Moffitt, 1993; Steffensmeier, Allan, Harer, & Streifel, 
1989). A larger sample of  time periods allows one to partial 
out effects of  year-to-year shifts in the proportion of  the popula- 
tion that is in the high-violence age range. 

Poverty. The proportion of the U.S. population living below 
the poverty line shifts across time as well. The fact that violent 
crime is associated with poverty (e.g., Berkowitz, 1993) sug- 
gests that the association between increasing temperatures and 
violent crime rates may be a mere coincidence, stemming from 
their relation to increasing poverty across time. This alternative 

explanation assumes that (a)  the poverty rate in the United 
States has systematically increased over the particular time pe- 
riod under study, (b) the poverty rate has been positively related 
to violent crime during this same period, and (c)  the poverty 
rate has been positively related to the average annual tempera- 
ture. Two problems with the poverty rate variable precluded us 
from using it as a main focus in the present studies. First, official 
poverty rate data are not available for all the years covered in 
our studies (see Method section). Second, there is some consen- 
sus that the official measure of  poverty in use during most of  
the target years is seriously flawed (U.S. Bureau of the Census, 
1997 ). In addition, the available poverty rate data contradict all 
three of  the assumptions of  this alternative explanation, thus 
ruling it out. We therefore decided to use the poverty variable 
only in supplemental analyses. 

Race. An additional issue raised by a reviewer of an earlier 
version of  this article concerns systematic shifts in the racial 
makeup of  the U.S. population. Specifically, the percentage of  
the entire U.S. population that is of  European descent has stead- 
ily declined from about 89% in 1950 to about 83% in 1995. To 
examine the suggestion that changes in racial composition may 
account for heat-correlated increases in violent crime rates, we 
gathered data on the percentage of  the population classified as 
" W h i t e "  for use in our analyses. However, three major prob- 
lems with the race variable led us to drop it from our analyses. 
First, the underlying causal mechanism of such a race effect is 
unclear. One could imagine diverse explanations, including some 
that are racist (e.g., People of  European descent are less violent 
by nature than other peoples),  others that are racism-based (e.g., 
The majority race puts numerous stresses on the minority races, 
thereby triggering high crime rates), and still others that are 
less specifically tied to race (e.g., Increasing cultural diversity 
in a society puts a variety of  additional stresses on all members 
of that society, and violent crime is one manifestation of these 
stresses). But there is little relevant theory to guide us here. 

Second, the correlation between year (1950-1995)  and the 
percentage of  the U.S. population that is White was - .98 .  This 
high correlation between year and race creates major statistical 
problems if both variables are entered in the model (i.e., multi- 
collinearity; see Neter, Wasserman, & Kutner, 1990). 

Third, the high correlation between year and race means that 
if  year is included as a control variable, or if  autoregressive 
parameters are included in the statistical model, then we are 
substantially controlling for racial composition shifts as well as 
any other variables that happen to correlate strongly with time. 

The much heralded decline in violent crime rates in recent years is 
more hyperbole than fact. The violent crime rate (sum of murder, rape, 
and assault rates) appears to have peaked in 1992 at 494.1 incidents per 
100,000 people. But the decreases have been miniscule at best. For 
example, the lowest violent crime rate in the 1990s (1995, 463.3 per 
100,000) is about 96% of the 1992 rate. However, it also is 133% of 
the 1985 rate, 176% of the 1975 rate, 375% of the 1965 rate, and 
642% of the 1955 rate. The National Crime Victimization Survey results 
suggest somewhat larger declines in some violent crimes than the FB! 
Uniform Crime Reports used in the present research, but the overall 
picture is much the same. Until substantially larger declines are seen, it 
is hard to put much positive spin on recent violent crime rates, regardless 
of data source. 
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We decided, therefore, to focus on our originally chosen vari- 
ables ( temperature,  year, and age).  We also conducted several 
supplementary analyses with poverty. Race was dropped entirely 
f rom further analyses. 

Negative affect escape model. The negative affect escape 
model (NAE;  e.g., C. A. Anderson & DeNeve, 1992; Bell & 
Baron, 1976) postulates that (a )  negative affect increases as 
temperatures become uncomfortably hot, ( b )  both aggressive 
and escape motives increase as negative affect increases, and 
(c )  at high levels of negative affect, if  escape from the situation 
is possible, then escape motives overpower aggressive motives 
and escape behavior  is expressed (and aggressive behavior  is 
not  expressed) .  This model predicts a downturn in aggression 
when temperatures are so high that they push escape motives 
beyond aggressive motives. In the present studies, though, the 
simple heat hypothesis and NAE are indistinguishable, mainly 
because hotter years not only have more days where escape 
motives might  operate but also have more days that are hot 
enough to increase aggressive motives but not hot enough to 
make escape motives dominant .  More important,  the simple heat 
hypo the s i s - - t ha t  hot temperatures increase aggressive tenden- 
c i e s - i s  fully compatible with NAE. In other words, NAE is 
not an alternative explanation for an observed positive relation 
between temperature and violence. 

In sum, the present studies address six alternative explana- 
tions for t ime period effects on violent behavior:  ( a )  seasonal 
fluctuations; ( b )  correlated residuals; ( c )  coincident crime, year, 
and global warming trends; (d )  coincident age distribution 
shifts; (e )  coincident poverty shifts; and ( f )  coincident race 
shifts. The first alternative explanation is dealt with by using 
year as the unit of  analysis. The remaining five alternatives are 
dealt with by statistical controls. 

S t u d y  1 

Study 1 examined the effects of  average annual temperature 
on the total U.S. annual violent and property crime rates. The 
following variables were added to the model as statistical con- 
trols: autoregression parameters (to deal with autocorrelated 
residuals) ,  a linear year shift parameter, and an age distribution 
parameter  indicating the percentage of  the U.S. population that 
was in the high-violence age range. The crime and age variables 
were based on national totals and national population. Tempera- 
ture variables were estimated from weather data gathered at 50 
locations in the United States. 

Average annual temperature is an appropriate predictor of  
violent crime rate in this context because it includes hot days 
that occur regardless of  when they occur within the calendar 
year. The heat hypothesis predicts that hotter years will be asso- 
ciated with higher violent crime rates. Because property crimes 
are more instrumental  than affective (relative to violent cr imes) ,  
the heat effect was expected to be weak or nonsignificant for 
property crimes. 

M e t h o d  

D a t a  a n d  S o u r c e s  

Annual temperatures. The first task was to estimate the yearly 
"warmth" of the United States in each of the target years. Annual 

temperature data (for 1950-1995 ) for the 50 largest standard metropoli- 
tan statistical areas (hereafter called cities) in the United States according 
to the 1980 U.S. Census were collected using the United States Weather 
Bureau, the United States Environmental Data Service, and the United 
States Environmental Data and Information Service journals on climato- 
logical data (U.S. Department of Commerce, 1950-1995a, 1950- 
1995b). The only way to measure "hotness" of a year is to sample 

weather reports from locations in the target region. In other words, there 
is no real "U.S. average temperature" without some kind of sampling 
scheme. We used the data from the 50 largest cities in the United States 
for four reasons. First, these locations are the most likely ones to have 
data from the same location across this fairly long time span. Second, 
these locations are geographically and climatologically diverse. Third, 
by sampling temperature of the 50 largest cities, we have in some sense 
weighted the average temperature by population, which makes good 
theoretical sense. One certainly wouldn't want to sample locations where 
no (or few) people live, simply because there would be no possibility 
for crimes to occur. For example, one wouldn't expect the temperatures 
in Death Valley to predict violent crime rates, except to the extent that 
Death Valley temperatures correlate with other location temperatures. 
Fourth, population data by city for 1980 were easily accessible to us 
because of other ongoing research (C. A. Anderson & Anderson, 1996). 

The same weather station for each city was used across years from 
1950 to 1995, whenever possible. When data were missing from a target 
station for a given year, or when the location of the reporting station 
changed, the closest weather station with similar geographic features 
was used. The annual temperature for each city during each of the study 
years was recorded. The average across the 50 cities was then calculated 
for each year, providing an index of how warm each year was in the 
United States. 

The temperature data can be thought of as coming from a test in 
which the test items are the 50 different cities and years are different 
participants. This "test" is designed to give an estimate of the relative 
hotness or coolness of each year, in exactly the same way that a personal- 
ity test is designed to give a relative estimate of participants' standings 
on a given trait. The internal reliability (coefficient alpha) for this test 
of average temperature was .95, indicating that we do indeed have a 
good index of year-to-year differences in temperature. 

Age. Age distribution data were collected from the U.S. Census 
Bureau Current Population Reports for the years 1950 to 1995. The 
percentage of residents in the 15-29 year age range was calculated for 
each year. 

Crime rates. Crime rate reports were acquired through the Federal 
Bureau of Investigation Crime Report Index (U.S. Federal Bureau of 
Investigation, 1951-1996). Seven categories of crime are reported an- 
nually by the Federal Bureau of Investigation (FBI): homicide, aggra- 
vated assault, forcible rape, robbery, burglary, larceny, and motor vehicle 
theft. The rates for the crimes are expressed as the frequency per 100,000 
inhabitants. 

We decided to create theoretically meaningful composite crime rates, 
where possible, to increase the stability of the measures. The heat hy- 
pothesis predicts increases in the frequency of aggressive acts that are 
primarily intended to harm the victim (i.e., affective aggression ). Aggra- 
vated assault and homicide are serious aggressive acts carried out with 
this primary intent in the vast majority of cases (U.S. Federal Bureau of 
Investigation, 1951-1996). Homicide, of course, is the ultimate assault. 
Thus, the dependent variable of primary interest is serious and deadly 
assault, defined as the sum of homicide (including nonnegligent man- 
slaughter) and aggravated assault rates. 

Crime that is carried out with the primary intent of gaining money 
or other tangible goods is largely instrumental and thus should not be 
as influenced by temperature as the affective based crimes. Thus, the 
second composite dependent variable is property crime, defined as the 
sum of the burglary and motor vehicle theft rates. Although larceny also 
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belongs in this category, the FBI definition of larceny changed in 1973, 
producing marked shifts in the rate. It therefore could not be used in 
the present study. 

The remaining major crime types do not fit theoretically into either 
of our major composites because they have mixed motives. Recent theory 
and research by Felson (e.g., 1993) suggests that some portion of rapes 
are not based primarily on intention to harm and therefore may not be 
as clear an indicator of affective aggression as homicide and assault. 
Most robberies are committed with the primary goal of gaining money 
or valuables rather than of harming the victim, but they also involve the 
use or threat of force. Several prior studies (e.g., C. A. Anderson, 1987; 
C. A. Anderson & Anderson, 1996) have used this same theoretically 
based rationale for not including robbery as a violent crime. Thus, 
temperature effects on rape and on robbery were analyzed separately. 

One potential problem with use of official crime statistics involves 
accuracy of reporting. For example, local governments at various levels 
(e.g., county, city) might give somewhat inaccurate reports of crime in 
order to make their administrations or political entities look good to the 
public. In general, such reports are likely to underestimate the actual 
crime rates. Though this is a serious problem for many research ques- 
tions, we believe it to be less serious for the present research question 
for two related reasons. First, distortion in crime reports is unlikely to 
be related to temperature. Second, if underreporting of crime is related 
to temperature, it most likely occurs for hotter time periods, thus leading 
to underestimates of the heat-aggression relation. 

Poverty. The U.S. Census Bureau maintains a web site (www.census. 
gov) containing links to various kinds of data and papers. The current 
procedure for calculating poverty rates was first applied in 1959. Thus, 
including poverty rates in the analyses necessarily meant dropping nine 
years of data (i.e., 1950-1958). Furthermore, economists now believe 
that this method of calculating poverty rates is itself flawed, so new 
indices are being created. Finally, poverty rates across the 1959-1995 
time span were negatively (rather than positively) correlated with serious 
and deadly assault rate (r = - .49),  year (r = -.51 ), and temperature 
(r = - .  19), thereby ruling out poverty as an adequate alternative expla- 
nation for heat-related aggression. 

Analysis Strategy 

The time series regression analyses included average annual tempera- 
ture, year, and age as predictors of the various crime rates. Ostrom 
(1990) describes a time series as "a collection of data Xt (t = 1, 2, 
. . . .  T) with the interval between Xt and Xt+~ being fixed and constant" 
(p. 5). As noted earlier, one problem in the analysis of time series data 
is that residuals are frequently related to ordinal position in the time 
series. Ordinary least squares regression assumes uncorrelated residuals. 
When this assumption of uncorrelated residuals is violated, serious infer- 
ential errors can be made. To address the problem of correlated residuals, 
we conducted a series of model estimations using standard autoregres- 
sion parameters. 

In all regression analyses, we used chi-square tests (Ljung & Box, 
1978) to assess goodness of model fit regarding the presence of corre- 
lated residuals. The chi-square statistic simultaneously tested for auto- 
correlations in the first six lags of the residuals. When the chi-square 
statistic suggested that the model provided a poor fit to the data, autore- 
gressive parameters were added to the model. This process was iteratively 
repeated until the chi-square statistic indicated nonsignificant autocorre- 
lations in the new residuals. In Study 1, all analyses required at least 
one autoregression parameter. 

Results 

Descriptive Statistics 

The two main predictor variables were temperature and age, 
and the four criterion variables were serious and deadly assault, 

Table 1 
Descriptive Statistics for the Main Predictor and Criterion 
Variables in Study 1 

Variable M SD Temperature r Age r 

Temperature a 57.66 0.70 
Age (% 15-29) 23.33 2.74 
Serious and deadly 

assault b 215.00 133.80 .46" .46* 
Property crime c 1327.00 611.00 .22 .81 * 
Rape ~ 23.60 12.40 .44" .60* 
Robbery d 148.90 85.80 .35" .70* 

Note. n = 46 years. 
a Average annual temperature across 50 cities (°F). b Homicide and 
assault per 100,000 people, c Burglary and motor vehicle theft per 
100,000 people, d Rate per 100,000 people. 
* p < .05. 

rape, robbery, and property crime. Table 1 presents descriptive 
statistics for each criterion variable. As can be seen in Table l,  
all of  the zero-order correlations between the crime criterion 
variables and each of the two main predictor variables (i.e., 
temperature and age) were significant except the property crime 
correlation with average annual temperature. Most of the corre- 
lations were moderate to large in size. 

Serious and Deadly Assault 

Main analyses. As shown in Table 1, serious and deadly 
assault was positively related to average temperature at the zero- 
order correlation level. The serious and deadly assault index 
was regressed on temperature, and the residuals were plotted 
against year. As can be seen in Figure 1, the residuals were 
linearly related to year, indicating substantial autocorrelation. 
The residuals in Figure 1 also suggest that serious and deadly 
assault rates have increased over time independently of  tempera- 
ture changes. 

Table 2 shows that an OLS approach was not appropriate, 
because the chi-square test indicated significant autocorrelation 
in the residuals. Three autoregression terms were added to the 
model to reduce autocorrelation in the residuals, then the relia- 
bility of the main predictors was tested simultaneously. Table 2 
includes these results, reported as t tests of  the unstandardized 
regression coefficients. As can be seen in Table 2, average annual 
temperature in the United States significantly predicted the rate 
of  serious and deadly assault, even after controlling for time 
series trends (three autoregression parameters),  year, and the 
relative size of  the high-violence age group, t (39)  = 2.22, p < 
.05. The slope relating temperature to serious and deadly assault 
indicates that on average, the number of  serious and deadly 
assaults increased by about 3.68 per 100,000 people for every 
temperature increase of  I°F. 

Table 2 also displays the results of year and age as predictors 
of  serious and deadly assault rates across time. As expected, 
given the residuals in Figure 1, the year effect was quite strong. 
On average, the serious and deadly assault rate increased by 
8.62 each year. Age was not a significant predictor of  serious 
and deadly assault rate when autoregressive parameters, temper- 
ature, and year were included in the model. 
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Figure 1. Residuals from the ordinary least squares model. Serious 
and deadly assault = -4,783 + (86.7 × average temperature), plotted 
by year. 

Supplementary analysis. Poverty rate was added as another 
covariate in the prediction of  serious and deadly assault. Recall 
that this also decreased the sample size because comparable  
poverty data are not available for the first nine years included 
in the main analyses. Despite the decreased sample size, the heat 
effect on serious and deadly assault remained largely unchanged, 
t ( 2 9 )  = 2.28, p < .05, b = 4.22, SE = 1.85. The year effect 
also was significant, t ( 2 9 )  = 28.42, p < .05, b = 11.00, SE = 
0.39. Neither age nor  poverty was related to serious and deadly 
assault (both  ts < 1.0). 

Rape 

Main analyses. Because it is unclear what  proportion of  
rapes represent a form of hostile aggression (Felson, 1993),  

no a priori  predictions were made about the relation between 
temperature and rape. As noted earlier, the zero-order correlation 
between temperature and rape was positive and significant (see 
Table 1 ). Table 2 shows that an OLS approach was not appro- 
priate, because of  autocorrelation in the residuals. The full 
model therefore included one autoregression parameter. The au- 
toregressive analyses revealed that the general trend for rape 
was similar to the trend for serious and deadly assault, but the 
heat effect on rape was not significant. The percentage of the 
population in the 1 5 - 2 9  year age range also was not related to 
rape. However, the rape rate increased over the years, b = 0.66, 
t ( 4 1 )  = 5.88, p < .05. 

Supplemental analysis. Adding poverty (and dropping the 
nine years without poverty data)  produced some changes in the 
rape results. First, two autoregression parameters were needed 
in this model. Second, the heat, year, and age effects all increased 
in magnitude. However, the temperature effect remained nonsig- 
nificant, t ( 3 0 )  = 2.02, p < .05. As in the main analysis, rape 
rates increased over years, t ( 3 0 )  = 26.11, p < ,05, b = 0.99, 
SE --- 0.04. The previously nonsignificant age effect achieved 
significance in the supplemental analysis. Rape increased as 
the percentage of the population in the 1 5 - 2 9  year age range 
increased, t ( 3 0 )  = 6.03, p > .05, b = 1.09, SE = 0.18. The 
percentage of the population below the poverty level, however, 
was not related to rape, t ( 3 0 )  = 1.54, p > .05, b = 0.27, SE 
= 0.18. 

Robbery 

Main analyses. Because of  the large instrumental compo- 
nent in robbery, temperature was expected to have a weaker 
effect on robbery than on serious and deadly assault. Because 
robbery also involves threats or the use of force, however, we 
decided not to include robbery in the property composite.  The 
zero-order correlation between temperature and robbery was 
positive and significant (see Table 1 ). The OLS analysis re- 

Table 2 
Effects of Temperature, Year, and Age on Serious and Deadly Assault, 
Property Crime, Rape, and Robbery Rates 

Temperature Year Age 

Model X 2 df b SE t b SE t b SE t 

AssaulP 
OLS 31.12" 6 
AR-3 5.92 3 3.68 1.66 2.22* 8.62 0.77 11.24" 3.26 3.38 0.96 

Property crime b 
OLS 27.02* 6 
AR-2 3.63 4 -2.33 13.19 -0.18 29.67 2.61 11.38" 101.0 13.22 7.64* 

Rape 
OLS 38.63* 6 
AR-1 9.46 5 0.24 0.31 0.78 0,66 0.11 5.88* 0.56 0.46 1.24 

Robbery 
OLS 35.69* 6 
AR-2 2.32 4 1.19 1.69 0.70 4.90 0.32 15.15" 9.76 1.56 6.24* 

Note. n = 46 years. OLS = ordinary least squares model; AR-k = autoregressive model, where k is the 
number of autoregressive parameters included in the model. 
"Aggravated assault and homicide, b Burglary and motor vehicle theft. 
* p < .05. 
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vealed that autoregressive procedures were necessary. With two 
autoregression parameters, year, and age in the model, the heat 
effect on robbery was not significant (see Table 2).  Year was 
related to robbery rates. On average, robbery rate increased 4.90 
each year, t (40)  = 15.15, p < .05. Age also was related to 
robbery rates. For each 1% increase in the 15-29  year age 
group, the robbery rate increased by 9.76, t (40)  = 6.24, p 
< .05. 

Supplemental analysis. Adding poverty (and dropping the 
nine years without poverty data) had little impact on the robbery 
analysis. The heat effect was still nonsignificant, t (30)  = 1.50, 
p > .05, b = 3.28, SE = 2.18. The year and age effects were 
also still significant, t (30)  = 12.06, p < .05, b = 4.88, SE = 
.40, and t (30)  = 4.11, p < .05, b = 8.37, SE = 2.04, respec- 
tively. Poverty rate was not related to robbery, t (30)  = -1 .47 ,  
p > .05, b = -2 .76 ,  SE = 1.88. 

Property Crime 

Main analyses. Temperature was expected to be either 
weakly related or unrelated to property crimes (burglary and 
motor vehicle theft), primarily because of  their largely instru- 
mental component. The zero-order correlation between tempera- 
ture and property crime was not significant (see Table 1 ). 

The regression analyses required two autoregression parame- 
ters. As expected, the temperature effect on property crime did 
not approach statistical significance (see Table 2).  Year and age 
were both positively related to property crime. On average, there 
was a yearly increase of  29.67 in the property crime rate, t (40)  
= 11.38, p < .05. For each t% increase in the 15-29  year age 
group, there was an average increase of 101.0 in the property 
crime rate, t (40)  = 7.64, p < .05. 

Supplemental analysis. Adding poverty rate to the model 
(and thereby losing nine years) did not change the pattern of  
results. The heat effect on property crime was still nonsignifi- 
cant, t (40)  = 1.06, p > .05. The year, age, and poverty effects 
were all significant, t (30)  = 10.82, p < .05, b = 22.53, SE = 
2.08; t (30)  = 8.83, p < .05, b = 92.38, SE = 10.46; and 
t (30)  = 2.77, p < .05, b = -0 .27 ,  SE = 0.10, respectively. 
Interestingly, the poverty rate was negatively related to property 
crime in the model. 

Discussion 

Study 1 found that hotter years produced higher rates of seri- 
ous and deadly assault even when age distribution, year effects, 
time series factors, and poverty rates were statistically con- 
trolled. These results cannot be interpreted in terms of  seasonal 
events (a problem with earlier time period studies) or in terms 
of  a culture of honor (a problem with some geographic region 
studies). 

Study 1 also confirmed that property crime is relatively unaf- 
fected by hotness of  year. Our general affective aggression 
model (C. A. Anderson, Anderson, & Deuser, 1996; C. A. An- 
derson et al., 1995) as well as other models of affective aggres- 
sion (e.g., Berkowitz, 1993; Geen, 1990) predicted this outcome 
on the basis of  the fact that property crime is less based on 
angry affect than is serious and deadly assault. 

Rape and robbery, which both involve mixed perpetrator mo- 

tives, were not significantly related to average annual tempera- 
ture, although the slopes were positive. However, in the supple- 
mentary analysis of  rape, which included poverty, the heat effect 
approached statistical significance (i.e., p < .10). 

S tudy  2 

An additional prediction from the heat hypothesis was tested 
in Study 2. This prediction is based on the summer violence 
effect, the finding that the third quarter of the year (July through 
September) typically yields higher violent crime rates than the 
other quarters of  the year (see C . A .  Anderson, 1989, for a 
review). The summer effect is an extremely robust finding, 
although there are interpretational ambiguities. For instance, in 
the United States, the summer effect may be attributable to 
sociological factors that vary with season, such as summer and 
school vacations. It would be useful to test the summer effect 
in a design that rules out such alternative explanations. 

If hot temperatures increase aggressive tendencies, then years 
in which the summers are especially hot should produce rela- 
tively larger summer effects on serious and deadly assault. Sea- 
sonal events such as summer vacations and school vacations 
occur in both relatively hotter and relatively cooler summers, so 
a finding of  an increased summer effect in years with hotter 
summers would directly support the heat hypothesis and would 
contradict several seasonal alternative explanations. This test of 
the summer effect is conceptually orthogonal to the general test 
of  the heat hypothesis in Study 1. The overall annual serious 
and deadly assault rate is not important in this study; rather, the 
difference between the percentage of serious and deadly assaults 
committed in the third quarter versus the other quarters is the 
variable of  interest. 

One methodological problem with testing this hypothesis con- 
cerns finding a measure of hotness of summers. Federal govern- 
ment weather summaries for U.S. cities typically include a count 
of  the number of hot days that occurred during the year, defined 
as days during which the maximum temperature was -~90°F. 
Because the majority of  hot days in the United States occur 
during the third quarter of the year (over 70% in the present 
sample),  this indicator was chosen to assess the hotness of  each 
summer during the years under investigation. 

In Study 2, the summer violence variable was defined as 
the percentage of  the year's total serious and deadly assaults 
committed in the third quarter minus the average percentage of  
serious and deadly assaults committed in the first, second, and 
fourth quarters. Thus, positive scores indicate a summer effect, 
and larger scores indicate larger summer effects than smaller 
scores. Summer effect scores were also created for the other 
criterion variables used in Study 1 (i.e., rape, robbery, and 
property crime).  

Method 

Hotness o f  Summer 

The National Atmospheric and Oceanic Administration defines a hot 
day as one on which the maximum temperature is at least 90°F. These 
data are routinely collected at weather stations. The same sampling 
procedure used in Study 1 also was used in Study 2. The number of 
hot days reported for each year at each of 50 U.S. cities was totaled 
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and then averaged across the 50 cities to obtain an index of how hot the 
summer was that year for the United States. 

Ideally, we would have obtained the number of  hot days on a quarter- 
by-quarter basis and done our analyses on this more precise data base. 
However, for some years only the yearly total was available. There would 
be little difference in outcome, though, because for the years 1982- 
1992 (which required month-by-month tabulations for all 50 cities), 
the correlation between the number of hot days in the third quarter and 
the total number of  hot days in that year was .91. 

Several sources were required to tabulate the number of hot days each 
year for each of the 50 cities. For a few of the years, the Annual Summar- 
ies (U.S. Department of  Commerce, 1950-1995b) were sufficient. For 
many years, however, the number of hot days data were gathered on a 
month-by-month basis (U.S. Department of Commerce, 1950-1995a) .  
As in Study 1, missing data were replaced by data from the closest 
weather station. 

As in Study 1, the 50 cities can be treated as test items, and the 46 
years can be treated as participants. Coefficient alpha on this test was 
.91, indicating high internal consistency. 

Table  3 

Descriptive Statistics for the Main Predictor and 
Criterion Variables in Study 2 

Variable M SD Hotness r 

Hotness ~ 37.89 5.92 
Summer effect b 

Serious and deadly assault c 2.57* 1.07 .38* 
Property crime d 0.69* 1.58 - .  14 
Rape  e 4.16" 1.38 - . 1 0  
Robbery e -0 .27  2.36 - .  14 

Note. n = 46 years. 
a Average number of hot days across 50 cities, b Third quarter minus 
the average of the other quarters, c Homicide and assault per 100,000 
people, d Burglary and motor vehicle theft per 100,000 people, e Rate 
per 100,000 people. 
* Differs from zero at p < .05. 

Quarterly Crime Rates 

All crime data were based on the entire U.S. totals. For most years 
in the target time period, monthly totals of  various crimes or monthly 
percentages of the annual total were available. In some years, the data 
were available only by quarter of the year. For the years 1964-1969, we 
were unable to locate tables presenting quarterly or monthly breakdowns. 
However, we were able to locate figures displaying the monthly crime 
rates for these years; we therefore used these figures to estimate quar- 
terly crime rates. The same data sources were used in this study as in 
Study 1. 

The quarterly percentages were adjusted for the slightly differing num- 
ber of  days that occurred in different quarters, also taking into account 
leap years. For each year, the summer effect was calculated by sub- 
tracting the average percentage for Quarters 1, 2, and 4 from the percent- 
age for Quarter 3. Note also that an alternative procedure that compares 
third-quarter violence to the average of second- and fourth-quarter vio- 
lence produced essentially the same results as reported below. 

Analysis Strategy 

The same time series approach used in Study 1 was applied in Study 
2. First, the zero-order correlations between the number of  hot days in 
a year and the various summer effect crime variables were examined. 
This demonstrated that the number of  hot days was significantly corre- 
lated with magnitude of the summer effect for serious and deadly assault. 
We then applied the full regression model, including autoregression 
parameters when necessary. Because the major effects of interest are 
within the same year, age and poverty were not considered in these 
analyses. That is, the age and poverty variables are the same for the 
third quarter of  a year as they are for the other quarters and therefore 
cannot serve as alternative explanations of any discovered hotness 
effects. 

i nd i ca t ed . tha t  there was  a fair ly large  a m o u n t  o f  var iabi l i ty  in 

ho tne s s  ac ros s  years .  

The re  were  s ta t is t ical ly  s ign i f i can t  s u m m e r  e f fec t s  for  ser ious  

and  dead ly  assau l t ,  rape ,  and  p roper ty  c r ime .  T h a t  is, these  three  

c r imes  occu r r ed  relat ively m o r e  f requen t ly  in the  th i rd  quar te r  

than  in the  o ther  th ree  quarters .  The  s u m m e r  ef fec t  was  par t icu-  

larly large  for  se r ious  and  dead ly  assau l t ,  M = 2.57,  t ( 4 5 )  = 

16.20, p < .05, d = 2.40,  and  rape,  M = 4 .16,  t ( 4 5 )  = 20.47,  

p < .05, d = 3.01.  The  s u m m e r  e f fec t  for  p roper ty  c r im e  was  

s ta t is t ica l ly  s ign i f i can t  bu t  was  cons ide rab ly  smaller ,  M = 0.69,  

t ( 4 5 )  = 2 . 9 7 , p  < .05, d = 0.44.  Interes t ingly,  no  s u m m e r  ef fec t  

was  found  for  robbery,  M = - . 2 7 ,  t ( 4 5 )  = 0.78,  p > .05, d = 

- 0 . 1 1 .  M o s t  impor t an t ,  h o t n e s s  o f  the  s u m m e r s  y ie lded  a reli-  

ab le  but  m o d e r a t e - s i z e d  posi t ive  cor re la t ion  ( r  = .38)  wi th  the 
se r ious  and  dead ly  a s sau l t  s u m m e r  effect .  Ho tnes s  was  no t  reli-  

ably cor re la ted  wi th  the  other  c r ime  rate  m e a s u r e s .  In o ther  

words ,  the ze ro-order  cor re la t ions  are  cons i s t en t  wi th  the  hea t  

hypo thes i s .  

Serious and Deadly Assault 

Table 4 p r e sen t s  the  resu l t s  o f  the  va r ious  r e g r e s s i o n  an a ly se s  

o f  s u m m e r  effects .  The  ch i - squa re  tes t  o f  au tocor re l a t ed  res idu-  

als  was  not  s ign i f ican t  for  the  O L S  m o d e l  wi th  ho tne s s  and  year  

as predic tors .  A s  expec ted ,  the  h o t n e s s  e f fec t  was  posi t ive and  

s igni f icant ,  indica t ing  that  se r ious  and  dead ly  a s sau l t s  were  m o s t  

c o m m o n  du r ing  hot ter  s u m m e r s ,  t ( 4 3 )  = 2.72,  p < .05. T h e  

s lope re la t ing s u m m e r  ho tne s s  to se r ious  and  deadly  as sau l t  (b  

= 0 .069 )  ind ica tes  h o w  m u c h  the s u m m e r  e f fec t  i nc reased  for  

e ach  add i t iona l  hot  day  in the  year. T h e  year  was  not  s ignif icant .  

Results 

Descriptive Statistics 

Table 3 p re sen t s  descr ip t ive  s tat is t ics ,  i nc lud ing  cor re la t ions  

b e t w e e n  the  n u m b e r  o f  hot  days  per  year  and  the  va r ious  c r ime  

m e a s u r e s .  O n  average ,  there  were  37 .89  days  per  yea r  in w h i c h  
the  t empe ra tu r e  equa l led  or e x c e e d e d  90°F du r i ng  the  years  

i nc luded  in the  study. T he  s t andard  dev ia t ion  o f  ho t  days  ( 5 . 9 2 )  

Rape 

A s  was  s h o w n  in Table  3, the  rape  s u m m e r  ef fec t  was  not  

s igni f icant ly  cor re la ted  wi th  s u m m e r  ho tness .  A s  can  be  seen  in 

Table 4, au tocor re l a t ion  was  o b s e r v e d  in the  res idua ls .  Two 
a u t o r e g r e s s i o n  pa rame te r s  were  a d d e d  to the  final mode l .  In the 

final mode l ,  ne i ther  h o t n e s s  nor  year  was  s igni f icant ly  re la ted 

to the  rape  s u m m e r  effect .  
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Table 4 
Effects of Hotness and Year on Magnitude of the Summer Effect for Serious and Deadly 
Assault, Property Crime, Rape, and Robbery Rates 

Temperature Year 

Model )~2 df b SE t b SE t 

Assault a 
OLS 0.97 6 .0686 .0252 2.72* .0109 .0112 0.98 

Property crime b 
OLS 35.56* 6 
AR-1 3.06 5 -.0072 .0i80 -0.40 .0873 .0226 3.87* 

Rape 
OLS 35.40* 6 
AR-2 8.26 4 .0253 .0229 1.11 .0282 .0343 0.82 

Robbery 
OLS 49.76* 6 
AR- 1 5.99 5 .0390 .0262 1.49 .1045 .0547 1.91 

Note. n = 46 years. OLS = ordinary least squares model; AR-k = autoregressive model, where k is the 
number of autoregressive parameters included in the model. 

Aggravated assault and homicide, b Burglary and motor vehicle theft. 
* p < .05.  

Robbery 

The robbery summer effect similarly failed to show a summer 
hotness effect or a year effect. However, autocorrelation was 
observed in the residuals (see Table 4).  

Property Crime 

The property crime summer effect yielded highly correlated 
residuals, necessitating the addition of  one autoregression pa- 
rameter. As expected, summer hotness was not significantly re- 
lated to the property crime summer effect. There was, however, 
a significant positive effect for year, t (42)  = 3.87, p < .05, b 
= 0.087, indicating that the summer effect on property crime 
has systematically increased across this 46-year period. 

Discussion 

Study 2 provided a more difficult test of  the heat hypothesis 
by examining the magnitude of  the summer increase in serious 
and deadly assaults as a function of  the hotness of  the summer. 
As predicted, summer hotness was positively related to the sum- 
mer effect on serious and deadly assault but was unrelated to 
the summer effects on rape, robbery, and property crime. The 
overall pattern of results in Study 2 strongly supports the heat 
hypothesis. Furthermore, the results from Study 2 cannot be 
interpreted in terms of  the alternative explanations of  seasonal 
factors or culture of honor. 

Gene ra l  D i scus s ion  

Serious and Deadly Assault Results in a Broad Context 

Both studies provide strong support for the hypothesis that 
affective violence increases in uncomfortably warm tempera- 
tures. It is important, of  course, to consider alternative explana- 
tions of the present results. Hotter years may be associated with 
increases in violence because of indirect processes. For instance, 

alcohol consumption may increase in hotter years, and this in- 
creased alcohol consumption may cause increases in violence 
(cf. Bushman & Cooper, 1990). A related problem concerns 
making cross-level inferences (Pedhazur, 1982), a problem 
sometimes referred to as the ecological fallacy. In the present 
case, the problem is that the temperature, age, poverty, and crime 
measures were assessed at the level of  year, but the theoretical 
processes presumed to underlie the heat effect operate at the 
level of  individuals. In the present studies, the data do not allow 
a direct examination of  whether the increase in serious and 
deadly assault rate during hot years actually occurred on hot 
days. Of  course, other studies have shown that violent crimes 
are relatively more likely to occur on hotter days (see C. A. 
Anderson, 1989, for a review). 

Both of  these problems require consideration of the entire 
nomological network involving the causes of  aggression, as well 
as the " logic  of  multiple levels of  translation and falsifiability" 
(C. A. Anderson & Anderson, 1996, p. 744). Numerous studies 
of  the relation between hot temperatures and aggressive behavior 
have yielded considerable support for the heat hypothesis. No 
simple alternative explanation can account for the wide array 
of  findings. For instance, one study reported that major league 
batters are more likely to be hit by pitched balls on hot days 
than on cooler days (Reifman, Larrick, & Fein, 1991). This 
relation held up even when other variables (such as number of  
walks) were statistically controlled. This hit-the-batter effect 
cannot be handled by an alcohol alternative explanation. Simi- 
larly, even though the theory behind the heat hypothesis is 
framed at the individual level, one set of  translations of this 
abstract conceptual hypothesis to a set of  concrete empirical 
realizations results in a clear prediction at the aggregate level: 
Hot years should yield relatively higher serious and deadly as- 
sault rates and larger serious and deadly assault summer effects. 
Because this empirical prediction is falsifiable, it constitutes a 
legitimate test of  the theory despite its cross-level nature. 

The existence of  plausible alternative explanations is always 
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a problem in attempts to establish causality and is particularly 
likely to arise in correlational field studies of this type. From a 
purely predictive standpoint, such alternative explanations for 
why the temperature-violence relation exists may be relatively 
unimportant. Regardless of the cause of the relation, it may be 
helpful to policy makers at a variety of levels to know that hotter 
periods of time will produce increases in aggressive behavior. 
Presentation of the causal mechanisms may well be more persua- 
sive than more purely statistical evidence (Slusher & Anderson, 
1996), but law enforcement personnel as well as policy makers 
do not necessarily need the exact causal mechanisms in order 
to use the information about the existence of the temperature- 
aggression relation. 
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Other Crime Results in a Broad Context 

The lack of a temperature effect on property crime in both 
studies was expected, given the relatively instrumental nature 
of burglary and larceny. Similarly, the lack of a robust tempera- 
ture effect on rape and robbery suggests that the instrumental 
components in these crimes may also be substantial. One instru- 
mental goal of robbery, burglary, and larceny is fairly obvious, 
revolving around acquiring material goods or money either for 
sale or for immediate use. All three of these crimes may also 
serve less obvious goals such as maintaining or enhancing one's 
stature within a peer group. This latter type of nonmaterial 
(but instrumental) goal also underlies some serious and deadly 
assaults, but most assaults and murders are more affectively 
driven. The rape results support Felson's (1993) analysis, sug- 
gesting that a variety of motives are served by rape, not just an 
anger-based desire to harm the victim. Surely there is also an 
important hostility component (e.g., K. B. Anderson & Ander- 
son, 1997a; Malamuth, 1984), but the present data provide mini- 
mal support for it. 

Implications 

Overall, these results and the broader affective aggression 
theories suggest that hot temperatures increase aggression in 
many settings. Some settings are amenable to human control, 
such as schools, prisons, and many workplace environments. 
Applied research that experimentally manipulates temperature 
in such contexts would allow further tests of the heat hypothesis 
and could generate estimates of the cost effectiveness of such 
interventions. For example, would increasing use of air condi- 
tioning in prisons reduce the problems of inmate violence, and 
if so, is such environmental control more cost effective than 
hiring more guards to decrease the prisoner to guard ratio? 
Similarly, would air conditioning schools and the workplace 
reduce various forms of affective aggression in those settings? 
We believe that new research on these questions would be im- 
mensely valuable. 

Finally, the heat hypothesis has obvious implications for 
global warming. Global climate models are extremely complex 
(e.g., Schmandt & Clarkson, 1992), making projections for the 
United States in general quite risky. Nonetheless, researchers 
studying climate models are now convinced that global warming 
is in progress and that we can expect to see increases of 2 -  
8°F by the middle of the 21st century (e.g., U.S. House of 

Figure 2. Projected global warming effects on serious and deadly as- 
saults. Serious and deadly assault rate is incidents per 100,000 people. 
Serious and deadly assault number is based on a population of 270 
million. S.E. = standard error. 

Representatives, 1994). The potential effects of such global 
warming are illustrated in Figure 2. Three lines are plotted 
showing the expected increase in serious and deadly assault due 
to increases in average annual temperature. The lines are based 
on the slope estimate ( ___ 1 SE) relating average annual tempera- 
ture to serious and deadly assault from the full model (antore- 
gression parameters, temperature, year, and age terms; see Table 
2). The figure shows that it is very possible for global warming 
to increase the annual serious and deadly assault rate by almost 
43 incidents per 100,000 people, or about 115,000 more serious 
and deadly assaults every year at the current U.S. population of 
roughly 270 million. 

Furthermore, these estimates are likely to be overly conserva- 
tive for a couple of reasons. First, the U.S. population will be 
considerably larger than 270 million by the middle of the 21st 
century, so the 115,000 figure underestimates the increase in 
number of serious and deadly assaults. Second, the full model 
removes variance that is confounded with any of the various 
control factors from the temperature effect. To the extent that 
some of this confounded variance truly belongs to the tempera- 
ture effect, our slope estimates relating temperature to serious 
and deadly assault are too small. Indeed, if we take the slope 
estimate from the model in which temperature is the only pre- 
dictor as an upper bound on the " t rue"  effect (b = 86.7), we 
see that the true slope may be as much as 20 times larger than 
the full model slope displayed in Figure 2. 

We believe that the heat hypothesis has received sufficient 
support from a wide array of research methods to warrant con- 
cluding that the heat effect is real and significant when applied 
to large populations. We also believe that the magnitude of the 
heat effect is sufficient to include increases in serious and deadly 
assault as yet additional entries in the long list of the negative 
consequences of global warming. 
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